
Euphytica 39 : 153-160 (1988)
© Kluwer Academic Publishers, Dordrecht - Printed in the Netherlands

Identification of Allium cepa L . cultivars by means of statistical analysis of
C-banded chromosomes

M. de Putter and J.G. Van de Vooren
Department of Plant Taxonomy, Agricultural University, P .O. Box 8010, 6700 ED Wageningen,
The Netherlands

Received 1 June 1987 ; accepted in revised form 21 August 1987

Key words: Allium cepa, onion, shallot cultivars, C-banded chromosomes, statistical analysis, identification .

Summary

The C-banded karyotypes of six Allium cepa cultivars, including five dry onions and one shallot, were
investigated. Chromosome length and banding patterns were statistically analysed . The value of C-banding
for distinguishing these Allium cepa cultivars was tested by the application of a discriminant analysis . It
appeared that chromosomal differences between cultivars exist, but are too small to be clearly demonstrated
with moderate efforts. Large variation within plants and between plants within cultivars, presumably for the
greater part caused by the applied method, obscured the variation between the cultivars .

Introduction

In practice, distinction between cultivars of Allium
cepa L. is based on some morphological and agron-
omic characters (Astley et al ., 1982; Anonymous,
1984). Especially in the case distinction has to be
made between so-called selections the above-men-
tioned characters prove to be insufficient . Selec-
tions of a particular cultivar may differ from each
other, in e .g. earliness, yield, skin quality, al-
though all fall within the concept of that cultivar
(ICNCP, 1980) .

The possibility of using chromosomal characters
to make a distinction between cultivars was in-
vestigated . The chromosome number of all investi-
gated A . cepa cultivars is, even combined with a
karyotype, not sufficient to make any distinction
(2n = 2x = 16; Fedorov, 1969) . The standard type
of karyotype analysis based on arm ratios and total
chromosome lengths does not offer scope for mark-
ing chromosomes or for tracing relationships and
ancestry in Allium (Jones, 1983) . The C-banding

technique can provide information about relation-
ships between species by comparison of banding
patterns (Schweizer & Ehrendorfer, 1976) . Several
investigations on C-banding in Allium cepa have
been carried out (Greilhuber, 1973 ; Stack & Clar-
ke, 1973 ; Fiskesj6, 1974, 1975; El Gadi & Elking-
ton, 1975 ; Friebe, 1976 ; Vosa, 1976 ; Stack & Com-
ings, 1979; Joshi & Ranjekar, 1980 ; Cortes et al .,
1981; Sato, 1981) . With the C-banding technique it
has appeared to be possible to identify each indi-
vidual chromosome of the Allium cepa genome .
This identification is possible by observations on
telomeric and intercalary bands of heterochroma-
tin (Kalkman, 1984) . The same publication de-
scribes differences in C-banding patterns between
three cultivars of Allium cepa . Tanasch (1984) also
mentions chromosomal differences between culti-
vars of Allium sativum . The C-banding pattern
might therefore be used to identify cultivars .

Six cultivars of Allium cepa, including one shal-
lot were investigated . The shallot is interfertile
with the onion, producing viable Fl's and F2's, and
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should be considered as a form of Allium cepa
(Astley et al ., 1982) . According to Stearn (1960)
the shallots of present-day gardens, to which the
name A. ascalonicum is usually applied, are culti-
vars of A . cepa. The inclusion of a shallot cultivar
aimed at elucidation of its relationships with onions
proper .

Material and methods

The following Dutch and German Allium cepa cul-
tivars were examined :
1) 'Zeeuwsche Bruine' (ZB) (A80567) .
2) 'Bommelerwaard' (BMW) (A80574) .
3) 'Noord-Hollandse Strogele' (SHALLOT)

(A84190) .
4) 'Noord-Hollandse Strogele' (NHSG) (GB16) .
5) `Rijnsburger' (RIJNSB) (GB43) .
6) 'Stuttgarter Riesen' (STUTG) (GB62) .
All accessions were obtained from the Institute for
Horticultural Plant Breeding, IVT, Wageningen .

The plants were grown in winter in a glasshouse
at 14'C with additional light (one HPIT lamp
(400W) per m2 , 1 m above the plants, for 10h/d) .
This resulted in a synchronized progress of the
mitotic division in the root tips . Root tips were
collected about six hours after the lights were
switched on, when most of the dividing cells had
attained the metaphase stage . The C-banding
method used was basically as described by Kalk-
man (1984) with some modifications . The root tips
were (1) pretreated in 0.05% colchicine for 26 h at
4'C; (2) fixed in 3 : 1 ethanol/glacial acetic acid for
1 to 10 days at 4° C ; (3) rinsed 15 min in 0 .01 M citric
acid-sodium citrate buffer pH 4 .5-4.8, softened in
5% pectinase (Sigma, P4625) plus 1% cellulase
(Calbiochem) in the same buffer for 25 min at
40'C, rinsed in the same buffer for 15 min at 4'C ;
(6) incubated in 45% acetic acid for 15-30 min at
4'C; (7) squashed in 45% acetic acid . The cover-
slips were removed after freezing with liquid nitro-
gen; (8) the slides were dried and stored at least
overnight; (9) rinsed in absolute ethanol, dried on
hot plate; (10) treated with 45% acetic acid for
15 min at 60'C, washed in running tap water ; (11)
incubated in saturated barium-hydroxide for

12 min at room temperature, washed in running tap
water for 45 min at least, rinsed in de-ionized wa-
ter; (12) incubated in 2x SSC (0 .3 M NaCl plus
0.03 M trisodium citrate, pH 7 .0) for 2.5 h at 62-
63'C; (13) rinsed in Sorensen buffer (pH 7.0),
stained in 3-4% Giemsa (Gurr's improved R66) in
the same buffer for 5 min, rinsed briefly in the
buffer and de-ionized water ; (14) dried on a hot
plate, mounted in Euparal .

Three to five metaphase plates per plant were
drawn on squared paper with the aid of a camera
lucida . Besides measuring the length of both chro-
mosome arms, the areas of the telomeric C-bands
were established . The position of the intercalary
bands (IB) was not taken into account because
these bands could not be observed in every cell . In
case corresponding IB could be observed a large
variation was found between their positions, within
the plants. Distinction between the arms of chro-
mosomes was made on differences in length for the
chromosomes 2C, 3C, 4C, 6C, 7C and 8C (Chro-
mosome nomenclature after Kalkman, 1984) . The
chromosomes 1C and 5C were assumed to be meta-
centric because no distinction could be made be-
tween the long and short arm .
To allow comparison of the observations be-

tween cells of one plant the measured data were
converted to standardised values :

Relative Arm Length =

arm length
	 x 100%total chromosome length of cell complement

Relative Band-Area =

band-area	 x 100%total band-area of one genome

The karyotype as presented by Kalkman (1984)
combined with the telomeric band-area made it
possible to identify each individual chromosome of
the A. cepa genome. Based on the standardised
data, differences in morphology between the ho-
mologous chromosomes of one plant, can be de-
tected . Testing (1) if the arms of one chromosome
are distinguishable, is followed by testing (2) if the
homologues are distinguishable . When it is known



which arms are significantly different per chromo-
some it can be tested if there are differences be-
tween the homologues of one cell . Homologues
were considered distiguishable when the o-hypoth-
esis was rejected with 95% reliability .

Distinction of homologous chromosomes within
a plant can cause considerable problems . For in-
stance : within some plants of for instance Allium
cepa 'Zeeuwsche Bruine' significant differences
(length, band area) between the chromosomes of
one homologous pair were found . In other plants of
the same cultivar, the corresponding homologous
pair of chromosomes did not show these significant
differences (Fig . 1-2) . To compare one chromo-
some with the corresponding chromosome of an-
other plant it was necessary to define the corre-
sponding chromosome . Only the homologues of
the chromosomes 3C, 6C and 7C could be dis-
tinguished with the following characters : band-ar-
ea (BA) of the short arm of chromosomes 3C and
6C and BA of the long arm of chromosome 7C .
These three characters achieved distinction be-
tween the chromosomes of a homologous pair for
more than seven of the twenty-three plants tested .
This was more than any other character did . The
other measured characters of these chromosomes
were looked at separately, disregarding the already
obtained distinction . For the remaining chromo-
somes of each cell, homologues were assumed to be
equal, because no reliable distinction could be
made .

Discriminant analysis was carried out to test if
the a-priori known groups (the cultivars) could be
distinguished by chromosome measurements . The
discriminant analysis consists in finding linear com-
binations of the discriminant descriptors, which
maximize the differences between groups while
minimizing the variance within each group (Leg-
endre & Legendre, 1983) . Simultaneous analysis of
the character states will lead to the correct assign-
ment of the elements and often requires measure-
ments from a small number of characters (Dunn &
Everitt, 1982). To keep the results of this multiva-
riate analysis of variance surveyable it was neces-
sary to pre-select those characters that showed sig-
nificant differences between the populations .
Therefore all characters were entered in a uni-
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Figs . 1-2. Photomicrographs and karyograms of Allium cepa
'Zeeuwsche Bruine' plant 80567-4 (1) and plant 80567-10 (2) .
Bar equals 10 µm in all figures .

variate analysis of variance (ANOVA) . It was pre-
sumed that the contribution to distinguish cultivars
with characters with a small F-value in the uni-
variate ANOVA also would be small in the multi-
variate ANOVA. The following characters which
had an F-value larger than 1 .47 (the 25% point)
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were selected for the discriminant analysis (see also
Table 1) .

The variables used in computing the linear classifi-
cation functions are chosen in a stepwise manner .
At each step the variable that adds the most to the
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separation of the groups is entered into the discrim-
inant function .

From this the canonical variables are calculated .
The first canonical variable is that linear combina-
tion of selected characters which discriminates the
best between the groups. The second canonical
variable is the second best linear combination ; or-
thogonal in respect of the first, etc . By plotting the
first two canonical variables against each other in a
graph the distinction of the groups is visualised .
Group classifications are evaluated and presented
in a classification table .

A disadvantage of stepwise linear discriminant
analysis is that it does not take into account the
possibility that two characters together have a dis-
criminatory power .

Results

The stepwise linear discriminant analysis of com-
puter program BMDP 7M (Dixon, 1985) selected
three characters . These characters : average band-

Table 2 . Summary of the reliability of the selection of the characters BA1C, BS8C and BL7C in the Discriminant Analysis. These
characters distinguish the cultivars with the highest reliability .

Table 3 . The classification based on the classification functions computed in the discriminant analysis . These functions are constructed
from the characters BA1C, BS8C and BL7C .

Step number Variable entered F value to enter Number of variables
included

Approximate F-statistic Degrees of freedom

1 7 BA1C 6.6277 1 6.628 17 .00
2 14 BL7C 7.6456 2 6.917 32.00
3 12 BS8C 4.4439 3 6.134 41 .31

Group Percent correct Number of cases classified into group

ZB BMW SHALLOT NHSG RIJNSB STUTG

ZB 100.0 4 0 0 0 0 0
BMW 100 .0 0 3 0 0 0 0
SHALLOT 100 .0 0 0 3 0 0 0
NHSG 20.0 0 1 0 1 1 2
RIJNSB 50.0 0 1 0 1 2 0
STUTG 100 .0 0 0 0 0 0 4
Total 73 .9 4 5 3 2 3 6

Character : F-value :
1) arm length of 1C 2.6
2) length of the long arm of 2C 2.2
3) length of the long arm of 4C 1 .7
4) length of the short arm of 4C 3.3
5) length of the long arm of 6C 1 .6
6) total band-area of 1C 6.6
7) band-area of the long arm of 4C 1 .6
8) band-area of the short arm of 4C 3.2
9) band-area of the long arm of 6C 2.7
10) band-area of the long arm of 8C 3.2
11) band-area of the short arm of 8C 2.2
12) largest band-area of the short arm

of 3C 2.4
13) smallest band-area of the long arm

of 7C 5.7
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Fig. 3, Representation of the results of the discriminant analysis .
SH = SHALLOT, N = NHSG, R = RIJNSB, S = STUTG,
Z= ZB, B= BMW.

area of chromosome 1C (BA1C), band-area of the
short arm of chromosome 8C (BS8C) and band-
area of the long arm of chromosome 7C (BL7C),
have the highest discriminatory power (Table 2) .
Table 3 shows the assignment of the cultivars based
on the classification functions computed in the dis-
criminant analysis. These classification functions
are constructed from the three selected characters
(Blackith & Reyment, 1971) . The a posteriori iden-
tification of plants by the classification functions of
the BMDP 7M program makes it possible to estab-
lish the value of the assignment of the plants to the
cultivars (Legendre & Legendre, 1983) . In the
j ackknifed classification each plant is classified into

Table 4 . The classification based on the jackknife classification functions as computed in the discriminant analysis .

a group according to the classification functions
computed from all the data with exception of the
data of the plant concerned . Table 4 presents the
results of the classification by this method . An
impression of the distances between the plants was
obtained by establishing the position of the objects
(the plants) in relation to the computed canonical
variables (Fig. 3) . The position of the centroids of
the various cultivars is also given in Fig . 3 .

Discussion

As is shown in table 1 the variation of the measured
values within the plants is relative large . This var-
iation within plants is probably caused, for the
greater part, while making the microscopic slides,
the drawing and/or measuring of the chromo-
somes. Lighty & Plaisted (1960) concluded that the
observed variation in the ratio of chromosomes
within a plant is largely attributable to the effect of
cytological manipulation rather than to variations
existing in the living material . Moreover, in most
cases it was impossible to make a distinction be-
tween the chromosomes of a homologous pair ne-
cessitating the use of average values of these homo-
logues. The coefficients of variation increased
enormously due to this step . In the karyogram
(Figures 1 and 2) the differences between plants
within cultivars are clearly demonstrated. Table 2
shows the characters selected for the highest dis-
criminatory power . The classification matrix (Ta-
ble 3) shows, even with the small number of plants

Group Percent correct Number of cases classified into group

ZB BMW SHALLOT NHSG RIJNSB . STUTG .

ZB 100 .0 4 0 0 0 0 0
BMW 66.7 0 2 0 1 0 0
SHALLOT 100 .0 0 0 3 0 0 0
NHSG 20.0 0 1 0 1 1 2
RIJNSB 25.0 1 1 0 1 1 0
STUTG 100 .0 0 0 0 0 0 4
Total 65 .2 5 4 3 3 2 6



analysed, that the plants from the cultivars
'Zeeuwsche Bruine', 'Bommelerwaard', 'Noord-
Hollandse Strogele' (Shallot) and 'Stuttgarter Rie-
sen' were correctly classified in all cases . Problems
arose in classifying plants from the quite similar
cultivars `Rijnsburger' and 'Noord-Hollandse Stro-
gele'. Indeed the cultivar `Rijnsburger' is most like-
ly developed from the cultivar 'Noord-Hollanse
Strogele' (van der Meer, pers . comm .). This result
can also be seen from fig . 3 . In the same figure the
cultivars 'Noord-Hollandse Strogele' (Shallot),
'Zeeuwsche Bruine', 'Bommelerwaard' and 'Stutt-
garter Riesen' are spread as four groups . The jack-
knifed classification procedure (Table 4) gives a
more reliable discriminant analysis . A jackknifed-
validation procedure reduces the bias in the group
classifications . Although there is a great resem-
blance in cytological characters, in all cases the
shallot is distinguishable from the onion cultivars .
The independent development over the years of
the shallot and the onion can be put forward as
explanation .

A major problem in processing data from chro-
mosome measurements is caused by the impossibil-
ity to distinguish with sufficient reliability the chro-
mosomes of one homologous pair . This problem
can be dealt with in two ways . Firstly there is the
possibility of using the mean of all homologues of
all cells of the plant as value for the homologues
concerned or, secondly, to select a largest and a
smallest value even if there is no significant differ-
ence between the homologues . We have chosen for
the second solution because the first solution either
stresses any possible differences or other possible
differences become blurred . Differences between
the chromosomes of a homologous pair exist
(Kalkman, 1984), see also figures 4 and 5 . The
phenomenon shown in these figures could not be
used in the discriminant analyses . These photo-
graphs show a 3C chromosome without telomeric
band on the short arm, which was only observed in
the cultivars 'Noord-Hollandse Strogele' and
'Rijnsburger' . This again demonstrates the relation
between the C-banding patterns of closely related
cultivars .

If the homologues can be distinguished with full
reliability the discriminant analysis is a suitable

~Ilillllll .~ll~~
III II II II~~~!II
1 C 2 C 3 C 4 C 5 C 6 C 7 C e C

1 C 2 C 3 C 4 C 5 C 6 C 7 C e C

Figs . 4-5 . Photomicrographs and karyograms of Allium cepa
'Noord-Hollandse Strogele' plant GB16-4 (4) and A . cepa
`Rijnsburger' plant GB43-6 (5) . Bar equals 10 µm in all figures .

method of analysis . Differences in C-banding pat-
terns between onion cultivars can be demonstrat-
ed, but the efforts involved are too large to assist
routine screenings .
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