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Forty one plants of alien monosomic addition lines of Allium fistulosum L. with
extra chromosomes from A. cepa L. Aggregatum group (FF + nA) were produced
through the second backcross of amphidiploids between these two species to A.
fistulosum. Identification of the extra chromosomes in the 16 plants by elaborate
karyotype analyses indicate that a complete series (eight different types) of the alien
monosomic addition lines was established in Allium for the first time in this study.
Chromosomal locations of malate dehydrogenase (MDH) gene, triosephosphate
isomerase (TPI) gene and 5S rDNA of A. cepa Aggregatum group were determined
using the series; The gene locus Mdh-1 was located on 4A, Tpi-1 on 3A and a 5S
rDNA locus on 7A. Our previous and present studies using the alien monosomic
addition lines revealed 11 genetic markers (isozyme and 5S rDNA) assigned to all
eight chromosomes of A. cepa Aggregatum group, and these markers reconfirmed
the completion of the series. Extra chromosomes of 25 other plants were examined
by means of simple analyses of the chromosome markers and karyotypes. Of the
total 41 plants, frequencies of the alien monosomic addition lines with extra
chromosomes 1A to 8A were as follows: 1A, 5 plants; 2A, 3; 3A, 5; 4A, 9; 5A, 4; 6A, 2;

7A, 11; and 8A, 2.

INTRODUCTION

Allium cepa L. consists of three groups, namely, Com-
mon onion group, Aggregatum group, and Proliferum
group (Jones and Mann, 1963; Hanelt, 1990). The Com-
mon onion group and Aggregatum group include common
onion and shallot, respectively (Jones and Mann, 1963;
Hanelt, 1990). In both groups, large numbers of cultivars
and strains have been developed and cultivated in many
parts of the world (Jones and Mann, 1963).

In edible Alliums, shallot has the highest adaptability to
tropical and sub-tropical zones and is an important crop in
these zones (Astley et al., 1982). Shallot is usually propa-
gated vegetatively, though it can flower and set seeds.
Its easy husbandry and short growing period are favorable
characteristics for the cultivation in the zones. Since
population explosion is one of the most crucial topics today
for the developing countries in the zones, many-sided stud-

* Corresponding author.

7 A part of this study was presented at the 1995 Autumn Meeting
of the Japanese Society for Horticultural Science, Miyazaki,
Japan

ies on this plant are demanded.

Shallot is similar to the common onion in morphological
characters of inflorescence, but certainly differs in plant
size, tillering and bulb formation (Atkin, 1953; Tashiro et
al., 1982). Previous studies on the cytogenetics (Atkin,
1953; Tashiro et al., 1982) demonstrated that shallot could
cross freely with common onion. Shallot is, therefore, the
most important genetic resource for improvement of the
common onion. The elucidation of the genetic systems of
agronomic traits and the construction of genetic markers
in shallot are imperative not only for the improvement of
this plant but also for the efficient raising of common onion
cultivars suitable for low latitude regions.

Interspecific F; hybrids between A. cepa both common
onion and shallot and A. fistulosum L. had been readily
produced by several researchers and examined on their
fertility (Emsweller and Jones, 1935a, b; Levan, 1936;
Maeda, 1937; Cochran, 1942; Van der Meer and Van
Benekom, 1978; Dolezel et al., 1980; Tashiro, 1984).
Though most of the hybrids showed severe sterility, chro-
mosome doubling had successfully restored the fertility of
the hybrids. Triploid backcross progenies of them were



364 M. SHIGYO et al.

developed under crossing with both parents (Levan, 1941;
Tashiro, 1984). Tashiro et al., (1983) found the alien
monosomic addition lines (AMALs) in the second back-
cross progenies.

The AMAL:s are efficacious for determining the chromo-
somal locations of genes and genetic markers. In Allium
species, no complete series of the AMALSs has been estab-
lished, though a few efforts were made to produce AMALSs
between A. fistulosum and A. cepa both common onion and
shallot (Tashiro et al., 1983; Peffley et al., 1985; De Vries
et al., 1991).

Using some AMALSs of A. fistulosum with the extra chro-
mosomes from shallot, Shigyo et al. (1994, 1995a, 1995b)
determined the chromosomal locations of eight isozyme
genes in shallot; the gene locus Lap-1 on chromosome 1A,
Got-1 and 6-Pgdh-2 on 2A, Idh-1 and Pgi-1 on 5A, Adh-1
and Got-2 on 6A, and Gdh-1 on 8A. These isozyme genes
are useful as the chromosome markers in shallot.
Further studies are necessary to establish chromosome
markers on the remaining three chromosomes (3A, 4A,
TA).

The aims of the present study were to complete a series
of AMALs of A. fistulosum with extra chromosomes from
shallot and to establish the chromosome markers avail-
able for identification of all the chromosomes in shallot.

MATERIALS AND METHODS

Production of AMALs. A method to obtain the AMALSs
is presented in Fig. 1. The AMALSs were selected from the
second backcross progenies (BC,) of amphidiploids be-
tween A. fistulosum and shallot. Following characters
were investigated: 1) seed set in second backcross; 2) chro-
mosome numbers of somatic cells in BC,; and 3) chromo-
some configurations at metaphase-I in pollen mother cells
(PMCs) of BC,. The seed set is evaluated by the percent-
ages of ovules that developed into seeds and germination
rate (Tashiro, 1984). Somatic chromosomes of root tips
were observed by Feulgen nuclear staining followed by
squash method. Acetocarmine smears of PMCs were
used for meiotic studies.

Identification of extra chromosomes. A haploid
plant of shallot (Fig. 2) and diploid hybrids between
shallot and A. fistulosum (Fig. 3) were used to measure
arm lengths of the chromosomes. Mitotic cells of the dip-
loid hybrids had two distinctive sub-telocentric chromo-
somes (6A from shallot and 6F from A. fistulosum). In
the present study, the chromosomes 6A and 6F were used
as mediators to allow the comparison of chromosomes in
different cells of several plants. The data obtained from
each chromosome were converted to two standardized val-
ues, namely, relative chromosome length of shallot to the
long arm length of 6F (chromosome length/long arm length
of 6F; RCL6F) and centromeric index (short arm length x
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Fig. 1. Procedure for producing alien monosomic addition lines
of A. fistulosum with extra chromosomes from shallot.

.-~5A

e .
=

6A

Fig. 2. Somatic metaphase chromosomes of a haploid plant of
shallot. Scale bar = 10 pm.
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Fig. 3. Somatic metaphase chromosomes of a diploid hybrid be-
tween A. fistulosum and shallot. Arrowheads point to the sub-
telocentric chromosomes (6A, 6F).
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100/chromosome length; CI). The RCL6F was calculated
through the following process; 1) the relative chromosome
length of each chromosome to the long arm length of 6A
(RCL6A) was calculated using nine metaphase cells of the
haploid plant; 2) a constant (a/b) was obtained by dividing
the long arm length of 6A (a) by that of 6F (b) in the diploid
hybrid; 3) the RCL6A obtained from 1) was converted to
RCL6F using the constant obtained from 2) (RCL6F =
RCL6A x (a/b)). The CI was obtained using haploid
cells. The system of chromosome nomenclature for
A. fistulosum and shallot was according to the general
agreement of the Eucarpia 4th Allium Symposium (De
Vries, 1990).

Sixteen out of the 41 plants of the AMALS obtained were
used for elaborate karyotypic observations. The RCL6F
and CI of the extra chromosome were calculated using at
least three somatic cells in each plant of the AMAL.

Isozyme analyses. Preliminary isozyme analyses of
several enzymes in addition to the seven enzymes previ-
ously reported had detected interspecific polymorphisms
of malate dehydrogenase (MDH, EC 1.1.1.37) and
triosephosphate isomerase (TPI, EC 5.3.1.1) isozymes be-
tween shallot and A. fistulosum. These two enzymes
were therefore analyzed in this study. The enzymes were
extracted from young expanding leaves according to the
crude extraction method described by Wendel (1983).
The gel and electrode buffer from the starch gel system D
described by Wendel (1983) were adopted for MDH and
those from the starch gel system 8 by Soltis et al. (1983) for
TPI. The staining procedures for MDH and TPI were
conducted according to Wendel (1983) and Soltis et al.
(1983), respectively.

Analysis of 5S rDNA. In preliminary analyses of 5S
and 18S rDNA in shallot and A. fistulosum, an interspe-
cific polymorphism had been observed between their elec-
trophoretic profiles of PCR products for the 5S rDNA. In
this study, only the 5S rDNA analysis was performed to
determine the chromosomal location. Total DNA was iso-
lated from the leaves or florets by the micro extraction
method (Dubouzet et al., 1996). A full length of 5S rDNA
was amplified by PCR using the 5S rDNA primer set (5'-
CGGTGCATTAATGCTGGTAT-3', 5'-CCATCAGAACTC-
CGCAGTTA-3") according to Hizume (1993, 1994). The
amplified DNA fragments were electrophoretically sepa-
rated by 1.5% agarose gel containing ethidium bromide in
TAE buffer and the gels were photographed under UV
light.

RESULTS AND DISCUSSION

Production of AMALs. After crossing with A. fistu-
losum, the allotriploid showed a very low seed set, and the
germination rate of the seeds obtained was also low
(Table 1). However, the survival rate of the germinated
seeds was not low, and 274 BC, plants were ultimately
obtained. The chromosome count using 253 of the 274
BC, plants revealed that the chromosome numbers in
most of the plants varied from 16 to 24, and 47 plants with
17 chromosomes were obtained (Table 2, Fig. 4). Forty
six out of the 47 plants were used for the meiotic observa-
tions. At metaphase-I, all PMCs of 43 plants formed
eight bivalents and one univalent (8II + 1I) (Fig. 5). In
the remaining three plants, the PMCs formed 8II + 1I and
711 + 31. The bivalents formed localized chiasmata those
are a characteristic of the meiotic chromosomes of

Table 1. Seed set, seed germination, and seedling survival in the backcrossing of allotriploid to A. fistulosum

Number Number Percentage Number Percentage Number of Percentage
of of of of seeds seedlings of
flowers seeds ovules that seeds that that that seedlings
pollinated produced developed germinated germinated survived that
into seeds® survived
6870 1122 2.7 36.0 274 67.8
2 Percentage of ovules that developed into seeds
Number of seeds produced
% 100

" Number of flowers pollinated x Number of ovules per flowers (6)

Table 2. Variation of chromsome numbers in BC, progenies

Number
of

Frequency of plants

plants

observed 16 17 18 19

Chromosome number (2n)
20 21 22 23 24  2b<

253 14 47 45 30

26 41 33 14 1 2
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Fig. 4. Somatic metaphase chromosomes of a BC, plant with 17
chromosomes. Arrowhead points to the extra chromosome 2A.
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Fig. 5. Chromosome pairing at meiotic metaphase-I in a PMC of
a BC, plant with 17 chromosomes. Arrowhead points to the uni-
valent chromosome 1A. Scale bar = 10 um.

a

A. fistulosum. Since one plant showed an abnormal
karyotype and one other plant was dead, 41 plants were
selected as normal AMALs.

Identification of extra chromosomes. The constant
a/b was 1.25. Numerical data (RCL6F, CI) for the chro-
mosomes of the haploid plant of shallot are summarized in
Table 3. The RCL6F varied from 1.34 to 2.24 and the CI
from 23.07 to 48.40, and all chromosomes of shallot could
be identified with the combination of RCL6F and CI.
RCL6F was used for the first time to compare chromo-
somes in different cells of Allium plants. The Cls ob-
tained from shallot in this study were quite similar to
those from common onion in the previous studies
(Kalkman, 1984, Peffley and Currah, 1988).

The numerical data of the extra chromosomes are shown
in Table 4. The RCLG6F of the extra chromosomes varied
from 1.34 to 2.33 and the CI from 24.31 to 48.11. The two
data from Table 4 were plotted on a two-dimensional dia-

Table 3. Numerical data of chromosomes of A. cepa

Aggregatum group
Chromosome RCL6F® CI®
1A 2.24 + 0.04¢ 48.25 + 0.44¢
2A 2.03 + 0.05 37.04+0.76
3A 1.92 £ 0.03 42.30 £ 0.59
4A 1.86 £ 0.03 40.19 £ 0.62
5A 1.81+£0.05 46.39 + 0.98
6A 1.62+0.01 23.07 £ 0.28
TA 1.54 £ 0.05 48.40 + 0.42
8A 1.34+0.03 39.03+£0.75

2 RCL6F =
chromosome length of A. cepa Aggregatum group

long arm length of chromosome 6F of A. fistulosum

short arm length
bCI= x 100
chromosome length

For explanation of abbreviations see text.
¢ Data are shown with mean + SE.
Means derived from 9 cells.

gram with the standardized values for the eight chromo-
somes of shallot from Table 3 (Fig. 6). The 16 points
obtained from the extra chromosomes of 16 AMALSs on the
diagram were successfully plotted close to the eight points
of the standardized values for the chromosomes of shallot.
1A was detected in AMALs 119 and 130, 2A in 132 and
199, 3A in 5 and 42, 4A in 32 and 158, 5A in 24 and 71, 6A
in 120 and 308, 7A in 23 and 246, and 8A in 65 and 240.
From the results mentioned above, it is concluded that a
complete series (eight different types) of the AMALSs, has
been established in the present study (Fig. 7).

Chromosomal locations of the isozyme genes and 5S
rDNA.
1) MDH

Five bands were detected both in A. fistulosum and shal-
lot (Fig. 8). Although the positions of four (bands 3, 4, 5,
6) out of the five bands were identical between these two
species, the remaining bands, band 1 in A. fistulosum and
band 2 in shallot, showed different migration distances.
Ulloa-G et al. (1995) reported that the genes manifesting
the two bands had an allelism in A. fistulosum and com-
mon onion, and identified the gene locus Mdh-1. Bands 1
and 2 in the present study seem to be manifested by alleles
at Mdh-1. Therefore, genetic analysis of MDH bands was
concentrated on this locus. At Mdh-1, the amphidiploid
and allotriploid possessed both bands 1 and 2 (Fig. 9). In
both plants of the AMALs FF + 4A (32 and 158), the band
patterns were identical with those of the amphidiploid and
allotriploid. Other AMALSs had the same band pattern as
A. fistulosum. These results reveal that Mdh-1 is on 4A.
2) TPI

Three bands were observed in A. fistulosum, and two
bands in shallot (Fig. 10). The band patterns clearly



Series of alien monosomic addition lines in Allium 367

Table 4. Numerical data of extra chromosomes in alien monosomic addition lines

Plant No. No. of cells RCL6F CI Identified
examined extra chromosomes

5 5 1.99 + 0.05% 41.16 + 0.592 3A
23 3 1.60 + 0.03 47.98 + 0.78 TA
24 5 1.83+0.01 47.09 £ 0.59 5A
32 7 1.90 + 0.04 40.47 + 0.60 4A
42 6 1.95+0.03 42.48 + 0.30 3A
65 3 1.35+ 0.03 39.78 + 1.24 8A
71 3 1.85+0.05 46.11+0.20 5A
119 4 2.30 £ 0.06 47.73 £ 0.28 1A
120 4 1.64 + 0.07 24.31+ 1.10 6A
130 3 2.33+0.11 48.11+ 0.67 1A
132 4 2.15+0.13 35.62+ 1.16 2A
158 3 1.86 + 0.01 39.51+1.24 4A
199 4 2.10 £ 0.06 35.24+ 1.44 2A
240 3 1.34 + 0.09 40.72+ 1.15 8A
246 4 1.61+0.07 47.57+ 0.63 TA
308 3 1.59+0.03 24.31+ 1.02 6A

2 Data are shown with mean + SE.
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Fig. 6. Two-dimensional presentation of chromosomes in shallot and the extra chromosomes in alien monosomic addition lines. @,
chromosomes of shallot. (), chromosomes of alien monosomic addition lines (Numbers indicate line Nos.). —, SE (Standard error).

showed an interspecific polymorphism between these two
species. Band 1 was species specific in A. fistulosum, and
band 2 in shallot. Bands 3 and 4 were common to the two
species. The amphidiploid and allotriploid possessed all
four bands observed in the parents. The two plants of the

AMALSs FF + 3A (5 and 42) showed a band pattern similar
to that of the amphidiploid and allotriploid. The AMALSs
FF + 1A (130), FF + 2A (132 and 199), FF + 4A (32), FF +
5A (24 and 71), FF + 6A (308), FF + 7A (23 and 246), and
FF + 8A (65) had a band pattern identical with A.
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Fig. 7. Somatic metaphase chromosomes of a series of alien
monosomic addition lines (FF + 1A, 130; FF + 2A, 132; FF + 3A, 5;
FF + 4A, 32; FF + 5A, 71; FF + 6A, 120; FF + 7A, 23; FF + 8A, 65).
1F — 8F: Chromosomes from A. fistulosum. 1A — 8A, extra chromo-
somes from shallot.

fistulosum. The AMALs FF + 1A (119), FF + 4A (158), FF
+ 6A (120), and FF + 8A (240) had a band pattern similar
to that of A. fistulosum except that band 1 was absent. It
seems that the absent is caused by the heterozygosity of
the genes controlling the band 1 in A. fistulosum. These

Band Gene
No. Locus

Fig. 8. MDH zymograms of A. fistulosum A; shallot B; and
amphidiploid C.

} Mdh-1
- 2

E F  Band Gene
No. Locus

Fig. 9. MDH zymograms of A. fistulosum A; shallot B; amphi-
diploid C; allotriploid D; AMAL FF + 2A (132) E; and AMAL FF +
4A (32) F. A schematic illustration is shown in the bottom half of
the figure. The zymogram of AMAL FF + 4A (158) showed the
pattern same as F. Other 13 AMALs showed A. Zymograms of
them are not shown.

results indicate that the gene locus controlling band 2, des-
ignated tentatively as Tpi-1, is on 3A.
3) 58S rDNA

The electrophoretic profile of PCR products for 5S rDNA
in A. fistulosum showed three bands; 5S-Rdna-1 (approxi-
mating 1000 bp), 5S-Rdna-2 (700 bp), and 5S-Rdna-4 (350
bp) (lane A in Fig. 11). In shallot, one other band, 5S-
Rdna-3 (approximating 500 bp), was detected in addition
to the three bands observed in A. fistulosum (lane B).
The amphidiploid and allotriploid had all the four bands
observed in the parents (lanes C and D). In both plants of
the AMALs FF + 7A (23 and 246), all the four bands were
observed (lane K). Other AMALSs had the three bands 5S-
Rdna-1, 5S-Rdna-2 and 5S-Rdna-4 but did not have 5S-
Rdna-3 (lanes E, F, G, H, I, J, L). These results reveal
that 5S-Rdna-3 is on 7A. By means of in situ hybridiza-
tion, Hizume (1994) reported that the common onion had
two 5S rDNA loci at the interstitial regions of the short
arm of a small metacentric chromosome, chromosome 7C.
As described in the introduction, the shallot is a plant
closely related to the common onion. It seems that the
chromosome 7A and 7C are homoeologous to each other.
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Fig. 10. TPI zymograms of A. fistulosum A, shallot B; amphi-
diploid C; allotriploid D; AMAL FF + 1A (130) E; AMAL FF + 8A
(65) F; and AMAL FF + 3A (5) G. A schematic illustration is
shown in the bottom half of the figure. The zymogram of AMAL
FF + 3A (42) showed the pattern same as G. Other 12 AMALs
showed E or F. Zymograms of them are not shown.
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Table 5. Chromosome markers on chromosomes of A. cepa
Aggregatum group established in previous and
present studies

Chromosome Chromosome marker
1A Lap-1°
2A Got-1°, 6-Pgdh-2 "
3A Tpi-1
4A Mdh-1
5A Idh-1 ¢, Pgi-1°
6A Adh-1°, Got-2 »
TA 5S-Rdna-3
8A Gdh-1"

2 Data from Shigyo et al. (1994).
b Data from Shigyo et al. (1995a).
¢ Data from Shigyo et al. (1995b).

J KL

» 5S-Rdna-1
i 4 55-Rdna-2
= 5S5-Rdna-3
¢
5S-Rdna-4

Fig. 11. Amplification profiles for 5S rDNA in A. fistulosum A; shallot B; amphidiploid C; allotriploid D; AMAL FF + 1A (130) E; AMAL
FF + 2A (132) F; AMAL FF + 3A (5) G; AMAL FF + 4A (32) H; AMAL FF + 5A (71) I; AMAL FF + 6A (120) J; AMAL FF + 7A (23) K; and
AMAL FF + 8A (65) L, S: Size marker (100-bp DNA ladder). The amplification profile of AMAL FF + 7A (246) showed the pattern same as
K. Other seven AMALS showed A. Amplification profiles of them are not shown.

Therefore, the result in the present study using AMALSs
shows good agreement with that of Hizume.

From the present study it is concluded that the Mdh-1 is
located on the chromosome 4A, the Tpi-1 on 3A, and a 5S
rDNA gene locus on 7A.  Our previous studies using some
AMALs allocated eight chromosome markers to the chro-
mosome 1A, 2A, 5A, 6A, and 8A. Thus, we have com-
pleted assignment of at least one chromosome marker to

each chromosome of shallot (Table 5). These chromosome
markers also demonstrate that a series of AMALs has
been established. Furthermore, extra chromosomes of 25
other plants of AMALSs were examined by means of uncom-
plicated analyses of the chromosome markers and karyo-
types. Frequencies of the AMALSs with the extra chromo-
somes 1A to 8A in all 41 plants are summarized in Fig. 12.
There was a tendency for the numbers of plants of the
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12

Number of plants

1A 2A 3A 4A 5A 6A TA 8A

Extra chromosome

Fig. 12. Frequencies of alien monosomic addition lines with
extra chromosomes 1A to 8A.

AMALSs with 4A and 7A to be larger than those with other
chromosomes and for those with 6A and 8A to be less than
others. There is a possibility that the extra chromosomes
affect the survival rates of the AMALs.

The chromosome markers established in our studies will
be useful to determine the chromosomal locations of the
other genes and genetic markers linked with them. The
RAPD and RFLP analyses of the series of AMALSs com-
pleted in the present study may efficiently provide a large
number of chromosome markers. Furthermore, if genetic
distances of the chromosome markers are estimated, rapid
construction of a genetic map will be possible in shallot.
The genetic map will enhance future improvements of
shallot and its allies.
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