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Résumé

An intergeneric amphidiploid line, Brassicoraphanus (2n=34, FFRR), which was synthesized
from the cross of Brassica maurorum Durieu. (2n=16, FF) X Raphanus sativus L. (cv. “4-season
leaf”, 2n=18, RR), showed well-regulated chromosome behavior at the meiosis of pollen mother
cells (PMCs), which resulted in higher levels of both pollen and seed fertility. All Brassicoraphanus
plants obtained by selfing through three generations (S\F, to S;F.) were true amphidiploids with
the sum of the somatic chromosome number of parents being 2n=34. They were intermediate be-
tween their parents in several morphological characteristics, such as leaf shape, inflorescence and
flower characters except for white petals and the absence of root thickening. The BC. plants ob-
tained from the backcrossing of the S;F, plants with B. maurorum were sesquidiploid (2n=25), ex-
hibiting the putative chromosome number with the genomic constitution of FFR. In the present
study, the amphidiploid and sesquidiplbid plants produced by selfing or sib cross and backcross,
respectively, from the Brassicoraphanus will be used as bridge plants for the breeding of the hybrid
progenies advocated by Matsuzawa et al. (1996).

Introduction

In the cultivated Brassica crops, there are amphidiploid species, known as Brassica juncea (L)
Czern. (2n=36, AABB), B. napus L. (2n=38, AACC) and B. carinata Braun. (2n=34, BBCC) which
have been naturally sythesized from the three diploid Brassica species of B. campestris L. (2n=20,
AA), B. nigra Koch. (n=16, BB) and B. oleracea L. (2n=18, CC) (U, 1935). A number of
interspecific and intergeneric amphidiploid hybrids, including the natural amphidiploid species de-
scribed above, have been artificially synthesized by sexual and somatic hybridization between
Brassica crops and wide relatives. Amphidiploid hybrids potential as new crop species and as a
provider of new material for breeding and genetical work has been evaluated (Namai, 1987,
MaTsuzawa et al., 1996). However, because of the lower fertility encountered in their breeding
process, only a few are now available for critical research.

Recently, the amphidiploid hybrids are being used as the bridge plant to breed the following
five lines: I . Synthetic amphidiploid line (SADL), I. Alien gene(s) introgression line (AGIL), II.
Alloplasmic- line (ALPL), IV. Monosomic alien chromosome addition line (MAAL) and V.
Monosomic alien chromosome substitution line (MASL) (MaTtsuzawa et al., 1996). A number of
these lines have been produced from the intergeneric cross between R. sativus and wild allied genera
(Bang et al., 1997a; Kanapa and Kato, 1997; WaTaNaBE et al., 1997): SADLs between R. sativus and
Brassica maurorum, B. fruticulosa and B. oxyrrhina, ALPLs between R. sativus and B. oxyrrhina,
Eruca vesicaria, Moricandia arvensis, Sinapis arvensis and S. turgida and MAALs between R.

sativus and E. sativa, M. arvensis and S. arvensis. Cytogenetical stability and higher fertility of the
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bridge plant may be a prerequisite for the development of these five lines. MaTtsuzawa et al. (1997)
investigated the cytogenetical stability and fertility of a new Brassicoraphanus synthesized from B.
oxyrrhina and R. sativus, and suggested that the new Brassicoraphanus was true-breeding line with
a higher and less variable fertility than any bridge plants developed previously.

In this study, our goal was to inspect the cytogenetical stability and fertility of a new
Brassicoraphanus, synthesized from Brassica maurorum and R. sativus, which will be used to pro-
duce the five hybrid lines described above. The research has three objectives: (1) to investigate the
chromosome behavior at meiosis of pollen mother cells (PMCs) in successive generations of the
amphidiploid line; (2) to investigate the pollen fertility and seed setting of the amphidiploid line
produced by selfing and sib cross; and (3) to produce the BC: plants from the amphidiploid line by
backcross with the parental species.

Materials and Methods

The amphidiploid plants, Brassicoraphanus (2n=34, FFRR), were developed by doubling the
chromosomes of intergeneric Fi hybrids which were synthesized by applying ovary culture followed
by embryo culture from the intergeneric cross between Brassica maurorum Durieu. (2n=16, FF)
and Raphanus sativus L. (cv. “4-season leaf”, 2n=18, RR) (Banc et al., 1997b). The seeds of B.
maurorum were supplied by the Laboratory of Plant Breeding, Tohoku University, Sendai, Japan,
from Cruciferae genertic stocks. R. sativus cv. “4-season leaf” is one of the assessions in the
Laboratory of Plant Breeding, Utsunomiya University, Utsunomiya, Japan.

Young buds were emasculated a day before anthesis, immediately pollinated with fresh pollens
and then bagged for a week. Two Fi amphidiploid plants were selfed by hand-pollination to gener-
ate the next generation (S:F:). The successive generations to the S;F: were also obtained by self-
pollination. The seed setting in the self-pollination of the amphidiploid plants from the S, F: to the
S:F') generation was compared with that of the sib cross in the S; Fi and S;F, generation. To produce
BC, plants, three S;F\ and six S;Fi\ amphidiploid plants were backcrossed with B. maurorum and R.
sativus. All of the amphidiploid plants were grown in 18 c¢m diameter unglazed pots in a green-
house, and then identified on the basis of their morphology and mitotic chromosome counting.

Mitotic chromosomes in root-tip cells were counted using the Feulgen stain squash method fol-
lowed by a 1% acetocarmine staining. Meiotic chromosome behavior was examined in PMCs using
the 1% acetic orcein smear method. Pollen tetrads were counted after a 1% acetic orcein staining.
Pollen fertility was ascertained by observing one thousand pollen grains after staining with a 1%
acetocarmine. The pollen grains taking up the stain and having a round shape were considered to
be fertile.

Results

Fertility and morphology of the amphidiploid from the F,; to the S:F: generations
Pollen fertility and seed setting obtained through selfing, sib cross and backcross of the
amphidiploid plants, Brassicoraphanus, from the Fi to the S;F: generations are shown in Table 1.
In SiF,, S:F: and S:;F. generations, the pollen fertility of amphidiploid plants was approximately
90% (Fig. 1A), and they exhibited more stable and less variable pollen fertility in the subsequent
SsF: generation, ranging from 78.8% to 97.2%. On the other hand, the seed setting obtained through
selfing decreased as the generation progressed. The highest seed setting (192.3%) was observed in
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Table 1. Fertility of the amphidiploid Brassicoraphanus (2n=34) from the F. to the S;F,
generations in selfing, sibcross and backcross with the parental species of

B. maurorum and R. sativus

No. of Pollen Seed setting (%)
Generation plants fertility Selfing Sib cross Backcross
(%) B. maurorum R. sativus
F. 2 81.67 53.3 n.d.? n.d. n.d.

(7565 —87.6) (47.2—59.3)"

S, Fy 18 90.9 99.5 n.d. n.d. n.d.
(56.1—98.6) (34.4—192.3)

S.F. 3 87.9 37.8 22.1 204.5 0
(64.4-95.2) (2.9-87.00) (7.4-35.0) (5.0—544.2)

SsF. 6 90.2 29.5 48.1 217.0 0

(78.8—97.2)  (0—66.7) (0—-177.3)  (0—368.8)
Y Seed setting (%) = (No. of seeds obtained /" No. of flowers pollinated) X 100
? This data, the pollen fertility of Fi, was previously published by Banc et al.
(1997b).
® n.d.; Not ditermined
Y (Range)
the S/} generation in which the mean seed setting was 99.5 %. In the S;F, generation, the seed set-

ting was lower, with the mean of 29.5 % ranging from 0 to 66.7 %. When S;F, plants were sib
crossed, the mean seed setting percentage was 48.1 % and the seeds were obtained from the pods de-
veloped at the upper site of each inflorescences (Fig. 1B). In the backcross of the S,F, and S:F,
plants with B. maurorum, the plants showed higher seed settings than that of selfing and sib cross
and their mean values were 204.5 % and 217.0 %, respectively. When the S;F, and S;F, plants were
backcrossed with R. sativus, however, they failed in seed setting.

All the amphidiploid plants (F: to SsF,) were intermediate in several morphological character-
1stics between their parents, such as leaf shape, inflorescence and flower, except for white petals as
in the case of R. sativus and the absence of root thickening as in the case of the B. maurorum (Fig.
1C, D and E). In the selfing, sid cross and backcross, more uniform and fertile seeds were obtained
from each amphidiploid plant throughout the successive generations (Fig. 1F). A thousand seed-
weight of amphidiploid and sesquidiploid lines resulting from in the selfing, sid cross and
backcrosss had ca. 2.0 g, 1.8 g and 0.5 g, respectively, whereas that of their original parents, B.
maurorum and K. sativus cv. “4-season leaf” were 0.2 g and 19.5 g , respectively.

Cytogenetical stability of the amphidiploid lines

The plants obtained from each amphidiploid plant in several generations by selfing were all
true ampidiploid hybrids with the sum of the somatic chromosome number of their parents species
being 2n=34 (Table 2, Fig. 1G). The BC: plants obtained from the backcross of the S;F, plants with
B. maurorum had 2n=25, showing the putative chromosome number with the genomic constitution
of FFR (Table 2).

Chromosome behaviors at meiosis of PMCs were examined in the amphidiploid plants from
the S\ F, to the S:F. generations (Table 3). They showed relatively regular features in PMCs form-
ing 17 bivalents and nuclear plates with 17 chromosomes at metaphase I and I ( MI and M 1),
respectively (Fig. 1H and D). In these amphidiploid plants of SiF,, S;F, and S:;F., the mean
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chromosome association types at M I were 16.8; + 0.4:, 16.9x + 0.2] and 16.8; + 0.3:, respectively
and the chromosome number of nuclear plates at M II ranged from 16 to 18. The frequency of pol-
len tetard increased steadily with the progression of the generation. In the S;F: generation, the fre-
quency of pollen tetard was 99.3 %, ranging from 99.1 % to 100 %.
Table 2. Somatic chromosome numbers of amphidiploid plants (2n=34, FFRR) in
successive generations and BC: plants (2n=25, FFR) obtained
from amphidiploid by backcross with B. maurorum (2n=16, FF)

) No. of plants Chromosome number in root tip cells (2n)
Generation
observed <24 25 26 ~ 33 34 3=
S,F, 15 15
S, F, 14 14
Sy F, 10 10
BC.V 6 6

1) BC, plants were obtained from S.F: amphidiploid by backcross with B. maurorum

Table 3. Chromosome behavior at meiosis of PMCs of the amphidiploid
Brassicoraphanus (2n=34, FFRR) in S;F, S;F\ and S:;F\ generation

Chromosome associations Chromosome number of
Frequency
at M1 nuclear plate at MI
. No. of of pollen
Generation lant No. of No. of totrad
nts r
ba PMCs I I N.P:” 16 16% 17 17% 18 e(o/e;
observed observed °
S F, 14 700 16.8 04 1076 74 19 921 20 42 94 .6
14-17»  (0—-6) (86.6—100)
S:F, 6 150 16.9 0.2 300 300 954
16—17) 0-2) (93.2-98.8)
SsF, 9 180 16.8 0.3 360 2 356 2 99.3
(16—17) 0-2) (99.1—100)

" N. Ps; Nuclear plates
» (Range)

Discussion

One of the barriers encountered in crop improvement, using a wide hybridization with remotely
related species, is the hybrid sterility resulting from the lack of homologous pairing of chromo-
somes. Such sterility may be overcome by mitotic chromosome doubling. In intergeneric F: hybrids
synthesized from R. sativus and allied genera, such as Sinapis, Moricandia and Brassica, BANG et
al. (1996a,b, 1997b) observed that the amphidiploid hybrid exhibited a more stable chromosome be-
havior at meiosis of PMCs and a higher pollen fertility than the amphihaploid one. Within the five
lines (SADL, AGIL, ALPL, MAAL and MASL) advocated by Marsuzawa et al. (1996), a number
of ALPLs and MAALSs have been produced from the intergeneric amphidiploid hybrids between R.
sativus and wild allied genera (BaNG et al., 1995, 1997c; WaATANABE et al., 1997; Kanapa and Karto,
1997). For the production of these five lines, therefore, it may be also be a prerequisite that the self-,
sib cross- and backcross progenies generated from the amphidiploid hybrids are viable and fertile.
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MaTsuzawa et al. (1997) investigated whether an amphidiploid line synthesized from B. oxyrrhina
and R. sativus could be used as bridge plant to produce the five lines, ‘and then offered a new
Brassicoraphanus which was true-breeding amphidiploid line with favorable fertility. This investi-
gation resulted in the development of the new amphidiploid, Brassicoraphanus, which is a true-
breeding amphidiploid line with favorable fertility and can be used as a bridge plant with great
potential to produce the five lines.

The new Brassicoraphanus exhibited a well-regulated chromosome behavior at meiosis of PMCs
and a higher pollen fertility with the progression of the generation (Table 1 and 3, Fig. 1A, H and
. The seed fertility of the present amphidiploid was lower in selfing with the progression of the
generation, whereas the seed fertility in sib cross was higher (Table 1). Moreover, many seeds were
harvested from the pods developed on the upper site of the inflorescence (Fig. 1B). Based on these
results, it might be suggested that the self-incompatibility system and,or inbreeding depression
may operate in this new Brassicoraphanus, although the expression of self-incompatibility is in-
ferior to the younger buds with the female fertility.

It was reported that the seed fertility in Brassicoraphanus and Raphanobrassica synthesized
from Brassica and Raphanus was lower than the parents because of their meiotic irregularity and
their cross incompatibility under the genetic control (McNaucHTON, 1973; Tokumasu and Karo, 1980;
Iwasa and ELLErsTROM, 1981; DovLstra, 1982; Kat10o and Tokumasu, 1983; Marsuzawa et al., 1985). The
Brassicoraphanus line, which was  synthesized from B. oxyrrhina and R. sativus by
MaTsuzawa et al. (1997) showed regular chromosome behavior at meiosis of PMCs in early genera-
tions, resulting in higher seed fertility of 4.2 seeds per pod. The new Brassicoraphanus developed
approximately 2 seeds per pollinated flower in some S/Fi plant when the self-pollination was per-
formed (Table 1). Moreover, the new Brassicoraphanus produced approximately 5 seeds per flower
in backcrossing with B. maurorum at the S.F. generation. These results may suggest that the new
Brassicoraphanus has more than 5 fertile ovules per flower. Accordingly, if some incompatible fac-
tors described above could be favorably eliminated, the new Brassicoraphanus may be able to pro-
duce more than 5 seeds per flower in both self and sib cross.

In the backcross of the Brassicoraphanus with the parental species of B. maurorum and R.
sativus, the former showed higher seed fertility, whereas the latter failed in seed setting (Table 1).
In the intergeneric cross of B. maurorum X R. sativus, hybrid embryos could be obtained only
in ovary culture because of the post-fertilization barriers (Banc et al., 1997b). If the present
Brassicoraphanus has the same crossability system inherited from B. maurorum, the hybrid plants
of Brassicoraphanus X R. sativus may be produced by using the embryo rescue method. At any
rate, the characteristics of crossability in the cross of Brassicoraphanus X R. sativus may be elu-
cidated by the analyses of the pollen germination and the development of embryo in vivo and in
vitro previously performed by Bang et al. (1997b).

The amphidiploid and sesquidiploid plants obtained by selfing, sib cross and backcross of the
Brassicoraphanus (B. maurorum X R. sativus amphidiploid line) in the present study will be used
as bridge plants for the breeding of the hybrid progenies designated by Martsuzawa et al. (1996).
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Fig. 1 Morphological and cytological charecteristics of the Brassicoraphanus (2n=34, FFRR),
B. maurorum (2n=16, FF) X R. sativus (2n=18, RR).
A) Fertile pollen grains which were stained with 1% acetocarmine.
B) Fertile pods predominantly developed at the upper site of inflorescence by sib cross.
C) Plant type of a Brassicoraphanus in the flowering stage.
D) leaves,vleft : B. maurorum; middle : Brassicoraphanus and right : R. sativus
cv. “4-season leaf”.
E) Flowers, left : B. maurorum; middle : Brassicoraphanus and right : R. sativus
cv. “4-season leaf”.
F) Seeds: B. maurorum; sesquidiploid, Brassicoraphanus (sib and self), and R. sativus
cv. “4-season leaf” (left to right).
G) Somatic chromosomes (2n=34) in a root tip.
H) PMC with 17: chromosome association type at M 1.
I) PMC with (17-17) distribution type at M.
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