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Abstract Cut flowers of Allium giganteum Regel were
emasculated and maintained in half-strength
Murashige and Skoog liquid medium supplemented
with 3% sucrose and 1000 ppm each of AgrimycinR and
BenlateR. Wide hybridization was attempted and,
through embryo rescue, putative hybrids were obtained
from crosses involving A. cernuum Roth, A. oreophilum
C.A. Mey. and A. schubertii Zucc. PCR amplification of
the internal transcribed spacer of ribosomal DNA fol-
lowed by digestion with NdeII generated restriction
profiles that confirmed the hybrid nature of the
A. giganteum]A. schubertii progenies. The other putative
hybrids were found to be products of self pollination.
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Introduction

Allium L. is a cosmopolitan genus with more than 700
species distributed in the northern hemisphere. Allium
breeders have produced interspecific hybrids to obtain
traits such as disease resistance, cold tolerance, exotic
flavor components (Keller et al. 1996) or cytoplasmic
male sterility (CMS) (Peterka et al. 1997), but they have
focused on species in subgenus Rhizirideum (G. Don ex
Koch) Wendelbo and subgenus Allium.

Allium giganteum Regel is the most common Allium
cut flower and is classified in subgenus Melanocrom-
myum (Webb et Berth.) Rouy. Allium ‘John Dix’ (A.
giganteum]A. christophii Trautv.), released 40 years
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ago, is the only commercially available hybrid obtained
from A. giganteum (Van Scheepen 1991). Recent
attempts to obtain interspecific hybrids from A. gigan-
teum produced a few putative hybrid seedlings which
died soon after germination (Maeda et al. 1994).

A. giganteum produces more than a thousand small
(approximately 6 mm wide) delicate flowers densely
clustered in an umbel on 0.8- to 2.0-m-long flower
scapes (Davies 1992), characteristics which hinder the
emasculation and hybridization of plants growing in
the field. These problems would be minimized if cut
flowers could be used as mother plants. Cut-flower
culture followed by embryo rescue have been shown to
improve the success rate of interspecific hybridization
in subgenus Rhizirideum (Dubouzet et al. 1994). Al-
though the vase life of A. giganteum cut flowers is only
2 weeks (Armitage 1993), treatment with sugar and
some mineral ions can extend the longevity of cut
flowers (Salunkhe et al. 1990).

Another difficulty with A. giganteum breeding is that
plants produced from seeds require 3—5 years to reach
flowering size (Armitage 1993). Hence, a cheap and
reliable method of early hybrid verification is also ne-
cessary. Dubouzet et al. (1996) used male parent-speci-
fic random amplified polymorphic DNA (RAPD)
bands to identify putative interspecific hybrids in sub-
genus Rhizirideum. Recently, Keller et al. (1996) used
karyotype analysis, flow cytometry and/or genomic
in situ hybridization to establish the identity of inter-
specific hybrids in subgenus Rhizirideum.

Screening for presence or absence of restriction sites
diagnostic for internal transcribed spacer (ITS) se-
quences of each putative parent species can resolve the
identity of presumed interspecific hybrids (Baldwin
et al. 1995). Havey (1992) reported that restriction frag-
ments generated by 4-base cutters from polymerase
chain reaction (PCR)-amplified internal transcribed re-
gions (ITS1 and ITS2) of rDNA could be used to
differentiate some Allium species. The small sample
requirements for DNA extraction and subsequent PCR



Table 1 Wide hybridization of A. giganteum

Male parent Number of

Pollinated Fruits Rescued Plantlets
flowers harvested embryos

giganteum 57 20 16 16
oreophilum 47 34 2 2
schubertii 57 50 71 54
cernuum 37 5 1 1
‘Titan’
unifolium 33 20 0
caesium 42 11 0
altaicum 48 4 0
cyathophorum 52 20 0

var farreri

Total 373 164 90 73

amplification allow the use of this PCR-based tech-
nique for the rapid screening of plantlets still under-
going aseptic culture.

The specific objectives of the study presented here
were (1) to evaluate the feasibility of using A. giganteum
cut flowers for interspecific hybridization and (2) to
characterize the putative hybrid population by restric-
tion analysis of the internal transcribed spacers of
rDNA.

Materials and methods

Cut-flower culture, hybridization and embryo rescue

Inflorescences of field-grown A. giganteum were cut at the base of the
scape at the start of anthesis. Only mature flowers expected to open
within 3 days were emasculated; the rest were discarded. The cut
flowers were maintained in half-strength Murashige and Skoog
(1962) liquid medium (MS) 3% sucrose, and 1000 ppm each of Agri-
mycinR (streptomycin) and BenlateR (benomyl). At the start of stigma-
tic receptivity, the emasculated flowers were pollinated for
3 consecutive days with pollen from the male parents listed in Table 1.

Embryo rescue was performed 20—25 days after the start of
pollination. Embryos were cultured for at least 1 month on 0.7%
agar containing haf-strength MS, 3% sucrose, 5 ppm a-naph-
thaleneacetic acid (NAA), and 0.5 ppm 6-benzylaminopurine (BA) at
pH 5.8. The resulting plantlets were subsequently transferred to
hormone-free half-strength MS medium in 0.8% agar.

Hybrid verification

Minute ((50 mg) leaf or callus tissue samples from 4 selfed plants,
30 A. giganteum]A. schubertii ‘hybrids’ and the rest of the putative
hybrid plantlets shown in Table 1 were collected from plants grow-
ing in the greenhouse and those still in aseptic culture. DNA
was extracted using the procedure reported by Dubouzet et al.
(1997). The DNA samples were adjusted to 2 ng/ lL based on UV
spectrometry.

The amplification reaction consisted of 5 ll DNA extract, 1.6 ll
25 mM MgCl

2
, 1.31 ll ddi water, 1 ll 10]Buffer II, 0.8 ll 10 mM

dNTP mix, 1.1 pM ITS4 (5@-TCCTCCGCTTATTGATATGC-3@)
and ITS 5 (5@-GGAAGTAAAAGTCGTAACAAGG-3@) primers
(Hsiao et al. 1994) and 0.05 ll AmpliTaq DNA polymerase (Perkin
Elmer, USA). Amplification was performed in a Perkin Elmer 9600
using ‘Touchdown’ PCR (Don et al. 1991). A 3-min incubation at
94°C was followed by 10 cycles of 94°C for 15 s, 65°C for 30 s
(annealing temperature was reduced by 1°C at each subsequent cycle),
72°C for 2 min. This was followed by 35 cycles of 94°C for 15 s, 55°C
for 30 s, 72°C for 2 min and a final elongation step at 72°C for 5 min.

A 2.5-ll aliquot of the PCR product was mixed with 1 unit of
a restriction enzyme (HhaI or NdeII), 1 ll of their respective
10]buffers and enough water to make a 10-ll reaction. The reac-
tion solution was incubated for 1.5 h at 37°C, and the restriction
products were separated in 2% agarose by electrophoresis in TAE
buffer.

Results and discussion

Cut-flower culture, hybridization and embryo rescue

Emasculation and pollination of A. giganteum cut
flowers were readily performed in the laboratory.

Dubouzet et al. (1994) suggested the use of pulsing
solutions to prolong the vase life. In the present study,
the main objective of cut-flower culture was to support
the development of the hybrid embryos to a stage at
which embryo rescue would become feasible. Cut-
flower culture was considered as the in vivo stage of
embryo rescue so the cut flowers were continuously
maintained on liquid culture medium (1/2 MS#3%
sucrose).

BenlateR and AgrimycinR reduced but did not pre-
vent microbial growth. Because of microbial infection,
the holding solution had to be changed, and the flower
stalks had to be cut regularly. Future research should
reevaluate the utility of pulsing the cut flowers with
sugar-containing solutions for short periods, as sugges-
ted by Dubouzet et al. (1994).

All pollinator parents induced ovarian swelling in
A. giganteum, as shown by the number of ovaries har-
vested for embryo rescue (Table 1). Despite fungal
infection, cut-flower culture for at least 3 weeks after
pollination enabled some embryos to develop beyond
the torpedo stage for subsequent embryo rescue. Only
three of the seven cross combinations produced puta-
tive hybrid embryos (Table 1). The number of putative
hybrid embryos obtained from the A. giganteum]
A. schubertii Zucc. cross was remarkably high.

Embryos are sometimes injured or broken during
embryo rescue so the initial aseptic culture medium
included NAA and BA to induce growth from whole or
fragmentary embryos. Explants with multiple shoots
were transferred to hormone-free media to allow fur-
ther development and maturation. Hence, practically
all the rescued embryos developed into plantlets
(Table 1). Multiple shoot formation from embryos is
desirable in cross combinations with a low success rate
because this will facilitate subsequent multiplication.
Along with leaves and roots, many of the explants
continued to produce watery callus even after they were
transferred to hormone-free media. Although continu-
ous callus production facilitates clonal multiplication
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Fig. 1 Restriction profile of the PCR-amplified internal transcribed
spacer regions of rDNA after digestion with NdeII. M HindIII/
EcoRI double-digest marker, G A. giganteum, Gs A. giganteum selfed
progeny; G]S A. giganteum]A. schubertii, S A. schubertii

by division, the presence of callus tissue lowers survival
rates after transplanting.

A year after pollination, most of the putative hybrids
were still being maintained in aseptic culture to allow
sufficient growth before greenhouse culture. The slow
growth of putative hybrids and their high cost of main-
tenance underlines the need for a hybrid verification
system that would enable the early elimination of
plants resulting from unwanted pollination.

Hybrid verification by restriction analysis
of the ITS region

The ITS primers produced an approximately &700-bp
band from A. giganteum, A. cernuum Roth and A.
oreophilum C.A. Mey. A. giganteum could be differenti-
ated from A. cernuum and A. oreophilum using restric-
tion patterns generated by HhaI. NdeII generated
restriction patterns that could distinguish A. giganteum
from A. cernuum, A. oreophilum or A. schubertii.

Digestion of the PCR-amplified ITS regions of A.
giganteum and its four selfed progenies using HhaI or
NdeII generated similar restriction profiles. This im-
plies that neither sexual reproduction nor prolonged
tissue culture affected the presence of restriction sites in
the ITS region of rDNA.

A restriction site for NdeII was found to be present in
the ITS region of A. giganteum but absent in that of A.
schubertii (Fig. 1). The restriction profiles of the PCR-
amplified ITS regions of 28 putative A. giganteum]A.
schubertii hybrids showed both parental bands. This
affirms the codominant inheritance of the restriction
sites in the ITS region of rDNA and confirms the
hybridity of these plants. The 2 remaining A. gigan-
teum]A. schubertii ‘hybrids’ showed the restriction
profile of A. giganteum, implying that they were
produced by accidental self pollination.

Digestion with HhaI of the PCR-amplified ITS re-
gions of the remaining putative hybrids between A.
giganteum and A. cernuum or A. oreophilum generated
restriction profiles which were similar to those of A.
giganteum. This meant that these ‘hybrids’ were selfed
progeny.

A. giganteum is classified under section Compacto-
prason R. Fritsch, whereas A. schubertii belongs to

section Kaloprason R. Kam. (Fritsch 1992). The rela-
tively large number of hybrids produced between these
two species (Table 1), coupled with in vitro multiplica-
tion from callus tissues, will allow rapid commercializ-
ation. Previous interspecific hybrids from these two
sections include A. ‘Globe Master’ (A. macleanii
Baker]A. christophii) and A. ‘John Dix’ (Van Scheepen
1991).

With respect to future breeding of A. giganteum, our
results indicate that evaluation of other pollinator spe-
cies from section Compactoprason and Kaloprason
should be prioritized. Manual emasculation can not
guarantee the complete removal of the anthers, and it
also often leads to unavoidable damage to the tiny and
delicate flowers. Hence, artificial induction of male ste-
rility in this species should be investigated.

The two techniques described in this report may also
be useful for other wide hybridization programs in
Allium. Cut-flower culture expedites manual emascula-
tion and subsequent pollination of male-fertile species
and assures a controlled environment free from the
vagaries of nature. Mini experiments on the effects of
such factors as nutrients, hormones, temperature etc.
on hybridization can be easily implemented using cut
flowers.

Restriction analysis of ITS regions provides the
breeder with a rapid, reliable and reasonably economi-
cal method of interspecific hybrid verification. Amplifi-
cation of minute DNA samples by PCR allows hybrid
verification at the initial stages of aseptic culture. ITS
restriction profiles are easy to interpret because
codominant inheritance produces additive profiles in
the hybrid.
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