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Abstract Amplified Fragment Length Polymor-
phism (AFLP) analysis was used to generate informa-
tive DNA fingerprints from Magnolia denudata, M.
liliiflora, and putative cultivars of their hybrid cross,
i.e., M. x soulangeana, M. xsoulangeana 'Lennei',
M. x soulangeana 'Rustica Rubra', M. x soulan-
geana 'Alba', M. x soulangeana Huby', and M. x
soulangeana 'San Jose'. A single specimen of un-
known origin and representatives of the closely re-
lated M. campbellii and M. stellata were also included
in the analysis. We show how this method may be
used for distinguishing among cultivars.
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INTRODUCTION

A cultivar must be clearly distinct, uniform and sta-
ble in its characteristics (Trehane et al. 1995). Dis-
tinguishing among cultivars based on morphology
can be difficult because the diagnostic characters are
often small or may not be apparent all year round.
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DNA fingerprinting provides a means to test the
hybrid origin of cultivars and cultivar similarity and
may lead to a better understanding of our cultivated
plants (Lee et al. 1996).

Magnolia x soulangeana or the saucer magnolia,
resulted from a cross between M. denudata and M.
liliiflora made by Etienne Soulange-Bodin in 1820.
Soulange-Bodin established and was the first direc-
tor of the Royal Institute of Horticulture near Paris
where he produced this hybrid (Spongberg in Hunt
1998). Although commonly listed as M. x
soulangiana, the correct spelling for this hybrid is
with the termination -eana as described by Hunt
(1998). Callaway (1994), considered it likely that
Soulange-Bodin's cross was also made independ-
ently in Japanese nurseries, possibly occurring spon-
taneously when the two parent plants were grown in
close proximity. After the introduction of the hybrid
by Soulange-Bodin, a plethora of named forms were
introduced, including seedlings from backcrosses
and open pollinations. These forms cover the com-
plete range between the two parents in flower colour,
shape, and size. It is now practically impossible to
keep track of all of the forms and account for their
origins.

A rootstock of unknown origin in the Magnolia
collection at Lincoln University, New Zealand that
grew after the death of the scion M. acuminata
'Golden Glow' produced flowers similar to M. x
soulangeana cultivars in shape and colour, but were
generally much larger. Flowering period and mor-
phological characters were insufficient to distinguish
this taxon, which has potential as a new cultivar for
amenity horticulture.

The DNA fingerprinting technique known as Am-
plified Fragment Length Polymorphism (AFLP)
(Vos et al. 1995; Mueller & Wolfenbarger 1999)
may be applied directly to distinguish among and
identify cultivars (Baraccia et al. 1998; Dirlewanger
et al. 1998; Nadarajan et al. 1999; O'Hanlon et al.
1999; Tignon et al. 2000). The use of DNA profil-
ing for plant variety registration is attracting particu-
lar attention (Law et al. 1998). The AFLP method
allows the generation of 10-100 times more markers
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per reaction than other fingerprinting techniques, the
large number of putative loci sampled providing a
measure of variation across a wide portion of the
genome (Sharma et al. 1996).

In the present investigation, we used fluorescent
AFLP analysis to study genetic variation in M.
denudata Desr., M. liliiflora Desr., and cultivars of
their hybrid cross. M. campbellii Hook. & Thorns,
and M. stellata (Sieb. & Zucc.) Maxim, were in-
cluded for reference because these species are esti-
mated (Qui et al. 1995) to be among the closest
relatives of M. denudata and M. liliiflora. The main
question we addressed was: can Magnolia cultivars
be distinguished using AFLP markers?

MATERIALS AND METHODS

Plant materials and DNA samples
Samples from 12 mature Magnolia specimens were
used for the present study (Table 1). A single cultivar
of unknown origin was included for investigation,
plus samples of M. campbellii and M. stellata. Two
leaves were used for separate extractions from M. x
soulangeana and carried through the complete AFLP
process as a control. All selective amplifications
were repeated for the first primer combination and
subsequently carried through as a test of reproduc-
ibility.

DNA extraction, digestion, and ligation
Total DNA was extracted using a modification of the
CTAB method (Doyle & Doyle 1987). DNA was
precipitated in ethanol and resuspended in 25 jj.1 TE

(10 mMTris-HCl, pH 8.0; 0.1 mMEDTA) buffer.
DNA concentrations were estimated and standard-
ised against known concentrations of Lambda DNA
on 1% agarose gels.

Initially 10 \i\ of the total DNA extract was di-
gested with 6 jLtl digestion buffer (50 mAf Tris-HCl,
pH 7.5; 50 mM (CH3COO)2Mg.4H2O; 250 mM
CH3COOK), 5 nl dH2O, 1 \i\ of each restriction
enzyme; EcoRl (10 U/jj.1, Roche Molecular Bio-
chemicals) and Tru91 (an isoschizomer forAfeel) (10
U/(xl, Roche Molecular Biochemicals), for 2 h at
37°C followed by 15 min at 70°C. A 5 \l\ aliquot was
run on a 1% agarose gel to check digestion was
complete and the remaining DNA was then ligated
by adding 1 \i\ of each of the EcoRl (5 pmol/^l)
and Msel (50 pmol/|xl) adapters (Life Technologies),
2 (il of ligation buffer (100 mMTris-HCl, pH 8.3;
15 mMMgCl2; 500 mMKCl), 1 \ll T4 DNA ligase
(1 U/Hl, Gibco), and 5 \il dH2O. The mixture of
ligation cocktail plus digested DNA was incubated
overnight at 4°C.

Pre-and selective amplifications
The total pre-amplification reaction volume was 40
(0.1. This reaction consisted of 2 (il ligated DNA (di-
luted 1:5), 4 (al of 10 x PCR reaction buffer (100 mM
Tris-HCl, pH 8.3; 15 mMMgCl2; 500 mMKCl),
0.8 jil 10 mMdNTP, 31.04 Hi dH2O, 0.16 jal Taq
Polymerase (5 U/HI, Roche Molecular Biochem-
icals), and 1 Hi of each pre-amplification primer,
each with one selective nucleotide; EcoR 1+1 primer
5'-GACTGCGTACCAATTCA-3' andMsel+l 5 ' -
GATGAGTCCTGAGTAC-3' (50 ng/\i\, Life Tech-
nologies). Pre-amplification was carried out in a

Table 1 Magnolia species, cultivars, and hybrids, Lincoln University, New
Zealand, living plant and herbarium (LINC) voucher numbers for samples used
in this study.

Magnolia species/cultivar

M. campbellii
M. stellata
M. denudata
M. liliiflora
M. liliiflora 'Nigra'
M. x soulangeana
M. x soulangeana 'Lennei'
M. x soulangeana 'Rustica Rubra'
M. xsoulangeana 'Alba'
M. xsoulangeana 'Ruby'
M. xsoulangeana 'San Jose'
M. x "unknown"

Plant no.

None
59
39
62
3

27
46

1
14
78
2

18

Herbarium no.

LINC20004
LINC20007
LINC20010a
L1NC20008
LINC20005
LINC20009
LINC20032
LINC20003
LINC20035
L1NC20006
LINC20036
LINC20002


