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Abstract 

Amplified fragment length polymorphisms (AFLP) were used to generate informative 

DNA fingerprints from Magnolia denudata, M. liliiflora and cultivars of their hybrid 

cross, i.e., M. x soulangeana, M. x soulangeana 'Lennei', M. x soulangeana 'Rustica 

Rubra', M. x soulangeana 'Alba', M. x sou lange ana 'Ruby', and M. x soulangeana 'San 

Jose'. A single specimen of unknown origin and representatives of the closely related M. 

campbellii and M. stellata were also included in the analysis. We show how this method 

may be used for distinguishing between cultivars. 
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INTRODUCTION 
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A cultivar must be clearly distinct, uniform and stable in its characteristics 

(Trehane et aI., 1995). Distinguishing between cultivars based on morphology can be 

difficult because the diagnostic characters are often small or may not be apparent all year 

round. 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 

aI., 1996). 

Magnolia x soulangeana or the saucer magnolia, resulted from a cross between 

Magnolia denudata (seed) and Magnolia liliiflora (pollen) made by Etienne Soulange

Bodin in 1820. Soulange-Bodin, a former diplomat in the French Army, established and 

was the first director 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 

independently in Japanese nurseries, possibly occurring spontaneously 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 complete 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 

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 morphological characters were insufficient to distinguish 

this taxon, which has potential as a new cultivar for amenity horticulture. 
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The DNA fingerprinting technique known as amplified fragment length 

polymorphism (AFLP) (Vos et al. 1995, Mueller and Wolfenbarger, 1999) may be 

applied directly to distinguish between and identify cultivars (Baraccia et al. 1998, 

Dirlewanger et al. 1998, Tignon et al. 2000, O'Hanlon et al. 1999, Nadarajan et al. 1999). 

The use of DNA profiling for plant variety registration is attracting particular attention 

(Law et al., 1998). The AFLP method allows the generation of 1 ~ 100 times more 

markers 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 AFLP to study genetic variation in M. 

denudata Desr., M. liliiflora Desr. and cultivars of their hybrid cross. M. campbellii 

Hook. & Thoms. and M. stellata (Sieb. & Zucc.) Maxim. were included for reference 

because these species are estimated (Qui et aI., 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 reproducibility. 

DNA extraction, digestion and ligation 

Total DNA was extracted using a modification of the CTAB method «Doyle and Doyle, 

1987». DNA was precipitated in ethanol and resuspended in 25 J.tl TE (10 mM Tris-HCI, 

pH 8.0,0.1 mM EDTA) buffer. DNA concentrations were estimated and standardised 

against known concentrations of Lambda DNA on 1 % agarose gels. 

The AFLP protocol followed Vos et al. (1995), with a modification to the 

thermocycling profile after Lockhart and McLenachan (1997). Initially 12 J-ll of the total 

DNA extract was digested with two restriction enzymes, EcoRI and MseI for 2 h. at 37° 

followed by 15 min at 70°. The digest included 6 J-ll buffer (50 mM Tris-Hel, pH 7.5),5 

J.tl water, and 1 J-ll of each enzyme. A 5 J-ll aliquot was run on a 1 % agarose gel to check 
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digestion was complete and the remaining DNA was then ligated by adding 2 J..lI of the 

EcoRI and MseI adapters to 2 J..lI of buffer (100 mM Tris-HCI, pH 8.3,15 mM MgCI2, 

500 mM KCI), and 1 J..lI T4 DNA ligase. The mixture of ligation cocktail plus digested 

DNA was incubated overnight at 4°. 

Pre-and selective amplifications 
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Pre-amplification of a prepared template was carried out with EcoRI and MseI primers, 

each having one selective nucleotide, EcoRl+l primer 5'-GACTGCGTACCAATICA-

3' and MseI+l 5'-GATGAGTCCTGAGTAC-3'. Pre-amplification was carried out in a 

thermocycler using the following temperature profile: 40 cycles of 30 s at 94°, 30 s at 

50°,60 s at 72°. 

A dilution of 1: 10 was made from the preamplification products and used for 

selective amplifications with EcoRI primers labelled with HEX (labelled primers 

purchased from Life Technologies). An aliquot of 1 J..lI, taken from each of the 

pre amplification dilutions, was used for selective amplifications. Selective amplifications 

were made using four primer combinations: 1) EcoRI-AGCIMseI-CAG; 2) EcoRl

AGCIMseI-CAT; 3) EcoRl-AGCIMseI-CTG; 4) EcoRl-ACGIMseI-CAT. The following 

cycle profile was used for selective amplification: 5 cycles of 30 s at 94°C, 30 s at 65°C, 

60 s at 72°C, followed by 6 cycles of 30 s at 94°C, 30 s at 60°C, 60 s at 72°C, followed 

by 24 cycles of 30 s at 94°C, 30 s at 56°C, 60 s at 72°C. 
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Generation of AFLP fingerprints 

From the 20 ~l selective amplification product, 4 ~l was run out on a 3% agarose gel to 

check for distinct amplification products. The remaining 16 ~l was purified via ethanol 

precipitation and aliquots of the products run out on an ABI 377 automatic sequencer. 

Fragments were detected by laser and accurately sized with an internal standard. Digitally 

converted raw data were saved as samples migrated past the fluorescence detector. 

Multilocus profiles were visualised using ABI GENESCAN software. Fragment 

differences between samples were identified as those differing by 1 bp. AFLP profiles 

were scored for presence/absence of fragments between 50 and 400 bp and a binary 

matrix prepared. 

Data analyses 

The statistical software package SYSTAT verso 5 was used to calculate the percentage 

congruence between replicate samples using the simple matching coefficient. 

SYSTAT verso 5 was also used to compare three levels of genetic variation: 1) 

between replicate selective amplifications; 2) between M. x soulangeana cultivars; and 

3) between species. A similarity matrix was generated for primer combination 1 based on 

the coefficient of Jaccard (S) (Sneath and Sokal, 1973). This coefficient does not consider 

the shared absence of a character as indicating similarity. 

S = a / (a + b + c), 

Where a = number of fragments present for both samples; b = number of fragments 

present for sample A, but not for sample B; c = number of fragments present for sample 



B, but not for sample A. When comparing variation between samples, the similarity 

between every possible pair was used to calculate the median similarity index (Sokal & 

Rohlf 1981) for each level of variation present among the operational taxonomic units 

(OTUs) in primer combination 1. 

7 

Using the numerical taxonomy program NTSYS-pc (Rohlf, 1990), similarity 

matrices were generated from each of the binary matrices for each primer combination 

based on Jaccard's coefficient. A pairwise correlation was calculated between the 

elements of each of these similarity matrices and the Mantel test (Mantel, 1967), with 100 

random permutations performed to test for significant similarities between primer 

combinations. 

Binary matrices for each primer combination were modified so that each 

contained only those OTUs shared among all matrices. The matrices with identical OTUs 

were then pooled to form a single matrix. The coefficient of Jaccard was then used to 

generate a matrix of similarities for: 1) cluster analysis using the unweighted pair-group 

method arithmetic average (UPGMA); and 2) principal coordinates analysis 

(PCOORDA). A UPGMA dendrogram was constructed and the first two coordinates 

were plotted from the PCOORDA. 

The program AFLPapp (Benham, 1997) was used to identify the fragments 

inherited from each putative parent for all primer combinations. The method takes the 

first parent and compares every fragment to the second parent. Fragments were not used 

in the analysis if: 1) a fragment from the first parent is also present in the second parent 

and 2) if a fragment was not shared between any of the cultivars and parents. The 

Magnolia of unknown origin was included for analysis. 
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RESULTS 

The congruence between replicate amplifications was 91 % (81-100 %). Median levels of 

similarity among OTUs in primer combination 1 based on the Jaccard coefficient were as 

follows: 1) between replicate selective amplifications, 85 %; 2) between M. x 

soulangeana cultivars, 64 %; and 3) between species, 55 %. 

A total of 1401 AFLP fragments were recorded for 13 OTUs for the four pooled 

AFLP primer combinations, with an average polymorphism of 81.2 % (Table 2). The 

Mantel test showed a highly significant (p = <0.001) correlation between all 

combinations of primer matrices. The matrix correlation statistics for each primer 

combination were: r = 0.62 for primer 1 versus 2, r = 0.69 for primer 1 versus 3, r = 0.69 

for primer 1 versus 4, r = 0.85 for primer 2 versus 3, r = 0.86 for primer 2 versus 4, r = 

0.86 for primer 3 versus 4. Good separation was achieved using principal coordinates 

analysis, with the first coordinate explaining 64.2% of the variation. The second and third 

coordinates explained only 5.1 %, and 4.3% of the total variation respectively. Principal 

coordinate axes 1 and 2 (Fig. 1) and UPGMA clustering (Fig. 2) were generally 

congruent, both showing that: 1) M. campbellii and M. stellata were separated from other 

OTUs; 2) M. x soulangeana cultivars grouped more closely with M. denudata than with 

M. liliijlora; 3) samples originating from separate leaves of M. x soulangeana grouped 

closely together; 4) the sample of unknown hybrid origin appeared among the OTUs 

representing M. denudata and M. x soulangeana cultivars. No ties were encountered 

during UPGMA analysis. 



Magnolia x souiangeana cultivars contained greater proportions of fragments 

inherited from M. denudata compared with M. liliijlora (Fig. 3). Numbers of fragments 

shared between cultivars and parents ranged from M. x souiangeana 'Alba' (165 

fragments shared with M. denudata and 73 fragments shared with M. liliiflora), to M. x 

souiangeana 'Lennei' (139 fragments shared with M. denudata and 99 fragments shared 

with M. liliiflora). 

DISCUSSION 
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The results show AFLP data are useful for detecting variation within and among 

Magnolia cultivars. The 91 % congruence for replicate AFLP profiles may be compared 

with previous studies (Huys 1996, Winfield et aI., 1998) that reported similar levels of 

variation for reference samples, indicating the error present is within the range commonly 

encountered. The presence of error, such as non-homologous AFLP products, may bias 

genetic distance estimates between taxa. Rieseberg (1996) suggested that RAPD 

homology was a function of taxonomic distance, i.e. the more closely the compared taxa 

are, the greater the probability that a shared co-migrating band is homologous. This may 

also be extended to the analysis of AFLPs. In the present study, the median similarities 

based on the Jaccard coefficient were generated specifically for the purpose of comparing 

different taxonomic levels. These showed decreasing percentage similarity from replicate 

selective amplifications, to cultivars of M. x souZangeana and finally samples 

representing different species. 

M. x souZangeana cultivars grouped most closely with M. denudata, based on 

PCOORDA and UPGMA clustering (Figs 1 and 2). All cultivars inherited a higher 
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number of fragments from M. denudata compared with M. liliiflora (Fig. 3). We were 

able to estimate that the cultivar of unknown origin included in our study may have 

originated from a cross between M. denudata and M. liliiflora, because it was most 

closely related to the M. x soulangeana cultivars 'San Jose' and 'Lennei' (Figs 1 and 2) 

and compared with the other cultivars, contained a similar number of fragments inherited 

from M. denudata and M. liliiflora (Fig. 3). Unpublished flowering records of magnolias 

at Lincoln for three years from 1988 showed that the 'unknown' magnolia was more 

similar to 

M. x soulangeana 'San Jose' than M. x soulangeana 'Lennei' in terms of the spring 

flowering period and accumulated thermal time. But M. 'IInknown' was unlike both 

M. x soulangeana 'San Jose' and Magnolia X soulangeana 'Lennei' in that only these 

two cultivars of Magnolia x soulangeana have a second and significant flowering period 

in late summer. Magnolia x soulangeana 'Ruby' has also shown some tendency to flower 

in late summer, but to a lesser extent. A significant period of flowering in late summer 

was also recorded for Magnolia liliiflora and Magnolia liliiflora 'Nigra' for each of the 

three years. 

Possible explanations for the close relationship implied for Magnolia X 

soulangeana cultivars and M. denudata include 1) the specimens do not represent true 

Magnolia X soulangeana, and are in fact simple cultivars of M. denudata. 2) the 

specimens are Magnolia X soulangeana, but segregation has occurred in the F2 and 

succeeding generations, and 3) the specimens are Magnolia X soulangeana, but 

backcrossing to M. denudata has occurred. Spongberg (1998) considered many forms of 

Magnolia X soulangeana, to approach or merge with one or other parent, possibly due to 



segregation and introgression. Future investigations of Magnolia x soulangeana hybrid 

origin should include multiple representatives of each parent, particularly M. denudata. 
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AFLP variation may have potential for profiling Magnolia cultivars, providing 

evidence in addition to morphology, for registration purposes. However, it would be 

advantageous to apply selection criteria to fragments included for analysis, e.g., 

Escaravage et al. (1998), who considered only fragments of certain intensity in their 

analysis of clonal diversity in a Rhododendron population. In this way it may be possible 

to reduce error that might result from scoring artefact fragments due to partial digestion 

of the template genomic DNA, poor amplification of fragments during peR, etc. Tignon 

et al. (2000) reported uniformity of AFLP profiles among representatives of most apple 

cultivars they tested, but one cultivar showed variability between specimens, which 

indicated to them, a level of genetic instability within this cultivar. This highlights the 

need for adequate testing of multiple representatives of each cultivar (and also from 

generation to generation) before the use of AFLP profiling as a tool for registration 

purposes. Accurate identification of cultivars would also require a database containing 

DNA fingerprints for all recognised cultivars for comparison. 
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Table 1 Magnolia species, cultivars and hybrids, Lincoln University living plant 

and herbarium (LINC) voucher numbers for samples used in this study 

Magnolia species/cultivar Plant Herbarium 
number number 

M. campbellii None LINC20004 
M. stellata 59 LINC20007 
M. denudata 39 LINC20010a 
M. liliitJ.ora 62 LINC20008 
M. liliiflora 'Nigra' 3 LINC20005 
M. x soulangeana 27 LINC20009 
M. x soulangeana 'Lennei' 46 LINC20032 
M. x soulangeana 'Rustica Rubra' 1 LINC20003 
M. x soulangeana 'Alba' 14 LINC20035 
M. x soulangeana 'Rub,i 78 LINC20006 
M. x soulangeana 'San Jose' 2 LINC20036 
M. x 'unknown' 18 LINC20002 
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Table 2 Polymorphism detected with four amplified fragment length polymorphism 

(AFLP) primer combinations for 13 Magnolia samples. 

AFLP Primer combination No.of No. of % polymorphism 
fragments polymorphic 

fra~ents 

EcoR1-AGCIMseI-CAG 283 225 79.5 % 
EcoR1-AGCIMseI-CAT 447 328 73.4 % 
EcoR1-AGCIMseI-CTG 328 276 84.1 % 
EcoR1-ACGIMseI-CAT 343 309 90% 

Total 1401 1138 81.2 % 
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Fig. 1 Plot of principal coordinate 2 vs 1 for Magnolia AFLP data from 4 selective 

primer combinations. M. x soulangeana (a) and (b) represent different leaves from the 

same tree. 
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Fig. 2 UPGMA cluster analysis of Magnolia AFLP data from 4 selective pnmer 

combinations. M. x soulangeana (a) and (b) represent different leaves from the same tree. 
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x soulangeana cultivars and their parents, M. denudataD and M. liliiflora. 


