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Abstract  Despite the economic importance of mahoga- 
nies (Meliaceae) little is known of the pattern of genetic 
variation within this family of tropical trees. We describe 
the application of a polymerase chain reaction (PCR)- 
based polymorphic DNA assay procedure random ampli- 
fied polymorphic DNAs (RAPDs) to assess the extent of 
genetic variation between eight mahogany species from 
four genera. Pronounced genetic differentiation was found 
between the species and genera. There was a clear separ- 
ation of Cedrela odorata from the other species, with 95% 
of the variable amplification products differing, whereas 
Lovoa trichilioides, Khaya spp. and Swietenia spp. were 
more closely grouped. These results are consistent with the 
current taxonomic viewpoint. A number of markers were 
found to be diagnostic for particular species, which could 
be of value in determining the status of putative hybrids. 
The application of RAPDs to the study of genetic varia- 
tion in mahoganies is discussed in the context of develop- 
ing genetic conservation and improvement strategies for 
these species. 
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Introduction 

Mahoganies (Meliaceae) are amongst the most commer- 
cially important tropical timber tree species, dominating 
international trade in the areas where they are native (Lamb 
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1966; Read 1990). Despite this, the pattern and distribu- 
tion of genetic variation within this family is virtually un- 
known. Most information has been gained from the anal- 
ysis of material from different geographical origins in 
provenance and progeny tests (Newton et al. 1993a,b). Al- 
though the number of such field trials is extremely limited, 
results have indicated that a significant amount of intra- 
specific genetic variation exists within key economic gen- 
era such as Cedrela and Swietenia (Newton et al. 1993b,c). 
Information on other mahogany species, such as members 
of the African genera Khaya and Lovoa, is even more scant 
(Newton et al. 1993c). 

Recently, concern has increased about the genetic con- 
servation of mahogany species as a result of the high rates 
of deforestation in the areas where these species are native 
(Knees and Gardner 1983; Newton et al. 1993b; Read 1990; 
Rodan et al. 1992), and this is reflected in the inclusion of 
Swietenia in Appendix II of the Convention on Interna- 
tional Trade in Endangered Species (CITES) (Rodan et al. 
1992). A means of assessing genetic diversity and the dis- 
tribution of variability in mahoganies is therefore of cru- 
cial importance for: (1) defining more accurately the con- 
servation status of particular populations; (2) quantifying 
the effects of logging on the genepools of mahogany spe- 
cies; and (3) developing integrated scientifically-based ge- 
netic improvement and conservation strategies. Recently, 
DNA-based procedures such as restriction fragment length 
polymorphisms (RFLPs) and random amplified polymor- 
phic DNAs (RAPDs) have been applied to the detection of 
genetic polymorphisms in plants (Hadrys et al. 1992; Hu 
and Quiros 1991; Newbury and Ford-Lloyd 1993; Waugh 
and Powell 1992; Welsh and McClelland 1990; Welsh et 
al. 1991; Williams et al. 1990). The latter approach over- 
comes many of the limitations of RFLPs and has been used 
for clone identification in cocoa (Wilde et al. 1992), cof- 
fee (Orozco-Castillo et al. 1994) and banana (Kaemmer et 
al. 1992), and population differentiation in Gliricidia spp. 
(Chalmers et al. 1992). In this report we have used RAPD 
markers to estimate the level of genetic variation between 
29 mahogany accessions from eight different species and 
four genera. 
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Materials and methods 

Plant material 

SC10-72, TGGGACCATG; SC10-88, TGAGATGGGC; SC10-89, 
ACGCGTCATC and SC 10-90, TGGTGTCCGG. Primers were syn- 
thesised on an Applied Bio-systems 391 PCR-mate oligonucleotide 
synthesiser. 

Plants used in this study (Table 1) were either collected as seed from 
the field by staff of the Institute of Terrestrial Ecology (A. C. New- 
ton, R. R. B. Leakey) or obtained from one of a range of institutions 
(see Newton et al. 1991, 1992) and raised at the Institute of Terres- 
trial Ecology, Edinburgh. 

Data analysis 

Principal co-ordinate analysis and single linkage cluster analy- 
sis (Kempton and McNicol 1990) were performed with the 
GENSTAT 5 statistical package. 

Polymorphic assay procedures 

DNA was isolated from fresh leaf material using a modification of 
the method of Gawel and J arret (1991) exactly as described in Oroz- 
co-Castillo et al. (1994). Polymerase chain reactions (PCR), agarose 
gel electrophoresis and data recording were performed exactly as de- 
scribed previously by Chalmers et al. (1992). The sequences of the 
primers (5'-3') used are as follows: SC10-70, TTGGCCGCGA; 

Results 

The level of po lymorphism detected with RAPD markers 
was assayed in the mahogany species listed in Table 1. Each 
of the five primers used detected polymorphism,  with an 

Table 1 List of accessions of 
mahogany (Meliaceae) ana- 
lysed using RAPDs 

Accession no. Name ITE code no. Origin 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

Cedrela odorata 
Cedrela odorata 
Cedrela odorata 
Cedrela odorata 
Swietenia humilis 
Swietenia humilis 
Swietenia humilis 
Swietenia humilis 
Swietenia humilis 
Khaya senegalensis 
Swietenia macrophylIa 
Swietenia macrophylIa 
Swietenia macrophylla 
Swietenia macrophylla 
Swietenia macrophylla 
Swietenia macrophylla 
Swietenia macrophylla 
Swietenia macrophylla 
Swietenta macrophylla 
Swietema macrophylla 
Swietenia mahagoni 
Khaya anthotheca 
Khaya senegalensis 
Khaya senegalensis 
Khaya ivorensis 
Khaya ivorensis 
Khaya ivorensis 
Lovoa trichoiloides 
Lovoa trichoiloides 

1016 Nicaragua 
1/90 Costa Rica 
42/79 Guatemala 
42/79 Guatemala 
58/90 Costa Rica 
58/90 Costa Rica 
56/87 Honduras 
56/87 Honduras 
8014 Guatemala 
8002 Nigeria 
408/89 Puerto Rico 
8000 Puerto Rico 
8012 Puerto Rico 
8004 Haiti 
8005 Haiti 
8013 Puerto Rico 
8009 Honduras 
8007 Honduras 
8011 Puerto Rico 
8006 Haiti 
76/7 Florida 
K5/85 Ivory Coast 
8000 Nigeria 
8001 Nigeria 
8012 Nigeria 
8017 Nigeria 
8002 Nigeria 
8015 Cameroon 
8012 Cameroon 

Fig. 1 Amplification products 
generated from 29 individuals 
of eight species-of Meliaceae 
using primer SC10-89. The 
products were generated and re- 
solved as described in the Ma- 
terials and methods 
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average of 13 polymorphic loci per primer. An example of 
the polymorphism detected with primer SC10-89 is shown 
in Fig. 1. A dendrogram displaying hierarchial associations 
is given in Fig. 2. The dendrogram is generated by group- 
average clustering where the similarity between two 
groups is defined as the average similarity of all loci scored 
in each group. There is a clear separation of Cedrela sp. 
from the other species with 95% of the variable products 
differing. Lovoa trichilioides is clearly distinguished from 
the Khaya and Swietenia spp., and the African Khaya and 
the American Swietenia spp. are also separated from each 
other. Importantly, a number of RAPD products were 
unique and could be considered diagnostic for a given spe- 
cies. In order to assess whether the clustering of popula- 
tions based on RAPDs could be further resolved, principal 
co-ordinate analysis was used to analyse the shared frag- 
ment data available for the 29 accessions (Fig. 3). The first 
two principal components of this analysis account for 57 % 
of the total variation. The clear separation of Cedrela odor- 
ata from the other species and the distinct groupings of the 
other genera reflects their geographical distribution. 

Cedrela odorata 
Swietenia humilis 

Swietenia macrophylla 
Swietenia mahogoni - - ]  

Khaya anthotheca 

Khaya senegalensis t 
Khaya ivorensis [ 

Lovoa trichilioides 

100% 80% 60% 40% 20% 0% 

Percentage of shared fragments 

Fig. 2 Dendrogram of different species of Meliaceae generated by 
group average clustering analysis 

Discussion 

In this investigation, DNA from eight species from four 
genera of Meliaceae was examined using RAPDs. Intra- 
and interspecific polymorphism was detected in the sam- 
ples analysed. The value of the RAPD approach is sup- 
ported by the close similarity between the dendrogram 
based on RAPD results (Fig. 2) and the taxonomic rela- 
tionships between the different genera based on morpho- 
logical characteristics (B. T. Styles, personal communica- 
tion). In particular, the fact that Swietenia and Khaya were 
more closely grouped with each other than either genus 
was with Cedrela or Lovoa is directly supported by tradi- 
tional taxonomic evidence. 

The respective geographic distributions of these genera 
are of interest in the context of their taxonomic relation- 
ships. Whereas Lovoa and Khaya are native to Africa, both 
Cedrela and Swietenia are restricted to tropical America. 
Evidence from both morphological and genetic character- 
istics support the notion that Swietenia and Khaya may 
have had a common ancestor prior to the rifting of Gond- 
wanaland in the Lower Cretaceous (Whitmore 1990). Swie- 
tenia macrophylla is not native to Puerto Rico, although it 
has been widely established there through forestry opera- 
tions (Weaver and Bauer 1986). S. mahagoni is also present 
on the island, and the two species clearly hybridise freely, 
based on the spectrum of morphological variation observed 
(Whitmore and Hinojosa 1977). A similar situation exists 
on Haiti, where S. macrophyIla has been introduced, but 
S. mahagoni also occurs. It may well be that the accessions 
of S. macrophylla from both Puerto Rico and Haiti, while 
from a clearly identifiable parent tree, may be of hybrid 
origin. Conversely, while S. mahagoni is native to Florida, 
where S. macrophylla has been introduced, putative hybrid 
progeny have been recorded (Howard et al. 1988). In ad- 
dition, the Costa Rican population of Swietenia shows a 
continuum of morphological variation between S. macro- 
phylla and S. humilis, which are known to be interfertile 
(Whitmore and Hinojosa 1977). The accessions from these 
localities may therefore also include hybrid material. How- 
ever, it is interesting to note that the S. humilis accessions 

Fig. 3 Principal co-ordinates 
analysis of the different Melia- 
ceae accessions studied 

. s  

O 
O 
o 

e- 
.r" 
a .  
"o 

K. ivorensis 
K. senegalensis 

�9 

@ C. odorata 

K,@ senegalensisQK, anthotheca 
L. trichfioides 

~ S. macrophyfla 
S. humilis 
S. mahagoni 

1st Principle Coordinate 



507 

were so distinct in the analyses presented here. It is there- 
fore possible that these may represent pure S. humilis. 

Clearly the complex pattern of genetic variation in Swie- 
tenia requires further investigation using genetically pure 
accessions and larger sample sizes to derive species-spe- 
cific markers. If such markers were identified, the status 
of the different putative hybrid populations could be accu- 
rately assessed. This would be of great value from a ge- 
netic conservation standpoint. All three Khaya species an- 
alysed have broad distributions in West Africa, K. ivoren- 
sis being restricted to higher rainfall areas nearer the coast. 
Although ecologically distinct, it is possible that a similar 
situation might exist to that in Swietenia, with a complex 
pattern of variation within each species and a propensity 
to hybridise. Genetic variation in Cedrela species has been 
investigated in some detail through an international series 
of provenance trials co-ordinated by the Oxford Forestry 
Institute (Chaplin 1980). Differences in growth rate and in 
susceptibility to pest attack have been recorded at both the 
individual tree and provenance level (Burley and Nikles 
1973; Nikles et al. 1978; Newton et al. 1993b). Investiga- 
tion of the molecular basis of these differences would be 
useful, particularly if molecular markers associated with 
these characteristics could be developed. This species pro- 
duces a valuable timber and has been widely planted across 
the tropics (Styles 1981). Molecular approaches might also 
be usefully applied to defining the identity of Cedrela an- 
gustifolia, a species of uncertain taxonomic status (Styles 
1981) but with a particularly high economic potential (Cha- 
plin 1980). 

Results obtained using RAPDs with another tropical 
tree species, Gliricidia sepium, indicate that this technique 
may be used to quantify accurately the extent of genetic 
diversity between and within populations (Chalmers et al. 
1992; Waugh and Powell 1992). RAPDs could therefore 
be used to select priority areas for conservation and to pro- 
vide vital information for the development of genetic sam- 
pling, conservation and improvement strategies (Waugh 
and Powell 1992; Newbury and Ford-Lloyd 1993). The de- 
velopment of such strategies for mahogany is an urgent re- 
quirement, given the current high rate of deforestation of 
wild populations (Newton et al. 1993a,b,c). We envisage 
that RAPDs could have a useful role in developing such a 
strategy for mahogany. 

Acknowledgements The funding for the collection of the neo-trop- 
ical mahogany germ plasm was provided by the Overseas Develop- 
ment Administration, under the ITE/CATIE link project. We are in- 
debted to the late Prof. B. Styles for his encouragement and interest 
during the development of this work. K. J. Chalrners is funded by 
the European Community; R. Waugh and W. Powell by tile Scottish 
Office Agricultural and Fisheries Department. 

References 

Burley J, Nikles DG (eds) (1973) Tropical provenance and progeny 
research and international cooperation. (Proc IUFRO Working 
Party Meeting at Nairobi, Kenya.) Commonwealth Forestry In- 
stitute, Oxford 

Chalmers KJ, Waugh R, Sprent JI, Simons AJ, Powell W (1992) De- 
tection of genetic variation between and within populations of 
Gliricidia sepium and G. macutata using RAPD markers. Hered- 
ity 69:465-472 

Chaplin GE (1980) Progress with provenance exploration and seed 
collection of Cedrela spp. In: Proc 1 lth Commonwealth Forest- 
ry Conf, Commonwealth Forestry Institute, Oxford, UK, pp 1-17 

Gawel N J, Jarret RL (1991) A modified CTAB DNA extraction pro- 
cedure for Musa and Ipomaea. Plant Mol Biol Rep 9:262-266 

Hadrys H, B alick M, Schierwater B (1992) Applications of random- 
ly amplified polymorphic DNA (RAPD) in molecular ecology. 
Mol Ecol 1:55-63 

Howard FW, Verkade SD, De Filippis JD (I 988) Propagation of West 
Indies, Honduran and hybrid mahoganies by cuttings, compared 
with seed propagation. Proc Fla State Hortis Soc 101:296-298 

Hu J, Quiros CF (1991) Identification of broccoli and cauliflower 
cultivars with RAPD markers. Plant Cell Rep 10:505-511 

Kaemmer D, Afza R, Weising K, Kahl G, Novak FJ (1992) Oligo- 
nucleotide and amplification fingerprinting of wild species and 
cultivars of banana (Musa spp.). Bio/Technology 10:1030-1035 

Kempton R, McNicol J (1990) Graphical methods for multivariate 
data. Scottish Agricultural Statistics Service, pp 1-67 

Knees SG, Gardner MF (1983) Mahoganies: candidates for the Red 
Data Book. Oryx 17:88-92 

Lamb FB (1966) Mahogany of tropical America. Its ecology and 
management. The University of Michigan Press, Ann Arbor, 
Mich. 

Newbury HJ, Ford-Lloyd BV (1993) The use of RAPD for assess- 
ing variation in plants. P1 Growth Reg 12:43-51. 

Newton AC (1993) Prospects for growing mahogany in plantations. 
In: Proc 2nd Pan-Am Furniture Manufacturers' Symp Trop Hard- 
woods. Grand Rapids, Michigan: Center for Environmental 
Study, Grand Rapids, Mich., pp 97-108 

Newton AC, Mesdn JF, Eeakey RRB (1991) ITE/CATIE link. Inter- 
im report to the ODA. Institute of Terrestrial Ecology, Edinburgh, 
UK 

Newton AC, Mesdn JF, Leakey RRB (1992) ITE/CATIE link. Sec- 
ond interim report to the ODA. Institute of Terrestrial Ecology, 
Edinburgh, UK 

Newton AC, Baker R Ramnarine S, Mes6n JF, Leakey RRB (1993a) 
The mahogany shoot borer: prospects for control. For Ecol Man- 
age 57:301-328 

Newton AC, Leakey RRB, Mes6n JF (1993b) Genetic variation in 
mahoganies: Its importance, utilization and conservation. Biodi- 
versity and Conservation 2: 114-126 

Newton AC, Leakey RRB, Powell W, Chalmers K, Waugh R, 
Tchoungjeu Z, Mathias PJ, Alderson PG, Mes6n JF, Baker P, 
Ramnarine S (1993c) Domestication of mahoganies. In: Tropi- 
cal trees: the potential for domestication. Leakey RRB,, Newton 
AC (eds) HMSO, London (in press). 

Niktes DG, Burley J, Barnes RD (eds) (1978) Progress and problems 
of genetic improvement of tropical forest trees. Proc IUFRO 
Working Party Meeting Brisbane Australia.) Commonwealth Fo- 
restry Institute, Oxford, UK 

Orozco-Castillo C, Chalmers K J, Waugh R, Powell W (1994) Detec- 
tion of genetic diversity and selective gene introgression in cof- 
fee using RAPD markers. Theor Appl Genet 87:934-940 

Read M (1990) Mahogany - forests or furniture? Brighton, UK: Fau- 
na and Flora Preservation Society, Brighton, UK 

Rodan BD, Newton AC, Verissimo A (1992) Mahogany conserva- 
tion: status and policy initiatives. Environ Conservation 
19:331-338 

Styles BT (1981) Swietenioideae. In: Flora Neotropica Monograph 
No 28: Meliaceae New York: New York Botanical Garden, New 
York, pp 359-421 

Waugh R, Powell W (1992) Using RAPD markers for crop improve- 
ment. Trends Biotechnal 10:186-191 

Weaver PL, Bauer GP (1986) Growth, survival and shoot borer dam- 
age in mahogany plantings in the Luquillo Forest in Puerto Ri- 
co. Turrialba 36:509-522 

Welsh J, McClelland M (1990) Fingerprinting genomes using PCR 
with arbitrary primers. Nucleic Acids Res 18:7213-7218 



508 

Welsh J, Honeycutt RJ, McClelland M, Sobral BWS (1991) Parent- 
age determination in maize hybrids using the arbitrarily primed 
polymerase chain reaction (AP-PCR). Theor Appl Genet 
82:473-476. 

Whitmore JL, Hinojosa G (1977) Mahogany (Swietenia) hybrids. US 
Department of Agriculture Forest Service Research Paper ITF- 
23, Rio Piedras, Puerto Rica, 8 pp. 

Whitmore TC (1990) An introduction to tropical rain forests. Cla- 
rendon Press, Oxford 

Wilde J, Waugh R, Powell W (1992) Genetic fingerprinting of Theo- 
broma clones using randomly amplified polymorphic DNA mark- 
ers. Theor Appl Genet 83:871-877 

Williams JGK, Kubelik AR, Livak KJ, Rafalski JA, Tingey SV 
(1990) DNA polymorphisms amplified by arbitrary primers are 
useful as genetic markers. Nucleic Acids Res 18:6531-6535 


