
Abstract The coding region of the matK gene was se-
quenced to infer the phylogeny of the family Magnoliac-
eae. Phylogenetic analyses of 21 matK sequences repre-
senting ten genera of Magnoliaceae and three outgroups
suggest relationships among both subfamilies and gen-
era. Monophyly of the subfamily Liriodendroideae (the
genus Liriodendron) and the subfamily Magnolioideae is
strongly supported, respectively. Within the subfamily
Magnolioideae, three clades are formed: (1) the genus
Magnlietia, (2) the subgenus Magnolia, and (3) the sub-
genus Yulania, with the genera Michelia, Paramichelia,
Tsoongiodendron, Alcimandra, Kmeria, Parakmeria and
Manglietiastrum. However, the genus Magnolia is
shown to be a polyphyletic group, and the genus Miche-
lia a paraphyletic group. Relatively low sequence diver-
gences are detected among genera of the the subfamily
Magnolioideae, ranging from 0.14% to 1.70%, especially
in the tribe Micheliinae (0.14–0.98%). Molecular evi-
dence from matK sequence data suggests that the phylo-
genetic positions and the delimitation of the eight genera
Magnolia, Michelia, Tsoongiodendron, Paramichelia,
Alcimandra, Kmeria, Parakmeria and Manglietiastrum
need to be reconsidered.
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Introduction

The family Magnoliaceae sensu stricto comprises ap-
proximately 240 species of evergreen and deciduous
trees and shrubs which are distributed widely in the trop-
ical, subtropical and temperate zones of southern and
eastern Asia, southeastern North America, and northern
South America. In China most taxa of the family occur
in tropical and subtropical forests. They have also been
introduced and cultivated as ornamental plants (e.g.
Magnolia grandiflora), timbers with relatively high
quality (e.g. Alcimandra cathcartii), medicinal plants
(e.g. a famous Chinese traditional medicinal material
Magnolia officinalis), and natural resources of stacte, a
sweet spice used in making incense, and flavor (e.g.
Magnolia cylindrica and Michelia hedyosperma), etc.

In the latest classifications of the angiosperms, except
for Engler’s system, the family Magnoliaceae was placed
in a primitive position (Takhtajan 1980; Cronquist 1981;
Endress 1990). But there are uncertainties and controver-
sies about the number of genera in the family, the delimi-
tation of the genera, and the relationships among the
genera because of a considerable overlap in characters
(Dandy 1964; Law 1984; Chen and Nooteboom 1993).
Recently, molecular phylogenetis has been challenging
the classification of the Magnoliaceae based on morpho-
logical characters (Kim et al. 1998; Azuma et al. 1999;
Jin et al. 1999).

Here we attempt to reconstruct the phylogeny of the
Magnoliaceae with emphasis on intergeneric relation-
ships by using the sequences of the matK gene of chloro-
plast DNA (cpDNA). The single-copy matK gene, con-
sisting of approximately 1500 base pairs (bp) in length,
is located within the intron of the transfer RNA gene for
lysine (trnK) in the chloroplast; and 102 amino-acid loci
at the carboxyl terminus are structurally related to por-
tions of a maturase-like polypeptide and might be in-
volved in splicing Group-II introns (Hilu and Liang
1997). The evolutionary rate of the matK gene has been
suggested to be intermediate between the cpDNA rbcL
gene and the internal transcribed spacer (ITS) regions of
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nuclear ribosomal DNA (nrDNA); thus, the matK se-
quences may be appropriate for phylogenetic studies at
both inter- and intra-familial levels (Johnson and Soltis
1994). In addition, we employ two different tree-making
methods, i.e. maximum parsimony (MP) and neighbor-
joining (NJ), to analyze the same sequence data in order
to obtain a topologically congruent matK phylogeny of
the Magnoliaceae.

Materials and methods

Plant material

Twenty one samples representing 10 of 15 genera of the Magno-
liaceae and three species as outgroups were used in this study (Ta-
ble 1). Leaf samples for DNA extraction were collected in the
field or from cultivated plants in China.

DNA sequencing

Total genomic DNA was extracted from 2 g of fresh or 1 g of sili-
ca-gel dried leaves using the CTAB method (Doyle and Doyle
1987), then purified with glass powder. Two pairs of primers,
trnK-3914F and trnK-2R (Johnson and Soltis 1994), and MG1
and MG15 (Hilu and Liang 1997), were used for the matK gene
amplification. A better effect of amplification was detected in the
latter primer pair, MG1 and MG15. The PCR reactions include
the following cycles: preheat at 94°C for 4 min followed by 25
cycles of a denaturation step at 94°C for 1 min, an annealing step
at 50°C for 1 min, and an extension step at 72°C for 3 min, and
then a final extension step of 72°C for 8 min. The amplified prod-
ucts were purified with the Millipore PCR Purification Kit
(R7HW30603, MILLIPORE) to remove the redundant small mo-
lecular fragments of primers and dNTPs. Purified double-strand-
ed DNAs were sequenced following the dideoxy chain-termina-
tion method (Sanger et al. 1977) using the Sequenase Version 2.0

DNA Sequencing Kit (27-1682-01, Amersham Pharmacia Bio-
tech) and alpha 35S-dATP as a radioactive tracer. Five primers,
MS3R, MS4R, MS5R, matK-1470R (Johnson and Soltis 1994),
MS2F and MatK5, were used as sequencing primers (Table 2 and
Fig. 1). MS5R displayed a better result of sequencing than
MS3R, even with its similar location and sequence. Products of
the sequencing reactions were separated on a 6% polyacrylamide
gel at 50 W. The gel was dried in an oven at 50°C for 5–6 h after
being transferred to 3 MM filter paper (3030-392. Whatman), and
exposed to X-ray film for 3–5 days.

Data analysis

The matK obtained sequences have been assigned GenBank acces-
sion numbers (Table 1). The assembled sequences were aligned
using Clustal X (Thompson et al. 1997). Sequence divergences
were estimated using a Kimura two-parameter distance (Kimura
1980).

Phylogenetic analyses were performed with PAUP* 4.0 (Swof-
ford 1999) using the maximum parsimony (Swofford et al. 1996)
and the neighbor-joining (Saitou and Nei 1987) methods. Parsimo-
ny analysis was performed using a branch-and-bound search.
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Table 1 Accessions of the Magnoliaceae and the outgroups used
in this study. SBG = South China Botanical Garden, Guangzhou,
Guangdong, China; SYS = Campus of Zhongshan (Sunyatsen)
University, Guangzhou, Guangdong, China; ZBG = Zhongshan

Botanical Garden, Nanjin, Jiangsu, China. HNR = Heishiding Nat-
ural Reserve, Fengkai, Guangdong, China. The classification of
the Mangoliaceae follows Law (1984)

Taxon Voucher Geographical origin GenBank accession no.

Illicium henryi J.P. 274(SBG) Cultivated in SBG AF123463
Mytilaria laosensis S.Shi123(SYS) Cultivated in SBG AF128828
Altingia gracilipes Hao 155(SYS) Cultivated in ZBG AF133223
Magnolia albosericea T.C. 01(SBG) Cultivated in SBG AF123464
Magnolia henryi T.C. 04(SBG) Cultivated in SBG AF209199
Magnolia denudata S.Shi 306(SYS) Cultivated in SYS AF123465
Michelia alba T.C. 82(SYS) Cultivated in SYS AF123466
Michelia figo T.C. 83(SBG) Cultivated in SBG AF123467
Michelia foveolata S.Shi 147 (SYS) HNR AF123468
Paramichelia baillonii J.P. 260 (SBG) Cultivated in SBG AF123469
Tsoongiodendron odorum J.P. 259 (SBG) Cultivated in SBG AF123470
Alcimandra cathcartii J.P. 271 (SBG) Cultivated in SBG AF123473
Kmeria septentrionalis ➁ J.P. 261(SBG) Cultivated in SBG AF123471
Kmeria septentrionalis ❹ J.P. 262(SBG) Cultivated in SBG AF123472
Parakmeria omeiensis T.C. C02 (SBG) Cultivated in SBG AF123476
Parakmeria lotungensis J.P. 263(SBG) Cultivated in SBG AF123475
Manglietiastrum sinicum J.P. 279(SBG) Cultivated in SBG AF123479
Manglietia hainanensis T.C. 74(SBG) Cultivated in SBG AF123478
Manglietia moto S.Shi144(SYS) HNR AF123477
Liriodendron tulipifera J.P. 272(SBG) Cultivated in SBG AF123480
Liriodendron chinense J.P. 275(SBG) Cultivated in SBG AF123481

Table 2 Base composition of amplification and sequencing prim-
ers used in this study

Primer Sequence

PCR:
Trank-3914F 5′TGGGTTGCTAACTCAATGG3′
Trank-2R 5′AACTAG TCGGATGGAGTAG3′
MG15 5′ATCTGGGTTGCTAACTCAATG3′
MG1 5′CTACTGCAGAACTAGTCGGATGGAGTAGAT3′

Sequencing:
MS3R 5′TA(T/C)TGAATGAATAGATCGTA3′
matK-1470R 5′AAGATGTTGAT(T/C)GTAAATGA3′
MS2F 5′CTATATAATTCTCATGTAT3′



Bootstrap analyses were carried out with 1000 replicates using
TBR branch-swapping of the heuristic search (Felsenstein 1985).
A neighbor-joining tree was constructed using the Kimura two-pa-
rameter distance (Kimura 1980). All phylogenetic trees were root-
ed using Illicium henryi (Illiciaceae), Mytilaria laosensis and Alt-
ingia gracilipes (Hamamelidaceae) as outgroups.

Results

The matK gene yielded a final sequence alignment of
1497 bases of the Magnoliaceae and outgroups. The ma-
trix is available at http://www.msu.edu/user/zhangxi3/pro-
gram/magnolia.html. The Kimura two-parameter distanc-
es are presented in Table 3. The matK sequence diver-
gences between all taxa of the currently recognized sub-
family Magnolioideae are low (0.10–1.70%) in compari-
son to other angiosperm families. The sequence diver-
gences between genera in the subtribe Micheliinae were
estimated in an even-lower range (0.10–0.98%). In anoth-
er subfamily Liriodendroideae, however, the sequence di-
vergences between Liriodendron and other genera are rel-
atively higher (2.19–2.65%) than that among those gen-
era (the highest is 1.6%).

A strict consensus MP tree, resulting from 108 most-
parsimonious trees (MPTs), and the NJ tree are presented
in Fig. 2. Both in the MP tree and NJ tree, the ingroup
taxa are divided into two main clades with strong boot-
strap support. One clade is formed by two Liriodendron

species, and another clade encompasses all the remaining
taxa. Within the latter clade, three clades are formed in
the MP tree. One of them can be further divided into
three clades. In the NJ tree, these clades are formed with
slight difference to the MP tree. The topologically con-
gruent and well-supported clades between the two trees
can provide phylogenetic information among the ten
genera.

Discussion

Two currently recognized subfamilies of Magnoliaecae,
i.e. the Liriodendroideae and the Magnolioideae, form
two monophyletic groups with 100% bootstrap support.
In particular, the Liriodendroideae, consisting of a single
genus Liriodendron that is disjunctly distributed in East-
ern Asia and eastern North America, is basal in the two
trees.

Two tribes within the subfamily Magnolioideae, i.e.
the tribe Michelieae with axillary flowers and the tribe
Magnolieae with terminal flowers, were established by
Law (1984). In his classification of the Michelieae, this
tribe was further divided into two subtribes: the Elmer-
rillinae and the Micheliinae. The Elmerrillinae contains
only the genus Elmerrillia while the Micheliinae con-
tains three genera: Michelia, Paramichelia, and
Tsoongiodendron. However, Figlar (1998) put Michelia
in Magnolia (at the subgenus level) and Elmerrillia in
the subgenus Michelia, because these taxa give a prolep-
tic branch initiation. The matK data do not support the
monophyletic relationship between Magnolia and Mi-
chelia or the monophyly of Michelia species. On the oth-
er hand, the close relationships among Michelia, Pa-
ramichelia, Alcimandra and Tsoongidendron suggest that
the phylogenetic positions of Alcimandra and Tsoongi-
dendron should be reconsidered.
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Fig. 1 Diagram showing locations of amplification by sequencing
primers of matK used in this study. Arrowheads indicate the direc-
tion of strand synthesis. Boxes represent coding regions

Fig. 2 The strict consensus
phylogenetic trees of the Mag-
noliaceae generated using max-
imum-parsimony (MP) and
neighbor-joining (NJ) methods.
On the right is the NJ tree, and
on the left the MP tree. The
length of the MP tree is 99
steps, CI is 0.626, RI is 0.422,
RC is 0.264, and HI is 0.374.
Gaps were treated as missing
data. The numbers represent
the bootstrap supports (%) for
the clades. An asterisk (*) indi-
cates the outgroup used to root
both trees
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Our study also presented three main differences be-
tween the matK phylogeny and the traditional classifica-
tion of the tribe Magnolieae. First, the genus Magnolia is
not shown to be monophyletic. Law (1984) partitioned
the genus into two subgenera, Magnolia and Yulania, ac-
cording to their evergreen versus deciduous habits. Az-
uma et al. (1999) indicated the polyphyly of the subge-
nus Magnolia, based on the sequence data of the trnK in-
tron, the psbA-trnH, and the atpB-rbcL intergenic spac-
er. However, Nooteboom (1998) merged Michelia,
Kmeria and Manglietia into Magnolia. The matK data
indicate that Magnolia denudata (representing the subge-
nus Yulania) is closer to Parakmeria, Manglietiastrum
and Kmeria than to Magnolia henryi and M. albosericea
(representing the subgenus Magnolia). Second, Law
(1984, 1997) not only insisted that Kmeria should be an
independent genus, but also separated K. septentrionalis
from this genus and founded a new genus, Woonyoungia.
On the basis of its unisexual flowers with only 6–7 te-
pals and the fact that tripetala sometimes developed in
male flowers, Kmeria was suggested to be derived from
the genus Magnolia but not to be worthy of generic rank
(Nooteboom 1998). Our study therefore sampled K. seq-
tentrionalis with male and female flowers, respectively,
and detected very low sequence divergences among
Kmeria, Parakmeria and Manglietiastrum (0.19–0.39%).
The results do not support that one of the three should be
recognized as a distinct genus. Third, Canright (1955)
suggested that the genus Manglietia should be merged
into the genus Magnolia based on many overlapping
characters between them, while Chen et al. (1993) indi-
cated that Manglietia could be distinguished from Mag-
nolia clearly because it had more than four ovules in
each carpel. Nooteboom (1998) merged Manglietia into
Magnolia again, but put it in a separate section, based
partially on molecular data. In our analyses of the matK
sequences, the two species of Manglietia form a mono-
phyletic group but with relatively low bootstrap support
(57%). This group and the subgenus Magnolia, as well
as the clade consisting of the genus Michelia, the genus
Alcimandra, the subgenus Yulania, the genera Kmeria,
Parakmeria and Manglietiastrum, exhibit a parallel sis-
ter-group relationship. The results do not support that
Manglietia is a distinct genus either, but suggest that
Manglietia might be treated as a subgenus or a section
within the genus Magnolia.

Since the Magnoliaceae is a taxonomically and phylo-
genetically complex group, this work on the chloroplast
matK DNA sequences has attempted to provide a new
molecular phylogeny and taxonomic interpretation of the
family, and found that further studies are needed, espe-
cially in estimating the delimitation of the small genera
and the relationships among them. Two main tendencies
have been shown recently in the study of the phylogeny
of the Magnoliaceae. One is in classifying in finer detail
at both generic and species levels (Law 1984, 1997). An-
other is a classification employing broader generic and
specific concepts (Chen and Nooteboom 1993), where
many genera and species are merged. Both tendencies

are based on the above-mentioned similarities and over-
laps in characters states and structures. It is necessary to
obtain additional molecular data, including sequencing
and analyzing more genes, such as the genes and gene
families that evolve faster, to resolve the controversies
about the phylogeny and relationships in the Magnoliac-
eae. At the same time, it is also very important to com-
bine and synthesize the molecular and non-molecular da-
ta for a phylogenetic reconstruction of the Magnoliaceae.
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