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ABSTRACT

A parsimony analysis of 46 rbcL sequences was performed to evaluate relationships among Cornus and putative
relatives, as well as among subgroups within Cornus. Our results indicate that Alangium, nyssoids (Nyssa, Davidia,
and Camptotheca), mastixioids (Diplopanax and Mastixia), Curtisia, and genera of Hydrangeaceae are the closest
relatives of Cornus. These taxa, plus Cornus, constitute a “cornaceous clade,” which differs from all previously
proposed Cornus alliances. Within this cornaceous clade, four major lineages were identified; (i) Cornus—-Alangium,
(ii) nyssoids—mastixioids, (iii) Curtisia, and (iv) hydrangeoids. The relationships among the four major lineages within
the cornaceous clade remain unresolved. Sequence data from rbcL also reveal that Corokia, Helwingia, Aucuba,
Garrya, and Griselinia, previously placed in Cornaceae by some authors, are only distantly related to Cornus and
other members of the cornaceous clade. Four major lineages were identified within Cornus by rbcL sequence data,

but relationships among these groups are incompletely resolved.

Relationships among members of the dogwood
family (Cornaceae) have long been problematic due
to the morphological diversity of the family. There
is, for example, no consensus regarding the cir-
cumscription of the family; from 1 to 15 genera
have been ascribed to Cornaceae by various au-
thors. The troubled taxonomic history of Cornaceae
is briefly reviewed below and summarized in Ta-
ble 1.

Harms (1898) included 15 genera divided among
seven subfamilies in his Cornaceae (Table 1), a
treatment that largely followed Hooker (1867). Of
these 15 genera, by far the largest and most wide-
spread is Cornus, which comprises approximately
45-60 species. Many of the remaining 14 genera
are small and/or localized in geographic distribu-
tion (Table 2). The considerable debate concerning
the composition of Cornaceae is illustrated by the
fact that 11 of the 15 genera included in Harms’s
(1898) Cornaceae have been treated as monotypic
families by at least one author based on one or
several distinctive morphological features (all orig-

inal references cited in Takhtajan, 1987, except
Chen, 1988): Davidia (Li, 1955), Camptotheca
(Chen, 1988), Mastixia (Calestani, 1905), Aucuba
(Agardh, 1858), Curtisia (Takhtajan, 1987), Gar-
rya (Lindley, 1834), Alangium (de Candolle,
1828), Melanophylla (Takhtajan ex Airy Shaw,
1972), Griselinia (Takhtajan, 1987), Helwingia
(Decaisne, 1836), and Toricellia (Hu, 1934).
For brevity, we will review only the treatments
of Takhtajan (1980, 1987), Cronquist (1981,
1988), and Eyde (1988), because they illustrate
well the magnitude of the differences among pro-
posed taxonomic schemes regarding the treatment
of Cornaceae and putative relatives. Takhtajan
(1980) retained only Cornus, Curtisia, and Mas-
tixia in Cornaceae, placing them in three separate
subfamilies (Table 1). Many of the genera originally
placed in Cornaceae by Harms (1898) were treated
as distinct families and considered to be only dis-
tantly related to Cornus (e.g., Corokia, Griselinia,
Helwingia, Melanophylla, Kaliphora, and Tori-
cellia) by Takhtajan (1980) (Table 1). More re-
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cently, Takhtajan (1987) removed Curtisia and
Mastixia from Cornaceae and recognized them as
monotypic families (Table 1). However, he still
considered these two genera close allies of Cornus
and members of his Cornales.

Cronquist (1981), in contrast, retained a broader
view of Cornaceae than Takhtajan (Table 1). Cron-
quist (1981) closely followed the treatment of Wan-
gerin (1910) (Table 1), but added Aralidium to
Cornaceae. Cronquist (1988) later added the nys-
soids (Nyssa, Davidia, and Camptotheca) to Cor-
naceae following Eyde (1988) and included all of
Harms’s (1898) genera except Alangium and Gar-
rya in his Cornaceae. He argued against dividing
Cornaceae into a number of small or monotypic
families as done by Takhtajan.

Attempting to synthesize all available evidence,
Eyde (1988) considered the Cornaceae to consist
of Cornus, nyssoids, and mastixioids (modern Mas-
tixia and its fossil allies) (Table 1). Eyde also pro-
posed that mastixioids may be the closest relatives
of Cornus based primarily on a single shared trait:
a two-armed surface hair formed from a single cell.
The delimitation of Cornaceae became even less
clear with the recent addition of Diplopanax to
Cornaceae (Eyde & Xiang, 1990). Diplopanax,
which consists of a single species (D. stachyanthus
Hand.-Mazz.) occurring rarely in southern China
and northern Vietnam, was previously placed in
Araliaceae (Handel-Mazzetti, 1933).

Not only do concepts of Cornaceae vary greatly,
but there is considerable disagreement regarding
the closest relatives of Cornus. Different lines of
evidence have suggested a wide array of closest
relatives for Cornus (Table 3). Evidence from em-
bryology, for example, suggests that Alangium is
the closest ally of Cornus (Chopra & Kaur, 1965),
whereas chromosome numbers suggest that Nyssa,
Davidia, Mastixia, and Garrya are also close rel-
atives of Cornus (Goldblatt, 1978). Seed structure
(germination valves) provides a still different pic-
ture, suggesting a close relationship among Cornus,
Mastixia, Diplopanax, Nyssa, and Davidia (Eyde,
1963, 1988; Eyde & Xiang, 1990). Evidence from
palynology, wood anatomy, serology, secondary
chemistry, and fatty acid chemistry each suggests
a different suite of close relatives for Cornus (Table
3; Bate-Smith et al., 1975; Breuer et al., 1987;
Fairbrothers & Johnson, 1964; Ferguson, 1977,
Ferguson & Hideux, 1980; Li & Chao, 1954).

The taxonomic complexity of Cornaceae is fur-
ther compounded by the extreme polymorphism of
Cornus. Wangerin (1910) classified the genus into
seven subgenera (Table 4) using primarily the mor-
phology of the inflorescence, bracts, and fruits.

TaBLE 2. Geographic distribution and species com-
position of Cornus and putatively related genera.

Alangium ca. 20 spp., mostly in Asia, a few in
Polynesia, New Guinea, subtropical
Australia, tropical Africa, Madagas-
car, Comoro Islands.

Aralidium 3 spp., Malaya.

Aucuba 3-11 spp., eastern Himalayas to Ja-
pan.

Camptotheca 1 sp., southwestern and south-central
China.

Cornus ca. 45 to 60 spp., mostly in eastern
Asia and North America, a few in
Europe, 1 in Central America, 2 in
South America, and 1 in tropical
Africa.

Corokia 6 or 7 spp., South Pacific islands.

Curtisia 2 sp., southern Africa.

Davidia 1 sp., southwestern China and western
Hupei of China.

Diplopanax 1 sp., southern China and northern
Vietnam.

Garrya 14 spp., southwestern United States,
Mexico, West Indies.

Griselinia 6 spp., New Zealand, Chile, and Bra-
zil.

Helwingia 3 spp., Himalayas to Japan.

Kaliphora 1 sp., Madagascar.

Mastixia 13 spp., southeastern Asia and west-
ern Pacific.

Melanophylla 9 spp., Madagascar.

Nyssa 7 spp., eastern Asia, eastern North
America, northern Mexico.

Toricellia 2 or 3 spp., eastern Himalayas and

southwestern China.

Wangerin’s view of Cornus has been largely fol-
lowed by most modern investigators (Eyde, 1987;
Ferguson, 1966; Xiang, 1987). In contrast, Cor-
nus has been divided by some into as many as six
genera (Table 5; Hutchinson, 1942, 1967; Pojar-
kova, 1950). The complex history of this problem
and the nomenclatural changes involved have been
reviewed by Eyde (1987) and Ferguson (1966).
Phylogenetic relationships among species groups
within Cornus have also been debated. Cornus can
be roughly divided into four groups: big-bracted
dogwoods, dwarf dogwoods, cornelian cherries, and
bractless dogwoods. Emphasizing the distribution
of iridoids, Bate-Smith et al. (1975) proposed that
the big-bracted dogwoods are the most primitive
species of Cornus and the bractless dogwoods are
the most advanced. This view is supported by ev-
idence from wood anatomy (Adams, 1949; Li &
Chao, 1954) and floral anatomy (Wilkinson, 1944).
Dermen (1932) proposed that based on chromo-



726

Annals of the
Missouri Botanical Garden

TaBLE 3.  Close relatives of Cornus as suggested by eight different lines of morphological, anatomical, karyological,

and chemical evidence.

Characters

Suggested close relatives

Cytology
Pollen morphology

Nyssa, Davidia, Mastixia, and Garrya (Goldblatt, 1978)
Curtisia, Mastixia, Nyssa, Davidia, and Camptotheca (Eram-
yan, 1971; Ferguson, 1977; Ferguson & Hideux, 1980;

Eyde, 1988; Reitsma, 1970)

Floral anatomy
Fruit morphology

Nyssa, Davidia, Mastixia, and Toricellia (Eyde, 1967, 1988)
Mastixia, Diplopanax, Nyssa, and Davidia (Eyde, 1963,

1988)

Embryology
Wood anatomy

Secondary metabolic products
Fatty acid chemistry

Alangium (Chopra & Kaur, 1965)

Corokia, Helwingia, Schefflera, Nyssa, Garrya, Mastixia, Vi-
burnum, and Griselinia (Li & Chao, 1954)

Mastixia, Curtisia, and Davidia (Bate-Smith et al., 1975)

Curtisia, Mastixia, and Corokia (Breuer et al., 1987)

some numbers and sizes, the cornelian cherry group
is basal within Cornus. Eyde (1988), in contrast,
proposed that the genus early diverged into two
main lineages, a bracted (or red-fruited) line in
which the inflorescence has basal bracts, and a
bractless (or blue- or white-fruited) line in which
the bracts are rudimentary or lacking. The bracted
line includes the big-bracted dogwoods, dwarf dog-
woods, and the cornelian cherries. Using morpho-

TABLE 4. Intrageneric treatment of Cornus proposed
by Wangerin (1910): 50 species divided into seven sub-
genera. All species are woody and have bisexual flowers
except those indicated.

Thelycrania bractless dogwoods, 36 spp. with
spreading cymes.

African cornelian cherry, 1 dioe-
cious species, with four small
herbaceous bracts subtending an
umbel-like cyme.

cornelian cherries, 4 spp. with four
herbaceous bracts subtending an
umbel-like cyme.

dwarf dogwoods, 2 herbaceous spp.
with four petaloid bracts subtend-
ing a condensed cyme.

Mexican disciflorous dogwood, 2
spp- with four small, herbaceous,
and early deciduous bracts sub-
tending a capitate inflorescence.

North American big-bracted dog-
woods, 2 spp. with four large
petaloid bracts subtending a capi-
tate inflorescence.

Asian big-bracted dogwoods, 3 spp.
with four large petaloid bracts
subtending a capitate inflores-
cence which subsequently devel-
ops into a compound fruit.

Afrocrania

Macrocarpium

Arctocrania

Discocrania

Benthamidia

Benthamia

logical characters and evidence from fossils and
embryology, Eyde proposed that the bractless dog-
woods are ancestral and connect Cornus to the
nyssoids. He classified Cornus into four informal
subgroups without giving these groups taxonomic
rank: bractless dogwoods, cornelian cherries, big-
bracted dogwoods (including the Mexican disciflo-
rous dogwoods), and dwarf dogwoods.

From the above review it is apparent that an-
other experimental approach is needed to help un-
ravel the systematic problems posed by Cornaceae.
We therefore employed comparative sequencing
of rbcL with the following objectives: (1) clarify
relationships among Cornus and putatively related
genera, and (2) elucidate evolutionary relationships
among the major subgroups within Cornus. The
advantages of rbcL sequencing for addressing phy-
logenetic questions at this level have been well
reviewed (e.g., Clegg & Zurawski, 1992; Palmer
et al., 1988).

MATERIALS AND METHODS

Species included in this study represent the ma-
jor subgroups of Cornus as well as taxa that pre-
viously have been considered closely allied with
Cornus by at least some investigators (e.g., Cornus
alternifolia Lf., C. canadensis L., C. chinensis
Wangerin, C. florida L., C. kousa Hance, C. mas
L., C. obliqua Raf., C. oblonga Wall., C. officina-
lis Siebold & Zucc., C. walteri Wangerin; Alan-
gium chinense (Lour.) Harms, Aucuba japonica
Thunb., Camptotheca acuminata Decne., Coro-
kia cotoneaster Raoul, Curtisia dentata (Burm.f.)
G.A.Sm., Davidia involucrata Baill., Diplopanax
stachyanthus Hand.-Mazz., Garrya elliptica
Douglas ex Lindl., Griselinia lucida J.G. Forst,
Helwingia japonica (Thunb.) F. Dietr., Mastixia
caudatilimba C.Y. Wu ex Soong, Nyssa ogeche
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TaBLE 5. Comparison of several taxonomic schemes proposed for Cornus sensu lato, depicting the magnitude of

the discrepancies that exist.

Strict view

Pojarkova (1950) Hutchinson (1967)

Broad view

Ferguson (1966)

Wangerin (1910)

(6 genera) (6 genera) (7 subgenera) (8 subgenera)
Thelycrania ———————————— Svida Thelycrania Kraniopsis
Bothrocaryum —_— Mesomora
Afrocrania Afrocrania Afrocrania Afrocrania
Cornus Cornus Macrocarpium Cornus

Cynoxylon Arctocrania Arctocrania

Cynoxylon — Discocrania Discocrania
I Dendrobenthamia Benthamidia Cynoxylon
Chamaepericlymenum Chamaepericlymenum Benthamia Benthamia

Marsh; see Appendix of this issue). The sequence
for Cornus kousa was provided by R. G. Olmstead
(unpublished). These taxa represent the major cast
of characters required for a molecular phylogenetic
analysis of Cornus and putative relatives. It would
have been desirable to include in this study several
additional genera (Kaliphora, Melanophylla, To-
ricellia, and Aralidium) of which we could not
obtain either living or recent herbarium collections
due to their rarity and/or geographically restricted
distributions (Table 2).

Total DNAs were isolated from leaf tissue fol-
lowing the method of Doyle & Doyle (1987) as
modified by Soltis et al. (1991). Double-stranded
rbcL was amplified using thermostable DNA poly-
merase provided by either Promega or Epicentre
Technologies. Primers used for amplifications are
synthetic oligonucleotides. The forward or 5’ prim-
er (Z1) is composed of the first 30 bases of rbcL
of Zea mays L. Two different reverse primers were
used. The one used most often (3'rbcL) is that of
Olmstead et al. (1992), which consists of 34 bp
beginning 103 base pairs outside of the terminus
of the gene in Nicotiana. For Diplopanax and
Mastixia, however, this Z1-3'rbcL primer com-
bination did not yield a product so we used an
internal reverse primer, a 30-mer beginning at
position 1351 of rbcL in Z. mays.

The double-stranded products subsequently were
used as templates, and the forward and reverse
primers used individually for single-stranded DNA
amplifications. Single-stranded products were pre-
cipitated with 20% PEG/2.5M NaCl. DNA pellets
were washed once each with 70% and 95% EtOH,
dried, and redissolved in TE. DNA sequencing fol-
lowed the dideoxy method using Sequenase 2.0
enzyme and the Sequenase 3.1 kit (U.S. Biochem-
ical Corp.). Sequencing primers were derived from
the rbcL sequence of Z. mays and kindly provided
by G. Zurawski (DNAX Research Institute). Both

the forward and reverse strands were sequenced
for all taxa.

Twenty-one sequences were generated in this
study for Cornus and putatively related genera.
Twenty-five additional sequences from Saxifra-
gales, Apiales, and Asteridae (Fig. 1, also see Ap-
pendix, this issue) were included in a phylogenetic
analysis to determine possible alliances of Cornus.
Cercidiphyllum and Daphniphyllum (represen-
tatives of Hamamelidae) and ltea, Saxifraga, and
Astilbe (representatives of Rosidae) served as out-
groups for this analysis because they are close to,
yet basal to, the taxa included in this broad rbcL
sequence analysis. The choice of taxa and out-
groups for use in our analysis was based on the
results of the large phylogenetic analysis of 499
rbcL sequences for seed plants (Chase et al., 1993).

For all taxa but Diplopanax and Mastixia,
1377 bp of rbcL sequence data were compared
beginning at position 31 and ending at base pair
1407. Due to the amplification strategy required
for Diplopanax and Mastixia (see above), we an-
alyzed 1320 bp for these genera, from position
31 to 1350. All parsimony analyses were con-
ducted with PAUP version 3.0s (Swofford, 1991)
using MULPARS and TBR branch-swapping with
characters specified as unordered and unweighted.
To ensure that all ““islands” of shortest trees were
found (Maddison, 1991), 100 tree searches were
performed each with a different order of taxa ad-
dition. A bootstrap analysis using 100 replicates
was also conducted to obtain estimates of reliability
for each monophyletic group.

RESULTS

The phylogenetic analysis resulted in 690 most
parsimonious trees that were 1,185 steps long, all
in one island (Fig. 1). Two major groups can be
identified in all of the most parsimonious trees. One
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FiGURE 1. The majority-rule consensus tree including all compatible groupings constructed from 690 minimum
length trees resulting from parsimony analysis of rbcL sequences of Cornaceae and additional taxa. This tree is one
of the 690 shortest trees (length = 1,185 steps, consistency index = 0.470, retention index = 0.541). The tree is
rooted using representatives from Hamamelidae (Cercidiphyllum and Daphniphyllum), and Rosidae (Itea, Saxifraga,
and Astilbe). Numbers above lines indicate the number of nucleotide substitutions supporting each branch. Numbers
below lines indicate the percentage of occurrence of each monophyletic group in the results of 100 bootstrap samples.
Nodes that are not present in all 690 most parsimonious trees are indicated by black circles. Arrows indicate taxa

outside the cornaceous clade that have been placed in Cornaceae by some investigators. Species of Cornus are
abbreviated “C.”
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of these groups comprises Cornus, Alangium, Cur-
tisia, Nyssa, Camptotheca, Davidia, Diplopa-
nax, Mastixia, and genera from Hydrangeaceae
(Decumaria, Carpenteria, Deutzia, Philadel-
phus, and Hydrangea) (Fig. 1). This group, here-
after referred to as the “cornaceous clade,” has a
bootstrap value of 71% (Fig. 1). The analysis of
Chase et al. (1993) similarly indicates a mono-
phyletic group identical to the cornaceous clade.
Four major lineages can be recognized within the
cornaceous clade, although the bootstrap values
for some are not high: (1) nyssoids (Vyssa, Camp-
totheca, Davidia)-mastixioids (Diplopanax and
Mastixia) (58%), (2) Cornus—Alangium (57%),
(3) Curtisia, and (4) hydrangeoids (Decumaria,
Carpenteria, Deutzia, Philadelphus, and Hy-
drangea) (98%) (Fig. 1). The second major group
contains all of the remaining taxa analyzed, in-
cluding those that have been considered close rel-
atives of Cornus (Aucuba, Garrya, Helwingia,
Griselinia, and Corokia). These five taxa are not
closely allied with the cornaceous clade (Fig. 1).
Griselinia is the sister of a well-supported (boot-
strap value of 95%) araliaceous group. Corokia is
allied with Asteraceae. Helwingia has as its closest
relative Phyllonoma, a genus usually placed in
Escalloniaceae or treated as a distinct subfamily of
Saxifragaceae sensu lato (discussed in greater detail
by Morgan & Soltis, 1993). Aucuba and Garrya
are close allies; both appear in a clade with Eu-
commia (Eucommiaceae: Hamamelidae). The phy-
logenetic positions of these five genera traditionally
allied with Cornaceae are congruent with those
derived from the broad analysis of Chase et al.
(1993), and a detailed analysis of sequences from
the Asteridae (Olmstead, unpublished).

The phylogenetic analysis of rbcL sequences
reveals that Cornus is a well-supported monophy-
letic group (85%; Fig. 1). Four lineages can be
recognized among the 10 species of Cornus se-
quenced, although these clades are not strongly
supported in the bootstrap analysis: (1) big-bracted
dogwoods—dwarf dogwoods (65%), (2) bractless
dogwoods (65%), (3) cornelian cherries (68%), and
(4) C. oblonga, a morphologically distinct bractless
species (Fig. 1). Strongly supported lineages having
bootstrap values of 96%—100% are further iden-
tified within three of these four lineages: the big-
bracted dogwoods (C. kousa and C. florida), the
opposite-leaved bractless species (C. walteri and
C. obliqua), and two cornelian cherries (C. mas
and C. officinalis) (Fig. 1). Sequence divergence
among species of Cornus is very high. For example,
C. canadensis differs from C. kousa by 54 base

substitutions and C. mas differs from C. canadensis
by 54 base substitutions (Fig. 1).

DiscussioN

Numerous studies have demonstrated the great
value of rbcL sequence data in reconstructing plant
phylogenies (e.g., Doebley, 1990; Donoghue et al.,
1992; Olmstead et al., 1992; Soltis et al., 1990;
papers in this issue). The value of comparative
rbcL sequencing for resolving phylogenetic ques-
tions in particularly troublesome groups is also il-
lustrated by our analysis of Cornaceae. In this
study, rbcL sequence data have (1) helped to iden-
tify an alliance composed of Cornus and related
taxa (i.e., the cornaceous clade), (2) demonstrated
that several genera traditionally allied with Cornus
are only distantly related to this genus, and (3)
suggested the presence of major lineages within
the cornaceous clade and within Cornus.

1. THE CORNACEOUS CLADE

Our analysis reveals that Cornus is a well-sup-
ported lineage and suggests that nyssoids (Vyssa,
Davidia, and Camptotheca), mastixioids (Diplo-
panax and Mastixia), Alangium, Curtisia, and
hydrangeoids are the closest relatives of Cornus
(Fig. 1). No suite of cornaceous relatives identical
to those suggested by rbcL sequence data has been
proposed previously, and only the proposals of Eyde
(1988) and Takhtajan (1980, 1987) are somewhat
close to the scheme suggested by our analysis of
rbcL sequences.

Alangium has been widely recognized as a
monotypic family (e.g., Cronquist, 1981, 1988;
Hutchinson, 1967; Takhtajan, 1980, 1987; Wan-
gerin, 1910). Our phylogenetic analysis of rbcL
sequence data suggests that Alangium may be the
sister group to Cornus. A close relationship between
these two genera is also suggested by similarities
in flowers, fruits, and embryology (Chopra & Kaur,
1965; Eyde, 1988), binucleate pollen (Brewbaker,
1967), and a base chromosome number of x =
11. In addition, one species of Alangium has the
distinctive two-armed hairs (but with unequal arms)
characteristic of Cornus (see Eyde, 1988). Eyde
(1988) similarly concluded that Alangium was a
close relative of Cornus using the above characters.

Nyssoids differ from Cornus primarily in having
unisexual and polygamous flowers. However, nys-
soids also share a number of important characters
with Cornus: presence of iridoids (Bate-Smith et
al., 1975), similar gynoecial vasculature (Eyde,
1967), germination valves on the fruit stone (Eyde,
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1988), and H-shaped thinning of the pollen ap-
erture (Eramyan, 1971; Ferguson, 1977; Fergu-
son & Hideux, 1980; Reitsma, 1970). Citing these
features, Eyde (1988) proposed that nyssoids share
a recent common ancestor with Cornus. Our se-
quence data, therefore, agree with these morpho-
logical, anatomical, and chemical similarities in
suggesting that the nyssoids are closely related to
Cornus (Fig. 1).

Relationships among nyssoids (Vyssa, Davidia,
and Camptotheca) have long been controversial.
The three genera of nyssoids are often placed in
the family Nyssaceae (Cronquist, 1981; Hutchin-
son, 1967; Wangerin, 1910). Fruit and seed mor-
phology, as well as evidence from wood anatomy
and fatty acid chemistry (Breuer et al., 1987;
Eyde, 1963, 1988; Hohn & Meinschein, 1976;
Titman, 1949), suggests a close relationship among
the nyssoids. However, Davidia has been recog-
nized as a monotypic family by some authors (Takh-
tajan, 1980, 1987). Using wood anatomy, Titman
(1949) proposed that Davidia is the most primitive
nyssoid, with Camptotheca derived from Nyssa.
This proposal was supported by evidence from fatty
acids (Breuer et al., 1987; Hohn & Meinschein,
1976), and data from morphological, palynological,
and fossil studies (Eyde, 1963, 1988). Chen (1988)
argued, however, that Camptotheca was only dis-
tantly related to Nyssa based on his embryological
studies of Camptotheca, Nyssa, and Davidia and
proposed a new monotypic family, Camptotheca-
ceae (Chen, 1988). Serological data (Fairbrothers,
1977; Fairbrothers & Johnson, 1964), on the other
hand, support the separation of Davidia from Nys-
sa and Camptotheca. Our analysis of rbcL se-
quence data suggests instead that these three gen-
era, together with Mastixia and Diplopanax, form
a monophyletic group.

Diplopanax was placed previously in Araliaceae
by Handel-Mazzetti (1933) based on the resem-
blance of its flowers, without observation of fruits,
to those of the araliaceous genus Dendropanax.
This family assignment was questioned by Hoo &
Tseng (1978) and Tseng (1983). They found im-
portant similarities between the fruits of Diplo-
panax and Mastixia and suggested that Diplo-
panaxis better placed in Cornaceae. Eyde & Xiang
(1990) made a direct comparison of Diplopanax
fruits with fossil fruits of mastixioids and restated
that Diplopanax is closely allied with Mastixia
because both share distinctive fruitstones, two-
armed-hairs that are one-celled on the leaf mid-
veins, and hooked petals. These structural features
place: Diplopanax in the genus Mastixicarpum,

part of a woody-fruited mastixioid complex that
was thought to have gone extinct four million years
ago. Although Mastixicarpum is the older name,
nomenclatural rules require that the united group
take the name of its modern component, Diplo-
panax.

Our rbcL sequence data place Diplopanax in
the nyssoid group and support its removal from
Araliaceae where it was initially placed (Handel-
Mazzetti, 1933) and has since been classified (Hoo
& Tseng, 1978; Hutchinson, 1967). Although rbcL
sequence data indicate that Diplopanax is a close
relative of Mastixia, whether Diplopanax is most
closely related to Mastixia (as suggested by Eyde
& Xiang, 1990) is still uncertain based on rbcL
sequences. All of our analyses show Diplopanax
to be closest to Camptotheca, but this relationship
is not strongly supported by the bootstrap analysis
(41%) (Fig. 1). Diplopanax and Camptotheca are
similar in that both genera (as well as Mastixia)
are diplostemonous. Further assessment of possible
relationships between Diplopanax and the nyssoid
genera are not presently possible because of the
lack of embryological, chemical, and anatomical
evidence for Diplopanax, a result of the geograph-
ic isolation and rarity of the genus.

Mastixia has been assigned to a diverse array
of families (e.g., Caprifoliaceae, Nyssaceae, Aqui-
foliaceae, Araliaceae, Icacinaceae, and Cornaceae;
Matthew, 1976). Phylogenetic analysis of rbcL
sequence data reveals that Mastixia is a member
of the cornaceous clade. A number of lines of
evidence (Table 3) suggest a close relationship be-
tween Mastixia and Cornus. However, based on
rbcL sequences, Mastixia does not appear to be
the sister of Cornus as suggested by Eyde (1988)
but is more closely related to the nyssoids instead
(Fig. 1). Thus, the two-armed surface hairs shared
by Mastixia, Diplopanax, and Cornus (Eyde,
1988) may actually have evolved independently in
each of these genera.

Curtisia, comprising two species endemic to
South Africa, clearly is a member of the cornaceous
clade in these analyses of rbcL sequences. Similar
chemical patterns were observed in Cornus and
Curtisia by Bate-Smith et al. (1975), adding fur-
ther support for a close relationship between the
two genera. Curtisia also has been linked with
Mastixia based on chromosomal (Goldblatt, 1978)
and palynological data (Ferguson, 1977; Ferguson
& Hideux, 1980; Hideux & Ferguson, 1976). In
contrast, Eyde (1988) did not consider Curtisia to
be a close ally of Cornus, Mastixia, and nyssoids
(his Cornaceae) because of its small pollen grains
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and distinctive fruit-stone vascular bundles. Cur-
tisia generally is placed in Cornaceae as a separate
subfamily (Harms, 1898; Takhtajan, 1980; Thorne,
1983; Wangerin, 1910) or recognized as a mono-
typic family placed close to Cornaceae (Takhtajan,
1987; Thorne, 1992). Both of these views are
concordant with rbcL sequence data.

The relationships of hydrangeoids have long been
controversial (see review of this topic by Morgan
& Soltis, 1993). Our analysis of rbcL sequences
clearly supports their position as close relatives of
Cornus, Alangium, Curtisia, nyssoids, and mas-
tixioids, as suggested previously by Breuer et al.
(1987), Takhtajan (1987), Philipson (1977), and
Krach (1977) based on other lines of evidence.
Hydrangeoids are similar to other members of the
cornaceous clade in general flower structure: flow-
ers 4—5-merous with an epigynous disk, calyx tube
adnate to the ovary, petals free, ovary inferior
(sometimes incompletely inferior as in Hydrangea
or superior as in Carpenteria) with 2-5 locules,
and ovules usually pendulous. In addition, both
hydrangeoids and other members of the cornaceous
clade produce iridoids. Several features, however,
clearly separate the hydrangeoids from other mem-
bers of the cornaceous clade. Hydrangeoids possess
numerous ovules per locule, capsular fruits, and
central bundles in the gynoecial vasculature. All
other members of the cornaceous clade, in contrast,
have a solitary ovule in each locule, typically bear
drupes (Camptotheca has subsamaroid fruits), and
lack central bundles in the gynoecial vasculature.
Furthermore, hydrangeoids have unitegmic tenui-
nucellate ovules whereas nearly all the other mem-
bers of the cornaceous clade (excluding Curtisia
for which ovule type is unknown) have unitegmic
crassinucellate ovules (Philipson, 1977). An ex-
ception is found in the bracted species of Cornus,
which like the hydrangeoids have unitegmic tenui-
nucellate ovules (Erdelska, 1986; Eyde, 1988).

Although analysis of rbcL sequences has iden-
tified a well-supported cornaceous clade comprising
four major lineages, relationships among these four
major lineages are not resolved. To clarify more
fully relationships within the cornaceous clade, se-
quences of more rapidly evolving nuclear or chlo-
roplast genes will be required.

2. DISTANT RELATIVES OF CORNACEAE

Not only do rbcL sequence data indicate the
presence of a cornaceous clade, these data also
reveal that Aucuba, Garrya, Corokia, Griselinia,
and Helwingia, all traditionally placed in Corna-

ceae, are not closely related to Cornus or to other
members of the cornaceous clade (Fig. 1). Our
findings are consistent with the broad phylogenetic
analysis (Chase et al., 1993), which similarly in-
dicates that these five genera are distantly related
to the cornaceous clade. These genera have been
placed in Cornaceae or Cornales by different tax-
onomists because of their tree or shrub form, ves-
sel-segments usually with scalariform perforations,
3-5-merous and inconspicuous flowers, partially
united sepals, separate petals, epigynous discs, in-
ferior ovaries, solitary ovules per locule, and mostly
drupaceous fruits. Each of these genera is discussed
individually below.

Aucuba was placed in Cornaceae by Harms
(1898), Wangerin (1910), and Cronquist (1981)
and considered a close relative of Cornaceae by
Takhtajan (1980, 1987). Our rbcL sequence anal-
ysis reveals, however, a distant relationship be-
tween Aucuba and the cornaceous clade. The dis-
tant relationship of Aucuba to the cornaceous clade
is also supported by its distinctive wood structure
and pollen morphology (Adams, 1949; Ferguson
& Hideux, 1980). The closest relative of Aucuba,
based on rbcL sequence data, is Garrya, a genus
of 15 species in North America and the West
Indies. Garrya has also been placed in Cornaceae
(Harms, 1898) or recognized (as Garryaceae) as a
close relative of Cornaceae (Cronquist, 1988;
Hutchinson, 1967, 1969; Takhtajan, 1987;
Thorne, 1983, 1992). The close affinity between
Aucuba and Garrya suggested by sequence data
is also supported by similarities in gynoecial vas-
culature (Eyde, 1964), phytochemistry (Bate-Smith
et al., 1975), and fatty acids present in seed oils
(Breuer et al., 1987).

Corokia is also far removed phylogenetically
from Cornus in our analysis of rbcL sequences.
Although Corokia traditionally has been placed in
Cornaceae, more recently it has been considered
closely related to Argophyllum (Escalloniaceae)
based on pollen morphology and wood and floral
anatomy (Eyde, 1988; Takhtajan, 1987). How-
ever, rbcL sequence data also reveal a distinct
relationship between Corokia and Escallonia; an
rbcL sequence is not available for Argophyllum.

Most treatments have placed Griselinia in Cor-
naceae (Cronquist, 1988; Harms, 1898; Hutch-
inson, 1967; Wangerin, 1910). It was, however,
recognized as a monotypic family in Cornales by
Takhtajan (1980), and later moved to his Hy-
drangeales (Takhtajan, 1987). Close affinities
among Griselinia, Aucuba, and Garrya were pro-
posed by Eyde (1964) based on gynoecial vascu-



732

Annals of the
Missouri Botanical Garden

lature. Phytochemical evidence also supports these
relationships (Breuer et al., 1987). However, rbcL
sequence data place Griselinia in a basal position
in the araliaceous group, phylogenetically distant
from Aucuba and Garrya (Fig. 1).

Helwingia was placed in Cornaceae by Harms
(1898), Wangerin (1910) and Cronquist (1981).
Our analysis of rbcL sequences reveals, however,
that Helwingia is well outside the cornaceous clade.
A distant relationship between Helwingia and Cor-
nus is also supported by phytochemical data, as
well as floral characters (Bate-Smith et al., 1975;
Eyde, 1967), and both Adams (1949) and Eyde
(1988) suggested that Helwingia be removed from
Cornaceae. In our analyses, the genus is phylo-
genetically closest to Phyllonoma, a traditional
member of Saxifragaceae sensu lato. Phyllonoma
is similar to Helwingia in that both have flowers
borne on the leaf blades. Although the two genera
do share this rare characteristic, no previous au-
thors have suggested a close relationship between
Helwingia and Phyllonoma (see detailed discus-
sion of this topic by Morgan & Soltis, 1993).

3. PHYLOGENETIC RELATIONSHIPS WITHIN CORNUS

The large amount of rbcL sequence divergence
among species of Cornus is somewhat surprising
given the conservative rate of evolution of rbcL.
With this large amount of sequence divergence,
our results demonstrate that rbcL sequence data
can sometimes be used to study intrageneric re-
lationships, as discussed below.

Varying schemes of intrageneric relationships
have been proposed for Cornus, reflecting different
hypotheses of morphological evolution and different
emphases on available characters (Tables 4, 5).
The major argument concerns the relative ad-
vancement within the genus of the bracted versus
the bractless dogwoods. Our phylogenetic analysis
of rbcL sequence data reveals four lineages: C.
oblonga, big-bracted dogwoods—dwarf dogwoods,
cornelian cherries, and bractless dogwoods. The
latter three clades were also recognized in analyses
of morphological characters (Eyde, 1988) and
chloroplast DNA restriction site mutations (Bruns-
feld et al., 1991; Xiang et al., 1991); insufficient
material of C. oblonga was available for inclusion
of this species in the cpDNA restriction site study.
However, relationships among these four lineages
are incompletely resolved by rbcL sequences (Fig.
1). The rbcL sequence analysis indicates that C.
oblonga, a bractless species found in the eastern
Himalayas and southwestern China, is a lineage
distinct from cornelian cherries, the remaining

bractless species, and the big-bracted dogwoods—
dwarf dogwoods (Fig. 1). Several morphological,
embryological, and anatomical features similarly
suggest the distinctiveness of C. oblonga (Adams,
1949; Chopra & Kaur, 1965; Zhu, 1984). This
species commonly has been viewed as the most
primitive species of Cornus, and the hypothetical
ancestral dogwoods were reconstructed based largely
on its morphological characters (Eyde, 1988; Rick-
ett 1950). Although rbcL sequence data do not
suggest a basal position for C. oblonga in Cornus,
sequence data do agree with other evidence in
suggesting an isolated phylogenetic position of this
species in the genus. However, the exact phylo-
genetic position of C. oblonga awaits the sequence
analysis of more rapidly evolving chloroplast genes,
such as ORFK.

In summary, our analysis of rbcL sequences has
(1) identified a cornaceous clade that includes Cor-
nus, Alangium, Curtisia, Nyssa, Camptotheca,
Davidia, Diplopanax, Mastixia, and genera from
Hydrangeaceae (Decumaria, Carpenteria, Deut-
zia, Philadelphus, and Hydrangea); (2) revealed
that several genera previously placed in Cornaceae
(e.g., Aucuba, Garrya, Corokia, Griselinia, and
Helwingia) are only distantly related to Cornus;
(3) identified four major lineages within the cor-
naceous clade and suggested four major lineages
within Cornus. Other putative relatives of Cornus,
such as Toricellia, Aralidium, Melanophylla, and
Kaliphora, may ultimately be considered part of
the cornaceous clade if material becomes available
for analysis of rbcL.
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