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The somatic chromosome numbers for Trochodendron and Tetracentron were determined as 2n = 38 from shoot tip
cells, from cultivated plants introduced from three places in Japan and southwest China. This number is consistent
with one of the only two previous studies on the two genera and adds support for their membership of a distinct
family Trochodendraceae. © 2008 The Linnean Society of London, Botanical Journal of the Linnean Society, 2008,
158, 332–335.
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INTRODUCTION

Trochodendraceae and Tetracentraceae were
described as two monotypic families endemic to
Eastern Asia (Wu & Wu, 1996), but are now generally
treated as one family Trochodendraceae (e.g. APG,
1998; APG II, 2003) . Trochodendron aralioides P. F.
Siebold & J. G. Zuccarini is distributed in Taiwan,
South Japan, the Ryukyu Islands and South Korea
(Mabberley, 1987; Fu & Endress, 2001). Tetracentron
sinense Oliv. (previously Tetracentraceae) is found in
mainland China (Gansu, Shaanxi, Tibet, Yunnan,
Sichuan, Guizhou, Henan, Hubei and Hunan),
Bhutan, northeast India, northwest Myanmar, Nepal
and Vietnam (Doweld, 1998; Fu & Bartholomew,
2001; Qin, 2004).

The position of Trochodendron and Tetracentron is
pivotal in angiosperm phylogeny and many different
types of research have been conducted on them
including phylogeography (Huang et al., 2004; Huang
& Lin, 2006), chemical components (Wu et al., 2000),
anatomy (Wu, Lin & Li, 1993; Chen et al., 2007),
embryology (Pan et al., 1993) and allozymes (Wu

et al., 2001), but their systematic position is still
disputed. As two independent families, the Tetracen-
traceae and Trochodendraceae were placed between
the magnoliids and the hamamelids, although the two
genera Trochodendron and Tetracentron were consid-
ered to be closely related (Chen et al., 2007).

Because chromosome cytology is important evi-
dence of relationships among angiosperms, the
cytology of Trochodendron and Tetracentron has been
emphasized in some studies (Whitaker, 1933; Raven,
1975), but there are only three conflicting records
of chromosome numbers so far: 2n = 38 for both Tro-
chodendron and Tetracentron (Whitaker, 1933),
2n = 40 for Trochodendron and 2n = 48 for Tetracen-
tron (Ratter & Milne, 1973, 1976). Characters such as
idioblast oil cells, vessel less wood, chloranthoid-tooth
leaves and chromosome number 2n = 38 have been
used to suggest that they are close to Magnoliaceae
and Cercidiphyllum (with x = 19) (Whitaker, 1933;
Smith, 1945; Carlquist, 1983; Endress, 1986;
Carlquist, 1992; Takhtajan, 1997). Alternatively,
their common characters such as valvate–dehiscent
anthers, tri- or pluri-aperturate pollen, edged and
winged seeds and chromosome number 2n = ±48 for
Tetracentron (Ratter & Milne, 1973, 1976), implied
that they are related to Hamamelidaceae (with*Corresponding author. E-mail: hpeng@mail.kib.ac.cn
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x = 12), in spite of the record of 2n = 40 in Trochoden-
dron (Ratter & Milne, 1976; Thorne, 1983). Inconsis-
tent chromosome records have suggested different
systematic positions for the two genera (Whitaker,
1933; Cronquist, 1981; Crane, 1984; Endress, 1986;
Crane, 1989). With more data and analyses being
presented, especially of flower structure and fossil
evidence, Trochodendron and Tetracentron were gen-
erally regarded as being in the same family Trocho-
dendraceae (Crane, 1984; Endress, 1986; Crane, 1989;
Endress, 1993; Soltis et al., 2005). The position of
the Trochodendraceae, together with Buxaceae,
Proteales, Sabiaceae and Ranunculales, as the basal
group of core eudicotyledons was supported by
molecular analysis in recent research (Chase et al.,
1993; APG; Doyle & Endress, 2000; Savolainen et al.,
2000; APG II, 2003.

Because the published chromosome records are con-
tradictory, we intended to confirm the cytological data
for Trochodendron and Tetracentron in this study, and
to discuss the relationships of the two genera and
their affinities within the angiosperm phylogenetic
tree based on our result.

MATERIAL AND METHODS

The experimental material of T. aralioides and T.
sinense from three populations is listed in Table 1.
The plants were all grown in the Botanic Garden of
the Kunming Institute of Botany, Chinese Academy of
Sciences. Voucher specimens were deposited in KUN.

Shoot tips were pretreated in 0.002 M 8-
hydroxyquinoline for 6–8 h in total darkness at 4 °C
and then fixed in Carnoy’s fluid (3 parts absolute
ethanol : 1 part glacial acetic acid, v/v) for 1 h at room
temperature 23 °C. The shoot tips were macerated in
1M hydrochloric acid at 60 °C for 5–6 min. After
washing 3–5 times to eliminate residual hydrochloric
acid and staining with carbol fuschin for 8 h, the
material was squashed for observation in 45% acetic
acid, sometimes after softening over an alcohol flame
for 3–5 s (Li & Zhang, 1991). More than 30 chromo-
some micrographs were observed in each of the three

accessions. Semi-permanent microscope slides and
photographs of representative cells have been
retained in our laboratory for inspection.

RESULTS

The interphase nuclei of T. sinense (Fig. 1) and T.
aralioides (Fig. 3) were of the complex chromosome
type (Type C) of Tanaka (1977). The chromosome
number 2n = 38 was demonstrated in both accessions
of T. sinense (Fig. 2) and in T. aralioides (Fig. 4).

DISCUSSION

The finding of the same chromosome number
(2n = 38) in all accessions of the two examined species
agreed with the result of Whitaker (1933) rather than
that of Ratter & Milne (1973, 1976).

The uniform chromosome number in Tetracentron
and Trochodendron adds support for their retention in
one family, Trochodendraceae, and the abolition of
Tetracentraceae, a conclusion supported by studies of
pollen (Praglowski, 1974), fossils (Crane, 1984, 1989),
floral structure (Endress, 1986, 1993), carpology and
seed structure (Doweld, 1998) and molecular analysis
(Chase et al., 1993; Angiosperm Phylogeny Group
(APG) II, 2003; Soltis et al., 2005), although the
reports of 2n = 48 in Tetracentron and 2n = 40 for
Trochodendron by Ratter & Milne (1973, 1976) under-
mine this judgment.

Over the years, Euptelea (with 2n = 28) and Cerci-
diphyllum (with x = 19) have been regarded as having
close affinity with Tetracentron and Trochodendron,
especially Cercidiphyllum, but this relationship was
not supported by molecular data and they have been
treated as two families, Eupteleaceae and Cercidi-
phyllaceae in Ranunculales and Saxifragales, respec-
tively (APG II, 2003). Trochodendraceae, comprising
Trochodendron and Tetracentron, together with
Sabiaceae, Buxaceae, Proteales and Ranunculales are
early-branching members of the core eudicotyledons.
However, their chromosome numbers, x = 12 and 14
for Buxaceae, 12 and 16 for Sabiaceae (IPCN, 2006),
and different numbers for Proteales (x = 21 for Pla-
tanaceae; 7, 10, 11, 12, 13 and 14 for Proteaceae)
(IPCN, 2006) and Ranunculales (x = 7, 8 for Ranun-
culaceae; 6, 8, 9, 14 and 21 for Berberidaceae; 15 for
Circaeasteraceae; 14, 15 and 16 for Lardizabalaceae;
6 and 7 for Papaveraceae) (Yang, 2002; IPCN, 2006;
Raven, 1975), do not demonstrate any evolutionary
trends in the chromosomes of these taxa.
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Tetracentron
sinense

China, Yunnan,
JinPin

XY2466 (KUN)

China, Yunnan,
Gongshan

XY2467 (KUN)

Trochodendron
aralioides

Japan XY2468 (KUN)

CYTOLOGICAL STUDIES ON TROCHODENDRACEAE 333

© Kunming Institute of Botany, CAS.
Journal compilation © 2008 The Linnean Society of London, Botanical Journal of the Linnean Society, 2008, 158, 332–335



the manuscript, to the anonymous referees and Dr
P. E. Brandham for their comments which greatly
improved the manuscript, also to Mr Zhou Zhu and
Dr Xun Gong for allowing access to the living trees in
the Botanical Garden of Kunming Institute of Botany,
Chinese Academy of Sciences. This project was
supported by the Chinese National 973 Project
(2003CB415103) and KIB (KIB-WU-2001-04).

REFERENCES

APG. 1998. An ordinal classification for the families of
flowering plants. Annals of the Missouri Botanical Garden
85: 531–553.

APG II. 2003. An update of the Angiosperm Phylogeny Group

classification for the orders and families of flowering
plants: APG II. Botanical Journal of the Linnean Society
141: 399–436.

Carlquist S. 1983. Wood anatomy of Bubbia (Winteraceae),
with comments on the origin of vessels in dicotyledons.
American Journal of Botany 70: 578–590.

Carlquist S. 1992. Pit membrane remnants in perforation
plates of primitive dicotyledons and their significance.
American Journal of Botany 79: 660–672.

Chase MW, Soltis DE, Olmstead RG, Morgan D, Les DH,
Mishler BD, Duvall MR, Price RA, Hills HG, Qiu YL,
Kron KA, Rettig JH, Conti E, Palmer JD, Manhart JR,
Sytsma KJ, Michaels HJ, Kress WJ, Karol KG, Clark
WD, Hedrén M, Gaut BS, Jansen RK, Kim KJ, Wimpee
CF, Smith JF, Furnier GR, Strauss SH, Xiang QY,

Figures 1–4. Mitotic phases in somatic cells of Trochodendron aralioides and Tetracentron sinense. Fig. 1. Interphase of
Tetracentron sinense (Type C). Fig. 2. Metaphase of Tetracentron sinense 2n = 38. Fig. 3. Interphase of Trochodendron
aralioides (Type C). Fig. 4. Metaphase of Trochodendron aralioides 2n = 38. Scale bars, 10 mm.

334 X. YANG ET AL.

© Kunming Institute of Botany, CAS.
Journal compilation © 2008 The Linnean Society of London, Botanical Journal of the Linnean Society, 2008, 158, 332–335



Plunkett GM, Soltis PS, Swensen SM, William SE,
Gadek PA, Quinn CJ, Eguiarte LE, Golenberg E,
Learn Jr P, Graham SW, Barrett SCH, Dayanandan S,
Albert VA. 1993. Phylogenetics of seed plants: an analysis
of nucleotide sequences from the plastid gene rbcL. Annals
of the Missouri Botanical Garden 80: 526–580.

Chen L, Ren Y, Endress PK, Tian XH, Zhang XH. 2007.
Floral organogenesis in Tetracentron sinense (Trochoden-
draceae) and its systematic significance. Plant Systematics
and Evolution 264: 183–193.

Crane PR. 1984. A re-evaluation of Cerdidiphyllum-like
plant fossils from the British early Tertiary. Botanical
Journal of the Linnean Society 89: 199–230.

Crane PR. 1989. Paleobotanical evidence on the early radia-
tion of non-magnoliid dicotyledons. Plant Systematics and
Evolution 163: 165–191.

Cronquist A. 1981. An integrated system of classification of
flowering plants. New York: Columbia University Press.

Doweld AB. 1998. Carpology, seed anatomy and taxonomic
relationships of Tetracentron (Tetracentraceae) and Trocho-
dendron (Trochodendraceae). Annals of Botany 82: 413–
443.

Doyle JA, Endress PK. 2000. Morphological phylogenetic
analysis of basal angiosperms: comparison and combination
with molecular data. International Journal of Plant Sci-
ences 161 (Suppl. 6): S121–S153.

Endress PK. 1986. Floral structure, systematics, and phy-
logeny in Trochodendrales. Annals of the Missouri Botanical
Garden 73: 297–324.

Endress PK. 1993. Trochodendraceae. In: Kubitzki K, ed. The
families and genera of vascular plants, Vol. 2. Berlin:
Springer-Verlag, 599–602.

Fu DZ, Bartholomew B. 2001. Tetracentraceae. In: Wu CY,
Raven PR, eds. Flora of China, Vol. 6. Beijing: Science Press
and St. Louis: Missouri Botanical Garden Press, 125.

Fu DZ, Endress PK. 2001. Trochodendraceae. In: Wu CY,
Raven PR, eds. Flora of China, Vol. 6. Beijing: Science Press
and St. Louis: Missouri Botanical Garden Press, 124.

Huang SF, Hwang SY, Wang JC, Lin TP. 2004. Phylogeo-
graphy of Trochodendron aralioides (Trochodendraceae) in
Taiwan and its adjacent areas. Journal of Biogeography 31:
1251–1259.

Huang SF, Lin TP. 2006. Migration of Trochodendron aralio-
ides (Trochodendraceae) in Taiwan and its adjacent area.
Botanical Studies 47: 83–88.

IPCN. 2006. Index to plant chromosome numbers (IPCN).
Available at: http://mobot.mobot.org/W3T/Search/ipcn.html

Li MX, Zhang XF. 1991. Technology for preparing slides of
plant chromosomes. Harbin: Northeastern Forest University
Press.

Mabberley DJ. 1987. The plant-book. Cambridge: Cambridge
University Press.

Pan KY, Li JH, Lu AM, Wen J. 1993. The embryology of
Tetracentron sinense Oliver and its systematic significance.
Cathaya 5: 49–58.

Praglowski J. 1974. The pollen morphology of the Tro-
chodendraceae, Tetracentraceae, Cercidiphyllaceae and

Eupteleaceae with reference to taxonomy. Pollen et Spores
16: 449–467.

Qin HN. 2004. Tetracentraceae. In: Wu CY, ed., Flora reipub-
licae popularis sinicae, Vol. 1. Beijing: Science Press, 767–
769.

Ratter JA, Milne C. 1973. Chromosome numbers of some
primitive angiosperms. Notes from the Royal Botanic
Garden, Edinburgh 32: 423–428.

Ratter JA, Milne C. 1976. Chromosome counts in primitive
angiosperms: II. Notes from the Royal Botanic Garden
Edinburgh 35: 143–145.

Raven PH. 1975. The bases of angiosperm phylogeny: cytol-
ogy. Annals of the Missouri Botanic Garden 62: 724–764.

Savolainen V, Chase MW, Hoot SB, Morton CM, Soltis
DE, Bayer C, Fay MF, de Bruijn A, Sullivan S, Qiu YL.
2000. Phylogenetics of flowering plants based on combined
analysis of plastid atpB and rbcL gene sequences. System-
atic Biology 49: 306–362.

Smith AC. 1945. A taxonomic review of Trochodendron and
Tetracentron. Journal of the Arnold Arboretum of Harvard
University 26: 123–142.

Soltis DE, Soltis PS, Endress PK, Chase MW. 2005. Phy-
logeny and evolution of angiosperms. Sunderland: Sinauer
Associates.

Takhtajan A. 1997. Diversity and classification of flowering
plants. New York: Columbia University Press.

Tanaka R. 1977. Recent karyotype studies. In: Ogawa K,
Koike S, Kurosum I, Sato M, eds. Plant cytology. Tokyo:
Asakura, 293–326.

Thorne RF. 1983. Proposed new realignments in the
angiosperms. Nordic Journal of Botany 3: 85–117.

Whitaker TW. 1933. Chromosome number and relationship
in the Magnoliales. Journal of the Arnold Arboretum
Harvard University 14: 376–385.

Wu JE, Huang S, Wang JC, Tong WF. 2001. Allozyme
variation and the genetic structure of populations of Tro-
chodendron aralioides, a monotypic and narrow geographic
genus. Journal of Plant Research 114: 45–57.

Wu SM, Lin JX, Li ZL. 1993. Comparative anatomical
studies on the wood rays of sixty-six species in nine genera
of Magnoliaceae in China. Acta Botanica Sinica 35: 268–
279.

Wu XL, Zhou RH, Duan JA, Li JS. 2000. Chemical con-
stituents from the bark of Tetracentron sinense Oliv. and
Trochodendron aralioides Sieb. et. Zucc. Journal of Plant
Resources & Environment 9: 5–7.

Wu ZY, Wu SK. 1996. A proposal for a new floristic kingdom
(realm) – the E. Asiatic Kingdom, its delineation and char-
acteristics. In: Zhang AL, Wu SG, eds. Floristic character-
istics and diversity of East Asian plants, Proceedings of
the first international symposium on floristic characteristics
and diversity of East Asian plants (IFCD). Beijing: Higher
Education Press, 3–42.

Yang QE. 2002. Cytology of ten species in Anemone, one in
Anemoclema and six in Clematis (Trib. Anemoneae, Ranun-
culaceae) from China. Acta Phytotaxonomica Sinica 40:
396–405.

CYTOLOGICAL STUDIES ON TROCHODENDRACEAE 335

© Kunming Institute of Botany, CAS.
Journal compilation © 2008 The Linnean Society of London, Botanical Journal of the Linnean Society, 2008, 158, 332–335

http://mobot.mobot.org/W3T/Search/ipcn.html

