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Abstract.  The systematic and taxonomic position of Biebersteinia Stephan has long been in dispute.  The present
paper describes for the first time the karyomorphology of two species in Biebersteinia Stephan.  Both species com-
monly showed the interphase nuclei of the simple chromocenter type and the mitotic prophase chromosomes of the
interstitial type.  The karyotype formulae of both B. heterostemon and B. odora were 2n=10=2m(2sec)+8sm(2sec),
belonging to the 3A type of Stebbins’ classification.  The karyotype of this genus is recorded for the first time.  The
basic chromosome numbers of four of the five known species of Biebersteinia have been recorded as x=5.  The
combination of resting nuclei of the simple chromocenter type, mitotic prophase chromosomes of the interstitial
type, two pairs of chromosomes with four obvious secondary constrictions at the mitotic prophase and metaphase
stages, and the peculiar 3A karyotype in Biebersteinia can be regarded as the karymorphological marker of this genus.
The karyomorphological data presented here do not support the traditional grouping of this genus in Geraniaceae.
The unique karyomorphology of Biebersteinia justifies its familiar or ordinal status, which is congruent with
embryological, anatomical, chemical and molecular data.  The systematic position of Biebersteinia needs further study.
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Introduction

Biebersteinia Stephan, comprising five species: B.
heterostemon Maxim, B. odora Stephan ex Fisch, B.
multifida DC., B. orphanidis Boiss. and B. leiosepala, is
distributed in mountainous, semi-arid areas of central and
western-Asia to the eastern Mediterranean (Knuth, 1912;
Yannistaros et al., 1996).  The systematic and taxonomic
position of Biebersteinia Stephan has long been in
dispute.  Stephan (1806) positioned Biebersteinia between
Grielum L. (Neuradaceae) and Suriana L. (Simaroubaceae)
when establishing the genus. Later, De Candolle (1924)
suggested a position of Biebersteinia in ‘Zygophylleae
spuriae alternifoliae’ and possible affiliations with
Rosaceae, Geraniaceae and Rutaceae.  It was Endlicher
(1841) who raised Biebersteinia to a family status for the
first time. But Hooker (1875) treated it as a tribe in
Potentillae in the Rosaceae.  However, Boissier (1867) in-
cluded it as a genus of Geraniaceae.  In the recent an-
giosperm systems, Thorne (1992) and Cronquist (1981,
1988) followed Boissier (1867) and Knuth (1912) and treated
it as a genus of Geraniaceae while Dahlgren (1989) and
Takhtajan (1987) recognized it as a family close to
Geraniaceae. Takhtajan (1997) further raised it to an order
near Geraniales.  Most recently, Bakker et al. (1998) quali-
fied its family status and implicated strong affiliation with

Sapindales based on the molecular data.  This result was
positively accepted by APG (1998) in their new angiosperm
ordinal system.

In addition to the gross-morphological and molecular
evidence, other data such as the pollen morpholgy,
embryology, anatomy, chemistry and karyomorphology can
also be of great importance in clarifying the systematic
position of a taxon (Takhtajan, 1997).  Bortenschlager
(1967) studied the pollen morphology of Biebersteinia,
and suggested the genus should be recognized as a fam-
ily near the Potentillae of Rosaceae.  Nevertheless, the
phanerothetic discoid nectaries of Biebersteinia were very
similar to those found in most Geraniaceae (Link, 1990).
But the presence of anacampylotropous ovules (Kamelina
and Konnova, 1990), the lack of a persistent elongated
central column in the ovary and a reduced tegmic seed coat
(Boesewinkel, 1997), and other chemical data (Bate-Smith,
1973) distinguish Biebersteinia from all taxa assumed to
be related to it.

In spite of the accumulating molecular data, chromo-
some information continues to be important in assessing
phylogenetic relationships (Carr et al., 1999).  Concerning
the karyomorphological data of Biebersteinia, only the
chromosome numbers of B. multifida DC. (Aryavand, 1975)
and B. orphanidis Boiss. (Constantinidis, 1996) were re-
ported to be x=5.  The karyotype, the interphase nuclei,
and the mitotic prophase chromosomes have never been
reported. In the present paper, the chromosome numbers
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of two additional species in Biebersteinia were determined.
Furthermore, the karyotype, the resting nuclei and the mi-
totic prophase chromosomes in both species are reported
for the first time.  Based on the karyomorphological data,
the systematic position of Biebersteinia is further
discussed.

Materials and Methods

Roots of B. heterostemon Maxim. were taken directly
from plants in the field at Xining, Qinghai, China. Five
seeds of B. odora Steph. ex Fisch. were collected from Ti-
bet and germinated in the laboratory.  Voucher specimens
are deposited in the Northwest Plateau Institute of
Biology, the Chinese Academy of Sciences (HNWP).  The
roots were pretreated with a mixture of 0.05% colchicine
and 0.002 mol/L hydroxyquinoline for 5 h, and then fixed
overnight in Carnoy’s fluid (absolute alcohol:glacial ace-
tic acid=3:1).  After being macerated in 1 mol/L hydrochlo-
ric acid at 60°C for five min, the roots were stained and
squashed with Carbol Fuchsin.  The karyomorphological
classifications of the resting and mitotic prophase followed
Tanaka (1977, 1971).  The chromosomes of more than 20
cells were counted.  The parameters of the chromosomes
were based on the measurements of 5 cells.  The symbols
for the description of karyotypes followed Levan et al.
(1964).  The symmetry of karyotypes was classified accord-
ing to Stebbins (1971).

Results

The two species studied were basically similar in
karyomorphology of the interphase nuclei and the mitotic
prophase chromosomes.  In the interphase nuclei (Figure
1A), several darkly stained chromocenters were observed.
The chromocenters showed an irregularly protruded rough
surface, which gradually transformed into diffused
chromatin. The interphase nuclei were categorized as the
simple chromocenter type (Tanaka, 1977, 1971).  In the mi-
totic prophase stage (Figure 1B), hetero- and euchromatic
segments were distinguishable, but their boundaries were
not clear, and the heterochromatic segments were distrib-
uted in the distal and interstitial regions as well as the
proximal regions.  Therefore, the prophase chromosomes
belonged to the interstitial type (Tanaka, 1977).  Four chro-
mosomes had secondary constrictions, and the resulted
satellites consisted mainly of heterochromatic segments
that were obvious at this stage (Figure 1B, arrows).

Metaphase chromosomes of B. heterostemon (Figure
1C) were determined to be 2n=10, ranging in length from
5.20 µm to 6.10 µm.  The karyotype (Figure 1D) was for-
mulated as 2n=10=2m(2sec)+8sm(2sec), belonging to
Stebbins’ 3A type. Secondary constrictions were found
in the distal region of the third and fifth pairs of chromo-
somes (Figure 1C-D), and these often resulted in obvious
satellites.  Metaphase chromosomes of B. odora (Figure
1E) were also determined to be 2n=10, ranging in length
from 4.81 µm to 5.90 µm.  The karyotype (Figure 1F), simi-

lar to that of B. heterostemon, was formulated as 2n=10=2m
(2sec)+8sm (2sec), and was also categorized as a 3A type
by Stebbins (1971).  In some metaphase cells, chromo-
somes were so contracted that secondary constrictions
were not readily visible (Figure 1E, G).  However, second-
ary constrictions were found in the distal region of the third
and fifth pairs of chromosomes in most cells (Figure 1H-
I).  Parameters of mitotic metaphase chromosomes of 2
species in Biebersteinia are listed in Table 1.  The arm ra-
tios of more than half of the chromosomes in the two spe-
cies exceeded 2.0, which indicated the intrachromosomal
asymmetry of Biebersteinia was very high.  However, the
chromosome lengths differed little, and the interchromo-
somal asymmetry was very low.  Both the above-men-
tioned characteristics determined the peculiar karyotype
classification of 3A in Biebersteinia.

Discussion and Conclusion

Five species of Biebersteinia have very similar
morphology. Four species (B. multifida, B. orphanidis, B.
heterostemon and B. odora) are now known to have the
same chromosome number of 2n=10 (Aryavand, 1975;
Constantinidis, 1996 and the present research).  Therefore,
the basic chromosome number of Biebersteinia is appar-
ently x=5.

As stated in the introduction, Biebersteinia was tradi-
tionally classified in the Geraniaceae or Geraniales, but
molecular data supported its position in Sapindales (Bakker
et al., 1998).  The basic chromosome number is of impor-
tance to determine the systematic position of a taxon at
high taxonomic levels (Raven, 1975).  The basic chromo-
some numbers of main taxa in Geraniales and Sapindales
were summarized and compared with that of Biebersteinia
in Table 2 (Table 2, summarized from Darlington and Wylie,
1955; Cave, 1958-1965; Ornduff, 1967-1969; Moore, 1970-
1977; Goldblatt, 1981, 1984, 1985, 1988; Goldblatt and
Johnson, 1990, 1991, 1994, 1996).  In the Geraniales, only
Limnanthaceae shares the same basic chromosome num-

Table 1.  Parameters of mitotic metaphase chromosomes of 2
species in Biebersteinia.

No. Relative length Arm ratio Type

B. heterostemon
1 7.60+17.27=23.87 2.27 sm
2 7.46+15.19=22.65 2.04 sm
3 8.29+13.81=22.10 1.67 m*
4 6.51+15.58=22.09 2.39 sm
5 7.18+14.91=22.09 2.08 sm*

B. odora
1 6.98+14.37=21.35 2.06 sm
2  6.59+13.97=20.56 2.12 sm
3  7.98+12.18=20.16 1.53 m*
4 5.98+12.77=18.75 2.14 sm
5 6.36+12.38=18.74 1.95 sm*

*Indicating chromosomes with secondary constrictions.
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Figure 1.  Microphotographs of chromosomes of Biebersteinia.  A-D, B. heterostemon; E-I, B. odora. A, Resting nucleus; B,
Prophase chromosomes; C, Metaphase chromosomes; D, F, Karyotype; E, G, H, Metaphase chromosomes. Arrows indicating
secondary constrictions on the long arms. Bar=10 µm
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ber of x=5 with Biebersteinia.  But they are well distin-
guished in gross morphology, greatly different in
embryology, pollen morphology and anatomy (see
Takhtajan, 1997).  Up to now, the basic chromosome num-
ber of x=5 has not been found for the taxa in Sapindales.
As viewed by Raven (1975) and Hong (1990), the primi-
tive or basic chromosome number of Geraniales at the or-
dinal level might be x=7 or 12 while that of Sapindales might
also be x=7.  From the standpoint of basic chromosome
numbers, Biebersteinia is related neither to Geraniales nor
to Sapindales.  In addition, the karyomorphological com-
bination—such as the resting nuclei of the simple chro-
mocenter type, the mitotic prophase chromosomes of the
interstitial type, two pairs of chromosomes with obvious
secondary constrictions at the mitotic prophase and
metaphase stages, and the peculiar 3A karyotype found

in Biebersteinia—have never been reported for either
Geraniales or Sapindales.

Morphologically, Biebersteinia is related more closely
to Sapindales than to Geraniales, because Biebersteinia
has compound leaves, a diplostemonous flower, and one
ovule in each locule.  However, the phanerotherothetic-
discoid nectaries in Biebersteinia are similar to those of
Geraniaceae (Link, 1990) while a distinct nectariferous disc
exists in Sapindales, which is a potentially important mor-
phological synapomorphy for the Sapindales clade as cir-
cumscribed by Gadek et al. (1996).  Other than the distinct
difference between Biebersteinia and Geranium found by
Bate-Smith (1973) through a simple comparison of the
chemical constituents, Zhang et al. (1995) separated two
new natural products: quercimeritrin and N-3-methyl-2-
butenyl urea from B. heterostemon.  The N-3-methyl-2-
butenyl urea or similar chemical products occurring in B.
Heterostemon show hypotensive, analgesic, and immunity
stimulating effects and have not been previously reported
for the angiosperms.  The presence of an acampylotropous
ovule (Kamelina and Konnova, 1990), the lack of a persis-
tent elongated central column in the ovary, and a reduced
tegmic seed coat (Boesewinkel, 1997) in Biebersteinia also
distinguish this genus from Geraniales and Sapindales.
Although molecular data indicated a position in
Sapindales, Biebersteinia has many autapomorphic sub-
stitutions (Bakker et al., 1998).  The karyomorphological
peculiarity found in the present study, congruent with the
above-mentioned data, supports the isolated position of
Biebersteinia and justifies its familiar or ordinal status.
The systematic position of this family or order needs fur-
ther study.

Acknowledgments.  This work was financially supported by
the President Foundation and the Key Project Foundations
(KZ95-S1-123 and KZ95-B1-67) of the Chinese Academy of
Sciences, which are gratefully acknowledged.  The authors wish
to express sincere thanks to Mr. Zhou Guoying for his help in
collecting the materials.

Literature Cited

APG. 1998. An ordinal classification for the families of flower-
ing plants. Ann. Missouri Bot. Gard. 85(4): 531-553.

Aryavand, A. 1975. Contribution a l’etude cytotaxonomique de
Biebersteinia multifida DC. (Geranaceae). Compte rendu
hebdomadaire de seamces de l’Academie des sciences, se-
ries D 280: 1551-1554.

Bakker, F.T., D.D. Vassiliades, and C. Morton. 1998. Phyloge-
netic relationships of Biebersteinia Stephan (Geraniaceae)
inferred from rbcL and atpB sequence comparisons. Bot.
J. Linn Soc. 127: 149-158.

Bate-Smith, E.C. 1973. Chemotaxonomy of Geranium. Bot. J.
Linn. Soc. 67: 347-359.

Boesewinkel, F.D. 1997. Seed structure and phylogenetic rela-
tionships of the Geraniales. Bot. Jahr. Syst. 119: 277-291.

Bortenschlager, S. 1967. Vorlaufige Mitteilungen zur
Pollenmorphologie in der sequences from der Geraniaceen
und ihre systematische Bedeutumg. Grana Paly. 7: 400-468.

Table 2.  A comparison of the primitive or basic chromosome
numbers of Biebersteinia and main taxa of Geraniales and
Sapindales.

Taxon Basic chromsome number

Biebersteinia x=5
Geraniales x=7 or x=12

Oxalidaceae x=12
Averrhoa x=12, 11
Biophytum x=9
Oxalis x=5-12

Geraniaceae x=12 or x=7
Sarcocaulon x=22
Monsonia x=12
Erodium x=10
Geranium x=14
Pelargonium x=11
Balbasia x=9

Vivianiaceae x=7
Limnanthaceae x=5
Ledocarpaceae x=9
Tropaeolaceae x=12-14
Balsaminaceae ?

Hydrocera x=8
Impatiens x=6-11

Sapindales x=7
Staphyleaceae x=13
Melianthaceae x=19
Greyiaceae x=17 or 16
Sapindaceae x=11-16
Hippocastanaceae x=20
Aceraceae x=13
Burseraceae x=11, 12, 23
Anacardiaceae x=14-16
Podoaceae x=7
Simaroubaceae x=12-14
Rutaceae x=9

Chorilaena x=14
Geleznowia x=14
Growea x=19
Rhabdodendron x=10

Meliaceae x=11-14
Cneoraceae x=18
Zygophyllaceae x=11, 13



Liu et al. — Karyomorphology of Biebersteinia Stephan      65

Boissier E. 1867. Biebersteiniae. In Flora Orientalis, Vol. 1, pp.
899-900.

Carr, G.D., R.M. King, A.M. Powell, and H. Robinson. 1999.
Chromosome numbers in Compositae. XVIII. Amer. J. Bot.
86(7): 1003-1013.

Cave, M. S. (ed.) 1958-1965. Index to Plant Chromosome Num-
bers 1958-1965. University of North Carolina Press,
Chapel.

Constantinidis, T.A. 1996. Biebersteinia orphanidis Boiss. Flora
Mediterranea 6: 308-312.

Cronquist, A. 1981. An Integrated System of Classification of
the Flowering Plants. Columbia University Press, New
York, pp. 828-831.

Cronquist, A. 1988. The Evolution and Classification of Flow-
ering Plants. 2nd. edn. New York Botanical Gardens, New
York.

Dahlgren, R.T. 1989. The last Dahlgenogram. System of Clas-
sification of the Dicotyledons. In K. Tan (ed.), The Davis
& Hedge Festchrift. Edinburgh University Press, Edinburgh,
pp. 249-260.

Darlington, C.D. and A.P. Wylie. 1955. Chromosome Atlas of
Flowering Plants. George Allen & Unwin, London.

De Candolle, A.P. 1924. Prodromus Systematis Naturalis Regni
Vegetabilis, Sive Enumerato Contracta Ordinum Generum
Specierumque Plantarum. Vol. 1. Argentorati & Londini,
Paris, pp. 707.

Endlicher, S.L. 1841. Biebersteiniaceae. In Enchiridion
Botanicum, Leipzig.

Gadek, P.A., E.S. Fernando, C.J. Quinn, S.B. Hoot, T. Terrazas,
M.C. Sheahan, and M.W. Chase. 1996. Sapindales: molecu-
lar delimitation and infraordinal groups. Amer. J. Bot. 83:
802-811.

Goldblatt, P. (ed.). 1981, 1984, 1985, 1988. Index to Plant Chro-
mosome Numbers 1975-1985. Monographs in Systematic
Botany from the Missouri Botanical Garden, Vol. 5; 8; 13;
23.

Goldblatt, P. and D. E. Johnson (eds.). 1990, 1991, 1994, 1996.
Index to Plant Chromosome Numbers 1986-1993. Mono-
graphs in Systematic Botany from the Missouri Botanical
Garden, Vol. 30; 40; 51; 58.

Hong, D.Y. 1990. Plant Cytotaxonomy. Science Press, Beijing.

Hooker, J.D. 1875. Biebersteinia. In The Flora of British India,
Vol. 1. London, 427 pp.

Kamelina, O.P. and V.A. Konnova. 1990. Embryological char-
acters of the genus Biebersteinia Steph. in relation to its
systematic position. Doklady Akademii Nauk Tadzhikskoi
SST 33: 193-195.

Knuth, R. 1912. Geraniaceae. In A. Enger (ed.), Das
Pfanzenreich IV. 129. Berlin, pp. 1-640.

Levan, A., K. Fredga, and A.A. Sandberg. 1964. Nomenclature
for centromeric position on chromosomes. Hereditas 52:
201-220.

Link, D.A. 1990. The nectaries of Geraniaceae. In P. Vorster
(ed.), Proceeding of the International Geraniaceae
Symposium, Univ. of Stellenbosch, RSA, pp. 215-268.

Moore, R.J. (ed.). 1970-1977. Index to Plant Chromosome Num-
bers for 1968-1974. Regnum Vegetabile 63; 68; 84; 90; 91;
96.

Ornduff, K. 1967-1969. Index to Plant Chromosome Numbers
for 1965-1967. Regnum Vegetabile. 50; 55; 59.

Raven, P.H. 1975. The bases of angiosperm phylogeny:
cytology. Ann. Missouri Bot. Gard. 62: 724-764.

Stebbins, G.L. 1971. Chromosomal Evolution in Higher Plants.
Edward Arnold, London.

Stephan, F. 1806. Déscription de deux nouveaux genres de
plantes. In Mémoires de la Sociétiés de Naturalistes de
l’Université Impériale de Moscou. Moscow. Tome 1, pp.
125-128.

Takhtajan, A. 1987. Systema Magnoliophytorum. Officina
Editoria “Nauka”, Leningrad.

Takhtajan, A. 1997. Diversity and Classification of Flowering
Plants. Columbia University Press, New York.

Tanaka, R. 1971. Types of resting nuclei in Orchidaceae. Bot.
Mag. (Tokyo) 84: 118-122.

Tanaka, R. 1977. Recent karyotype studies. In K. Ogawa et al.
(eds.), Plant Cytology. Asakura Shoten, Tokyo, pp. 293-
325.

Thorne, R.F. 1992. An updated phylogenetic classification of
the flowering plants. Aliso 13: 365-389.

Yannitsaros, A.G., T.A. Constantinidis, and D.D. Vassiliades.
1996. The rediscovery of Biebersteinia orphanidis Boiss.
(Geraniaceae) in Greece. Bot. J. Linn. Soc. 120: 239-242.

Zhang, X.F., B.L. Hu, and B.N. Zhou. 1995. Studies on the ac-
tive constituents of Tibetan herb Biebersteinia heterostemon
Maxim. Acta Pharmaceutica Sin. 30(3): 211-214.



66              Botanical Bulletin of Academia Sinica, Vol. 42, 2001

Biebersteinia 2

B. heterostemon Maxim. B.

odora Stephan ex Fisch 2n=10=2m+(2sec)+8sm(2sec) 3A

5 4 X=5

4

3A

Geraniaceae


