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Abstract. The systematic and taxonomic positiorBiébersteiniaStephan has long been in dispute. The present
paper describes for the first time the karyomorphology of two specieliersteiniaStephan. 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 bd&hheterostemoandB. odorawere Z=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 speci@edfersteiniahave 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 karyotyp@iabersteiniacan 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 d@iebersteinigjustifies its familiar or ordinal status, which is congruent with
embryological, anatomical, chemical and molecular data. The systematic posBieb@fsteinianeeds further study.
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Introduction Sapindales based on the molecular data. This result was
positively accepted by APG (1998) in their new angiosperm
BiebersteiniaStephan, comprising five specids. ordinal system.

heterostemorMaxim, B. odoraStephan ex FisctB. In addition to the gross-morphological and molecular
multifida DC., B. orphanidisBoiss. and. leiosepalais evidence, other data such as the pollen morpholgy,
distributed i_n mountainous, semi—.arid areas of central an@mbryology, anatomy, chemistry and karyomorphology can
westc_arn—AS|a to the eastern Mednerrane_an (Knuth, 1912;;“50 be of great importance in clarifying the systematic
Yannistaros et al., 1996). The systematic and taxonomiggsition of a taxon (Takhtajan, 1997). Bortenschlager
position ofBiebersteiniaStephan has long been in (1967) studied the pollen morphology Biebersteinia
dispute. Stephan (1806) positiorgiebersteinisbetween  and suggested the genus should be recognized as a fam-
GrielumL. (Neuradaceae) arlrianal.. (Simaroubaceae) jly near the Potentillae of Rosaceae. Nevertheless, the
when establishing the genus. Later, De Candolle (1924phanerothetic discoid nectariesRiébersteiniavere very
suggested a position @ebersteiniain ‘Zygophylleae  similar to those found in most Geraniaceae (Link, 1990).
spuriae alternlfo!lae’ and possible affiliations Wlt.h But the presence of anacampylotropous ovules (Kamelina
Rosaceae, Geraniaceae and Rutaceae. It was Endlichghq Konnova, 1990), the lack of a persistent elongated
(1841) who raise@iebersteiniao a family status for the  central column in the ovary and a reduced tegmic seed coat
first time. But Hooker (1875) treated it as a tribe in (Boesewinkel, 1997), and other chemical data (Bate-Smith,
Potentillae in the Rosaceae. However, Boissier (1867) IN1973) distinguistBiebersteiniarom all taxa assumed to
cluded it as a genus of Geraniaceae. In the recent afg related to it.

giosperm systems, Thorne (1992) and Cronquist (1981, In spite of the accumulating molecular data, chromo-
1988) followed Boissier (1867) and Knuth (1912) and treated '

it as a genus of Geraniaceae while Dahlgren (1989) angome information_conti.nues to be important in assess_ing
Takhtajan (1987) recognized it as a family close tOphylogenetlc relationships (Carr et al., 1999). Concerning

; ; : : the karyomorphological data &iebersteiniaonly the
Geraniaceae. Takhtajan (1997) further raised it to an order, e
near Geraniales. Most recently, Bakker et al. (1998) quali9 hromosome numbers Bf multifidaDC. (Aryavand, 1975)

o ; e I g . andB. orphanidisBoiss. (Constantinidis, 1996) were re-
fied its family status and implicated strong affiliation with ported to be x=5. The karyotype, the interphase nuclei,

and the mitotic prophase chromosomes have never been
*Corresponding author. E-mail: ljgdxy@public.xn.gh.cn reported. In the present paper, the chromosome numbers
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of two additional species Biebersteiniavere determined. Table 1. Parameters of mitotic metaphase chromosomes of 2
Furthermore, the karyotype, the resting nuclei and the mispecies irBiebersteinia

totic prophase chromosomes in both species are reportedy,
for the first time. Based on the karyomorphological data;
the systematic position dBiebersteiniais further  B. heterostemon

Relative length  Arm ratio Type

discussed. 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*
Materials and Methods 4 6.51+15.58=22.09 2.39 sm
_ _ 5 7.18+14.91=22.09 2.08 sm*

Roots ofB. heterostemoMaxim. were taken directly
. - o . . . 7 B. odora

from plants in the field at Xining, Qinghai, China. Five " ; 6.98+14.37=21.35 206 sm
seeds oB. odoraSteph. ex Fisch. were collected from Ti- 5 6.59+13.97=20.56 212 sm
bet and germinated in the laboratory. Voucher specimens 3 7.98+12.18=20.16 1.53 m*
are deposited in the Northwest Plateau Institute of 4 5.98+12.77=18.75 2.14 sm
Biology, the Chinese Academy of Sciences (HNWP). The 5 6.36+12.38=18.74 1.95 sm*

roots were pretreated with a mixture of 0.05% colchicine*lndicaﬁng chromosomes with secondary constrictions.

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 andlar to that ofB. heterostemonyas formulated agi210=2m
squashed with Carbol Fuchsin. The karyomorphological2sec)+8sm (2sec), and was also categorized as a 3A type
classifications of the resting and mitotic prophase followedby Stebbins (1971). In some metaphase cells, chromo-
Tanaka (1977, 1971). The chromosomes of more than 28omes were so contracted that secondary constrictions
cells were counted. The parameters of the chromosomesere not readily visible (Figure 1E, G). However, second-
were based on the measurements of 5 cells. The symbadsy constrictions were found in the distal region of the third
for the description of karyotypes followed Levan et al. and fifth pairs of chromosomes in most cells (Figure 1H-
(1964). The symmetry of karyotypes was classified accordt). Parameters of mitotic metaphase chromosomes of 2

ing to Stebbins (1971). species irBiebersteiniaare listed in Table 1. The arm ra-
tios of more than half of the chromosomes in the two spe-
Results cies exceeded 2.0, which indicated the intrachromosomal

asymmetry oBiebersteiniavas very high. However, the

The two species studied were basically similar inchromosome lengths differed little, and the interchromo-
karyomorphology of the interphase nuclei and the mitoticSomal asymmetry was very low. Both the above-men-
prophase chromosomes. In the interphase nuclei (Figuréoned characteristics determined the peculiar karyotype
1A), several darkly stained chromocenters were observedlassification of 3A irBiebersteinia
The chromocenters showed an irregularly protruded rough
surface, which gradually transformed into diffused Discussion and Conclusion
chromatin. The interphase nuclei were categorized as the
simple chromocenter type (Tanaka, 1977, 1971). Inthe mi- Five species oBiebersteiniahave very similar
totic prophase stage (Figure 1B), hetero- and euchromatimorphology. Four specie8(multifida, B. orphanidis, B.
segments were distinguishable, but their boundaries werketerostemoandB. odorg are now known to have the
not clear, and the heterochromatic segments were distritkame chromosome number af=20 (Aryavand, 1975;
uted in the distal and interstitial regions as well as theConstantinidis, 1996 and the present research). Therefore,
proximal regions. Therefore, the prophase chromosomethe basic chromosome numberRiébersteinias appar-
belonged to the interstitial type (Tanaka, 1977). Four chroently x=5.
mosomes had secondary constrictions, and the resulted pg stated in the introductioBiebersteiniavas tradi-

satellites consisted mainly of heterochromatic segmentgonally classified in the Geraniaceae or Geraniales, but
that were obvious at this stage (Figure 1B, arrows). molecular data supported its position in Sapindales (Bakker
Metaphase chromosomesB®f heterostemofFigure et al., 1998). The basic chromosome number is of impor-
1C) were determined to b@=210, ranging in length from tance to determine the systematic position of a taxon at
5.20 um to 6.10 um. The karyotype (Figure 1D) was for-high taxonomic levels (Raven, 1975). The basic chromo-
mulated as 8=10=2m(2sec)+8sm(2sec), belonging to some numbers of main taxa in Geraniales and Sapindales
Stebbins’ 3A type. Secondary constrictions were foundwere summarized and compared with thaBigbersteinia
in the distal region of the third and fifth pairs of chromo- in Table 2 (Table 2, summarized from Darlington and Wylie,
somes (Figure 1C-D), and these often resulted in obviou&955; Cave, 1958-1965; Ornduff, 1967-1969; Moore, 1970-
satellites. Metaphase chromosome®8obdora(Figure  1977; Goldblatt, 1981, 1984, 1985, 1988; Goldblatt and
1E) were also determined to be=20, ranging in length  Johnson, 1990, 1991, 1994, 1996). In the Geraniales, only
from 4.81 um to 5.90 um. The karyotype (Figure 1F), simi-Limnanthaceae shares the same basic chromosome num-
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Figure 1. Microphotographs of chromosomesRikbersteinia. A-D, B. heterostemarE-I, B. odora A, Resting nucleus; B,
Prophase chromosomes; C, Metaphase chromosomes; D, F, Karyotype; E, G, H, Metaphase chromosomes. Arrows indicatin
secondary constrictions on the long arms. Bar=10 pm
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ber of x=5 withBiebersteinia But they are well distin- in Biebersteinia-have never been reported for either
guished in gross morphology, greatly different in Geraniales or Sapindales.

embryology, pollen morphology and anatomy (see \orphologically,Biebersteinias related more closely
Takhtajan, 1997). Up to now, the basic chromosome nuy Sapindales than to Geraniales, becdisbersteinia
ber of x=5 has not been found for the taxa in Sapindales)as compound leaves, a diplostemonous flower, and one
As viewed by Raven (1975) and Hong (1990), the primi-gyyle in each locule. However, the phanerotherothetic-
tive or basic chromosome number of Geraniales at the olgiscoid nectaries iBiebersteiniaare similar to those of
dinal level might be x=7 or 12 while that of Sapindales mightgeraniaceae (Link, 1990) while a distinct nectariferous disc
also be x=7. From the standpoint of basic chromosomexists in Sapindales, which is a potentially important mor-
numbersBiebersteinids related neither to Geraniales nor phological synapomorphy for the Sapindales clade as cir-
to Sapindales. In addition, the karyomorphological com-cymscribed by Gadek et al. (1996). Other than the distinct
bination—such as the resting nuclei of the simple chroyjfference betweeBiebersteiniaandGeraniumfound by
mocenter type, the mitotic prophase chromosomes of thg zte-Smith (1973) through a simple comparison of the
interstitial type, two pairs of chromosomes with obvious chemical constituents, Zhang et al. (1995) separated two
secondary constrictions at the mitotic prophase anchew natural products: quercimeritrin aNeB-methyl-2-
metaphase stages, and the peculiar 3A karyotype foungtenyl urea fronB. heterostemonThe N-3-methyl-2-
butenyl urea or similar chemical products occurrin®in
Heterostemoishow hypotensive, analgesic, and immunity
Table 2. A comparison of the primitive or basic chromosome Stimulating effects and have not been previously reported
numbers ofBiebersteiniaand main taxa of Geraniales and for the angiosperms. The presence of an acampylotropous
Sapindales. ovule (Kamelina and Konnova, 1990), the lack of a persis-
tent elongated central column in the ovary, and a reduced

Taxon Basic chromsome number

tegmic seed coat (Boesewinkel, 1997Biabersteiniaalso

Biebersteinia x=5 distinguish this genus from Geraniales and Sapindales.
Geraniales X=7orx=12 Although molecular data indicated a position in
O’f\'/'dﬁ%eae xflézn SapindalesBiebersteiniahas many autapomorphic sub-
verrnoa T stitutions (Bakker et al., 1998). The karyomorphological
Biophytum x=9 - . -

Oxalis X=5-12 peculiarity fqund in the present study, congruent w!t_h the
Geraniaceae Xx=12 Or X=7 apove—me_nyoneq da_tg, supports .the |soIat.ed position of
Sarcocaulon x=22 Biebersteiniaandjustifies its familiar or ordinal status.
Monsonia x=12 The systematic position of this family or order needs fur-

Erodium x=10 ther study.
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