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Karyotype differentiation between Koelreuteria
bipinnata and K. elegans ssp. formosana (Sapindaceae)
based on chromosome banding patterns

JUAN D. URDAMPILLETA', MARIA S. FERRUCCI? and ANDRE L. L. VANZELA'*

Departamento de Biologia Geral, CCB, Universidade Estadual de Londrina, 86051-990, Londrina,
Parand, Brazil

2Universidad Nacional del Nordeste-Facultad de Ciencias Agrarias-Instituto de Botdnica del Nordeste,
CC 209, 3400-Corrientes, Argentina

Received January 2005; accepted for publication April 2005

Koelreuteria Laxm., a genus in the tribe Koelreuterieae (Sapindaceae), includes three tree species that are widely
recognized as having horticultural merit. The two more closely related species, K. bipinnata Franch. and K. elegans
(Seem.) A. C. Sm., are easily distinguished from K. paniculata Laxm. by their bipinnate leaves. In this study, both
species were investigated cytogenetically and their karyotypes and heterochromatic patterns were compared.
Koelreuteria bipinnata and K. elegans ssp. formosana (Hayata) F. G. Mey. both have 2n = 32 but their karyotypes
present slight morphological differences when observed using conventional staining. Chromosome banding patterns
are reported for the first time for this genus. Both species exhibit terminal heterochromatic blocks, as revealed by
C-Giemsa and C-CMA;, but the band size varies between the species. Koelreuteria bipinnata has larger heterochro-
matic blocks and more GC-rich segments, while in K. elegans ssp. formosana these bands are smaller. The relation-
ship between the karyotype features in these closely related species is discussed. © 2005 The Linnean Society of
London, Botanical Journal of the Linnean Society, 2005, 149, 451-455.
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INTRODUCTION

The family Sapindaceae is distributed worldwide and
possesses 136 genera with 2000 species. The system-
atic arrangement, as circumscribed by Radlkofer,
1931-34), comprises 14 tribes. Koelreuteria Laxm.
belongs to tribe Koelreuterieae in subfamily Dodonae-
oideae (Radlkofer’s Dyssapindaceae). The tribe, as
defined by Radlkofer (1890; Radlkofer, 1931-34),
includes the genera Stocksia Benth. and Erythrophysa
E. Mey. in addition to Koelreuteria. The genus Sinora-
dlkofera F. G. Mey. was later incorporated into the
tribe because of its possession of features such as
inflated and membranaceous capsules and mono-
symmetrical flowers (Meyer, 1977). Within the Dodo-
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naeoideae, Koelreuterieae presents a plesiomorphic
state in most of its morphological characters (Muller &
Leenhouts, 1976) and is closely related to Cossinieae
and Dodonaeeae (Radlkofer, 1931-34).

Koelreuteria includes three species, native to China,
Taiwan and Fiji, which are found in parks, arboreta
and gardens in many countries, and are cultivated in
Europe, Africa, Australia and the USA (Meyer, 1976).
This genus is separated from the other genera of the
tribe because of its large leaves and paniculiform
inflorescences of yellow flowers. In Argentina only
K. paniculata Laxm. (Parodi, 1980) and K. elegans
(Seem.) A. C. Sm. ssp. formosana (Hayata) F. G. Mey.
(Ferrucci & De Pompert, 1996) have been recorded,
the latter being known in Argentina as ‘soap stick
from China’. Subspecies formosana is distinguished
from the type species by minor details of the leaflet
margins, petiolule length and flowers (Meyer, 1976).
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Until now, cytological studies in Sapindaceae have
concentrated mainly on chromosome number and size
diversity. Reported numbers have varied from 2n = 14
in Cardiospermum integerrimum Radlk. (Ferrucci,
1989) to 2n =96 in Melicoccus lepidopetalus Radlk.
(Ferrucci & Solis Neffa, 1997). The chromosome length
varies from 0.6 to 1.5 um in C. halicacabum L. var.
microcarpum (Kunth) Blume (Hemmer & Morawetz,
1990) and 2.5-6.57 ym in Urvillea laevis Radlk.
(Ferrucci, 1997).

Earlier cytogenetical studies in Koelreuteria have
been based on chromosome number and interphase
nucleus structure. The species possess relatively small
chromosomes, comprising karyotypes with 2n =30
(Huang et al., 1989) and 32 (Hemmer & Morawetz,
1990) in K. bipinnata, 2n = 22 (Bowden, 1945) and 32
(Hemmer & Morawetz, 1990; Ferrucci & De Pompert,
1996) in K. elegans ssp. formosana, and 2n =22
(Bowden, 1945) and 30 (Eichhorn & Franquet, 1936;
Guervin, 1961; Huang et al., 1986) in K. paniculata.
Based on these chromosome counts, the basic numbers
proposed for the genus are x =15 and 16, and the
results of Bowden (1945) being discounted as probable
misidentifications (Ferrucci, 2000).

In the present study the chromosome numbers of
two new South American populations of K. bipinnata
and K. elegans ssp. formosana are reported, together
with an analysis of the interphase nuclei, karyotypes
and heterochromatin patterns of these two closely
related species. Our results are discussed in relation
to previously published data in the light of the current
taxonomy of the genus.

MATERIAL AND METHODS

Seeds of K. bipinnata and K. elegans ssp. formosana
were obtained from specimens cultivated in Argentina
and were grown in a greenhouse at the Laboratoério
de Biodiversidade Restauracdo de FEcossistemas
(LABRE) of the Universidade Estadual de Londrina,
Brazil.

The following voucher specimens are deposited in
the herbarium of the Instituto de Botdanica del Nor-
deste (CTES), Argentina:

K. bipinnata: Argentina, Buenos Aires. Capital Fed-
eral, cultivated in the Jardin Botdnico ‘Carlos
Thays’, 21.iv.2004, Bello s.n., ex BAA 25365.

K. elegans ssp. formosana: Argentina, Corrientes.
Dpto. Capital, cultivated in the Facultad de Ciencias
Agrarias, UNNE, 28.iv.2004, Ferrucci 2119.

Chromosome preparations were made from root tips
pretreated in 2 mM 8-hydroxyquinoline for 4-5 h at
15 °C, fixed in ethanol:acetic acid (3:1, v:v) for 12 h
and stored at —20 °C until use. For conventional anal-
ysis of chromosomes, the HCl/Giemsa technique of

Guerra (1983) was used. C-Giemsa banding followed
Schwarzacher, Ambros & Schweizer (1980) and
C-CMA/DAPI banding followed Schwarzacher & Sch-
weizer (1982), both with some modifications (see Van-
zela et al., 2002). Roots were digested in an enzyme
solution comprising 4% cellulase and 40% pectinase at
37 °C, and were dissected in a drop of 45% acetic acid.
Slides were frozen in liquid nitrogen and the cover
slips removed. They were aged for three days at room
temperature and treated with 45% acetic acid, 5% bar-
ium hydroxide, and 2x SSC, pH 7.0, then stained with
2% Giemsa or aged for three days at room tempera-
ture and sequentially stained with 0.5 mg/mL CMA;
for 1.5h and 2 ug/mL DAPI for 30 min. Samples
stained with Giemsa were mounted with Entellan, but
those stained with the fluorochromes were mounted
in a medium composed of glycerol/McIlvaine buffer
pH 7.0, 1:1 (v:v), plus 2.5 mM MgCl,. The cells were
photographed with Imagelink HQ ASA 25 or T-max
ASA 100, both from Kodak. Analyses were based on
five well-spread metaphase plates for each treatment.

RESULTS AND DISCUSSION

Both K. bipinnata, and K. elegans ssp. formosana pos-
sess bi-compound leaves, a character that separates
them from K. paniculata Laxm., which has compound
leaves. Characteristics of the leaflets distinguish the
species treated here. Koelreuteria bipinnata has
weakly oblique leaflets, acute to shortly acuminate,
opaque above, with secondary veins prominent below,
while K. elegans has strongly oblique leaflets, some-
times caudate, lustrous above and with secondary
veins weakly impressed below (Meyer, 1976).

In the Koelreuterieae, only Koelreuteria has been
analysed cytologically to date. The chromosome counts
for K. bipinnata and K. elegans ssp. formosana showed
2n =32 (Figs 1, 2; Table 1). Our counts for these
species disagree with Huang et al. (1989), who cited
2n = 30 for K. bipinnata (syn K. integrifolia Merr.) and
Bowden (1945), who registered 2n = 22 for K. elegans
ssp. formosana (syn K. formosana). However, we agree
with Hemmer & Morawetz (1990; without citation of
voucher) and with Ferrucci & De Pompert (1996), who
reported 2n =32 for K. elegans ssp. formosana, and
2n = 32 for K. bipinnata (Hemmer & Morawetz, 1990;
also without citation of voucher, see Table 1).

A major difficulty in the analysis of the material is
the high incidence of chromosome adhesion, even after
treatment with antimitotic agents. This feature might
have contributed to the reports of varying chromosome
numbers for these species, e.g. K. bipinnata with
2n =30 (Huang et al., 1989) and K. paniculata with
2n = 30 (Eichhorn & Franquet, 1936; Guervin, 1961;
Huang et al., 1986). The occurrence of different num-
bers might also the result of differing cytotypes or mis-
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Figures 1-8. Interphase nuclei and chromosomes of Koelreuteria. Fig. 1. Mitotic metaphase of K. bipinnata, 2n = 32.
Fig. 2. Mitotic metaphase of K. elegans ssp. formosana, 2n = 32. Fig. 3. C-banded interphase nuclei of K. bipinnata. Fig. 4.
C-banded interphase nuclei of K. elegans ssp. formosana. Fig. 5. Giemsa C-banding in K. bipinnata. Fig. 6. Giemsa C-
banding in K. elegans ssp. formosana. Fig. 7. C-CMA; banding in K. bipinnata. Fig. 8. C-CMA; banding in K. elegans ssp.

formosana. Scale bar =5 pm.

identification of the plants assayed. For instance, the
chromosome counts reported for K. elegans ssp. formo-
sana and K. paniculata, both with 2n =22 (Bowden,
1945), are considered to be erroneous counts.

The basic chromosome numbers proposed for the
genus, and probably for the tribe, are x =15 and 16

(Ferrucci, 2000), which are related through dysploidy
mechanisms. Most of the genera in this family have
diploid numbers between 2n = 28 and 32 (Hemmer &
Morawetz, 1990). According to the available data,
x =14, 15 and 16 occur more frequently. Considering
that x = 7 is probably the primitive base number in the
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Table 1. Chromosome and karyotype features of Koelreuteria species

% He  Interphase C-Giemsa
Species 2n  TCL (um) BN (o) nucleus band C-CMA; References
K. bipinnata 30 Huang et al. (1989).
32 Hemmer & Morawetz (1990).
32 1.05-0.62 12 29.03  Areticulate +++ 12 This paper
(26.14) (0.70) terminal ++
K. elegans 22 Bowden (1945).
ssp. formosana 32 Hemmer & Morawetz (1990)
Ferrucci & De Pompert (1996)
32 0.98-0.61 12 21.18  Areticulate + 12 This paper
(24.83) (0.46) terminal +

K. paniculata 22
30

Bowden (1945)

Eichhorn & Franquet (1936)
Guervin (1961)

Huang et al. (1986)

TCL, total karyotype length; BN, band numbers; %Hc, percentage of heterochromatin per diploid complement.

family (Ferrucci, 1989), the other numbers would have
been derived by polyploidy and aneuploidy. The basic
number x =16 in the tribe Koelreuterieae would
represent a plesiomorphic character shared with
Cupanieae, Harpullieae, Lepisantheae, Melicocceae,
Nephelieae, Sapindeae, Schleichereae and
Thouinieae.

Conventional staining showed that karyotypes have
similar characteristics, with small chromosomes vary-
ing gradually from meta- to submetacentric (Table 1;
Figs 1,2). The studied species show great similarity in
their interphase nucleus structure, which is always
areticulate, in agreement with Eichhorn & Franquet
(1936) and Guervin (1961). Koelreuteria bipinnata has
a larger number of chromocentres, between 10 and 12
per nucleus, which can fuse to form circular chro-
mocentres. Koelreuteria elegans ssp. formosana has a
variable number of 6-10 chromocentres, which can be
fused in threes or fours (Figs 3, 4). Koelreuteria shows
the generally accepted correlation between interphase
nucleus structure and chromosome size (Nagl, 1979).

The Giemsa-C banding revealed heterochromatin
distribution pattern differences between the studied
species. While K. elegans ssp. formosana presented
terminal bands of different size in the short arms of
four chromosome pairs (Fig. 6), K. bipinnata showed
major terminal blocks in short arms of six chromo-
some pairs (Fig. 5).

In contrast, K. bipinnata had strongly Giemsa-
positive bands, almost as long as the short arms. The
larger size of heterochromatic blocks observed in
mitotic chromosomes was correlated with the larger
number of chromocentres observed in this species
(Figs 3, 5).
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Figure 9. C-CMA; idiograms of Koelreuteria. A,
K. bipinnata. B, K. elegans ssp. formosana.

The C-CMA; banding revealed, in both species,
bands in six chromosome pairs, which appeared
mainly as terminal GC-rich blocks in the short arms.
Koelreuteria bipinnata exhibited C-CMA; blocks
larger than those of K. elegans ssp. formosana,
occupying about 29% (Fig. 7) and 21% (Fig. 8) of total
karyotype length, respectively. This difference is
demonstrated in Figure 9. Additionally, these GC-rich
blocks are coincident with the C-Giemsa banding pat-
tern and to some terminal blocks associated with sec-
ondary constrictions (Figs 7, 8). DAPI bands were not
detected in either species, indicating the absence of
AT-rich heterochromatin, at least with the use of this
technique.

The chromosome banding showed that heterochro-
matic blocks found in K. bipinnata and K. elegans ssp.
formosana were not distributed randomly (Guerra,
2000). Heterochromatic bands usually appear in equi-
distant or equilocal positions in the chromosome com-
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plement, but preferentially in the terminal regions.
The heterochromatic pattern observed in both species,
with GC-rich heterochromatin distributed preferen-
tially in terminal positions, suggests that both species
share the same repetitive DNA family. The isolation
and characterization of these repeated segments
would be an interesting research area. Koelreuteria
bipinnata and K. elegans ssp. formosana are closely
related species and their karyotypes observed by
conventional Giemsa staining also showed a close
similarity. Differences between them were detectable
only with fluorochrome staining. Nevertheless, the
band size and number differences found between
K. bipinnata and K. elegans ssp. formosana were
clearly associated with morphological differences pre-
sented by these species. The karyotype variations are
important not only as a source of genetic variability,
but also because they represent an important micro-
morphological feature for this plant group. The results
obtained in this work support the affinities of both
species, but reveal that changes in karyotype struc-
ture and heterochromatin patterns have occurred,
features that are frequently associated with species
differentiation.

ACKNOWLEDGEMENTS

We thank Gabriel Rua for supplying the Koelreuteria
bipinnata seeds used in this work, Lic. Ernestina
Galdeano for improving the English version and the
Brazilian agencies CAPES and ProPPG-UEL for
financial support.

REFERENCES

Bowden WM. 1945. A list of chromosome numbers in higher
plants. II. Menispermaceae to Verbenaceae. American Jour-
nal of Botany 32: 191-201.

Eichhorn A, Franquet R. 1936. Numération chromosomique
et évolution nucléaire chez le Koelreuteria paniculata.
Comptes Rendus Hebdomadaires des Séances de ’Académie
des Sciences 202: 1609-1611.

Ferrucci MS. 1989. Cromosomas en Cardiospermum y
Diplokeleba (Sapindaceae), significado taxonémico y evolu-
tivo. Bonplandia 6: 151-164.

Ferrucci MS. 1997. El nimero cromosémico de Urvillea laevis
(Sapindaceae). Bonplandia 9: 305-306.

Ferrucci MS. 2000. Cytotaxonomy of Sapindaceae with spe-
cial reference to the tribe Paullinieae. Genetics and Molecu-
lar Biology 23: 941-946.

Ferrucci MS, De Pompert M. 1996. Nueva cita de Sapin-
daceae cultivada: Koelreuteria elegans subsp. formosana.
Bonplandia 9: 25-27.

Ferrucci MS, Solis Neffa VG. 1997. Citotaxonomia de Sap-
indaceae sudamericanas. Boletin de la Sociedad Argentina
de Botdnica 33: 77-83.

Guerra MS. 1983. O uso do Giemsa em Citogenética Vegetal:
comparagdo entre a coloragdo simples e o bandeamento.
Ciéncia e Cultura 35: 190-193.

Guerra MS. 2000. Patterns of heterochromatin distribution in
plant chromosomes. Genetics and Molecular Biology 23:
1029-1041.

Guervin C. 1961. Contribution a 1’étude cyto-taxinomique des
Sapindacées et caryologique des Mélianthacées et des
Didiéréacées. Revue de Cytologie et de Biologie Végétales 23:
49-87.

Hemmer W, Morawetz W. 1990. Karyological differentiation
in Sapindaceae with special reference to Serjania and Car-
diospermum. Botanica Acta 103: 372—-383.

Huang S-F, Chen Z-Y, Chen S-J, Qi Q-Y, Shi X-H. 1986.
Plant chromosome counts (2). Subtropical Forest Science and
Technology 3: 41-417.

Huang S-F, Zhao Z-F, Chen Z-Y, Huang X-X. 1989. Chro-
mosome counts on one hundred species and infraspecific
taxa. Acta Botanica Austro Sinica 5: 161-176.

Meyer FG. 1976. A revision of the genus Koelreuteria (Sapin-
daceae). Journal of the Arnold Arboretum 57: 129-166.

Meyer FG. 1977. Sinoradlkofera: a new genus of Sapindaceae.
Journal of the Arnold Arboretum 58: 182—188.

Muller J, Leenhouts PW. 1976. A general survey of pollen
types in Sapindaceae in relation to taxonomy. In: Ferguson
IK, Muller J, eds. The evolutionary significance of the exine.
Linnean Society Symposium Series 1. London: Academic
Press, 407-445.

Nagl W. 1979. Condensed interphase chromatin in plant and
animal cell nuclei: fundamental differences. Plant Systemat-
ics and Evolution (suppl.) 2: 247-260.

Parodi LR. 1980. Enciclopedia Argentina de Agricultura y
Jardineria 1, 3rd edn (actualizada por, M J Dimitri). Buenos
Aires: Acme.

Radlkofer L. 1890. Ueber die Gliederung der Familie
der Sapindaceen. Sitzungsberichte der mathematisch-
physikalischen Classe der koniglichen bayerischen Akade-
mie der Wissenschaften. Zu Miinchen 20: 105-379.

Radlkofer L. 1931-34. Sapindaceae. In: Engler A, ed. Das
Pflanzenreich (4)165: 1-1539. (Weinheim: Verlag von H. R.
Engelmann/J. Cramer, 1965.)

Schwarzacher T, Schweizer D. 1982. Karyotype analysis
and heterochromatin differentiation with Giemsa C-banding
and fluorescent counterstaining in Cephalanthera (Orchi-
daceae). Plant Systematics and Evolution 141: 91-113.

Schwarzacher T, Ambros P, Schweizer D. 1980. Applica-
tion of Giemsa banding to orchid karyotype analysis. Plant
Systematics and Evolution 134: 293-297.

Vanzela ALL, Ruas CF, Oliveira MF, Ruas PM. 2002.
Characterization of diploid, tetraploid and hexaploid Helian-
thus species by chromosome banding and FISH with 45S
rDNA probe. Genetica 114: 105-111.

© 2005 The Linnean Society of London, Botanical Journal of the Linnean Society, 2005, 149, 451-455





