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Abstract In order to explore the karyotype and evolu-
tionary trend of Clematis and provide taxonomically useful
data, the chromosome number, the number and position of
satellites, the karyotype formulae, the karyotype, arm ratio,
relative length centromeric index, and the index of the
karyotype asymmetry of 11 species of the genus Clematis
were studied. All the analyzed species showed the same
stable chromosome number (2n = 2x = 16) and basic
chromosome number 8. Clematis karyotypes are composed
by metacentric, submetacentric, and terminal centromeric
chromosomes. Clematis lanuginosa, C. otophora, C. lasi-
andra, C. shenlungchiaensis, C. florida var. plena, C. fusca
var. violacea, C. crispa, and C. viticella belong to Type 2A,
a very symmetric and plesiomorphic type. Clematis henryi,
C. integrifolia, and C. japonaca belong to Type 2B, which
is apomorphic relative to the other group. The 11 species of
Clematis are different in karyotype parameters providing
data for the taxonomy of the genus.
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Introduction

The genus Clematis belongs to the family Ranunculaceae
and consists of about 230-355 species including 147 native
species in China, 93 of which are endemic (Wang and
Bartholomew 2001; Wang and Li 2005). Clematis is one of
the most popular climbing plants used in landscapes and
floriculture as a garden or potted plant (Xie et al. 2011).

Regarding Clematis karyotype, Gurignard firstly reported
C. recta with basic chromosome number 8 and then Langlet
(1927) confirmed this conclusion. Meurman and Therman
(1939) found tetraploid, hexaploid, and hybrid ploidy for
Clematis. According to Zhang and He (1990) and Zhang and
He (1991), about 106 species/variations with chromosome
number and species/varieties with diverse karyotypes were
recorded. The evolution of Clematis karyotype showed two
trends: change of chromosome number (including polyplo-
idization and aneuploid) and chromosome structure varia-
tion (Dennis 1976; Gong et al.1985; Dawson 1993).

The taxonomy of Clematis is mainly based on mor-
phological characters. Clematis plays an important role in
the classification of the Ranunculaceae (Scholars had dif-
ferent ideas on the composition of this genus, boundary,
interspecific relationship, etc.) (Tamura 1987; Yang 1998;
Grey-Wilson 2000; Wang and Li 2005).

In this work, we describe the karyotype of ninr Chinese
(C. henryi, C. otophora, C. lasiandra, C. lanuginosa,
C. integrifolia, C. japonica, C. shenlungchiaensis, C. flor-
ida. var. plena, C. fusca var. violacea) and two Container
Nursery species (C. crispa, C. viticella). In particular,
C. henryi, C. otophora, C. lanuginosa, and C. shenlung-
chiaensis are rare and endemic to China (Wang and Bar-
tholomew 2001; Wang and Li 2005). The results are
discussed in the context of the current taxonomy, distri-
bution, and evolution of the family.
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Table 1 Plant materials used in the research

Species Origin Collector Voucher Stored

1. Clematis henryi Oliv. Tianmushan, Zhejiang Liangliang Yu Prof. Ji NFU Greenhouse

2. Clematis otophora Franch. Shenlongjia, Hubei Liangliang Yu Prof. Ji NFU Greenhouse

ex Finet & Gagnep.

3. Clematis lasiandra Maxim. Xingshan, Hubei Liangliang Yu Prof. Ji NFU Greenhouse

4. Clematis lanuginose Lindl. Ningbo, Zhejiang Liangliang Yu Prof. Ji NFU Greenhouse

5. Clematis integrifolia L. Aertaishan, Xinjiang Liangliang Yu Prof. Ji NFU Greenhouse

6. Clematis japonica Thunb. Clematis Container Nursery Liangliang Yu Prof. Ji NFU Greenhouse
(Nanjing, Jiangsu)

7. Clematis shenlungchiaensis M. Y. Fang Shenlongjia, Hubei Liangliang Yu Prof. Ji NFU Greenhouse

8. Clematis florida. var. plena D. Qingyuan, Zhejiang Liangliang Yu Prof. Ji NFU Greenhouse

9. Clematis fusca var. violacea Maxin. Raohe, Heilongjiang Liangliang Yu Prof. Ji NFU Greenhouse

10. Clematis crispa L. Clematis Container Liangliang Yu Prof. Ji NFU Greenhouse
Nursery (Nanjing, Jiangsu)

11. C. viticella L. Clematis Container Nursery Liangliang Yu Prof. Ji NFU Greenhouse

(Nanjing, Jiangsu)

NFU Greenhouse Nanjing Forestry University Greenhouse

Fig. 1 Collection localities of
the 11 species of Clematis in
China. Note The numbers refer
to Clematis species are listed in
Table 1

| 2,7. Shenlongjia, Hubei

3. Xingshan, Hubei

Materials and methods
Materials

Eleven species of Clematis were used in this study; for
each species, five individuals were analyzed totalizing 55
samples. Clematis integrifolia, C. japonica, C. crispa, and
C. viticella were from foreign nursery gardens and others
were domestic wild resources (See Table 1). Localities of
the collections are shown in Fig. 1. Classification and
morphological characters of those materials are in Table 2.
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Method

Root tips (1 cm in length) were excised and immersed in
preconditioning bath (mixture of 2 mM 8-hydroxyquinoline
and 0.02 % colchicine) for 6-8 hat4 °C, fixed in the mixture
of ethanol and acetic acid (3:1) for 16-20 h at 4 °C, washed
in distilled water, and preserved in 70 % ethanol at 4 °C.
Root tips were hydrolyzed in 1 mol'L™" HCI at 60 °C for
10 min and then putin 2 % cellulose for 30-40 min. Squash
preparation was made with carbol fuchsin staining and then
slides were observed and photographed (Li and Chen 1985).
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Table 2 Taxon and characters Species Taxon Habit Leaf Flower

of 11 species of Clematis found

in this study C. henryi Subgenus Viorna Sect. Viorna Climbing  Simple leaf Cyme
C. otophora Subgenus Viorna sect. Viorna Climbing Compound leaf Cyme
C. lasiandra Subgenus Viorna sect. Viorna Climbing Compound leaf Cyme
C. lanuginosa Subgenus Clemati sect. Viticella Climbing Simple leaf Solitary
C. integrifolia Subgenus Viorna sect. Viorna Erect Simple leaf Solitary
C. japonica Subgenus Viorna sect. Viorna Climbing Compound leaf Cyme
C. shenlungchiaensis Subgenus Viorna sect. Viorna Climbing Compound leaf Solitary
C. florida. var. plena Subgenus Clemati sect. Viticella Climbing Compound leaf Solitary
C. fusca var. violacea Subgenus Viorna sect. Viorna Climbing Compound leaf Cyme
C. crispa Subgenus Viorna sect. Viorna Climbing Compound leaf Solitary
C. viticella Subgenus Viorna sect. Viorna Climbing Compound leaf ~ Cyme

Table 3 Karyotype characteristics of 11 species of Clematis

Species Karyotype formula Satellite Percentage Lc/ A. AR NF Type A.CR As.

position of arm Sc (%) k/%
ratio
>2:1/ %

C. henryi 2n = 2x = 16 = 10 m + 4st(2SAT) + 2t 6 37.50 2.02 282 26 2B 34.88  62.07

C. otophora 2n = 2x = 16 = 12 m(2SAT) + 4st 6 25.00 1.79 2.48 28 2A 37.12 6091

C. lasiandra 2n = 2x = 16 = 8§ m + 2sm(2SAT) + 6st 5 37.50 1.80 2.46 26 2A 3440 63.57

C. lanuginosa 2n = 2x = 16 = 10 m(2SAT) + 4st(2SAT) + 2t 5,6 37.50 1.99 3.03 26 2A 3454 62.37

C. integrifolia 2n = 2x = 16 = 10 m +6st(2SAT) 6 37.50 2.61 2.90 26 2B 33.61 62.80

C. japonica 2n = 2x = 16 = 10 m +2sm(2SAT) + 4st 6 37.50 217 2.35 28 2B 36.76  60.56

C. shenlung 2n = 2x = 16 = 12 m(2SAT) +2st + 2t 7 25.00 1.90 2.88 28 2A 3599 61.57

chiaensis
C. florida var. plena 2n = 2x = 16 = 10 m(2SAT) + 2sm + 4st 5 37.50 1.58 2.36 28 2A 35.17 6332
C. fusca var. 2n = 2x = 16 = 10 m(2SAT) + 4sm + 2st 6 37.50 1.57 217 30 2A 38.71 58.99
violacea
C. crispa 2n = 2x = 16 = 12 m(2SAT) +4st 25.00 1.77 1.98 28 2A 38.93  59.57
C. viticella 2n = 2x = 16 = 10 m +4st + 2t(2SAT) 8 37.50 1.91 3.31 26 2A 33.03  63.60

The length of satellite was not included. A. A. R represents the average arm ratio; A. A. C(%)represents the average centromeric index; Lc
represents the longest chromosome; Sc represents the shortest chromosome; As. k/ % represents the index of the karyotypic asymmetry

Fifty metaphase cells were chosen to count the chro-
mosome number, and five clear metaphase cells were
selected for microphotographs. Idiograms were constructed
based on the chromosome lengths and relative arm ratios.
Index of the karyotypic asymmetry and karyotype type
analyses were basically the same as what was respectively
described by Levan et al. (1964) and Stebbins (1971).
Index of the karyotypic asymmetry was represented by
centrometric term inalization value (T.C. for short) as
follows: T.C % = (total length of the long arm of chro-
mosome/total length of chromosome) x 100.

The chromosome characteristics of the 11 species of
Clematis were analyzed by the SPSS 17.0 software (Sta-
tistical Product and Service Solutions) (Liu et al. 2010;
Ebrahim et al. 2012). The statistics created by SPSS
included data as follows: index of karyotype asymmetry,
longest chromosome/shortest chromosome, average arm
ratio, percentage of arm ratio >2:1/ %, centromere index,

satellite presence (satellite presence was quantified as 1; no
satellite presence was quantified as 0), karyotype type (2A
was quantified as 0; 2B was quantified as 1), and chro-
mosome number (2x = 16 was quantified as 0). The initial
data were converted into standard normal distribution.
Then Euclidean distances were calculated, and cluster
analysis was carried out by applying the averaging method.

Results

Karyotype and chromosome number of 11 species
of Clematis

Karyotype descriptions are detailed in Table 3. The mor-
phology of the somatic chromosomes and the karyotype
idiograms is shown in Fig. 1. The 11 species showed the
same number of chromosomes (2n = 2X = 16) and stable
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Fig. 2 Chromosomes (left) and - .
ideograms (right) of 11 species ﬁ, &r)

of Clematis
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base chromosome number (n = 8). All species showed
metacentric (m), submetacentric (st), and terminal centro-
meric (t) chromosomes.

The arm ratios were variable in the different species.
Clematis lanuginose, C. otophora, C. lasiandra, C.
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shenlungchiaensis, C. florida var. plena, C. fusca var. vi-
olacea, C. crispa, and C. viticella belong to Type 2A, a
very symmetric and plesiomorphic type. Clematis henryi,
C. integrifolia, and C. japonica belong to Type 2B, apo-
morphic relative to the other type. Each metaphase in all
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Fig. 2 continued

species had one or two pair of satellites which was located
on different chromosomes. Clematis lanuginosa had two
pair of satellites, while all the others had only one Fig. 2.

Relationship and evolution of the 11 species
of Clematis

According to the theory of Levitzky and Stebbins, in
angiosperms, the chromosome karyotype changes from
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symmetry to the asymmetry in biological evolution.
Species with symmetrical karyotype correspond to the
basal trait, while species with asymmetrical karyotype
usually have derived characters (Stebbins 1971; Desal
et al. 2012). Therefore, we selected average arm ratio
reflecting the karyotypic asymmetry as abscissa and lon-
gest/shortest chromosomes as ordinate in the rectangular
chart and then compared evolution degree of the 11
species (Fig. 3).

C. crispa
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Fig. 3 Scatter diagram of the 11 species of Clematis based on the degree of karyotypic asymmetry

Table 4 Proximity Matrix of 11 species of Clematis using squared euclidean distance

C. hen C. oto C. las C. lan C. int C. jap C. she C. flo C. fus C. cri C. vit
C. hen 0 2.572 1.231 1.033 0.397 0.605 2313 1.625 3.294 3.472 1.355
C. oto 2.572 0 1.796 1.750 3.493 2.153 0.159 1.431 1.595 0.320 2.474
C. las 1.231 1.796 0 0.285 1.762 1.970 1.620 0.32 2.617 2.723 0.474
C. lan 1.033 1.750 0.285 0 1.398 1.837 1.361 0.713 2.618 2.841 0.187
C. int 0.397 3.493 1.762 1.398 0 1.121 2.950 2.478 4.732 4.685 1.588
C. jap 0.605 2.153 1.970 1.837 1.121 0 2.291 1.753 1.826 2.407 2.668
C. she 2313 0.159 1.620 1.361 2.950 2.291 0 1.411 2.161 0.910 1.800
C. flo 1.625 1.431 0.320 0.713 2478 1.753 1411 0 1.513 2.183 0.996
C. fus 3.294 1.595 2.617 2.618 4.732 1.826 2.161 1.513 0 1.325 3.768
C. cri 3.472 0.320 2.723 2.841 4.685 2.407 0.910 2.183 1.325 0 4.032
C. vit 1.355 2474 0.474 0.187 1.588 2.668 1.800 0.996 3.768 4.032 0
C. hen, C. henryi; C. oto, C. otophora; C. las, C. lasiandra; C. lan, C. lanuginosa; C. int, C. integrifolia; C. jap, C. japonica; C. she,
C. shenlungchiaensis; C. flo, C. florida var. plena; C. fus, C. fusca var. violacea; C. cri,C. crispa; C. vit, C. viticella

Relative position of the point in the figure reflects the
asymmetry, apomorphy degree, and the relative relations of
the 11 species of Clematis. The species on the top right of
the figure showed relatively high karyotype asymmetry
with high apomorphy degree. On the contrary, the species
on the bottom left of the figure showed relatively low
karyotype asymmetry with low apomorphy degree.
According to Fig. 3, C. crispa and C. fusca var. violacea
are closer to the bottom left than other species, so they have
lower karyotype asymmetry and belong to the plesiomor-
phic type. Clematis integrifolia, C. lanuginosa, and C. vi-
ticella are placed more on the top or the right of the graph,
reflecting higher karyotype asymmetry, and belong to the
derived type.

Based on the karyotype parameters (Table 3), Euclidian
distances were calculated (Table 4), and clustering analysis
allowed the stablishment of three groups (Fig. 4). The first
group is characterized as karyotype 2A and the lowest index
of karyotypic asymmetry, which comprises four climbing
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species namely C. otophora, C. shenlungchiaensis, C. cri-
spa, and C. fusca var. violacea. The second group is char-
acterized as karyotype 2A and highest index of karyotypic
asymmetry. Three climbing species, C. lanuginosa, C. viti-
cella, C. lasiandra, and C. florida var. plena, comprise this
group. The third group comprises two climbing species (C.
henryi and C. japonica) and one erect species (C. integrifo-
lia), characterized by a normal index of karyotypic asym-
metry and karyotype 2B.

Discussion

In this study, karyotype morphology and chromosome
number of 11 species were reported for the first time. Our
results demonstrate that these species are diploid with a
constant number of chromosomes (2x = 16) basic number
n = 8, which is in agreement with previous reports (Gong
et al. 1985; Zhang and He 1990; Zhang and He 1991).
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Fig. 4 Cluster analysis based
on chromosome morphological

o
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The average arm ratio ranges from 1.80 to 3.31, and the
index of the karyotypic asymmetry ranges from 58.99 to
63.60 %. According to theory of Levitzky and Stebbins, C.
lanuginosa, C. otophora, C. lasiandra, C. shenlungchia-
ensis, C. florida var. plena. D., C. fusca var. violacea, C.
crispa, and C. viticella belong to Type 2A, a very sym-
metrical and basal type. Clematis heneryi, C. integrifolia,
and C. japonanca belong to Type 2B, a derived type.

The taxonomy of Clematis has relied mainly on char-
acteristics of morphology in various classification systems.
In the past years, many scholars carried out extensive
studies on Clematis taxonomy. In this paper, we compared
the status of the 11 species in the available taxonomic
treatments of Clematis classification systems. There are
some incongruences between the results of this paper and
the classification system of Wang and Li (2005). Wang
and Li divided Clematis into four subgenera, 15 sections,
and 355 species. The four subgenera included subgen.
Cheiropsis, subgen. Clematis, subgen. Virona, and subgen.
Atragene. In this paper, according to the cluster analysis,
the 11 species of Clematis are divided into three groups.
The first group belongs to subgen. Virona. In the second
group, C. lanuginosa, C. viticella, and C. florida var. plena
belong to subgen. Clematis. Clematis lasiandra belongs to
subgen. Virona. The third group belongs to subgen. Vi-
rona. Tamura (1995) classification system divides the
genus into four subgenera and 17 sections. Clematis fusca
var. violacea and C. crispa are in one of the subgenera,
and C. florida var. plena and C. viticella are in another
subgenus, which is consistent with the results of the
present study. In the Johnson classification system (1997),

Clematis was divided into 19 sections and 314 species.
Grey-Wilson classification system (2000) recognizes 297
species of Clematis which were divided into nine sub-
genera and 18 sections. In our study, some results were
consistent with the two classification systems. At the same
time, some points were not coherent because the mor-
phological classification focused on certain characters and
ignored the overall degree of similarity or too many sub-
jective factors in the testing process affected the accuracy
of the testing results.

In this paper, we explored the karyotype of 11 Clematis
species and compared them with available taxonomic
treatments. Although this research provided preliminary
cytology evidence for the cytotaxonomy, we need to ana-
lyze more karyotypes to establish a reasonable cytology
classification system which can reflect the relationship
among species of Clematis.
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