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Abstract

Nekemias Raf. (Vitaceae) is a re-defined genus isolated from the traditional Ampelopsis in the grape family of Vitaceae, 
including eight species mainly distributed in eastern Asia, and one in North America. In this study, the leaf epidermis of 
28 samples representing six species of Nekemias and one species from the related genus of Ampelopsis are investigated 
using light microscopy. The results show that the shapes of leaf epidermal cells are polygonal or irregular. The variations 
of anticlinal walls are found commonly among species of Nekemia, especially within N. cantoniensis and N. grossedentata, 
which is probably associated with their habitats. Irregular stomata are found on the abaxial surface. The epidermal hair 
styles are multicellular, single-row on both sides and common in N. cantoniensis, N. grossedentata, and N. rubifolia, not in 
N. chaffanjonii and N. hypoglauca. Our results highlight that the variation of leaf epidermis in Nekemias are possibly related 
to the environment and habitats.

Keywords: anticlinal walls, environmental adaptation, interspecific difference, diversity

Introduction 

Nekemias Raf. (1838:87), as a member of the basal lineage of tribe Ampelopsideae in Vitaceae (Wen et al., 2018), 
is characterized by the pinnately to bipinnately compound leaves, complex axillary buds, and more floriferous than 
the closely related Ampelopsis Michaux(1803:159) (Galet, 1967; Wen et al., 2014). Members of the genus had been 
placed in Ampelopsis sect. Leeaceifoliae, which was recently raised into the generic level based on both morphological 
and phylogenetic evidence (Ren et al., 2011; Soejima & Wen, 2006; Wen et al., 2014; Wen et al., 2007; Zhang et al., 
2015). 
 To date, there are nine species belonging to the genus, which shows a disjunctive distribution between North 
America and eastern Asia (Nie et al., 2012; Wen, 1999). However, only one species, Nekemias arborea (L.) J. Wen & 
Boggan(2014:13), occurs in North America. The eastern Asian members of Nekemias are widespread from tropical 
and subtropical to temperate regions (Chen et al., 2007; Wen et al., 2014). Phylogenetic analyses supported the North 
American species sister to a clade including all from the eastern Asia (Nie et al., 2012). Two lineages were recognized 
within the eastern Asian group, with N. megalophylla (Diels & Gilg) J. Wen & Z.L. Nie(2014:16) and N. hypoglauca 
(Hance) J. Wen & Z.L. Nie(2014:16) forming a clade sister to the remainder (Nie et al., 2012). However, morphological 
evolution in the Nekemias, especially for the eastern Asian taxa, is complex and there are very few morphological 
characters supporting these two lineages (Wen, 2007; Chen & Manchester, 2011). Furthermore, taxonomic classification 
and species identification within the genus mainly rely on vegetative characters, such as leaf morphology.
 Foliar epidermis is one of the most widely considered of all the non-reproductive traits and has been widely used 
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to assist morphological delimitation. This is well documented in botanical literature for infrageneric classification and 
species circumscription (Stace, 1965; Metcalfe & Chalk, 1988; Klich, 2000; Chen et al., 2009; Ullah et al., 2018). 
Increasing attention is paid to leaf epidermal characters aimed at investigating whether the microcharacters are more 
conservative and better taxonomic indicators than the macrocharacters in the delimitation and classification of plants 
(Meng et al., 2016; Nurul-Aini et al., 2014; Stace, 1984). Differences in epidermal characters between and within 
species may be caused by their genetic variation (Liao et al., 2008), changeable habitat environment (Klich, 2000; 
Falcão et al., 2015), or mostly as a result of both them (Nitta & Ohsawa, 1997).
 Ren et al. (2003) has investigated 34 species representing eleven genera of Vitaceae and suggested that 
the microcharacters in the leaf epidermis could provide good evidence for intergeneric classification and species 
circumscription. But no studies have investigated on epidermal characters of Nekemias. In the present study, foliar 
epidermis features of six species of Nekemias are examined and described using light microscopy. Additionally, 
multiple individuals are sampled per species with a wide distribution range, and differences between species are 
compared and their possible systematic implications are discussed in relation to the molecular phylogeny. Therefore, 
the aim of this article is to use foliar epidermis characters for species identification and taxonomy to form a reliable 
classification that corresponds to recent phylogenetic results inferred for Nekemias.

Materials and methods

Mature leaves were taken from 28 herbarium specimens representing all six species of Nekemias from China, except for 
the endemic species N. gongshanensis (Hance) J. Wen & Z.L. Nie (2014:15). We also included Ampelopsis delavayana 
Planch. ex Franch. (1886: 460) as its sister genus. Moreover, multiple individuals throughout the geographic distribution 
including subtropical and temperate areas of China have been sampled for the widely distributed species, such as N. 
cantoniensis (Hook. & Arn.) J. Wen & Z.L. Nie (2014:13), and N. grossedentata (Hand. -Mazz.) J. Wen & Z.L. Nie 
(2014:16) (Table 1).
 Leaf materials were cut from the mid-lamina region and macerated in 1% Jeffrey’s solution (equal volumes of 
10% aqueous CrO3 and 10% HNO3) to obtain the epidermis tissues. Following the treatments of Meng et al.(2016), 
leaf epidermis tissue was stained in a solution of 1% safranin-alcohol (50%), and then dehydrated in an ethanol series 
before being mounted in gum . To check the consistency of epidermal features, at least two leaves were collected for 
each individual, and more than five slides were made from different parts of a single leaf for each taxon. Descriptive 
terminology for leaf epidermia characters follows Fryns-Claessens & Cotthem (1973), Wilkinson (1979), and Baranova 
(1992).
 We also mapped the character states of anticlinal wall types and corresponding habitats to a maximum likelihood 
tree, which was obtained from Chu (2019) with taxa pruned to represent the corresponding taxa with the same vouchers 
investigated in this study. 

Results

All leaf anatomy characters (e.g., epidermal hairs, types of anticlinal wall and stomatal characteristics) of 28 samples 
are shown and illustrated in Table 1 and Figures 1, 2. More than three samples of foliar characteristics were observed 
for each sample.
 A total of 11 individuals were sampled from different areas throughout distribution areas of N. grossedentata. All 
of them share a sinuolate pattern of anticlinal wall on both sides of leaves (Figures 1, 2A–D, F–G, I–K), except for one 
population from Fujian showing sinuate anticlinal walls on the abaxial side and straight on the adaxial side (Figures 1, 
2E), and one from Guangdong with sinuate anticlinal walls on both surfaces of leaves (Figures 1, 2H).
 Seven samples from different areas throughout the distribution range of N. cantoniensis were observed with their 
abaxial anticlinal walls divided into three types (Table 1). Four of them from Guangxi, Guangdong and Fujian are 
shown with straight types (Figures 1, 2L–M, O–P), two from Jiangxi (Figure 1Q) and Guizhou (Figure 1R) appear 
as arched type, and one from Hainan shown as sinuolate type (Figure 1N). The adaxial anticlinal walls also were 
recognized into three types. Four of which were collected from Guangxi (two), Hainan, and Jiangxi are shown as 
sinuolate type (Figure 2L–N, Q), with two from Guangdong and Fujian as straight type (Figure 2O–P) and one with 
arched type from Guizhou (Figure 2Q).
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FIGuRe �. Micrographs of the adaxial leaf of Nekemias and Ampelopsis species. 
A. N. grossedentata (Chu 001); b. N. grossedentata (Chu 007); C. N. grossedentata (Chu 017); D. N. grossedentata (Chu 037); e. 
N. grossedentata (Chu 049); F. N. grossedentata (Chu 051); G. N. grossedentata (Chu 074); H. N. grossedentata (Chu 086); I. N. 
grossedentata (Chu 205); J. N. grossedentata (Chu 226); K. N. grossedentata (Chu 247); l. N. cantoniensis (Chu 002); M. N. cantoniensis 
(Chu 011); M. N. cantoniensis (Chu 015); O. N. cantoniensis (Chu 022); P. N. cantoniensis (Chu 061); Q. N. cantoniensis (Chu 218); R. 
N. cantoniensis (Chu 235); S. N. chaffanjonii (Nie 4536); T. N. chaffanjonii (Nie 4544); u. N. rubifolia (Chu 025); V. N. rubifolia (Chu 
238); W. N. rubifolia (Chu 239); X. N. megalophylla (ZDG 201706); Y. N. megalophylla (Chu 401); Z. N. hypoglauca (Chu 206); Aa. N. 
hypoglauca (Chu 207); Ab. Ampelopsis delavayana (Nie 4438). Scale bar = 50μm.

 The other four species (i.e., N. chaffanjonii (H. Lév. & Van.) J. Wen & Z.L. Nie (2014:14), N. megalophylla, N. 
hypoglauca, and N. rubifolia (Wall.) J. Wen & Z.L. Nie (2014:14)) have the arched type in the anticlinal walls on 
both sides (Figures 1S–Aa, 2S–W, Z–Aa) except N. megalophylla with sinuolate type on adaxial side (Figure 2x–Y). 
Ampelopsis delavayana exhibits the sinuolate type on the abaxial side and the sinuate type on the adaxial side (Figures 
1, 2Ab).
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FIGuRe �. Micrographs of the abaxial leaf of Nekemias and Ampelopsis species.
A. N. grossedentata (Chu 001); b. N. grossedentata (Chu 007); C. N. grossedentata (Chu 017); D. N. grossedentata (Chu 037); e. 
N. grossedentata (Chu 049); F. N. grossedentata (Chu 051); G. N. grossedentata (Chu 074); H. N. grossedentata (Chu 086); I. N. 
grossedentata (Chu 205); J. N. grossedentata (Chu 226); K. N. grossedentata (Chu 247); l. N. cantoniensis (Chu 002); M. N. cantoniensis 
(Chu 011); M. N. cantoniensis (Chu 015); O. N. cantoniensis (Chu 022); P. N. cantoniensis (Chu 061); Q. N. cantoniensis (Chu 218); R. 
N. cantoniensis (Chu 235); S. N. chaffanjonii (Nie 4536); T. N. chaffanjonii (Nie 4544); u. N. rubifolia (Chu 025); V. N. rubifolia (Chu 
238); W. N. rubifolia (Chu 239); X. N. megalophylla (ZDG 201706); Y. N. megalophylla (Chu 401); Z. N. hypoglauca (Chu 206); Aa. N. 
hypoglauca (Chu 207); Ab. Ampelopsis delavayana (Nie 4438). Scale bar = 50μm. 

 The irregular pattern of the stomata is found for all the samples on the adaxial surfaces within Nekemias (Table 
1). The structure of the foliar surface hairs is categorized into three types in Nekemias. The glabrous foliar surface on 
both sides is shown with N. hypoglauca and N. chaffanjonii (Figure 3A, B). The second foliar surface type is sparsely 
pubescent primarily on veins with cone-shaped, apex blunt and papillate hairs in N. cantoniensis (Figure 3C), N. 
grossedentata (Figure 3D), and N. megalophylla (Figure 3E). Ampelopsis delavayana also has this type of hair (Figure 
3F). The third foliar surface type is only found in N. rubifolia, with densely gracile villous hairs only present on the 
adaxial surface (Figure 3G, H).
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FIGuRe �. The hair types of Nekemias and its related species of Ampelopsis. 
A. N. hypoglauca (Chu 206); b. N. chaffanjonii (Nie 4544). C–F: The venations and epidermal cells with sparsely pubescent, C. N. 
cantoniensis (Chu 007), D. N. grossedentata (Chu 001); e. N. megalophylla (Chu 401), F. Ampelopsis delavayana (Nie 4438), G–H: the 
epidermal cells with bending villous. G. N. rubifolia (Chu 238), H. N. rubifolia (Chu 025). Scale bar = 50μm.

 Variations of anticlinal wall are observed and mapped to the maximum likelihood tree to show the correlation 
between the leaf epidermis characters and phylogenetic relationships (Figure 4). The sunny or shady habitat of each 
taxon was also mapped on the tree (Figure 4). We found that the collections growing on the sunny areas of the forest 
edges usually have the sinuate or sinuolate types of anticlinal walls, while those from the shady under forest commonly 
have the straight to arched anticlinal walls (Figure 4).

FIGuRe �. A maximum likelihood tree showing the types of anticlinal wall of both leaf sides and habitats. 

Discussion

Large variations of anticlinal wall are observed within the widespread species of N. cantoniensis and N. grossedentata, 
which may be in connection with their distributions and habitats (Table 1, Figure 4). For instance, samples of N. 
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cantoniensis sampled from tropical regions have the straight type on both sides (Figures 1, 2O–P), while subtropical 
samples have the sinuolate type and those from temperate have the arched type (Table 1). Although the nine populations 
of N. grossedentata show high consistency in having the sinuolate type among different areas (Figures 1, 2A–D, F–G, 
I–K), they commonly grow in sunny slopes near the forest and with poor soil. Only three populations growing in 
shady habitats, show varying degrees of variation on the types of the anticlinal wall (Figures 1, 2E,H). Therefore, the 
differences of anticlinal wall from different areas within Nekemias, especially in N. grossedentata and N. cantoniensis, 
suggest that the intraspecific differences may be caused by the climatic and habitat differences where the species are 
living (Table 1, Figure 4). Moreover, chemical compositions of N. grossedentata vary greatly from different distribution 
areas (xia, 2016).
 Variations of anticlinal wall have been reported in many angiosperm plants, which may be coupled with several 
environment factors, such as elevation, latitude, and also with the temperature, water, and sunshine (Al-Edhari et al., 
2017; Fontenelle et al., 2008; Kaya & Koca, 2003; Meng et al., 2016; Neto et al., 2017). Similar variation patterns of 
the anticlinal wall within N. grossedentata and N. cantoniensis are also observed in other plants, such as Maianthemum 
Wiggers (1780:14) (Meng et al., 2016), Eugenia Linnaeus(1753:616) (Fontenelle et al., 2008), and Kalanchoё pumila 
Baker(1883:139) (Chernetskyy & Weryszko-Chmielewska, 2008). 
 The polygonal epidermis and irregular stomata cells, with straight-arch, sinuolate (rarely sinuate) anticlinal wall 
types in Nekemias species (Table 1) are also consistent with previous findings in Vitaceae (Ren et al., 2003). The 
similar microstructures of the leaf epidermis indicate a close relationship between Nekemias and other genera of tribe 
Ampelopsideae (e.g. Ampelopsis, Clematicissus, Rhoicissus) and tribes Parthenocisseae and Viteae in Vitaceae (Ren 
et al., 2003; Wen et al., 2018). For example, Lu et al. (2012) reported that seven Parthenocissus species also have 
straight-arch, sinuolate anticlinal wall types, with polygonal or irregular epidermis cells. All these genera usually have 
5-merous flowers, mainly distributed in temperate regions (Trias-Blasi et al., 2012; Ren et al., 2011; Soejima & Wen, 
2006; Wen et al., 2018; Wen et al., 2007; Wen et al., 2013; Zhang et al., 2015). The other tribes of Vitaceae (e.g., Cisseae 
and Cayratieae) have 4-merous flowers distributed mainly in tropical regions, and normally have irregular epidermis, 
various patterns of stomata cells (e.g., the hemiparacytic, cyclocytic and staurocytic pattern ), and a sinuolate anticlinal 
wall (Ren et al., 2003).
 Hair is an important appendage on the leaf epidermis, which not only increases the thickness of leaf epidermis 
and decreases transpiration rate, but also defenses from insects, frost, UV-B radiation and mechanical damage (Ishida 
et al., 2008; Johnson, 1975; Serna & Martin, 2006; Yan et al., 2012). The tropical species (e.g., N. grossedentata 
and N. cantoniensis) have sparsely pubescent primarily on veins with cone-shaped, apex blunt and papillate hairs, 
but the temperate species have densely gracile villous hairs only present on the adaxial surface (e.g., N. rubifolia) or 
glabrous(e.g., N. hypoglauca and N. chaffanjonii) (Table 1 and Figure 3). Ampelopsis has a sparsely pubescent leaf 
surface (e.g., Ampelopsis delavayana), and all three types of hairs are found in Nekemias (Figure 3). Therefore, it 
seems that the stabilizing effect of intraspecific characteristics of hair variation show a close relationship to the tropical 
and temperate habitats among Nekemias species.

Conclusion

In the present study, we demonstrated variations of the leaf anatomy of six Nekemias species form China with 
different types of anticlinal walls, epidermal hair structures, and irregular stomata. Particularly, multiple accessions 
from two widespread species of N. grossedentata and N. cantoniensis show a high level of intraspecific variations of 
the anticlinal wall. However, the rest four Nekemias species show consistency of the anticlinal walls on both sides, 
which may be caused by the limited collections to represent their diversity. Although not all variable characters yield 
systematic insights, some of them (e.g., anticlinal wall) are possibly related to environment and habitats. Future work 
with multiple samples from each species to cover the complete distribution are needed to test if the relationships of leaf 
epidermis traits are related to environmental or genetic factors.
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