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Abstract

Caryopteris alternifolia (Ajugoideae, Lamiaceae), a new species from eastern Guangdong, China, is described based 
on morphological and molecular phylogenetic data. Both molecular and morphological evidence indicates that C. 
alternifolia is closely related to C. incana, but it is easily distinguished from the latter by its leaves alternate, mostly 
entire, 1–3 cm long, 0.15–0.4 cm wide and sessile, and cymes with 5 flowers (vs. leaves opposite, dentate, 3–4.5 cm 
long, 0.4–0.8 cm wide and with petioles 0.3–1.7 mm long, and cymes with more than 10 flowers).

Introduction

Caryopteris Bunge (1835: 27) was traditionally placed in Verbenaceae (e.g., Briquet 1895, Chen & Gilbert 1994), but it 
is now assigned within Ajugoideae of Lamiaceae (Cantino 1992a, b, Cantino et al. 1999). Based on morphological and 
chloroplast DNA sequence data, Cantino et al. (1999) recircumscribed the genus, including the establishment of three 
new genera. As a result, species previously comprised in Caryopteris were distributed among six genera, Caryopteris, 
Discretitheca Cantino (1999: 379), Pseudocaryopteris (Briquet 1895: 178) Cantino (1999: 380), Rubiteucris Kudô 
(1929: 297), Schnabelia Handel-Mazzetti (1924: 92), and Tripora Cantino (1999: 380), and only seven species were 
retained in Caryopteris (Cantino et al. 1999, Xiang et al. 2018). All taxa of the genus can be found in China (Xiang et 
al., 2018), but only the most widely distriubted species, C. incana (Thunberg ex Houttuyn 1778: 307) Miquel (1865: 
97), is recorded in Guangdong province, China (Chen & Gilbert 1994).
 During an expedition to Chaozhou city, eastern Guangdong province of China, we collected a distinct specimen 
of Caryopteris with alternate leaves. We transplanted a few living plants to Guangzhou, and grow them to bloom in the 
winter. After comparative morphological study and molecular phylogenetic study based on nuclear DNA sequences, 
we confirmed that these plants represent a new species of Caryopteris, and we describe the distinct new species in the 
present study. Before the discovery of our new species, only Wenchengia Wu & Chow (1965: 250) was known to have 
alternate leaves between the Chinese Lamiaceae.

Material and Methods

Taxon sampling, DNA Extraction, PCR Amplification, and Sequencing—To test the phylogenetic position of 
Caryopteris alternifolia. The ITS and ETS dataset from a previous phylogenetic study of Caryopteris (Xiang et al. 
2018) was re-analyzed. The dataset contained 13 samples of Caryopteris (7 species, including C. alternifolia, which 
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was the only newly sequenced sample in this paper), 2 samples of Trichostema (2 species) and 1 sample of Amethystea 
(see Appendix 1).

FIGuRE 1. BI tree inferred from ITS and ETS sequences. Numbers above and below branches are Bayesian posterior probability (PP) 
and bootstrap values (BS) from ML, respectively. Caryopteris alternifolia sp. nov. is marked with red color.

 Total genomic DNA was extracted from 20–30 mg of silica gel-dried leaf tissue using CTAB Plant Genomic 
DNA Extraction kit (Biomed BeiJing). After checking the quantity of each extraction with Qubit™ 2.0 fluorometer 
(Thermo Scientific, Waltham, MA, USA), the extracted DNA was performed PCR to amplify nuclear ribosomal 
internal transcribed spacer (ITS) and external transcribed spacer (ETS) based on previously published protocols 
(Xiang et al. 2018). Briefly, the 25 μL PCR reactions contained 20 ng of DNA template, 200 μM dNTPs, 0.25 μM each 
primer, 1 U Taq polymerase, 1× Taq buffer. We performed the amplifications using TaKaRa Taq™ (DR001AM; Takara 
Biotechnology Co., Dalian, China) and a PTC-0200 DNA Engine Peltier thermal cycler (Bio-Rad, California, U.S.A.), 
then sequenced on an ABI 3730XL automated DNA sequencer (Applied Biosystems, foster City, California, U.S.A.) 
via Majorbio (Shanghai, China) with the same primers as used for amplification after quality checks. We sequenced 
all regions using forward and reverse primers so that there was at least 70% overlap between reads. Contigs were 
generated by using Vector NTI Contig Express software (Informax, North Bethesda, Md.)
 We aligned sequences in Mafft-win v7.221 (Katoh & Standley 2013) by default, then adjusted manually in BioEdit 
7.1.8 (Hall 1999). The result of partition homogeneity test of ITS and ETS sequences shown that P value is 0.001 
(<0.05), then we concatenated the two sequences with PhyloSuite (Zhang et al. 2019) for subsequent phylogenetic 
analyses.
 Phylogenetic Analysis—Amethystea coerulea Linnaeus (1753: 21) was used as outgroup for all phylogenetic 
analyses. Bayesian Inference phylogenies were inferred using MrBayes 3.2.6 (Ronquist et al. 2012) under partition 
model (4 parallel runs, 20000000 generations), in which the initial 25% of sampled data were discarded as burn-in. 
Maximum likelihood phylogenies were inferred using IQ-tree (Nguyen et al. 2015) under Edge-unlinked partition 
model for 2000000 standard bootstraps. The Bayesian posterior probability (PP) from BI analysis and bootstrap values 
(BS) from ML of each branch was obtained. Nodes with PP≥0.95 (Ronquist & Huelsenbeck 2003) and BS≥75 (Hillis 
& Bull 1993) were considered well supported.

Results

Molecular phylogenetic evidence—The monophyly of the genus Caryopteris is supported in all our analyses (fig.1), 
with maximal support values. The new species is most closely related to C. incana (PP=1; BS=100), then together 
sister to a clade (PP=1; BS=100) composed of remaining species of Caryopteris.
 Morphological evidence—Morphologically, the new species is also most similar with Caryopteris incana, as 
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revealed by molecular phylogenetic analyses. There are two varieties of Caryopteris incana in China (Chen & Gilbert 
1994), i.e. C. incana var. incana and C. incana var. angustifolia Chen & Guo (1982: 213), the type variety is sampled 
for phylogenetic study. 

FIGuRE 2. Caryopteris alternifolia sp. nov. A. habit; B. flowering branch; C. flower in lateral view; D. leaves; E. flowers in front view. 
Scar bar = 1 cm. (Drawn by Bing-Mou Wang based on the type specimen).

 The new species is similar to C. incana var. incana in habit, flower morphology, habitat and distribution. These 
two taxa can be easily distinguished, leaf blades of C. incana var. incana are usually ovate or oblong, and the size 
usually larger (0.8–4 cm wide), margin usually coarsely serrate, and petioles 0.3–1.7 mm long, while leaf blades of 
the new species are usually linear-lanceolate, 1.5–4 mm wide, margin mostly entire, petioles sessile. In fact, the new 
species is most similar to C. incana var. angustifolia in habit, flower morphology, habitat and distribution, but different 
by its leaves alternate, mostly entire, 1–3 cm long, 0.15–0.4 cm wide and sessile, and cyme with 5 flowers (vs. leaves 
opposite, margin dentate, 3–4.5 cm long, 0.4–0.8 cm wide, petioles 0.3–1.7 mm long, and cymes with more than 10 
flowers).
 Additionally, the new species is somewhat similar to C. mongholica Bunge (1835: 28) from northern China by 
having linear-lanceolate leaves, but different by leaves glabrous on both sides, corolla white, lower lobe with 5–8 
small fringes (vs. leaves abaxially densely gray tomentose, corolla blue-purple, lower lobe with more than 10 small 
fringes).

Taxonomic Treatment

Caryopteris alternifolia Y. S. Chen & C. L. Xiang, sp. nov. (fig. 2 & 3)
 Caryopteris alternifolia is most similar to C. incana var. angustifolia, but it is readily distinguished from the 
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latter by its leaves alternate, mostly entire, 1–3 cm long, 0.15–0.4 cm wide and sessile, and cyme with 5 flowers (vs. 
leaves opposite, dentate, 3–4.5 cm long, 0.4–0.8 cm wide, petioles 0.3–1.7 mm long, and cymes with more than 10 
flowers).

FIGuRE 3. Caryopteris alternifolia sp. nov. in flowering state and fruiting state. A. Habit; B. flowering branch; C. a single cyme; D. a 
single flower in lateral view; E. fruting branch; f. pericarp in dorsal view; G. pericarp in ventral view. (photos taken by You-sheng Chen 
from the type specimen).

 Type:—CHINA. Guangdong province, Chaozhou city, Chaoan county, Guihu, Qinglongtan scenic spot, on the 
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rocky bank by a small river, 200–250 m, 1 December 2019, Y.S. Chen & Z.C. Jin 19065 (holotype: IBSC!; isotypes: 
KUN!).
 Evergreen subshrubs 10–20 cm tall, usually branched from base, rarely branched in the middle. Stem cylindric, 
purple-brown, glabrous, 1.2–1.8 mm in diameter. Leaves alternate to nearly spirally arranged, or rarely opposite near 
the top of stem, sessile; blade linear-lanceolate, 1–3 cm long, 1.5–4 mm wide, papery, both surface glabrous, margin 
mostly entire or rarely with 2 very inconspicuous serrations, apex obtuse, base attenuate. Cymes in a panicle-like 
arrange. floral axis 10–20, the lower flowers bloom first and then gradually upward. Cymes axillary, with usually 5 
flowers. Inflorescence peduncle pubescent, 3–5 mm long. Calyx campanulate, 1.8–2 mm long in flowering period and 
3–3.4 mm long in fruiting period, deeply 5-lobed, outside grayish white pubescent; lobes linear to linear-lanceolate, 
1.4–1.5 mm long. Corolla white, papillose in outer surface, 6–7 mm long, short tubed, slightly 2-lipped; tube 2.5–3 mm 
long, upper parts 5-lobed, upper lobes 4, ovate, much smaller, 0.5–0.8 mm long and 0.6–0.9 mm wide, margin entire, 
apex obtuse; the lower lobe much larger (3–3.5 mm long, 0.8–1 mm wide) and sparsely fringed with 5–8 small fringes. 
Stamens and style strongly exserted, straight; Stamens 4; filaments unequal in length, the anterior two 7–8 mm long, 
the posterior two 9–10 mm long, glabrous, white with light blue hue; anthers blue, 2–3 mm long. Style 7–8 mm long, 
white with light blue hue; stigma 2-cleft, 0.3–0.4 mm long. Ovary glabrous. fruit subglobose, glabrous, 1.9–2 mm in 
diameter. Pericarp ovate with winged edges, dorsally pilose, 1.3–1.5 mm long, 0.9–1.1 mm wide.
 Distribution and habitat:—Caryopteris alternifolia is currently known only from two localities in Chaoan 
County, Guangdong Province, China. It grows on rocky river banks at altitude of 200–250 m. The growing environment 
is very poor, so the plant usually grows very slow. Interestingly, the habit is easily to be flooded in summer and suffer 
from drought in winter. This plant blooms and bears fruit in the dry season. It has to be said that this plant has excellent 
flood resistance and drought resistance.
 Phenology:—flowering from December to next year’s January; fruiting from January to March.
 Etymology:—The specific epithet refers to the alternate leaves, which is a very rare character in the Lamiaceae. 
Chinese name: 互叶莸 (hu ye you; meaning alternate leaved Caryopteris).
 Conservation status:—Caryopteris alternifolia is presently known only from two populations in Chaoan county. 
There are no more than 200 individuals in the type locality, where is located in a less formal scenic spot and very close 
to a village. Another population was found by a plant lover, and also grows in rocky riverbanks. It is said that there 
are less than 100 individuals in this population. Because of its special growth environment, the present known two 
populations of C. alternifolia are severely fragmented. On the other hand, because these populations are very close 
human settlements, they are very vulnerable to disturbance and destruction. It should be considered Endangered (EN; 
B2ab, D) because of its small geographic range, few and severely fragmented populations in continuing decline due to 
habitat disturbance, and mature plants less than 250 (IUCN Standards and Petitions Subcommittee 2017).
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Appendix 1. Taxon, GenBank accession numbers (ITS, ETS).

Species
Genbank accession numbers

ITS ETS

Amethystea coerulea Ef508062 Mf801631

Caryopteris alternifolia sp. nov. MN756032 MN746353

Caryopteris forrestii 1 Mf801667 Mf801632

Caryopteris forrestii 2 Mf801668 Mf801633

Caryopteris forrestii 3 Mf801669 Mf801634

Caryopteris forrestii var. minor 1 Mf801670 Mf801635

Caryopteris forrestii var. minor 2 Mf801671 Mf801636

Caryopteris glutinosa Mf801672 Mf801637

Caryopteris incana Mf801673 Mf801638

Caryopteris mongholica 1 Mf801674 Mf801639

Caryopteris mongholica 2 Mf801675 Mf801640

Caryopteris tangutica 1 Mf801676 Mf801641

Caryopteris tangutica 2 Mf801677 Mf801642

Caryopteris trichosphaera Mf801678 Mf801643

Trichostema brachiatum Mf801699 Mf801665

Trichostema dichotomum Mf801700 Mf801666


