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Two new tetraploid quillwort species, Isoétes longpingii
and 1. xiangfei from China ( Isoétaceae)

SHU Jiangping"*, GU Yufeng"’, OU Zhiguo*, SHAO Wen’, YANG Juan®, LU Qiyong®,
ZHANG Xianchun’, LIU Baodong’, WANG Ruijiang’*, YAN Yuehong'"

(1. Key Laboratory of National Forestry and Grassland Administration for Orchid Conservation and Utilization, the Orchid Conservation & Research
Center of Shenzhen, Shenzhen 518114, Guangdong, China; 2. Key Laboratory of Plant Resources Conservation and Sustainable Utilization, South
China Botanical Garden, Chinese Academy of Sciences, Guangzhou 510650, China; 3. Life Science and Technology College, Harbin Normal
University, Key Laboratory of Plant Biology in Colleges of Heilongjiang Province, Harbin 150025, China; 4. Hunan Shangjie Instrument Co.
Lid. , Changsha 410000, China; 5. Shanghai Chenshan Botanical Garden, Shanghai Chenshan Plant Research Center, Chinese Academy of
Sciences, Shanghai 201602, China; 6. Tongdao Dong Autonomous County Forestry Bureaw, Huaihua 418500, Hunan, China; 7. State
Key Laboratory of Systematic and Evolution Botany , Institute of Botany, Chinese Academy of Sciences, Beijing 100093, China )

Abstract: Two new tetraploid quillwort species, Isoéies longpingii and I. xiangfei, from China are described and
illustrated. 1. longpingii is a fully submerged plant found in a small pond of Hunan Province. It is morphologically similar
to I. sinenstis, but differs in its small and tuberculate-cristate megaspores and soft slender leaves that grow up to 60 cm. It
is also similar to hexaploid I. orientalis, but differs in its 44 chromosomes and tuberculate-cristate megaspores. I. xiangfei
is most similar to diploid . yunguiensis in megaspore ornamentation, but differs in its microspore ornamentation, oblong
sporangium, and 44 number of chromosomes. There are a few individuals of I. longpingii found in Ningxiang City of
Hunan Province, and I. xiangfei is distributed in the wetlands of Tongdao and Huitong counties of Hunan
Province. Because of their limited geographic ranges, small populations, fewer individuals and disturbed habitats,
I. longpingii and I. xiangfei are evaluated as critically endangered (CR) and vulnerable (VU) category, respectively,
according to the IUCN Red List criteria. A key to all the current known Chinese quillworts is also provided for further
taxonomic identification and conservation of these rare and endangered plants in China.
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Isoétes L. (1753 1100) is the only extant genus of
the family Isoétaceae, with an extensive fossil record
dating from the Devonian Period (Pigg, 2001; Wang et
al., 2019) to rapid diversification in the Cenozoic Era
(Pereira et al., 2017b, 2021; Wood et al., 2020). The
genus contains about 250 species, widely distributed
from tropical to subarctic regions, and grows in various
habitats in most parts of the world (PPGI, 2016; Troia
et al., 2016). However, many Isoéles species have
restricted habitats and small populations, putting them
at risk of extinction (Kang et al., 2005; Liu X et al.,
2005; Gentili et al., 2010; Troia et al., 2016; Brunton &
Troia, 2018; Singh et al., 2021 ). Interestingly,
hybridization and polyploidization frequently occur in
Isoétes, and more than half of the known species are
polyploid ranging from tetraploid to dodecaploid
(Hickey, 1984; Taylor & Hickey, 1992; Liu et al.,
2004; Kim et al., 2010; Pereira, 2015; Troia et al.,

2016; Grigoryan et al., 2020). Although this ancient

genus is widely distributed in various habitats and has a
complex evolutionary history, its simple morphology —
a tuft of linear sporophylls on the lobed rootstock — are
remarkably similar among species, making interspecific
identification difficult (Taylor & Hickey, 1992; Troia et
al., 2016). Isoétes species are mostly distributed in
America, southern Europe, Africa and Australia, with
relatively few species in Asia ( Troia et al., 2016;
Pereira et al., 2017b, 2021; Brunton & Troia, 2018;
Choi et al., 2018; Singh et al., 2021). The Isoetes
species diversity in Asia is probably underestimated,
and many cryptic species may not be identified
(Schafran, 2019).

Characteristics such as habitat, velum, ligule,
megaspore size and texture, chromosome count, and
DNA sequences are generally employed to distinguish
species of Iso¢tes (Hickey, 1986; Pereira, 2015; Troia
et al., 2016); however, the characteristics of leaf

morphology and anatomy are influenced by local
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environmental conditions (Liu et al., 2006; Cavalheiro-
Filho et al., 2021; Singh et al., 2021). Several species
have recently been described and illustrated around the
world (Mora-Olivo et al., 2016; Schafran et al., 2016;
Pereira et al., 2016, 2017a, 2019; Li et al., 2019; Lu
et al., 2021). In China, seven species — I. yunguiensis
Q. F. Wang & W. C. Taylor, I hypsophila Hand. -
Mazz., I. taiwanensis De Vol, I. shangrilaensis X. Li &
Y.Q. Huang, I. baodongii Y. F. Gu, Y. H. Yan & Yi
J. Lu, L sinensis T. C. Palmer and 1. orientalis H. Liu &
Q.F. Wang — have been reported ( Handel-Mazzetti,
1923; Palmer, 1927; De Vol, 1972; Wang et al.,
2002; Liu H et al., 2005; Zhang & Taylor, 2013; Li et
al., 2019; Lu et al., 2021).

We conducted several field surveys of the genus in
China and collected some tetraploid samples (2n=4x=
44) previously considered as I. sinensis (2n=4x=44)
with morphological and anatomical variation (Liu et al.,
2004 ; Liu et al., 2006; Dai et al., 2020, 2021). By
comparing morphological features and spore textures,
these samples from Ningxiang City and Tongdao County
in Hunan Province were found to be different from
I. sinensis. In addition, our plastid phylogenomic

analysis  indicated that these samples formed
monophyletic clades, which did not cluster together
with . sinensis. The sample from Ningxiang City, here
named I. longpingii, is similar to I. orientalis (2n=6x=
66) on megaspore ornamentation and that from
Tongdao County, here named 1. xiangfer, is similar
to I. yunguiensis (2n=2x=22) on megaspore ornamen-
tation. These two new species are described and

illustrated in the present study.

1 Materials and Methods

Isoétes species possess prominent spore morpholo-
gical characteristics, and the spore ornamentation
terminology established by Hickey (1986) was used in
the present study. Megaspores and microspores of
samples were examined under a scanning electron
microscope. Spores were mounted on a double-sided
adhesive tape attached to metal stubs, sputter-coated
with platinum, and observed under a field emission

scanning electron microscope ( Quanta 250; FEI,

Hillsboro, Oregon, U.S.A.) at 30 kV. Megaspore
and microspore sizes from 3 — 5 individuals were
measured using Photoshop CS5 ( Adobe Systems Inc. ,
USA).

To determine the chromosome number, young root
tips of the sporophytes were pretreated in a saturated
aqueous solution of p-dichlorobenzene for 3—5 h and
subsequently fixed in Carnoy’s solution (1 : 3, glacial
acetic acid : 95% ethanol ) for 1 h at 4 .
Subsequently, the samples were hydrolyzed with a
mixture of 3% cellulase and 2.5% pectinase for 10 min
at room temperature. They were then stained with carbol
fuchsin. The chromosomes of the samples were counted
and photographed using a Carl Zeiss Axio Scope Al

photomicroscope (Jena, Germany).

2  Taxonomic Treatment

2.1 Isoétes longpingii Y.H. Yan, Y.F. Gu & J.P. Shu
(Fig. 1, Fig. 3. A-D)

Diagnosis: — Isoétes longpingii is similar to
L. sinensis, but differs in its small megaspores (310-410
pm, mean = 350 pwm, n=20), sparsely tuberculate-
cristate [ vs. larger ( mean 410 pm ), densely
tuberculate-cristate ] and bilobed rhizome corms ( vs.
trilobed in I. sinensis). It is also similar to hexaploid
L. orientalis, but differs in its megaspores tuberculate-
cristate, and 44 chromosomes (vs. 66 in I. orientalis)
(Fig. 3, Fig. 4, Table 1).

Type; — CHINA. Hunan Province, Changsha City,
Ningxiang City, Yujia’ ao Village, 28°14'27.91" N,
112°17'44.86" E, alt. 131 m, June 15, 2019. Zhiguo Ou

YYHI15160 ( holotype, PE! barcode 02347221;
isotype: NOCC!, IBSC!).
Description: — Plants aquatic. Rhizome corms

2-lobed. Sporophylls: widely spreading, 40-60 in a
tuft, white at base, green above, spirally arranged, 20—
60 cm long, ca. 1 mm wide, flattened on the adaxial
side, rounded on the abaxial side, base flat and alate,
peripheral fibrous bundles present, central intrastelar
canal 4. Sporangia: basal, obovate, 3.5-4.5%x2.5-3.0
mm. Ligule; cuniform, 2.3-2.6x1.1-1.3 mm. Mega-
spores; white when dry, earthy yellow when wet, 310—
410 pm (mean=350 wm, n=20) in diameter, proximal
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Table 1  Spore features of Isoétes from China
Number Megaspore Microspore
Species of
chromosomes Ornamentation Ornamentation Size

L. hypsophila* 2n=2x=22 Levigate 290-400 pm ( mean=358 pum) Echinate 19-25 pm (mean=22 pum)
I. shangrilaensis 2n=2x=22 Tuberculate-rugulate 207.25-273.09 pm (mean=244.71 pm) Echinate-cristate  11.21-23.66 pm (mean=19.41 pm)
L. yunguiensis* 2n=2x=22  Cristate-reticulate 340-430 pm (mean=390 wm) Levigate-granulate 20-25 pm (mean=22 pum)
I taiwanensis*  2n=2x=22  Tuberculate-cristate 280-340 pm (mean=312 pm) Echinate 20-28 wm (mean=24 pm)
1. sinensis* In=dx=44 Cristate 340-450 wm (mean=409 wm) Echinate 23-32 pm (mean=28 pm)
I. orientalis* 2n=6x=66  Cristate-reticulate 350-460 wm (mean=420 pm)  Echinate-tuberculate ~ 20-38 wm (mean=34 wm)
I baodongii  2n=2x=22  Echinate-cristate 390-510 pm (mean=450 pm) Echinate 22-27 pm (mean=25 pm)
I longpingii  2n=4x=44 Tuberculate-cristate  310-410 pm ( mean=350 wm) Echinate 27-30 pm ( mean=29 pm)
I xiangfei 2n=4x=44  Cristate-reticulate  390-450 pm (mean=430 pm) Tuberculate 26-28 pm (mean=27 pm)

Note ; * Cited from Liu et al.(2008). Datas of I. shangrilaensis and I. baodongii are cited from Li et al.(2019) and Lu et al.(2021), respectively.

hemisphere tuberculate, distal hemisphere echinate-
cristate. Microspores: gray en masse, elliptic, vertical
axis length 27-30 wm (mean=29 pm, n=20) , surface
echinate. Chromosome numbers 2n=4x=44.

Distribution: — Ningxiang City, Changsha City,
Hunan Province.

Ecology: — Submerged in a small pond; alt.
131 m.

Etymology: — The specific epithet “longpingii”
is derived from the name of the late Prof. YUAN
Longping, who devoted his entire life to hybrid rice
research in Changsha City ( where the species was
discovered ) and greatly contributed to global food
security and poverty alleviation ( Wang, 2021).

IUCN Red List category: — A

population of about 10 individuals is found in only one

single

location in Yujia’ ao Village, Ningxiang City, Hunan
Province. Isoétes longpingii is critically endangered
(CR) [Ala; B2ab(iv)c; C2a(ii); D(2)] according
to the Red List Categories and Criteria (IUCN, 2022).
2.2 Isoétes xiangfei Y.H. Yan, Y.F. Gu & J.P. Shu
(Fig. 2, Fig. 4. A-D)

Diagnosis: — Isoétes xiangfei is a tetraploid,
morphologically similar to the diploid 1. yunguiensis and
the tetraploid I. sinensis in megaspore ornamentation,

but differs in its less reticulate, lower megaspore

ornamentation, and densely low-tuberculate ( vs.

sparsely tuberculate-echinate ) microspores ( Fig. 3,
Fig. 4, Table 1).

Type: — CHINA. Hunan Province; Huaihua City,
County, 26°14'56.82" N, 109°50'0.33" E,
alt. 298 m, December 28, 2019. Juan Yang Fern08928
(holotype : PE! barcode 02347220; isotype: NOCC!,
IBSC!).

Description: — Plants aquatic. Rhizome corms

Tongdao

3-lobed. Sporophylls 20-60 in a tuft, widely spreading,
white at the base, green above, spirally arranged, 15-35
cm long, 2—3 mm wide, flattened on the adaxial side,
rounded on the abaxial side, base flat and alate,
peripheral fibrous bundles present, central intrastelar
canal 4. Sporangia; basal, oblong, 4.4-5.0x2.9 -
3.3 mm. Ligule: oval triangle, 2.5-2.7x1.4-1.6 mm.
Megaspores: white when dry, earthy yellow when wet,
390-450 pm (mean=430 pm, n=20) in diameter;
proximal hemisphere cristate, distal hemisphere reticulate.
Microspores : gray en masse, elliptic, monolete, vertical
axis 26 — 28 wm (mean =27 pum, n =20), surface
echinate. Chromosome numbers 2n=4x=44.

Distribution: — Tongdao and Huitong counties,
Huaihua City, Hunan Province.

Ecology: — Wetlands and small gullies; alt.
298 m.
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A. Habitat; B. Micr

of rhizome (2-lobed).

Fig. 1

Etymology : — The specific epithet “xiangfei” is
derived from the name of Xiangfei, who are two
respectable goddesses of the Xiangjiang River in Hunan
Province, where the aquatic plant was discovered.
“Xiang” is the name of the longest river in Hunan

Province, and “fei” is the wife of the king in

Chinese. Xiangfei, two sisters, married the legendary

rangium; C. Megasporangium; D. Chromosomes

500 pm

n=4x=44) ; E. Transection of leaf base; F. Ligule; G. Transection

Morphological and anatomic characteristics of Isoétes longpingii Y.H. Yan, Y.F. Gu & J.P. Shu

King Shun at the same time.

IUCN Red List category: — Isoétes xiangfei is
found in Tongdao and Huitong counties, Hunan
Province. There are about 200 individuals, which are
well conserved by the local forestry department. It is
vulnerable (VU) [ B2ab (iii); C2a(i)] according to
the Red List Categories and Criteria (IUCN, 2022).
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3 mm
N

400 pm

A. Habit; B. Plants with wide wing at the base of leaf; C. Microsporangium; D. Megasporangium; E. Ligule; F. Transection of rhizome
(3-lobed) ; G. Transection of leaf base; H. Chromosomes.

Fig. 2 Morphological and anatomic characteristics of Isoétes xiangfei Y.H. Yan, Y.F. Gu & J.P. Shu

3 Keys to Isoétes of China

(1) Individual diploid. «e«esseeesseeemmmmemme e (2)
(1) Individual Polyploid. «+ssseereererrrrreetttiniiiiiii (6)
(2) Megaspore levigate or just tuberculate-regulate. «==+sssssseseeeeererrrerrnriiiiiiii (3)
(2) Megaspore with various types of OINAMENLAtion. ««+++sssssssesseesereernreerniiitiriiii s (4)
(3) Leaves 2—5 cm long, microspores echinate. ««««««««««sseeeemmmmmmmmmmimi 1. hypsophila
(3) Leaves 3—18 cm long, microspores echinate to cristate. ««e«sseesereroseeeii.. L. shangrilaensis

(4) Megaspore tuberculate-cristate, just distributing in Taiwan. -«-«-ccoceeeereereiiii. L. taiwanensis
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100 pm 100 pm 10 ym 10 pm

10 pm

100 pm - 10 pym

A-D. Isoétes longpingii (YYH15160. A. Proximal view of megaspore; B. Distal view of megaspore; C. Proximal view of microspore; D. Distal
view of microspore). E-H. I sinensis from China [ cited from Liu et al. (2008). E. Proximal view of megaspore; F. Distal view of megaspore ;
G. Proximal view of microspore; H. Distal view of microspore ]. I-L. I. sinensis from Japan [ cited from Watanabe et al. (1996). L. Proximal
view of megaspore; J. Distal view of megaspore; K. Proximal view of microspore; L. Distal view of microspore ]. M=P. I. sinensis from Korea
[ cited from Takamiya (2001). M. Proximal view of megaspore; N. Distal view of megaspore; O. Proximal view of microspore; P. Distal view

of microspore ] .

Fig. 3 Palynological comparison between Isoétes longpingii and I. sinensis

(4) Megaspore echinate or cristate-Teticulate. ««++s«+-seessessresstermtrmtntent ettt et (5)
(5) Microspore echinate, distributing in Zhejiang. «««««------sssssssermmmmmmmmmriararni L. baodongii
(5) Microspore levigate-granulate, distributing in Yunnan and Guizhou. «-ecceeeeeeeeeeeeiiiin.. 1. yunguiensis
(6) Leaves ca. 1 mm wide at mid-length. ««--sseeeremmmmmmmmniaiii i (7)
(6) Leaves 2—3 mm wide at mid-length. ««-----esssesmmmmmmemmmiiii 1. xiangfei

(7) Megaspore ornamentation cristate-reticulate, chromosome numbers 66. ««-eteeeeeerereeneiein.. 1. orientalis



1630 L]

7 2%

100 pm

10 pm

10 pm

10 pm 10 pm

A-D. Isoétes xiangfei (Fern08928. A. Proximal view of megaspore; B. Distal view of megaspore; C. Proximal view of microspore; D. Distal

view of microspore). E-H. I. yunguiensis (YYH15163. E. Proximal view of megaspore; F. Distal view of megaspore; G. Proximal view of

microspore; H. Distal view of microspore ). I-L. I. orientalis ( Fern08748. 1. Proximal view of megaspore; J. Distal view of megaspore;

K. Proximal view of microspore; L. Distal view of microspore ).

Fig. 4 Palynological comparison between Isoétes xiangfei, I. yunguiensis and I. orientalis

(7) Megaspore without reticulate ornamentation, chromosome numbers 44, ««eceveeveeeriiiiiii... (8)
(8) Rhizome 2-lobed, megaspore 310-410 pm (mean=350 pum). «=cseeeeeeeeererreeieiii.. 1. longpingii
(8) Rhizome 3-lobed, megaspore 340-450 pm (mean=409 pum). ««oeceeeeeerrerer L. sinensis
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overlooked rosette-forming resurrection
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Abstract: A new species, Selaginella pseudotamariscina X. C. Zhang & C. W. Chen ( Selaginellaceae) , is described
from Vietnam. The placement of this species within Selaginella subg. Stachygynandrum is assessed based on molecular
phylogenetic analyses and morphological comparisons with related species. Molecular phylogenetic analyses suggest that
S. pseudotamariscina is sister to S. digitata-S. imbricata clade. Morphologically, the new species is similar to S.
tamariscina and S. pulvinata by sharing the rosette-forming habit, but distinguished by its dorsal leaves symmetrical,
lanceate, sulcate on upper surface; strobili slightly dorsiventrally complanate and non-resupinate, sporophylls resembling
vegetative leaves in form and arrangement, non-resupinate, the ventral sporophylls larger than the dorsal ones, dorsal
sporophylls sterile, sporangia only borne on the base of ventral sporophylls.
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1 Introduction

Selaginella P. Beauv. (1804 ) is the single genus
of Selaginellaceae. It is the largest genus of lycophytes,
containing ca. 700 — 800 species, widely distributed
throughout the world, with the greatest diversity in the
tropics and subtropics ( Jermy, 1990; Weststrand &
Korall, 2016a, b; Zhang et al., 2020). Several
morphology-based
(Spring, 1840, 1850; Baker, 1883; Hieronymus &
Sadebeck, 1902; Walton & Alston, 1938; Jermy,

1986). Based on the most recent molecular phylogenetic

classifications  were  proposed

studies, seven subgenera were recognized within the
Selaginella; subg. Ericetorum Jermy, subg. Exaltatae
Weststrand & Korall, subg. Gymnogynum (P. Beauv.)
Weststrand & Korall, subg. Lepidophyllae ( Li Bing
Zhang and X. M. Zhou ) Weststrand & Korall,
subg. Rupestrae Weststrand & Korall, subg. Selaginella ,
and subg. Stachygynandrum ( P. Beauv. ex Mirb.)
Baker ( Weststrand & Korall, 2016a, b; Zhang et al.,
2020).

Selaginella is morphologically characterized by
possessing rhizophores, heterospory, leaves generally
arranged in  four decussate rows, and terminal
strobilus. Species of this genus have various growth
forms, including climbing, creeping, prostrate, erect,
suberect, and rosette forms ( Jermy, 1990; Zhang,
2004; Zhang et al., 2013 ). Rosettes is a rare
morphological feature in Selaginella ( occurring in
ca. 1% species ). Only a few members of subg.
Lepidophyllae and subg. Stachygynandrum are rosettes
which are all resurrection plants ( Weststrand & Korall ,
2016a).

Recently, Mr. Cheng-Wei Chen kindly shared us a

new specimen ( Wade 5314) collected from the Southern

central coast of Vietnam. It is different from S.
tamariscina ( P. Beauv.) Spring and S. pulvinata
( Hook. & Grev.) Maxim. by its

complanate strobilus ( vs. tetragonal strobilus ) and

dorsiventrally

symmetrical lanceate dorsal leaves. Historical collections
from Vietnam of this species were all identified as
Selaginella tamariscina ( Alston, 1951). In order to
correctly identify the specimen and infer the
phylogenetic position of this unknown species, we
analyzed its sequence of the chloroplast gene rbcl
together with representatives of different subgenera of
Selaginella with special attention to the rosettes
plants. Both morphological and phylogenetic studies
suggested that it represents an undescribed species. We
therefore described it as a new species named
Selaginella pseudotamariscina X. C. Zhang & C. W.

Chen and presented the results here.

2 Materials and Methods

2.1 Morphological assessment

Morphologies of the newly collected specimens
were examined and compared to those of Selaginella
tamariscina and S. pulvinata using specimens from the
herbarium of Institute of Botany, CAS (PE). Sterile
leaves, strobili, and sporophylls were observed and
photographed under a Leica S9D stereo microscope.
2.2 Molecular analyses

In total, 32 individuals were sampled to represent
7 subgenera of Selaginella, with Isoetes flaccida as the
outgroup. Sequences were obtained from the GenBank
except for the new species ( Voucher information and
GenBank accession numbers are provided in the Table
1). Phylogenetic reconstruction was based on the
chloroplast gene rbcl. We extracted total genomic DNA

from silica gel dried materials using a modified cetyl
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Table 1 ~ Species names, localities, vocher information and GenBank accession
numbers of DNA sequences used in this study

Taxon Locality Voucher specimen rbel,

Isoetes flaccida Shuttlew. ex A. Braun — Abbott 20265 ( FLAS) KJ773600
Selaginella braunii Baker Cult, Thailand Tiew 12 ( CDBI) KT161421
S. bryopteris (L.) Baker Nepal C. R. Fraser-Jenkins 4370 (L) KY022983
S. ciliaris Spring Yunnan, China X. C. Zhang 7780 (PE) MH814892
S. convoluta (Arn.) Spring Bahia, Brazil R. M. Harley 16181 (U) KY023003
S. digitata Spring Madagascar N. Wikstrom et al. 110319-2 (S) KY023013
S. digitata Spring Madagascar P. Phillipson 1826 (L) KY023012
S. exaltata (Kunze) Spring Ecuador Korall 1996-1 (S) AJ010849
S. helicoclada Alston — Rakotondrainibe 3262 (P) AJ295896C
S. helvetica (L.) Spring France J. C. Bertier 9161 (PE) MW407303
S. heterostachys Baker Guizhou, China X. C. Zhang 7088 (PE) MH814896
S. imbricata (Forssk.) Spring Dhofar Governorate, Oman Rothfels et al. 4275 (DUKE) KT161486
S. kraussiana ( Kunze) A. Braun Democratic Republic of the M. Mokoso 3098 ( BR) KY023057

Congo ( South Kivu)
S. lepidophylla (Hook. & Grev.) Spring — — AF419051
S. lutchuensis Koidz. Japan TNS 759343 (TNS) AB574648
S. moellendorffii Hieron. Sichuan, China Ju & Deng HGX 12295 ( CDBI) KT161531
S. nipponica Franch. et Sav. Guizhou, China X. C. Zhang et al. 7066 (PE) MW407367
S. nothohybrida Valdespino San Luis Potosi, Mexico C. J. Rothfels 3069 (DUKE) KY023096
S. novoleonensis Hieron. & Sadeb Sonora, Mexico F. Drouet and D. Richards 3942 (S) KY023097
S. nubigena J. P. Roux South Africa A. Larsson AL810 (UPS) KY023098
S. pallescens ( C. Presl) Spring Unknown — AJ295859
S. pilifera A. Braun — Pringle 13959 (S) AJ295862
S. pseudotamariscina X. C. Zhang & C. W. Vietnam C. W. Chen Wade 5314 (PE) MZ159980 *
Chen, sp. nov.
S. pulvinata (Hook. & Grev.) Maxim Sichuan, China D. E. Boufford et al. 37879 (A) KY023124
S. pulvinata (Hook. & Grev.) Maxim Yunnan, China D. E. Boufford et al. 35254 (A) KY023125
S. remotifolia Spring Yunnan, China Gaoligong Shan Biodiversity KY023130
Survey 21081 (GH)

S. selaginoides (L.) P. Beauv. ex Schrank & Mart. Sweden S. Weststrand 104 (UPS) KY023148
S. sibirica (Milde) Hieron. Alaska L. A. Viereck and K. Jones 5667 (S)  KY023153
S. stauntoniana Spring Beijing, China Zhao 169 ( CDBI) KT161614
S. tamariscina (P. Beauv.) Spring Japan TNS759348 (TNS) AB574655
S. uliginosa ( Labill.) Spring — Holmgren and Wanntorp 253 (S) AJ010843
S. uncinata (Desv.) Spring Sichuan, China Zhang and Zhou DJY04101 ( CDBI) KT161626
S. vardei H. Lév. Tibet, China D. E. Boufford et al. 32425 (A) KY023169

Note: — indicates missing data; * indicates newly generated sequences.

trimethylammonium bromide ( CTAB) method (Li et
al., 2013). Library construction was performed with the
NEBNext DNA Library Prep Kit ( New England Biolabs
Ipswich, Massachusetts, USA). Paired-end reads of 2 x
150 bp were generated on an IHlumina HiSeq 2500

instrument, and rbcl gene was extracted.

Sequences were aligned using MUSCLE ( Edgar,
2004 ), followed by manual adjustment in PhyDE
v0.9971 (Muller et al., 2010). Maximum likelihood
(ML) analyses were performed using RAxML 7.2.6
( Stamatakis, 2006), with 1 000 bootstrap replicates
under the GTRGAMMA model. We performed Bayesian
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Table 2 Comparison of morphological characters of Selaginella pseudotamariscina, S. pulvinata, and S. tamariscina

Species

Character

S. pseudotamariscina

S. pulvinata

S. tamariscina

Stem Forming treelike trunk

Lanceate, or ovate-lanceate, ca. 2.18 X
0.73 mm, margin lacerate-ciliolate
Symmetrical, lanceate, 2.0-2.5 X 0.6-
0. 7 mm, sulcate on upper surface,
margin ciliolate or denticulate

Axillary leaf on branch

Dorsal leaf on branch

Ventral leaf Ovate-lanceate to ovate-triangular,
ca. 2.18 x 0.82 mm, shallowly sulcate on
upper surface ; basiscopic margin ciliolate
or denticulate ; acroscopic margin lacerate
or subentire

Strobilus Slightly dorsiventrally complanate

Slightly anisophyllous; ventral sporophyll
fertile, dorsal sporophyll sterile

Sporophyll

Not forming treelike trunk

Ovate to triangular, ca. 2.5 X 1
mm, margin lacerate-ciliolate
Asymmetrical , obliquely ovate or
triangular, 2.8-3.1 x 0.9-1.2
upper surface  without
sulcate, margin lacerate

Oblong, 2.9-3.2 x 1.4-1.5
upper surface  without
sulcate; basiscopic margin and
acroscopic margin lacerate

mm,

mm,

Tetragonal

Isophyllous; ventral and dorsal
sporophyll both fertile

Forming treelike trunk

Ovate, ovate-triangular, or elliptic, 0.8—
2.6 X 0.4-1.3 mm, margin denticulate

Asymmetrical, elliptic, 1.5-2.5 x 0.3-
0.9 mm, upper surface without sulcate,
margin denticulate ( shortly ciliolate at

base)

Ovate to triangular or oblong-ovate, 1.5-
2.5 x 0.5-1.2 mm, upper surface
without basiscopic  margin
subentire, serrate or ciliolate (at base) ;
acroscopic margin lacerate or denticulate

sulcate ;

Tetragonal

Isophyllous; ventral and dorsal sporophyll
both fertile

inference ( BI)
(Ronquist et al., 2012) under the GTR + G + 1

model. For each Bayesian analysis, four MCMC chains

analyses in MrBayes v. 3. 2. 6.

were run simultaneously for 2 million generations, and
sampled every 1 000 generations. The average standard
deviation of split frequencies ( <0.01) was used to
assess the convergence. ML and BI trees and the

branch support values were visualized using FigTree

v.1.4.2 (Rambaut, 2014).

3 Results and Discussion

The ML and BI topologies are totally identical, and
the BI tree is shown in Fig. 1. The results of the
molecular phylogenetic analyses showed that the new
species nested within subg. Stachygynandrum, forming
sister relationships with the S. pilifera—S. imbricata clade
with weak support ( PP = 0.56/ML=55). However, of
species nested in the S. pilifera—S. imbricata clade,
S. pilifera from America is the only rosette-forming
species. The S. pilifera—S. pseudotamariscina clade is
the S.
stauntoniana clade with strong support ( PP =1.0/ML =

resolved to be sister to tamariscina—S.
100). Morphologically, the new species is similar to
S. tamariscina and S. pulvinata. However, the new
species differs obviously in several features, such as the

slightly anisosporophylls which are similar to sterile leaves

in form and arrangement; dorsal leaves symmetrical,

lanceate, and sulcate on upper surface; ventral leaves
shallowly sulcate on upper surface with their basiscopic
margins ciliolate or denticulate; sporangia borne only on
ventral side of strobilus axes ( Table 2; Fig. 2; Fig. 3.
Al, Bl).

4  Taxonomic Treatment

Selaginella pseudotamariscina X. C. Zhang & C.
W. Chen, sp. nov. (Fig. 2).

Type: VIETNAM. Khanh Hoa Province, Orchid
Island, on granite rocks, in coastal open forest, 22
September 2018, Cheng-Wei Chen Wade 5314
(holotype, SGN!; isotypes, PE!, SING!, TAIF!).

Diagnosis; The new species is similar to S.
tamariscina and S. pulvinata in the rosette-forming habits,
differs by its slightly anisosporophyllous leaves which are
similar to sterile leaves in form and arrangement, dorsal
leaves symmetrical, lanceate, and sulcate on upper
surface, ventral leaves shallowly sulcate on upper surface
with their basiscopic margins ciliolate or denticulate, and
only the ventral sporophylls fertile.

Description: Rosettes, xerophytic. Rhizophores
restricted to basal portions of stems forming thick
massive rootstocks; stems and roots entangled forming

treelike trunk. Primary leafy branchlets 2-3 pinnately
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Bayesian inference posterior probability (PP ) and maximum likelihood ( ML) bootstrap are noted on the branches, respectively; The new

species is shown in bold. * indicates rosette-forming.

Fig. 1 Bayesian inference tree of the Selaginella pseudotamariscina and related species based on the rbcl gene

branched,  branchlets = compact and  regularly
arranged. Leaves thick, surfaces smooth. Axillary leaves
on branches symmetrical, lanceate, or ovate-lanceate,

ca. 2.18 x 0.73 mm, with membranous margins which

measure ca. 1/2 of the width from margin to leaf
midvein, lacerate or subentire, bases obtuse, and
ciliolate, apice short aristate (ca. 0.02 mm long).

Dorsal leaves strongly ascending, symmetrical,
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1 mm

A. Individual ; B. Upper view of branchlets; C. Lower view of branchlets; D. Axillary leaf (lower view); E. Ventral leaf (lower view) ;

F. Dorsal leaf (upper view) ; G. Upper view of strobilus; H. Lower view of strobilus; I. Ventral sporophyll (lower view) ; J. Dorsal sporophyll

(upper view).

Fig. 2

lanceate, 2.0-2.5 X 0.6—0.7 mm, sulcate on upper sur-
face, carinate, bases obtuse, margins ciliolate or den-
ticulate, slightly membranous, apices aristate (ca. 0.02
mm long). Ventral leaves slightly spreading, asymmetri-
cal, ovate-lanceate to ovate-triangular, ca. 2.18 X 0.82
mm, shallowly sulcate on upper surface, apices aristate
(ca. 0.04 mm long), basiscopic margins ciliolate or
denticulate, acroscopic bases enlarged, broader than
basiscopic,, margins and becoming membranous outside ,
lacerate  or  subentire, ciliolate or lacerate
proximally. Strobili solitary, terminal, compact, slightly
dorsiventrally complanate, ca. 6 mm long; sporophylls
similar to sterile leaves in form and arrangement,
slightly anisophyllous; dorsal sporophylls smaller than

ventral ones, lanceate-triangular, ca. 1.95 x 0.75 mm,

Selaginella pseudotamariscina X. C. Zhang & C. W. Chen, sp. nov., Cheng-Wei Chen Wade 5314 (PE)

margins ciliolate, slightly membranous, apices aristate
(ca. 0.02 mm) ; ventral sporophylls triangular, ca. 2.13 x
0.98 mm, margins denticulate, ciliolate or lacerate,
membranous, apices aristate (ca. 0.04 mm) ; only the
ventral sporophylls fertile.

Additional specimens examined; VIETNAM.
Khanh Hoa Province, Nhatrang, Cau da, 100 m, 27
February 1922, Poilane 2651 (P01244600, image on-
line!; US01393274, image online!; VNM00021481!,
VNMO000214831, VNM00021486!); Khanh Hoa Prov-
ince, Nhatrang, 50 m, 10 September 1922, Poilane 4529
( VNM00021477!, VNMO00021479!, VNM00021482!) ;
Khanh Hoa Province, Nhatrang, Nui Hon Heo, 3 May
1923, Poilane 6173 ( VNM000214781); Ninh Thuan
Province, Phan Rang, 27 February 1924, Poilane 9768



-

A1-Cl. Selaginella pseudotamariscina ( Vietnam, C. W. Chen Wade 5314, PE); A2-C2. S. pulvinata ( China, Shanxi, Yellow River
Exped. 251, PE) ; A3-C3. S. tamariscina (China, Fujian, X. C. Zhang et al. 9634, PE). A. Ventral leaves; B. Dorsal leaves; C. Axillary

leaves.

Fig. 3  Comparison of leaf morphology of Selaginella pseudotamariscina, S. pulvinata, and S. tamariscina
to) . (=} ) )

( MICH1173518, image online!; VNMO00021475!); VNMO00021480! ) ; Ninh Thuan Province, Phan Rang,
Ninh Thuan Province, Phan Rang, 350 m, 3 March 200 m, 6 March 1923, Poilane 5616 ( P01244598,
1923, Poilane 5541 ( MICH1173519, image online!; image online!; VNM000214841).
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Fig. 4 Distribution of Selaginella pseudotamariscina X. C. Zhang & C. W. Chen, sp. nov.

Distribution and habitat. Selaginella pseudota-
mariscina is only known in Khanh Hoa and Ninh Thuan
provinces of southern central Vietnam (Fig. 4) , growing
on granite rocks in open coastal forests.

Etymology: The specific epithet  pseudotamari-
scina’ refers to its close relation and morphological
similarity with S. tamariscina.

Conservation status (EN) : Selaginella pseudotam-
ariscina is distributed only in two provinces in southern

central Vietnam ( Khanh Hoa and Ninh Thuan).

There exist a few specimens of S. pseudotamariscina de-
posited in various herbaria and one of the oldest speci-
mens was collected a century ago by the French
collector E. Poilane in Nhatrang, which is preserved in
herbarium P with a duplicate in the U.S. This rosette-
forming species appears to have adapted to the coastal
climate on granite rocks in Southern central
Vietnam. Here it is tentatively listed as an endangered

(EN) species according to IUCN categories and criteria

(TUCN, 2018).

Key to Selaginella pseudotamariscina, S. tamariscina and S. pulvinata

1. Strobilus dorsoventrally complanate ; ventral sporophylls fertile, dorsal sporophylls sterile; dorsal leaves symmetri-

cal, lanceate, sulcate on the upper surface; ventral leaves shallowly sulcate on the upper surface

-------- S. pseudotamariscina X. C. Zhang & C. W. Chen

1. Strobilus tetragonal ; ventral and dorsal sporophylls both fertile; dorsal leaves asymmetrical, obliquely ovate, trian-

gular, or elliptic, upper surface without sulcate; ventral leaves upper surface without sulcate

2. Stems and roots entangled not forming treelike trunk; inner margins of dorsal leaves lacerate or entire, outer

margin revolute and entire

---------------------- S. pulvinata (Hook. & Grev.) Maxim.

2. Stems and roots entangled often forming treelike trunk ; inner margins of dorsal leaves denticulate, outer margin

denticulate or shortly ciliolate

.......................... S. tamariscina (P. Beauv.) Spring
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Supplementary description of flowering branches and
flowers of Bonia amplexicaulis in Guangxi
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Abstract: Reproductive organs are of great significance in taxonomic studies of bamboo plants. In this paper, Latin and
Chinese supplementary descriptions are provided for flowering branches and reproductive organs characteristics of bamboo
species Bonia amplexicaulis distributed according to observed flowering condition and anatomical observation results of
the collected specimens in Mashan County, Guangxi. By comparing the floral characteristics of the reproductive organ
structures of Bonia species B. saxatilis, B. parvifloscula and B. amplexicaulis, the three species have the same

reproductive organ structure characteristics, but there are differences in the number and size of florets. The comparison of
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reproductive organs shows that the reproductive organs of Bonia species have special adaptability to karst geomorphic

environment, supports that they are independent species according to the differences of nutritive organs.

Key words: Bambusoideae, Bonia, Bonia amplexicaulis, flower, supplementary description

BT H RS R R A Y R 2 e b i
AR (BT EAEY T DL S B 28
YoE T HRBKEE S AT E IR SR R 2R k%
LAY REAR SR 5 FRARGFIE M 24, N 2 AT AP 8
Fran B 255w R/, FEFE A AT FR Y Bt A s /9 5
R BRI . BARAT AW AR DI AE (B2 AT
KA ) BIa A B R IR 3 R M R G b o h
SR B H R L, BTHAE KA K B ] A X
B, ANy 52 PR S A T HL T4 OC R A AR A B
A, PUAETERE AT S Wy 28 o) 40 F0 e AL T 52 42
BEA ISR FERIZ R B B R4 Ay R BT
P4t & TR A (EE PRI, 19805 B A A,
1982 ; Stapleton, 1997 ; 5 [A 1545 ,2009) ,

AW AET VY 1 B A KA 1L R
TIEFETE 8 89 47 W Bl ( Bambusoideae ) B A AT &
( Bonia Balansa 1890) 25 #& 1T [ B. amplexicaulis
(L. C. Chia et al.) N. H. Xia] (%7 RL%45,1988 ; Bk
AN FI T IEF,1996; Xia, 1996) , 1% 2 7 47 Ji
ST A R A I TR, A= TR B8 1Y A A L
Mo, RN HA D BATATEAE, FFAEPT AR K B
BT A A AT A TR A7 B AT A R A T A
FRAEAT AL BT B8 A I W B A B e AR
MEEBEGH , VEE R E KRR € 17T
Fofr ) I 300 LA 1 A 2 R AR X H B A
ERESATAN SRR R B IR AL R A T Bk
[ S N T A N1

AR A3 A T LA IR E PG Sy b 1Y P e
S 1L b b O R A R b S ST R 1L A A
o3 ZIE A R K A LR A R . B
EHIA 5 Fl 1 A8 Fh (Xia, 1996; Xia & Stapleton,
2006 ; Govaerts et al., 2021) , FE 4040 T A KA1l
W R B3 AT TR ER A A LT A B A
JRE L b EL A A i 3 By M (R 45, 2011) i@
A ) RE % by Al A ) 4 115 B0 i, A BB By AR T 4 0
&, AAREREMAESME,

AT AT TR TP P A AN AL R A A K
Lo dth | 76 25 5 477 1R 43 A DX 38R A 0% 8 43 A1 718 T e
TR AR AT [ B. saxatilis (L. C. Chia et al.)
N. H. Xia] , 8 Ho 0 5 A5 [ 1 25 B 40, 26 43 i

TV AR TRV ER = B AR g DL K Bt M R
R, B PT RN 2 75 T Y AR A 2T 1 AW A R
I SRR A AR AL, S 0 A 2 S o /s (B R
%, 19885 Xia, 199615 J4F,2016) , AR 2
DrRTE , = A AT AE RO BB AR B RS IR o8 BE
EAPTHAAALT 2 DATR A TR

= &1 Bonia amplexicaulis (L. C. Chia et al.)
N. H. Xia (AR T)

Syn: Monocladus amplexicaulis Chia et al. in
Act. Phytotax. Sin. 26 (3): 215. f. 2(1-3)1988.

Rami floriferi laterales vel ex apicibus ramorum
foliiferorum orientes. Rami florentes laterales 2-3-plo
ramosi, longitudo ad 50 cm. Inflorescentiae iterauctantes.
Terminales rami florentes fere 10—20 em longi, 6-10
nodi, vaginiformium anthesim fere 20-25 mm longae, ad
foliis metamorphosis subulatis 8—10 mm longae et 2-3
mm latae; rami florentes in utroque mnodo 1
pseudospiculae. Pseudospiculae maturae 3.0-6.0 ¢cm lon-
gae, internodia pseudospiculae 4 =7 mm longae sunt,
bracteae saepe 1, sed tot esse possunt 3. Bracteae fere 8-
10 mm longi, lanceolati, apice acutus, dorsum laeve,
venae non patentes, bracteae germen in axillis acumina-
tum, saepe non longius evolutum. Spiculae maturae
2.5-5.0 e¢m longae, 4-6 flora, tantum terminali flosculo
sterili. Glumae 2, lanceolatae, apice apice mucronatae,
laeves, venis inconspicuis praeter mediumvein, primo
gluma est 8—10 mm longa, secunda gluma fere 10-12
mm longa, uterque floretus gradatim maturescit, ita pri-
mus flosculus longissimus; rhachilla inter flosculos dis-
articulate. Cum spiculae immatura est, primum interno-
dium et alia internodia spiculi perquam breves sunt, ba-
ses omnium florum glumis includuntur, et totum bracteis
vaginis inclusum est; Cum spiculae maturae sunt, pri-
mum internodium valde elongatum est, usque ad 8-10
mm, ita ut flores omnes ultra glumas extendant, et
flores etiam ultra bracteas vaginis extendunt, alia inter-
nodia longitudine similia, fere 4—5 mm longa. lemmata
ovato-lanceolata, cuspidibus brevibus, 12 — 14 mm

longis, subleatheriis, subtus glabris, venis inconspicuis,
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A. R B —BUER; C./NiE; D. BN E. /NG 10 /DR 20 B0 R 3. 3 40 BB 5. SR TR 6. NEIEE —F5 ) 7. A —
NAE 8. BB TUNE; 9. AMFE; 100 NFE; 11, /NEES 5], ARR = 1em,

A. Flowering branches; B. A piece of a flowering branch; C. Floret; D. Pseudo-spikelet; E. Spikelet; 1. Spikelet; 2. Bract; 3. Bud; 4. The
first glume; 5. The second glume; 6. The first rachilla; 7. The first floret; 8. The second floret; 9. Lemma; 10. Palea; 11. The second

rachilla. Scale bars=1 cm.

FIRR 1

=m

Plate I  Bonia amplexicaulis

palea ovato-lanceolata, 8 — 10 mm longa, apice
obtusis, subtus cum 2 dorso pilis brunneolis; palea an-
guste lanceolate, apice obtuse, acuminata dorso pilis
brunneis munita; lodiculae 3, longis rectangulis, gla-
brae; stamina 6, filamenta 2—3 mm longe florescentia,
antherae 4—5 mm longae, ovario glabro circiter 1 mm
longo, stylo brevissimo, stigmatibus 3, plumisis, 2-3
mm longis. Floret in Martio-Aprili. Fructus incogoiti.
AERCN A= 5 BT A 2 ~ 3 IR, 6
KIEA K 50 em; EFFZEUCR A, RPAER— K
10~20 em, £ 6~ 10 7, B 954 — AR E A, 8
Rt A BN, AR R B G 20~

25 mm,f‘ﬁﬁﬁuﬁﬁﬁ 8~10 mm,ﬁ 2~3 rnm,%]j){j(l?l/‘]@f
M, ERBRETR 2~3 WIS, BT AE 1
KON BN K 3.0~6.0 em , B/NEAR Y
K 4~7 mm, WA 1, WAL 2 3 F B
K 8~10 mm, P51, Se b8, 15 1 Y, kAN BH
B E RN R R, AR ER, AN
£ 2.5~5.0 cm, & 4~6 HUNE, T E/NEART , #
R 2 B IR, e B AR sk i, kA B
5K 8~ 10 mm, 45 ~Hi K 10~ 12 mm; %
INAE TR, 5 — /IME e R, /NERIDE M T E
BT T 25 /IMESMRE T 5 75 /DB AR BT, /N ES —
7 18] 5 H AT AR A, BT A NS R T R
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W, B IARE B T 8RR 5 /N R B —
] 55 K T 3K 8 ~ 10 mm, A5 /NE 430 il 1 S5
AR AL A A5 /N FE A IR A R A, At TR A
4~5 mm F WAL, SMFFOLIRBEEHE, B A R
S K 12~ 14 mm, PR T DT, KON N
FEOIRBEEHTE | Seombide, K 8 ~ 10 mm, 75 I H A
2H AR OHE, Big 3, BB, K
., K21 mm, LB, HEE 6, 22440, K 2~3
mm, K 4~5 mm, FHELEE, KL 1 mm, £H
W Ak 3, B, K 2~3 mm, B 3—4 H,
AR,

P, )08 5l BB, 3K 426 m,
2021.4.6, 5K # 2021040601

FAAT R N, BB A A R S A A AT
F/NIE A AT [ B. parvifloscula (W. T. Lin) N.
H. Xia] ( 5% R4 45,1988 k7 ¥ ,1993) , M #%2%
BT AT FINE BRI I B AV E R, =
HAME M) EIES T, 5 HAE 0 B E
A (BKAA A FTE IEF,1996) ,3X 3 M AR /Nl
AL T4 0B IR B A DY, FE /N AR 2 B L i
R B /NS — 7 8], iR A 7 (8] 78 26 300K /N 6
R R AR IR B A, o A IR R A BE A T AR 2
RUPRA T /NER | SUHETF AL I AN 52 ) /N FE A B2 87, 14
FROE R BT IR AR . SR I8 4 A 0 7R e 2
X AR AT PR B, Bk AT T 5 B E 2 W
I T 963 00T 2l 55 R 305 o 301 25 o s i 5 AL
TR ZU AR AL B R R IR B (R [AINE ,2015) , BB AT J& A7
FRE /N AE K R B B ZE R 40 22, /NIl A
AT N 32 B R A R PR, 7R Y T
AC IS (R PRI AR G, /NGB — 5 [B) S A K K /N AR
e AR A, 35 N T AL T 3K I RRAE R I IR S AT
o XT3 T A b B0 A BB 1 3

TEE G BT INE R I B AR E R
SREEFIFAE (2 3 DNFhZ B A £ 5%, AR
TEARETERETT 8R4 R A 2 MU /N T 25 77
PP RUNE AL AT R — M AT i /N 5~9
BNE , ZZB/ AT RUNMEBREAT R 4~6 M, /IME
PG I ZE /AT, 2 AR AR NE R NE B
A G RN S BT /MR 1.7 ~2.0 em, AMF
£ 6~8 mm, [ ¥ 4l , M5 & R /MEK L 3.0~6.0
cem, AMNER 12~ 14 mm, BFERL, Hilk, 85K
AT Y AT R 2 RRAE A A AR AL, (H BB g
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W OE. KWLISE, ABEE T ( Glochidion arborescens Blume) #{IAN N A T E =BT Z R 5 X, 1%
WFFE I T 2 AR M AN 58 RAR A B TAE & B, ol T 1 T 53 48 77 v [ A 20 A1 S S R A B 15 8 Pl B8, A1 K
SR U E AR AR KB TR BT [ 6. heyneanum (Wight & Arn.) Wight] /b4y )E TR AH & T
(G. acuminatum var. acuminatum Mill. Arg.) . B R B 8 F (6. eriocarpum Champ. ex Benth.) 3 8 & £ 7
[ G. lancolarium (Roxb.) Voigt | B JEM55 4T [ G. zeylanicum var. tomentosum ( Dalzell) Trimen ] Z5¥)F) | #(7E
K A BE M FEPE 0T UHRR . 40 i HBR & F#T T RRESEE JHEE TR EE ST
SHOGRBF YRR RE

KR FETR, ABEM T, TR, HTRERE, 2

FESES: Q949  XEARREE: A XEHS: 1000-3142(2022) 10-1645-07

Exclusion of Glochidion arborescens
( Phyllanthaceae ) from the flora of China

ZHANG Wenhua', GUO Yongjie”*, LI Yuling', YAO Gang'"

( 1. College of Forestry and Landscape Architecture, South China Agricultural University, Guangzhou 510642, China; 2. The
Germplasm Bank of Wild Species, Kunming Institute of Botany, Chinese Academy of Sciences, Kunming 650201,
China; 3. University of Chinese Academy of Sciences, Beijing 100049, China )

Abstract: The species Glochidion arborescens Blume has long been considered to be widely distributed in Yunnan
Province, China. Based on years of extensive specimen examinations and field investigations, we demonstrated that all
the Chinese specimens previously identified as G. arborescens mostly belonged to G. heyneanum ( Wight & Arn.) Wight,
while several others belonged to G. acuminatum var. acuminatum Mill. Arg., G. eriocarpum Champ. ex Benth., G.
lancolarium (Roxb.) Voigt or G. zeylanicum var. tomentosum ( Dalzell) Trimen. G. arborescens is not found to China and
thus the distribution of the species in China is excluded. In addition, a lectotype of G. arborescens is specified, and a
species key of G. arborescens and relevant misidentified species is provided.

Key words: Glochidion, Glochidion arborescens Blume, Phyllantheae, Phyllanthaceae, taxonomy
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42 %

8T )& (Glochidion J. R. Forst. & G. Forst.) 5
J& T M T % Bl ( Phyllanthaceae ) ™ T %k j&
( Phyllantheae ) , #1d 300 F, M- AR SHEARISH,
B0 A T Il AT S 2 kR JE VY I H X
( Webster,2014 ; k2955 ,2017) ., HE 2B & T @M
Pl 30 B, F 2 TR R A (R,
1994 Wk49 45, 2017) . LR b, B4 7w LU
FETCAERE AEAE B G A e 58 T L9 e o e 6 T
JriAk A A ik DX T[] 5 A TR (2% SR T, 1994
Webster,2014) , ZJEHEY) LR FEAE B/ (MEAE EL
BRZAE 1 mm i) REEZ Nk, i TR
I35 SR 12 J S e AL AR AR I 1 il iR K 1
A AR S S M RAZ AN L | PR I A ) B A
OE7/R SRt Y o SRV | B s 1 S B (B D RS
SR AT BT, 53 T 2 YA oA IXAE R
(Yao et al.,2015,2019,2020; k2405 ,2017)

H T 5B % T ( Glochidion arborescens Blume ) H
Blume T 1825 4F-2& T F EJJE J& 4 37 T & f) —
SHRA(C. L von Blume s. n., L & NY) k3., T
fE L iz 5 BRI E, TR K E,
WAL B S ARG AR S AR AR HERE 6
e, RGE R, AR 5~7 mm, B EHIGREE
AL H— RAVEFAE 5 T 5 W] & A 4 FoAR X
Wl A3 ab B RN G Bl Ak B T R SR T Y
AZFh . G. zeylanicum ( Gaertn.) A.Juss. var. arborescens
(Blume ) Chakrab. & M. Gangop. ( Chakrabarty &
Gangopadhyay, 1995) , 3 4% &8 53 7 5 s 0 Fh 24 5% o
3 ( WhifF S A, 20065 BREMESE, 2018) , 7EH A, H
BR AT RIS T ALY £ 5% ) TSR (RAE
f5,1984) , Z JE B (P EA Y &)Y (ZEFIE, 1994) |
Flora of China(Li & Gilbert,2008) .{ == rd fH Y &)
(95 5 ,2006) (= M 8 B 74 ) 44 ok 2R
) (RZMESF ,2018) e (R E A=W Fh 44 %) (R
S E R, 2018) S AL S — RN WA 44 5k T
WSk, BAHSC RN 38 S22 M T A T = g B 5
AR BUL WK B B R R st AR b, SR, 7E
X BT IE 0 BT TAER BT 2481 3¢
BRZHIE brAs £ be] S B A0 2 52 45 AR AT A A
BT TE T E B o3 A T8 TR A R DR 4 i 8,
MEIERNHBHE&EFEPEIFR LR, FHI, &
HAE B i 704 T DLHERR .

R Ab IR

BEHE&FT KR A, C-E

Glochidion arborescens Blume Bijdr. 584. 1825.

Lectotype (designated here) : INDONESIA. Java, C. L.
von Blume s. n. (1L-0023414, photo! ; isolectotype: NY-
00263425, photo!).

Chakrabarty 1 Gangopadhyay ( 1995) ¥ ¥ H &
BE A ANFEBEE T [ G zeylanicum var.
zeylanicum ( Gaertn.) A. Juss. | s fh. G. zeylanicum
(Gaertn.) A. Juss. var. arborescens (Blume) Chakrab. &
M. Gangop., SEFr I, 7 W55 5 1 M AR B B3 Ah 34
LT, RELHES~2mm HTHBEETS5ZX
VLR SN A S S B RS S i S R i Rt
ol A IO (B T A, 3 2 TR Y OC 3R A i Je 2 R
Mo miahik, £ F _FEEEZRNE,
AHIETE T I 4 32 AR 22 A ) 2 b B9 WL R, BRI
BHE SIS B R

— 7, H BRI EEVWCR T (B
FhFAEP 24 5% ) Z H (R 1R 4, 1984)  Hrh g T
SAEUEFRAS  Henry 11929 525 = 212, ARWFFEXT
XSGR A AT 58 & B, bR A Henry 11929 ( PE-
00960326, I bt 1T . A) 52 B )8 T )5 it 5 3
[ G. zeylanicum var. tomentosum ( Dalzell) Trimen ] , Ifi]
PRARSE 5t = 212 (1BSC-0330399, &I fiit 1T : B; KUN-
0187461,/ I ;. C;PE-00960239, K1 . D)J& T
HEHET [ G. heyneanum (Wight & Arn.) Wight,
BACHEM L, B], P, ZICEEN], ( =/ Fh 148
Py 2 55 ) WO SR 1 1 B 5308 1 S Bn A 2 B R T L
A E 2 A R R 5 MR 2 03 285 3
BRI SR X AEAR KRR BE LT RE RS2 T ZHifr
MR = R R FAE) 44 55

S5 T AR B ANE SR SRR A
Al TAE, o0& B 48 5 o F B 547 19 Hopt
EFR AL KA 8 THER M T, AL AN
H & &7 ( G. acuminatum var. acuminatum
Miill. Arg.) . BHRE T (6. eriocarpum Champ. ex
Benth.) a{ ¥ I & F [ G. lanceolarium ( Roxb.)
Voigt ] (KR ) . FEERHE b B/ T 50
A TFREFEWHEOREE (R IV, B-C) , #Ei
A TN (ERIV: B), T 4~6 %, fbHE
FER (AR IV, B) | HERS 3 5, R 50 i BKIE HL % 8%
FEEEE(RMIV: D), R EHAE 8~10 mm, R
LHPIER, 8~ 12 F (EIMIV: D) LA T
WMEAEFEAE TR, F 15 3 ~4 =, S 3 A, R
HAE5~T7 mm, LY E, 6 55 8 45, WL 1E
FAAEFERR (B TV : E) s BRI T 7w
WAL MEERE A T ION  FEAE AR IERS 3
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A HEBE FR®EHERK(C L von Blume s.n. 1.-0023414) ; B. ZHEH T [ G. heyneanum ( Wight & Arn.) Wight ] 5 % #% 5
(B. Heyne 15, K-000246414) ; C-E. HER M FRIT 50, JO0E L FRMEA RS, 25087 L R R LGB

A. Lectotype of G. arborescens (C. L. von Blume s. n. 1.-0023414) ; B. Lectotype of G. heyneanum ( Wight & Am.) Wight (B. Heyne 15, K-
000246414) ; C-E. Fruits and peduncles of G. arborescens, peduncle and persistent style are shown by the solid and hollow arrowhead,

respectively.

K1 HEREETSHERRTIRA
Plate I Specimens of Glochidion arborescens Blume and G. heyneanum ( Wight & Arn.) Wight

MOREEH R LT, HAR 8~ 10 mm, PIHER,  EFRA TN, ZEATE AT IR 22 a0 0 13 IR A
8~10 (KM IV: F) ; SE M THME LT, M 5~6 B, RIGETE, ITHIE 2 m L, H1E 8~12



A. JEMHBE ST (Henry 11929, PE-00960326) ; B-D. 4% BB %1 (3¢5 = 212, B. IBSC-0330399, C. KUN-0187461, D. PE-00960239) ,
A. Glochidion zeylanicum var. tomentosum ( Dalzell) Trimen ( Henry 11929, PE-00960326); B-D. G. heyneanum ( Wight & Arn.) Wight
(J. S. Xin 212, B. IBSC-0330399, C. KUN-0187461, D. PE-00960239).

B I B8 mbnAs
Plate I Specimens of Glochidion

mm, YIHE BB, 12~ 16 (KRR IV: G),
MHILZ T, AEBHEE P ERTEE, TR
T Rkowt s AR EL RO LR A T i
(FERRT: A, C, D), fEHE 0 B S IR 2 AR (AR
I. ), HEdE 6 #, RTLIETLE, HAE 5~7 mm, 4L
ARSI W (B 1. C-E), Bk, ity
SSI SRR 1A et = NS N 2 S o (1N 5
H RS R/NG B DL R SRR AE S PR IR R
B, AER&ETSHMIL DR B AR, HEE
H SR 3k — R ik 7 [ 55481 W o AL T
FWAR T EHE M T LB HMAER T (G
lanceolatum Hayata)3 A~ZS#E . e ob, 3 F (P HE
PP ) T X B8 B S 2 KT 2 B R 43 1 U
(FFF,1994) , HEBRAETF LKA/ TRE
F L MER 4 ( Sect. Multandrum P. T. Li) , 1 B H
BRT YERETFSERFEHFNETERET
2H ( Sect. Glochidion)
MHERRFX RN T 24 KF, H
R ia] « arborescens” 7 b “ T AR B, 1% Fh S
2 LR B WORF AR A fir 24 130 . A E S
EAMTWPERARE, RER AT M T
Dy AEE R BRSSP A AR A, (P R A
Yra&) S CER AR R A B A A T LB B R S
BEAEE LR, M5EENHEBREME T AR,
PR, AN MER H Crb AR ) 25 ) B e [ HE At AH 5G4
57 SCHR O B SR A T 3 — W R A SR AR AT RE
EETRESIRNE R BH A FIRA, Sk,

UTAE R R A BF A5 58 K bp A A 1) A I R & S
IERY B8 770 B A A, SO s % b 7
A 23 A1 T LAHERR

S0 BRI T EVEJE VG AR AH AR )
A Wl 44 3 A SO, PR ED RE G e | 2R [
KBy ke B S5 A7 oA, SR, Bp A 28 5 A R
SEW oA AT SR A DT BT R B R
UL A5 oK BE A ) 2132 b A 2™ b L Ah 1 H Al
PRAS BRI, 320 A A G M X R A AE A LS A AR
BT , X6 A3 A XAV F) HA X 7E [ 5K

Chakrabarty I Gangopadhyay ( 1995 ) ¥ 1k 4 [
BB TTEE AR XA 4340, (H A (5 R
W ENRE T 7= 2 S RE A bR 25 38 20 B Ak B, Ik
A SR SR AR, AL DUR SN (HAR 4~
7 mmvs. 7~12 mm) 5FEAFE, LhELE,HTFAHE
BT EERETCE AT R (2 0T kAt )
it (C. L. Blume s. n., NY-00263425 & P-00748458,
photos 1) , KI5 Chakrabarty 1 Gangopadhyay (1995 ) [t
TO A EN BE S HE X 5 B &8 . Swamy 55 (2016) ¥ 4%
TH P RS R B R T M DR 40 A AR AR A
FEHT PR BERY PRI G AR R ARG /P ] 8 4
R, FUATRE W) Bl A MEAE B AR T IR B AR 2 G
R SRR B R 0T R IIYNE 8 45 HAL
W —RIVRHIE S R A BRI B AR,
van Welzen (2007) 7 Flora of Thailand "W 5 16
AT (BT BRI A 8.5~ 11 mm, [AAE S
HAERB/NRIMATER T AN,
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A-C. HEELT (A, B Uk 684, HITBC-0005647; B. L4¢FBA 1111, KUN-0186242; C. ZRZH3% 1470, IMDY-0007529) ; D. H {4
HET (W1 %% 101440, KUN-0186237) ; E. ERH &7 (JHALI 1620, HITBC-105354) ; F. R &+ (X $) €210056,
HITBC-0021169) ,

A-C. Glochidion heyneanum (Wight & Arn.) Wight (A. Y. Y. Qian 684, HITBC-0005647; B. Liichun Expedition 1111, KUN-0186242;
C. S. R. Guo 1470, IMDY-0007529) ; D. G. acuminatum var. acuminatum Mill. Arg. (Z. H. Yang et al. 101440, KUN-0186237); E. G.
eriocarpum Champ. ex Benth. (S. S. Zhou 1620, HITBC-105354) ; F. G. lanceolarium (Roxb.) Voigt (M. Liu C210056, HITBC-0021169).

B I 58 7 m bR A
Plate I Specimens of Glochidion

HREARSE (FB5)

H {8/ & F ( Glochidion acuminatum var.
acuminatum) : "PEZFEA 5 AE K 1 900 m, 1963
11 H 6 B, H 724 101440 (KUN-0186237) ,
B T (G. arborescens) : E[ & JE V4§ V., Teysmann,
J. E., #s. n. (K001081136, K001081137); 75 [ 125 M,

Teysmann, J.E., #s.n. (1.0023367) ; Sumatra, Sumatera
Selatan, Bangka, Banka,syn. #4B3397 (U0001935) ,
BRALE(G. eriocarpum) ; T [E Z B 44 7 XL M
B B B & B A ) e R X, 2003 4 8 H 2
H, J& H: i 1620 ( HITBC-105354 ) , 3 i B 4% 1
(G. lanceolarium)) : W' [E = Bg 44 V8 BUR 40 #4748 4



A-D. SBESNT AL RERR; B MR SIEAE; C. iy RRIE; DRSS, B BARMTRE, F B TR, G RS MTRE,
A-D. G. heyneanum (Wight & Arn.) Wight: A. Habit; B. Female and male flowers; C. Abaxial of leaf; D. Fruit. E. Fruits of G. acuminatum

var. acuminatum Miill. Arg.; F. Fruits of G. eriocarpum Champ. ex Benth.; G. Fruits of G. lanceolarium (Roxb.) Voigt.

K v BT Ry

Plate IV Glochidion species

[el 76 4% 570 m,2007 4F 3 H 26 H, X&) €210056 #F (6. heyneanum) : H1E 2 7 44 VG AR AN 5 3k 17
( HITBC-0021169 ) , J& 0 8 % T ( G. zeylanicum S (B SO 5, 4R 930 m, 1997 45 8 H
var. tomentosum) : P E ZFA , HEK]1 667 m,1982 4F 12 H K [E 154 17023 (HITBC-014627) ; 5 & e
7 H 17 H,A. Henry 11929 (PE-00960326) . #{EH  #HAIWALA KL, 1973 4F 8 H 18 H, i ik 5 A BA
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10226 ( HITBC-014545 , KUN-0186243 ) ; =~ & 5
i L (BT ) B, 1986 427 H 31 H,
£ LWk 684 (HITBC-0005647 ) ; 7 7 44 1 7% JH 12 3]
PR T B R, 1974 4510 A 17 B, F[E
ik 12834 (HITBC-014544) ; s A BT HE R S|
1974 4F 11 H 12 H, M E ik 13408 ( HITBC-
014547) s AL TH L7 £ WA A B 621 km [}
UL, 160 m, 1977 459 H 23 H 22 HE#E 20422
( HITBC-014629,1BSC-0734117) ; = Fd 4 2197 H. |

#1000 m,1973 4E 11 A 17 H, Fgf#EE 1558 ( KUN-
0186239, HITBC-096300) ; 2= 7§ & 4 “F H A% 3 , 16
£ 850 m,1974 4E 5 A 22 H, 4%\ 1111 ( HITBC-
100311,KUNO186242) ; 75 B 44 5 it 17 ¥ SC X (Bl %
SCHA) LR 800 m, 1987 4F 5 H 20 H 58415 1470
(IMDY-0007529) ; = 1 44 i 6 B, ¥ 4K 1 750 m,
1989 4E 8 A 12 H , FIZBA 0784 ( KUN-0186234) ; 2
A K R 1 800 m,2002 4E 7 A 26 A, XIJ&
% 5468 ( KUN-0186245) .

HEEEFEHEREBYMHIKLER
1. R ZZ TR cvereeenrme i ERE#F Glochidion eriocarpum
L. HE R TE K 2T v+ eevereenseseesees et eseeseeteeee et et e st b st ee ettt eh e E ekt H et R R b n s bttt e ettt ettt et 2
2. HERS 3 ML AEEEREAR s FESZ I BETR  -oereeeereseersenscesereeeesseseteteesch s eetees ettt et 3
2 HEE AT 5 A AL AR ; S IR BRI EL vrveereemseereseeeeeessieies sttt et 4
3. MR BWHAL;, THI3IF (M4 FE) ; REEHLS~T mm ceeeeeeeeeeeeannnn BEHE#EF G. acuminatum var. acuminatum
3R EEZTRT F4~6 2 ; TSR 8~ 10 mum weeeeeerrreeeneeeareamtintiiii e, HEEEZF G. heyneanum
4, B iR 5~7 T BT T e P P PP P PP PP P PP PP PPRPPRPTEP BE& & TF G. arborescens
4, BRI TTARTTIE 10 I coeceereenenttentmtmntnitintiittit ittt ittt ettt ettt ettt ettt ittt sttt ene 4
5. BRI AR  MEAE AL T B L B B SRS PN BB TCAS i e eeeeeneeeeenannes EME&F G. zeylanicum var. tomentosum
5. AR TG s MEAEFR AR 01 SR SC IR LM AS I weevememememmms Y REHEF G. lanceolarium

By igt 7}’@‘{2 HITBC .IMDY .IBSC K . KUN.PE L.
NY .U AR AR RAEAR AR B B AHE B0k,
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Abstract: Ferula sinkiangensis is a perennial herb, producing fruits only once through its life history, and exclusively
habitated in Xinjiang being in the list of state rare and endangered plants Level 2. Besides andromonoecy, usually found
in Umbelliferae, plants of male sterility were observed in their populations. Aimed to male sterility and the factors
inducing it, comparative observation on morphology of male sterility individuals and functional female flowers were
executed through field investigation, and study on cytology of the process of the anther degeneration in female flowers
were made from paraffin sections. The results were as follows: (1) Female plants germinated at the end of March and
blossomed in the middle of April, and their fruits matured at the end of May; Phenological phases of them were the same
as those of andromonoecy. (2) The average height and diameter of plant, and number of the first level branch of female
individuals were (71.00£10.92) c¢m, (71.67£17.64) cm, and (23.83+2.04) , separately; The average length and width
of basal leaves were (33.41£11.63) cm and (24.47£8.60) cm; The female and the andromonoecy were the same in size
of both the plant and the leaf. (3) On female plants, inflorescences on the first and the second level branches were all
female , which could bear fruits wholly; The number of umbels in the inflorescence (13.22£4.70) and number of flowers
in the umbel (12.03£2.30) and number of total flowers in the inflorescence ( 159.08) were higher than those in
individuals of hermaphrodite ; Female plants produced more flowers which could set fruits and bore out-crossing seeds of
heterosis. (4) In female umbels flowers located tightly and the distance among flowers were shorter than those in both
hermaphrodite and male umbels; Female flowers opened slightly in the whole flowering stage, while petals of both
hermaphrodite and male flowers folded reversely. (5) There were no differences in morphological characteristics of petals
and pistils among different sexual flowers. But the length (1.79+0.39 mm) and width (1.10+£0.21 mm) of petals, and
the length of stamens (0.6—1.3 mm) in the functional female flower were the smallest, where anthers degenerated and no
pollen stain well developed. (6) Abnormal development of the anther on the degenerated stamen appeared in both of
parietal cells and male gametophytes from sporogenous cell stage to microspore tetrad stage. In conclusion, the nutrients
productivity in plants of male sterility is similar as andromonoecy, but patterns of resource distribution are quite
different; there are significant differences between female and hermaphrodite/male flowers in both the morphology and
the function; abnormal development of parietal cells, especially because of the lack of tapetum, caused abortion of
microspores in the functional female flower.

Key words: endangered plant, Ferula sinkiangensis, male sterility, morphology, cytology
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A. HEEFREAR, 20w ks WM AR T, BULL (17 Sk m
T ; B. Mikk,

A. Andromonocious plant, red arrow indicates hermaphrodite

umbel, and rose red arrow indicates male umbel; B. Female

plant.

P S BT A [R] 1 31 A A A

Fig. 1 Plants of different sexes in Ferula sinkiangensis

MEFRRR LR EZS (P>0.05); AEFRFERZESR
B (P<0.05),

The same letters indicate no significant differences (P>0.05) ;
Different letters indicate significant differences (P<0.05).

Bl 2 Ers BB R B e P gt
Fig. 2 Statistics of different sexes of umbels
in Ferula sinkiangensis
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1. WAL, 2. HEFE, 3, 4. UREVEMEAE 3. JRMEFEMURL; 4. JRMEFEDRAL, a. 7625, b. 1822, ¢ MERE; d. 7E0E.

1. Flowers of hermaphrodite; 2. Male flowers. 3, 4. Functional female flowers

flowers. a. Anther; b. Filament; c¢. Pistil; d. Petal.

3. Side view of the flowers; 4. Vertical view of the

K3 s BTN R P Y 4R

Fig. 3 Flowers of different sexes in Ferula sinkiangensis

1. SREPEMEAE; 2. BERS, 3,4 BILMER 3. BALERM
T 5 4. IBAHEEE A IE TV, a. 7T MESS; b. B
By oe 1B d. £%; e. T £ 168, g k%, h. 164,
i EEFEAL; j. WERIEZ, (RRESK)
1. Functional female flower; 2. Pistil. 3,4. Degenerated stamen
3. Side view of degenerated stamen; 4. Front view of degenerated
stamen. a. Normally developed pistil; b. Degenerated stamen;
c. Petal; d. Calyx; e. Ovary; f. Pedicel; g. Stigma; h. Style;
i. Abnormal anthers; j. Short filaments. ( Drawn by TAN Lixia)
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Fig. 4 Morphological structures of functional
female flower in Ferula sinkiangensis
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1-3. W H M, MUF RO B  RE R M NEE 1. x100; 2. x400; 3. £4E/2 x200, 4-6. WMH M 4. DaetE
16, RIBMEAEZS x40; 5. PIA/NMATRESIME x132; 6. /NMETRES I TEAMN x132, 7-9. WHMEE G MAE 7. W2y
BELN AN R Pt FLAN M X200 8. Y2245 BE AN RN AR AR A X IS TR AN %2005 9. 24573 P BES Ak, T I i vh 2 FI 0L 2 %200,
10-12. WA S, /NE T BRI 1, 255 N BELL N IO 25 BEARMUAR 1A 10. x200; 11. x400; 12. /M TR0 AE (A %400, 13-
15, WE A 25 PRl gl U iR 13, A AX IR x 264 14. JFAE TRARMAR x264; 15. {3300 40 Jfg BE (1« 5 70IR 7 25 1 <400,
Ta. 4#i)2; En. ZiE P BE; Ep. £ )% ; SC. BHIAIM; PC. ZHREIM; MMC. /NMEFHR4IME; FL. 4482 ; PG. {Ekrhi; DA. B
ey,

1-3. Fertile stamen, structure of well developed microsporangium, indicating tapetum and endothecium 1. x100; 2. x400; 3. Fibrous layer
x200. 4= 6. Sterile stamen 4. Functional female flower, indicating degenerated anther with arrow x40; 5. Abortion in both of the two
microsporangia X132; 6. No pollen grain produced in the microsporangium x132. 7-9. Sterile stamen, sporogenous cell stage 7. Secondary
parietal cells and sporogenous cells X200; 8. Secondary parietal cells and aborted secondary sporogenous cell X200; 9. Parietal cells differiation
with endothecium but no middle layer and tapetum x200. 10—12. Sterile stamen, microspore mother cell stage, parietal cells degradation except
for endothecium  10. x200; 11. x400; 12. Aborted microspore mother cell x400. 13—15. Sterile stamen, aborted connective tissue 13.
Nucleus degradation X264; 14. Protoplast degradation xX264; 15. Only cell walls left x400. Ta. Tapetum; En. Endothecium; Ep. Epidermis;
SC. Sporogenous cell; PC. Parietal cell; MMC. Microspore mother cell; FL. Fibrous layer; PG. Pollen grain; DA. Degenerated anther.

BIR T et B0 RETEME L IR L AE 25 10 % 5 i 7

Plate I Development of degenerated anther on the functional female flower in Ferula sinkiangensis
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AN RE IR T O AR B S (TR T :8-9) o RIV/INELT BRI 2 A= it 4, 580 8 /N T =5y
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V18 AR e 7 4 [ R 1 3R 20 S 55 i Akl e P A £
F ey, e e AR T R G A Dy 1), 31X 2 ]
RS 5 T — 2009, I LS
32 HBABERE A

Kolreuter 75 1763 4F 1 WSS AE T A5 9 1) e
PEARE IS (Emst, 1986) ., FfiJ5, 2434 1176 % 1
PEART BB A A A 58 o 2 RGBT 25 BE R &
S FIUME R A B A0 Y & B W (Overman &
Warmke , 1972; #&F1E 1980 ; Jain et al., 1982; Hk
=R 1994 FE AR MRS 2005 ; B B SR 2010; 2%
WA 2015 T8 E R4 2016, FCRE 2019), 5
S e ] B 4 TRk A A L PR TT B SR A8 24
KH LR (T IANEER 2011 ) A1 AL ETEAR T
TR I ) BE M ME AL 1 46 24 BE 4 S0 908 2 A
JE Ak, B 2 R ) S5 e A S A RO B
T 6L 40 M TE ) /TR DU A3 A 2 T Ao R v R T
H R BT /N B A G R S B R A AR
GRS, DT, 78 B e BT B P S A bR L

A5 DR HAE 24 70 25 0 b R A T A ek A i Ok T M
PEMITIRE , S &Y B T T RE Mk 1 AL . X EE Ty B
PEMEAE (A8 25 55 & B B BB AL 5 En R T b
PEARE YA BRI 45 R 3 A — 5,
33 EMMENRBERERE

S 5 ] L e A A ) DR R R IR i
6120 A /INFEL R A A /DN 50 R A 5 A T T
B, D, FHAE K A i R & A AR IR
T 00 200 JE 25 /0N 6 B 200 M B B, R N TR R 4
Ji 2 DU A AR B B, ik — 25 A AR A TR i
0 A A A0 L ) D A A T A s B
VY4344 i 309 B4 A DG 5 38 (Laser & Lerstern, 1972;
Cbauban , 1990 ; 1 75 55, 2004 ; PMIIEE ,2016) .

FEEBUEYERF B N R U5, T
WESHHZRH LB Z LRI —H&Z
K, ZHFEENN M THERSE, FET /N
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1966; Vasil, 1967; Narkhede, 1968; ¥ 3 ¥,
1979 ; =35 45,1992 5 5K 9 6 55, 1996 ; Tsvetova &
Elkonin, 2003; Liu et al., 2016) . (A4 AIkH
YHE R IE /ML ME LR (ERE T
KR, 1991) o 7B 5 e B0 ) R K (1 4h /A 2
rh 65 A S AT 1l 24 BE A R 3 L 4 A DL S
HEEHA W LT ARG ZE, IR, k)
WA R FIER ., B E M RE SRR
RrE s/ MR AL TIRE ., T H
ST E M B E W AT R TR AR
2 L % /INFEL - B 0 A MR BT VR s 6 4
i KN FRE R B Y SRR NS EEE
AHEELR, A ZE/N TR R & 7 I
301 1F 2 440 A BT B0 5 BR A B 30T, DNA & B R
DL B A B B %, X fig B A RS FR B IR
B SR e K, W) 5 32 35t A% TR R T 45 i AR B A 1
AR S ( EAR S, 1998 3 25 P 48 45, 2000) . 45
FJZ M Ry B A0 i £ B0 400 M ) A 24 B A 9 — 2 4
A, S 5 A A7 % 0 2 B o DA B I 1 A i A
JL 3R A5 5 FE W T A R K AL (A A R, 19825
Pacini, 1997; {7324 2011) . b5 5200 16 24
KB IR D v 6040 B Ak, /N B A0 A 08 A
24 H 2 /N T VU S IR B B T B R
IR THRE f A AR T AE LU 14 43 U8 L 4% B
FaE TG S A JE R BN D AL
AT, MARHZMEk, &80z L F R
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382 o A o3 7 BIL R BIF 52, 5 LA Ik Sy 5 ek o 260 e
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REALHIER S HRE

2% LTI A ) R AN bR L The
PEMEAE B 1 S5 98 2578 b I8 | A6 25 7™ 4 L =
Yoo MRS 1O MCF 32 A B AL 24 1 20 LRI TG 1 44
SR R o M A B A0 I A R e A A s 7R
JEE /N T DU S R I 2 BEAR I A R R
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Leaf morphology and taxonomic significance of
five species in Hypoxidaceae from China
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Forestry University, Kunming 650224, China; 3. Key Laboratory of Southern Medicinal Resources of Yunnan, Yunnan Branch

Institute of Medicinal Plants, Chinese Academy of Medical Sciences, Jinghong 666100, Yunnan, China )

Abstract: In order to provide new data for clarification of the generic relationship in Hypoxidacae, morphology,
ultrastructure, and anatomy of leaf from five species in this family were investigated using microscope, scanning
electronic microscope (SEM) , and paraffin section. It turned out that there were five points of views as below: (1) Three
types of leaf shapes were characterized, including small-even, middle-wave, and large-plicate. (2) Trichomes were

single-celled and uniseriate, and grouped into pilose, strigose and stellate types. (3) Shapes of leaf epidermal cells were
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hexagon and pentagon, while stomata was paracytic and elliptic with a negative correlation between size and density. (4)

Sculptures of wax in epidermis was classified into smooth, granular, scales and crust types. (5) Leaf anatomy revealed

two types of vascular bundles, leaf transection of midrib had flat and carinate types, and its shape was divided into round

and oblong, with relevance between thickness of epidermis and size of epidermal cells. Based on comparative morphology

and anatomy of leaf, it is suggested that complex of some characteristics would be helpful for understanding of generic

relationships in Hypoxis, Curculigo and Molineria, while other characteristics for species identifications. In addition,

Molineria should be regarded as an independent genus from Curculigo sensu laio.

Key words: Hypoxidaceae, Curculigo, Hypoxis, Molineria, leaf morphology, leaf anatomy

{IZE#} ( Hypoxidaceae ) 2545 10 J& 200 Fj, £ %
34T R EK, T4 W e Bk TR A A P
J T ARV R ER RN B2V AN 23 A el B R T
24 H ( Asparagales ) , 5“2} ( Orchidaceae ) B4 3£ 2
X% (Kocyan et al., 2011;APG, 2016), %Pl £
AR RUATE W), A LN B8 53 22 R AE (R 1R
4% .,1985;Ji & Merrow, 2000; Kocyan et al., 2011)
(1) M3t BAE A7 A RN TCHA s M 5T IE
B 0y 47 B R et ik, B B O AR BROIR B (non-
glandular integument ) , (2) £& ¥ A= ol BOR AR e ol A
ARAETT A s A6 7 Bl 2 o 4 et 1l S AR 84 Btk 5 4
ERETXAR, B 6 B HERU AL SN U,
R NREBOR, AR, R &6 1 5 ML,
Tt Bk, (3) R HIRBHAR

MZERMEFR FE 294 4 J& 10 Fl(Liu et al., 2012;
FIC)TE,2019) , 43 Ai0E /N M LR (Hypoxis ) Il
FIE (Curculigo) . KMAIZE & ( Molineria ) F1EAI
J& ( Sinocurculigo) (Liu et al., 2012) , /N5 R 2
A 100 Ff, 7 A TG HL X, R EACH NS R 1
( Hypoxis aurea) , H 2 AR /NEA | 72 R 7 HiLIX
MEF 24 20 Fir, 7 A 1 S T s X
WEA 2 B, 35 6L ( Curculigo glabrescens )
FILZE ( C. orchioides ) , WF1ER MV RS . KIS
JE 2 10 o3 A T A ML IX  FREA 6 b, AL 4G R
fill % ( Molineria capitulata ) . % 3£ Al % ( M.
breviscapa) . 28 "Il 5 ( M. crassifolia ) | i 48 1lll 5
(M. gracilis) FPPEANZE (M. sinensis) F1E- S hifEAL
(M. prainiana) ( £3C)75,2019) , 4158 2R
Pt AR o Ak B B IG e A5 A5
TEIFEEG o FUEHE 0 ST B S g (L HE & 1L 4R
fliZF ( Sinocurculigo taishanica) 1 1, 7345 T3 E ™
KA AW (Liu et al., 2012)

KIHLOR Il 25 B8 8] SR 2% ¢ RN B A, ik
R (Kocyan et al., 2011) . — 1, B AR A

G )RR T R0 R Al 5 e 1] F A BRANTE ©
TG R R G J5 0 0 R B E AE A e
(BRI 1985 )i & Merrow, 2000) . [FIEF, 4> F &
G A S S WA Ja B o ) 1 TR, A R
TEANZE T8 1 40 i 8 5 S R 5P R, e Z TR 3R
(Kocyan et al., 2011) , REHHTIN N ENIEZE
T AL SRR AR U T 25 S W R LUK
H 3T (Henderson, 1987) , {H — B SC 5 il 73 25 45
TEIEATRE , 76 )8 (0] 47 7E 28 L H & (Kocyan et al.,
2011) o FLIABIE T AR 9 2R B 00 A7 JC R DXL 5 R
(A 2R0) AR J& (JE 2R ) (Nel, 1914) . #R
T X ANRRE IR AR A, — SE 8% AR R L 5 8
(i B W ( Koycan et al., 2011) , Hilliard F0
Burtt(1978) & T — M E UK MR EHIHANE S
WL PR fife E R iE BV AR 245 8 D70 T 7 0 PR, X AR 1Y
AR AXFRAY I Sy AL & . {H )2, Kocyan
I Endress (2001) B2, IX AN RHIE AR B —F
TERIHAINET s f— L ol BL 26 24 8 U 1T BB A 0 A
WA AKIFR , F-4E H A I 25 T 118 5 4> Fofr S 1]
Mg . PRIk X P A A 285 S0 R AR 75 A h 72
BIGERL, EET, RBECAS Hb DX 33X T J& 1 REAE 2 A ik
B TE , BV T 1 b EL A (98 T oA AR i 114 28
fifr) , ELF R e B S R B0 5 KNS J& i T
W BN, SR TR Bz 8e i 8% JC ( Henderson, 1987
Wiland-Szymanska, 1997; Nordal, 1998; Kocyan et
al., 2011) . —J5 2T R ARl & 7E
DF ARG FIEIEH R (Koeyan et al., 2011) , HAE
S T o Ak 33K R A T A2 5 A8 ik 19 0 S L (L et
al., 2012) , Uil 3 DNEIRLG LR A I, I
A, FEANZE B 4r F &R 58 B (Kocyan et al.,
2011), ] i FARAH 100 RN MR R, A H
77 L ) Tl b T W) 43 32 (clades ) SR BLH AR LR
(non-monophyletic ) , ¥ 2 ¥ F 1 4k Y 19 #4 5F )&
( Rhodohypoxis ) ¥4 il{i— 32 ( Hypoxis clade) , ;= H I
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SRS . op [ AP AL e B ) R 25 B o3 28 0 1663

B ASF 5 /NS5 1 518 ( Pauridia ) V% 4 4 9 &
( Saniella) B }— 3% ( Pauridia clade) .

FA b AR — AW 5T B R A S
INBE B2 OSSR X b HAR P A R 2R R A
(Shah & Gopal, 1970; Thompson, 1976, 1978,
1979) , Nk %k g M Hir ¢ Bl Asteliaceae ( Rudall et
al., 1998) MR G F R . ¢ TALZE BHE Y
JEARHAER 732 22 M, W T3 25 BF 19 & K ( Zona
et al., 2009; Sanchez-Ken, 2010; Kocyan &
Szymanska, 2016; Roy & Vijayan, 2016; Gore &
Gaikwad, 2018 ; Gaikwad, 2019) Fl1/rZE RGBT
(Zimudzi, 1994 ;Snijman & Kocyan, 2013 ; Snijman,
2014 ; Tiwari, 2020) , {E15F 202, 3 EAL SR
TR 58 LB = | BR 1B 8 F & 3K (Liu et
al., 2012; 3074 ,2019) , KA B LI TFAIE &
Y I IE S E (R = ,2005) .5 Fiil
5 & 25 AR ) B il I8 28 UL ¢ (=& [ I A sk 10
1998) KA1zt 5 Y (AL 455 AN R 2
TE) A E 2 (28 TLAE4E ,2003) o AIIEERHBIALS R
/N4 A S A ) A T e R0 2 AR SR T
RAE Gt i 245 FH AR W) B2 U (ER i R, 1985 ; Perus et
al., 2018) . HIE AL AW 2= R W], /NG Mg B
MY A6 IE 28 FEAE XT 28 40 5t K2 ( Klomberg et al.,
2019 ) A1 [ A1 4L 5 18] W7 70 A3 1) Ff A T AL (Ren et
al., 2019) R EEAE LT X,

ML SRR 2 R G b B H S —
Ji 22 My, JJC A figp e — 26 53 25 IR E A 2R 3 N A
HEAE L, W0 BE A B R (Actinidia ) (7 5 A4
2000) . # L M J& ( Clematoclethra ) ( ¥ /= 3t 5%,
2020) HRJE ( Quercus) (& #a F1J& #r B ,2001) | X
L J& ( Impatiens ) (5K e 85 55, 2013 ) 1 3% 7% )&
(Rosa) (R4 W5 ,2017) . Ft, ASCLA i EALSE 7
3 @ 5 FhREY) R TSR G, R OB | 4 A B
AABET R HOAR W e Ty B s i3
AR TURR R S i ) AR A 1Y 22 5=, AR Y ) TR A
FR AN Ffr &l 53 B2 I 25 AR 3

1 M5 *

1.1 ##

5 MY 0 SER AR R H IR E S A RS,
KT 2019—2021 4, /N4 Mg 5 Al 255 F1 g% il
FoRA SR TR I (FEIEAR A KK TQ36

TQ37.TQ38) ;%8 AAZE A AUl 43 B R B VAT 11
FLANED iE E (Lilu20190004 | Lilu20190003 ) , & iIE
B A7 T v [ B2 2 R 27 Bt 245 FAE ) T 2= B 93 T b
ATE(IMDY)

1.2 Ak

1.2.1 #isket A B S FERFAN, A HEYIREPLIE 5 ~
10 Bk, BRI 2 ~ 5 MO 7 24 R pR 33 30 4K
W R R RO S A R B T R iR Al () N
AR (FE) B B KRR, APLA IR IE SR BN A TG,
Gtk Ry B A E B 3 e e R 2
1.2.2 246 & 5L LR vt ROk A8 ey A2 AFRAR b
A SR T B B W P KBS 2 mm X 2 mm
BN ER 4% 4 R FE I R 0 1 RIE A S R
[ fEAE o 5 b, W B R, R ) 4% )
I A ( Zeiss Evo 1LS10) WAL M 36 J2 11 & 1k
TR AALAS A FL 35 B RURRIE . R
TR AIE (%) ) DT RS 3 M A2 2 HE R G SCik ( Barthlott
et al., 1998 ; Wilhelm et al., 2008) ,

123 AFZMBUWETEEATE  BIFRER
BB B E T FAA (50% T A BEIR ©
[E=90:5:5)24 h LI I, MRAIEEDHWL,
Z: BRI R — i S A 20k (PR S AL SE 1L, 2009)
WA AP KETEC 1 em x 1 em BY/NJ5 He | 35 16 25
LA ) 30% Bl R — 13 E AL S W, BT 60 C1E
WIEFRA 12 ~ 24 h, RE0F P 3R B 20 A 4y
SRR EE ot =X =Yl R i1 O = )l
GBS A, RSP E IS SRR, G
U (3K DM 750) T, BEANAE S e 5 AL ET,
LSRR ok bR 3R I B IS AL | 3R A At
AR FLEAEE I H Image J( Java) 344 & AT
BRI Bl HL I 90 5% 30 S E 8, SR O3
Horp 5ALIE# = SALBY (RALE + R4
) x 100% ,SALEE = KALDE - mm?,
1.2.4 By A et A by @ B3 4F 4 B FAA
2 J5 AR 45 5 R WP BRI 2 mm X 2 mm
PIRE i, 28 b T RS B0 B K L W 2R E B iR i
W, WA R (R 8 pm) , VIR TE, 4
AR E Gy ) EWNG )  ESD Y R =  {
22 L (3ER DM 750) T USSR, WLEE A o
5 AN RS DT ETRRAE  f0 45 R R A0 A
AR/ R 40 45 5 R Tmage T (Java) B4 4
M JEEE | LR SRR R,



1664 OO0 Ml W

42 %

2 HREHAH

2.1 i3F R} 5 FiiE o O S S 4R AE

5 PR P i /N B AT B bR Bk B H A
BEAR/NE B M (R 1R 1), BRES/NAIG
FRRAS L s A/ i kR /D A )N 4 g R
M (EMT:1-6) , 2, RAURIRIY, Hont R
ALK, Mk g2, n 3 Fh K Al 8 R (B R

1.7-15) . S FAEY N R BB ZHE, 0l 50
3PP MK EE BRE AIWE, EHEEE
PR EE, KEE, 99, KA 5 om, i
B 43 A A I TR A I kR AL BRAE N 4 A
FOHALZE (BIRR 1:2-6) , BefRE, ek, JLFA R
1 mm , B 855047 I V9 100 004 I kA A Ak, MR B AE R
Il 22 AR AL P (B 1:7-12) 0 AR, &
LA 2 ~ 3 mm K OBEEESTHFER, 2EBH
— 2, RIS 2 (AR T:15)

R1 SFHUFRBEYHMES

Table 1 Leaf morphology of five species in Hypoxidaceae
. H 4R K (K x5E - S

i ks FORXR) WO B

Yy Fh . Petiole Leaf . .
. Plant height . Secondary vein Trichome type

Species length ( LengthxWidth)

(em) number

(em) (emxem)

e <10 0 (8~30)%(0.2 ~ 0.8) 0 KIS, HIL
Hypoxis aurea Pilose, occasionally
il < 40 6~20 (17~38)%(0.8~2.5) 8~12 KZEE, ML
Curculigo orchioides Pilose, occasionally
Rt < 200 40~80 (50~120)x(10~26) 10~20 KEE, ML
Molineria capitulata Pubescent, occasionally
S < 200 50~78 (92~118)%(9~15) 10~20 RERTE, 5 0L
M. breviscapa Strigose, occasionally
il < 200 5~40 (40~112)%(2.5~8) 10~16 HEE, %%

M. crassifolia

White tomentose, densely

AR SCARPEAR Y it 7 /N A B AR ik 2 S
BRI IS A it R R ASRI e 3 25
B NRI PR R R B R R A

B2 AR /NI 8 R R B i RN
ML, K 8 ~ 30 cm, Fa AL 1 em; FEEITE
, JCHT R AR G bk, 32 bk A S, U BTG 5 - 2%
L ERK BB R B RS 2 10 em; LT /A
MERE (R T 2 1-3) AR AE i L BT R Ak

B 2 WOIR AL AR B B, KR K10
em, B2 G F 1 A b i LR B AH TR KT ik 40
em, e 2 emy MR FEEGEOGH, EKHE A
8 ~ 12 WK, AHAS Z A8 R 5 -2 A e Jik Ak 9 7
FKZEBRE A 50 ecm; WFAIZE (KRR T .4-
6) , A AR T ol &k R

55 =2 TR R T 48 AR B ) B
TR T A, ik 80 om; M F REPEHE KAl
ik 150 em, BN 10 ~ 30 cm; M ELBA B 37 Bk i
ik, ERKIIE B 10 ~ 20 Rk, BRI,
1) O SR oy LY e 1 T i g2 g = X2 I R 7 3 =]
I8 2 m W RIS A S R il 25 (B

1:7-15) , A AR A 1P B 1 S AR
2.2 5 Fl3F RHE W R 3R BB B AAFE

ERTHE SIS A R, i B S T
WHETE S MY h 2 W, it — D B
FRIE R 23 28 22 3 S, 7 SOR I A B R 4 il rl 45
WML T H 3R H BRHUOESRHE

FER B T, 5 oL W ) i 3R B B O [R) 4
Mg A IR AR B o 8 B AN MR AR B AR Bl
M AR AW B b A 4 A A A
I3 AT e A5 p kb (KRR :3,6,9,12)
A G 55 4R 23 A AE A AR (BRI
15) o ARIEERARMK ERTEA W H 48 3 26,
KX E (pilose) ., B IR B (stellate ) Fl K& K B
(strigose) ., H5—3 KX T, 18 BARIK N ) p
ML, KR 1 ~2 mm B ARLT AN, 2 RLGE SR 7
AR Ak A i ik Ak B ROG T B B
R L, UL /N R A A R Al S (R AR
I.3,6,9), H=2, BRE, BKEENF -1
BRI A, A XERKE S, BEHE S
TE, AIRT AEEN—ZE%8E; Tl
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20 cm

1-3. J\/\ﬁga 4-6. I35 ; 7-9. KHAIZE; 10-12. 23, 13-15. L3, Z&. bk, . & m( L) MM Em(F);

A, HHF
1-3. Hypoxis aurea; 4—6. Curculigo orchioides; 7—9. Molineria capitulata; 10—12. M. breviscapa; 13—15. M. crassifolia. Left. Plants;
Middle. Abaxial leaf epidermis (ab) and adaxial leaf epidermis (ad) ; Right. Abaxial leaf epidermis.

KR T 5 Al RHE S 0 2
Plate I Leaf morphology of five species in Hypoxidaceae

o (BRI 14 —15; BRI 15) o 58 =28 RERk HDH:, DR 0 i TS A2 7, B RDIR 38 3% 528 Bl
B, 18 BRI S5 A, KA K 20 pm, {Elisdv P AR A A 5 DL R A S 1 i 2 R R ik (L RR
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1-3. NEMERE; 4-6. Q157 ;6-9. KM ;10-12. BIEANZE; 13-15. AL, HAUARR =20 wm, Bk T 3.6.9.12 .15, 17
R = 100 pm,

1-3. Hypoxis aurea; 4—6. Curculigo orchioides; 6—9. Molineria capitulata; 10—12. M. breviscapa; 13—15. M. crassifolia. Bars =100 pm in
Fig. 3, 6, 9, 12, 15, and other bars = 20 pm.

Bl T RGBT 5 RSB a9 T % 5

Plate I Abaxial leaf epidermis of five species in Hypoxidaceae under microscope

I:12), fEHEMRE T, ASCHEOWE TH A M58, SMEESUG G A IR S0 45 7l (18
FHIRR KRB R MARE, 7 T HE R Kk, RIV:14)



10 4

2.3 5 F il 3F RHE Y B R K BB R E

FE BB AR R T, S A 2
TARE 22 2 3 (R 2, /M I, ) , (4% R e 4l
i 2 i) BE SRR - H -5 R AN S
NI (KR ) MAHIE (TR ) ; LA E N
B R FG B
2.3.1 A R e e ER BB EET,
I ¢ i A0 T 25 AR/ INTE R R 0 1) 1 R 3k
FHEA — 3 AH R/ 22 5 B I 9% g 4 i o ) RE X
HERPE-SBGR2;ERD, I, 1v), ik
YA M KNS JEE , W2 S W 28 ST R HLIRTE |
B #46 RE AMTHE, WRKSHIE, BKAEIE ; 4
MoAg A, K/ANFH41E N 89.30 wm x 32.63 um, K
FE B R 2.70 5 Y BAE /N 4 4 2 AL P (
Wl 1-2,4-5; KM . 1-6) . J5 & +8 3R K40
W2 RE AR, A A L B RE 0B/,
KANEME K 27.47 pm x 18.82 pm, H K 5% It
SEHE R 1,265 HIAE R HALEE JE B 3 AR (R
ML 2P BRI A Al e ) (. 7155
RIRI .7-9) . MWEHRE T (R 2) KA, WKk
S KN E R R tE KT 2,
232t AR AILEAR FERMBEMEMBET,
5 B 0 ALAR B o0 A TR R R MW B R
K2, RAEFN L (paracytic ) , JEA RS B A6 RE |, (HS
FLR/IN AL BRI AL %% B A B (] ARk (3R
2; BRI IV) . SALFEEAE 5 A B AR
R REAE 10 DL 3(E R 778, R4 ALK
NI AT A3 ok 2 25, B2 RARAL-IR%
oS ALKR/NIE R 35.00 pm x 28.88 pm; S AL%
AR, M R 5.56 5 I BLAE KR BL RN I /NG 2
AP CNEERNNSE) (KR . 1-6; R TV 1-
6) . K NI -m B R RALEVN, KN
] 22.94 um x17.38 wm; AL E R &, B{EN
20.90; BRI 8 3 A (RIS | A A
FRAEMZE) (KT . 7-12; ERR 1IV.7-13)

KU, 5 i AE 4 04 i 3R R 4 M Fn A<FL AR AR AR
Fifr ] 22 S B, T 4 I 3R R AR AE 3o 2 3%
B2, R S, B RKAEE RILRE
R, Y BLTE R RLE AR RN 2 NP4
MERLAUN ) o 88 28 RGN Hi e
FIE AAL/AMA S B, AR R B e R
KA & 3 Al (Al S A 2 Fi gt
iz .

SRS . op [ AP AL e B ) R 25 B o3 28 0 1667
A

2.3.3 rhk R E R FRRET IR CR
(X 400 ~ x 1000) 744~ , EZEME R Bz 4R &
FR/NA RS ALY, W 5 S804 4R AE S B 5 (L7
EEIR (% 2 000 ~ x 5000) S04 IR0 T 0L, i
JoT ST 4 27 K 43 A A [R R RS [R] R AR 1 i 1
TR EAER (EIL,1V) | Mg 5) 4 Fhem,
JEHE R JEAR FERAPURCR , YEHE Y (smooth ) S8
I 2 142 40 1t 2% T Y M 1, W T S0 2 AN B
i (H LURCIREE S | i BUAE /NG g 5 A 36 i (&
BRI - 1-3) o JEIRSCHi (scales) , 248 i3 Kz 40 i 36
VAT AN otk 2k, 5L 08 R B0% , R A
FALZEM 25 (EIR.6) FTF &5 (EIRR IV .S,
6) MBI ARSI T 2B (BRI IV . 7-
9) o SRS (crusts ) J& 45 8 T S0 JR A —, 8
ORI () 2R GERE , H A K Al 25 R 221l 25 11
R (KR 7-11) , BURLAR S ( granular ) 45
U R 0 R/ INAS — B TR 1 T A SRR R
His gt BRI ) 3R B2 (IR - 12) 505 HAth
3 P AN R FLREIR At TE 5 R I T 3 1
(ERRIV) .

FLAE o M IA Ry, I I 3 B2 1% I 5 80 i A [)
MY RN — B IX A, HH 4 K080 .8
AR TR AFER ) o BN /T 3 A2 BRI B AR
ANt (M :1-3) AL (KRR : 6) Fl gl nt
e (R .9,12) , i 5Ek H BLAE Kl IS 1)
2 AN CR IS A AL ) (BRI 7, 1058,
11) . BRI, T 3% J 0 5 SO AR G 52 4, o 2 Fh
KA BTRA R, FERR A B X 43, 94 . ks st
REiF B IR A HBAE /N MR (B IV 1-3),
Wk A TR 2 TR A BEANSE (EIRR IV . 4-6) ,
TR RAS TR A B R A Hh B AE Kl 2 TR Y 3
B CEIRR IV 7-12) , BBtk B T S i fF it 1 3R
B2 5 B AT 5 AR A A,

2.4 5 Tl 3F RHE Y B DR S0 45 1E

SRAE R I R A ) 1T i ) R A AR R R) A 25
ARBFFEIEE T 5 ke 0 (%) ok A Fik Ak 4 - A )
T, S5, S ke 4 A e s D) T Ao ) 4R 1 5 R
FHL, B IS B R 2 R A ZUR 445 R
3 FPLHZUR R, SR, iR kBRI RS L LR R
FE AN TR PR 4 R R A A O
BEEME2ZSHE (K3, ER V),

rh LK Y1) T 1 48 B AE S R e A AR Ak AR 4
Hh Tk A ) P DD TR B 1 e A RN K oA
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1-3. /NEMERD; 4-6. I35 7, 10. REHISE; 8, 10 AN 9, 12, ZUAHliS
1-3. Hypoxis aurea; 4—6. Curculigo orchioides; 7, 10. Molineria capitulata; 8, 11. M. breviscapa; 9, 12. M. crassifolia.

BRI 1B T 5 AhlSE RHE (19 i 13 Bl GO S 45 E

Plate I Ultrastructure of adaxial leaf epidermis of five species in Hypoxidaceae under SEM

-3 (even ) AL H MR (carinate) o -2 HH8 S
Kb 160° ~ 180°3EH , VI I §E BE A 1 2515 F-F 1,
h—HL B 3 8 3 Bl (/NS AP R oY
ML) . Jedtk, FR V-8, 35 98 /1 ok 90° ~
160°E [l , VI 11 48 B 52 V-2 74 5 W B KAl 5
J& B 2 A Fp (RS TR ) .

Bt oyt R WYy JEE EE 5 Y AR ik Y TR
JEE B S U A A TE R DG H 5 i YR/ INED 2 67 A OC
REAE AT LA R 2 26, 55— 28, /i = JE AL

PRAERR AL BRI /NG 2 J8 2 Bh (/N4 g BRI
). ENTHIM R EEE 120 wm LU E (156.51
123.13 wm) , ¥I{E 2 139.82; P J5 BE Ab T3 F5 78
80 wm 247 (87.56.84.73 pm) , K 86.14 pm;
KR EEZE 190 wm K LA E (190 ~ 320 wm) , 314
4 254.65 pm, G TS KMy AL B R AR
w R R AR 3 AR (RTINS A
MEZEFMGEANSE) o 3 AR R EEE 220 90 wm
(90.65.92.86 ,102.37 wm) , ¥{8 95.30 pum; it A
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1-3. /NEMEEL; 4=6. Q55 7-9. RIS ; 10-12. AR 5 13-15. 205,
1-3. Hypoxis aurea; 4—6. Curculigo orchioides; 7-9. Molineria capitulata; 10—12. M. breviscapa; 13—15. M. crassifolia.

FIRR TV 5 Bl S BHE A 4 iR 35 B2 BOE ZReiE

Plate IV Ultrastructure of abaxial leaf epidermis of five species in Hypoxidaceae under SEM

JEEEZI N 65 pum (68.54.61.30,64.22 wm) , FIfH AR R/NRE—E A,
64.68 pm; 1 KIS BE AR FRFE 160 wm (160.25.,166.18 M AE D) TS B RN SR 43 AT bR AT LLE
159.56 pm) , ¥J{H K 161.99 pm, K, it R FFEY G L 3R 40N SR 2%
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Table 2 Characteristics of leaf epidermis of five species in Hypoxidaceae
35 TRE
Adaxial leaf epidermis Abaxial leaf epidermis
b 2 it K /] K ALK AL
Species £ s . e Z I e = N R S g GILEE
Epidermal cell {E?NFE Epidermal cell JLE?NEE Stomata size %‘?]“L‘ﬁ(w?“ it /z‘lﬂ‘f& SD
(L,XW,) M (L) /M, (LsxWs) VW SR ()
7N M 87.53(38.87~105.40) x 95.72(43.16~126.52) x 34.32(29.49~40.56) x
Hypoxis aurea 34.23(22.86~50.41) 2:56 35.41(21.89~36.34) 270 28.62(21.89~36.34) 1.20 914 6.24
e 84.33(21.11~114.66x 84.63(41.12~115.57) x 35.69(28.31~40.01) x
Curculigo orchioides 29.38(24.43~56.42) 2.87 31.50(21.01~40.98) 269 29.13(25.07~31.72) 1.23 7.52 4.88
PNURIES 27.25(15.84~36.95) x 24.75(16.40~37.72) x 20.24(16.88~23.31) x
Molineria capitulata  18.09(12.33~21.56) 151 19.55(13.93~29.63) 127 550(13.93~18.85) 130 680 16.31
S AN 27.90(24.01~31.40) x 25.56(14.32~37.23) x 25.17(19.04~30.88) x
M. breviscapa 18.85(11.90~25.67) 1.48 18.70( 13.01~27.75) 1.29 18.08(15.54~22.33) 1.35 7.62 21.60
BURiEd 26.25(19.06~32.16) x 33.08(14.66~63.19) x 23.41(19.50~28.33) x
M. crassifolia 20.64( 14.56~27.21) 127 17.08(13.25~22.64) 1.21 18.47(14.13~25.29) 128 7.83 24.80
F. L, DRZAMRRE; W, ERCAMETE; L, TRIZMMACE; W,. FTREZAMMEIE; Ls. TALKE; Ws. KALTEREE; SI.
fLIE%L; SD. SALE R, L oK,
Note: L,. Length of adaxial epidermal cell; W,. Width of adaxial epidermal cell; L,. Length of abaxial epidermal cell; W,. Width of
abaxial epidermal cell; Ls. Length of stomata; Ws. Width of stomata; SI. Stomatal index; SD. Stomatal density. Unit; pm.
F 3 5 MLERHEY M E DR R 4
Table 3 Leaf anatomy of five species in Hypoxidaceae
%ﬁ Tl. Tm TM TUF, TIF
. TLIC/TI.I‘/
Species (pm) (pm) (pm) (pm) (pm)
NG ML Hypoxis aurea 156.51 87.56 313.19 38.75 28.36 1.37
2 Curculigoorchioides 123.13 84.73 196.11 31.16 28.00 1.11
KA C. capitulata 90.65 68.54 160.25 40.19 14.78 2.72
A C. breviscapa 92.86 61.30 166.18 40.30 12.32 3.27
AN C. crassifolia 102.37 64.22 159.56 24.47 17.86 1.54
o WRIREE; Ty IR, T, MRJER; Ty, EREERE; T, FTRELWEE

Nole, T . Thickness of leaf; T,. Thickness of midrib; T, . Thickness of mesophyll; T. Thlckness of upper epidermis; T, . Thickness

of lower epidermis.

3 JU A T Bk AL B B R R g (R
V:2,5,8,11,14) AT LIGr R 2 25, 552 GF R
REAMML, 8 b N RS R, R
1.10 ~1.50, A B0AE 2 J& 2 Fh, BI/NA 5L (1.37)
(PR V:1-3) FAIZE (1.11) (FRR V:4-6), 5
T N R AR K A e R ML R
B 1.5 7520 F(1.50 ~ 3.50), WF KMl
JBEY 3 AR KRHALSE (2.72) (BRI V. 7-9) 2
2 (3.27) (EIML V10 ~12) FERHALEE (1.54)
(R V:13-15)
A A A5 7 A) 22 5

) K F R B S B, TT 4o 2 2

iR N
Ko Bk LY

B, e b kR U b 90 Bz AR oy A e R
1Ll 55 o o 11 e 1 S S B ST S B
HAMBIRE, B R — A, LT 28 3 Ff
(/NEHMERE Kl E AR ALY ) (I V2,8,
1), 5528 MR 488 o, 48 ih A ks Ul e I,
D)) S O o N R Tl =g s S R A o
TREA B H R L, B E YT A B R
WA WT 2 )8 2 Fh (A Fgi vt Al e ) (V.
5,14),

P T D, e DD T A )RR AR A R 25 5
o MR R DD T ARG L e R R B B R R
AR /NG ATyl 2 2, A — 2, R kO
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50

— vb —_

pm

1-3. /NEMERT; 4=6. 5 7-9. KIS ; 10-12. JEEAISE ; 13-15. S0l . mvb. HRKEERT AT, vb. MURKAEE R
1-3. Hypoxis aurea; 4—6. Curculigo orchioides; 7-9. Molineria capitulata; 10-12. M. breviscapa; 13—15. M. crassifolia. mvb. Midrib vascular

bundle; vb. Vascular bundle of the secondary veins.

PR V5 FfAil S RHAE 4y i U7 T 245 #4) 4 FiE

Plate V. Anatomical features of leaf transection of five species in Hypoxidaceae

MR R R AR, IMBLAE 2 J& 2 Al (/hastls RAER LT R IHINSE JE 9 3 A Bl (RIS
RIS ) o 5 28 ko - 7 il RECAIE BRI ) |
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3 WwE55ik

B XS B 58 5 64 /b | i 1] 5 BR AN I 1Y
I3 R G B R BLG A Sk #5173 3 & 5
PR ) J WF 5 0F G2, R S GO 40 4 v A R A
VIR R I T H B A | k36 Je 8 3 e 1 At
BEVITE i ) 25 4, LR A T R SRR AR R [H]
AR Y 22 5, TR 1o 2R B S B ELU T L
ANTT I

S — W AT A ] 4 22 5 T LAAE O J ] 5
FRA kA . BT AWESE T 20 A 7 2R K1Y 3 s
( Spiloxene . Empodium . Pauridia ) 10 F 45 %) 19 i
FHAE ( Thompson, 1976) , AR #ig i 74 F1 bk 4 A R
FRAE, M2 &8 0 4 Fh. e B R R R it
( carinate) & ' ( cannalculate ) . |8 # ' ( terete )
AT B3 R i (plicate ) 5 BT 3 AP 2 A B 7E
Spiloxene , A] UL F F 2% % % J& ) A 6] B ( Garside,,
1942) | J5 — Fh 3 B BLAE Empodium . TEALZE B
A ZRAETTBE ST i, /)N 4 M 5 3l B 34k oy e
AR i R JE 3T R OR 89 /N B i B (Rudall et al.,
1998) 5 Aili =5 Jag AN AL 2 T 5 Bl 0 s) Ry A7 A
7 58 R K Y ( Zimudzi, 19945 Ji & Merrow,
2000; E3CJ74F,2019) o AT UL, AR 5 Tk 9 Bk AR
AT B AR I KRR E , BA 2 2R i S, AT ST
LR 3 R B Fy n] T e [ ) A ) oy )
LURVANE Y N A N o R R AN o (1T
AR S B R i B o 5 SR il 5 B 3 A el (R
Az AL Gl S ) #  Pr BIROR B

5, R R AN 2 - ALY — P JTRRRAE -
W JRERE - R KR 5 ANRHIE G TR R [ B A —
SEMI AT, B 5 AR LA A TSR
AEG>R 2 28 INITEAR YR . SH—45 83k
BN AR TE (NI ) ALK -5 BEAR b kR
R R JRE 3R B AR A R R L ARAIE B R 2L
RN 2 Jm BN AN, AR, S Rk S
ANREAEARXS B HAH B 1055 — 2R 45, 18 R B AN
FREIFE (T8 ) RS/ B3 B e kR | it
2 B A0 R A5 R X R AL A 4R v DL F R il
IR 3 AT, PR, AR SO RS & %
SETALZEE SN (Henderson, 1987) , G785 /N4 A
g AN BB L %, WA/ N R R S 2 RN
W (Kocyan et al., 2011) #2447 HrZe &, F3 L,

NG M BT R ISR B AR SRR AT L ILIIE A
FNIE R E A UL DY ( Wiland-Szymanska, 2009)

55 =, B AE T DLAE AL 55 B b 4 e AR
o B, /et E ASE RN B I R AR
By it -KE BB, WT 3
AR 2 A A0 TRk SRS B I O IOk
W -RER BB, g2k T kg ik, Hodgr, gt
MZE 0 B R EAR MR i3 %5 B a0, Bl
BT o Xy R KRB, XTEFRE 10 M ALF
P BAR A WL R G . (ERHE R 2, A
SCWEEEN 3 )& 5 FhAE Y 7 B S A i
B SR 2 BR A RS RS R B A Y R S
FRIE(Z a0 23] 5 XK E) ( Thompson,
1986; Rudall et al., 1998; Wiland-Szymanska,
2001) BRI o PRI, A SCE5 R A 73 A1 72 AR I 1Y
MR 5L TR Bk, [, /)N 4 M B ) 1Y
EBHRIER N ZH A 2K EE, A
PR B 551 20 RY Y 3 SR R 22 B (Rudall et al.
1998 ; Wiland-Szymanska, 2001) . B itk fill ¥ FF &
BRRIE 1 70 22 2 AR — 2B 0T

SE0U, 5 FhRE 0 3R e I BT A i, AR R 3R
B R 2%, 2 LASURE IR TS 5l 78 RO IRl 1A
LAY, AR R ] xE LX), SR, i b 2 B R 05 o
SRR 8] 22 5 B 2, AT AR Sy M A A e AR A L A
LIRS RSBt R I (T 2 IR VNN K (ITE 2
WORLIR AL Al setk . X3, 5
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MZF)E 2 B (CRMALE R EEAL ) B BDE 4R
AL AR . Ak, Hoar 2 J& 2 Fh (15
INEMEERD) SRR . (H15 — P2 B R, AP 2R ALTE
IING Mg i AR e A5 3k ( Wiland-Szymanska, 2001)
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P W T 285 R0 il )RR R A Ji ) AR ] 22 S I
FORAA-EMEFEL, RS DREEA
H(MHIEE+REZ A+ AL RB + 1+ | TR
B A0 JEEJE ) A 18] 22 5 B R, mT T e fe) SR Al
Gy o AR, ALHE B S A | 3R R I 5T S H A
rh bk U T A 4 A8 R A A R ) A5 AR R, T AR
Yyfh S e ARG . I, Sy G b B A O SRR
15328570 S R 1 IR BN 3 T8 5 R
IPRKRE,
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Pollen morphology and its taxonomic significance of
10 Primula species from the Shergyla Mountains

LIU Lin, ZHANG Liangying ", CHENG Guilan, HE Dan, ZHANG Lifei, MENG Fanli

( Liaoning Agricultural Technical College, Yingkou 115009, Liaoning, China )

Abstract: Primula is an important genus of Primulaceae, which has high ornamental value because of diverse flower
colors and long flowering period. In order to provide palynology basis for the taxonomy of this genus, we observed and
compared the pollen morphological characteristics of 10 Primula species from the Shergyla Mountains in Tibet by
scanning electron microscopy ( SEM). Moreover, clustering analysis was carried out on the basis of these characteristics

of pollen morphology. The results were as follows: (1) Pollen shapes of 10 Primula species varied from oblate to nearly
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Education Department( 1.202003) ; Scientific Research Fund of Liaoning Agricultural Technical College (2020-03) ],
FE—1EH: XM (1980-) 18+, Rz, 325 Tl oA 4 A B KB T R IR E 5T, (E-mail ) 103161474@ qq.com,
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spherical. Among these species, the pollen of P. calderiana was the biggest, and the smallest was that of P.

kongboensis. The germinal aperture of P. tibetica was stephanocolpate type. The other pollens usually were tricolporate

type,, most of the colpus converged to form parasynocolpus in the polar region. (2) The pollen exine ornamentation were

mostly foveolate or reticulate, which of P. chungensis and P. tibetica were coarsely reticulate. (3) In traditional

classification, 10 species belong to 7 sections respectively. Clustering analysis based on pollen characteristics showed a

certain level of consistency with the traditional classification. However, P. sibetica and P. kongboensis, both belonging to

Sect. Aleuritia, maintained a relatively distant relationship due to their obvious differences in pollen traits. The

preliminary results show that there are interspecific differences in the pollen morphology of 10 Primula species, which

can provide a certain degree of reference for classification of plants. But it should be reminded that in addition to pollen

characteristics, morphology and molecular biology still need to be comprehensively considered in classification.

Key words: Primula, Tibet, pollen morphology, clustering analysis, palynology

AR AL 5 FERY e BT FR O = K e L AR
(E%4,2016) , HHAEEFE L2, BAE
FRULTE AL, TR 2 07 FH T el o ¢ B N AR 85
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Table 1  The essential informations of the experimental materials

%5 K4 Hil

SR ML AT, Sampling site
T

Number and species name Sect.

LIEMLi ER

Latitude and longitude

Flowering time

Elevation (m)

1. SHEMRE - iREd 94°44'16.1" E, 29°49'7.9" N 3171 5—6 A

P. latisecta Sect. Cortusoides May to June
2. R MEH A e 35 2 41 94°40'0.2" E, 29°37'13" N 4 469 4 Av—6 A

P. calderiana Sect. Petiolares Mid April to June
3. PRI EIRE ISRSEE - 94°44'12.3" E, 29°49'15.8" N 3103 5 H—7 A%

P. chungensis Sect. Proliferae May to early July
4. Fpp iR PR AN 94°44'18.0" E, 29°49'9.8" N 3156 5—7 H

P. alpicola Sect. Sikkimensis May to July
5. BEAShiRE e EA 94°43'03.1" E, 29°40'15.1" N 3 740 6 A—7 A

P. florindae Sect. Sikkimensis Mid June to July
6. REZME EITE e = 94°40'0.2" E, 29°37'13" N 4 469 5—6 H

P. ninguida Sect. Crystallophlomis May to June
7. WL ILIRE EFIIECE -2 94°42'06.1" E, 29°37'04.5" N 4261 6 Ath—7 A

P. advena Sect. Crystallophlomis Mid June to July
8. VH A et 94°43'44.1" E, 29°42'05.6" N 3507 5—6 H

P. tibetica Sect. Aleuritia May to June
9. TAith# WA 94°37'56.3" E, 29°39'24.1" N 4398 5—6 H

P. kongboensis Sect. Aleuritia May to June
10. HODERIEIRE BRIEH BN 94°42'06.1" E, 29°37'04.5" N 4261 4 Ah—e6 AWl

P. atrodentata

Sect. Denticulata

Mid April to early June

1.2 ik

PE AL R R AR pH {H 6.8 Wk JE
0.1 mol « L™ ABEMR 2% ph A0k 5 K, BFIK 10 min;
I 30% .50% 70% 80% 90% Vi JiE 1 Z. i 7K
1 R, BR 15 min; 100% ¥ ZBEBLK 3 ¥k, K 30
min; Z R 5 GHR B 3 2 WK, BEK 20 min; #AER B %
L TUEACH ] CO, I AL TR AT

FH S | fie 7 8 Ak B B 4E R [ TR B
e R S W S AN 4 | 43 4 L B (S-4800) WE
g AR,

D AR By (AR Bl (P) R E RN (E) |
B R AL | IR KIS | A 98 A A 4 A, B R Y
FEASTE Ry 20 Ki, fEBPRIIEARLL P/E (R, 3R
QU B IR S % TARIESE (1995)
1.3 HIESsItFoH

K H SPSS 22 Bk AT 2 E L 5 R KT,
WHE P/E B & FLYE B & VA B W IR TE WA

i IR GE/ M H 98 6 N BCRE AR, A B G 18A
To A B bR AL Ak B S 2 2550 3% Bk 25 (2020 ) 7Y
J7k 2R 4 Il o 2 15 R R 06 o (4t 4 O
TR,

2 R 59

2.1 TEMRLK N FAR

Btk 10 Rl b, SRR E MR B Ak
B MEE . TAREMITRS LR E 5 FiEic
ZCh VY EURE A R T A KT TR R A
X 10 PP B AL T8 A A8 R T A AT 5%, 45
VLI B 2 FiER 2, BEEEA 2 BRI AR, 46K
R /IN  HLAS (R ] ) A6 A KN 2 25 5%
Horp ) ToA A B AR K R B /0N, 7 35 A il A0 s T
K512 7.07 wm x 8.32 pm ; W 58 ME 34 41 75 1 46
Wrki R K, N 16.41 wm x 22.43 pm,
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WK IE R UL P/E WWIH £ R, P/E 1£ 0.88 ~
1.14 Z 8], i ERFE ,0.50 ~ 0.88 Ay jm BRIE ( £ JF
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KA ERE KAy 8 Pk B0 P/E HIITE 0.50 ~
0.88 Z[H], by Jid BRI , JH vl s 5% e 8 i 4 R 2 €
WHEM P/E (Hi/N, N 0.73, 10 Fid & S e
WA UL 22 o B = AR B sl IR | ol 38 10 2 R
BRI JEEKOE
2.2 EMEEAR A

BRI OB L FLS A AT 2 Ry 3 fLig AL S £
WRI R, o DU R & 2 V0 B KY , —
Hoe6 i, HTHR 9 FIEmE N 3 fLigM, HK
A AEH (PR S RAEBRSN) 1Y 3 I AR X
AOEREAE (A E2) R & K E
LI 2658 Ay VR A A 0 A W ORI T B S Ak
By K INAFAE — 52 1 — B0, 475 DA 55 16 05 41 7 11
B R I T8 (3.50 wm) , T A5 # 5 F G 3R 5
73510 0.49 .0.53 wm,

A, 2 ph i L B AR MR i B R
DERIEHAR 4 P A 76 f 7 S O T AT 4 3 204
DRI E 4 WIAERAETE (B 2) o i TR
4 VAE R PR A B, P EL AR S TR R 4
W%,

2.3 TEMEUR RS

Bt 10 3R 7 46 4 6 A1 BE SCH Sk R o
MR, R T IR 52 800 B8 A (319 B AS B0 00 JE bk
(2 2) o ASIRIFhE] B[] — o 26 053 R A1 B 1 IR /)N
AN VAR F P HR (0.82 wm) e K, (D ERAE R
F(0.10 pm) T/, —FHHZ 0.72 pm, 10 FRE
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A(A1-A3). EREMRAE; B(B1-B3). B MEHE; C(C1-C3). 4T 54Rk%E; D(D1-D3). 2 @ik %E; E(E1-E3). B
BhiRA ; F(F1-F3). ARZARAE, 1A 2 50500 408 btk i WA SRl L, 3 e R, FIE,

A(A1-A3). P. latisecta; B(B1-B3). P. calderiana; C(C1-C3). P. chungensis; D(D1-D3). P. alpicola; E(E1-E3). P. florindae; F(F1-
F3). P. ninguida. 1 and 2 represent the polar and equatorial view of pollen grains respectively, 3 represents the pollen exine sculpture. The same

below.

K1 6 Rl B AL R A AL B 1 25 1 ri B WL ¢
Fig. 1 Pollen morphology of six Primula species by SEM
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G(G1-G3). T IR ; H(H1-H3). ViRfAE; [(I-13). TAfE; J(J1-J3). FOERERE, 4 0 3 FiREN 4 7L
A6 A T
G(G1-G3). P. advena; H(H1-H3). P. tibetica; Y(I11-13). P. kongboensis; J(J1=J3). P. atrodentata. 4 represents stephanocolpate pollen of

three Primula species.

K2 7 MR LR E R S B R B
Fig. 2 Pollen morphology of seven Primula species by SEM
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Table 2 Pollen morphological characters of 10 Primula species

e fh i iE il i & FL9E ] H 5 GRS
Polar axis Equatorial axis Colporate width Mesh width Ridge width .
Y5 B 44 A
Number (pm) (pm) P/E (pm) (pm) (pm) Fxine
and species B v B Cv B Cv B Cv B v ornamentation
XxESs- XxES- xESs- xESs_ xESs_
(%) ) (%) (%) T (%) ‘ (%)

1. S EMNRE  12.512 462 1696+ 9.75 0.74 1.87+ 20.09 0.22+ 35.25 0.22x 16.79 [GIEVN

P. latisecta 0.16d 0.43d 0.08d 0.02d 0.01bce Reticulate
2. WEMHIRE 16412 335 2243z 658  0.73  3.50x 25.17 0.33x 27.65 0.24x 14.80 [GIEIN

P. calderiana 0.15a 0.41a 0.19a 0.02¢ 0.01b Reticulate
3. FkT ik 14.82+  4.82  16.22+  3.81 091 1.96x 16.00 0.40+ 35.06 0.20+ 19.53 AR

P. chungensis 0.24¢ 0.21d 0.08cd 0.04b 0.0lcd Coarsely reticulate
4. ZREHRE 15.15+ 14.46 20.70+  7.83 0.73  3.43x 29.60 0.11x 32.55 0.14x 5.85 G/

P. alpicola 0.69¢ 0.36b 0.32ab 0.01f 0.002f Foveolate
5. B4 15.40+= 3.60 20.66x 3.56 0.75 3.05+ 20.47 0.15+ 23.13 0.15= 18.75 [GIEVN

P. florindae 0.16bc 0.18b 0.17b 0.01ef 0.01f Reticulate
6. MZiRHKE 14.83+ 2.82 19.42+ 5.74 0.76  2.34x 1836 0.21x 33.53 0.20= 15.68 [GIEVN

P. ninguida 0.13¢ 0.34¢ 0.12¢ 0.02de 0.0lcd Reticulate
7. RS ILMRE 11.29¢ 522 1452+ 475 0.78 1.85+ 13.85 0.23+ 35.42 0.18x 16.50 BV

P. advena 0.16e 0.19e 0.07d 0.02d 0.01de Reticulate
8. VH A 1591+ 4.48 16.24+ 6.10 0.98 0.53+ 16.08 0.82+ 17.60 0.33x 18.79 HH PR

P. tibetica 0.18ab 0.40d 0.03f 0.04a 0.02a Coarsely reticulate
9. TAitlkE 7.07+ 291 832+ 71.72 0.85 0.49+ 39.47 0.15+ 19.99 0.16x 13.20 AN

P. kongboensis 0.05g 0.16g 0.06f 0.01ef 0.01ef Foveolate
10. FLODERIEIRAE  9.22+  5.13  11.77+  4.14 0.78 1.35x 25.02 0.10& 25.92 0.15x 21.06 AN

P. atrodentata 0.11f 0.10f 0.06e 0.01f 0.01f Foveolate

e RIFIANE/NG F R RN 22 5 1 3 (P<0.05)

Note: Different small letters in the same column indicate significant differences (P<0.05).

310 iR AR LB AR Y AL BT A e ik SR 2 A

Fig. 3 Clustering analysis of pollen morphological characteristics in 10 Primula species
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Timescale of angiosperm evolution based on Ks distribution

JTAO Beibei, WANG Xiyin®

( College of Life Sciences, North China Unversity of Science and Technology, Tangshan 063210, Hebei, China )

Abstract ; Estimating the time scale of species evolution is an important part of life evolution study. It is found that there
are significant differences in the evolution rates of different genes and species in recent years, which challenges the
molecular clock hypothesis to a great extent. Therefore, new methods are needed to re-estimate the evolutionary event
time. The whole genome sequence of angiosperms makes it possible to estimate the evolutionary time from the whole
genome perspective. In order to re-estimate the evolution time of angiosperms, an evolution rate correction model based
on genomic data is established according to the idea that shared polyploidy events or shared divergence events should
have the same Ks peak. The results were as follows: (1) Three common ways to obtain Ks distribution were compared
and analyzed, which showed that the best way was to extract the median of Ks values on collinear blocks. (2) The

change process of Ks distribution was simulated with time accumulation coefficient (v) of Ks values. When v was
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assumed to obey the normal distribution, the Ks distribution had a long tail phenomenon. (3) The correction process was

described in detail, which was conducive to the understanding and wide spread of this method. From the application of

correction method in angiosperms, it was found that the Ks peak before correction was not linear with time, while the Ks

peak after correction was directly proportional to time, indicating that it is very necessary to estimate the time of species

evolution events after correcting the Ks peak. It was also found that although the evolution rate of angiosperms was

significantly different, the evolution rate between different branches was still partially consistent. For example,

Magnoliids had the slowest evolutionary rate, followed by Eudicots and Monocots. When the environment changed

greatly, most species of different lineages of angiosperms had synchronous radial evolution and adaptive evolution.

Finally, a relatively reliable angiosperm evolution time axis was establish, which helps to understand the evolution

process and model, especially to understand the phylogenetic relationship and the causes of diversity and provides

phylogenetic and evolutionary support for plant research.

Key words: Ks distribution, angiosperms, time correction, phylogenetic tree, evolutionary rate
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Table 1  List of the 44 angiosperms involved and the genome data sources
Yy H =t KR I
Species Order Family Data source
Toim g Teim#E H ToimeE R https; //ftp. ncbi. nlm. nih. gov/genomes/all/ GCF/000/471/905/
Amborella trichopoda Amborellales Amborellaceae GCF_000471905.2_AMTR1.0/
W R it 3% H EER} https : //phytozome-next. jgi. doe. gov/info/ Ncolorata_v1_2
Nymphaea colorata Nymphaeales Nymphaeaceae
3 Ak A2%H AZF https : //www.ncbi.nlm.nih. gov/genome/45466
Liriodendron chinense Magnoliales Magnoliaceae
LR FEH FE R https : //www.ncbi.nlm.nih. gov/genome/57158
Cinnamomum kanehirae Laurales Lauraceae
HE LY BAARH g AR https://ngdc.cncb.ac.cn/search/? dbld = gwh&q=
Aristolochia fimbriata Piperales Aristolochiaceae Aristolochia&page = 1
10 it A ¥ H il A o https : //www.ncbi.nlm.nih. gov/genome/820667 genome_
Chimonanthus salicifolius Laurales Calycanthaceae assembly_id = 1651656
E 1 5 H PNy https : //data.jgi.doe. gov/refine-download/ phytozome? organism=
Spirodela polyrhiza Alismatales Araceae Spolyrhiza&expanded =290
IK G AAH ARAF} https : //phytozome-next. jgi.doe. gov/info/ Osativa_v7_0
Oryza sativa Poales Poaceae
e AAH B RE https : //phytozome-next.jgi.doe. gov/info/ Acomosus_v3
Ananas comosus Poales Bromeliaceae
HE+ tEhE H TERE R The genome draft of coconut ( Cocos nucifera)
Cocos nucifera Arecales Arecaceae
ks =3 el ERE R https : //ftp.ncbi.nlm.nih. gov/genomes/all/ GCF/000/442/705/
FElaeis guineensis Arecales Arecaceae
ISR RE %*H AR https ;: //www.ncbi.nlm.nih.gov/genome/? term=HE813975%E2%
Musa acuminata Zingiberales Musaceae 80%93HE813985
A A fisk KIT&H = https : //www.ncbi.nlm.nih. gov/genome/41833
Dendrobium chrysotoxum Asparagales Orchidaceae
AT KIT&H PNRES https : //datadryad. org/stash/ dataset/doi ; 10.5061/dryad.
Asparagus setaceus Asparagales Asparagaceae 1¢59zw3rm
S LfEH Gl R https : // genomevolution. org/CoGe/Genomelnfo.pl? gid =56569
Ceratophyllum demersum Ceratophyllales Ceratophyllaceae
E 1 JEiR H FER} https://ftp. ncbi. nlm. nih. gov/genomes/all/ GCF/000/365/185/
Nelumbo nucifera Proteales Nelumbonaceae GCF_000365185.1_Chinese_Lotus_1.1/
B BAERH B A AL http : // gigadb.org/ dataset/ view/id/100657/File_page/5
Trochodendron aralioides Trochodendrales Trochodendraceae
WAL )R EEH BEE https : //data.jgi.doe. gov/refine-download/ phytozome? organism=
Aquilegia coerulea Ranunculales Ranunculaceae Acoerulea&expanded =322
JH B AR AT H T A L https://ngdc.cncb.ac.cn/search/? dbld = gwh&q =
Simmondsia chinensis Caryophyllales Simmondsiaceae GWHAASQ00000000
R ARk FAg 46 H TR ftp : //www.whiteflygenomics. org/ pub/kiwifruit/ A_chinensis/
Actinidia chinensis Ericales Actinidiaceae Red5/v1.0/Red5_genome_v1.0.fa.gz
aN: RS AE H A AS AL RE https : //www.ncbi.nlm.nih. gov/genome? LinkName = hioproject_
Rhododendron simsii Ericales Ericaceae genome&from_uid = 588298
ML BI¥H AR} https : //www.ncbi.nlm.nih.gov/genome/? term = Olea+europaea
Olea europaea Lamiales Oleaceae
KEE4 el TEERE https : // datadryad. org/stash/ dataset/doi; 10.5061/dryad.b9m61cg
Ipomoea trifida Solanales Convolvulaceae
Hf e WHHH =N https : //www.ncbi.nlm.nih.gov/genome/? term = Coffea+canephora
Coffea canephora Gentianales Rubiaceae
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Species Order Family Data source
a1 % H 5F} https : //safflower.scuec. edu. cn/download. html
Carthamus tinctorius Asterales Asteraceae
T3 B0 iAE I B http : //celerydb.bio2db.com
Apium graveolens Apiales Apiaceae
ik WA E AR http : //www. grapegenomics. com/ pages/ VvCabSauv/download. php
Vitis vinifera Vitales Vitaceae
L5E- 9N e H R https : //figshare.com/ articles/ dataset/ Genome_assembly_of_
Cucumis hystrix Cucurbitales Cucurbitaceae Cucumis_hystrix/13377671
XE 2 H 2R https ; //www.ncbi.nlm.nih. gov/genome/? term=Phaseolus+
Phaseolus vulgaris Fabales Fabaceae vulgaris
GION:S TxH TR https ;: //www.ncbi.nlm. nih. gov/genome/12874
Tripterygium wilfordii Celastrales Celastraceae
SR ik H L https : //www.ncbi.nlm. nih.gov/genome/? term = Malus+domestica
Malus domestica Rosales Rosaceae
el NI R} & RREH R https : //www.ncbi.nlm.nih.gov/genome/? term=Populus+
Populus trichocarpa Malpighiales Salicaceae trichocarpa
T M | HeAF} https : // genomevolution. org/ CoGe/Genomelnfo.pl? gid =35080
Betula pendula Fagales Betulaceae
Tk T 3% 7 H I3 R https://ngde.cncb.ac.cn/search/? dbld = gwh&q=
Averrhoa carambola Oxalidales Oxalidaceae GWHABKE00000000
CIIR ) iz H B Rt https : //www.ncbi.nlm. nih.gov/genome/? term = Theobroma+
Theobroma cacao Malvales Malvaceae cacao
KA 4R H k4 IR Bk https : //www.ncbi.nlm.nih. gov/genome/? term = Eucalyptus+
Eucalyptus grandis Myrtales Myrtaceae grandis
3t TETH To TR http : // gigadb. org/ dataset/ 100610
Acer yangbiense Sapindales Sapindaceae
HEAR I RE wE SR R https ://ngde.cencb.ac.cn/search/? dbld = gwh&q =
Davidia involucrata Cornales Nyssaceae %20PRJCA001721&page=1
1A SR +E 46 H SRR R https : //www.ncbi.nlm.nih.gov/genome/? term=GCA_
Bretschneidera sinensis Brassicales Akaniaceae 018105755.1
R RHEEH HEHRE https://doi.org/10.1111/nph. 16798
Cercidiphyllum japonicum Saxifragales Cercidiphyllaceae
DI 458 432 H SR https ; //github. com/yongzhiyang2012/Chloranthus-sessilifolius-
Chloranthus sessilifolius Chloranthales Chloranthaceae genome/tree/ main/ Annotation
. HHiH EHR https : //phytozome-next. jgi.doe. gov/info/Dalata_v2_1
Dioscorea alata Dioscoreales Dioscoreaceae
TR [ SRR https : //www.ncbi.nlm.nih.gov/genome/? term=PRJNA703828
Acanthochlamys bracteata Pandanales Velloziaceae
HE H #ig H HAHRE https ; //datadryad. org/stash/ dataset/doi : 10.5061/dryad. cjsxksn6d
Buxus austroyunnanensis Buxales Buxaceae
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Table 2 Ks peaks under simulations at

different evolution rates
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B. Simulation of Ks distribution under a normal distribution of

evolution rates.
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Fig. 2 Simulation results of Ks distribution

at different evolution rates

Number of Uniform Normal #Eﬁ

iterations distribution distribution Difference
0 0.200 0.200 0.000
10 0.244 0.243 -0.001
20 0.297 0.297 0.000
30 0.362 0.355 -0.007
40 0.442 0.431 0.010
50 0.538 0.531 0.008
60 0.656 0.650 -0.006
70 0.800 0.792 -0.008
80 0.975 0.961 -0.014
90 1.189 1.180 -0.009
100 1.449 1.442 -0.007
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Fig. 3 Principle of the Ks distribution correction method
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Fig. 4 Angiosperm phylogenetic tree after time correction
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Table 3

mesangiospermae and Amborella trichopoda

Ks peaks between some species of

Vs Ks & SE- 14
B T i VR P
Mesangios ) Species Ks Average
esangiospermae pecies peak value
BT A ) 1.671
Eudicots Trochodendron aralioides
AR 1.700
Cercidiphyllum japonicum
T 1.750
Buxus austroyunnanensis
ik 1.804
Vitis vinifera
WA WLRE L3 1.789  1.743
Aquilegia coerulea
EN=ES L7 Ty 48k 1.628
Magnoliids Liriodendron chinense
Ly 1.642
Cinnamomum kanehirae
by 1.684  1.651
Chimonanthus salicifolius
B I A KA 2.273
Monocots Oryza sativa
-3 2.210
Spirodela polyrhiza
LN 1.834
Cocos nucifera
W 2.106
Anands comosus
TR 2.117
Acanthochlamys bracteata
2 1.950  2.082
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Abstract: Biodiversity conservation has attracted much attention around the world due to species extinction risks

resulting from global climate change, human activities and so on. Traditional attempts to biodiversity conservation
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typically focus on the analyses of taxonomic composition and its distribution pattern of species, endemic species and
threatened species, and ignore the rich context that evolutionary history can provide. As the intersection area of global
biodiversity hotspots, the biodiversity conservation in Yunnan has been widely concerned. To better protect biodiversity
in Yunnan, we combine data on the distributions and phylogenetic relationships of species from asterides in Yunnan
angiosperms flora, explore how taxonomic composition (including species, endemic species and threatened species) and
phylogenetic diversity vary across the different geographic regions in this area. And then integrating the distribution of
nature protected areas with data of taxonomic and phylogenetic composition, we identify the key areas for biodiversity
conservation. The results were as follows: Phylogenetic diversity was well correlated with taxonomic richness for species,
endemic species and threatened species among the geographic regions; Using null model analyses, we found the
standardized effect size of the phylogenetic diversity decreased gradually in Yunnan from south to north; We suggest that
the southern, southeastern and northwestern Yunnan should be the biodiversity priority areas since they may help
maximize the protection of evolutionary history and potential for Yunnan angiosperm flora. It can been seen that the
integration of phylogenetic information can help us to better understand the formation and development of plant diversity,
and provide more clues for the formulation of biodiversity protection strategies.

Key words: species richness, endemic species, threatened species, evolutionary history, biodiversity conservation

YRR XN T YA A RA S, ISR ST

JE RIS . M T AR R0 SO R G B 2R B A AR R 1695

BT, 4 R R W [ 2R P AR A A X

ESAENKEEST B R, AR /X EL, h
THLTT L ARG STk RER R AN,
A A T R Bl S A2 AR AR BE , T 24 5 il
T AR DY 73 22— A 1L M 35 11— LA B Ry R,
il DI A S H F B R A 2 FE 1 (Brown,
2014 ; Rahbek et al., 2019; Kougioumoutzis et al.,
2021) o X IXZEIGIE Rt R Y i B | S AR 22
A ) 1 B 2 I 5 A A% 0 ) R R DR AP A ) 2 G
1 A0 B ( Gaston, 2000; Kreft & Jetz, 2007 ;
Quintero & Jetz, 2018)

KT Z RN A ks R BT 5T, B vl 58
) 22 7 1 B 24 5 Humboldt 3535 R4 22 RE 1 Fit 25
BE A R B 1Y A2 {6 ( Morueta-Holme et al. |
2015) . ZJ& , FI W b 4= 6 BE 46 A5, Kreft 1 Jetz
(2007) WF5E T 4E48 B W) 1 42 3R 70 A 4k Jmy | 45 2R
W) Fh 22 RE A th ol ) A 0% T 0k DR, I AF
K, DNA I 7 4 AR 1 e i AR DXl A iy 2 B 1) A
g NEA S B £ B AR AR W) 2 A T Y 0 A
A& Jry e B 1 It DR 4 3R 758 04 5 2 AR AR (Lu et
al., 2018; Qian, 2018; Mishler et al., 2020), A& K
H ZFEVE (phylogenetic diversity, PD)J&4: ) ZHEME
FEAE T SR WS b i H TR b, B XN R Gk
B LA YR B Z F1(Faith, 1992) , Forest
S5(2007 ) WFFE FE ARG B AR AR IX AR I, B R0 AR 4
RE IR NA LY Z RS ETP |, Lu 55
(2018) PFEAR T sl 1) £ B, XoF o 6 0 - AEL ) 2 A

RINRGEREHA B, REBRG LT Z MM
XIS, VE B R G & B 41 A X B8R, AT Tl
(endemic species) & Jay FR 73 1 T 5 X 380 4 19 )
Tofr, T4 B W ) o 20 7 5 TR) b i 28 Ak, 4 7R X
SR 22 FEVE B G5 AT A% Ry AR 1T 722 B 2 B Y
YEH (Crisp et al., 2001 ; 8482145 ,2013) , Mishler
A5 (2014) BT XA 425 R (Acacia ) FiA7 Tl
FORTSE, U0 HE 32 S A R W 1 7 e A R e
O, DA HE T A W] DX 380 A W) 22 A 1 3 A6 O R R
6], 80, R RhA B iir B Y 0 P AR ek
lHARZ R R Y 22 R AT bR, B 2 N T2
FEME R T D X R A Je A 47 X 59 R 51 ( Brooks et al.,
2006; Huang et al., 2016) , UNfR$[E PR ( Conservation
International ) H3 H5 A [] i DX 58 A5 F 59 40 B L5 M 4
BR 36 MEVZHEMER X, HEAL, i TRk
foe A2 Ak LN Ry i 2 55 LR B 52 A2 ) 22 PR T I
J“H 1Y 8 ( Thomas et al., 2004; Brandt et al.,
2019) o M AT PPAL AR W) 22 A 1R 1 32 BB RS 1
L E SRR L B (TUCN) X 49 R i) 0 6 A5 8 0k A7
T 4153 (Miller et al., 2007) . 38 i B 5% Wi £ 4 ol
FR) A1 K8 JRy RT A SR A ) 25 R X R R R fie 2 Ak
MR S e TTJE AR ) 22 RE M DR B 4t ol B S
(Pimm et al., 2014) . 4 Zhang Fl Ma( 2008 ) i i
Xof o A2 SR ) 1) DR A S B AT a0 A, U0
12 RS ORS 1 IX 8, DAt Ay 3 B 30 A= ) 22 Rk
DA I 58 1 5 S AT A 30



1696 OO M W

42 %

SRR C AR MR AR Y DI € YN A ) 3
PRUT A W) Z ARV 0 20 A 4% Jmy kg 42 5 (s PR R ) 22
FEVERIE B R4 42 41 T H 22K . SR, Orme
55 (2005) TERFFE A2 BR S Wy Bl 5 B 52 JEUB
Vi A= E BE 0 43 A 4 Je B & B, 7E R [R) B BIF 5 AR
INNINEEE 7/ A 2 X G N TR S Nt o U/ RS
W, A DO [R] ( ZEHE , AN [R] D7 T T Jre 3 )
WEFE, DA 4 1A iR A ) 2 R 1 20 A 4 SR FIIE
R, DT Ay A= W) 22 P R 4 S s 1 o 4 1t
BOREHERIAE B

T EAEY R R RS2 U )
Hokt ok s 9 DX (4285 30, 1985,1994 5 Wu et
al., 1994—2012; Huang et al., 2016) , {ii T4 £k
A= W) 22 RV PO X SRR | B EE -4 | P
PR L 3 A 32 X ( Myers et al., 2000) , = R #%
THYIERHANZ R, &K 25X
( magnoliids) . #.F 43 32 ( monocots ) . %8 2553 32
(asterids ) F1#5 451 53 32 (rosids ) 5 2 /> 5 22 il fb. 52
R (APG IV, 2016) , Hrh 350 R mia)
X RA R PR 2R N FE R Aoz i AL
%, B B ( Lamiales) (A1 E% 46 H ( Ericales) |
% H ( Asterales) . J& lH H ( Gentianales ) % 13 4~
H R = BT ) 2 FE PR 25%
(RAES, 1977—2006) , Fr & Fh 8 £ 9 FHA
B F} ( Asteraceae) | JEFEFl ( Lamiaceae) ¥ BS 6 F)
(Ericaceae) &, T & Fh 803 2 W0 )& A MBS £ &
( Rhododendron) . 5& % J& ( Pedicularis) | % 3 &
TR FER A AR AL S 2 R AR
B RAEH, 1977—2006) . 4§ 2543 3 1l &< R
B A J& ( Schima) | I AKJ& ( Camellia) , ¥ B EH}
(¥ # BS J& ( Rhododendron ) , % % Bt 1) 4 % /&
(1lex) 55 22 7 2= T FELBIA )l rh ) 3 S JE Ao (22
B3, 1985 448 ,2021) . ABIF5E LA = B 9 T AE
W358 o3 3 R WE 0 B, kT 1 b 18] Y T AR O
450 HoH B> A AR B, N IEAL T s Y A AR
WA R A R S sz B B R o A R B TR
[ 2 DL R 0 (1) 2= B85 H ) 49 2K 00 32
AT RD R A 32 R Bl B B 2 R S R
GREZHMERSBAAMENIA%RE; (2) =
P T R 3 2 O 3 2 R O3 A K TRy 1 TR
A4

1 M5 7 &

1.1 FARHX

M Ab P P R, A2 T 97° 317 39"—
106°11'47" E, 21°8'32"—29°15’8" N, HE%E =42
R 2255 DU 28 40) LK 118 DR RILABE 1 44k B 11 R % 20 1) v
T A, 5 BOBE T A TR b R AR R Y
Je i 25 re A (B — 6, 1990) R A2 B BE 1 VG B
Z= MR AR 22 LR S ), U BT T 2=
Sy R K A0 AR IR 22/ IR 2E R AR L (E
F°,2006) , IESEX R AR B T 5 N 2 2R RY
IKIRGEAT W T = 2R X R R 2R
(RALHSF,1987)
1.2 #i#EskiR

(= H Y35 ) FI =/ A A b 44 5%
(2016 JR) ) WEA  RIEWH FHEY RE KT 58K
ZGFE RS EBE (APG TV, 2016) , FIH Flora
of China ,The Plant List Plants of The World ,CVH |
NSII ZE W 24 FR S bR A5 B AETT Y 24 B
NIl B0, HEBR S0 ok T AR B A, A4 R 1
F) 2 7 B A Bl TR ) 35 2 0 SO R B T

WA ol 3t B3 A 45 B BATE = 79 8 N
AT MIRI R S 2= 1 A R T SR R o3 A T —
R S B3N B W) AR R B SRR A R

WA (b [ A AL 4 5k ) (R T A
2017) BB 25 1 B AR W) 35 28 0 3P 9 B fa W
(critically endangered, CR) i f& %)l ( endangered,
EN) 1.5 f&49)Fh (vulnerable, VU) , 375 H G /8 R 32
IR
1.3 R KX EHHE

$2k H GenBank ) DNA %44 #1 Open Tree of
Life HZ5 415 8109 GBOTB R4t & & WH1E - 224
(Smith & Brown, 2018) , FIH R 3.6.2 {4 Y
V. PhyloMaker 2% 41 (Jin & Qian, 2019) , Ll =&
BT R 2 203 ST I BN 126 T 68 B A A 04
Yofh e, M B T 2 M R KE R, X
GBOTO H A& 3 55 (1 J& sl F 1 1] V. PhyloMaker H
Y Scenario 3 J5 i ARG T AERL ol @ I R G E
wmE AR A RSE o (Jin & Qian, 2019)
L4 £ SHEENE

MR EEEMRGE R T ZHEREEM
AN ) BB T AR 3 2 03 SO Wl R b B i



10 1

JH RIS . M T AR R0 SO R G B 2R B A AR R 1697

R i 32 B b B o A RORT R G K

WP & BE (species richness, SR) 4% HL 38 A
AR X B . 25 TR B A W] B 8w A SR
sZMA) A FH W) F %5 B (species density, SD) &1L
FRALRY, A2 F (Li et al., 2015)

sp= K

InA

e SR Oy B R R R R B BT A W R
A5 A Dy Bl A

RYGRE MR B BN A YR A R &
iR B R BRI (Faith, 1992) o DIEBFSE
FMH SR 5 PD A &M% i (Morlon et al., 2011;
Fritz & Rahbek, 2012) , JiHB% SR X PD (50,
1 AR HEAL R G2 & B ZFE4E (the standardized effect
size of the phylogenetic diversity, ses. PD) & & R4
KB MR, A A XU T (Cai et al., 2021) .

ses. PD=(PD ....=PD iomisea) /SAPD piomivea

KA PD,y e BRI R G R T 2R
PD, omived RN BEALIE FE P AR ) B P R R H
ZRENE 5 5dPD , oinea 7N BB R G K H ZHE
PEJr 25, Q2R ses. PD {H Ry 1, W RIRZ X Bl &R 42
KB A FEERRT AR ; )2, AR ses. PD {H R
TE 7R 1% M X 2R 8 B A I 20 A A AR R A v
(Webb, 2000) , E&Hr A R 3.6.2 FAF Ay
picante F2 ¥4 5¢ i ( Kembel et al., 2010) ,

1.5 RZEMRRES

15 FH 32 B 46 %4 ( threatened index, TI) FIIAL
FEH (weighted index, WI) B = pg AS [A) E 380 8% 1
ERY/ESES ANEa /Y e S  R/ANE W (1

TI=——; Wi=——,

SR SR

X SRe o9 B BA 32 B 1 ) o ) 2 8 R D
e fe Wi fe A 5 fe ¥ b 1) Bl SR 5 SR S B sy
Fw R, R B AT Wy Al i S GE R 52 B ) Ao
(R L, AR 4f ) b 32 g 55 2%, KT i S 3 43 (U
fe25r FfE 1y,

1.6 A4 S HE MR P KR 5]

K H] Pearson AH G 73 #r K i ) # 2% 2 5 R 4t
RE ZAEVERR N, IR R RS ArcGIS
10(ESRI, 2011 ) Kl e A T/ Bl A R 52
IR W R R GR T 2R X A2
IR GL 5 B AR P A7 b 1) 25 1) 23 A5 2R 47 &, R0
=BT R 42 0 SR B AR X

2 R 59

2.1 ZEHMFHEVHEES TN SHERT

WREHE T RRERK BT ERENRIT, &
PP 52507 3G 62 BET11JE 4 462 Fi AN
ASFR Hod | S ERA D 1 080 Fh RIS Fb LBk
WA R 474 Fh 32 B FD 315 Bl (B FE 40 B
Wife 91 Fh 5 fE 184 Fhh)

7 BT AT A 36 2 0 S R R R 5
A ZE MM EES ZRELET 2
PR R B IEAOC (K 1), H == B ra & AP b 350
HAERAMOMEEMRELEE ZE(E 2),
ERYIF ZREEX R G AT 2R m S,
A AR EL RS R B SRR (K 3) .
2.2 ZEEFHEYEES X HXIEZBRR

Pearson A 5143 M7 5% BH 2 B 46 05 n A48
R EIEAX(r=0.91, P<0.001), H =& 141
H& Jey 359 38 7% 2 T R 0 4 2 G S Rl A2 R
{50 5 R % B ) X 38R 2 T P I 5 P S % e G
W RN VLR B A M R R A TR
AL AR LT B 7R B 0 0 2090 0 e TG SR R F IR
PR SCUPHE R B A 1A M -5 3 A 7 LR 49 448 ik
Hit MBS A BB (E 4) .

23 AEETFHEYEESINEARPRE

MR 2 7 B T ALY % 25 0 LA % | &
G R E ZREME B XAz R 5 E R AR b 1)
BN, = EE PR 40 L 2 REE R T S
PRAPT X3 32 A F 2 B R P SR 40 R R YA
LI N R FARTIN Sy F - 3 JERERL K D @l 3
T F IR B v b PR 1A TR M AR VTR AR
FIAM K FE M YT B N A B R
R R A FC I B B AR e AR Y BRI | T E
R g R iy e st A B R(ELS) .

3 Wik 5 4&ib

3 ZEHTFHEYFES NS HEEETRE
BT R 2= T B A ) 56 2 0 S A
ESRGE KT 2R EIEML, X 55 0H5%
2E L — 3 (Tang et al., 2014; Li & Yue, 2020),
SRINT, A FH AR (null model ) P45 B384 Fp Z ek
AT, ML AN B MR E LT ZHES



1698 L - W7 42 15
= 16000 [~ * . » 4000 — ° “ .
B E e G L "
L L iy b -
# 2 'S . 22 3000 ®e
#= 12000 — te ™ #3 oSS ,°
R o . .::o M o ™ » &
bt LT 2000 — a'
e 5000 [~ 3 oy 0 S
) . )
W2 i r=0.97,P<0.001 | W32 1000 — r=0.95, P<0.001
=] - £ -
4000
e ] B T ) VI [ O R ol 1 1y 1y ]
0 20 40 60 80 100 120 140 0 5 10 15 20 25
P Fhas i Species density P fh s BE Species density
2000 — "
& L C . 5, 2000 — D ° '.
B 1500 — ;7 i * .
O E ® il 48 1500 — * ' i
£3 000 o 3 il - ' ‘ *
®o 100 P Mo 1000 — .
fic < o® ur 5 0".
&g B #" & K
wh 0 By 00—
%2 K r=0.97, P<0.001 e © = r=0.96, P<0.001
2 fy - 2 o
> | PR NNV PO (YO PP = |
0 | 2 3 4 5 4 5 6

Py Fh e i Species density

A, 2RI B REE R COBRBURRE R D. Z UM

%ﬁl“? JE ‘ipccms density

A. Total species; B. Endemic species; C. Stenotopic species; D. Threatened species.

K1 =M sk

Fig. 1

WML B R G kB ZHEPEN LB & B, Wy P i i
WAGLKBZHMEFEFEHXEIFA—EBAZH
LR, R b AR L R R B 2R
WA, BV AR =~ B R R TR ) 4 2y SO I
REMPER ML A CRe ol P AL ER ) 9 1A
BRI IE R 2R, R, 5 R
iy S FUAE ) Z2 A P 0B BT S G 56, =~ g PE AL R
oAb = SRR AR S, B =22 DIk, B T ED
M e 5 ST Al e %) 45, =2 Y R Y B X
WE A T 2R 2B (Li & Fang, 1999;
An et al., 2001) , A48 B 25 )& ( Soroseris) B
% JE ( Saussurea) 551 22 #1 A 2 BE 19 A VL ( Zhang
2011; Zhang et al., 2021) , i 3% £6 35 4= 25 BE
KABAE IR T AH 7] 9 52 &, 4145 B (Asteraceae ) , A
T BOZ b DX AF ) 36 25 00 S W) b 4H R 2 4
PE#E, R KB AR FEERAL, = ™
SRR L b, M B b s RS G R
KR, B2 IR SAE A Z X T A

et al.,

WP SRR LT Z

Relationships between species density and phylogenetic diversity of asterids in Yunnan angiosperms flora

FPER A S

R A 1) b B 3 RS PR N 22 R 32 4 D 22 vk
- 18] VK 39 A9 %2 W) ( Harrison et al., 2001; Zhu,
2013) , Bk A & ( Davidia) W%K}%(Nouelia)
FE 20 = F B R A TR IR E RS
2009) , o & T 8 (1lex)
MRS 3 48 J& ((Asia Schefflera ) . 5 2 B H &
( Oreocharis ) G2 HEM A AE EATHRAE T 00 R 1 551
(Chen et al., 2014;Li & Wen, 2014; Yao et al.,
2021) , X SESFERHERR A T A W] i AL 3 &
fll]R B} ( Aquifoliaceae ) | . il B} ( Araliacae) | 7

BBl ( Gesneriaceae) %5, [ I, == FE ra #F 8% 1 Hi
%%%ﬁfiE‘J%ﬁéﬁﬁiﬂ%%ﬁﬁéﬂﬁigﬁéﬁ%ﬁ
B,
32 ZEEFHEMHES TN ED S EFEERP

Z B R S AR BB S T R, =
A R T R R B S v S %) 52 s ) e R K 2
AR e, CAMR R, EEHSETTNA
J'& , LA R 2y, an R RS T AR i H S

( Manchester et al.,



10 34 JH RIS . T AR A0 SO R G B 2R B A AR R 1699

070140 280 320 560 ey > 5313 < 16k
= 6R = 13370

A YRR B. R RE KRBT LR, C. RAMEE; D. AMREKE LM, E. R ARMEE; FO RGN RS R
BN, G ZBMMEE; H ZRIF 2GR T 2R,

A. Species density (SD); B. Phylogenetic diversity (PD); C. Density of endemic species (SD. endemic); D. Phylogenetic diversity of
endemic species ( PD. endemic); E. Density of stenotopic species ( SD. narrow); F. Phylogenetic diversity of stenotopic species ( PD.

narrow ) ; G. Density of threatened species (SDt) ; H. Phylogenetic diversity of threatened species (PDt).

Kl 2 =320 ST Z AR SR

Fig. 2 Diversity patterns of asterids in Yunnan angiosperms flora

-10.01< -8.81
8.81<-329
-3.29<-1.58
B = -158<-0.28
k=028 < 174

WoW

A\

075 150 00 450 600

/

K3 =y
WL R G R H 2
Fig. 3 The standardized effect size of the phylogenetic

diversity patterns of asterids in Yunnan angiosperms flora

F R Bt Ok B A b S R B A 51 R 1Y AR
Yoh #E w0 5 RMY X B HEER R —
(Forester & Machlist, 1996; Brandt et al., 2019) ,

41 Han 45 (2020 ) X} B0 5 K 3% ( Manglietia ovoidea)
N Li 45(2020) X} == B #6 Al ( Firmiana major) H) B
AR, E AT H B AR D A E L H
RARAATE H 3 B4 55 55 N T ™ 1 X A
S 38 SR 2 a3 S ) ol A A T I ) e R BB . B
NRHBEMH R ZH0, W A 5/ R, %5 b
B A IR | R AR AR A S A ) 52 R ) B
JER (P TS, 2021 ) o 10 B 2R K 3 ( Manglietia
ventii) TEHEAL IS FE b, ol T AE M 7 B A FR, JC 5 Wl
R BE T S SORRE B D Wy sz B Bl
(Wang et al., 2017) ;Zhang % (2020) Xf [ SR 42 %8
B Bk #1 B ( Rhododendron pubicostatum') B Z5H A=
Y WG R, i TR A ] Y S DR T8 5 R a2
FEIR | WIS 2 b AR A7 52 20 U

YR RGEK T 2RI S X 2 g IR
L5 AR B A 28 ) o3 A R B, = g B 7 AR R
S PH b BB A 2= P AR ) 3 28 40 S R AR
DI, XS DU E ) Tl e A7 D B SRR A o Y
Yikh 5w MR GK T 2R R R, T H 52 B
Yy Fh TN R8T 20 1 S DX 2 i A
Wi . P, Sy okt 42 BRAS A6 F N Ry 16 3l 45 5
B A IR A TSR AT 2= e P A 2R e A P



1700 O oW

42 %

0 70 140 280 420 560

A, ZEMEE(%) ; B. IIAHESL,
A. Threatened index (%) ; B. Weighted index.

= 0.00<0.90
= 0.90<1.81
= 1.81<2.86
km I =2.86<4.16

Bl =416<570

1_,|>000-:001
= 0.01< 0.04

:>
o 95 46 0.04<0.06
-:-:—:—km [ = 0.06<0.08
Bl = 0.08<0.11

Bl 4z A ) Ll A 5 28 00 SR 52 BUDPIR B

Fig. 4 Regional threatened status of asterids in Yunnan angiosperms flora

[ A

Natural protected areas

I AR

Key protected arcas

K5 2 BT R 2 2 03 SR S OR P X I
Fig. 5 Key protected areas of asterids for

Yunnan angiosperms flora

WA RN R B R, BARX o
BB A R, B 3 2K 0 S R 2R
PefcohF o, WL i R 2 R X 38R ( Zha,
2016, 2017), I, JNaE = mE me &6 L 25 B 0L T
TP AE S 0 SR ) Z FEPE AR A, AN (B AT DL R 9

FE BTN R R RS2 B ) R ) 2R 38 TT
DLt KA OR3P Z2 R B A P DX R Ak O st i v
T va At Bk 1, B B A W) 46 25 4y S 3
R R AL, (H X 2838 R A T R 1R A 2
RE, XSO A AR AE AR 1Y £ ) (Xing &
Ree, 2017 ; Ding et al., 2020) . I, % = 5 74
JUER BT LW 562 Oy S ZREE R R B B
AT LA - 5 B R R A 32 g ) i 2
FEPE IO W] DL d5e KAk 1 DR 748 ) 22 FE P 1Y 2 A v
RE. SR, NI A SR PRI b 1 53 A ok B IR
ST R OR A DR, SR T A B4 A
i ORAFHE ) 22 A P (B4 1 Ak Dy s R Ak T fE 1Y
T4 ERBGE MY KA H AR 00w B f
LI SRR Hb () BRI R A SR

it TEHFRIAMDBLIE LTS
TR A B0 PT & 09 IR B A

SE .

APG 1V, 2016. An update of the Angiosperm Phylogeny Group
classification for the orders and families of flowering plants .

APG IV [J]. Bot J Linn Soc, 181(1): 1-20.



10 4

JHwEI S . M T AR R0 SO R G B 2R B A AR R 1701

AN ZS, KUTZBACH JE, PRELL WL, et al., 2001. Evolution
of Asian monsoons and phased uplift of the Himalayan

Tibetan plateau since Late Miocene times [ J]. Nature,

411(6833) ; 62-66.

BRANDT JS, RADELOFF V, ALLENDORF T, et al.,
2019. Effects of ecotourism on forest loss in the Himalayan
biodiversity hotspot based on counterfactual analyses
[J]. Conserv Biol, 33(6): 1318—1328.

BROOKS TM, MITTERMEIER RA, DA FONSECA GAB, et
al., 2006. Global biodiversity conservation priorities [ J].
Science, 313(5783) : 58-61.

BROWN JH, 2014. Why are there so many species in the
tropics? [ J]. J Biogeogr, 41(1): 8-22.

CAI HY, LYU L, SHRESTHA N, et al., 2021. Geographical
patterns in phylogenetic diversity of Chinese woody plants
and its application for conservation planning [ J]. Divers
Distrib, 27(1) ; 179-194.

CHEN WH, SHUI YM, YANG JB, et al., 2014. Taxonomic
status, phylogenetic affinities and genetic diversity of a
presumed extinct genus, Paraisometrum W. T. Wang
( Gesneriaceae) from the karst regions of southwest China
[J]. PLoS ONE, 9(9) : e107967.

CRISP MD, LAFFAN S, LINDER HP, et al., 2001. Endemism
in the Australian flora [ J]. J Biogeogr, 28(2) : 183-198.
DING WN, REE RH, SPICER RA, et al., 2020. Ancient
orogenic and monsoon-driven assembly of the world’ s richest
temperate alpine flora [ J]. Science, 369(6503) ; 578—58]1.

ESRI, 2011. ArcGIS Desktop: Release 10 [ CP/OL ].
Redlands, CA.

Institute. https://www.arcgis.com.

Environmental ~ Systems ~ Research

FAITH DP, 1992. Conservation evaluation and phylogenetic
diversity [J]. Biol Conserv, 61(1): 1-10.

FOREST F, GRENYER R, ROUGET M, et al., 2007.
Preserving the evolutionary potential of floras in biodiversity
hotspots [ J]. Nature, 445(7129) ; 757-760.

FORESTER DJ, MACHLIST GE, 1996. Modeling human factors
that affect the loss of biodiversity [ J]. Conserv Biol, 10(4) .
1253-1263.

FRITZ SA, RAHBEK C, 2012. Global patterns of amphibian
phylogenetic diversity [J]. J Biogeogr, 39(8) : 1373-1382.

GASTON KJ, 2000. Global patterns in biodiversity [ J ].
Nature, 405(6783) : 220-227.

HAN CY, TAO LD, SUN WB, 2020. Distribution and
conservation status of Magnolia ovoidea ( Magnoliaceae) ; a
critically endangered species in Yunnan, China [ J]. Oryx,
54(4) . 466-469.

HARRISON SP, YU G, TAKAHARA H, et al., 200I.
Diversity of temperate plants in East Asia [ J]. Nature,
413(6852) : 129-130.

HUANG JH, HUANG JH, LU XH, et al., 2016. Diversity
distribution patterns of Chinese endemic seed plant species
and their implications for conservation planning [ J]. Sci
Rep, 6: 33913.

HUANG JH, ZHANG JL, YANG Y, et al., 2013. Advances in
methods for measuring patterns of endemic plant diversity
[J]. Biodivers Sci, 21(1): 99-110. [ #4k4T, 34T, ¥
K, F, 2013, REA RN ZREESAs SR I E J5 05 (4 ik

J& [1]. HEZREE, 21(1) : 99-110. ]

JIN'Y, QIAN H, 2019. V. PhyloMaker; an R package that can
generate very large phylogenies for vascular plants [ J].
Ecography, 42(8) : 1353-1359.

KEMBEL SW, COWAN PD, HELMUS MR, et al., 2010.
Picante; R tools for integrating phylogenies and ecology
[J]. Bioinformatics, 26(11) : 1463—1464.

KOUGIOUMOUTZIS K, KOKKORIS IP, PANITSA M, et al.,
2021. Plant endemism centers and biodiversity hotspots in
Greece [ J]. Biology, 10(2) : 72.

KREFT H, JETZ W, 2007. Global patterns and determinants of
vascular plant diversity [ J]. Proc Natl Acad Sci USA,
104(14) : 5925-5930.

LI CJ, CHEN YL, YANG FM, et al., 2020. Population
structure and regeneration dynamics of Firmiana major, a
dominant but endangered tree species [ J]. For Ecol Manag,
462 117993.

LI JJ, FANG XM, 1999. Uplift of the Tibetan Plateau and
environmental changes [ J]. Chin Sci Bull, 44 (23).
2117-2124.

LI R, KRAFT NJB, YU HY, et al., 2015. Seed plant
phylogenetic diversity and species richness in conservation
planning within a global biodiversity hotspot in eastern Asia
[J]. Conserv Biol, 29(6) : 1552-1562.

LI R, WEN J, 2014. Phylogeny and biogeography of Asian
Schefflera ( Araliaceae) based on nuclear and plastid DNA
sequence data [ J]. J Syst Evol, 52(4) ;. 431-449.

LI R, YUE J, 2020. A phylogenetic perspective on the
evolutionary processes of floristic assemblages within a
biodiversity hotspot in eastern Asia [ J]. J Syst Evol, 58(4) .
413-422.

LI XW, 1985. Floristic study of Yunnan Province [ J]. Acta Bot
Yunnan, 7(4) ; 361-371. [ 830, 1985. ZFMHIIX R
[J]. ZEtEMIBIsE, 7(4) : 361-371.]

LI XW, 1994.Two big biodiversity centers of Chinese endemic
genera of seed plants and their characteristics in Yunnan
Province [J]. Acta Bot Yumnan, 16(3): 221-227. [ 24}
3C, 1994, TR R TR T 2 PR A W) AR
HL BHAHE [1]. eI, 16(3) : 221-227.]

LU LM, MAO LF, YANG T, et al., 2018. Evolutionary history
of the angiosperm flora of China [ J]. Nature, 554 (7691) .
234-238.

MANCHESTER SR, CHEN ZD, LU AM, et al., 2009. Eastern
Asian endemic seed plant genera and their paleogeographic
history throughout the Northern Hemisphere [ J]. J Syst
Evol, 47(1) . 1-42.

MILLER RM, RODRIGUEZ JP, ANISKOWICZ-FOWLER T,
et al., 2007. National threatened species listing based on
TUCN criteria and regional guidelines:; current status and
future perspectives [ J]. Conserv Biol, 21(3) : 684—-696.

MISHLER BD, GURALNICK R, SOLTIS PS, et al., 2020.
Spatial phylogenetics of the North American flora [ J]. J Syst
Evol, 58(4) . 393-405.

MISHLER BD, KNERR N, GONZALEZ-OROZCO CE, et al.,
2014. Phylogenetic measures of biodiversity and neo-and
paleo-endemism in Australian Acacia [ J]. Nat Commun,

5. 4473.



1702 OO M W

42 %

MORLON H, SCHWILK DW, BRYANT JA, et al., 2011.
Spatial patterns of phylogenetic diversity [ J]. Ecol Lett,
14(2) . 141-149.

MORUETA-HOLME N, ENGEMANN K, SANDOVAL-ACUNA
P, et al., 2015. Strong upslope shifts in Chimborazo’s
vegetation over two centuries since Humboldt [J]. Proc Natl
Acad Sci USA, 112(41): 12741-12745.

MYERS N, MITTERMEIER RA, MITTERMEIER CG, et al.,
2000. Biodiversity hotspots for conservation priorities
[J]. Nature, 403(6772) . 853-858.

ORME CDL, DAVIES RG, BURGESS M, et al., 2005. Global
hotspots of species richness are not congruent with endemism
or threat [ J]. Nature, 436(7053) . 1016—1019.

PIMM SL, JENKINS CN, ABELL R, et al., 2014. The
biodiversity of species and their rates of extinction,
distribution, and protection [ J]. Science, 344 ( 6187) .
1246752. DOI: 10.1126/science.1246752.

QIAN H, 2018. Climatic correlates of phylogenetic relatedness
of woody angiosperms in forest communities along a tropical
elevational gradient in South America [J]. J Plant Ecol,
11(3) : 394-400.

QIN HN, YANG Y, DONG SY, et al., 2017. Threatened
species list of China’ s higher plants [ J]. Biodivers Sci,
25(7): 696-744. [ ¥y T, Mok, #AH, A, 2017,
[ R S U I A 4 o ()], AR 2R, 25(7)
696-744. ]

QUINTERO I, JETZ W, 2018. Global elevational diversity and
diversification of birds [ J]. Nature, 555(7695) ; 246—250.

RAHBEK C, BORREGAARD MK, COLWELL RK, et al.,
2019. Humboldt’ s enigma: What causes global patterns of
mountain biodiversity? [ J ]. Science, 365 ( 6458 ):
1108-1113.

SMITH SA, BROWN JW, 2018. Constructing a broadly
inclusive seed plant phylogeny [J]. Am J Bot, 105(3):
302-314.

SUN WB, LIU DT, ZHANG P, 2021. Conservation research of
plant species with extremely small populations ( PSESP) .
Progress and future direction [ J]. Guihaia, 41(10); 1605-
1617. [FMIH, XULEIAL, 5Kk, 2021, e/ NFREEF A A
TP WF 58 ki 5 ROk TR RLE (1], )7 MY,
41(10) ; 1605-1617.]

TANG G, ZHANG MG, LIU C, et al., 2014. Phylogenetic
support for the Tropical Niche Conservatism Hypothesis
despite the absence of a clear latitudinal species richness
gradient in Yunnan’s woody flora [J].
11(5) : 7055-7077.

THOMAS CD, CAMERON A, GREEN RE, et al., 2004.
Extinction risk from climate change [ J ].
427(6970) : 145-148.

WANG B, CHEN G, LI C, et al., 2017. Floral characteristics

and pollination ecology of Manglietia ventii (Magnoliaceae) ,

Biogeosci Disc,

Nature,

a plant species with extremely small populations ( PSESP )
endemic to South Yunnan of China [ J]. Plant Divers,
39(1): 52-59.

WANG Y, 2006. Yunnan mountain climate [ M ]. Kunming:
Yunnan Science and Technology Press. [35?, 2006. =75

it g [M]. BB =R k. ]

WEBB CO, 2000. Exploring the phylogenetic structure of
ecological communities; an example for rain forest trees
[J]. Am Nat, 156(2) : 145-155.

WU ZY, 1977—2006. Flora Yunnanica [ M]. Beijing: Science
Press. [ M4, 1977—2006. =i (M]. b5, Bl
Ei) e

WU ZY, RAVEN PH, HONG DY, 1994—2012. Flora of China
[M]. Beijing: Science Press; St. Louis: Missouri Botanical
Garden Press.

WU ZY, ZHU YC, JIANG HQ, 1987. Vegetation of Yunnan
[ M]. Beijing: Science Press. [ 5efl4ts, REK, FZEDAT,
1987. mpgfwh [M]. deat. BR2E . ]

XING YW, REE RH, 2017. Uplift-driven diversification in the
Hengduan Mountains, a temperate biodiversity hotspot
[J]. Proc Natl Acad Sci USA, 114(17) ; E3444-E3451.

YANG YG, 1990. Comprehensive physical regionalization in
Yunnan [ M]. Beijing: Higher Education Press. [ #—J,
1990. =R & Zi T AR [M]. dboat. maF#0E
Jiit:. ]

YAO X, SONG Y, YANG ]B, et al., 2021. Phylogeny and
biogeography of the hollies (Ilex L., Aquifoliaceae) [J]. J
Syst Evol, 59(1) . 73-82.

ZHANG JW, NIE ZL, WEN J, et al., 2011. Molecular
phylogeny and biogeography of three closely related genera,
Soroseris, Stebbinsia, and Syncalathium ( Asteraceae,
Cichorieae) , endemic to the Tibetan Plateau, SW China
[J]. Taxon, 60(1); 15-26.

ZHANG X, LANDIS ]B,

Macroevolutionary ~pattern  of  Saussurea

SUN YX, et al., 2021.

( Asteraceae )
provides insights into the drivers of radiating diversification
[J]. Proc Roy Soc B-Biol Sci, 288(1962) : 20211575.

ZHANG XM, QIN HT, XIE WJ, et al., 2020. Comparative
population genetic analyses suggest hybrid origin of
Rhododendron pubicostatum, an endangered plant species
with extremely small populations endemic to Yunnan, China
[J]. Plant Divers, 42(4) . 312-318.

ZHANG YB, MA KP, 2008. Geographic distribution patterns
and status assessment of threatened plants in China []J].
Biodivers Conserv, 17(7): 1783—1798.

ZHU H, 2013. The floras of southern and tropical southeastern
Yunnan have been shaped by divergent geological histories
[J]. PLoS ONE, 8(5): e64213.

ZHU H, 2016. A biogeographical comparison between Yunnan,
southwest China, and Taiwan, southeast China, with
implications for the evolutionary history of the east Asian
flora [J]. Ann Mol Bot Gard, 101(4) . 750-771.

ZHU H, 2017. A biogeographical study on tropical flora of
southern China [J]. Ecol Evol, 7(23) . 10398—10408.

ZHU H, 2021. Vegetation geography of evergreen broad-leaved
forests in Yunnan, southwestern China [ J]. Chin J Plant
Ecol, 45(3) : 224-241. [ R4g, 2021. = RE & 4% @ MHHRI1)
TR IRARSY [J]. AR AR, 45(3) ; 224-241.]

(RfEHE FEB)



[t Guihaia Oc. 2022, 42(10) ; 1703-1716 http://www.guihaia—journal.com

DOI:; 10.11931/ guihaia.gxzw202202004 E T
WRELTE | 4 g, JEF ISR TR 41 SNP K G R BRI R S5 H 5 400500 ()], T UMY, 2022, 42(10) ; 1703-1716. 3587 5%

CHEN MS, YANG ZY. Genealogical structure and differentiation analysis of Carpinus tientaiensis based on single nucleotide g

polymorphism of chloroplast genome [ J]. Guihaia, 2022, 42(10): 1703-1716.

ETFMHFEEREZAE SNP W XEREEH
ERGHME ST

FRAR 5, 1 3
(BB A ArRREo B, WA T A 5 S T A 200% ML A M 318000 )

& E. RABEW T ERAA G , (R B 6 THLA BN, RO D, A TR e 1%
SCGEEAT 6 A~ A SRR (AL FTA FE B B ) iR AR LI 4 (cpDNA ) B H IR Z2 251 (SNP) IH9Y, BRIT R &
TEEAIE R0 5 R G0, USFAR SR B, FF 52 HAHRL A R4 5% 8 F TIANGEN 207 &7 $2 B P 4
DNA , A Tllumina NovaSeq 6000 #F47 = 38 S35 , X 345 m Gk £ FL R 4791, [ A ¥ OGDRAW il /F
cpDNA 3%, FHl DnaSP % R 2 B0, ] Pop ART #RAFIEAT A5 R 9 45 44 2, 1 F RAXML 2R £ 4% K
USRS (ML tree) , | MrBayes #J# Bayes tree, Z5HEM . (1)@1d K GRS IR T E FH 587, K
KB T A 356 PR RN 2 8 P 371 /s 1 0 8 2 R P i 4, A6 1) epL TR IE M F & 32 4~ I SCE & 25
A G E S 22 4~ SSR R P FIARIZAL 87 A, Hh K2 H0E & A/T, R EUR 2 . (2)7E cpDNA
HYSTE T 314 2% SNPs, B IR IO B n R S R B KB 5 R, 20 K 5 BB B (THS) A 7 B s B
(JST) , JE R BALE R 2 A Ak 56 R AR AR T (3) T A TR BERZ AT IR 22 B (728 S 881 (P, <0.005)
JST JEFEA THS Ji B S A AR AR (H, o 0.5~0.6) , S Hh R 5 R EA 76 7 50 1 38 B 805 38 & 28 ey
Pk, JEAE ] 2 I 38 AL S Ak, Ja B N B A 35 4% A48 S5 5 T 1] 4 5 1 43 A K O, B A X epDNA
SNP HYBISE , 4878 K 5 K FA 3845 2 REPE RS 3R 504k, S W fE A ) R 15 % -0 h I3t % £ 47 st A% PR R B
HEHB AR

KR REIEE, M RIERY, PETRESE, 524, REEE

hESES,: 0943  TEARIRES. A XEHS: 1000-3142(2022) 10-1703-14

Genealogical structure and differentiation analysis of
Carpinus tientaiensis based on single nucleotide
polymorphism of chloroplast genome

CHEN Moshun, YANG Zhongyi

( School of Life Sciences, Taizhou University, Zhejiang Provincial Key Laboratory of Plant Evolutionary
Ecology and Conservation, Taizhou 318000, Zhejiang, China )

Wr#s B # : 2022-04-09

EEWB . Wiila el A 505 H I H (LY19C060001) [ Supported by Basic Public Welfare Research Project of Zhejiang Province
(LY19C060001) ],

E—1EE: PBisk(1962-)  BIHHR, EEMNFHEY AL FRRE L% WS IR A Y25, (E-mail) cmshoh@ tze.edu.cn,



1704 TP W

Abstract: Carpinus tientaiensis is an endangered plant species with sparse population densities and is endemic to
China. The distribution of this species is restricted to the territory of Zhejiang Province and its survival rate is very
low. Based on data of chloroplast genome (cpDNA) single nucleotide polymorphism (SNP) in six natural populations
(including the mother plants of all populations), we investigated genealogical structure and systematic development,
assessed how endangered C. tientaiensis is and put forward relevant conservation strategies. The genomic DNA of C.
tientaiensis was extracted using TIANGEN kit method and a library was constructed for high-throughput sequencing with
[lumina NovaSeq 6000. To obtain the sequence of chloroplast complete genome, cpDNA maps were constructed using the
online program OGDRAW. Nucleotide diversity was analyzed by DnaSP software while PopART was used for haploid
network construction and RAxML was adopted for maximum likelihood ( ML) tree construction. Finally, MrBayes
software was used for construction of Bayes tree. The results were as follows: (1) According to chloroplast complete
genome sequence analysis of C. tientaiensis, most of the protein-coding genes and amino acid sequences showed obvious
codon preference. Moreover, chloroplast long-term relationship (cpL.TR) revealed 32 forward repeats, 25 palindromic
repeats and 22 reverse repeats. We detected 87 simple sequence repeats (SSR) in different types, most of which were
A/T rich and the number of single nucleotides was the largest. (2) A total of 314 SNPs was identified in the cpDNA of
C. tientaiensts. Single-nucleotide substitution indicated that C. tientaiensis was monophyletic and could be categorized into
Tiantai County ( THS) and Jingning County (JST) populations. The evolution of the haplotypes of the population
manifested stellar radiation. (3) The variation of nucleotide diversity was low in all populations (P;<0.005) and the
haplotype diversity of THS and JST populations was also low (H, 0.5-0.6). This indicated that C. tientaiensis had
undergone historically local expansions after experiencing bottlenecks across its evolution history, with lower genetic
variation within populations and higher level of diversity among populations. The results of SNP of the cpDNA reveal the
genetic diversity and lineage differentiation of C. tientaiensis, and provide theoretical basis for conservation of the genetic
resources as well as rescue of this endangered plant species.

Key words: Carpinus tientaiensis, chloroplast genome (¢pDNA) , single nucleotide polymorphism (SNP) , genealogical
structure, phylogeny
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2019) . EAT, M-S 4 3 R 2 i 2 P R Ry
Rt Hr it T R E AR B AL, BRI
L FE AR 7 FE G P A HES AR T A
JE T35t A5 G5 40 T T T S 3l 45 R &R ) 434k (9
#®,2012; THEE,2015) o ABFTEE T XK 6 7 H
Al g A s PR 2 e £ D R Sl G X A IR 2
A4 (single nucleotide polymorphism, SNP) #ff 5% , 43
B Z2 3500 mURIAZ TR A2 S, DEAN T8 BE 10 352 48 2 4F
PEIKFE | HEWT R & 5 A 093 R 450 Fn o fk, R
3 38 HA BT B R 00 A 5 R O A R

1 AHE %

1.1 X & BB E AR # i i & R it 4 4

KEREEA H AR JE R G R T, 3476 890
m DL [ S AT L sy e S, 38 pH (B R
PRV | AR B 7 5 R 3 ey | A B SIS 18 Sl W Rl
SRR AR (R SE S 2020) R G R 4 A6 T
FIBeAs AU B R & BTl 2 B py K&
Ly e LR B 2R, 5 B G RN 5T & R
BE ELCSLAEE B A s . Hrh R & B RT3t
f7 19 %, H B KW 18k, T KR %
sk B9AE 20 em LA 18 B 82 BB N R 4%
WEAE 3 R, W LA RSN 1 R, B2 H
ANJEREZ MBS 20 km Z N, KA HJERS 5T
BIERHLEREA 250 km(£ 1),

RERGEWMEERE R 6 > HARERE 26 M E
RO E A ERNRRR) (£ 1), HpfTH b
ISk AEHL S0 m X 15 m, BERR 5~6 m SRAE 1 #k, 4L 9
PR, P AR 25.2 em; IA 1 Bk, 20 4300 K g 42
11.1 em, BELZAREF Bl FHUIgRIRE S
R, 4% 20.41 em, 5 H BN KW RE 1 B,
J4% 28.66 cm, K5 BARTIIL P SE R4 7 #E,
P AE 43.08 em, 23 FEFTIE 3 BRI IAE 20.07
em,, WFHNRAE B B 0 5 8 R YR AE T ok T
TR IR AETE - 80 °C B vk AR b LA 45 5 S st
5.
1.2 cpDNA I FF (AHES TR

cpDNA 2 B fdi Fi] TIANGEN £ DNAsecure
AR P HE I 40 DNA $2 HUal 57 & ( DP320) , SR 78

Ilumina NovaSeq 6000 “F- 15, LA 150 bp [ X ¥ 132 4K
B B REAR R D 6 Gh B IEUR R 8 B
T3 08 AR HCHE I T R BCHE 5T 1 520 ( Phred 53
B Cutoff-30) ZJi , FATHAF 1 o ik i) Kcdl . X
WA 26 K H R HA SRk e 5L ALy, R
T &R cpDNA JT 4] (575 . KY174338) 1E =
X F5) ( Yang et al., 2017) , %} DOGMA %4 11:
BEEHE Y cpDNA ( Wyman et al., 2004 ) , fifi F 7F £&
# ¥ OGDRAW ( https://chlorobox. mpimp-golm.
mpg.de/OGDraw. html) ] /£ cpDNA &%, [] Bsf XF 45
FIF I cpDNA FEA(E B AT 581, A df S P 21
KN FERFHIER GC & i,
1.3 EEF IR R 58 57 094 3K ¥ 45 70 % 53
FlREF Tt

Ay HHECE 58 Reputer 20442537,
H cpLTR 3R7n ; il B8 & J¥ 51| ( sequence of simple
repeat, SSR ) % & ff H] MISA ( http://pgre. ipk-
gatersleben.de/misa/) T.H (Z%(.1-10 2-5 3-4
4-35-3 6-3) 0 #r. AT ¥ SRS DX
(large single copy, LSC) ,/NE45 DI IX ('small single
copy, SSC) FlJz [n] # & [X. (inrerted repeats, IR ) 1 Ji
Keih B4 Ad FAE 28 T. 2 IRscope ( https ://irscope.
shinyapps.io/irapp/) 56 B IR X 38 5 31 F 99 7k ik
Aoy, i R BAF BT TG IR,
14 RRL MO

J TR AP FORE X RS L E R
B cpDNA FHIHEAT R G L T 2047, (] RAXML
8.0 B A AT KAUSRA ( maximum likelihood tree,
ML tree)ﬁﬂ}i,%% MrBayes 3.3 Bt A7 DL
HEWTE M EE Bayes tree, FET cpDNA FF & FLAG AL
iz 11 PopART ¢ {4 #4545 A4 % 2% ( Kimura,
1980; Leigh & Bryant, 2015), i i DnaSP v6
(http ://www.ub.edu/dnasp/ ) A4 Hr 4T 1R 2 4
PESEL il AMOVA 43 5 22 434, PEAG 3 & (7]
F 018 S R M s AL e AR [ e HR KL F,, o BT A
B3 R 8] 0 o AL FEE

2 HEREGHH

2.1 REBEMMRIEHERIFE

Ilumina NovaSeq 6000 Jll 53 & , LA 150 bp A9
X LR, B AEAS ST 247 A4 3000 T3 % E % 32
B, DA 26 AR 5 3 ELAD A ) s Hh i o A o
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Table 1  Basic conditions of distribution regions of Carpinus tientaiensis
RGNS BEA G A b X EAYai) S TR v FEA S
Collecting number Sample size Distribution region Latitude and longitude Altitude (m) Sample 1D
JST 10 TRk 119°37" E,27°46’ N 1520 JST_1~10
Shangshantou, Jingning County
PDS 3 ez BR# 120°31' E,28°58' N 1130 PDS_1~3
Dapan Mountain, Pan’ an County
PGS 1 ez Bl 120°32' E, 28°54' N 1140 PGS_1
Gaomu Mountain, Pan’an County
PQJ 1 Bz LA UIR 120°28' E,28°49' N 1 200 PQJ_1
Qingmingjian, Pan’ an County
QYH 1 T H LR ) 119°59’ E,28°12" N 1246 QYH_1
Yangtianhu, Qingtian County
THS 10 K AT 121°05' E,29°15' N 890~ 1 000 THS_1~10

Huading Mountain, Tiantai County

H1% cpDNA, K & H 17 56 5 cpDNA FH P4 &8 53
A, SIEEAM & ( Carpinus ) FAUAL Y AHL (5
A ,2019; 8 % 4l 45, 2021) . K & K159 281~
159 841 bp,F¥J4 159 616.2 bp, &4~ cpDNA i 1
AN RBAFE DX (LSC) (88 360 ~88 711 bp, F-21 K
88 522.35 bp) Al 1 A~/NHLEE DX (SSC) (18 420 ~
18 794 bp, F3I418 634.92 bp) 4L, -l 1 %
85 ¥ 5 (IR) f I+ (51 IR 26 067 ~ 26 451
bp, V#1426 229.46 bp) (£ 2,E 1),

25 By i g JE, Q20 i PE 4y (96.46% ~
97.21%) ¥4 96.98%, Q30 JFi £ ¥ 43 (90.81% ~
92.46%) V-1 91.94%, H T ML K1 G511, Bk
GC & H 10 36.41% ,1.8C ,SSC IR R AE 4351 Ky
34.20% 30.09% .42.37% , IR X 6C SHEET
LSC.SSC X4, cpDNA # 131 4~FE K | 4175 86
AEAGL LR 37 4~ (RNA FEHFT 8 4~ rRNA
K, Hod . 1SC X0 & 60 A2 M 5 4 i Fi 22 4
tRNA &, SSC I & 12 M E A gt 1 A4
tRNA FE[H IR K384 7 4S8 H 45, 7 4~ tRNA
A 4 4~ rRNA BEHER (F2,K 1),

2.2 cpDNA HEEF I

T Bl 9 R G I RN B 5 8 1 AN 3 Y 4 AT
it 5 2 ¥ 41 48 F F DNA # HE ( Wicke et al.,
2011) , EEFIREE M BERIC, FPFh R
T B BAG, HE P — Al o N A e
MR RS

W 2 4 /] Reputer #F 0 AT, X LIRATTH
cpLTR KARUGEEFHNFIR, FEREIEHWicpDNA

x2 XAHBEW cpDNA 4L

Table 2 Characteristics of cpDNA of Carpinus tientaiensis

B AR AE {21
Genome characteristic Value
FEHR LK/ Genome size (bp) 159 616.2
KL DX K E 1SC length (bp) 88 522.35
JNBAHE DX K SSC length (bp) 18 634.92
S EEFHHE IR length (bp) 52 458.92

S e 86

Protein-coding gene number

tRNA ZEHEUE (RNA gene number 37
rRNA ¥ rRNA gene number 8
HFEL Gene number 131
GC # &t GC content (%) 36.41

HRRG I 1 1 1) F A3 32 A R SCE A 25 4 R
e 22 AN (B 2) ik S A i R 2 HR I
10 2 38 bp Z I B, i EEFHI(SSR) )™
24T cpDNA P S KEN 1~6 bp A 7S
fR % ER IR B 52 cpDINA TP 1 3K o i e K B 42 02 A
SR AL 10 R Y, SSRAE K PR 2H 20 R HE Ok
PR SR N TERE AR L s AL o b i AR
F A5 FHRIC ( Zhou et al., 2018) , KT SSR fif
TR X BRI R S, R H A E N
Gt HE RS- 20 48 S BRI (RNA 2 3 AR 3R
GifiIX g 41 AFEN o S g AS R 6 A
LK (matK | atpA  rpoB . atpB . cemA .rpl2) LA 1 4~
RIEREE 1A poC2 FEFEA 4 MRKEE 1 4
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yofl B EA 2 MHEESR . Hd LSC #l SSC X
WALAT 25 > rps12 M BB EE IR A 10 4
rps12 FREKEE S LA

TE cpDNA W 87 ANR[E) SSR KA EE T
10 UL L, o s e g i 2, F 334 50
A, R 57.47 % ; FOR R TR, R 14 4,
THEHRBRAN 124, S ER BEARITRS N 4
A AR KB LD, R 3 A S BT R
WA LK 3), 78 cpDNA H & LAY SSR 18
A/T EREAN,RDAE G/IC BECEE T, Hrp
BT IR A/T BRI A, 5 92% ,iX 46 SSR £ &
T cpDNA B AT, cpSSR Bl AL & JF 5 H 10 & 4
31.20% .11 4515 16.95% 12 %¢1534.44% 13 %5
5.65% 14 %5 VL I 11.76% (K1 4) . cpSSR 43 X
IRA. IRB % /5 6.58%, LSC (5 68.59%, SSC 5
17.96% ,Hrh LSC EE ¥4I £ (Kl 5), TERA
JEEA cpDNA %25 SSR H A £ & (W It
SORNE S A58, W LUAE Oy J B AR 5 A Y it
(LIS
2.3 Bl FRTFHES R

WA AE (S B s R E EEAEA,
R E A Z BB R X i 8
i cpDNA R FL TR 7 51T 5100, R &
FEEAM cpDNA JF51 14 65.65% & 8 gt 3L ] | 4%
RN H AT A, Hoh AUG (UUA |
AGA .GCU ,UCU M 4& , 1fii CUG ,GUG ,AGC |
CUC ,CUG MR EAR (K 6) . fEiX %%+
5T 2 5 35 PR b Bl LT AR R R R O TR
(Ile) , HiFE cpDNA B 1 146 WK, AH X R L%
i ¥~ FH (relative synonymous codon usage , RSCU)
A 7 & W, 6 & B2 (Trp) & A R 4 9 %
RSCU = 1, £ /8 X% T % A Wb, H .
47.62% %% % T #Y RSCU > 1, K £ %1 (28/30, 93.
33%) L A B T(U) 25 ;50.79% % 5T A RSCU<
1, KRZ%0(30/32,93.75%) LA C B G 452 (1K 6)

TER B 58 5 9y Fh Y 25 11 5 i % cpDNA
20 NEIEFR H 63 M T g b, Ho B KA =R
(Asp) Sb , R 2B B ER A S m i b, S
HHE T 40 DEH I 4F, Kb & 19 a3 5
B2, TEMGE ) B 1 | 63.49% ¢ 30 H %5 v 1 D
WR 7)., Z&Rit—2BwR T REGEEW
cpDNA FIFHXT R SF 14, PR A e 28 08 - fh 4t 02 &
EREY TR E WIS (W RERT 2021)

2.4 cpDNA TR

PAAGAT IR 22 A5 (SNP) KL R 20 45+ 715 S5 A
YEAk o B2 th E 3¢ B (Britten et al., 2003) .
cpDNA Z5FPEAR 5 G 4 A /B FE 4 | B4
AL EHE, 76 26 K &R H A cpDNA H 4%
FE T 314 2% SNPs, JST JE#f SNPs -3 132 4%,
QYH Jy 126 %< .PDS N 18 4 . PGS Jy 18 4 . PQJ
H 8 4. THS R 12 %%, DA #FM MR 5 THS _1
cpDNA L XF, 45 5 3% B JST J& Bf o L A5 e 4%
(transversion, Tv) *F-3J°4 95 4~ . QYH & 90 /> . PDS
A 16 4~ PGS A 15 4~ . PQJ 2 6 4~ THS J 12 4
(F3), WA AT A BT 5 g 6 I, B 4 ik
B2 T i B OB, 3 7E FL A 4 ZE b gk R R
( Stoltzfus & Norris, 2016) ,
2.5 IR Rig 5 R ki 4

BT cpDNA &5 B PR SF Y, IR X 35k A
FAFE DL (single copy,SC) 1 F X IR Je ATl 4 2
T A epDNA K AR Ak 1 F ZEALH] ( Saina
et al., 2018), % 26 NEE KK G R H
cpDNA 1Y IR/SC i1 FL X, ke AR T4 & B A
25, Hd, mp LR EHE 1 513 bp,
Hogig AR SF, B JLA L JLB 3 A 8] B XA 2 71
bp, traN-GUU fIK & 72 bp, B JSB JSA & [ [i]
Fi X254 A 1 516 ~1 864 bp , AN DL 5& K 6] b
XYL, ps19 R FE JSB/IRb 31 4k i JSB 7]
IRb ZE# 3 bp, yefl FE[HE 8 JSA/IRa X ,4 211~
4 553 bpfi; T+ SSC X I A, ] IRb FEH1 192~1 540
bp(E 8) . iX 4 4~ cpDNA H1 IR/SC i1 F 4k i) 48
ST cpDNA JFHIK B 22 5, I 2E A AE Y
2 & B ( Yin et al., 2018)
2.6 ETF5EEH cpDNA F I B K ST
2.6.1 AR W %Mk KGR EA cpDNA
IR 38 I — Bt % 7 B B R T 9 AR ok IX
41, K gt B 7R ) 2 (haplotype network ) . 7E R 40
R ST BT R A — A i A sk R AR Sy —
UL S AT S bt o B, R 5 RS B s AL vp
IR ZEE A R R, LT %A W4 3w
ZEW R fE R FEHE RN RAE R
(THS) (H1 ~H3) 5t 7 5 (JST) (H4 ~ H6) &%
HRBI(PDS) (H7~HY9) , & Ja B N B A AH [F] 5
fis AL A2 ELF B4R (PQJ) H10 B8 24 B 1l
(PGS)HI1 M55 HE (PQJ) HI2 ZAE AFRA
RIMHFAA BAE A R e T A% AU ) 2% 14 (&



1708 I 7

42 3

9) &8 T WAL LAY A 7E BU B S R ORR R Wi AR 4
THS JEREFTHT PE 21 JST JHHE, th 95 248 5 B b
TF, MG Z 07 S 00 IST JE#EFD THS J& 7 ml A8
DEEFEN L TE ps16-1rnQ JFHNH 3 MEFERIUL,
I3 BIHT—C ('8 275)  A—G (i 299) il TG
(1 E 1254) X4 T #iA 4l THS JEEE(T. A F1T) 1
WIPEZH JST JERE(C .G A G) , M R4 e n] B R
FREE DT s Bk A THS JE BEAT JST i #E BAs 7 2 (7]
T ZEAR Jy 95 NI A, JB R 2 SR U 2 [ i £ ¢
ZEIECR O AR S, THS 5 BE i B4 8 3 4k
PDS W #F PQJ WA A PGS B, Ji B 4 B 1 22
] 22 540 2 ~ 6 A HHFEZE A, THS FE#ES PDS W Af
F 75 2 [ 0 R AR i 422 1 7R ] BE A A8 W] UM  JST |
FHERY B R AL Y QYH P AY | 2 AN B AU 2 ) /b
ZE5(1~2 MIREEZRAR ) | 7R R 15 3 HA) 8 B A
Py s b B R KR R K
2.6.2 R M E  pDNA HETEFEM RS
REEE, O8I T3k Gof [a) AR N K F- 1Y
ARGk BFEME, i cpDNA B, ik T 5 4% il
R KRB WM S K IGi, T PR R
BRIEW RS R E R M 26 KGR H Wi
WA TSR T AN T R KT ., 8 KA
SR (RAxML) A1 D1 7 44 W7 5 ( MrBayes ) 4= il &
BiRE, RGL R B AT R BT R R AL AR
( ML) 32 ¥#{8 ( Bootstrap support, BS) (% ) A1 D1 -7
(BA) J5 5% M 2R ( posterior probability, PP) (%)
( Stamatakis, 2014 ;Xie et al., 2018)

FESERE cpDNA JFH Sl REEHT,6 1 H
SK JE e 4> THS J& #f A0 JST J& B ( 100BS/
100PP) . THS J& #f 1 & %8 — 4> % THS_10 A
THS_2~3(65BS/83PP) ; 5 /33 PQI_1(61BS/
60PP) ,PDS_1(59BS/73PP) ,PGS_1 #l PDS_2~3
(70BS/100PP), THS _1 I THS _4 ~ 9 ( 70BS/
100PP) , JST JEHEAL & 45 —4r 3L JST_7 F1 JST_9 ~
10(89BS/100PP) ; 55 — 433 JST_1~6,JST_8
QYH_1(85BS/100PP) (&l 10) ., LSC SSC ¥4 4
PN EE R 5 Wb cpDNA R G R B — 80k, 16
Pl N S H AR AR T AR Fh 22 5, SRR
I NN N
2.6.3 # £ %Mo A FIH DnaSP I & Z 4
PESHL, 38t AMOVA 20 F 057 225381, VA4S 1% & [A]
R R Sy M s A A DA 5 O A o VR |
TR A A AR BE A% T R A RN A A/ R R A

SR T 6 N REIEMN 4 m X P12 A
cpDNA FAERI(N, ) | X L B AL b Y 25% 5 16 5
ANFERE T & B, JL T A L B R = JE
LAY 5 R A A0 AT DA o X L A 2 R
PEIREL(H,) SR Z AR5 P,) 170 #r,
BOERA, 150 ] L3t A% 22 A PR B v (8] SO, 2014
Nikulin et al., 2020) , i, PGS WA PQJ A
YHS B B — R AR AR, (A FAAG B JST
JERE P2} 0.000 01, THS JE#E P,250.000 02, PDS J&
T P, 0.000 03, T4 JiB B A% 1R 20 R 1 1 A8 S 2
BAK(P,;<0.005) , MHLAERI L REMEFRB0E , IST &
# H, 24 0.6, THS J&H#f H,4 0.511, JST J&H## A1 THS
JERERRAG T 22 RE PR AR A, I PDS ERE H,
1, HF PDS JEHHA 3 bR, BA5 7 224 M i 25
(%£4),

KEKE W 6 A Ja #0125 50
(AMOVA) &5 5L B | o 1] (14 358 1% -1k [ 2 46 250
F, 9 0.970 9, 3% R [ 43 AL 8K, R W TE AN 5%
AR SRR L AR 7 97.09% , JEBE N it 15 AR
S 2.91% , JEBER A S K TR RN (3R
5) o BXFA A A R I S R DR R AR BRI i Bo Ak,
i P 5 LA 1 A ] 0 6 X A 0 (PR, 2012
¥ ,2015; Nikulin et al., 2020) ,

3 s 4

SEHEN) cpDNA JFAI ARt E MRS R E 5
BRIV, KA R E W cpDNA 1 K FEF K
159 616.2 bp,GC F i AHL, 2 36.41% , VL1 IZY)
il cpDNA Y& BEORSFPERT . HE T BRTER &
K HAM cpDNA & B LTR T & 5 5 40 4§ 1F 7] &
FEH 32 A4 M ERE 25 A REEEL 22 4,
SSR EHEJFHIAIRIZEH 87 4>, XEHEEHHARE
B T4 A X IR 4 % XRT (RNA o, 7E 3R
P FHEY 4 b LTR 8 8 55 % W, &1
#F cpDNA HHEW FER R Z — JFHIF 2 EHEA
MRS 6 2R R 31 AH OC (Pombert et al., 2005;
Zhang et al., 2020) , 7F 4 A~k , SSR &
A/T EEAB, P PR A/T AR AL, &
92% , K 22 B EE [ I3 4 AT 35 DR R EL A R B ) 2
Tl R e B B 7, 63.49% KB H K
B AT, M SR R 2 85 F B 28 = A/T A58
IR LI ERFA AT SR S5EE I3
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* A BEH E

eyl

st = ; Carpinus tientaiensis ; i
- L

WG R PR 4L ..
B % 551 Photosystem 1 Chloroplast genome ! 2
[ LA Photosystem 11 159 281~159 841 bp
B cms i 4t Cytochrome bif complex N
B ATP& 48 ATP synthase
] NADHEZH NADH dehydrogenase
B ik L9 2 RubisCO large subunit
B RNAN SR RNA polymerase
O #emeido 0 4 Ribosomal small subunit
B i A Ribosomal large subunit
W Eeams AN ProteaseMaturase
B 1k Other genes ¥
[ #eni 449437 f iR 40 Mypothetical chloroplast open reading frames 4
B 5EERNA Transfer RNAs *“f';}"
[ 5% RNA Ribosomal RNAs i

N [5) I RETHE 4 22 DRI T 0 5 % A BRT ) 2 R0 DU 612 S ) T DAY [ ) 5 R DU 306 P 1 SR ), PN [ ) BB 28 DX D7 opDNA
M GC &,
Genes belonging to different functional groups are color-coded. Genes show the outer circle are transcribed clockwise and those inner circle are

transcribed counterclockwise. Dashed area in the inner circle indicates the GC content of the cpDNA.

1 KEREW cpDNA Kl

Fig. 1 Gene map of Carpinus tientaiensis cpDNA

60 4 T3
50

40

30

i 8 F it Number of repeats

IE [ M3 ] 3 82 AL LIRUI(8°]
Forward repeat Palindromic repeat Reverse repeat Complement repeat

K2 REIHEAM cpLTR 12 R E
Fig. 2 Number of cpLTR types detected in Carpinus tientaiensis
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60 1

50 +

Y
=
|

lad
(=]
1

20 ~

BB it Number of nucleotides

. AT ) PAERROD M

AR TR =H AR
Mono- Di- Tri-

PO BT R

Tetra- Penta- Hexa-

AR AEH B HA AT

Complex

Bt 28 Type of nucleotide

Mono-, Di-, Tri-, Tetra-, Penta-, Hexa-#/~ 1~6 #% R SSR, Complex e/~ & & HH SSR,

Mono-, Di-, Tri-, Tetra-, Penta-, Hexa- indicate 1 to 6 nucleotide SSR, and Complex indicates complex nucleotide SSR.

K3 KEKEHA cpSSR A HIK
Fig. 3 Number of cpSSR types detected in Carpinus tientaiensis

10
11

16.95%

34.44%
12

4 KEREN cpSSR Hf I 751 48050 A
Fig. 4 Frequencies distribution of cpSSR base

sequences identified in Carpinus tientaiensis

= DA Ko it S A 2R, 11 G ) 5 R 1) %85 R g 1) A G
(Yu et al., 2019;Wu et al., 2020)
cpDNA SNP 1% %5 £ S i 3 851 46 Ay 49 ol 22 (] 1)

ARG KRB M RM T A RN FRIC (3, 2015,
Nikulin et al., 2020) , AR 4 I 4H ER L, 0 23 A%
W26 J&] 5 4 B A 2R ATT AT LA HE U b 8 ) Ak VR
P T 82 (Huang et al., 2014) , X SNP £ 2%
PR A R A S 8T, A IR B s R &
4 o K & 5 R B (THS) it s 7 B % B
(JST) , WAERIBE # A P e R h— . BRoRA
THS JEFEFN IST JE B AR R BGTA, R HFAL R
TRy B 2 AALA 2~ 6 DB IE RS B LA W]
— O I B R AL R LA RS X
A g R T2 A X I R 8 v A% I IR A
P PRI S SR 3 e 1 B (PR 2 0, 1994) . R & G H-
Wi ELAG i B4 5 R WA R 22 1) A A% AR 3
2R R E AR R VT BE R T BRI R S B0
ik 409 PN S B 2 T i PR 32 9 358 /0 1 B A ( Nikulin et
al., 2020) . FTA JE BEAZ T R 2 40 1 1 28 S 3
K (P,<0.005) , JST J&BEF THS J& 7 545 A 2 k¢
PERAK (H, M 0.5~0.6) , #0050 & A |
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JST |
JST 10
IST 2
JST 3
JST 4
JST 5
ST 6
JST 7
IST 8
JST 9
PDS |
PDS 2
PDS_3
PGS 1
PQJ I
QYH_1
THS 1
THS_10
THS 2
THS 3
THS_4
THS 5
THS 6
THS_7
THS_§
THS 9

0

I I I !
20 40 60 80

[ Jma[_JmB[_JLsc[_]ssc
% Frequency (%)

K5 KEKHEA SSR 7E LSC IR Fl1 SSC X, it 4 2

100

Fig. 5 Frequencies of identified SSR in LSC, IR and SSC regions of Carpinus tientaiensis

R [ SL% 0 FIRSCU

Fig. 6 Heat map of the relative synonymous codon usage (RSCU) value of Carpinus tientaiensis

Bl 6 K& REHEAA %76 ] (RSCU) fH 2R I B A

[ lQYH 1
| lisT o B2s

IST 8
IST 7

| IST 6 1.5

IST 5

[JisT 4 g0
15T 3 Bos

IST 2

| JST_1

IST_10
THS_3

|| THS_10
| THS 2

PQJ_1

| PGS_I

THS 9
THS_8

| ITHS_7

THS 6
THS_5
THS_4

| pDS 1

THS |
PDS 2

| PDS 3
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AR Tl S % F £ FIRSCU

Ala Arg Asn Asp Cys GIn Glu Gly His Ille Leu Lys Met Phe Pro Ser Thr Trp Tyr Val

CGT TTG TCT
CaaG TTA TCG

GCT | 0G0 CTT CCT | TeC | ACT

Ala. NZ R ; Arg. FEZMR; Asn. REBENE; Asp. REER; Cys. LA ; Gn. F&BEE; Glu. &% ; Gly. HZR; His. 41
HAMR; NMe. BITE M ; Leu. 7o &R ; Lys. #i &R ; Met. H Hi &R ; Phe. XN & R; Pro. [H& L ; Ser. Z& R, Thr. 7 &R,
Trp. (& #2; Tyr. B&E R ; Val. AR,
Ala. Alanine; Arg. Argnine; Asn. Asparagine; Asp. Aspartate; Cys. Cysteine; GIn. Glutamine; Glu. Glutamate; Gly. Glycine; His.
Histidine ; Ile. Isoleucine; Leu. Leucine; Lys. Lysine; Met. Methionine; Phe. Phenylalanine; Pro. Proline; Ser. Serine; Thr. Threonine;
Trp. Tryptophan; Tyr. Tyrosine; Val. Valine.

K7 REBHPE A BN h 20 N B 15 &

Fig. 7 Codon contents of 20 amino acids in all protein-coding genes of Carpinus tientaiensis

®3 REBEHHRELERERASITR

Table 3 Chloroplast comparative genome statistical table of Carpinus tientaiensis

PR R Z B ARG
JE T Single nucleotide Insertion ﬁ:}ﬁ% i . :ﬁ/\ ﬁkg&
Population polymorphism and deletion Transition Transversion Insertion Deletion
( SNPs) (INS and DEL) (Ts) (Tv) (INS) (DEL)
JST 132 90 37 95 47 43
QYH 126 99 36 90 39 60
PDS 18 20 3 16 5 15
PGS 18 18 3 15 4 14
PQJ 8 11 2 6 1 10
THS 12 17 0 12 5 12
411 Total 314 255 81 234 101 154

RO (FMIR, 2012 J8 SCHT,2014) . T HESE = 975k 2R M X A9 FR AR (R 2 3, 19945 Qi et
RN WSS Rk EE, KRG EM  al., 2012),
B 200 2 e /N DX S8 A ol X T, B Ak oK 3T 5 sORE AR SRy SBURO PN =F RN R T AR A R S
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THS_1
159 639 bp

IST 1 [L
159 836 bp

PDS_1
159 281 bp

276bp 3bp 1 5,5!,:',’/' 4553 bp 1192 bp 71 bpe”
1516 bp
PGS _1

159 567 bp etp 3bp YSIE i 45530p 1192 bp 71 bpe

PQJ_1

159 564 bp 276 bp dbp " 5,2,‘?/” 4553 bp 1192 bp ? 5,1‘3;?/’

QYH I [L
159 841 bp
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Genes are denoted by colored boxes. The numbers above the gene features indicate the distance between the ends of genes and the border sites.
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Fig. 8 Comparison of IR-SC border positions across cpDNA of Carpinus tientaiensts
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Each circle in the network represents a haplotype, the size of the circle represents the frequency of haplotypes, and different colors in the circle

represent different populations, and short lines on branches represent base substitutions between haplotypes.
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Fig. 9 Network of haplotypes of Carpinus tientaiensis based on cpDNA
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A. cpDNA ML system development tree; B. ¢cpDNA Bayes system development tree. Number of the branches indicate ML Bootstrap support
value/Bayesian posterior probability.
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Fig. 10 Phylogenetic tree reconstruction of six taxa using maximum likelihood and Bayesian
inference methods based on the complete cpDNA sequences
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Table 4  Statistical table of genealogical diversity parameters

FEA A i K gprmzppre TIRITRES e e
Ji Number of Number of Polymorphic Haplotype verage:lnur'r(ll er o Nucleotide
Population samples haplotypes sites diversity r]u};, eotide diversity index
() (N,) () (H,) differences (P)
(K)
JST 10 3 3 0.6 1.133 0.000 01
PDS 3 3 6 1 4 0.000 03
THS 10 3 9 0.511 3.822 0.000 02
£5 WRATHERBLEIHE BORAE 75 N MR, DL 6 20
Table 5  Statistical table of genealogical B ZREE . KA R EH W R BN B

molecular variance test

PR LA e, AR TR] S BUOR 19 8 A% A, B

Fam TaE AW /D, 22 W R W fE Y X S

5 5K Fr i o pE ‘ i (i 1

Source of variation df Sum of Yanance Per(c;n;age @E@Eﬁmﬁ%m’f?jﬁlj&,%I/\U%%j‘jﬂi’?%
! ! PRI S, B AT A 5 R 720 11 0 28 38 1% 2 ot

JE T ] 5 662.4  36.80765 97.09 VR &R G EW R AT,

Among populations

JETEN 20 22.1 1.105 2.91
Within populations

SE .

St Total 25 684.5  37.912 65

1 5 558 0.970 85

N TE 3 AGUILAR R, QUESADA M, ASHWORTH L, et al.,
Fixation index (F,)

2008. Genetic consequences of habitat fragmentation in plant
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Abstract: Biondia Schlir., containing about 13 species, is endemic to China, and Merrillanthus Chun & Tsiang is a
monotypic genus distributing only in China and Cambodia. These two genera have been included in Vincetoxicum Wolf,
but their phylogenetic positions and taxonomic status need further study because of insufficient samples and phylogenetic
analysis. We reconstructed the phylogenetic trees of Tylophorinae based on two ribosomal gene sequence data (ITS,
ETS) and five chloroplast gene sequence data (psbA-trnH , trnG, trnl, trnl-F , trnT-L) individually and combined data,
which contained two types of species samples [ including B. chinensis Schltr. =V. shaanxiense (Schltr.) Meve & Liede
and M. hainanensis Chun & Tsiang=V. hainanense (Chun & Tsiang) Meve, H. H. Kong & Liede]. The results showed
that Biondia and Merrillanthus were nested inside the Vincetoxicum; the type species B. chinensis Schlir. =V. shaanxiense
(Schltr.) Meve & Liede were sister to B. henryi (Warb.) Tsiang & Li=V. henryi (Warb.) Meve & Liede, and formed a
clade with V. kawaroense Meve & Liede; while B. insignis Tsiang = V. insigne (Tsiang) Meve, H. H. Kong & Liede
belonged to the Subtropical Clade; Merrillanthus formed a clade with V. cissoides ( Blume) Kuntze and V. philippicum
Meve, Omlor & Liede. Our results support that Biondia and Merrillanthus should be included in Vincetoxicum, but

Biondia is polyphyletic, more species samples and data need to be collected and analysed to further explore their

42 %

phylogenetic positions about Vincetoxicum.

Key words: Apocynaceae, Vincetoxicum, Biondia, Merrillanthus, phylogeny, China

Je 47 Bk Bl ( Apocynaceae ) T Angiosperm
Phylogeny Group IV R4t (APG V) H 5 £ W)
( Gelsemiaceae ) . ¥ IH Bl ( Gentianaceae ) . & &%
( Loganiaceae ) #1745 5. £ ( Rubiaceae ) H:[7] J& F ¢ H
H ( Gentianales) ( Chase et al., 2016) , & EHF A E
BB S Je 7 Bk B ( Apocynaceae s. s.) il B & £l
(Asclepiadaceae) IR ZEHE, 295 350FH , 241 78
P AN ST H X ( Endress et al., 2018) . 4T #k
BHEATC # S T AXRE 1 71 Ak R G2 ( Fishbein
et al., 2018) , —SEMEITRYJEAE T I Il B R 4%
H i a8 20 422 /) (Endress & Bruyns, 2000) 4 Vi
# 378 1~ (Endress et al., 2018)

H & ( Vincetoxicum Wolf) 3 J& F I AT #k L 5
Ffi3 W5 ( Asclepiadeae ) 1 JLJEE I J% ( Tylophorinae ) ,
JOFEIAE L5 K (Endress et al., 2018) . £420Y H A
J i 25 EST, DR ARG SR AR AR AR e R
KA 5 ARBRY LR R, FLT 5 B (BB A
%, 1989; Liede, 1996), H #iJ8 5 & 40 i )8
( Cynanchum L.) BA M EIIEE A 884 L0 2%
SERRE R3S D R T8 A I 7R R Sk T b
(% 95 FIl 25 S8 3%, 1977; Forster, 1991; Li et al.,
1995) , {H A 2 35 K S E AT & W AR S o S i R
(Markgraf, 1972;Ali & Khatoon, 1982) , I/ #£55
(1989) Z5- G4k iy JEAS Y iR % B Ay A X
SRS, B2 M AT R N G SIS b sk ST ok
Liede (1996 ) 3£ T S AL b8 to SCRpZ WL, IF
NN H 5 LR ( Tylophora R. Br.) FC R iT .

SR, 73 F R GE 22 W9 W E RS 5 58 98
J& 7F % k& R B it ( Liede, 2001; Rapini et al.,
2007) , S FF AR R 5 i )Lk & O R AL, H e AT
FROE AR B R W, 1 % 18 B J& ( Biondia Schlir.) |
Blyttia Arn. | Diplostigma K. Schum. | Goydera liede |
Pleurostelma Baill. fl Rhyncharrhena F. Muell.6 )&
# #x B 1E Vincetoxicum-Tylophora 43 2 "' ( Liede-
Schumann et al., 2012,2016) ., & JL#EE 1 ik 6
A&, LARIEAS BRI ) — 28 8 X5 8 3 I 78 1E T
Ja& T 3N T R YR 4 A BT 4 FR (Kidyoo &
Kidyoo, 2018 ; Liede-Schumann & Meve, 2018 ; Hsu
et al., 2021;Shah et al., 2021) . J& EE 4 fE
E W 3 &, Bl 53¢ W5 B J& ( Merrillanthus Chun &
Tsiang) | K EE & ( Pentastelma Tsiang & Li) S
2k )& ( Belostemma Wall. ex Wight) W5 3 7€ H Al
JEr . BE SR R R A 150 2 R 8l A 7% B
FLIT s A/ AR RR AR D E R IR K BIHER
RIAETE i N 70 85 A RS R 2R 2, sirh &
A P R RN R e R R A S S 2H R AR 5 AR K
Yt B Sr AKCF R B 34 TRl SR AR
VM BRI K it 45 IX 38K ( Endress et al., 2018)

ZIGHEIER 20 13 Fh 2 b E R A&, o0 T K
B 7R 9 A 7H mORR BB 0 R A BT 0E Bk
( Merrillanthus hainanensis Chun et Tsiang) 1 1 43
A5 T3 B ) 7R R DL R R (O R 2R SR
15,1977 Li et al., 1995) ., 7F Liede-Schumann 5§
(2012, 2016) KRG AT /b, R R AL 5 2
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AF, B 2R K BE ( Biondia insignis Tsiang) Fl 5 JE
[ B. henryi ( Warb. ex Schlir. et Diels) Tsiang et
P Li] B RE &, B D R B %R IR (B
chinensis Schltr.) I AE &y, [A] B Bt = g 04 ik & 19 A
Ao HROT A ARIE T 2RI T 5 T e 110 I A A
B, P AT TR S M RG KT b, Hh 2%
1% W /R 5 Vincetoxicum rossicum  ( Kleopow )
Barbar. JE 4 #K 2E Bf | (H R e h A (L & F AT & 1
AFII B (Rao et al., 2018) ; 5 04 ) ik /s 5 2
KR I IR R B B R G & & R by ORE R D
(Xiong et al., 2019) ,iX 2 MF SR T HATE,
S T 8 IS 23 S8 ) R TH AN TE 4

AW WA T 28 06 i 5 B8 UG e 1 BCHE , HE e
BT B 7 1) 43 I 2 04 TR N B s 2 5 18 T
Rao 55 (2018 ) A9 Fr 45 28, 3R 45 & H il s by
5> F808E ( Liede-Schumann et al., 2016) , JF &
TRGRE o, Pt — L EX 2 MR RS
(VAIEN

1 #MHEF®

1.1 EBEBUEFI5 F B 5 8RR IR

ZIRTHE (FETEARAS : ZJB-2017-152-1 £ FE Tk
PEIRITE K 2% ) 04 oK 1 Rao %5 (2018) i 4 J2 1
P RN R Xt BE g e (FEIEAR A : LHB-AP17,
T A B RO R A% ) BEAT i BORE | 28 1k e T
Jei AR AT DK 8 B, PR3 2 Jb i AR B
YA IR 2w BT 22 ) R AT HE D 4 S DNA Y
FEWC N BOCE R R S . BARERAEIT .
G, DNA 2K I 5 4% )5, e AL T B 350 bp
ZEAT B SO FRHEAT PE1SO Bl 3, 75 21 Ji 46 %X
P& (raw data) , 28 i 152 J5 19 2] e 20 A B8 B
(clean data) 10 Gb, #RJ5 , ¥ 200 0 C A ¥R )Z
JF 8504 5 AR O 1Y) S e e () 8548 T GetOrganelle
1.7(Jin et al., 2020) #1740 %%, & B SHON BRI,
fifi H Bandage 0.8 ( Wick et al., 2015) fl Geneious
Prime 2019 ( https : //www. geneious. com/ ) X} £ 2& 15
BN fastg SCAFJEAT /] AL FN P 51 42 i, 45 3] e ¢
PR 28 U6 g T A% W A R TR 2 I 901, DA B B 0 e 1)
LRARIEPN A 5 R B P 91 . B e, 430 DA
JCilAE [ Amborella trichopoda Baill. ( AJ506156) ] Al
B A5 WK [ Apocynum venetum L. (MT313688) ] ) I
g NS 4 1E = %, % Fl H Plastid Genome

Annotator( PGA) (Qu et al., 2019 ) X J¢ G g 1) - 2%
PRI R 4 E 47 3 RE, FEAR I log SCHS 7E Geneious
Prime 2019 HAEZE— 25 (9 TS AL IE | 75 2 M-SR pR 5
0BG B LL Asclepias coulteri A. Gray
(JN665084 ) [ 4% i 14 5 ] 41 nrDNA 3% 2 7 B
(18S + ITS1 + 5. 8S + ITS2 + 26S) Hl Vincetoxicum
biglandulosum ( Endl.) Kuntze (LN880610) [ 4% ##
IREEH B3] B B (ETS) 2%, {F Geneious Prime
2019 Fxf 2 I T 55 B 05 e A Al MR R IR 21 A 3
B, IF I Excract 6 5 £ HCH T 55 00 A% W 44 25 K]
Je 0 b B 5 M R PR 9 e B, O R s EAR
£ GenBank ( https ; //www.ncbi.nlm.nih.gov/ )

BT RENLEILEE TR /> T R F R
& (Liede-Schumann et al., 2016) , #bFe5¢ W5 e 1 22
IR FE ) DNA $0HiE |, 198 BURS 49 18 IV % ( Cynanchinae )
T 3 ARSI ERE, SR 5 A R R
51 Bt (psbA-trnH (trnG trnl, trul-F trnT-L) (137 4~
Filt) (2 AN BE AR BE D P ) i B (ETS (ITS) (136 A4
i), LAk — 8 18 I B R G KB (139 4
B . FERITEANE BOLEE 1, B SRR A TR (5 B
W 3CHE Liede-Schumann 45 (2016) o #8437 #E & 7 %71
BAEAS 4 R OGP A g v AR AR BRI b 5%
1.2 75 b xf fn 4

K H MAFFT %44 ( Katoh & Standley, 2013) H.
Mot B A v Btk AT I A0 e xF, 2 B BoHE TR
Geneious Prime 2019 H1i#E 17791 P45, 15 BB & 46
M
1.3 RGE R E S

%6, FIFH 1Q-TREE ( Nguyen et al., 2015) 3T
B RAUSR = ( maximum likelihood method, ML) Xt P
AT 25 % F 53 H1, IQ-TREE 7 ModelFinder % it
BIC #EN] ( Bayesian Information Criterion, BIC) H 3]
D, IFE PR 10 SR AR AR A ) L h BB L R )
) B a IR B AR TVM+F+R3 | SR Ak
PR3 F B I Bl fd FH Y Sy K3Pu+F+R3
WA 5 R B DR Y 4 R B O 85080 il B A R
TVM+F+R3; %R )5, #E4T 1 000 YK 1) SH-aLRT 45 56
( Guindon et al., 2010) FI#EPL H JRAEAL K (ultrafast
bootstrap approach, UFboot) (Minh et al., 2013) ,
ANy E A SH-aLRT 1 UFboot 2 4> 3¢ £55%  f1Jjt
SH-aLRT=80% H. UFboot =95% , W4}y 15 S| 5 47
SRy, oy R R R 5 BT IR R A
Figtree 1.4.2( Rambaut, 2012) H&F&
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Table 1 List of taxa sampled and GenBank accession numbers of sequences
R S 7S
e HRRSEfL FH 44 i psbA-trnH trnG trnL trnl-F trnT-L ETS ITS
Tux(m Tﬂx()n name ()rlglna“y used
HMZEBE Outgroup
2% T i Cynanchinae
Cynanchum ellipticum C. ellipticum (Harv.) R. A. Dyer HE802679 HE793818  AJ290846 AJ290845 AJ290847 — AJ320444
(Harv.) R. A. Dyer
[ERCL A B4 B C. ovalifolium Wight  HE802680 HE793819  AJ428697  AJ428698  AJ428696 — AJ492780
C. ovalifolium Wight
Schizostephanus alatus S. alatus Hochst. ex K. Schum. HE802678 HE793827  AJ410248  AJ410249  AJ410247 — AJ320451
Hochst. ex K. Schum.
R Ingroup
I JLIE W J% Tylophorinae
Pentatropis bentii (N. E. Br.)  P. bentii (N. E. Br.) Liede a LN880644  LN880691 — LN880737 LN880780 LN880601 LN880556
Liede a
P. bentii (N. E. Br.) Liede b P. bentit (N. E. Br.) Liede b LN880645 LN880692 — LN880738 LN880781 LN880602 LN880557
P. capensis (L. f.) Bullock P. capensis (L. f.) Bullock LN880646  LN880693 — LN880739 LN880782 LN880603 LN880558
P. madagascariensis Decne. P. madagascariensis Decne. HE793884 HE793823  AJ410236  AJ410237  AJ410235  HE793968  AJ320448
P. nivalis (J. F. Gmel.) P. nivalis (J. F. Gmel.) HE793885 HE793824  AJ410239  AJ410240  AJ410238  HE793969  AJ320449
D. V. Field & J. R. I. Wood a  D. V. Field & J. R. I. Wood a
P. nivalis (J. F. Gmel.) P. nivalis (J. F. Gmel.) HE793852 HE793784 HE793746 HE793755 HE793717 HE793939 HE793910
D. V. Field & J. R. I. Wood b D. V. Field & J. R. I. Wood b
Pentatropis sp. Pentatropis sp. LN880648  LN880695 — LN880741 LN880784 LN880605 LN880560
P. spiralis Decne. P. spiralis Decne. LN880647  LN880694 — LN880740 LN880783 LN880604 LN880559
Vincetoxicum aff. rotundifolium — Tylophora aff. rotundifolia HE793866 HE793798 — HE793769 HE793731 HE793950 HE793924
(Buch.-Ham. ex Wight) Buch.-Ham. ex Wight
Kuntze
V. ambiguum Maxim. V. ambiguum Maxim. AB109146  AB109087 AB109928 AB109956 — AB110047 AB109984
V. anomalum (N. E. Br.) T. anomala N. E. Br. a HE793887 HE793829  AJ410251 AJ410252 AJ410250 HE793971 AJ320452
Meve & Liede a
V. anomalum (N. E. Br.) T. anomala N. E. Br. b HE793855 HE793787 — HE793758 HE793720 HE793942 HE793913
Meve & Liede b
V. anomalum (N. E. Br.) T. anomala N. E. Br. ¢ LN880649 LN880696  LN880742 — LN880785 LN880606 LN880561
Meve & Liede ¢
V. anomalum ( N. E. Br.) T. anomala N.E. Br. d LN880650  LN880697 — LN880743 LN880786 LN880607 LN880562
Meve & Liede d
V. anomalum ( N. E. Br.) T. urceolata Meve HE793867 HE793799 — HE793770 HE793732 HE793951 HE793925
Meve & Liede
V. apiculatum ( K. Schum.) T. apiculata K. Schum a LN880651  LN880698 — LN880744 LN880787 LN880608 LN880563
Meve & Liede a
V. apiculatum ( K. Schum.)  T. apiculata K. Schum b HE793888 HE793830 AJ410254  AJ410255  AJ410253 — AJ320453
Meve & Liede b
V. apiculatum ( K. Schum.) T. apiculata K. Schum ¢ LN880652  LN880699 — LN880745 LN880788 LN880609 LN880564
Meve & Liede ¢
V. arachnoideum ( Goyder ) T. arachnoidea Goyder HE793856 HE793788 — HE793759 HE793721 HE793943 HE793914
Meve & Liede
V. aristolochioides ( Miq. ) T. aristolochioides Miq. AB109137  AB109078 AB109912  AB109944 — AB110038  AB109975
Franch. & Sav.
V. arnottianum Wight V. arnottianum Wight LN880662  LN880709 — LN880752 LN880797 LN880616 LN880574
V. assadii M. Zaeifi V. assadii M. Zaeifi LN880663  LN880710 — LN880753 LN880798 LN880617 LN880575
V. austrokiusianum ( Koidz. ) V. austrokiusianum ( Koidz. ) AB109149  AB109117 AB109927 AB109959 — AB110050 AB109987
Kitag. Kitag.
V. barbatum (R. Br.) Kuntze T. barbata R. Br. HE793857 HE793789 — HE793760 HE793722 — HE793915
V. biglandulosum (Endl.) T. biglandulosa F. Muell. a LN880653  LN880700 — LN880746  LN880789  LN880610  LN880565

Kuntze a
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V. biglandulosum ( Endl.) T. biglandulosa F. Muell. b HE793889 HE793831  AJ320402  AJ320403  AJ320401 — AJ320454
Kuntze b

V. brachystelmoides (P. 1. V. brachystelmoides (P. 1. Forst.) LN880664  L.N880711 — LN880754 LN880799 1L.N880618 LN880576
Forst.) Liede Liede

V. caffrum (Meisn.) Kuntze T. caffra Meisn. HE793858 HE793790 HE793749 HE793761 HE793723 HE793944 HE793916
V. calcareum V. calcareum ( H. Ohashi) AB109150 AB109118 AB109929 AB109960 — AB110051 AB109988
(H. Ohashi) Akasawa Akasawa

V. cameroonicum (N. E. Br.) T. cameroonica N. E. Br. HE793859 HE793791 — HE793762 HE793724 HE793945 HE793917
Meve & Liede

V. carnosum Benth. a V. carnosum Benth. a LN880666  LN880713 — LN880756 LN880801 LN880620 LN880578
V. carnosum Benth. b V. carnosumBenth. b HE793905 HE793847 AJ410272 AJ410273 AJ410271 HE793986  AJ320473
V. cernuum ( Decne.) Pleurostelma cernuum ( Decne. ) HE793886 HE793826  AJ410242  AJ410243 AJ410241  HE793970  AJ320450
Meve & Liede Bullock

V. cissoides ( Blume) Kuntze T. cissoides Blume HE793860 HE793792 — HE793763 HE793725 — HE793918
V. confusum Meve & Liede T. coriacea ( Decne.) Marais HE793891 HE793833  AJ320408 AJ320409 AJ320407 HE793972  AJ320456
V. conspicuum ( N. E. Br.)  T. conspicua N. E. Br. HE793890 HE793832  AJ320405  AJ320406  AJ320404 — AJ320455
Meve & Liede

V. creticum Browicz V. creticum Browicz HE793871 HE793803 — HE793774 HE793736  HE793955 HE793928
V. dalzellii (Hook. f.) Kuntze  T. dalzellii Hook. f. LN880654  LN880701 — HGS530585  LN880790 — LN880566
V. diplostigma Meve & Liede Diplostigma canescens K. Schum. HE793882 HE793820  AJ410200  AJ410201  AJ410199 HE793966  AJ320445
V. flanaganii ( Schltr.) T. flanaganii Schltr. HE793892 HE793834  AJ410257  AJ410258  AJ410256 HE793973  AJ320457
Meve & Liede

V. fleckii (Schltr.) T. fleckit N. E. Br. LN880655 LN880702 — LN880747 LN880791 LN880611 LN880567
Meve & Liede

V. flexuosum ( R.Br.) Kuntze  T. perrottetiana Decne. HE793898 HE793840  AJ290916  AJ290917  AJ290915  HE793979  AJ320460
var. perrottetianum ( Decne. )

Schneidt, Meve & Liede

V. flexuosum (R. Br.) Kuntze  T. tenuis Blume HE793901 HE793843  AJ320432  AJ320433  AJ320431 HE793982  AJ320468
var. tenuis ( Blume) Schneidt,

Meve & Liede

V. fruticulosum ( Decne.) Blyttia fruticulosa (Decne.) Field ~ HE793881 HE793815 AJ410194  AJ410195  AJ410193  HE793965  AJ320443
Decaisne

V. funebre (Boiss. & Kotschy) V. funebre ( Boiss. & Kotschy) LN880667 LN880714 — LN880757 LN880802 LN880621 LN880579
Pobed. a Pobed. a

V. funebre ( Boiss. & Kotschy ) V. funebre (Boiss. & Kotschy) LN880668  LN880715 — LN880758 LN880803 LN880622 LN880580
Pobed. b Pobed. b

V. fuscatum (Hornem.) Endl. V. fuscatum (Hornem.) Endl. LN880669  LN880716 — LN880759  LN880804  LN880623 —

V. glaucum (Wall. ex Wight) V. glaucum (Wall. ex Wight) LN880670  LN880717 — LN880760 LN880805 LN880624 LN880581
Rech.f. Rech. f.

V. gracillimum ( Markgr.) T. gracillima Markgr. HE793861 HE793793  HE793750 HE793764 HE793726 HE793946 HE793919
Meve & Liede

V. grandiflorum (R. Br.) T. grandiflora R. Br. a HE793862 HE793794 HE793765 — HE793727 HE793947  HE793920
Kuntze a

V. grandiflorum (R. Br.) T. grandiflora R. Br. b LN880657  LN880704  LN880748 — LN880792 — LN880569
Kuntze b

V. heterophyllum ( A. Rich.) T. heterophylla A. Rich. HE793894 HE793836  AJ410260  AJ410261  AJ410259 HE793975  AJ320461
Vatke

V. hoyoense T. Yamash. V. hoyoense T. Yamash. AB109164 AB109132 AB109940 AB109971 — AB110065 AB110003
V. indicum (Burm. f.) Mabb.  T. indica (Burm. {.) Merrill HE793895 HE793837  AJ410263  AJ410264  AJ410262 HE793976  AJ320463
V. intermedium Taliev V. intermedium Taliev LN880672  LN880719 — LN880762 LN880807 LN880626 LN880583
V. izuense T. Yamash. V. izuense T. Yamash. AB109163  AB109131 AB109939 AB109970 — AB110064  AB110002
V. jailicola Juz. V. jailicola Juz. LN880673  LN880720 — LN880763  LN880808 LN880627 LN880584
V. japonicum Morr. et Decne. V. japonicum Morr. et Decne. AB109151 AB109119  AB109930 AB109961 — AB110052  AB109990
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V. katoi (Ohwi) Kitag. V. katoi (Ohwi) Kitag. AB109152 AB109120 AB109931 AB109962 — AB110053  AB109991

V. kawaroense Meve & Liede T. japonica Miq. AB109140 AB109081 AB109915 AB109947 — AB110041 AB109978

V. lineare ( Decne.) Meve &  Rhyncharrhena linearis ( Decne.)  HE793853 HE793785 HE793747 HE793756 HE793718 HE793940 HE793911

Liede a K. L. Wilson a

V. lineare ( Decne.) Meve &  R. linearis (Decne.) K. L. HE793854 HE793786 HE793748 HE793757 HE793719 HE793941 HE793912

Liede b Wilson b

V. linifolium Balfour f. V. linifolium Balfour f. LN880674  LN880721 — LN880764  LN880809 LN880628  LN880585

V. lugardiae ( Bullock) T. lugardiae Bullock HE793864 HE793796 HE793751 HE793767 HE793729 HE793949 HE793922

Meve & Liede

V. lycioides (E. Mey.) Kuntze  T. lycioides Decne. LN880658  LN880705  LN880749 — LN880793  LN880613  LN880570

V. macrophyllum Sieb. et V. macrophyllum Sieb. et Zuce. a AB109155 AB109122 AB109922  AB109954 — AB110054 AB109993

Zucc. a

V. macrophyllum Sieb. et V. macrophyllum Sieb. et Zucc. b AB109154 AB109121  AB109921 AB109953 — AB110055 AB109992

Zuce. b

V. maeoticum ( Kleopow ) V. maeoticum ( Kleopow) LN880675 LN880722 — LN880765 LN880810 LN880629 1LN880586

Barbar. Barbar.

V. magnificum ( Nakai) V. magnificum (Nakai) Kitag. AB109156 AB109123  AB109923  AB109955 — AB110056 AB109994

Kitag.

V. matsumurae ( T. Yamaz.) T. matsumurae ('T. Yamaz. ) AB109143 AB109082 AB109916 AB109948 — AB110042 AB109979

H. Ohashi T. Yamash. & Y. Tateishi

V. mozaffarianii M. Zaeifi V. mozaffarianii M. Zaeifi LN880676  LN880723 — LN880766  LN880811 LN880630 LN880587

V. nigrum (L.) Moench a V. nigrum (L.) Moench a HE793907 HE793849 — — — HE793988 —

V. nigrum (L.) Moench b V. nigrum (L.) Moench b — — — — AY899964 — —

V. nigrum (L.) Moench ¢ V. nigrum (L.) Moench ¢ — — AF214451  AF214297 — — —

V. nigrum (L.) Moench d V. nigrum (L.) Moench d — — — — — — FJ362532

V. nipponicum ( Matsum. ) V. nipponicum ( Matsum. ) AB109158 AB109125 AB109933  AB109964 — AB110058  AB109996

Kitag. a Kitag. a

V. nipponicum ( Matsum. ) V. nipponicum ( Matsum. ) AB109157  AB109124 AB109932 AB109963 — AB110057  AB109995

Kitag. b Kitag. b

V. oblongum (N. E. Br.) T. oblonga N. E. Br. HE793896 HE793838  AJ320423  AJ320424  AJ320422 HE793977  AJ320464

Meve & Liede

V. ovatum Benth. V. ovatum Benth. HE793875 HE793807 — HE793778 HE793740 HE793959 HE793932

V. paniculatum (R. Br.) T. paniculata R. Br. HE793865 HE793797 HE793768 — HE793730 — HE793923

Kuntze

V. philippicum Meve, T. parviflora (Merr.) Meve, HE793897 HE793839  AJ320426  AJ320427 AJ320425 HE793978  AJ320465

Omlor & Liede Omlor & Liede

V. pumilum Decne. a V. pumilum Decne. a LN880677 LN880724 — LN880767 LN880812 LN880631  LN880588

V. pumilum Decne. b V. pumilum Decne. b LN880678  LN880725 — LN880768 LN880813 LN880632 LN880589

V. rehmannii Boiss. a V. rehmannii Boiss. a LN880679  LN880726 — LN880769 LN880814 LN880633 LN880590

V. rehmannii Boiss. b V. rehmannii Boiss. b LN880680  LN880727 — LN880770  LN880815 LN880634  LN880591

V. rossicum ( Kleopow ) V. rossicum ( Kleopow) Barbar. a — HE793809 — — HE793742  HE793990 —

Barbar. a

V. rossicum ( Kleopow ) V. rossicum ( Kleopow) Barbar. b — — — EF456113 — — —

Barbar. b

V. rossicum ( Kleopow ) V. rossicum ( Kleopow) Barbar. ¢ — — — — — — FJ517165

Barbar. ¢

V. sakesarense Ali & Khatoon V. sakesarense Ali & Khatoon LN880682 — — — LN880816  LN880635 LN880592

V. scandens Sommier & V. scandens Sommier & Levier a LN880683  LN880729 — LN880772  LN880817 LN880636  LN880593

Levier a

V. scandens Sommier & V. scandens Sommier & Levier b LN880684  LN880730 — LN880773 LN880818 LN880637 LN880594

Levier b

V. schmalhausenii (Kusn.) Litv. V. schmalhausenii ( Kusn.) Litv. LN880685  LN880731 — LN880774 1N880819 LN880638 LN880595
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V. somaliense ( Liede) Goydera somaliense Liede HE793883 HE793821  AJ410209  AJ410210  AJ410208  HE793967  AJ320447

Meve & Liede

Vincetoxicum sp. a Vincetoxicum sp. a LN880689  LN880735 — LN880778  LN880823  LN880642  LN880599

Vincetoxicum sp. b Vincetoxicum sp. b LN880690  LN880736 — LN880779  LN880824  LN880643  LN880600

V. stocksii Ali & Khatoon V. stocksii Ali & Khatoon HE793908 HE793850 AJ410278  AJ410279  AJ410277 HE793989  AJ320475

V. sublanceolatum ( Miq.) V. sublanceolatum ( Miq.) AB109159 AB109127 AB109935 AB109966 — AB110060 AB109998

Maxim. var. sublanceolatum Maxim. var. sublanceolatum

V. sylvaticum ( Decne.) T. sylvatica Decne. HE793899 HE793841  AJ410266  AJ410267  AJ410265 HE793980  AJ320466

Kuntze

V. tanakae ( Maxim.) T. tanakae Maxim. AB109144 AB109085 AB109919 AB109951 — AB110045 AB109982

Franch. & Sav.

V. tauricum Pobed. V. tauricum Pobed. LN880686  LN880732 — LN880775 LN880820 LN880639 LN880596

V. tenuipedunculatum T. tenuipedunculata K. Schum. HE793900 HE793842  AJ320429  AJ320430  AJ320428 HE793981  AJ320467

(K. Schum.) Meve & Liede

V. tmoleum Boiss. V. tmoleum Boiss. LN880687  LN880733 — LN880776 ~ LN880821 LN880640 LN880597

V. villosum (Blume) Kuntze a  T. villosa Blume a HE793902 HE793844  AJ320435  AJ320436  AJ320434 HE793983  AJ320469

V. villosum (Blume) Kuntze b T. wvillosa Blume b HE793868 HE793800 — HE793771 HE793733 HE793952 HE793926

V. yamanakae ( Ohwi & V. yamanakae ( Ohwi & H. AB109153 AB109129 AB109937 AB109968 — AB110062  AB110000

H. Ohashi) H. Ohashi Ohashi) H. Ohashi

V. yonakuniense (Hats.) V. yonakuniense ( Hats. ) AB109162 AB109130 AB109938 AB109969 — AB110063  AB110001

T. Yamash. & Y. Tateishi T. Yamash. & Y. Tateishi

EL0} Ek:0) HE793873 HE793805 HE793753 HE793776 HE793738 HE793957 HE793930

V. glaucescens ( Decne.) V. glaucescens (Decne.) C. Y.

C.Y. Wu&D.Z Li Wu & D. Z. Li

Sk 3% HE793904 HE793846  AJ410269  AJ410270  AJ410268 HE793985  AJ320472

V. atratum C. Morren & V. atratum C. Morren & Decne. a

Decne. a

FI7i F % AB109148  AB109089  AB109926  AB109958 — AB110049  AB109986

V. atratum C. Morren & V. atratum C. Morren & Decne. b

Decne. b

AR R AR HE793879  HE793812 — HE793782 HE793745 HE793963 HET793936

V. wversicolor (Bunge) Decne. V. wversicolor ( Bunge) Decne.

e i IR AB109145 AB109086 AB109924 AB110215 — AB110046  AB109983

V. acuminatum Decne. a V. acuminatum Decne. a

T X R LN880661  LN880708 — LN880751  LN880796 LN880615  LN880573

V. acuminatum Decne. b V. acuminatum Decne. b

T R [ HEREY:] HE793906 HE793848  AJ410275  AJ410276  AJ410274 HE793987  AJ320474

V. hirundinaria Medic. V. hirundinaria Medic.

KB AT KB AT HE793872 HE793804 HE793752 HE793775 HE793737 HE793956 HE793929

V. forrestii (Schltr.) C. Y. V. forrestit (Schlir.) C. Y. Wu

Wu & D. Z. Li D.Z. Li

ek A il Frak H i LN880665  LN880712 — LN880755 LN880800 LN880619  LN880577

V. canescens ( Willd.) Decaisne V. canescens ( Willd.) Decaisne

St LR St Lk AB109138  AB109079  AB109913  AB109945 — AB110039  AB109976

V. brownii (Hayata) T. brownii Hayata

Meve & Liede

M BE AB109147  AB109088  AB109925  AB109957 — AB110048  AB109985

V. amplexicaule Siebold V. amplexicaule Siebold et Zucc.

et Zucc.

ELYING 2 oK HE793851 HE793783 - HE793754 HE793716 HE793938 HE793909

V. insigne ( Tsiang) Meve, Biondia insignis Tsiang

H. H. Kong & Liede

Aedb M AEJL AT V. mongolicum Maxim.  HE793874  HE793806 — HE793777 HE793739 HE793958 HE793931

V. mongolicum Maxim.

M- 4 i M HE793877  HE793810 — HE793780 HE793743 HE793961 HE793934

V. stauntonii (Decne.) V. stauntonii (Decne.) C. Y.

C.Y. Wu & D. Z. Li Wu & D. Z. Li
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E=A St} AT LN880688  LN880734 — LN880777 1N880822 LN880641 LN880598

V. volubile ( Maxim.) Hemsl. V. volubile ( Maxim.) Hemsl.

I LY HE793870 HE793802 — HE793773 HE793735 HE793954 —

V. chekiangense ( M. Cheng) V. chekiangense (M. Cheng)

C.Y. Wu&D. Z Li C.Y. Wu &D. Z. Li

LR L2 AB109139  AB109080 AB109914  AB109946 — AB110040  AB109977

V. floribundum ( Miq.) T. floribunda Miq.

Franch. & Sav.

RIS HE FIREE MH210646 MH210646 MH210646 MH210646 MH210646 01597536 01442775

V. shaanxiense ( Schitr.) Biondia chinensis Schltr.

Meve & Liede

H e H e HE793880 HE793814  AJ410191  AJ410192  AJ410190 HE793964 HE793937

V. henryi (Warb. ex Schltr. &  Biondia henryi (Warb. ex Schlir. &

Diels) Meve & Liede Diels) Tsiang & P. T. Li

TelERE TElERE 01442775  OL442775 01442775 01442775 01442775  0L597537 01442774

V. hainanense (Chun & Tsiang) Merrillanthus hainanensis Chun &

Meve, H. H. Kong & Liede Tsiang

I )Lk 1 Lt HE793863  HE793795 — HE793766 HE793728 HE793948  HE793921

V. hirsutum (Wall.) Kuntze T. hirsuta (Wall.) Wight

I L 1 )L LN880659  LN880706  HG530586 — LN880794 — LN880571

V. hirsutum (Wall.) Kuntze T. mollissima Wall. ex Wight

1 L T )L AB109142  AB109084  AB109918  AB109950 — AB110043  AB109981

V. hirsutum (Wall.) Kuntze T. ovata (Lindl.) Hook. ex Steud.

N PN INI TR LT LN880656  LN880703  AJ320411  AJ320412  AJ320410  LN880612  LN880568

V. flexuosum (R. Br.) Kuntze a T. flexuosa R. Br. a

s B L INIF I LT HE793893  HE793835  AJ320414  AJ320415  AJ320413  HE793974  AJ320458

V. flexuosum (R. Br.) Kuntze b T. flexuosa R. Br. b

A A AB109161  AB109126  AB109934  AB109965 — AB110059  AB109997

V. pycnostelma Kitag. a V. pycnostelma Kitag. a

A [F3 S HE793876  HE793808 — HE793779 HE793741  HE793960 HE793933

V. pycnostelma Kitag. b V. pycnostelma Kitag. b

AL =L HE793903  HE793845  AJ320441  AJ320442  AJ320440  HE793984  AJ320471

V. yunnanense (Schlir.) T. yunnanensis Schltr.

Meve & Liede

R IH R AB109165  AB109133  AB109920  AB109952 — AB110066  AB109989

V. inamoenum Maxim. a V. inamoenum Maxim. a

P R PR LN880671  LN880718 — LN880761  LN880806  LN880625  LN880582

V. inamoenum Maxim. b V. inamoenum Maxim. b

TE: — RN E BB IR RSB SR BT 2R AR (R 20 7 31 R B R 1 7 3715 4R AL A 2 5 M - (A (R 41 2 51 45

B FLR BE AT T

Note; — indicates the absence of information; taxa in bold are newly added for the present study, their GenBank accession numbers

corresponding to the plastid DNA data are provided for the complete chloroplast genome, and the plastid DNA data used were extracted from the

complete chloroplast genome.

2 HRHHH

BT AL P91 7 B (ETS (ITS) M2 i) &
GRBEW RN, LR S b AR 2 ER R,
Pentatropis R. Br. ex Wight & Am.fx E7EH AT E T,
-5 Vincetoxicum apiculatum + V. sylvaticum + V.
tenuipedunculatum JAH TR 5 57, W5 N SH-
alLRT=82.8% .UFboot =82% (82.8/82) (K 1) ; 3T
- AL PR 9 e B DA B 5 O 5000 A A 1) 3R G
AR s 1k L W% 43 R 2 S K 43 32, Pentatropis
R. Br. ex Wight & Armn. 5 [HTJE B UHK KR, SRR

4351k 99.8/100.99.9/100( [ 2,18 3) .

3 253 BRI i 1 AR G R e R SRR B
W J& 5 V. cissoides ( Tylophora cissoides) F1 V.
philippicum ( T. parviflora) B N—32 K 1 K 2 K 3
H S HE 4 5] 100/100,97.9/100 , 100/100 5 Z
W e s vh B 3 A4S b 2% L R R 2 S BT
RGEM AR R P TR 5L TR A S A 51
Br(ETS ITS) A i & G 5 45 I B4l B dt 1y &%
Gp 22 IR 55 W V. henryi( Biondia henryi)
HOARIRZERE, SR 535 97.7/100,97.8/100
(K 1,K 3),35 V. kawaroense( T. japonica) R
— 3 SRR 5 97.1/100 ,97.8/100, 7 K T
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— i
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e
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e ji){_l"lﬂ’jbl’}ﬁ Vincetoxicum s. sir. Clade " " Ju; ke (T sk
e e — - - ¥ birvtum {1 hirmatr)
Tl o % S pical Clade > it JENFREILEY 1 brononi (7 frenuni)

' lqfselti (7. dat-ellif

B i 17 richens)
Il JLﬂ ¥ Dirsnuany (T oviasa )

A3 32T B AC # SH-aLRT 1 UFboot 2 4> 37 45 % | SH-aLRT = 80% H. UFboot = 95% , ¥ Jy 45 LW 15, 7> X B9 %1 4> B 8 Liede-

Schumann % (2016) , F[FAl,

Each branch assigned with SH-aLRT and UFboot supports, if SH-aLRT=80% and UFboot=95%, the result is considered to be credible, clade
designations follow those of Liede-Schumann et al. (2016). The same below.

1 BT 2 MEREASE N S
Fig. 1

MERAREE R P8 7 B A ) R G rh RIS T S
B RN — 3, B S HF R AR (31.3/67) (A
2) MK BETE 3 41 R G rh 3 b s 76 W 3R 43
32 ( Subtropical Clade) F1 (& 1 & 2 K 3 32 5%
43 9 24 100/100 ., 93.8/100, 100/100) , 3 5 V.
villosum ( T. villosa) B R—3Z (K 1 & 2 K 3 3¢
Ry 5k 74.3/100 ,0/96 ,72.6/100) ,

FrBE (ETS ITS) A i fe )Lk S I ) 3R 8 % T A

Phylogeny tree of Tylophorinae constructed by two ribosomal gene sequence fragments (ETS, ITS)

3 Wik EE@w

3 FREBERNAZLESRAS LML

TEZ5 I i J 78 57 1), Schlechter (1905) 35 i H:
Wk F i 540532 )8 (Marsdenia R. Br.) i &
SEAEM PAFAE W] 8. 22 St s AE TSR AR BT ok, 5 1k
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Kl 2 BT 5 AR5 KT 51 B (psbA-trnH trnG (trnL tral-F trnT-L) #6538 1 JUJEE VT () R G K & W
Fig. 2 Phylogeny tree of Tylophorinae constructed by five plastid gene

sequence fragments (psbA-trnH, trnG, trnl, trnl-F, trnT-L)

JUEE B A 5 R R E T AR AR 0, IRk
ZR U8 T IO 5 AE B A 5 I 7% (Asclepiadinae) 1,
Gilbert 45 (1995) Ay 2% I i J B4 15 A2 PR %%
1 O SN TR S 7 O N R W o0 N o o A A 4
IR A 28 kG, I ISR B i L TR i

—SERR A A LAY S R, Ul 2 0 R S L
IR AR ER XIS, LR C a9t
£ H BiJ& " ( Liede-Schumann et al., 2012; Liede-
Schumann & Meve, 2018 ;Endress et al., 2018) , 4%
MR o> 5 R Gi4 %5’5*1%1“/\%}%}334:/\ i
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Fig. 3 Phylogeny tree of Tylophorinae constructed by five plastid gene sequence fragments (psbA-trnH,

trnG, trnL, trnl-F, trnT-L) and two ribosomal gene sequence fragments (ETS, ITS)

o Ak 2

KT Ir T RGP M8 R s Z# IR &R 1Y 3
NFESTEA AT IR N, Hh B IS 57 Kk R —
S7 MK EE S V. villosum (T. villosa) B —32, It
TEERH 73 30h HEATTEIE A B 22 ok, Bk
DR R 2 B B SR R R B E | B

T kg B AN, JE B, AR R Bk, S, T
V. villosum BRSP4 12 %5 9 52 6, i BP9 JE 5B IR
KEDE , R T, AR, B RKE T s A
D51, B A T AR E SO RS Ui e s s
M (Li et al., 1995) , J5# 4341 TJUH: B ( Backer &
Bakhuizen, 1965) , A K EBIKE S IR G MERL S
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PRI A b 22 5 AR, B 28 2% 50 R BT 1 15 L
i i E— 20 RAE B A T R AR Y
32 RRERENRAMNESER S LM

Sp Uk e B 7E K R Ik 5K W E
( Pycnostelma Bunge ex Decne.) fix #1 #T ( Chun &
Tsiang, 1941), J5 4 B & #¢ 13 JF &= A A J& b
( Liede-Schumann & Meve, 2018) , Wi B9 B4 5 &R
Wi A T eSS BT AR WS A R R R TR AR
FETE R AR A 2 URIER SR RO/ IN S D7 T A7 7E W
D), e BRI Rk T O R BB AS | BB A
PRRERD , JE AR N IR AR B i A R TF AR R
ToUsig ] P % 26 B SE SR A TR YRR iR
Y I Ay B ST RS AR S ) 2 v S AR T TR,
WALPEIE /N ( Chun & Tsiang, 1941) ; BE I Bk
JE B A6 R 5 3 8 J& ( Heterostemma Wight &
Arn.) FIER 2 JE ( Hoya R. Br.) 2840, H R 50 8 i
F 5™ K& ( Telosma Coville ) AHL , B¢ 16 1 & 11
BT, 55 3 A8 By ek S B, W] DLB R X
4% ( Chun & Tsiang, 1941) . ¥ JEFAFEIE (1977)
R INGE VR Ja 5 BN R 77 1 I Iphisia Wight & A=
Vincetoxicum Wolf AT , A [6) Z AL TE T U¢ W 1 &
AL T2 B St 35 A T s B ARDRG A, 76 By B A
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Pin i R ) = S ) 31 9 D R4 o]
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oL (H BRI B AL TR, e, i T S e e s 1Y
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(Chun & Tsiang, 1941), H Endress il Bruyns
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I 2 R e, JF R A i L R
33ANEMERARRE

R T AR T PR 51 - S AR R ) 571
BIEIRM ARG R T 0 s AR N & H
HAEA G B AR IHE D HTE & N B R
RGRE KRR SRR, T v i 0 1 &
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Abstract: The differences in the species richness among different biological taxonomic groups often vary greatly, which
is a phenomenon commonly observed in ecological and biological studies. However, the underlying mechanisms of this
pattern are still in hot debate. From the perspective of macroevolution, time-for speciation hypothesis and diversification
rate hypothesis are two popular hypotheses. Time-for speciation hypothesis suggesting that the time-for-speciation is the
primary driver of diversity variation among groups by species accumulation along time, while diversification rate
hypothesis suggesting that the groups with high species number resulted from their high net diversification rates. To test
these two hypotheses, we studied species variation among 15 families of order Saxifragales based on a fossil-calibrated
phylogenetic tree containing 1 539 species. We obtained the rates of speciation and extinction of 15 families and
calculated the average diversification rate of each family through macroevolutionary analysis. The results are as follows;
(1) The species diversification rate of order Saxifragales shows an increasing trend, and the increase of diversification
rate mainly occurred in temperate and alpine groups, such as Grossulariaceae, Crassulaceae and Paeoniaceae. (2) The
results of phylogenetic generalized least squares ( PGLS) and linear regression model ( LM) show that the species
richness of the 15 families is not significantly correlated with the age of family differentiation or the age of the most recent
common ancestor, but it is positively correlated with the net diversification rate (R*=0.380, P<0.05). These results
support the diversification rate hypothesis, suggesting that the diversification rate is a primary evolutionary driver of the
variation of species richness among families of order Saxifragales. Global cooling may provide opportunities for the
expansion of distribution and rapid species diversification of herbaceous, deciduous trees and shrubs those can adapt to

cold conditions. The study show that in temperate and alpine spreading groups, the net diversification rate may be the

R S A o A 20 R A AR A I ) % PR H e R I ) e 22 A 22 S A S ) 1731

(1. College of Life Sciences, Sichuan University, Chengdu 610065, China; 2. Key Laboratory of Bio-resource and Eco-environment of Ministry of

main reason for the differences in species numbers of different taxonomic groups.

Key words: Saxifragales, species diversity, phylogeny, diversification rate, macroevolution
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Robosky & Adams, 2012; Mereau & Bell, 2013;
Machac, 2020; Li & Wiens, 2019) ., M= #y 25 Ht
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Table 1  Relevant data statistics of 15 families of order Saxifragales

e » y s oxmd  ERHEE
B4 Crown i %ﬁ;& H Speciation Extinction . N(?l . Mﬁ%;
Family age Stem age Species rate rate diversification Sampling

(Myr) ( Myr) number (Myr") (Myr™) ral(*j‘ rate

(Myr™)

HiBAA} Cynomoriaceae 13.906 27.811 1 0.053 0.011 0.042 1.00
P AR} Tetracarpaeaceae 41.726 83.452 1 0.179 0.061 0.118 1.00
KR ERL Aphanopetalaceae 9.990 83.147 2 0.052 0.020 0.032 1.00
HHFMFL Cercidiphyllaceae 3.009 66.357 2 0.092 0.042 0.050 1.00
HEARSEF} Penthoraceae 8.513 72.090 2 0.051 0.020 0.031 1.00
Bl 2 W Bl Peridiscaceae 82.662 110.769 11 0.049 0.011 0.038 0.64
HRBL Altingiaceae 22.423 56.969 16 0.172 0.092 0.080 0.81
FURIA} Tteaceae 63.851 91.030 25 0.066 0.005 0.061 0.56
% B2 A8} Daphniphyllaceae 19.918 95.930 29 0.079 0.021 0.058 0.41
AT25F) Paeoniaceae 12.216 108.265 50 0.248 0.059 0.189 0.64
&2 MR Hamamelidaceae 38.691 56.969 104 0.218 0.119 0.099 0.55
/NZAIFA} Haloragaceae 28.338 72.090 165 0.232 0.078 0.154 0.61
Z5HE T Bl Grossulariaceae 20.691 85.690 195 0.232 0.041 0.191 0.44
JEHH R} Saxifragaceae 64.599 85.690 869 0.128 0.013 0.115 0.66
5 RKF Crassulaceae 79.134 106.364 1678 0.158 0.036 0.122 0.38

IS4
w

i o K A T B A KA RSS2 ( Stadler et al.
2014 ; Sanchez-Reyes et al., 2017) , & T & fili 41
F053 M Aik AL I ) 55 0 b A B R OC &R AT
FEFI 38 T2 AR iE DL EOE i 5 H W 2 4
PERIE R

T PEBOR [F R Sl AT 18, ARFSE R R
55 ape £ 4 (Paradis & Schliep, 2019; R Core
Team, 2021) "' getMRCA () REIN RS K B |
FRENEEASBE 9 1 P R % 7 1 e 8] AH 58 195 A5, 1%
T AR I B AR S I T A AT AR
NPT, R HE H A AR ER T R
)P Y ape #2440 T %) branching. times () PRI%K
FEM, AR TR Y SR G5 1 ape FEFR £
Y getMRCA () BRERFRHR , MR 40 154> B 0 el i 79
SR T £U40%5 (nodelable ) , 43 B FRHLE] 15 4
P e 8 F1 T4
1.4 By ZHELER

AHIE 5% A1 7 Wik Ak DLt 3 43 A7 7 ( Bayesian
analy51s of macroevolutionary mixtures, BAMM ) , fifi

R 1A S TR BAMMtools 38 BUEL A9 £ #£ 1L
@%( Rabosky et al., 2014) ., /R Al REES R
#% ( Markov chain Monte Carlo, MCMC ) iz 171 B Ry
1 000J74K, %51 0004 RHUFE — K, 1B AT45 AR, 78

RS TR AL coda K8 % 1 W SICHE AN G 2K

sfid Crownage (Myr)
«

e
% Stemage (Myr)

BT R0 i
Fig. 1

47 T (A BT AR
Schematic diagram of stem age and

crown age (Unit; Myr)

FEA (effective sampling sizes, ESS) i K /N, ESS
R A 45 R KT 200, LT MCMC 5 AT A2 68 1 2 T
FEA AT R R

JRH-FH 15 DY Y R 2 R AL 3R AE
BAMMrtools F2 55 £ 1Y getCladeRates () PR &CHE HL
T AR T RN T A 23 3 A BRI - 2 B Aol
Ak 3 K ( speciation rate ) F1 K 4 i % ( extinction
rate) o {22 FEAL AR AE TR AL DR 5 K 4 R 1Y
ZEMB . T K A AR A Al T A TR R AN W E
PE ST v (6] I 23 B 1 i 1k 23 0 22 4 Ak
REYF AR CR
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AN AR 25 B A5 iy il 1 0 2R, A
ape FEHAL Y drop.tip () BRECK IR H- 70 H RGE A
B RHR S S W 43, B R 2 R S A K
FHE [ H ST AR ] ] B B (Peridiscaceae ) |
5% K2 1%} ( Daphniphyllaceae ) | BRI E} ( Tteaceae ) Fl
AR (Altingiaceae) ; R H- 3 H F HA4 11 RN
T & 2R HE ], Al BAMMiools 2 4 4 b Y
plot. bammdata () PREL 2 il H 14 22 4 Ak 3 23 il B[R]
AR R
1.5 MM E LS ZELEERELRERX R

AW AE H — T £ M 1] 5 B A (linear
regression model ,LM) Ml R &k B X /N R
BRI (PGLS) X ¥y Fh 4= w2 5 22 A Ak 38 3 F 3dE 1k it
[ SEZRBEAT T 20 B 0 36k 22 AL AR AR U,
AR SC ) N7 1 Ao A AR 22 A R 5 ) Ao
ZREE R — UM PN AL RT PGLS #5280 Rl
W53 VN T I AT IR 5 W) R 2R PE R — Tk
PEIENE OC 2 F1 PGLS 485 A > 55 31k £k I (8] 1 3¢ .
H T 22 R A 50 R A I () WT B ] B X6 4 b 22 4
PEGE L, R, AR5 08 T 2R R
HEAR I 8] 04 28 B AKX W b 2 REPERY 2 52 HL
ROv BEAG IS ] R e R AR LM ] R 15 &
H AL B Im () SEA. PGLS ffi ] R FEEE {0
Y nlme Y gls () PRECSE L, PGLS 43 Hr A i
T—MRHEAEHWRRRGEREN ., ZRELE
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BB H I 1A R R W A R AT 25 R
RUEABE A 1 MUY F,

2 SR E W

Q1 EEEERNTRAESREYHEEEN
XER

JEH-FH 15 BRI F e i A28 10 2% S
RR, BFR M IEFWFE( Cercidiphyllaceae ) i i
R 3 H AR (Myr) |, 1 Bl 2 19 BB 3R A e i
MR T 8 THAE(R D), XA T REEH
WA AR E AR TR RS E 22 /(£ 1) .

LM 5341 1) 245 5 5% W 568 0% XoF 40 b 3= B 1Y) i
BERATIRE] 0.261 , H 2 I X4 Fh 3= 55 BE 1Y) fft
REA0.164 (18 2) . PGLS M 045 55 LM —
i SR EE E AR R 0.015, BAL T T
BSR4 W YRR (8=0.019) . HGIEREHE

LER e R I/ I S A N T2
(P>0.05), &RV RHEREHN 15 DMRHY)
b 225 5 B ) e AT A B A A e, E
AR IF A 25 ma B} 22 6] A Fh 2 A v 25 = 9 32
22 REEHMMYMESHELEEZSEYMETE

FEH-HL H i 22 A b A A m i B DA R A R
IR 3 e R BB H b LB AR Y o 19
B S, ) G045 #E - F} ( Grossulariaceae ) , /N
il %R} ( Haloragaceae ) F1 5 K BF 4R} i) A Ak 3 2K il
AR AR LB (R 1, & 3) , JF H BL 1 500
THAEDRM KB N (K 3, 4), BFh F2 N
B ERTTA (AR (4 ol Ak 35 2 R 22 A A 3 38 A0 X
ik (R1,E3, B4),

LM A1 PGLS 3 #1 & B8, FE B & H B4 Fh Ak
TR Z AL R AR 5 W R 5 R A OC (A
5) . HFLERSY R FEE E N OCRTE LM H i
Z(R*=0.280,8=7.319,P<0.05) , Ifi /£ PGLS #&
I 25 (B=6.425,P<0.05) , I 3 W Ff 5
RIGZ AL R 5 YR 4 B A 3 E A O
P (PGLS: 8=9.790,P=0.031;LM: R*=0.380,8=
11.791,P<0.05) ,
2IHUM B E S U EENEEREZSHY
MEEERXR

HEALET ] 5 i 2 A AL R X Y A a3t
[FIVE A LM Al PGLS BRI 58 g 2 (LM R® =
0.603,8=0.297,P<0.05; PGLS; B=0.287,P<
0.05) (Kl 6), LM BiAI kb i} [a] Fig 2 4 4k
AR S [FE E F fRE TR 2 AR A 1960.3%
PGLS B 1 A 258 A, b Foph 4 FH 3 Ak Ik () 4 22
FEAL B A 4 R SR TR E) 5 5 2 AL
BRI LRE A RN X TR H- 5 EH B R R
SEREZ, H L 2 R A X — B — AR i X
FA) 5 Ml figp B 23R T

3 Wik54#®

TEARM G, PCLS T KB EH B H T 15
MR PR Z AT S 2 A R 2 2 Y IR A
KRR SRR EHXEER AR E, LM
i, Y 22 AL TR W SR R YA R 3R 3K0.380
i T Scholl F1 Wiens (2016) & ¥4 £ ¥ 4k i K
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Fig. 2 Phylogenetic generalized least squares (PGLS) and linear regression model (LM) for crown age and species
richness (a) and stem age and species richness (b) of 15 families of order Saxifragales
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Abstract: Convolvulaceae is a cosmopolitan family with rich morphological characteristics and important economic
values. However, the phylogenetic relationships among the major branches or tribes in the family have not been fully
resolved. In order to resolve these relationships, we sampled the complete plastome sequences from 40 species,
representing eight tribes of Convolvulaceae, and reconstructed phylogenetic trees by using both maximum likelihood and
Bayesian inference approaches. The results were as follows: (1) Convolvulaceae plastomes had the typical quadripartite
structure,, with the plastome size ranging from 113 273 to 164 112 bp and including 66—79 protein-coding genes. (2)
Phylogenomic analyses using five DNA matrixes (i.e., WCG, CDS, 1LSC, IR, and SSC) showed that the topologies of
the WCG and CDS trees were basically the same, with slight differences in support values for some branches. Topological
differences were found between LSC and WCG topologies, especially for the positions of Cuscuteae, Dichondreae and
Cresseae. The AU and SH tests showed that topological conflicts were significant between the WCG matrix and the SSC
and IR matrixes. (3) All phylogenetic analyses confirmed that Cuscuta and Dichondreae were nested in Convolvuloideae
and should be treated as tribes. (4) Phylogenetic relationships among the eight tribes were well resolved using the WCG
and CDS matrixes; Cardiochlamyeae and Erycibeae formed a clade as the first divergent group of Convolvuloideae,
followed by Cuscuteae, with the remaining five tribes forming two major clades. (5) The phylogenomic analyses

confirmed that Merremieae were polyphyletic, especially Merremia, and that the circumseription and taxonomy of both

Merremieae and Merremia will need revision.

Key words: Convolvulaceae, phylogenetic relationship, plastome, Cuscuta, Merremieae
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(A= S AR S N e NN T E R RN SR N
BOH ) HEAT ST, R — S VIR A 7 B S A
AT AL, PR, A AU 25 PR ROk S E e A
FHRRI BN SR 2R REH2A AR,
BEA DNA 7 5K iy bR % Jig | & T 73 1k
BEHMRGEKFE B EYNRERTLRY
WAL AR SRR ) A A AT AR (AR A
FH, 2020) . FEREERIN, H AT B 0 T RS 5
T 5T 32 5L T 20 M A% A A R IR R B, LA R SR
J7SORAERE Ry — A B I DR R 23 i 2
MR 12 5%, RIS A AR L8 1K 1 JE 1A 2
A% K% ( Humbertieae ) ] FIEAEE R A5 11 % .0
% ( Cardiochlamyeae ) | T /A i J% ( Erycibeae) |
I 4 6 #h mr fE R ( Cresseae ) | M % kM
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( Maripeae) ./NZE 25 % ( Jacquemontieae ) | %g 22 Ji%
(Cuscuteae ) | 1 % f#E % ( Aniseieae ) | Ji¢ f& &
( Convolvuleae) | ffi # HL & ( Merremieae ) 1 7 25 %
(Ipomoeeae) | (252 2020; Stefanovi et al., 2002,
2003) o fHJE, BEAL TR 32253 30 2 A Y O 22—
EBA RS, AN Stefanovi 55 (2002) Jeik B 4 4> i
DAL DR BRI A S o 8 i T Sy i@ A S B 1 R S
TE J 485 T A e e DR R e 4 5 R B8 45 2R (s
BEAENE AL F B0 S i Bt ” 454 ( Stefanovi &
Olmstead, 2004 ), Refulio-Rodriguez #l1 Olmstead
(2014) F:F 10 D A7 B oy bF 58 45 R S Fr 0 8
FRR IR T2 T TR T TS R A, A e A6 I B B S 2
B, MWAN, 22 TFIR M RS & B L& (Stefanovi &
Olmstead, 2004 ; McNeal et al., 2007 ) Fl ff 8 50t
43 25 b 47 R i R B B ( Williams et al., 2014;
Simdes & Staples, 2017)

FFFA R B H) (U0 rbel, matK , traL-F
ITS 45 ) ) —LE70 T RGE AW TR L T A W) 73 2 By
TCH ARG R B R FZR W KM B T X5 48 9 25 B (1)
1) 5 25 O 22 FEEAL T e (R DA TH (o 88 T RN 2= 1k
2011 R4 F A5, 2014) o SR, R BOF 9 B &
ARG R EAG B SA FR H A A5 K0 b 50
6], A2 1 3R 48 & B W Z R AEAFTE H Fh 45 4
25 (Rokas et al., 2003; ¥ 0§ ¥ 45, 2014)
W, N T RE R G R F R, RS
20 1) i DR B PR 2H a0 BOR A H 25
A R OR B 22 (1) A A TR 28 A5 B0 Y (E PR R TR
HHALI, 4% R e, SCHRAT 52 2, (454148 DL Ak
PRIt 126 PR 3, ok 28 (] @ (4576 R Gk B WF 58 vh ]
FH A A 5 DR A 5 A PR AR BT 5, BT
SN H A AE 248 DL A8 S RS b R SF
ZHCN B R 354 TN 52 35t 4% T 40 52 i A5 A L, TR
M) FR G0 % B B R 2 2= 0 58 v gl ) 3z A (RS
HEAE ) 2014 ; Gitzendanner et al., 2018b; FAHF1XI
FH, 2020) , M0, 5 1 827 AR IE R4 N 1
78 L T M) F B XM R B R E
7 % ( Gitzendanner et al., 2018a) , #f — & F| H
2 881N T AL R 21 PN 1) 80 AL K FE At 4k T AE )
FRRFE R 20 R g8 A B, AT SR T AR
ARG RBHER(Li et al., 2019)

ARSI T T R AERE F 203 S AR A
Ja& T AR A R A B B )T ST
FEF A0 W4 T v o 1 A e AE B R K B HESR,

VAWI B 22 I AR B8 4 A0 B R A28 3 R 1 70 26
PERY A BEPE TS AE RR A B TR e AL R
AR I R B0 PR, R O 22 1 T A A T M T I R
AEREAE R U5 5 7 A Y BIF 5 B8 Bl

1 M5 7 &

1.1 4 #4

M Stefanovi 55 (2003 ) B H & 1T R ELE R R
GEHESR eI K P B X BEAE TR 47 BBORE | Fh i 2 g
FERHEY) 8 T 21 J& 40 B AR T He/E WA N I £
B0y 3 AN TR B AR A R, Horb 16 T8 23
oy — A0 e K dt DA v B R 2 e B WA 0 0T 5 B
H ] PG R B A AR R T R R A SRS B
R B8 0T A BRI IE bR A 23 53] DR A7 v 5 R
S LR AR A 5 U R v R A B B W AR ) F O
FIARAEE (KUN) f (R 1) . 5350, 4 8 J& 17 MY
JE AL TR 2H B AN GenBank %08 JFE Tk (£ 2)
I35 B A5 Bk 4R B ( Nicotiana tabacum , NCO01879)
YE R AN ERE
1.2 RICEREHNFFHEE

A FH A ) 56 PF 41 DNA 42 BUR 57 & [ DP320,
RARAEACRHEL (b)) A FRA ] AR T8 19 8
i A4 A M I AR A B RL R SR IRUEL DNA | 28 58 A
M5, 247 )2 3 41 /7 ( genome skimming )
(Zeng et al., 2018) . ¥ SCJE K /NR 350 bp, K
1150 bp B 250 bp B, {f ] Illumina MiSeq 5%
HiSeq 2500 A4 15, 45 A Hy M 4R A5 09 0 1y 2080
N2 G A, MFELEFIFH GetOrganelle 14
£ (Jin et al., 2020) FE4T de novo 4125 | I H sl IR
it BT IR 4H . T 2l 4 2R L ER Y A
KT 3l PF 0K 8%, B scaffolds SCF B 35 A
Geneious( Kearse et al., 2012) , EBUZY) Fh 25 2% %
Fi i H A 3h W Ch 2% 8, i
LASTZ #fi {4 ( Harris, 2007 ) #£47 contigs HE /¥ Fl Ef
B¢, IFdEAT Foh e IE AR, LR REY Ipomoea nil
(AP017304) Jii 1A 4= 5 K 240 o 2 2% 5 91, {li H]
Geneious X Al € A6 B F iE 4740 2 A DL 1 R
FRIES BN T0% , BEJG X TE R4S R 34T T30
RAE, Horh 285 1 4 A5 R R 0 T B A = 5 )7 81 R
FF L 12 HE (open reading frame, ORF) 5 i IR 25
(a1 S It VA
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Table 1~ Voucher information and plastome features of newly sequenced within Convolvulaceae
s . . HHET
LSC X SSC X :
; R4 > . MR cCEE
. N T 42 K- Jig X e
% w sgipgs  MTES S RESREIRKKE Toan T T
. . Sequencing LSC SSC IR length :
Tribe Species Voucher Plastome Protein content
code . length length (bp) .
size (bp) (bp) coding (%)
(bp) P P gene content
S T TR Sy FEASE, KUN, S08256 150 529 85 700 13 901 26 815 79 37.8
Cardiochlamyeae  Dinetus decorus 15CS11317
BRI ZEkr4%  KUN,  S03014 148 628 85 092 13 394 29 081 79 37.7
D. truncatus YDDXSB107
T FRFESE | KUN, S08786 150 099 84 741 14 464 27 990 79 37.5
Porana discifera 13CS5909
P& e X %%, KUN, S04552 150 536 84 987 14 382 28 081 79 37.7
Poranopsis discifera 13CS6343
KR = kLS KUN, J1596 146 436 86 731 15116 26 674 79 37.7
Tridynamia sinensis 12CS4137
AR T TR i A6 * AR5 KUN, S08092 152 132 88 373 13 970 28 948 79 38.2
Convolvuleae Calystegia sepium 14CS9533
B T Wi AE* THEAE, KUN, S01846 152 365 88 433 13 542 28 100 78 37.8
C. soldanella FH-0201
EIGH YA 2 TI 250 R Je + I HESE | KUN, S09440 135178 82905 13 859 28 117 78 37.5
Cresseae Bonamia spectabilis 17CS16107
JEAT TR ZEARSF, KUN, S09953 151 345 86 158 10 747 26 705 78 38.1
Evolvulus nummularius 15CS10736
1T S AT WAL, KUN, 15004 120 873 75 280 3087 26 005 66 38.3
Cuscuteae Cuscuta japonica TianXH521
KAEH 221 [ifi #% 4%, KUN, S02785 119 875 74 852 13 900 27 586 66 37.8
C. reflexa WH-2013-223
Th I 4 ik 4 gy B, KUN, $02993 164 112 86 587 3344 25 500 79 38.1
Dichondreae  Dichondra micrantha YiSR347
TG BETA KHESE | KUN, S03267 113273 71518 14 980 26 589 79 38.9
Erycibeae Erycibe expansa 09CS1270
HET T W54, KUN, 16082 123094 72875 11 476 26 751 79 39.5
E. subspicata 14CS9371
FiE A K LS WH A%, KUN, S07996 162979 88 626 16 678 27 586 79 40.0
Ipomoeeae Argyreia osyrensis 15CS11494
var. cinerea
SR KHESE | KUN, S10321 158 269 84 851 13 673 27 809 79 37.7
A. splendens 08CS937
oAU W44, KUN,  S09427 161 878 88 273 15 348 27 273 79 40.1
Blinkworthia 17CS16596
convolvuloides
TR ZEASE, KUN, S03558 153 016 87 991 11 371 22 409 79 37.2
Hewittia malabarica 13CS7249
ERE LA KUN, S08462 153 621 88 896 13 765 27 252 79 39.0
Ipomoea eriocarpa 15CS11308
101 B B HFEG ILIE SR WS, KUN, 13942 145 413 83 744 13 590 26 925 79 38.3
Merremieae  Merremia hainanensis LWX10031
14K T 414, KUN, 15226 154 887 88 860 14 640 28 432 79 37.7
M. hungaiensis WH-2012-0696
g3 W75, KUN, 11792 152502 88178 14 354 27 772 79 37.7
M. umbellata 12CS4918
HJiE 1L kLS, KUN, 18001 154 245 88 615 14 521 28 258 79 37.7
Xenostegia tridentata 15CS10987

1E: * FORZTI M LASTZ Tl JFHOSER AR b

Note: * represents manually assembling sequence via using LASTZ.
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Table 2 Species and GenBank accession numbers

Py h GenBank % 3% 5
Species GenBank accession number
Cressa cretica MF067398
HITEAE MWO054627
Convolvulus arvensis

Ipomoea asarifolia MKO086048
TRETe KF242480
L. cairica

L. carnea MKO086049
1. goyazensis MKO086051
RS KF242484
L. hederifolia

e AP017304
I nil

sy B2 KF242499
L. obscura

L. pedicellaris KF242489
I HOLAE KF242492
L. setosa

L. trifida MH173262
Merremia quinquefolia KF242501
Operculina macrocarpa KF242502
Stictocardia macalusoi KF242503
Turbina corymbosa KF242504
Cuscuta exaltata EU189132

13 FILXMNMRERE DN

FH TR B 2 A O FE 2 2. (1) iR 4
BERHFFHN(WCG, EBR— IR X)) 5 (2) KR§FE D]
X (LSC) ;(3) /NRFEDLIX (SSC) 5 (4) R I HE X
(IR) ; (5) HEH B gmtH A (protein coding sequence,
CDS) , LMAEREHZ% 741, F| ] MAUVE( Darling et
al., 2004 ) Rl #5245 PP 5 L2l Pk | AR SR ZR M 1Y P 51 R
AT gh R 5 H R AL L MR, ] Geneious
(Kearse et al., 2012) B 2 B4 S (R 21 DU 43 AR 25 44 X
I} (LSC ,SSC . IRa 1 IRb ) H1 5L, 73 B BLUAS 43 IX 7
BRI (5 g 3 R e B, 75 3 1A e
R FE Rl 51, WCG, LSC, SSC IR X ) %% $i% 1
MAFFT Online( Katoh & Standley, 2013) & T BRIA S
BIEAT HO X, BRAF HEX R, 79 SR SR R
YN BA 2R I A 1 3 S R R A T X, A LR
Iy W Geneious W) MAFFT 4 {1 547 B 2L [H &2
JP A X, PR A I G A B, I B L X B AR
Geneious HV#EAT N T2 FIAS XS, HEBR S B JE 3
1R P DX, e AR 2 5 A AR S5 PR 2 00t e
LSC 1 SSC f TR 3 A4 X KE F: | 2 1 o g it 32 R 1k

5 (CDS) AR BT 45 K 20 (WCG ) FE I, HE I SC
15546 e 5 B B 1% 3 figshare ™3 (10.6084/
m9. figshare. 14329949 ) , >k ] MEGA X ( Sudhir et
al., 2018) GEHTHEFERY K BE A8 S s RN R 2045 5 o2
MAEER

i RAxXML # & & K 1 4% # ( maximum
likelihood , ML) ( Alexandros, 2014 ) ,5 /™%F 4 #B ik
F GTR+GAMMA +T 4R Adi 55 85 A 1) 5 KA SR
( best-scoring ML tree) , 1% & 1 000 ¥X bootstrap
replicates ’ﬁi %: ﬁ?}’ i Ef/‘] i %“: K ( bootstrap support
values, BS) , AWF5H, BS<50 HA L, BS =
51~79 M55 4, BS=80 Kok,

B WCG H1 CDS [ A s DL it 37 4 15 B
( Bayesian inference, BI) , #& F PhyloSuite %X {f
(Zhang et al., 2020) "' {9 ModelFinder 4 {f
( Kalyaanamoorthy et al., 2017) %% I8 BIC #E Il
( Bayesian information criterion , BIC) ok £ B 1 e ik
B B Ak £ MrBayes %K £ ( Huelsenbeck &
Ronquist, 2001 ), i#l i 7E Z& CIPRES Science
Gateway ( Miller et al., 2010) i #E g 1E L T
A7 DU e 18 43 B, B MCMC J2 5552 000 000
R, 55 100 FUHBRFE 1 BRRG R EW, Jo 3800 25%
BOFHAEAR , TG 2 50% Y 22 855 ] — BURT ( majority
rule consensus of trees) , T4 7 55 Y J5 B A %
(posterior probability, PP) ., X kBN AAK LT
X5k H Figtree v1.4.0 (http://tree. bio. ed. ac. uk/
software/figtree/ ) Al P AL 45 3. AW 52 7, PP = 0.
51~0.94 455345, PP=0.95 Jy5k 4,
1.4 RE&E R

% H AU K % ( approximately unbiased test)
( Shimodaira, 2002 ) #1 SH % ¥ ( Shimodaira-
Hasegawa test) ( Hidetoshi & Masami, 1999) , L\ H
Wr WCG £idhs 4 15 2 A4 = o 5 A B dhs B 75 2
B PO (A2 45 LSC XY ML A (IR X (1) ML % Fl
SSC IXHYy ML B ) Je 5 A Gt it 22 5+ . SH K 4
TAESH B 2505 0 LBy v, e 4R 20 ARy T
T RSE, 5 AU Kl —FE BE G5 A R 1AL
B, H AU K G SH ORI 094 22 /0 . IR R 48k
BB 5 A 5 A B IQ-TREE 4K £ ( Trifinopoulos et
al., 2016) i e RAUSRJ7 ik, (1] RELL 553 it
71 000 WH & WURE AL o] —Fh &5 R 19 P EH/D T
0.05, RIH 2 2%, R WX M S5 M 55 WCG JH 3 45
S L ETAL I N & S i TE T
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PRI IS : iR Rk B AN A MNTIEAEF R R T KR

A (WCG/CDS)

FHWik Ipomoceae

fi FHE T Merremieae [

fit 3 Hifif 1 Merremieae [

E{ERE Convolvuleae

£ BT I Merremieae T

EhaprdElE Cresseae

4% Dichondreae

# T Cuscuteae
Lap % Cardiochlamyeae
J&&‘ﬁf}f{_ FT}"Cihcae

i Solanaceae

Clade 1

Clade I

C(IR)
Py =0.000%

o1 T Ipomoeeae
¢ 5T 1 Merremieac |

P gy =0.000* g6 [~ LU EJE 1T Merremieae 11
93 ig{Ei% Convolvuleae
£ 3 LK T Merremieae [11
% LapiiE ik Cardiochlamyeae

T AN Erycibeae

i {Eli% Cresseae
93 o g4 i Dichondreae
— fis T Cuscuteae
#iF}l Solanaceae

Clade 1|

Clade I

1745
B (LSC)
Pay=0084 ik Ipomoeeae
Py =0451 1 BT | Merremieae |
§H — Y.

B HIE 11 Memremieae [1 |[Clade |
JiEtEi% Convolvuleae
BRI I Merremieae 1
##- T Cuscuteae
D% Dichondreae
thiniki% Cresseae

Lok Cardiochlamyeae
I 2R Erycibeae

#ifl Solanaceae

60

Clade I

D (55C) Tk Ipomoeeae
Pay =0.000 56 AR | Merremieae |
P gt = 0.000% fa i M Merremieae 1N |Clade |

gkl Convolvuleae

i R T Merremieae 1T
Lofeiglk Cardiochlamyeae
T 2MEfRE Erycibeae
#hiAERE Cresseae
4tk Dichondreae

# 4Tk Cuscuteae
#i# Solanaceae

91

Clade I

B EE R IR bootstrap {8, SRR 100 f43 AR . B A 1, B ASEE R IR bootstrap (B ( BSyo/BSys ) , BUF HEUE R
137 5 B ME 2 ( PPy oo /PP s ) 5 BSywee/BScps = 100/100 #l PPy ./PP ., = 1.00/1.00 F) 4> L AFRIE,

Numbers above branches indicate bootstrap value and branches with 100 bootstrap support are unlabeled. In A, numbers above and below branch
labels represent bootstrap( BSy./BS¢,s) and posterior probability ( PPy../PP ), branches with BSy../BS, =100/100 or PPy../PP s =

1.00/1.00 support are unlabeled.

BT BT [ B MA PR A R R A s A e AE L ) R e K T A

Fig. 1

2 HERHHH

2.1 REE E AT

JEACARLHTIN 7 4 o 349 Ay LAY 1) D o3 IR S5 44 PR
KEFEDLIX (LSC) /NHLHE DLIX (SSC) Fil 2 A [ 1]
HEFH(IR) A, BRI A KN K113 273~
164 112 bp,LSC XK JEH 71 518 ~ 88 896 bp, SSC
XK JEH 3 087 ~16 678 bp, IR X Ky 22 409 ~
29 081 bp, H GC & & Z24LIEH K 37.2% ~ 40.1%
(F 1), FENFERBRLSETEER, BRELTIEIN, FELR
H IR R B g A 2 R 5 R sr 80 H o 78 ~
79 4>, HLLF Ja PR MU RE ) 2 A ) M B0 o
R AL 66 8 H i 5L
2.2 EREHIRHE

TE 5 AN BRSP4 He AR B He, WCG [ K

Phylogenetic trees of Convolvulaceae based on different data matrixes of plastome

166 691 bp, BA 53 093 A48 7 5 (5 41 K
19 31.9% ) F1 28 675 AT 2945 5 00 5 (5 P HIH B
B 17.2%) , )7 9 Z2 FF 1 B 5 CDS XA [ K o
76 883 bp, HA 21 748 A8 S 55 AT 12 292 A
A5 SS9 WCG HE FE AR S 057 5 Al 4945
LAY 41.0% 1 42.9% ;IR XA 37 107 bp,
HLA7 9 908 AN AL AN 5 574 AR 445 507 45
SSC XA FEEK 8 232 bp, HA 3 596 /A8 5537 s 1l
1 966 AT A5 507 5 LSC FHF4 K 112 926 bp, H
37 053 NS ST 19 699 A 245 5 5
23 REREN

TE) LTI (L% 4 22 + 8 AN 5 B 4
W), B R (TR ) A, Hofh 7 AN A
BONTh RS R (R, R 2), R, s
R R i 4 Ry o TR R B S R R £ R Y
H Merremia quinquefolia H. A U8 Wk 7 | i€ 1€ 1% #1358
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Turbina corvmbosa
Ipomoea pedicellaris
Al Tobscura
LOOBS Stictocardia macalusoi
HnE Blinkworthia convelviloides
WEAWIE Argyreia osvrensis Var. cinerea
FEMRBEE A splendens
ERW fpomoea eriocarpa ;ﬁ-%ﬁ
— L trifida Ipomoeeae
WEHARIE 1 setosa
I camea
NI ! asarifolia
I gavazensis Cl
“lade |
LMY [ hederifolia
a4 1ol
0078 i
FIRER [ cairica
SEHEAE Hewittia malabarica Merremieae 1
WkElE Xenostegia tridentata ;
Operculing macrocarpa MerremieaeIl
Ik Merremia Inmgaiensis
ISR M umbellata
0.99/68 | BXNETE Calystegia sepitm ﬁf&:ﬁx
HHATRAE C soldanella C fvul
WREfE Convolvilus arvensis Gy yuieae
HE 63 Merremia hainanensis | Merremieae II
i THE Evahvulus nummulayius 1”:%"‘33}:
Cressa crefica resseae
i < o Cresseac Clade I
“HHAIMEE  Bonamia spectabilis ]}ﬂiﬁﬁﬁ%
Dichondra micrantha Dichondreae
&ATHE Cuscuta japonica W
:kﬂﬁiﬂ]’- C. reflexa ﬁ '¥%

ERCME Dinetus truncatus
[ E B D. decorus

S =HHEE Tridvnamia sinensis

R Cuscuteae
hfaRkeEF C exaltata

AW I

r #5400 Porana discifera Cardiochlamyeae

WETLE Erveibe expansa
HEFF T E subspicata

HH#L Nicotiana rabacum

0.03

B XL BL, /MLy 755U R 0 B8 A SRR
TR AR IR ER,

Branch labels represent bootstrap follow the order BI,,/ML; and

L JEHEE Poranopsis discifera

A3

Erycibeae

, ZHERN 1.00/100 B4 X ARRIE ; HBI R R R d R AR 3% 4 i

branches with 1.00/100 support are unlabeled; Scale bars denotes the

excepted number of substitutions per site in maximum likelihood analysis.

Kl 2
Fig. 2 Phylogenetic tree of C

G 8 B BT ) T L R b IR R A 3 T K R S
X 3 A OB N FR T

T WCG Al CDS BRA R M, ML A BI 73 H14%
FIRFMEAR B R G (K1), U T CDS JH
MR B 5 ML B8 A7 — /N SR — 2 R
=M ( Tridynamia sinensis) 75 U B % N 1Y) 2
GIE K TR, 75, CDS MR RAE DRy 3
SRR WCG FERF AR (& 1) o TERVA ||
OB RS T2 e T LA 0T 23 % 06 2R 7 DU A

T WCG FEFFA R AL R SR T

onvolvulaceae based on WCG matrix

S3HT R AR 3 T i S (BS=86,PP=1.00) , ~#
TR —A> 73 3 Fe B o34k ok S At ) SCTEAE R
WEIRBETE WCG 4[4 . CDS 4H [ F1 LSC % [543 Hr 15
F T % FF (WCG-/CDS-/LSC-BS = 100/89/100;
WCG-/CDS-PP=0.99/1.00) , 1M IR 4 % & 7~ & 111
540 B B 4% 3 % (Clade 1) AT RE 2 b Ik 56 &
(BS=62) (Kl 1), 7E WCG Hi[EH CDS Hilf %
22 FJERIE WL — 1~ IRSL Y B2 3 S 5 HL A i A e Ak
B FIE btk X &2 (WCG-/CDS-BS=68/74;
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F3 AUKIGT SH WML R
Table 3 Results of AU test and SH test

R AT EAT N T KUK
Topology B deltalL

constraint -LnL

ﬁ{WP SH #; 56
fitse S P

SH test
AU test

WCG #ifhaity
WCG topology

LSC #i+h45H4
LSC topology

721 494.39 — — —

721 516.48 37.24 0.08 0.45

SSC #i$h &t 723 779.52  339.44  0.00 0.00
SSC topology

IR #Hh&ity 726 774.28  512.99  0.00 0.00
IR topology

WCG-/CDS-PP =1.00/1.00) , % Ty 5 isrh 2
AN SCHE AT 18 43 B b R AR 31 T 9 SRR B A
W RGN B R ALK, Clade 1, 35 £ 7% Fl 5
Wi HRA L Clade 11, 7E Clade I ™, JiE 46 7% F 2
B AR L R B i E AR fn B R, H LSC
R AT i R4 22 7 i R e — i (BS=60) ., H
J& IR HiF4 (BS=93) F1 SSC #iF4 (BS=61) 3 5%
225 R T AR+ T B A T O Wb IR SR, (E 15
KVEM 2, MO HE 4 AP EUE 3 ARG 4332
b, BVEEEE LU A5 SE ( Merremia hainanensis) 5 i€ A¥ Ji%
RBAE— & (BS =96, PP =1.00), T 1 & ik
( Merremia quinquefolia) 5 7 %5 B AE— £ (BS =
98,PP=1.00) , % T 2 FFnH Ath 3 £ 5% F % 1Y
J& Fh—i#L (BS=100,PP=1.00) , HFEH)&E— "I
RIEBE A TR BT 2 A4 3 (BS =100,
PP=1.00) ,H 1 AT 55 4 8 5 FEY)
2.4 REEEHEEN

i F WCG 45 4 fl CDS 45 1 5 HoAl 3 446 B4
PRI 2R Ge B A7 76 B S i Fh s A 22 55, TR e A
FH AU K35 A1 SH A 36 #F 17 b 58 1 25 M DF AL (3R
3), KeZE SR EM  WCG 45 LSC 41 M4 iy 4 45
LEMIATEAE W B AR b asF nh e D3 22 TR 5
Clade 1 14 J Ith ok ¢ R 7E Al fig (P,, = 0.083 7,
P, =0.451) {HIE4s IR X1 SSC X 194 $h 4 5
Z (P H¥/NF 0.001) (£ 3),

3 WikE4E#

3.1 T XEERBAE
5552 b W98 & AT R R I ASUAS [R) | {45

EAERF i g TR L, R0 0l 02 2 22 7 Jm R B B 42 Tk
(Austin, 1973) . 280 & F kb a4 S tEr %
2% 1~ @ 4b B Jig 48 BE N 58 % ( Choisy, 1834;
Bentham & Hooker, 1873; Peter, 1897; Austin,
1998) BV A} ( Peter, 1891) , DE%: 4 F2 koK 4 24
T @ hb B B )@ Bl ( Lindley, 1853 ; Roberty, 1952,
1964 ; Austin, 1973) . 7 5b, i A7 2 #5041 4 %
Y&~ A 57 B9 B} ( Dumortier, 1829; Austin, 1973
Stefanovi et al., 2003) . AW A iR FE R 4H R 5
RE ST AR R Y] AR & e L FHZ — 1 H
IRV Y, MNP 22 1@ 5 5 I 4 R 24 IO A 45 7R Tié 4B
B, AR ST R 3X 5 Stefanovi 45 (2002) 3T
4 D FUASERH R G R B AR —8, [, %
25 B HF Stefanovi 55 (2003) X e £ B A9 &L T 55
KR53, 22 7RI ATGAERI N S 22 75, 5
b 1 4 W — B T AL RN .
32 LM AZREXR

BARIUA 15 F RGO e T e e Rt
2 MR 12 JHA R GEAESR  (E AL L ARL N 32 2y 5
R GE KT O A G, Rl 2 OB G L T
HETG A4 22 F IR0 R G & (45, 2020),
Stefanovi 55 (2002 ) 3&F 4 > i 44 3 PR BB 48 B T
N TR TG RN BT R 2% S — A 3 3 RO A3z T H At
TREAE LA ) He & . B F5 39 I kL AR HE P apA 1%
LA RPB2 FURARFEE mpl2 J5 , O BRI . T A
T R THE A6 S sk L Ath 7 T B 14 2K 3R ( Stefanovi &
Olmstead, 2004 ) , JC ¥4 # & R L i . Refulio-
Rodriguez il Olmstead (2014 ) B4 9 A it {4 J PR il
1 NSRS PR 51 1) 53 A 485 SR A 58 Ml SR O
TR TR T e i 3R Oy — 3, 6L T T AR I B R R
HI TIZHE 58 BEAE B IR 8D, 31X 2 DR &A1
T, SCRERBAR, BB/ 322 1k Fh v AE 55 6
AR, I = RS R MRS B’ A
SEAVEWE . AWFITH Y 4 480 A (BR IR RS
A0 G h SR 18 ik SCHR O AR TG RN T T T S e
WROCF , H W] BB 2 fc i DN A6 S B N 3 Ak R
T IR DX SSCIXAR R ) ML B 7E 5 46 73 37 ) 52
Fpociss N AU K56 F0 SH G951 75 1 4
FNES S WCG SE MR N A AE 7R B 2 vh 583X
ATAEJE TR DR SSC DX PR Aoy A% T 1 5 48k i 4 A
— B i ) (Zha et al. | 2016)

BEXS O 22 1 AR BEAE R N B R GE AL E AR
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Rk, WHRP BT Z i TN 7 By
WS, 4l Stefanovi A1 Olmstead (2004 ) H& T £ 3
R BT g R, %22 T % Clade T il Clade I
R —RIE N A" 45, BlJG, McNeal 55
(2007 ) {4 il ML 1 BI 322 T i fA R AZ & X R Bk
BRI SE R R Clade T 238 22 16 09 b IR 7
ARG AT B rps2 e PRI RE I S5, (AT TE Y
J& , McNeal 55 (2007 ) WFFE W, rbel, 5 P4 [ 19 45
REAPTEN LSC FE M 3L FF Clade 1 Fl % 22 1%
AR R Ik IR S, L H T 245 44 b 2 460 1) 235 SR G
0 v N (DS I A B B - S R UL
A8 7R BUREAS [8] 1) 731 008 X 9 22 1 i R GE AL
BRI T H R B 2D IR T e 22 TR R
Grfor B, B DR 2 B s AN AT Bk
33EEERNES AN

1 ¥ B B 22 B PR AR LA B F 5T vh 24 #E
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2004 ) ,JC HJ& Hop i) fi 85 B R ( Simdes et al.
2015) o AR RV BR A, 1% G0 WE A& 11 v B
R —EBIT, A% I B B T 2 3 AR 2
BEHEREHERT IR ERT LA BN, o, T
A — S B R 4 3 BOTE £ B R A TR
FHE T 0 £ 8 BT AE B R (Stefanovi et al. |
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SRR R Bk G A B 4 R WoR | G e BT
SCAR R B R, BT e 6 R AL R R R R g3 SR
55 A e T ¥ B I R AFE G &R, Simdes 55 (2015)
HEATT 2 ORE | B T OB ITS i 2% 4K maK
rps16 Fl trnL-F PRI G [ 53 A 3% W £ v B
PR JCHZAEFEIR T T 10 N33, HE
EEA R B LA R, I, Simoes
Staples (2017 ) $& 13L& 57 fa1 ¥ 505 A0 &1 43, 20 43
SRR, O 18— 2 £ 35 g 1 b R A & 2
HENT R | 3K 2 b B A TR T 2R B S HE . AT
BETRIEENARGE LT &R s, BARE
PRGN T B 3 I LS R AL T Clade 1T fH
B BRI T 3 A 53 3, Herb i R LR SR T
-0 2 R 0 i) 5 AR R N T R A — . Bk
ARG KRB HERA S HTER S Simses 55 (2015) A B
FEGERA — LA, W] RE S BURE e 22 | 2 P B0l
225K Hb DR R A DR 3 R G R B TN
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PR, %o F £ 8 R S ) EE BB 1T I T IR AW
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Abstract; Acanthocalyx alba is a common medicinal plant in Tibetan of China, and there are few reports on its whole

chloroplast genome now. In order to reveal basic characteristics of the whole chloroplast genome of A. alba and explore its
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phylogeographic structure, ten individuals from five wild populations were sequenced by Illumina sequencing

platform. After assembly and annotation, ten complete chloroplast genome sequences were obtained. Moreover, genome

characteristics and phylogenetic relationships were explored. The results were as follows: (1) The complete chloroplast

genomes of A. alba were 155 335-156 266 bp. A total of 113 genes were annotated, including 72 protein-coding genes,

30 tRNA genes and four TRNA genes. The chloroplast genome was highly conserved in species in terms of size,

structure, GC content and gene composition. (2) Genomic comparative analysis showed that the fragments with large

variation were located in the single copy region, and there was no obvious expansion and contraction at the IR

boundaries. (3) Analysis of population genetics revealed rich genetic diversity in the wild populations and significant

geographic structure, and there were certain relationships between genetic distances and geographic distances. This study

lays the foundation for studies on population genetics and phylogenomics of species in Acanthocalyx.

Key words: Acanthocalyx alba, complete chloroplast genome, medicinal plant, gene, phylogenomics

H A8 ] 22 W7 ( Acanthocalyx alba ) , X 44 H 48 3
Z, 8 @ T )1 22 W B} ( Dipsacaceae ) Hl 2 Wi J&
(Acanthocalyx) . ZJREFREA 4 Fh 2 A2 Fp | F 243
ATEFS PO VG 5 %5 L (Hong et al., 2011) , H
TERNZEWT DL B A28 AL Gemi 2l , Jieh 44 2 - 1L
AW B T DU S i) (5 B 25 48 B R o
AT 22 23,2002 ) o B A2 B 58 T AR S 24 24 i
PR SR ) =Fh < 27 2 — (5 18 25 A 58 i
12 2 2598 i, 1996 ) , HA fdt H ik 2
A, WHRAT T 19 P /IME R AR B X2
K FRZERE, AR AR, i BA b
SR (I 5 r 2 2474 1L ) rh A8 R B i 25 2%, 20025
Wi, 1989) o ITAEAR , A O AE RS2 W i B 5
BT AT RO S R E KR ICT 204 D T
(544 2011; Zhang et al., 2013; #% 3% W 4
2014 ; ik EHESF,2015) , Ak G5 (2018) KA
FERNZEWrh S 2 ARV B SESALB Y,
Hrp B H IR RGO, mar %55
T BFIE 8 AU Wang 45 (2020) Hj38 T 1% F (10
M-SR AL R P 50 . TR 4, 76 AR 22 8 04 b 8
FEACE L LSRRI 27 50 A AT A AR AL RRIE WE 2

I g A I DR A A T A P o R B R s
5 DR 21 N AR I R 2L A L, JHE R PR A R
18, B AR ik PR 20 M 45 4 J7 T LG B8 AR SF (Smith,
2015 ;Szymon et al., 2016;Du et al., 2020) , X ffi 15
I (A PR 20 7 A ) ) b S S N R R AR5
HAREZAER, Cui 55 (2019) X H 04 1 32 Fl 5L
5% J& (Amomum ) W) ISR FE R 4 | 45 5 3% B 4%
A4 5 TR 21 AT o A S L R W) R AR KA AR
(2020) F] FH M-S K 5 (K] 20 #8975 T ROR 245 1 11 BR

( Gaultheria leucocarpa var. yunnanensis) 2 &I £

Gi R K F ; Zhang % (2021) K TGk JE R 2
T H S I H (Myrtiflorae ) B8 4340 8] F1 &R 4
RERFR, HIR RS 7 Kk 7 e, 25
F b gs R — AR S ) E AT X I S
AN A T i) F 2 % (Zhang et al., 2014; Liao et
al., 2020; Z210CE % ,2020) , X LE4EH A8 SR8 R W)
PR G R B A OC R SR T 8% F B, mitk
AT UL, R A I SRR 4 3 D AL 31 RE R 1L 2 & s 1%
FRIESRERE R KE LS5 H A&
RN, A AP SR 4 5L R 21 J2 5 3d B T A
WIBRREAKCE AR RS 22587 T RER KT
D AR e, B 43 B 0 S A A G
W id i,

AT LA A T 252 W B8 A4 T A 4 g B 5
BE R AR 5 AR AT v 3 R D) I % I
W2 A 4 B DRV A R AT DR 0 R 2 it A o . B
PRUOTLAR BR22 08 . (1) AL 22 T i) it 4 1 4> ik
U2 JF 5 A AT RAE 5 (2) MRk 2 BE A e 5 1 T
FEATT AT 2 W P9 KT B st A, AR
TIF 5 K6 A SR 252 W Jas A S 40 b 19 15 A% 27 A 5% 24
FE LR A I A 4 B DR A A R A AL B 5
1R 243

1 M5 7 &

1.1 SEEa# sl

RS, CUERIZE 5 T BHRR 11T 0
AHAON Y 5 ABFETRRE(FR 1), 3t 10 Groesb
Bho Z B R A ok T A H R M E Dy 1 AR R S
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Table 1  Collection information of Acanthocalyx alba samples

Gis  REHIN FEUEARA ZERE K

Code  Locality Voucher specimen Latitude and longitude Altitude (m)

SDO1 DU JI| 45 e B 52 i ZDQ17115 100°10'21.41" E, 29°07'53.41" N 4 005
Sangdui Town, Daocheng County, Sichuan Province

SDO2 P )14 A kB 5 HE A ZDQ17115 100°10'21.41" E, 29°07'53.41" N 4 005
Sangdui Town, Daocheng County, Sichuan Province

YDO1 Ui FEmE T Hl ZDQ17105 100°05'02.76" E, 29°15'17.87" N 3823
Yading Airport, Daocheng County, Sichuan Province

YDO2  PUNEFEIRE T T ¥l ZDQ17105 100°05'02.76" E, 29°15'17.87" N 3823
Yading Airport, Daocheng County, Sichuan Province

DFO1 Ui EFE ZDQ17178 101°19'51.19" E, 30°44'59.62" N 3 850
Daofu County, Sichuan Province

DF02  PUJI|AiEFH ZDQ17178 101°19'51.19" E, 30°44'59.62" N 3 850
Daofu County, Sichuan Province

LTO1 PO 45 i H 7ZDQ17124 100°13'40.35" E, 29°29'04.73" N 4510
Litang County, Sichuan Province

LT02  PUjI| 45 B i H 7ZDQ17124 100°13'40.35" E, 29°29'04.73" N 4510
Litang County, Sichuan Province

KDO1 Uil HEE B ZDQ16035 101°24'01.57" E, 30°02'51.00" N 3884
Kangding County, Sichuan Province

KD02 Uil 4 e B ZDQ16035 101°24'01.57" E, 30°02'51.00" N 3 884

Kangding County, Sichuan Province

1.2 EEH DNA RSN F

DNA $2IBCR B R CTAB J5 5, VR e T
FEA AR SRR AR 2H DNA, FIH] Covaris
R U A AN0K 3 4L DNA R B Ak, 20 K i 18
0m A R i Sk gid K& PCR A A5
P MR Y SO, SCPR 28 BB A I 5 A% s,
%ﬁﬂ?ﬁ%( pair-end ) (2x%300 bp) Illumina Hiseq
2 500 V-5 #EAT ZACIN T, 40 e A AR AL A i
RECRA DR R R 58,
1.3 HEEEERARHRE IR

RT3 4 G A4 R G B 5 (Raw
Data) , & Trimmomatic V.0.32 1 3& 4t 2 j5 , F|
GetOrganelle.py #E47T2H %% | J5 208540 4b 38 2 2% AR
FOLE HIT A A (T SR A gk A 4x 2021) . AEAEH
SEWT (5 515 : NC_045055) 2 % 3L K 4, fili )
Geneious 8.0.2 K45 B 1 48 90 22 Wy i 4 A 42 B K]
YT RE, I K L4 32 B NCBI 048 1% (hups://
www.ncbi. nlm. nih. gov/) , Fl| H 7£ 26 T. 2 Organellar
Genome Draw ( https://chlorobox. mpimp-golm. mpg.
de/OGDraw. html ) 2 il i 23 (435 DX 20 4 2 T i
1.4 IR/SC 1A FRUT G54 K K& SSR 7347

B TE B4 19 10 45 56 DX 4H 7 91 E A% 2 0
IRscope ( https ;//irscope. shinyapps. io/irapp/) # 1T
TR O A R sk o A, 5 45 21 0 181 AR

2 T. H Adobe Illustrator CC 2015 #4757 A T J#% |
[RI B, ) F MISA {4 48 5% i 2 7 52 )7 31 ( simple
sequence repeats , SSR) 1V 15 FH- 43 AT 1 A6 Hi £ W7 - 2
PRIERI 41/ SSRFFAIE
1.5 FIERILES M

FERF MAFFT V.7.129 A EXF 10 4 (A AL
S Wi e RS AL 51 47 L XS, 6 BioEdit
BAF TS F5] . ] DnaSP V.7.0.26 Xf it &g
PREE R 20 AL RS S v (P, ) AT 3 1 o)
Mr. ZKEE N 200 bp, & A K JE K 600 bp, P-
distance ffi J§ MEGA v.7.0.26 3 {4 3EAT 521143 #7 .
I AN o i A PR 2H 7 9] 1 1 e A7 A U
Al 7E 2k 3k 7 mVISTA ( http ://genome. 1bl. gov/
vista/mvista/submit. shtml ) ) Shuffle-LAGAN # =,
XF A 0 252 D I g 4R 4 R R G A A A, 3
Acanthocalyx alba( NC_045055) £ &% 751 ,
1.6 REXE S

RIS 11 48 ) 22 Wy i 4 A DR A R A 5L, DA
NCBI #4880 B & % 59 )1 22 W BF 2 2 & 7
( Caprifoliaceae ) /Y 11 FAE 4 ) - 28 A 42 3 (R 24 ¢
ST RGERE 7M. /N ( Coffea
arabica) AR INME ( C. arabica) R ANEEE, i
MAFFT V. 7.1 45 A6 30 2 1B 5 T 8010 I R 4
WA P F AT 2 7 X, Rk B R,



10 14

SRAT S o 1 AR R 22 7 A i A ) I S A 2 R D L R AT A 1753

FH T B KPR (maximum likelihood, ML) | %
K& 2497 (maximum parsimony, MP ) A1 D1 i3 18
% ( Bayesian inference, BI)3 Bl i, R EAL
BEAIZE ModelTest V 2.1.7 HAF 0 % & ) GTR+G
FRL, FH RAXML V.8.2.4 S ML R4EH,
R e ik Bk, A 1 000 Wk, Al MEGA
V.7.0.26 B AFHg E MP R E A 1000 K,
MrBayes V.3.2.6 % Bl B, 5 F L /R BE I 55 52 4
R (MCMC) B3, 1155 100 J7 48, BB 1 000 1L
HURE— IR, 45 FETT 25 % BRAM , H3 4l 780 4% i A A Ay
—

2 HREHHH

2.1 EEAEHSERSFE

FA G300 252 W7 118 I 2 1k 4 35 DR A1 o 3 DL 1 1
IREEH , I 2 ) B & X IRs (inverted repeats) ,—
AR EAYE DX LSC (large single copy ) Fl—/>/NEAPE
DIIX SSC (‘small single copy) ZHR% (1,3 2) , BiE
S B4 1 A 0 252 W it o A R TR 20, 4 K DRy 155 335~
156 266 bp,GC &t K 38.1% ~38.2% . £ X B K&
4390k 89 027 ~89 076 bp(LSC) .17 689~17 842 bp
(SSC) .24 253~24 666 bp(IRs) , 4 NX Bt GC &
ERE I IR X (42.8% ~43.2%) , Hik & LSC X
(36.5%) Ml SSC X (32.9%) , Z1:F%, 155 113 4
P ALFE 72 A Ymh AR 30 S tRNA R 4
A~ TRNA JERVFT 7 AR EE ] (clpP L aceD | yef2 yef1
ps18 .rps3 Fl yef3) . WL, AL HIl 22 7 - 2 Ak 4 i
HEHH 16 &AW EF (intron) , HI H &
A—THNEF(F3),
2.2 IR/SC A FRULAEH 5K B SSR 434

AR L4 P AS R ] B2 TR X LSC
X5 SSC X #4 i, B It 47 7£ LSC/IRb, IRb/SSC |
SSC/IRa #ll IRa/LSC 4 ~ifi it 785 X 4 ik 1k i
B 4 A B kAR Ik Sl R e R
ACTR X s 55 DU IX AN [] Ml s 1 o 252 W g
GRAREER A0 Y 4 A3 AR SE (B 2) . LSC/
IRb # FHAE LB RN S W b 2 T rpl23 BE PRI IN R, HL
£ F LSC XA 25 7 A K, - 185~ 186 bp; SDOT |
YDO1.YDO02 ,LTO1 ,LT02 . KDO1 ,KD02 £ TRb/SSC
NG 58 M E L A2 T IRb X 4raN-GUU 3 [A
138 bp 4b,1fif SDO2 . DFO1 . DF02 [¥) trnN-GUU 3 [
Pk 3 SSC NS, BEES TRb/SSC 1 %L 48 ~223 bp;

SSC/TRa 131 5 1% 1 A€ Rl £ B 2 [H 4 o #8 4o T
yefl 3 PS5 IRa/LSC i1 Bt 4 8B 47 F trnH-GUG
TP I,

AT MISA B XF 3 A0 25 Wy - 2 4 42 5 A
AT AT AE AR ZE W 10 2577 51 vh 43 ) A
#] 70 .68.70.70 .74 74 70,70 .71 .71 4~ SSR i }4,
(K13:B), SSRERFHEMEAM AR TRELR,
HYCGE—HHMRESR “HEREL T HRE
2OV TR R AN IR S, 1 AE i 2k B
LR RE DI AL i) SSR 22 A R T 41k,
HORFR 2 L AT Bl HE AL B A B 1 R T R,
UIEH AT/TA MR AR E S (8 3:A),
HE—25 4y Mr 228, K63 SSR 7 F LSC X35k, /i
Sr T SSCANIR XIK (181 3.C) o[RS, 2K 20
Y SSR KK 43 43 4 T & A [H] IX. (intergenic spacer,
1GS) H, HoAtl /% SSR 43 A 72 4 & F AR 1 2 i
X 3%, ( coding sequence,CDS) H([E 3.D) ,

23 FIIERIEEDH

K LEXTRF 1 5 A 1l X1 26 ) 252 DB - ¢ 4 6 [
ZH P47 Sliding window 23 M7 (K 4) . Z5F 7R, SSC
DX 35k 119 725 S KT i i, TR XSRS, [ B, 9 22 3]
3 ARSI S, 4 AT LSC X (rpoCl) il SSC
X ( ndhF F1 rpl32-trnl-UAG ) . H: ", rpl32-trnL-
UAG Y2253 fie v, HLUCHE ndhF M0 rpoCl1 f %
AN AW LL SDO1 fE N2 Z 75, 5 H A& 9
2 FI AR 232 T It 4 B8 PR H R A7 PR 7 LG 30 T
SER R, s A R AR 0 b A g AT DX SR
THE H gt X 3, 5 DL X (LSC & SSC) A% 51 i
KFERIMEEX(IR) , 5 4 HUIX AL 22 W2t
PRBE DR 7 4 B AR 1 B AE AL, 728 S A R ik [
A rpoC2 psbC .rrn23 F yefl , FHoAIE PR Of <7 2 5 E
R o BEPRA) XY S S OR TR X, AN arpF-atpH
psaB-psaA | psaA-ycf3 | trnM-CAU-atpE | psbF-psbE |
psbE-petl., rnS5-trnN-ACG ., #rnR-ACG-trnN-GUU |
trnL-UAG-cesA (Bl 5) , M iX 26 X gk o, ml JF & 4
St R B, T Jm ) K R K R SE L
HREWIE,

24 REKESH

ARG F A P-distance F 8] 15t 4% A7 S K ¥
TR LI T 10 2% F1 AR ) 22 K A - 44 4 i 1A
At i 2 5, o 5% 45 R K B, P-distance & 0~
0.000 7, B ¥R 2 5+ (H A 0~ 1 515, H K #3751
(5] Hb B AV BT | HOAH o [R] P-distance %R 25
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. H ST W Ak Photosystem |

. ¥ B S WAL Photosystem 11

. #4i Bl 5 A b/ CSE {r 409iY A€ Cytochrome b/ complex

m ATPEREAYTERE ATP synthase

D NADH B S08% ) 1 AL NADH dehydrogenase

I O 4/ PR T G RubisCO large subuuit
. RNAYE 8 RNA polymense

D B4 2 Ribosomal proteins (SSU)

. B 6 Al A Ribosomal proteins (LSU)

I LI clpP, BRAARAEDS matk

[ st 2618 Other genes

D TFIRC Rl ik HE Hypothetical ehloroplast reading frames (yef)
Bl #45ERNA Transfer RNAs

B 4585 KRNA Ribosomal RNAS

5] A1 143 56 PR MBS 13 53t (G B oA g B PR T e PRI h BTG SRR D REAE IR o AR B 8 I X O T GC &, B € o T

AT Sk,

The genes outside the circle are transcribed clockwise, while the genes inside the circle are transcribed counterclockwise. The colors here

represent functional genes. The inner dark gray corresponds to the GC content and the light gray corresponds to the AT content.

1 FAERIZE W7 S A S R 41 18] 3%

Fig. 1 Gene map of complete chloroplast genome in Acanthocalyx alba

FHBAR(FRL), REKEAIERER,3 Fr
TR 1 T AR T 2 R 1) AN T) B A4 TR R 22 TR ) E
EEFR AL ([ 6) , 5 8 4% 15 B 43 B i 25 SR A
W& . TERGKBRH, B (KD) FliE % (DF)
() 4 AR B R A ok HEROEE T (YD) Fi
HE(SD) , f i B BEIE (LT) f9 2 MK, T
(YD) FISHE(SD) 1 4 MAMEASRERH 8.0 T

3 WikEHE#

ARWFFEHAE T 46 00 S W7 0 i A 4 3L R 2
JPFNRHE , 78 Ji B KOV 48 7 T H 2 38 AL 45
P ST A S A I g A S R 20 T i £ 5 )
] i BCHES I v B — 2, R AR (] B
i EEARLY GC & i, BN T 41 H IRs XT3 GC

A~ EL =2y

SRR . AR SEIRT SRR R 2 A S 7 A
AR o 5 A TR R 1 2 B4 40 i 24 1)
(clpP aceD yof2 \ycf1 .ps18) , HCHED l GE L ik 77 7
NS W BHE YR FE R L4 (Wang et al., 2020) , Ff
LAk SSR A st — M R A B TR IC . ABFSEH,
FIAL R ZE -2 (A 4 B R 28 P 41 1 SSRs LA A/
T By 32, 3 5 HAB B A6 ) T B 17 AR ( Guo
et al., 2017;Na et al., 2018;Chen et al., 2019) , |f]
I SIS T 4R SSRs B polyA
A polyT H A& Fr#a i, A& C 8 G BRIk E R
AW A5 ( Kuang et al., 2011) . BEAb, 33X 46 SSRs 3%
SIARTE 2 A HHE DD EOHE I X 28 & A/T & & 1Y
SSRs 1434 T IR X 19 tRNA JF 51 1] g J2: 5 3ot
SRAAEPIZH T GC 5 2 I I LA B 2% DX ol ol ik 5 £
28 5 W AE SR A (SR 9545, 2020)
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Table 2 Gene comparison on ten chloroplast complete genomes in Acanthocalyx alba
o K JNERL - = s GenBank
B RMELX  GC&#  HEEDE EH%HD
PR - 1 1 PPy
i Total length EI B0 IRs GC content  Total LA tRNA rRNA e %ﬁ
Code (bp) LSC SscC (bp) (%) . CDS Accession
P (bp) (bp) P ¢ genes number
SDO1 156 082 89 030 17 740 24 656 38.1 113 72 30 4 MW053688
SD02 155 335 89 035 17 794 24 253 38.2 113 72 30 4 MW053689
YDO1 156 110 89 036 17 842 24 616 38.1 113 72 30 4 MW053690
YD02 156 053 89 036 17 705 24 656 38.1 113 72 30 4 MW053687
DFO1 156 266 89 027 17 713 24 763 38.1 113 72 30 4 MW053686
DF02 156 266 89 027 17 713 24 763 38.1 113 72 30 4 MW053685
LTO01 156 054 89 032 17 790 24 616 38.1 113 72 30 4 MW018701
LT02 156 054 89 032 17 790 24 616 38.1 113 72 30 4 MW018702
KDO1 156 097 89 076 17 689 24 666 38.1 113 72 30 4 MW018703
KDO02 156 097 89 076 17 689 24 666 38.1 113 72 30 4 MWO018704
®k3 BERANEHHERESERNARERAR
Table 3 Composition of complete chloroplast genome of Acanthocalyx alba
Gene group Gene function Gene name
H e i (3N 7 ml2 , pl12%  mpl32  mpl22 ,rpl16*  rpl14 , rpl36 , rpl20 , rpl33
Large subunit of ribosone
Self-replication /NI psT",rps15,rps19,rps3*  ps8  mps1 1, mps12"  rps18”  rpsd  ips14  ps2 ,rps16*

Small subunit of ribosone
RNA R4 RNA polymerase
rRNA

tRNA

B AEA

Photosynthesis

22 ZR 58 1 Photosystem |
KRG 1 Photosystem 1T

NADH-Jfi % i

NADH dehydrogenase
MEREZEY

Cytochrome b/f complex

ATP 4§ ATP synthase
A AN 2

Large subunit of rubisco

IR RN T
Translational initation factor
SRR L Maturase
AR Protease
FLIEAE 2

Envelope membrane protein
LT CoA FR AL Y 7L
Subunit of Acetyl-carboxylase
C AU AR A

C-type cytochrome synthesis
i A

Open reading frames

et

Other genes

rpoA [ rpoB ,rpoC1* ,rpoC2
rrnl6" 23" rr4.5" 5"

trnl-CAU" | trnL-CAA" | trnV-GAC', trn1-GAU"* | trnA-UGC'*, irnR-ACG', trnN-
GUU', trnL-UAG, trnP-UGG, trnW-CCA , trnM-CAU, trnV-UAC*, trnF-GAA
trnL-UAA* [trn T-UGU , trnS-GGA , trnfM-CAU , trnG-UCC,, trnS-UGA , trnT-GGU ,
trnE-UUC,trnY-GUA , irnD-GUC, trnC-GCA , tirnR-UCU , irnG-GCC*, irnS-GCU ,
trnQ-UUG, trmK-UUU*, trnH-GUG

psaC,psal,psal,psaA ,psaB

psbH, psbN | psbT, psbB, psbE, psbF , psbL, psb], psbZ , psbC., psbD, psbM, psbl,
psbK , psbA

ndhB*  ndhH ,ndhA*  ndhl,ndhG ,ndhE ,ndhD ,ndh¥ ,ndhC ,ndhK , ndh]
petD*  petB* , petG , petL., petA | petN

atpB, atpE  atpl, atpH , atpF* ,atpA
rbcLL

infA
matK
clpP *#
cemA
aceD?

cesA

yof2" yef1" yeft yef3”

He D RARZEREM T IR X, *RRZERTEN

Note: I indicates that the gene is located in the IR region,

T, MREREREE
* indicates that the gene contains introns, and * represents a pseudogene.
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LSC/IRb IRb/SSC SSC/IRa IRa/LSC
185 bip| 124 bp 138 bp 3755bp [ 1313 by
ﬂ! .M F“
SDO1 156 082 bp
59 030 bp 24 656 bp 17 740 bp 24 656 bp
185 bp| 124 bp. 13_"{ 1785 bp | 1313
13 il N
coon 155305y ST P et
9 035 bp 24253 bp 17794 bp | 24253 bp [ i | |
182 bp | 124 bp 138 bp 3755 by | 1313 bp
YDOI 156 110 bp : B
59 036 bp 24 616bp 17842 bp 24616 bp | irmi |
185 bp [ 124bp 133 bp 3755bp | 1313 bp
N r: e B o i et o
YDOZ 156 053 bp
9 036 bp 14 656 bp 17705 bp 14 656 bp | ernl |
isbp
18Shp | 124bp ) 1755 | 1313bp
. 20 NES
DFO1 156 266 bp
$9027 bp 24763 bp 17 T3 bp 24763 bp | ot |
155bp | 1241p o 375y |13030p
DFO2 156 266 bp
89027 bp 24763 bp 17713 bp 24763 bp [ i |
155 bp 124 bp 133 bp 3738 1313
BN
LTO01 156 054 bp
$9.032 bp 24616 bp 17790 bp 24616 bp | ornil |
185bp | 124bp 135 bp, 3755 bp | 1313 bp
. [ou | VB
LT02 156 054 bp
89032 bp 24616 bp 17790 bp 24616 bp | i |
196 by 121 bp et 3735bp | 1313 bp
; [ ormt | 2 N
KDO1 156 097 bp
89 076 bp 24 666 bp 17 689 bp 24 666 bp | i |
186 byl 123 bp 138 bp 3T55hp | 1313bp
KDO02 156 097 by =
- »
. 24 666 bp 17 689 bp | ot | |

89 076 bp ‘

| 24 666 bp

Bl 2 AR SR K SRR BE R 20 1L.SC . SSC Al IR 14 X i HL 4%

Fig. 2 Comparison of LSC, SSC and IR border regions among ten chloroplast genomes in Acanthocalyx alba

IR DX SC X A4 ot RN 1 A Ay 2 T 45 )
BT ) It 2 A B PR 4 K /N ) B PR (Waang et
al., 2017;Song et al., 2019) . AHFFTFEI A [F] B
A FEREANMAIR] SR AR PR 21 4 S0 P8 oK H B
(3 5K RIS AR N G2, 156 I 11 A R 2 W Pt R i P 4
IRs DX R/ BEARSF , X -5 Wang 45 (2020) BF 5545
R—F, ISR I R A & i 00 8 AR R B, AR
ATUAERIFIKE T R 40K 8 MR e p e,
STyt & Gl ko= AR iy Y SONT T
R SR RE S A S5 AL D7 8 5F, Fatemeh 4§
(2018) 3T rpl32-rnL-UAG X JH 48 ¥5 & ( Onosma )
YIFh AT 22 55 % 40 M A4 AR s ED AL 115 Nahla 25
(2020) 2K H rpoC1 XF 15 J& ( Medicago ) FH ) #4724
R KZ T ; Chen 45 (2020 ) H TS (AR P 4 X6 I
BEJ& (Fritillaria) FEP AT HFST | 45 5 & PR % Y
yefl Fil psbM-psbD RIAE Ry 4 5 25T A5 - DL AL g A
YIRS, XSRS TAE i — B UE S = 28 A
B E A B % 8 S5 07 TR LA RR R E . A
FeH, e 3 A AR B BE (rpoCl ndhF 1 rpl32-
trnL-UAG) , AT FH T il 22 Wt J P A ) R 48 & & M b

WHFASEAL #RTSE

gt b R g AR R R Bk B 58 ) b i)
FE A 35t 12 45 48 RIS R HE A0 OC 3R (H IR I S 4 Bt
ZAL A R AE A BR (Zhang et al., 2019;
Zhang et al., 2020; X| K &1 %,2021) , 52k,
Mok e B B AW FE el s, AR
AR YR (0 154 HEAL I ST S A 2T BL . Wang
25(2020) 3 T £ E L ##k ( Carya illinoinensis ) 7
AT S B ] - o A DR 2 A 1 1R 22 S kL 4R R
Tz R REREK AL Z e, AT, A
PERISEWKT 5 A8 A= Je 1 18] B AT 3 W . 1Y) 38t 1% 45
A A T 110 3 1 B A% R 22 S 5 b BB
Z ARG A OC XS RG R F R iE R
HHEALSC RAHW & o (EAFTE A, RHE(SD) F
T (YD) B USSR B B it 37 43 32, X ] fig
2 T A J T D), L 01 5 2050 30 o5 | R R X 41 5 1 i )
WRTEL, X —Z5 R, 5% A KA A L, it gk
AR DR 2 i A A48 R B o 3 A% ) R VR T
A U1 R BR A

g LR, Mok e 5L AP A+
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SSR k%! Types of SSR
70 g8 70 70 &0 70 70 71 T R RS IR
2 40 12 12 2 % 2o 12 12 sAndIKSSC
. . o . B g "k LSC

FESh 45 Sample number

L = B - -1
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SSR #fit NumberofSSRs o
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TS Y &S S S
SEIFFFITFE

FEMM% Y% Sample number
D
o 00 7007 T 20 70 T T EEREBKCDS
= 70 68 6 6
7 6 6 m = 7 7 7 7 ®HAE&T Intron
60 TR R N = I R TGS
S 50
o
2 40
Z 30
20
i
= 10
o s o ad s
LSELFTFFETTEL

a4 5 Sample number

A. SDOT £ R 3E F 2 v R [A) B 2 2K 80 SSR HEV BT R ; B. 10 AN R TR SSR 2R B4 H 3 C. 7E LSC . SSC Al TR X 38 i
B SSR (MR 5 D. 1€ 1GS,CDS HIP 7 Frit B SSR A%,
A. Frequency of SSR motifs in different repeat types of SDO1 chloroplast genome; B. Number of different SSRs type detected in ten genomes;
C. Frequency of identified SSR in LSC, SSC and IR regions; D. Frequency of identified SSR in IGS, CDS and intron.

K3 FAERIZENT 10 2SRRI I 41H9 SSR 73

Fig. 3 Analysis of simple sequence repeat (SSR) on ten chloroplast genomes in Acanthocalyx alba

& KN 600 bp, #K K 200 bp, X 4. & LA S AN E ; Y 8. ANE DA RESAE,

Window length is 600 bp, step size is 200 bp. X-axis. Position of the midpoint of a window; Y-axis. Nucleotide diversity of each window.

K4 FAERIZEIRT 10 Zc iR 2 RE D 20 4 3l B3 1 o3

Fig. 4 Sliding window analysis of ten chloroplast genomes in Acanthocalyx alba
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tmH-GUG atpF  atpH
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atpl  rps2
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BEEREEER

E tmW-GCA 33 psi12 psbT
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3
3
g
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g
£
S
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g

trnl-GAU
-

Gl
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ps12

137 k

o N Contig

= K[ Gene

B e Exon
{EEiF X UTR

B ¥ e e CNS

U TR R mRNA

FETF VISTA (IARIRELE /R L SDOL 218 | X LA AL T S2 BT b 4T 7 51 4 2

VISTA-based identify plot showing sequence identify among nine Acanthocalyx alba using SDOI as a reference.

Bl 5 FIAERIZEIRT 10 Z M-S A B2 Y ] AL LE XS

Fig. 5 Visualization alignment of ten chloroplast genomes in Acanthocalyx alba

R AR B, TN R AR R SR R AR R, AR R R A RE AR AR SR A T R BEaR
b AR A AR Bl RO TR A T B, PR ICII R AN ST, T 205 T AR R AR, 1t
E T AR P B M S TH RO & 85, AR SO e Ah g g b 4 25 DR 21 T T 0 R s A =2 0 )

TR B RO R B M A AR, kAt Tk — L5,
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Table 4  Genetic distances and nucleotide difference values among individuals of Acanthocalyx alba

G

Code SDO1 SD02 YDO1 YDO02 DFO1 DFO02 LTO1 LT02 KDO1 KDO02
SDO1 940 263 45 819 818 218 218 588 588
SD02 0.000 1 791 933 1515 1514 746 746 1306 1 306
YDO1 0.000 1 0.000 0 256 851 850 67 67 625 625
YDO02 0.000 0 0.000 1 0.000 1 781 780 211 211 551 551
DFO1 0.000 6 0.000 6 0.000 6 0.000 6 1 805 805 576 576
DF02 0.000 6 0.000 6 0.000 6 0.000 6 0.000 0 804 804 575 575
LTO1 0.000 1 0.000 1 0.000 1 0.000 1 0.000 6 0.000 6 0 581 581
LT02 0.000 1 0.000 1 0.000 1 0.000 1 0.000 6 0.000 6 0.000 0 581 581
KDO1 0.000 7 0.000 7 0.000 7 0.000 7 0.000 5 0.000 5 0.000 7 0.000 7 0
KDO02 0.000 7 0.000 7 0.000 7 0.000 7 0.000 5 0.000 5 0.000 7 0.000 7 0.000 0

LAY RO SR, 2 MP A A, IR ML A RR{E, A R DU S R (PP ) (B, B ISR AR A SC BTN R
Number above nodes are support values with MP bootstrap values on the left, ML bootstrap values in the middle, Bayesian posterior probabilities

(PP) values on the right. The black part in the figure is the main research objects of this paper.

K6 R K2 (MP) S RBSRRE (ML) A1 DU 734k (B AF5E T
10 A FAE R SEWT TS IR e L AL B REER B KR
Fig. 6 Phylogenetic relationship of ten Acanthocalyx alba based on complete chloroplast genome using

maximum parsimony ( MP) , maximum likelihood (ML), and Bayesian analyses (BI) methods
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(1. PHACITTE R 2E e frklaE2gbe 22 M 7300705 2. 16 B 1 [ A MR RFERE, HN B 731100,
3. HEIE R AR XA R, HOR kB 730333 )

o OE ZCCHSIEERRHE R FEE T ITS R0 53+ R G750, %R B H & 1% 3 E K %A SRR IX
W 1 Oy T AR 0 I8 TR B AR AS E AT 43 2 S 5T . 45 SRR I A AR J2 L AE BEJR T (BT 30 ( Carcinomyces
polyporina) , F¢J& THH T[] ( Basidiomycota) 4R H-4% ( Tremellomycetes) (4R E- H ( Tremellales ) | 5988 & (Hr
#1) ( Carcinomycetaceae ) o ZPIFALEK THER 1 ASFHC S8 Bl %8 768 W XY 1 IR iE . FLA IR
R AL T 2ALEEEE R 8K BB SR BOR BB, 1R ] W K5 8 U A 46 - B A
APRAE T b R B B DA W T AR AR TR B AR D PR AR 25, 15O HKAS 115765,

K FricskE, FrcsM, FLARREE, EWRERR ARRTX, RE0HK
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New records of species Carcinomyces polyporina
and genus Carcinomyces in China

ZHU Xuetai'", DU Fan', YE Xiaoyan®, FAN Jiaxin', JIANG Changsheng’

(1. College of Life Sciences, Northwest Normal University, Lanzhou 730070, China; 2. Linxia Hui Autonomous Prefecture
Academy of Agricultural Sciences, Linxia 731100, Gansu, China; 3. Management Bureau of
Liancheng National Naiure Reserve, Yongdeng 730333, Gansu, China )

Abstract: This study reported a macrofungus specimen with special morphology collected from Liancheng National
Nature Reserve in Gansu Province. Morphological characteristics observation and molecular phylogenetic analysis based
on ITS sequences were performed. The results show that the specimen is Carcinomyces polyporina, belonging to

Basidiomycota, Tremellomycetes, Tremellales, Carcinomycetaceae, which represents a newly recorded genus and
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species in China, and is the first report of this genus in East Asia. Carcinomyces polyporina is characterized by parasitism

on polypores fruitbody, forming gelatinous mycocecidium, basidia with longitudinally septate, and conidia commonly

gemmated from basidiospores germination. The specimen is deposited in the Herbarium of Cryptoflora, Kunming Institute

of Botany, Chinese Academy of Sciences ( HKAS 115765).

Key words: new record genus, new record species, Carcinomyces polyporina, Liancheng National Nature Reserve,

system classification

eI & GET) ( Carcinomyces ) - Oberwinkler
F1 Bandoni T 1982 4F 3y, fie ¥ & F 5 $H F 1 24
( Heterobasidiomycetes ) . & J& B B ( # )
( Carcinomycetaceae ) 1, FF J& H 2§ B K # &
( Oberwinkler & Bandoni, 1982) . %)@ H & il  aF
A TR P SR SR Y I ( Fungsin et al. |
2002 ; Crous et al., 2019) , % 2015 3 1Y R 41 2L
IR R AR A I 1 B 22 2 37 B o TR TR B 45 4
T INE 52 T (0 2 R B (5 LR 22 2R S mT () IR A
I3 HE A RERIE T

FLAE RS T (BT L) ( Carcinomyces polyporina)
KALT 1970 4%, Fe 0] BB TR H 8 ( Tremella )
(Reid, 1970) ;1982 4=, Oberwinkler FiI Bandoni
FOR W BRI R IR T IR A R
(Oberwinkler & Bandoni, 1982); {H J& 1986 4F
Ginns B 58 16 & BUBECFR Carcinomyces effibulatus
I T 8B J& ( Syzygospora) H' ( Ginns, 1986) ,
H MBI 5 35 B R T 2 75 IS e AR T A, AL
A TR T AR U J ) A B AR 2

VAR R BN 7> T RE R E o Bt 4h
R EIR, Carcinomyces effibulatus ( Ginns & Sunhede,
1978 ) | Carcinomyces arundinariae ( Fungsin et al.,
2002) AL A e R B, N SRR T T
( Basidiomycota ) . £ H- 24X ( Tremellomycetes ) | £ H-
H (Tremellales) I8 AR B 1 , 5 85160 H®
E R R B E (Liu et al., 2015; Crous et al.,
2019) , Crous % (2019) K45 7> T R G F L&
FIUESE , & 3R T YIFF Carcinomyces nordestinensis , JJt
PR 2R 58 AN SRR R T R T, SRR T
WEHHE KR ER,

JISE 96 T J JEL AT O T R R R R WA R AR
FXPREAREMN | 5%)8 ERARAH#T TIES
fil )7 50T RGE

1 M5 7 &

1.1 iR ER

P brAs T 2019 48 A 1 HR A HR& =
N AR B IR E KA SRR XN i g
R 22 AR, b BR A B O 1020447 55.257" E
36°37'42.288" N, ¥4k 1 941 m, = B N H I
=A% ( Picea crassifolia) . # ¥ ( P. wilsonii) . 1. HE
( Betula albosinensis) %, A3 AN K5 h ve629, b5
AAF RS HKAS 115765,
1.2 HEENE

{#i Ff] Panasonic lux 10 AHHL¥A#E 4= &S B8 B
fif 8% ( Motic SMZ—171) MEE T FrA Y B (0 FE IR
2 HIVERE TR 8 5% 19 KOH 1 1 i 7 7k B
F TE G2 IS (ZEISS AX10) F USRI i 45 4
HI Canon 70D AHALAAE B4 -, 43l BEHL 20 4
B A3 A LT A A R AT I K SE LA (a)
b~c (d)FR,a Ml d 5350 =m0 & 1 f5ME 5 i
KAH,b.c £IR 90% 1) E A5 X 4] B F K58 LT Q
FR,0, = Q BIXIME + ARUEXE (Wu et al., 2016) ,
13 3 FREGZDH

Al CTAB ¥ 42 B A5 4 19 & DNA, X ITS
(internal transcribed spacer PN % 55 [A] B X F Bt ) iF
791 514 M 1TS5/1TS4 (ITS5:5'-GGAA GGTA
AAAG TCAA GG -3',ITS4:5'~ TCCT CCGC TTAT
TGAT ATGC -3") ( White et al., 1990) ., PCR =4
P b B R S A ) B A R T AT A " B
FEAY LN 7 5 BioEdit HEAT T 3hA% %R % (Hall,
1999) ,7F NCBI 1 #£47 BLAST L%, 5 2404 1
AP A G B HE3E & GenBank JE

2% Liu % (2015) I WF 75 45 %, M GenBank
B P S BUROE Y 1TS 81, I EARBF ST K45 1
PR R FEAE R (T RAXML 8.1.24 %K {F 3 F 4%
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Table 1

Informations of ITS sequences used to construct phylogenetic tree

HEA LT

Sample name

GenBank & %5
GenBank accession No.

PRA K IR

Specimen location

PRA S
Specimen No.

JN053501 FLA I Carcinomyces polyporina AM20 FUPEF Spain
MZ198241 FLERJEHE C. polyporina HKAS 115765 1 [E China
JN053499 C. effibulatus AM6 PEPEA Spain
KY102550 C. arundinariae CBS: 9931 fi 2% Netherlands
MK659873 C. nordestinensis BRT-317 P Brazil
AF444477 FAE % v WL Kockovaella machilophila CBS: 8607 2 USA
AF444337 TR B IR R BERE Fellomyces penicillatus CBS: 5492 JEH USA
AF444320 LI AU R R Sterigmatosporidium polymorphum CBS: 8088 JEH USA
KY103412 Fibulobasidium murrhardtense CBS. 9190 17 2% Netherlands

T O TR N AT B 222 P51

Note; The bold letters mean the newly submitted.

KSR EE ML ( maximum likelihood ) WEREARLERE
B IR EE R AR B R  GTRGAMMAL, HAx 2 5k &
¥ ok Bk N {E ( Stamatakis, 2014 ); i H MEGA
7.0.26 B4 F 4B $59: NJ ( neighbor joining ) # 17
ZG KB 53T ; Bootstrap Y EH K 1 000 K LAFRIS 58
Hap g,

B e e 3 ) 990 Fh 44 FR LSRR JR b S GenBank &
RHWEL,

2 HEREHAM

BT ITS 541, 2R F e AR SR ok A4 e vk Al At
RGRBR, ZH IR HE AR — B0 AU SRR
WA 225 I KRR E M RGE L BMILE 1,
ML 1 NJ ) 3% F5% BP ( Bootstrap percentages ) 73 %)
I BP'HI BP? 2R, H52R BN AT R 81 ok
H VU PEF AL AR R TR AR A AM20 751 R 7E—il2
AR B L (BP' =100, BP*=100), H 51
FERLZUFh Carcinomyces effibulatus TF P B9 58 I8 7 &
Pl SRR (BPT =99, BP?=98) Ry —3C,

T bR A HKAS 115765 317 169 T2 25 57 4F #F
FELEERIT

AFETZAWNFLE E(E2) JERCEED]
2237 WY A I IR T 98 O e I RS B FL A 6, TR R
R, Bt BB 0, AR TS
A 0L D5 o3 AR AR T R AR 5 0 AR 98 T A [
EYEIY G, WEE, LM, (3.5) 4.4~5.4 (8.0) x
(1.5) 2.5~3.0 (4.5) um,Q, = 1.80 = 0.12, #H¥

m

533K NZE BN 53 5 Ry e K ABSA ¥ (ML) FIAR#E3: (N)) &
1 000 ¥R T % J5 1Y Bootstrap S %,

The Bootstrap percentages (BP) of maximum likelihood (ML) and
neighbor joining (NJ) analyses from 1 000 replicates are shown

respectively from left to right on the major branches resolved.

Bl 1 T ITS R AR R R AR i
MR T RERFW
Fig. 1 Molecular phylogenetic tree based on
an ITS dataset using maximum likelihood

IR ,9.8~12.8 x 8.8~11.0 wm, HZ\ [ 73 & 5 /N
B2 A 44, KTk 8 wm; HAE FERIE 2 T BR
JE, T, (4.8) 5.0~5.5 (6.0) x (4.5) 4.6~4.8
(5.1) pm,Q, = 1.10 + 0.01, A 8 & J5 & i 40 A= 10
T (18 3) . ABURERA

GHWERIES 07 REF O IEEA #A
PEARAS Ry £L A= JBE TR TR

Carcinomyces polyporina ( D. A. Reid) A. M.
Yurkov, 2015

= Tremella polyporina D. A. Reid, Trans. Br.
Mycol. 1970

4345 . B[ (Reid, 1970; Roberts, 2007) . dt2
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B ==

AT BRI ; B, fid ER AN C. 16 F W 158)2 LA R T H B AR BORFLA RO B . a. BOBCIR A FL AR RO B

P AR A, B=5 mm,C=2 mm,

A. Dorsal view of parasitifer; B. Ventral view of parasitifer; C. Hymenium of parasitifer and the gelatinous mycocecidium of C. polyporina on

it. a. Gelatinous mycocecidium of C. polyporina. Bars; A, B=5 mm, C=2 mm.

K2 LA R o S e £ R 2B S
Fig. 2 Fruitbody of Carcinomyces polyporina and its parasitifer

A FUERBE RN EM T B. FLAERBEN R WA T C. LB A MWMB T L, D. FLARRE N 4A TR, E. fLE
R WM BDE A2 F. ALAERR R B ERIE AT G 6 EEMERIEHA T, FRR=5 pm,

A. Probasidium of C. polyporina; B. Basidium with longitudinally septation of C. polyporina; C. Basidiospore germination of C. polyporina;

D. Conidiophore of C. polyporina; E. Elliptic conidia of C. polyporina; F. Subglobose basidiospore of C. polyporina; G. Botuliform basidiospore of

parasitifer. Bars=5 pm.

P30 LA e v A i T Y A

Fig. 3 Microstructure of Carcinomyces polyporina and its parasitifer

(Setliff, 1982) . FHHFE S ( Millanes et al., 2011) I
2% (Karasinski & Wolkowycki, 2015) \H1[H

3 WikE4E#
ABFIILT 40T RG24 B 54

UESER HH R E IR E K A SRR XA PR A HKAS
115765 "N Carcinomyces polyporina , J&=FREHIC K& |

Fli, Carcinomyces W5 T % fiti SC KaéXos, BN “ FEhE |
g, SCPR GRS AR B8 7 S OB b SC 44 U
“CHIETE T HRMINE“ polyporina” Rz R %k
TR ER N T2 b i DA SCRZ A iy b
SCAAUE R AL AR IR . EHESE (2010) 4l 5
T8 ( Syzygospora mycetophila ) 76 1 [ 1Y 53 A i),
WP N R T JE 1 L Carcinomycetaceae , {H I &
20 HRENE 8 vh S48 R, AR SCRR B ) 3 2 S, o Horp
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SCAARUE N IR R

G0y W 5E T, R W R Y AR =L A
Carcinomyces effibulatus ¥ #E W 5% # & THE L H )R
H1 (Ginns, 1986) , £ 61 H-J& H #i R J8 T 2 B 1
H ( Filobasidiales ) , 2t 22 ¥} I# # ( Filobasidiaceae )
(Millanes et al., 2011; Liu et al., 2015), Index
Fungorum F 45 H AR E X — b PR, W sy ol 8 il
FLREK T H 2 R (http 1/ www.indexfungorum.
org/Names/NamesRecord. asp?  RecordID =
823057) , {HJE,Liu 5 (2015) My @ AU H- 40 R 4
KABWIEIR, Carcinomyces effibulatus . C. arundinariae
F1 C. polyporina VA5 SZHER B R N — 32, TE B4R
HH P 1A B B 1 R 4 1 H s A
AR Syzygospora alba WA T2 2K H (£ BH A
FBHI IR 3 b 5 IR JE SR 4 OC R

A RRIE Dy T, JC 98 WA J W) oK 22 2 A T 1
BP0 I, FE T 32 1 B B, $H 7 3 BR O 5
BAEIE , iR BAT G 1a) 8+ I8 20 B 5 22 2R 1
FHIFh Z 2 EAE AR b 40 EDIRBUR AR TERR .
HHT, 731 R 4822 FUE 25 i 8 27 19 UE 4 35 Wow | I
Je e Jm SR TR R R A T AR LR SR A
H 222 F), Index Fungorum Z 4t H it I8 o Jigs 1Y)
RGRK BN E AR BT EHATITIE,

JeeJea v & B AT N BP R AL 4 B . Carcinomyces
effibulatus ( #& X #') ( Ginns & Sunhede, 1978) .
C. arundinariae( Fungsin et al., 2002) . C. nordestinensis
(Crous et al., 2019) FlfL 4= i 98 B ( C. polyporina )
(Reid, 1970) , fFE R 25 LR EL I , 3% Se 4 Fh ) 25 A=
JraRE MR, W0 C. effibulatus H TR LA A4
TERRE R ( Collybia dryophila) W) F 324K I ( Ginns,
1986) ; Carcinomyces nordestinensis #% & P25 4= F 41
D JREL ( Bromelia antiacantha) B9 F |, [F B} & 48
16 W K ( Handroanthus impetiginosus ) W) P A& 7
(Crous et al., 2019) ; fLAE IR B RO E F 18 =4 U5
THIE 1 455 FL R ( Tyromyces lacteus ) F1I% IR 1 fL B4
(Antrodia sinuosa) (Reid, 1970;Roberts, 2007) , A<
BEFERRAS 17 3258 DNA RAESRAT , (ORI T S A2
P72 AL I W T S5 8 25 R A, 40 2 i 0
FLRA BT ST, A 1 5508 A T T 2 A1
PAF AT

FLA= e 98 T e A 7R RO 36 X A Rk aE
(Reid, 1970; Setliff, 1982 ; Roberts, 2007 ; Millanes
et al., 2011) , BLURA7E TR H 09 & B, S 1% W Fh 78 AR

3 XA HRE o B HL AR S) E
TR AN BT 411 JiE | L A= JBS I8 BT MR JRg 1l Js JHG A )
Foft b SR 2 1 B 22 1) M 7 Bk B, o A R A A A
AR AL 2 B B B

SEH
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WANG Q, YAN J, et al. Opuntia humifusa ( Raf.) Raf., a newly naturalized species of Cactaceae in China [ J]. Guihaia,
2022, 42(10); 1767-1771.

FEMAZR —FHFALFHT—=a AN ZE

T o=,

( BifpRILAEYE, L 201602 )

W E. A T2 REY IR, E R E L RE R —ACERMID S 8 BT C s ——) H il A 2
[ Opuntia humifusa (Raf.) Raf.], TZFhEA MEA B A K S M, HOREETRSR @, T A 75, TRERIRA|, £ 6
55 A oA AL S A R DO BT AL 5 AL S AN E R BN 2 BT FE R 2R 2
—  BE TR ENLARS H BT RER ) R Hark 3 A07e 3 B 5280 16 S b B N E R Y, %R0 ] BE
20 4t 50 AEACHE EI GHE T 20 B 5 | AFIAE , N 205 Sl 35 R i 1, RIS Xk il A 2 S
IRRIE I AN Z ] 43 2822 [ HEA T T8 3A | I X0 >F H b A1l A 2 A 3 ] 8 Tl oy b DX 45 B8 7 2 )
AT TR,

KEEIF . ALK, RN, hERC S, ZEAAE, ALNER

FESES . Q949 XHRERIRED : A X EHS: 1000-3142(2022)10-1767-05

Opuntia humifusa (Raf.) Raf., a newly naturalized
species of Cactaceae in China

. . *
WANG Qi, YAN Jing
( Shanghai Chenshan Botanical Garden, Shanghai 201602, China )

Abstract ; Opuntia humifusa (Raf.) Raf. (Cactaceae) , a newly recorded species in China, was discovered during a survey
of succulent resources. This species is distinct from other Opuntia species distributed in China, with the dark green prostrate
cladodes, no glaucous, spines absent, and bright yellow flowers. 0. humifusa is one of the few hardy species in the family
Cactaceae. It is native to North America and has been recently naturalized in Wulian County, Rizhao City, Shandong
Province, China. It is the northernmost wild cactus found in China. This species might have been introduced and planted
during the national promotion of Chinese herbal medicine in the 1950s, and gradually spreaded through human
activities. Here we clarify the taxonomic problems of O. humifusa and O. cespitosa in Jiangsu Province, and deliver

perspective views for future reasonable development and utilization of O. humifusa in the warm temperate zone of China.
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A. Neotype of O. humifusa; B. Voucher specimen; C—E. Habitat; F. Seedlings and roots; G. Flowers; H. Cladodes and mature fruits;
L. Seeds.

B Al A
Fig. 1 Opuntia humifusa
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A. Neotype of O. cespitosa; B. Voucher specimen of O. cespitosa found in Jiangsu Province; C-E. Cladodes, flowers and plants (no spines in

the areole) of O. cespitosa found in Jiangsu Province.
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Fig. 2 Contrast between neotype of Opuntia cespitosa and O. cespitosa in Jiangsu Province
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Additions to Goniothalamus ( Annonaceae )
in the flora of China

YANG Bin'*?, WANG Liyan*, ZHOU Shishun', LI Jianwu'
XIAO Chunfen’, TAN Yunhong'*"
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(1. Southeast Asia Biodiversity Research Institute, Chinese Academy of Sciences & Center for Integrative Conservation, Xishuangbanna Tropical
Botanical Garden, Chinese Academy of Sciences, Mengla 666303, Yunnan, China; 2. The Key Laboratory of Rare and Endangered Forest Plants of
National Forestry and Grassland Adminisiration & The Key Laboratory for Silviculture and Forest Resources Development of Yunnan Province, Kunming
650201, China; 3. Center of Conservation Biology, Core Botanical Gardens, Chinese Academy of Sciences, Mengla 666303, Yunnan, China;
4. Management and Conservation Bureaw of Yunnan Tongbiguan Provincial Nature Reserve, Dehong 678400, Yunnan, China; 5. Center for

Gardening and Horticulture, Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Mengla 666303, Yunnan, China )

Abstract: Goniothalamus sesquipedalis ( Colebr. ex Wall.) Hook. f. & Thomson and G. peduncularis King & Prain are
reported as two new records for the flora of China, the two species were found in Yingjiang County, Yunnan Province,
China and conserved in Xishuangbanna Tropical Botanical Garden. G. lii X.L. Hou & Y.M. Shui has been treated as
synonym with G. yunnanensis W. T. Wang in Flora of China. Here, we clarified its taxonomical status and treated as a new
synonym with G. peduncularis based on living plants observation, the type specimens and the literatures revision. G.
sesquipedalis was previously known from India, Bangladesh and Myanmar, and G. peduncularis was only in Myanmar. In this
paper, we update the description and illustrate them based on the herbarium specimens and living collections. The voucher
specimens are deposited in the Herbarium of Xishuangbanna Tropical Botanical Garden (HITBC).

Key words: Goniothalamus, Annonaceae, new record, Yingjiang County, taxonomy
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i  E. FHHF(Annonaceae) EFFRE T AR 2 H (Magnoliales ) L H M AU 2 E, HATH
RER BT FABER 58 4 AW, RIS F W R ( Anaxagoreoideae ) | % H AW L ( Ambavioideae ) |
7574 % WAL ( Annonoideae ) F1HE A AW B} ( Malmeoideae) , A 107 J& ,2 400 ZFh | Fp[E JE 7= 21 |20 110
T RRHZ P A, R P X R LR, P E 2 B AL T 2 B A e 9 A R 5 i AR L i
S, -5 EIVEE A R BT B ARHSIT  ABLAY) DX 2R A T AR R I (B BE —Eh SR VI ) R A ) DX AR 1] 2R S I PR — IR
A X R I Sl U b i TR R b G IO, A B b R A L E ) U AR W AR R A Y G
SHFINEA U DX T2 DX AT I AP B0 JEE T % 0 60 4 ) I S 198 Y TRAR ) R R e G 9 O A B S R
2R B VAT T ARTE 245 BE R AR O A AR BRZEAL, ZOCHGE TR A E m A BRI R R A T b R
2t VU SRR 4 BT R ) Bl Y B BB BE AN R 2 A b R IC S R B AR B8 [ Goniothalamus
sesquipedalis ( Colebr. ex Wall.) Hook. f. & Thomson | Fl & # 5} 20 7 ( G. peduncularis King & Prain) , Flora of
China ¥R ILF 997 (G. i X. L. Hou & Y. M. Shui) b3 K = m BF 997 (6. yunnanensis W. T. Wang) [ 5544 ,
FETIE AP LEE R AR AR SCERIE 5T, 1 SO BT RN A 1 3 b AL EAT T 3T W AL 3y KA BF 9N
M52, B RF N A AL 8™ T B RE | A [ RO 4 ) A5 RRE R A 0™ Tl e iSO B ATTEAT T A
FERAR TR AR IR R LAE T 551 FEUEARAS A7 50T v R 25 B PG LR 44 Aty A 490 el B A 4 (HITBC)
BRI 2 ADSFC R, B 5 1 E SR Y) 2 HEE DGR, S E = B ALY X R R T I
SEYH (BB —Lh R VH ) R X 5, LA K5 2 fe) AL A B R AR AL B AR ) X R 1 SC R B 1 BIE

KR ANEFE, B, Frcst, BILE, pkRE

Goniothalamus ( Blume ) Hook. f. & Thomson, GErtEramE B, BRI, RIBRI . A

WA . RPN R (A BOR)) HEYDRORE 1773

comprising over 130 species of trees and shrubs, is one
of the largest palaeotropical genera in the Annonaceae,
mainly distributed from India and Sri Lanka to tropical
Australia and the South Pacific Islands ( Saunders &
Chalermglin, 2008; Nakkuntod et al., 2009; Turner,
2014; Thomas et al., 2017). In China, 11 species are
currently recognized (Li & Gilbert, 2011).

During monitoring  the

living  collections  of

Annonaceae in  Xishuangbanna Tropical —Botanical
Garden, Chinese Academy of Sciences from 2018 to
2021, two Goniothalamus species with flowers and fruits
were observed. The two species were introduced to
Xishuangbanna Tropical Botanical Garden (XTBG) in
1997 and 2002. After a detailed examination of the
morphological ~characters of our materials, related
literatures, and herbarium specimens, we identified them
as Goniothalamus sesquipedalis ( Colebr. ex Wall.)
Hook. f. & Thomson and G. peduncularis King & Prain,
respectively. G. sesquipedalis was originally distributed in
India, Bangladesh and Myanmar (Turner, 2015, 2018),
and G. peduncularis was only reported in Myanmar
( Turner, 2015, 2018 ). The two species therefore
represent two new records for the flora of China, in which

we update the descriptions and illustrate them herein.

Goniothalamus sesquipedalis ( Colebr. ex Wall.)
Hook. f. & Thomson, Fl. Ind.. 108, 1855. (Plate 1;
Plate . A)

Type: Guaiteria sesquipedalis Colebr. ex Wall. in
Wallich, Pl. Asiat. Rar. 3. 42, t. 266, 1832. Type:
Wallich, Pl. Asiat. Rar. 3. t. 266, 1832. (lectotype,
designated by Turner, Nordic J. Bot. 33 270, 2015).

Shrubs, to 2 m tall. Young branches glabrous. Leaf
laminas oblong, 22-47 c¢m long, 5.7-10.5 cm wide,
length/width ratio 3.4-7.2, apex acuminate to caudate,
base cuneate, sometimes attenuate, coriaceous, glabrous
abaxially and adaxially; midrib glabrous and ( strong )
prominent abaxially, glabrous and impressed adaxially;
secondary veins 16—22 pairs, interarching 5—10 mm
from recurved margin, impressed adaxially, raised
abaxially; tertiary veins reticulate, distinct; petioles
1.3-2 c¢m long, 2.5-5 mm in diameter, glabrous.
Flowers greenish-yellow, solitary, axillary or extra-
axillary, often on the main trunk ( cauliflory) and on
older branches (ramiflory) ; flowering pedicels 3—5 mm
long; pedicel bracts 2-6, 2-4 X 1.5-3 mm. Sepals 3,
5-11 mm long, 5-7 mm wide, basally connate, apex
acute to obtuse, ovate, puberulent abaxially, sparsely

puberulent adaxially, greenish-yellow. Outer petals 3,
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25-28 mm long, 6 =8 mm wide, length/width ratio
3.1-4.6, lanceolate, puberulent abaxially and adaxially,
greenish-yellow. Inner petals 3, shortly clawed and free in
lower part, cohering and forming an ovate-caudate cone
at apex, 15-18 mm long, 5-6.5 mm wide, length/width
ratio 2.5-3, ovate-lanceolate, puberulous abaxially and
adaxially, sometimes shortly lanate abaxially and
adaxially in upper part, yellowish green, base obtuse to a
4.5-5 mm claw. Stamens 70—80 per flower, 2-2.2 mm
long, 0.8-0.9 mm wide; connectives apiculate. Carpels
ca. 12 per flower, ovary 2.5-3 mm long, light green,
white pubescent; stigma and style 2 —2.2 mm long,
puberulous. Immature fruits green, mature fruits orange-
red; fruiting pedicels 7-8.5 mm long, 2.5-3 mm in
diameter. Monocarps one seeded, fresh monocarps 21-24
mm long, 10-12 mm wide, length/width ratio 2-2.2, dry
monocarps 16—18.8 mm long, 6.9-7.4 mm wide, length/
width ratio 2.2 - 2.7, ovoid to ellipsoid-ovoid, base
rounded, apex attenuate, sparsely puberulous, glossy,
pericarp medium-thick, ca. 2 mm thick, stipes 2—3 mm
long, ca. 3 mm in diameter. Seeds 13-14 mm long, 6.5-7
mm wide, ovoid, testa slightly with latitudinal stripes,
dark brown to black brown, aril yellowish brown,
endosperm ruminations lamellate.

Distribution; China ( Yunnan) ( new record ) ;
India (Sikkim, Assam, Nagaland, Manipur, Meghalaya)
(Grierson, 1984; Karthikeyan et al., 2009) ; Bangladesh
(Khanam & Rahman, 2002); Myanmar (Kress et al.,
2003; Kang et al., 2017).

Additional specimens examined: China ( '
). Yunnan ( = F§) : Yingjiang County ( VL5 ),
Xima Township ( & &5 £ ), Nabangba ( #f 3 4l ),
24°44" N, 97°33" E, 400 m, 5 November 1974,
Tao Guoda ( B [E 1% ) 013190 ( specimen No. 001927
[ barcode, HITBC0040552!], specimen No. 001928
[ barcode, HITBC00405531]); the same location,
April 1979, s. coll. (specimen No. 066463 [ barcode,
HITBC00405541]); Yingjiang County ( &1 VI. &),
Xima Township (&5 %), 24°45' N, 97°42" E, 260
m, 3 December 1981, Tao Guoda ( Fi [E3ik) 12774
( specimen No. 001929 [ barcode, HITBCO040551!]);
Yingjiang County ( £ 1. £.), Nabangba ( HIF 3 311)
Tongbiguan Natural Reserve (£ BE ¢ H AR X)), 10

October 2011, Zhou Shishun ( J& H: i) 11197 ( HITBC
0040504) ; Yingjiang County( 27T EL) , Labang ($7i3}),
voucher from a cultivated plant at the Xishuangbanna
Tropical Garden,
Sciences, 21 July 2019, Yang Bin (#%), XTBG0077
(HITBC ); 15 February 2020, Yang Bin (#5 ),
XTBGO079 (HITBC) ; 9 May 2020, Yang Bin(#if) &
Xiao Chunfen( H #7F), XTBGO114 (HITBC) ; 24 May
2021, Yang Bin(#%5i) , XTBG0243 (HITBC)

Notes: The

sesquipedalis deposited in Herbarium of Xishuangbanna

Botanical Chinese Academy of

specimens  of  Goniothalamus
Tropical Botanical Garden ( HITBC specimen No.
001927, 001928, 001929, 066463 ) was previously
misidentified as Goniothalamus multiovulatus Ast, which
is native to Vietnam ( Turner, 2018). G. multiovulatus
can be differentiated from G. sesquipedalis by having
45-5.5 cm long, 2-2.5 c¢cm wide, cylindrical
monocarps with 2—4 hairy seeds per monocarp ( Ast,
1938). Hou (2003 ) misidentified them ( HITBC
001927, 001928, 001929 ) as
Goniothalamus macrophyllus (Bl.) Hook. f. et Thoms,

specimen  No.

which is distributed in Malaysia, Singapore, Indonesia,
Thailand ( Saunders, 2002; Saunders & Chalermglin,
2008; Turner, 2018). G. macrophyllus differs from
G. sesquipedalis by having the leaves with a distinctive
and diagnostically important ‘ granular’ appearance
abaxially because of immersion of tertiary and lower
order veins (Saunders, 2002; Saunders & Chalermglin,
2008). G. sesquipedalis differs from G. macrophyllus in
several important respects: the leaves of G. sesquipedalis
with secondary venation very prominent adaxially and
forming intramarginal vein, tertiary venation prominent
and reticulate, whereas the leaves of G. macrophyllus
with secondary venation + plane to impressed adaxially
and not forming intramarginal vein, tertiary venation
unconspicuous ( Saunders, 2002 ); G. sesquipedalis
can also be distinguished from G. macrophyllus by
having 3—5 mm (vs. 5-11.5 mm) long flowering
lanceolate, greenish-yellow ( vs.

pedicels; ovate,

orange-pink ) outer petals when mature; ovate-
lanceolate (vs. ovate), 15—18 mm (vs.7-15 mm)
long inner petals ( Saunders, 2002; Saunders &

Chalermglin, 2008).
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A. Plant; B. Flowering branch (front view) ; C. Flowering branch (back view) ; D. Flower; E. Dissection of a flower (el. Sepals; €2. Outer
petals; e3. Inner petals; e4. Stamens and carpels; e5. Stamen; €6. Carpel) ; F. Immature fruits; G. Mature fruits; H. Longitudinal section of
monocarps; L. Seeds. Photographed by YANG Bin from Xishuanghanna Tropical Botanical Garden (XTBG).

Plate I Goniothalamus sesquipedalis ( Colebr. ex Wall.) Hook. f. & Thomson

KEFME B, BRI ERRI: B Sima Road, 1000 feet, 1897, Shaik Mokim s. n.

Goniothalamus peduncularis King & Prain, (lectotype CAL [ CAL000004500 ], designated by
J. Asiat. Soc. Bengal, Pt. 2, Nat. Hist. 67; 284, Turner, Gard. Bull. Singapore 70 (1) : 523, 2018;
1898. (Plate Il ; Plate I : B) isolectotype K [ KO00380823 ], Plate Il ; B).

Type: Burma, Upper Burma, Kachin Hills, Goniothalamus lii X. L. Hou & Y. M. Shui, Acta
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A-B. Flowering branches; C. Flowers; D. Dissection of a flower (dl. Pedicel; d2. Sepals; d3. Outer petals; d4. Inner petals; d5. Flower

stamens and carpels; d6. Stamen; d7. Carpel); E. Immature fruits; F. Mature fruits; G. Monocarps; H. Seeds. Photos: A-E, G-H
photographed by YANG Bin from XTBG; F photographed by WANG Liyan from Yingjiang.

Plate T Goniothalamus peduncularis King & Prain

Bot. Yunnan., 25(3) . 258, 2003. Syn. nov. Type:
China( #* [E ). Yunnan ( = B ) : Yingjiang County
(Z71 B ), Xima Township ( # &5 £ ), Nabangba
(AFFRHUL) , 300 m, 7 November 1974, Tao Guoda
(B X)) 013254 (holotype, KUN1263140, Plate
Il. C; isotype, HITBC [ specimen No. 001921,
barcode 00405941 ])

Shrubs, to 4 m tall. Young branches glabrous. Leaf

laminas oblong, elliptic-oblong to oblanceolate-oblong,

15-23 c¢m long, 4.4-7 cm wide, apex acuminate, base

thinly  papery,

adaxially ; midrib raised abaxially, impressed adaxially;

cuneate,, glabrous abaxially and
secondary veins 10—16 pairs, interarching 3—7 mm from
recurved margin, impressed adaxially, raised abaxially ;
raised abaxially,

tertiary veins reticulate ,

unconspicuous adaxially; petioles 8—13 mm long, with

black when

dry. Inflorescence often solitary, sometimes 2-flowered

shallow furrows adaxially, glabrous,
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A. Tsotype of Goniothalamus sesquipedalis ( Colebr. ex Wall.) Hook. f. & Thomson; B. Isotype of G. peduncularis King & Prain; C. Holotype of
G. lii X. L. Hou & Y. M. Shui [ C1. Flowers voucher specimen (HITBC0040546) ] ; D. Isotype of G. yunnanenis W. T. Wang.

Plate [ Type specimens and voucher specimen in the protologue of four species of Goniothalamus

axillary , often on the main trunk ( cauliflory) and rarely
on older branches (ramiflory); peduncle degenerate,
1-2 mm long; flowering pedicels 9 — 15 mm long;

pedicel bracts 2-4, 1-2 mm long, ca. 1 mm wide.

Sepals 3, ovate, 5—7 mm long, 3—6 mm wide, basally
connate, apex acute to obtuse, sparsely puberulent
abaxially, conspicuous puberulent along margin,

puberulent adaxially, yellowish-green. Outer petals 3,
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25-37 mm long, 12-16 mm wide when fresh, 24-34
mm long, 9-12 mm wide when dry, ovate to ovate-
lanceolate, puberulent abaxially and adaxially, often
yellowish-green, grey white when mature. Inner petals
3, shortly clawed and free in lower part, cohering and
forming an ovate-attenuate to ovate-acuminate cone at
apex, 13—15 mm long, 5-6 mm wide when fresh, 12—
14 mm long, 4-5 mm wide when dry, ovate-lanceolate
to  oblong-lanceolate,  puberulous abaxially and
adaxially, densely in upper part, greenish yellow, base
obtuse to a 2 — 3 mm claw, apex attenuate to
acuminate. Stamens ca. 100 per flower, 2.5 mm long;
connectives slightly apiculate, sometimes hemispherical
when dry, yellowish brown pubescent. Carpels 20-30
per flower, ovary ca. 2 mm long, greenish-yellow, white
pubescent; stigma and style 2-3 mm long. Immature
fruits green, mature fruits deep blackish blue; fruiting
pedicels 1.2-1.5(-4.8) cm long. Monocarps 4-25, 1-
2 seeded per monocarp, fresh monocarps 17 —25 mm
long, 8—9 mm wide, ellipsoid to ellipsoid-oblong, base
rounded, apex rounded with a small tip, sub-glabrous to
sparsely puberulent, pericarp ca. 1 mm thick when
fresh, stipes 5—12 mm long. Seeds 10—13 mm long,

6.5-8 mm wide, ellipsoid, testa with white puberulous

hairs outside, yellowish brown when immature,
endosperm ruminations lamellate.
Distribution: China ( Yunnan: Yingjiang,

Cangyuan, Menghai) (new record); Myanmar (Kress
et al., 2003; Turner, 2015, 2018).

Additional specimens examined: China (
). Yunnan ( = B4 ): Yingjiang County (21 VL H),
Xima Township (& 5 %), Nabangba (HRFH3) , 300
m, 10 December 1978, Tao Guoda ( M [E i%) 17895
(specimen No. 002077 [ barcode, HITBC00405441]) ;
Menghai County (#1785 ), Mengman Town ( &% ) ,
995 m, 22°9'25.23" N, 100°5'34.29" E, 28 June 2021,
Zhou Shishun ( J&11:)I1) 19431 (HITBC); 909 m, 22°
10'50.79" N, 100°4'32.98" E, 29 June 2021, Zhou
Shishun ( J& 1) 19474 ( HITBC) ; Cangyuan County
(¥ ¥ H ), Banhong Township ( ¥f 3t %),
Fabaomangkuhe (IR ) 700 m, 30 May 1974, Li
Yanhui ( 2% #E #% ) 11770 ( specimen No. 001923
[ barcode, HITBC0040547!], specimen No. 001925

[ barcode, HITBC0040545!7); 780 -800 m, 2 June
1974, Li Yanhui ( Z4E#%) 11873 (specimen No. 001926
[ barcode, HITBC0040546! ], Plate Il C1); Banlao
Township (¥ % ), Shangbanlao ( " ¥E%)900 m, 21
May 1975, Li Yanhui ( 4% %E #%) 20975 ( specimen
No. 001922 [ barcode, HITBC0040548!]); Yingjiang
County (7L B.), Longmen ([ []), voucher from a
cultivated plant at the Xishuangbanna Tropical Botanical
Garden, 21 April 2021, Xiao Wengiang ( H SC 5% ),
(400663 ( HITBCO031632!); 6 May 2019, Sheng
Caiyu (B4 4%) , C400846 (HITBC0031129!) ; 26 May
2020, Yang Bin ( % tht) & Xiao Chunfen ( 4 %%{) s
XTBGO128 (HITBC).

Notes: Goniothalamus lii X. L. Hou & Y. M. Shui
was characterized by its oblong or oblong-lanceolate leaf
blades with (10-)13-21 pairs of lateral veins, pedicels
9-13 mm long, sepals ca. 5 X 4 mm, outer petals 2.5 X
1.3 cm, the stamens with hemispherical connectives,
sometimes with densely brownish puberulent ( Hou &
Shui, 2003), all these characters are consistent with
G. peduncularis. Moreover, examination of relevant type
materials of G. lii and observations on living plants of
G. peduncularis introduced from Yingjiang County show
that both species share the liner style and ellipsoid
monocarps. Therefore, G. lii is considered as conspecific
with G. peduncularis, and we propose it as a synonym
with the latter in this study. In Flora of China, Li &
Gilbert (2011) synonymized G. lii with G. yunnanenis
W.T. Wang (Plate ll; D) (Wu & Wang, 1957)
without further explanation. We don not agree with that
treatment, however. As Hou & Shui (2003) mentioned
in the protologue of G. lii, it is morphologically similar
to G. yunnanenis, but clearly differs by having 10-21
(vs. 7-9) pairs of lateral veins and pedicels 9—13 mm
(vs. ca. 4 mm ) long. Moreover, based on our
observations of living plants, the distinction between
these two species is obvious on many other
characters. G.lii (here as G. peduncularis) has grey
white outer petals when mature (Plate II; d3), styles
linear (Plate II: d7), monocarp stipes 5—12 mm long
(Plate II; E, F, G), and monocarps deep blackish
blue when mature (Plate II; ) ; whereas G. yunnanenis

has redidish brown outer petals when mature, styles
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stick shape (Jiang & Li, 1979), and monocarp stipes
very short, less than 2 mm, and monocarps orange red
to dark red when mature.

Acknowledgement We are grateful to Mr.

WANG Yuan for providing the specimens image and
Prof. ZHU Xiangyun for useful discussion.
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Newly recorded species data of Orchidaceae
from Tibet, China

LI Mengkai', Pubu Dunzhu®, XING Zhen', LI Huiling’, ZHANG Zhang’, WANG Wei'"
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and Planning Research Institute of Tibet Autonomous Region, Lhasa 850000, China; 3. GALA (Group) Co., Lid., Shanghai 200233, China )

Abstract: The Eastern Himalayan region is a hotspot of biodiversity in the world, and Tibet of China is an important
region of it. It is of great significance to clarify the background plant resources and geographical distribution in this region
for the study of regional flora. Five newly recorded genera, namely Callostylis Blume, Chiloschista Lindl., Diploprora
Hook. f., Taeniophyllum Blume and Yoania Maxim., are reported from Tibet Autonomous Region, China. The five newly
recorded species are Callostylis rigida Bl., Chiloschista yunnanensis Schlechter, Diploprora championii ( Lindl.)
Hook. f., Taeniophyllum retrospiculatum King & Pantl. and Yoania prainii King & Pantl. Morphological descriptions and

characteristic pictures of the newly recorded genera and species are also attached. The results of this study further enrich
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E£UWH: HFRAHRPEILS (42067036) ; VR BCFBEMFEQHT AT AT H (W Hi45 2020-11-07) [ Supported by National Natural
Science Foundation of China ( 42067036 ) ; Forestry Innovation Team Construction Project of Tibet Agricultural and Animal Husbandry
University (2020-11-07) ],
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10 #4

LA ;o VU R YR TORE 1781

the flora data of China, broaden the records of orchids in Tibet, and have important value for the diversity and

conservation of orchids in Tibet and adjacent areas.

Key words: Orchidaceae, newly recorded genus, newly recorded species, Tibet, geographical distribution

IR B R ML X R Ak A W) A R R RS IX
I} ( Myers et al., 2000) , ¢ H SR M FRARRAE e &
F ) i 28 TR0 fefi #5192 X 38R Ry A ) R DR 5 O 2
FHE Y PR ARG W) 2 G0k Ak v ks B9 0 58 160
%2 BHF T 4E & X3 (Vermeulen et al., 2014 ) ,
T e T 2R T T T R T R A R A R 22 KoK
VR I B AR 22 B o ) (B 5%,
2018¢) . 3251 A5 % WA PR 2, 3 74 ==
) 5% 5] A 5 DA e i, P RRE ) ) 1T SR P R
ZFHEY)A 64 J8 193 B () (RAE4H, 1987)
VTR, Bk B 22 1% 3 F FURT 10 s P 7E 5 5 iz e
i DA Wl & B, 78 3 2 RHRE ) A S 10 SR 2 3T 400
(£ 855 ,2018b) o Hov 40 58 R 6 58 A FUE
0 Fh, QA% 24 47 5222 ( Bulbophyllum gedangense )
(Luo et al., 2020) MK 2 f1 & > ( B. linzhiense )
(Ma & Chen et al., 2020) . % H-% & % ( Oberonia
falconeri ) K &L 3% % ( Pinalia obvia ) (5 #ij 55,
2019) BRAE A1 5 2% ( Bulbophyllum repens ) .z~ B 72
0 2% ( Gastrochilus yunnanensis) ( X i 5, 2020 ) 55
Bric ¢ 8 B W GE, W4 A 22 8 ( Zeuxine
Lindl.) 8 5 2 J& ( Holcoglossum Schlir.) ( £ 5
%, 2018a) |, % {& *% J& ( Diglyphosa Blume ) ( X i
55,2020) o IXEEHIC Sk 1Y & BN B E i E 2
FHED X R 5 340 B A 8 21 3, M B AE— &
R 150 B G g = R A A B R A R — 2D R A

2020 4F- 4—8 A, PUHCAHE BE UK A I X AR
My 8 A B 9 Y B AH DGR B3 7E P A IR X AR
BRI 25 Bk AT TP AR = RME Y SR A, A
2[5 5B A [ (King & Pantling, 1898 ; H [E £}
S b AR A 2R D 23, 1999) , W BT R AR B
AT TR S 50w R ITU S RHE Y 5 A4S Ene
eI, B 22 & ( Callostylis Blume) | 5+ %1 2% J&
( Chiloschista Lindl.) | ¢ 3 % J& ( Diploprora Hook.
£.) a5 M 2% J& ( Taeniophyllum Blume ) 158 B 2% J&
( Yoania Maxim. ) , SR 22 B MY o A A R BN R
POV TN Jb B = SRR X, 2 JE A 2 # ( Zhou et
al., 2016) ; A 2= @AY E L5 TR A4 R
WV EEIE—7, Flora of China iIC# 482y 10 7,
TR 4341 3 P (Zhou et al., 2016) ;476 = 7E 3R H ¥
PR AT iz o0 A, 2 JRA 2 F FRE oA 1 A

(Zhou et al., 2016) ;47 i 2% Jg FE P Ho B 73 A 315 PR 4%
J7LARM A RPN =N db = B A 428 120~
180 Ff, A1 [E 4 4 F1 (Zhou et al., 2016; £ HE I
7,2010) ; SEHE 2 JE AR YY) O A T MRS 3 H AR, 4
Ja g 4 i (b RR A B A AR g R R
1999) . AR KB 5 A Fic s M o3l o S 4E 22
( Callostylis rigida Bl.) . 5 % %2 ( Chiloschista
yunnanensis Schlechter ) | Mg & %
championii ( Lindl.) Hook. f.], & #£ & &7 I %
( Taeniophyllum retrospiculatum King & Pantl.) F1E[IJE
Fa i 2% (Yoania prainii King & Pantl.) , Bl-T DIHRIE .
FEUEARAPRAE T U R B Be bR A M (TAAHUC Y )

1 %4 =& (Callostylis Blume)

FEHE 22 )@ B Blume #E57F 1825 4F LA 2 Filr
W E A S A, 43 R SRR 22 ( Callostylis rigida ) Fl
P L4 22 (€. bambusifolia) , 145345 T = Fd ( Zhou
et al., 2016) . ASJ& A Wy X5 Oy B 2B REAS {25 (]
HIE B 277 (8], BEAR 8 s it 2~ 5 g SR AE
JPTUAE B AR 25 B A: Gl 2~ 4 A, RO AL
B S AR A W TR O AN T
B AN T A LT EL I Bl OG5 R I
P A (N T AR N A 12 I (L = M S D i
A s AE R AL 8 A B AR /N B AR 45 (b R 27 B
o [ R ) A g R 1 2%, 1999)

EHEZ KM A-C

Callostylis rigida Bl., Bijdr. 6 t. 4, fig. 74, et
7. 341. 1825; Lindl., Gen. Sp. Orch. P1. . 129. 1830.

ALY HOIRZE ) E) B 4 ~ 8 mm , S5 [1]
HAMFRERE, K 1~1.5 em B R R, K
2515 cm, H 4~5 g i £ 2~4 4, B 10
%%%,%?*ﬁﬁ 2.5~3.5 mm,%%ﬁg%ﬁﬁ@éfj@
B R TEINIE K 3~4 mm, fEAE BT (0, P2 R
GRIRIE | Sesmbl, K 8 ~ 10 mm, 562 4 mm; {2 -
b R R LT B, R Oh BRI 5 A6 e AR 1R
K7~8 mm,ﬁ?@ 4 mm,’?ﬂ[@gﬂﬁ/;,zlﬁ@,ﬁ
3.5~4 mm, 582 3 mm; AE R H A SR
R IR IGAA I 55 € 5 B3 5—6 H .

FHE 2T 2004 4R (H E W) TR AL 4 %) B
5 fa (VU ) W Fh (TEAS A %%, 2004) , H 5 7ot

[ Diploprora



1782 I 7

42 3

FRE A 2200, BB T AT E BB R KRR, B
K254 mm, 1M J5 & REE LR AR, ERKY 10
mm , B 55 X 5,

TEIERRAS . v [ 74 A8 i 275 A £, 13K 850
m, B TR 258914 2020089 (TAAHUC!)
B BRA ™ F B EE JE U I

O3 A T E e BDEE G S
A3 o AR Ry v P ORI SRR

2 #M 2JE (Chiloschista Lindl.)

SERL% JE H Lindley T 1832 A3, &8 4
10 ﬁ‘, hEA S ﬂ‘, a0 Sk A 22 ( Chiloschista
yunnanensis) ) A 58 2% (C. guangdongensis) \ 5
BRI (C. segawae) | 5% 57K % (C. parishii)
(Zhou et al., 2016 X %E M2, 2021 ) FI A6 57 5 %
(C. exuperei) (M 1ERKSE,2016) , A @ A4 R B A=
FAR R IO, Joskt B 280K Hon S B9AR 5 4
Feo N, SURAE T B2 80E, A BEUEE; %
FAEHE T 45 K, 30 0 W A= T AR 2 IR TUE 3
2L MR S BOR, R B N S AR AR 2
R R G s AE Ry AT 4 4> (b ERE = B b AR 8 2
2 512x,1999) .

SA8= K1 D-F

Chiloschista yunnanensis Schltr.
Repert. Sp. Nov. Beih. 4. 74, 275. 1919.

ATFRAE W) o0 B A= BAS T B R R 2K AR T
M AET 1~3 4, T BT, K 20~30 em; 1k
FP i A2 22504 5 4B 7 A L B 1 K5ORS B R IR B 5 A
R OPRBEETE K 3~4 mm, SesmdE 24, 7 A 4
WIE ; PR AN T 5 K 240 4 mm , %59 R0 22 6 5 4L T b
S MAE A (L BRI ARG
%H-gﬂ%,{( 5~6 mm, 78 4~5 mm,f‘éfiﬁ'uﬁ%fﬁ,fmﬂ
SR BR85S A R AR K R
SR WA A, 280 s BT R ), 3
2L MR B B DR R, K29 4 mm, 53
B, i 2 BR A (LB s, N T EL L (8 25 805 R 2R
FrARAE, St O B MRS SR O AR AR
K24 mm, H 2 A0 K00 2508 % H @, 0%
H 1 AWEY 8 3—5 AR 7 A,

FEC [ B Bl 4T €0 4 5 ) (TEAR A5, 2004) T,
THESE R I N 5 G (VU) o AR RIE &
TR SR AR AT, XA T AR A
FERETS T4 T, S b 2 7 L B8R, i T 2R
B 222 R AE AT 1 JC 6, R v B KT 2

in Fedde

R, P TEAE I 5 X 4%

SEUEARAS . o [ PO g A At BLA% 24 & W1 470
m, fAEFR T I, 22 BL5F 2020577 (TAAHUC!)
B FRAK AP E R,

GyAi. PR E R P, AR P
[ER/ Qo

3 # & =& (Diploprora Hook. f.)

I 2% J& M Hooker 857 T 1890 4F, 4L 2 Ffr
HE A 1, i 22 (Diploprora championii) |
S THRE MM PZE SIS — (Zhou et al.,
2016) . ASJEAEY) by B A A 257N | I AR B
T it -, BV 22790 5 it R B BROE B 8k 0 R B EHE
Jetin B 2~ 3 SR AR B SORAE PR i AR
TRADAE 2 5 AR AL, 2 A4, 8 T 2 e 5 R &
RO T EO7, AHE RBR 2 2 B o
FEE, JCEEAE AL BRI 4 A IR ERIE (Rl 2 B
o [ R ) A G R 1 2%, 1999)

BEZ KR G

Diploprora championii ( Lindl.) Hook. f.,
FI. Brit. Ind. 6; 26. 1890, et in Hook., Icon. PI. 2.
t. 2120. 1892.

ARFAEYZETIE,3~16 cm, fH 4 mm, FTH0TE |
AN S AT T, TOAR iR 4 AT B BURHG
B, K 5~11 em, 5% 1.6~2.7 em, JoidiH 2 ~3 4
i AEIFBRAE 4~ 6 Jqb, 168 11 8 140 Ik =
L K 3~4 mm, SEdm AR S KIRE, K2 9
mm, % 4 mm, Sevm 1 A B AR R K
gﬂﬁﬁ,@ﬁﬁ%ﬂﬁﬁ,%ﬂﬁ,{té’] 10 mm, 554 4 mm,
T3 2R B T IE s h 3 R A ] S i
BRARWOR HSCHR 2 24 R B g &R, B sk
1 FEEMEE; KL 3 mm, T
B 6—7 J1 ;2R 8—10 H,

HY AP RAESRA I, AT R AE AL, 5| Fh 2 74 5
PP B 2B L 5 T, S B R i
T 2% ( Diploprora championii) , FE{H E Y FLI (04
) (TE B FIAE %%, 2004 ) 1, I & 22 8 T 3L fé
(NT) , BhEEAZ BB AR HEAN K

FEUEARAS . PO I A8 & 4K 850 m, it
BT 2R P4 2020135 (TAAHUC!) . A&
BRAT H U

)AL T E AR U AW R LT
AL BN (B ) AR AR B A )
G T SN ES TR %5 T TR TR
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A-C. EHE2%; D-F. 8l G Mg 22 H-J. Bkt 2, K-M. EIEESERE 2
A-C. Callostylis rigida; D—=F. Chiloschista yunnanensis; G. Diploprora championii; H—=J. Taeniophyllum retrospiculatum; K—M. Yoania

prainii.

KRR T

PHCEBHEY 5 B % (&) Fi A

Plate I Photographs of five newly recorded (genera) species of Orchidaceae in Tibet

4 #rvt 2 )& (Taeniophyllum Blume)

At 2% J& i Blume #57 T 1825 4, 3 120 ~
180 i, th B A 4 Fh, 4 G kY0 A M 22
ot = (T
glandulosum) i MR 47 M 2% (T. complanatum) ( Zhou
et al., 2016) FIEBZEAN M 2% (T. retrospiculatum ) , H
T B AT I 22 R T 2 m B AR 22 0 (TR R A
7,2010) o AR JE ALY O /0N Y B B R A R AR A
Yy, 250, Josk RO R R BCRAE P B
1~ 4 S48 JEIF R B R 1 A7, AR T 1 07,
THNEE AN B A AN AR AR R 1 A
HAEIE S AR B rp 3R LN A A iU FE e A R a3
24 FREL PR Al vy A I L] ) 04 BT AR B JE A
PR N TC R JE 4 5 S AT R, O AR AR I 5 24 M AT O i
K miope s FE K3 AL 4 A~ (b B RF= e v B AR ) Y
HZEH22,1999)

( Taeniophyllum  pusillum ) |

EEFTHZ KR H-J

Taeniophyllum retrospiculatum ( King & Pantl.)
King & Pantl., Ann. Roy. Bot. Gard. ( Calcutta) 8;
244, 1898.

AT W) Ay B A= A, A BRI R AR N, TE2E
R e 1 5 BRFEFF 1~4 4> K 2~4 em, fE)7 4
HER B MR 2R, K 0.7~0.9 mm, /£3 2
AR 25 R AE R B3R LR & Ik rh
B R e A BRIRBEEHE  HL 1 SRk K 2~2.3
mm, 5% 0.6 ~0.7 mm; AP EIE , H 1 57k, K 2.3
mm, % 0.5 mm; JEML R, K 1.8~2 mm, 5 0.7
mm , JEI A, 7R AR Rk s 6 H 4 X5,
A6 7—8 H (Gogoi et al., 2014)

AR TUCN Py ML (0,44 S5 30 7 S5 ATt b o4
(TUCN, 2012) , A 7 VG 58 1Y 23 A1 4 52> T 5 4,
BB AWSE (EN) o AP i 22 (Taeniophyllum
glandulosum ) B DX 3TE T 25 T R0 40 174 SRR B e
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VAR, 55 55E X0,
CEUEARAS . r [ VG 5 245 B BRI, W 4K 2 300
m, fitAE TR F 2R HL4F 2020355 (TAAHUC!)
AR AT HEVE AR (B4 .
AT E A EE (B4 PR ) e
TR &R 28 B A 40 ) 445 43 4 ( Zhou et al.,
2016) , APy v PG B OG5k .

5 % £JE (Yoania Maxim.)

PLIE 22 )& Maxim #1537 T 1872 4F, 2B A 4
e, R E A 3 M, 4 Bl ok YE B 22 ( Yoania
japonica) . % #§ & B % (V.
squanosa) ( Zhou et al., 2016) Fl EJ & 98 #f %
(Y. prainii) . AJRAEY) R IE A HEY, BA A BUR
R R ZH MG XA, B, B SORAE
FeTiAE B 3~ 10 48 4B R, NI 5 7 S4B B
A SRR S A B | R A A I, 72 TS I H A 5 I
FATANA 1A B R Y B SRR S R B ST A6 A A 4
A HTAFE

EDESERE= KMWI: K-M

Yoania prainii King & Pantling ( 1891; 175).
Type: INDIA. Sikkim; Choongthang [ Chungthang ],
6 000 ft, July 1897, Pantling 469.

ASFPRE W) o B A= A 10 ~ 20 em; HROIR 25
OYRL, ot 25 B AT, B B EOBOE (U BORAE
JPHE 3~5 G fb; (A BE K 6 mm; 25 R 45K
FIH 55 0 45 80, KIVE S0 E , K2 2 em, 58
A1 em; AEIMTEINIE , K292 em, 562 1.5 cm;ﬁ%@
MBEATE K2 2 em, 520 1 em, B ESEABEHL HEHS
0N Y= 1 R B DR A R S )R S|
O, 4 N, AR E O, LW T8 A
( Schuiteman et al., 2017)

AT Z HI7E R AC 2T 2 g A R L PR
X (RAMAPFRE,2019) , HRA 1 AEHRE, W4
TEVG AL A B 1 A Ja B 56 B A R A v [ 43 A1
RO > XA AR AR ZR R O ™y, % 1R TUCN
WIRNLL 0 44 S S ORI AR i (TUCN, 2012)
53, BN SEHE 22 A vh (= R A fE (CR) o AR
FPIE 5 G HE 22 3L, AN [R) Z A AE T A Fi 6 1 (5
WL 580 IR L IR H 9, 5 TIX 47,

FEUERRAS - o [ 74 6 205 EL R IR 48 13 4K 2 700
m, JEAETAT , 2259155 2020390 TAAHUC! )

AT T E S EVE (B ) JETHR OB
(RS NG SR ESTE 3 T S R R

amagiensis var.

6 W54

=4 AE g A R VU R 22 B A W ) 3 A A
i, AR BB 5 A FL kR (40 )8 5 Al sk
JE) WA T 5 DA R, A 2id kAT
g4k 600~1 700 m HY TR A AR ([ BE A7 B v [
HYI R ZE R4, 1999) , AR UK & BH T A 45 i A7
VLA el ELAE% £ 295 1 & BLIF4K 700 ~ 900 m
b BRI B ZE TR AR T W5 A Dendrobium
nobile Lindl.) (BRAE A7 3 ( D. thyrsiflorum) 25461
2% ( Bulbophyllum cauliflorum ) %5 M} A= 2 FE4E 4
SR %0 SR A TIEAR 700 ~2 000 m F 1L bR 2
AR AT (BRG R A, 1999) , AR R BT 5
A% S I 470 m Ah (A IR B T A PR H ) A
Tk oA DU 2 DO R B AR AT N 2 4 A 22
( Phalaenopsis taenialis ) %5 M A = FHEY) . Mg 22
TOSRAE TR 250~ 1 450 m A 1L bR g L o
WaaA ECPEREGE D EAY) S 2 2,
1999) , AR & BT e AT VLT 43 7 2% S [ 3 v
850 m AbrJETARAEAMR A S AL DL 1 o 22
FHEY) R, BEW M 2204 T A T
b MR AE B AE EOR WA E ( Gogoi et al., 2014)
AR BT VG O 45 B B E B, 5 S
( Bulbophyllum retusiusculum ) . % ¥ f1 5. % ( B.
griffithii ) FLFFHAE TR 2 300 m Zb AR Zx At RS JE
Y0 RT b BB BE R 2% 00 S AR Tl K
1300~1 500 m A9 2 B 4R Ak ( Schuiteman &
Averyanov, 2017) , 7EF& [E W F ¥ 2 000 m &b
WAk AT B EE T AR T 45 L PR YR B
2 700 m AR SRR AR B A P R AR 2
% ( Diphylax uniformis) ,

ABFFE PP 5 > 22 B P IC % JE 1Y A I
ENVES=RELY % N =y S i K7/ R0 S =N
Xf i E X N Y 22 B ) 2 AR DR A B
ZEME, 2RV EZRURE T =
B, AR U TE A T 76 R L, 3R W12 R AR ) DA
7 ML B = B O I o0 A 5 S B 22w AR A R
SIARTTTAR N = A A, S A 2 R
ETVNM G, AR KT El BN S,
R B BB 53 A s e 22 B AR oA TR E
B AT e T AR TR E AV LA 8 43 A
W EAEY T2 A TR ERIL L R # X B
A 22 AR EAGC R T = m, AR 9 b A T
JECE 25 LR IE S, 5 EAMRGE TR IR (BN 4
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A PRAT B 5 A AT (Gogoi et al., 2014) | B
LA L, o A Ja bR AR B b s B R A A
T IR 2% i e TR R A A A (A YL
WIFE . P 55 ) , AR R R BT VG R e 4 L R E Y
MR IR B, B % 8 A W 7 3% 1= g 35 0T AE
FEAE) 1z 0 A, DR, PR R A >4 R A 4 9% T AN Y
SEVEARILTS 1 E = B A LS8 XA
WA, H 5 3 0 re S A RS X 24 R A
WA REA B — 2 W OB, 76 4 J5 Vi = BHE 9 X
RS RN T LA,

B RMTEHFROEIRA BT E
R P IF AZ AT S S e R A& & 2 T b B 5 Sh
BE SR XA E N RO E

SE .
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ZHANG X, ZHOU HY, XU CL, et al. Meconopsis dhwojii G. Taylor ex Hay ( Meconopsis Viguier) , a new record to China
[J]. Guihaia, 2022, 42(10) : 1786-1790.

GHER—PEHIERHN—REFREHAS
® o, WY, B, B R

( PURMRE R R, R 650224 )

 OE: hEVERERY SRR RS C AT T 2 WY Z R A B R A
MG R M X FRREAF AR AR AN A FRATTAT X 4 8 103 WU Ay 22 Ao P 8] A i 383 DX Sl g A
R — D RICF LRGN E SR ( Meconopsis Viguier) KLY, REE T A RFF, S&R (BB EY(CPE
YY) Flora of China . Flora of Nepal % 5E M e A&k 4% (M. dhwojii G. Taylor ex Hay) . 1% SCAH Y #T 9% BHR
EWR (1) BRGYEILEME N HE AR T, (2)ZEYFFHOE S SRR g s 2R, g
Fu T E SR R Z R XTI UG Z b [ SR R AR A — S AR W b B A R SORTRTE 1Y
bel ZANE . 2 G8E JR 23 JE U e B S BIF , 2 50K T BT e

KR gER, EARGGE, BE, FrRuEs

HESES: Q949.748.1  XEKHRIRES: A XEHS: 1000-3142(2022)10-1786-05

Meconopsis dhwojii G. Taylor ex Hay ( Meconopsis
Viguier ) , a new record to China

ZHANG Xu, ZHOU Haiyi, XU Changlong, XU Bo~

( College of Forestry, Southwest Forestry University, Kunming 650224, China )

Abstract: Tibet of China is relatively rich in plant diversity, although several plant diversity surveys have been
conducted, there are still serious imbalances, and some areas and taxa are under-collected or even some gaps. In order to
fill the survey gaps, fieldwork was carried out to target areas of weakness in plant diversity surveys in Xigaze. We found
an unrecorded plant of the genus Meconopsis Viguier, collected specimens and seeds. After consulting Flora Xizangica,
Flora Reipublicae Popularis Sinicae, Flora of China, Flora of Nepal, it was identified as M. dhwojii G. Taylor ex
Hay. The new information is reported as follows: (1) Descriptions and photographs are provided. (2) Seed
micromorphology and morphological differences between closely related species also are provided. The new discovery
enriches the diversity and also provides new research information for the genus Meconopsis Viguier in China, which has
some biogeographical significance and potential horticultural value for the study of Meconopsis Viguier in Tibet and even
in China. There is a long way to go in researching the genus Meconopsis Viguier. We should strengthen field research and
carry out research by multi-technical means in the future.

Key words: Meconopsis Viguier, M. dhwojit, new discovery, seed micromorphology

Wfs B H#A: 2022-01-28

HEE&WH: EHEHARP-3E4(32060054) [ Supported by National Natural Science Foundation of China (32060054) ],

E—1EE: W (1994-) L5 A, EENF & LAY 2 HEEDEST, (E-mail) zhangxu_plant@ 163.com,
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AR TR - R IR 1L DX 2R W) 2 R A
[X.Z—( Norman et al.,2000) , KHILIEZ3] T
2R, W5 T Z MY &It Y 2
FEPEI A (H TS Sl AN I A (E]
AN A o A Dt PR (RS BE RN AR, 2017 ), iz His g,
L, ZH XA EERZ A 2R AT X,
UEAFA AT KA B o0 A B B o3 A e KR 3 A b
I (EH e 4, 2018; B fE4F 20185 5 I 4%
2020; XA 45, 2020) . -3 45 (2020, 2021 ) BF 5%
FWIE 2000—2020 4F 1) 20 4[], v [ A 98 Fh &
R ERGOHIC K KM PAE < U1 7 A
JTPE 4 (X)), A R R kR R 273, TA]
I, 2020 4F357 Fh K 3 fix 22 19 H- 9 DXl 78 7 G 2 i
S 19 AF AR BRI 0 i R K 28 1 X AT
AT E R,

2R 24, J& ( Meconopsis Viguier) 42 5 5 Fi7 ffE
X R HEEY M Z — WZAY) 78 W EF K U
YRI5 5 %, 28 T B RO, 75t £ 20 4
] , 12 Ja 1Y 3 Fh K rb 8T i 5% AP ( Zhang & Grey-
Wilson , 2008 ; Grey-Wilson , 2014 ; Yoshida, 2021 ; J#]
132055 ,2021) RO EARIE . FRATTAE H 0 Ty kAT
T 22 R 14 A A 399 ] e B — 5 0k 1) 2% 90085 ) A
Yy, 2 A B R N AR S (FESE , 1985 5 v AR W) 75 4
743 ,1999; Zhang & Grey-Wilson, 2008 ) A #H 41 [
%{Tﬁ%%%ﬁ*‘i(r[‘aylor, 1934 ; Egan et al.,2012;
Grey-Wilson,2014; Yoshida, 2021) , % & “h o [ 87
IR JERERGE (M. dhwojii G. Taylor ex Hay) ,

L RE B KM

REZHE (K 1)

Meconopsis dhwojii G. Taylor ex Hay, New
Fl. & Silva 4, 225, fig. 82 (1932) & Gard. Chron.,
Ser. 3, 92. 409, figs. 198—-199 (1932).

IR . FOR 2 IREE T, Mk 60 em,
M MR, FEFEZEHL 8~ 13 mm, M RERE FK
KTH NG M K 16~33 em, 5& 4.2~10.3 cm,
L FEHARTE N BERS AT RIS NI B IR R A K
6~11 mm; FEAEM 2 ZRPLRERNELH 6~9
(10) %F &y | BEAR AL PR 2L, THAR v 2L, Sfe i
Bl A LU THAS , A o 224 - [h] PR B 50, ol A it M B

BTG s 25 2E M 5 B A AR AL (R R N A
Z40FERAR ; Fe AR AR KGR 16 em, 4G, 254 b0t
s =IO, /N IRAAE T 5 B 48 A [ 4 A
7 AR = 2 L ANR AR P AR 2~ 5 2%, TR
LA MRIE BT 40 ~ 65 mm , 467§l NI &,
PEAER 5.5~ 13 em (CRIAFTIA 19 em) LT NWIEH
B NI B# B, LEAINIE 2 BT, #NIE,
e 4, L, B ZiE B, K 25~37 mm,
Y& 22~37 mm, HMESEZ  fE22 B 220k, I 2R
o, THIVE MK, K 2.5~6 mm, #k&t 0]
sk, #HRK 20~41 mm, 78 7~8 mm,5~6
2 EBNIE K 8 mm, FIFOREE WREITE, 16
#e—o H R 8—11 A,

WX HRA . E Nepal, Sangmo, 12 000 ft, Lall
Dhwoj 0297 (Holotype, Isotypes, BM).

EAERRAS . VU H W8 000 7 5 A L gk i B i
BRI ML WEER 3 312 m, 2020 4E 8 H 28 H 1R .
sk L R i 2 R % BE Tsui-1810, Tsui-1811
(KUN) ;& H 8455 & g5 ih W& i 5%, i 4k
3527 m,2020 459 H 1 H ik skia B2 &
% % Tsui-1892  Tsui-1893 il Tsui-1894 (KUN) ; &
H B 95 £ BRIE R G 10 5] KA RNE 5%, 14K
4120 m,2020 4E 9 A 2 B, &3 k| JHEE S 5
% F& Tsui-1923 ( KUN); # [ BM000547042,
BM000547043,  BM000547138,  E00060576,
E00622908 , E00758043 ZFfr AR

S JEWURP R (2 Rhi X, 404 ol
TEA LR A TR 2 950~ 4 755 m B 74 A 3
FERAVEIN B 55, B P bR B H OB
WL [ i TRTRET N

Hi 3L & 3% RE : Meconopsis dhwojii G. Taylor ex
Hay B H 3C 44 47 J2 4 4% 9008 (52 1 & A Bk,
1980) 239 [ 4% 457 ( Yoshida, 2021) | &% 5 4% 4%
3R, BARGYE N AT R FEREN T4,
WRIEBE SR A 7 JE I IR AR 5 208 [C 4k 55
N TR G SR G SR ARAE — A R M
MHLE [ S04 AR K Z Y 255 % M e
IRERGEAE T A R

MFRES. K8 REYESEREKR, T
LIl i) S 5 R, b S R 0 B R ) T By 28
FRAE IR B A, A L 3R B X F - 52 g /1N
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42 %

(Sulaiman, 1995) . A PR AL RIA B AE H B R
LY JEZR SR GYE A T, i 4 A T I BB
AIECAE, L] O S 505 J AR ) 73 28 b 5 3 2 52
IR LAl TORE, Bl 2 5 g A B, M
IR A G BITE , K E LY 1.10 mm, 5L
9°0.74 mm , {HJE R E] B0 Bl SO AT AE— E
ZE5 . IR AR BRI I 1 P A R
PR 40 ARLBR T, e BN 7 il R 52 e Foft 160 3 2
TR B SO 2, BSR4 196 2 i, ol 2 SR T

LM Ay PR AR AE A8 (BT 20 A) R AT R 5 R AR
PR -6 R R, ol Bz 32 D S8 A Dy 2 B (TR 2
B) . HEMJEARERGY & Fh 1 U | 3 B A1 i 18
BARFE WAL AR TR 715 B XU AT 16 %

VT LFh B . A B AR Bk GE S Al i 4
28 ( Meconopsis gracilipes G. Taylor) fz HAHVT ( 5
IE % 1 JE Big, 1980; Grey-Wilson, 2014 ; Yoshida,
2021 ) , AR AH 5 SCHR b AR 8 BT 3 522 0
(F£1),

AR BRI KR C. RIB RSB AL, D. R E. BHARA,
A. Natural habitat; B. Fruiting plant; C. Base of the bristles purplish-black; D. Fruits; E. Holotype.

K1 JeARERGHE
Fig. 1 Meconopsis dhwojii G. Taylor ex Hay

A 77 EHE AR ARGEE R FROEE; B, 7 AR E R ARG R FROES
A. Seed micromorphology of Meconopsis dhwojii G. Taylor ex Hay from Tingri County ; B. Seed micromorphology of M. dhwojit G. Taylor ex Hay from

Nyalam County.

K2 JeRemyEM T RUES
Fig. 2 Seed micromorphology of Meconopsis dhwojii G. Taylor ex Hay



10 1] FRALSE . LRGIH TR — b DR % M ——JE ARG 0 1789
®1 BREFENABZAELERTERESHEESR
Table 1 Differences of Meconopsis dhwojii and M. gracilipes identifying features and ecogeography
SR R B A A B S

Identification of characteristics
and ecogeographical differences

JEIRERGAE
Meconopsis dhwojii

AL
M. gracilipes

i BEAE UL Fy o el 45 (0 s ms A 2 0, TR

Leaf 78 H 6~ 9 X BN NI LW 52 A 2R £ BE
basal and lower leaves are often purplish or reddish,
the segments are deeply divided to wholly lobed and
are narrower; normally 6 —9 pairs of segments, the
base of bristles purplish-black

JI AT SR BOE KSR 2 R FE

Ripe capsule Thin, long, wide oval to oblong

e K3~6 mm

Persistent style Length 3—6 mm

I35 PGl E=pEgi]

Habitat Open rocky terrain

SR IX JETRPRE (SRR X, 370 D TEE O )

Distribution area

r [ P R T (LA EL S E H OB

Central and Eastern Nepal ( Dolakha district,
distribution center in Rolwaling Himal ) , Southern
Tibet of China ( Nyalam County; Tingri County)

BEA: v 2 98,3~ 5 XA M BARAMEI S R
HHBK

Basal leaves of segments are shallow and wide, with
3-5 pairs of segments, with uniform indumentum,
whitish and soft

Bk
Flask-shaped

K 6~10 mm
Length 6—10 mm

IR v, 30 A R AR AR A PP SR Y R
Shaded areas, usually in forests or bushes or along the
banks of streams

JENR B (BRZR R R TRl DX hr I B X5 22
AR 4 0 | 7 0 B e R JIK W e ) o [ P G R AR
(FHiAL)

Central Nepal ( Gorkha, Kaski & Lamjung districts;
Annapurna Himal, Lamjung Himal, Gorkha Himal) ,

Southern Tibet of China ( Nyalam County)

2 Wik 5£&%

JE 7R 2% 9 ( Meconopsis dhwojii G. Taylor ex
Hay ) 7£ [ P A 30 R 1 3% Fh 14 73 A Je L e
IR JE VAR T AR B 4 DX A, 37 Je 2 [0 W Y
FAR, T SR G TR A Y 2 AR, XY
VOB S 2 v [ e ol TR A W) BT — € 1Y AR W
HE R SRR b i, S —, 6 T PGk
BE R I RGBSR A0E TR 1Y o3 A b AL T
Hh [ PO R R T L X 2R R SR A L I i R A )
PN F R R E O E v A 78 B,
S 86.67% ; T Ak 73 A v A4 PG 58 S 2 e o
LI, A 31 R, o B 34.449% (113, 1985
Zhang & Grey-Wilson,2008 ; Yoshida,2021) , #ric %
AR R B T 1 — 20 W50 T [ 28 5 T A o X 4
SR 2R R RA —ERE S,
TLEE TS R ADTE MR TR, JE AR SR
Gl LR A TR R IR R 2 — R R B
R, BA KRB RS A HEAL ), AL FE Rl Ik i
woe, AWK, BAT AR & 00 2 B (A ( Grey-
Wilson,2014) , FiR 5 70 28 8E 09 % BN 1R N 4k 9408
JRALTT AR TR TR

Wb, VR 5 3 ok v [ B AR AR G (https 2/
www.cvh.ac.cn/ ) 25 Fa AH 5 i X FTAH G S BE AY AR AR
R I i SR AR bR A SR 4R O THI A7 TR 3™ H A 1
B, W M R R RIE A 2, B
Mo LAPHCH w0 e H B o], iz B3 13 4>
AR BT AR A A 5 B S U TR AR
A RAEH S 2 A TP AEFL VY 5% & BRI R ACE K il
o 5H EREMPIIRA 1 700 R0, 914 & %
BRI KA S Oy, B0 S HREFES
Ho FFLASR G808 B AE R R O s i), & R 2 ofill 4
245 ( Meconopsis horridula J.D.Hooker & Thomson) .
4 2 2% 4 8 [ M. integrifolia ( Maximowicz )
Franchet | | £ f£ 2% 28 & ( M. punicea Maximowicz ) .
TKER G E (M. quintuplinervia Regel) SR ERSE
(M. racemosa Maximowicz ) %5 Fp A5 fifi B2 B K 1 BE
Nt 2 9385 ( M. tibetica Grey-Wilson) XA 1 5 2 f3hx
A, BILRYE (M. torquata Prain) £ 2 5 6 Iy bp
A EVBR L 2% 4% 8 (M. balangensis Tosh. Yoshida,
H. Sun & Boufford) 7 2 5 9 (bR A ; VU gk 5% 5485
(M. florindae Kingdon-Ward) | % & &% 28 & ( M.
primulina Prain) SEIEERE (M. violacea Kingdon-
Ward) | A8 IR 46 4% 90 & (M. sinomaculata Grey-
Wilson) | /5 22 4% 4915 (M. superba King ex Prain) s
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] N TC AR AR AS

Ve 8 S i e Ll DA% 32 G LA ) 2
— AR [ N A R AR T R Y Sl R
WHr Ff ( Zhang & Grey-Wilson, 2008 ; Grey-Wilson ,
2014 ; Yoshida,2021) , $& 117 i L6857 Fh A AR 95 A7 FR A
RIESFHE R R, bk Z 50 TR % BoM 1
T AFAEE . AR RATY T 2 TF i R 1) 5 A1 £
A R0 2 B X Sk G T i R B T 53 1) b [X R 28
TE I FH 5 0 03 1l DX R 2R A 3k 8 9 A SRR B 0 3
DXCFNSERE A I 1) o N o 2 i AN S IR O [) i
B XS 0 s T RS AR AR 7 1l ] 9, ik 47 B b
JEREWLI 2R W73 5 | fl by B i1 4 BESE 2
RGN LR, XA BE R WAL %R A Y 2+
PR, i b E B A 20 Rk gls m A, IR
PRIESTETE BF SN AR A1 00, iz & HE ) 2 4 R
7, B IR B A

it FHIMHAEFR THRESTHRY PO L
HL,KE S MR IS m AU 4 R A ok A 0 F AT
B P HERAED RIS E R LI B2k
RARGFEREFFT, FiaE Tz LR BEEEL,
JE o — S B0,
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EREPEFHFIERM—BE RS E
Bads, x) K, WA, GRS,

(1 EERY AR SRS b, WM 5 4160005 2. MMEITE @ S L RbA 1 SCHERE2 1%, Wi M4k 418000 )

. TEXTMI A LB RIS R D, R B R AT RO TR S A DU SE AR (1) 4l
/N REE/NT 29 wm; (2) SRS SR TT I Z 005 (3) M EESRAH ) FE T 025 5 (4) TALIXAR/N i 1~
3 BESNIE AR P RN B FLEC 2 L, — FhFLBC 552 B i fLBOMRL, AR AR VIR O3 —F ol BB /AL,
V\Ijﬁﬂiﬂiﬁﬁ SARFEFT S 05 5 (5) ST M b AR AL L BUR FE R 10 um 2 10~ 12 4% R b AR Ak
510 pm N 11~13 5%, fLEUF R 10 pm 8 30~40 1~ (6) FEFELFZEEM b e X EA 1~2 MR, &5
WA L PEAF 25 35 ( Cymbella pavanaensis A. Vigneshwaran et al. ) BECFPREAH HL 32, 12 SO E L b A 25 98 B R A D
PR, I SCHR AL 1Ok FC A A 25 s A 1 S 22 3 T R, R T B A X, HL R R R T
] 14 B AGE

XKEER . EEE, L, 05, BMEl, Fncs

hESSES: Q949 XEktRIRED . A XEHS : 1000-3142(2022)10-1791-06

Cymbella pavanaensis A. Vigneshwaran et al.
a diatom reported for the first time in China

LONG Jiyan', LIU Bing'", ZHOU Yangyan', XU Sanmei'" >, CHEN Jinhua'

(1. College of Biology and Environmental Sciences, Jishou University, Jishou 416000, Hunan, China;

2. School of Arts and Sciences, Huathua Normal College, Huaihua 418000, Hunan, China )
Abstract; During the process of studying the diatom diversity of Hunan Province, we find that a Cymbella species
collected from Xiang River possesses the following diagnostic features: (1) Cells are small and their lengths are less than
29 wm; (2) Valves exhibit slight dorsiventrality; (3) Distal raphe fissures are dorsally deflected; (4) Apical pore
fields are very small and composed of 1-3 transapical rows of porelli, which comprise two forms, one is slit-like, similar
to the areolae on the valve face, and the other is rounded with internal openings covered by the flap-like silica
projections; (5) Striae 10-12/10 pum at the dorsal middle part, 11-13/10 pum at the ventral middle part, and areolae
30-40/10 pm; (6) And 1-2 stigmata exist near the valve ventral central area. After comparing this species with the
type population of Cymbella pavanaensis A. Vigneshwaran et al., in this paper, it is identified as C. pavanaensis. This
paper provides a clearer knowledge of the ultrastructure of C. pavanaensis, enlarges its geographical distribution region,
and reports it for the first time in China.

Key words: Cymbella Agardh, apical pore field, stigma, ultrastructure, new record
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HEE&WH: HEHARF34(31760051) [ Supported by National Natural Science Foundation of China (31760051) ],
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e 25 3 J& ( Cymbella Agardh) T 1830 4F A 37
(Agardh, 1830) , 2L ] B BHE, 2K
B fit ¥ J& Z — ( Kapustin et al., 2018) , Krammer
(2002) 7EHAT 25 3 8 L 35 PR R 1) 32 25008 1
FEVAZNANT < (1) seim BAE R 25, A 25
JEE A T 00 A0 S ot AR R A/ B L E P T AY
M5 (2) A I8 5% S R A 29 1] 5c T O 25 i 5 (3)
s R 22 HOR 2 7 T R S B AL X5 (4) 280
FEEMA — DB, Krammer (2002) 7E
HAFPG TS EIEM 129 A1 31 SAEFE
ek, Horp 100 Al (63% ) 4 80 E kBT b R
AEFf, Krammer 2002 4F Y% 25 02 H Fi i 558 B N
U2 R U AT S o 26 S 1 E 2 R

Guiry Fll Guiry (2021) 7E AlgaeBase ¥ 3fj |- %]
B TZJE AL 576F (RIF R ) 248K, o 357 A2
HATHZ 1) 73 2 44 FR o ARk, b [ 27 2 % v [
B 25 e JE A 4k AT T F 2 05 (Hu et al.,
2013; Gong et al., 2013; Zhang et al., 2017;
Zhang et al., 2018; Liu et al., 2018, 2020; Zhang
et al., 2021; Liu et al., 2021), #i=Z#r(2013) &
KT RTHENZ R Cymbellaceae ) 1% 3,
HALHE AR 25 B 1 49 A 5 AR RR X o [ A
LR 1) — AT ST B, SR, R
— MR R R R E, BA F | 2K R S
R, VF 2 H B O H M X K AR S R G 0 A
ARG N R . P, 7E b B M 2 o S H: Al i o
2 i — R A& B, 7T A B A v
BT FRAT R I T — S oK 1A o Y A s R
& ARSI 3E He v — b BB I % R ——A BL AL AT
25 % ( Cymbella pavanaensis A. Vigneshwaran) [ #f
L, FlONR] pavanaensis 52 F5 1% Fp 14 =X R & B
Mo BB M Mg BC $7 9 ( Pavana  River ) |
( Vigneshwaran et al., 2019) ,

1 #B 5%

ARSCHIREFERE S T 2021 410 H 3 HR AT
WL 2 32, BARIRURE JS0 T ) 08 2% % B VL
(M FHARFR A 110°41'47" E 25°39'55" N, fE4k 210
m) . BRI S A AL A5 B, 1R (28.53 =
0.05) °C .pH Jy 8.66 = 0.05 HL 5%k (224.33 +
1.25) pS - em™, WU SEBK Rl AR 2 HE
oy (A ) S 00 S, FH 2 Il L A 2% T 1Y) B A e

BT ISR N 5 SR 5 v gk A Sk Bl 5% T Ak
FE R ot 1) BEORL 2 DN 5 R 28 PN WSO ) R O DA
100 mL AFE S B RE RO I ; T 70% 1)
RS [ 5 | SR )5 % 25 [0l SC 0 2= b 8

TE S0 % SR F R J7 ok Ak BRRE A o, B
T3 1% - NIRRT 8 ik B 0 ot 5 T TP IR I 25 mL T
Mo AVEH T 250 mL AR A 30% XUE K 50
mL, 7£ 80 CHEHIRE A 6 h, HALBRFA HLY) FT, 48
JE A5 mL 10% () HCl Bria & 85069, A
EETKEE 12 h 5k B, X dEER
5 WG] T A REBEAR A . F ] Naphrax 3¢
F T A R LG 27 S Gl WL 2 R IR (R
FE PR RO 27 OB AR Sk B S 2 51 Ol Leica
DM2000 Fil Leica MC190 HD) ., 7K A %% F {#- /£ 1F
T REBRAAE A BOULSELE W R ML A B
58 I (8 R AR EE A 3 S A e 1 R U, B
Sigma HD) ,

AW 5% SCRE R 1 322 S ] Round 4%
(1990) HEFAYAH AR TE | 31X LA ) — A S rpr d 22
A T SOR T X BN L SCHR S L5 3 332 1) 32
ST (valve) HIKAS (stigma) ZR& (stria) FLEL (areola) |
LML AL (lineola) |, H1 975 (central nodule ) | T L X
(apical pore fields, APFs) . 5¢ %% (raphe) ., iT 4% ¥
(proximal raphe ending ) . 1C 4% ¥t A AH ( distal raphe
fissure ) FMEIWL( external view) AW internal view) .
I20E T (helictoglossa, &% helictoglossae ) ¢ W iHUE%
(light microscope, LM ) ¥4 H ¥ 12 fil 5% (scanning

electron microscope, SEM) ,
2 EREAN

MRECRIHF i CFr bl IR 1, EIRIL P& R IID)

Cymbella pavanaensis A. Vigneshwaran, Kulikovskiy,
Kociolek & B. Karthick, in Vigneshwaran et al. 2019,
p. 212; Fig. 1-28; p. 214; Fig. 29-32; p. 215: Fig.
33-36.

VG WA B WA S RN BT M T BT 7R . ¢ T A
BEE2Z 0 MR EE, B4 80N, 1Ak
G, Wi L AN SEAR SRR B R IE 31 4
FRAS B 72 1 K 22 ~ 28 wm, 9% 5~ 6 pm, K 9 L
3.7~4.9, TR RIX, RRIIX A, &I, sesEIEAR
ST o iR, IrgEsm 224k ie sk i 22 RIF A5 [n] 75
My, MM 1~2 DR, (H2 B R & gy h
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A-V. 22 A5EHNER — RN SRR R 5 R I IZ 20 A=V ARRDE 10 pm (30 A JIT7R) .

A-V. Twenty-two valves show a diminution series, and are slightly dorsiventral. A=V scale bars=10 wm (in A for all figures).

Kk 1

PR ELRI MR 55t WABE I (1 000%)

Plate I Cymbella pavanaensis (LM) (1 000x)

AR, B LG T MELLEE . RBULF 1T, 1
SEIE P Ab L SRS IR T 0 v L L0 T R
10 pm R 10~ 12 5%, R rh 3 26 80 % B 4 10 wm
R 11~13 %, LU FECEE T HERLIX 4,

ERE Rl TR G U - SNE N | ST RES
I, ZemmiB s s (BRD.A, C;ERMRI:A,
C) . Torr DX, BE M5 A oF 11 4 fif BB | o
B s (R I . B, D) 5 95 P90 JF 112 Bk 4% B
AR, T P 1 R B /e S 4 e BB 5 (LR T . B, D)
FEUESEAANT T 5T 1 ER, SN 4 v R R 1) T )
i1, ST 2% vty A7 AE Hp 9 FL IO 1) 200 (BRI . B,
D)., MFENTHF , L 4% i Z¢ 1k T IR e & (&R I
E-F) , I 3 4% vy AN 0] UL, 45 08 bR 0% ke Joit 245 449 Jor 38
i (ERRI:B, D), LEUHH], fLEUkaEBTR, £l
SR8 BE DA T HP (][] 3100 2% 3% 0 48, FL 80
30~40 /10 pm, KumHEHARPNETIFLX, H 1~
3 Gk INFLA L, /LA P FPIE AR . —Fh 5721
LBl 2R EEBR (BRI E-F) 5 55 —Fh )&
B B /L (R T . E=F) |, T AL X /N 8 L N 358 5F
H A AAesReE iR s w5 (B . E-F) .

3 it w

Cymbella kolber Hustedt, C. kolbei var. angusta
Krammer ., C. hustedtii Krasske F1 C. tridentina Lange-
Bertalot, Cantonati & Scalfi PU/™H525 S Fh 2 5 A FL
PiMr A i A AL 0L SRR 1E . Vigneshwaran 55
(2019) 7 & R MATLHAF 25 B C X E AT Z | A X
SHEAT T AT 4l He B A5 BT ( Vigneshwaran et al. |
2019) , A SO P 52 91 3% L 5B AT =2 [ B X
B2 7B T B A M TR IA ORI 25 B8
BHFHE , X B X Vigneshwaran 55 (2019 ) —3CH1 4 2
PN BRG] T AR fL A S S C
hustedtii B X ST THEHE BEMIE A 1~2 DI,
T J 5 TN 8 AT I 5 T 10747 75 98 1) TOUAL X
PRI [T 25 09 FL 20 20 B, BP B 4% B R 19 5 5 T
FLECRAL 1) LSRN EE B FLBCEH I T C. kolbei
C. kolbei var. angusta F1 C. tridentina BJTFLIX AR H
1 — I 2 28 B AL 80 (IR /N FLB0) 21 A W FL
FIME 2 B JE b S X, Wi C. kolbei, C. kolbei var.
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A, —ASERENSETT ; B, A B9 ERAN T, RO SMIA IRE 17 (SR 00 ) o L o 5 00 A7 36 77 ), A B e B B AR AL
G H; C-D. H—A5e st b H b s an Ty, R A RAR B AYARAE ; E-F. AR SRS 401Y, DAL IX i AN 25 9 fLac i, —
FpRSE BUIR (B HF KR ), 5 — Mo BB (FF6 R ) o AR CHRRN 3 wm; BAID HRR 1 wm; E-F #34 300 nm,

A. A complete valve; B. Middle part details from A with rounded opening of stigma on the ventral side (one arrow in B) , the dorsally deflected

central pores (two arrow heads) , and lineolate areolae; C—D. Another complete valve and its detailed middle part showing the above-mentioned

features; E—F. Two apical details, with two forms of porelli in the apical pore field: linear ( curved arrows) and rounded ( normal

arrows ). Scale bars = 3 um (A, C), 1 um (B, D), 300 nm (E-F).

Kb T SAECRIAR SR i T LA (Shremiml)

Plate I Cymbella pavanaensis (valve external view) (SEM)

angusta ,C. tridentina B/ I X, ML E
FeAETT LA Y, M BL AT 259 B A IR, H AL X
FH T i S 7 1) L S0 20 B RN TG v e XA A 2 5 A
AR AR DX B A A AR 2H 5

W B P 25 g 1 A R R 2 & T B RE
P, % R — A h SRR CE IR AL Y R
( Vigneshwaran et al., 2019) , 7EA< 3CH A BL 4L
B 25 MR IBORE A, FRATT R BT R A R 248
F 2 ( Pomacea canaliculata Lamarck ) #3 £1 €0, (%) B |
FEATTHE I Z 0T U T BE AT B 22 A5 MR AP AE . A 77 1
FEIHAE )R B RO, H I ) A 25 R Rt
AR S BUKR pH (BT R TR
B 20 TR Y A R K A b B AR S W 0 o3
P 7K A v g 2 AR W 0 A (B R AR
2021) , [A]F A 5 08 A 1 15 G W) Bl 7K G E B
TR FI A 75 G, BO7E S K i Be & AR TL AR |
J"™ AR B TR (A4, 2014) o T35k,
TSR] 0 1% T 00 A 0 22 7K R L AR T ), K R

PR BN T N IE AT PR, JHL it A £ % 7K 5 7= A
SO A P S 238 8 N AP ORI AR R AT
T2 LK AR R SR A (LA, 2015)
PR FRATTHE U A SC b By i BL P AT &5 e AR R
BRI, 5T DL EIEAS OB AR 5 75 SR AH
I, FRATTAT LA FE 3 2 AR SCrp 09 M7 B LA 25 3
By, ABFF M A S A R 2 2 R
Mo DURIIAATE 5 45, 75 2430 2ok 49 4 v B UL 42 3]
HNFRIT 15 R w5, 0 S B i 00 2 i AR Z2 40t
FETERE T RS> B4, X IS 1Y 52
THETEAER 3 T A SCRY IR 25 28, A L H A
LRI B N B IT A B RmEA 1~
24,
MAIRRF, H il 0 53 A58 2 3 TP
A EWRHE R AT, B 5 8 Z A K 6 8 2 F &
T2 22 ) Y DX 43, A1 8 R B A4 g B8 1ok 45 4 R AR
(Round et al., 1990; Hamilton et al., 2019a,b)
TEMY S P i A 1 S 5 v SET B AR | v s X Z
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JEARHE S . Rk P BT IC SR —— A TR 5 1795

A —ATEREMSETE s B, A BT R BN 2 A 9IS Y PN O AR R B SR SR (PR AR ) | o 4% T N S 44 it 1 o IR T
W(HR PR ) 3 C-D. 75— Fe T MO PR any, JR/s DL S B ARHIE ; E-F. 7R P AR S 40 79, 1 2 Tt /N [ AL N R I 10
EI7 — AR ER R IR (R TR ) (R PR A BUIRFL SO TRIT A G836 9, LR R TR IR (B Hi ) o A C AR iR

3 pwm; & B AIE D BN 1 wm; E AF ARy 400 nm,

A. A complete valve; B. Middle part details from A with internal openings of two stigmata convoluted by tooth-like projections ( two arrows) and

two proximal raphe ends are invisible (one arrow head); C-D. Another complete valve and its detailed middle part, showing the above-

mentioned features; E-F. Two apical details, with the flap-like projections covering the inner openings of small round porelli (two arrows) but

the lineolate internal openings without occlusions, and robust helictoglossae (two curved arrows). Scale bars = 3 pm (A, C), 1 pm (B, D),

400 nm (E, F).
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Plate I Cymbella pavanaensis (valve internal view) (SEM)

LUEEASRAE , BORAE e W T e, (H
T B FLEL  FEBE AR AT R e T A TH L X A5 A 2
Ay, APt A A B I GO L B R AR A Y A
DI, DI A AL 5 2000 o 4 48 PR 7 S R B WL
PR 3 A Fre X BN, AS SCHE I 1 X A LA 2
G Cag (RO P AT 1R/ AN | S g a G
W BL AT 25 38 ) 4 3, I ELAE B B0 20 A1 DX A ED
JEYJEE T v [ AT

clt

SE K.

AGARDH CA, 1830. Conspectus Criticus Diatomacearum. Part
1 [M]. Lundae: Literis Berlingianus; 1-16.

GONG Z, L1 Y, METZELTIN D, et al., 2013. New species of
Cymbella and Placoneis ( Bacillariophyta ) from late
Pleistocene fossil, China [J]. Phytotaxa, 150(1) ; 29-40.

GUIRY MD, GUIRY GM, 2021. AlgaeBase. World-wide

electronic publication, National University of Ireland,

Galway. Available from: http://www. algaebase. org
(accessed 23 November 2021).

HAMILTON PB, SAVOIE AM, SAYRE CM, et al.,
2019a. Novel Neidium Pfitzer species from western Canada
based upon morphology and plastid DNA sequences [ J].
Phytotaxa, 419(1) ; 39-62.

HAMILTON PB, STACHURA-SUCHOPLES K, KUSBER WH,
et al., 2019b. Typification of the puzzling diatom species
Neidium iridis ( Neidiaceae) [J]. Plant Ecol and Evol,
152(2) : 392-401.

HU ZJ, LI YL, METZELTIN D, 2013. Three new species of
Cymbella ( Bacillariophyta) from high altitude lakes, China
[J]. Acta Bot Croat, 72(2) : 359-374.

HU YY, ZHU ZF, SUN X, et al., 2021. Pomacea canaliculata
is an important invasive species causing ecological
vulnerability [J]. J Trop Med, 21(10) ; 1364-1368. [ # =
W, REEE, PNV, GE, 20210 ARYIFRARE A I R TR A
BREMBIAER W [J]. Pl R0, 21(10):
1364-1368. ]

KAPUSTIN DA,

KULIKOVSKIY M, KOCIOLEK JP,



1796 OO M W

42 %

2018. Celebesia gen. nov., a new cymbelloid diatom genus
from the ancient Lake Matano ( Sulawesi Island, Indonesia)
[J]. Nova Hedwigia Beihefte, 146, 147-155.

KRAMMER K, 2002. Diatoms of Europe: Cymbella [ M ].
Ruggell; A. R. G. Gantner Verlag, 3. 159-174.

LI JH, WANG D, YANG M, et al., 2015. Farmer’ s rice
fertilizing behaviors and policy implications [ J]. Resour
Environ Yangtze Basin, 24(3) . 524-530. [ 224218, T,
Wik, 4, 2015, ROK R AC A7 o4 WF 5% 5 BOR iR S
(1], KIS IR S5, 24(3) : 524-530.]

LIU B, WILLIAMS DM, LIU QY, 2018. A new species of
Cymbella ( Cymbellaceae, Bacillariophyceae ) from China,
possessing valves with both uniseriate and biseriate striae
[J]. Phytotaxa, 344(1) . 39-46.

LIU B, WILLIAMS DM, LI Y, et al., 2020. Two new species
of Cymbella (Bacillariophyceae) from China, with comments
on their valve dimensions [ J]. Diatom Res, 35 (1):
99-111.

LIU Q, WU H, LI YL, et al., 2021. One new species of
Cymbella CA Agardh ( Bacillariophyta) from high altitude
lakes in the Hengduan Mountains of Southwest China
[J]. Acta Bot Croat, 80(2): 184—190.

PAN DL, ZHANG JH, LONG ], et al., 2014. Impacts of
golden apple snail ( Pomacea canaliculata) on water quality
and microbes [ J]. Chin J Eco-Agric, 22(1) ;: 58-62. [ #4¢
i, SREHE, R, %, 2014, 18 A UEN KR IR 5K fA

ez (1], hEARSR R, 22(1) : 58-62. ]

ROUND FE, CRAWFORD RM, MANN DG, 1990. The
diatoms: biology and morphology of the genera [ M ].
Cambridge: Cambridge University Press: 1-747.

SHI ZX, 2013. Flora Algarum Sinicarum Aquae Dulcis.
Bacillariophyta Cymbellaceae; Vol. 16 [ M ]. Beijing:
Science Press: 1-218. [Jifi=2$, 2013. FEHAKHEH 1
ANERESET I SERL [M]. deat: BlEh . 1-218.]

VIGNESHWARAN A, KARTHICK B, KULIKOVSKIY MS, et
al., 2019. A new species of Cymbella ( Bacillariophyceae,
cymbellaceae) from the Pavana River, western ghats, India
[J]. Phytotaxa, 395(3) : 209-218.

ZHANG W, JUTTNER I, COX EJ, et al., 2018. Cymbella
liyangensis sp. nov., a new cymbelloid species ( Bacillario-
phyceae) from streams in North Tianmu Mountain, Jiangsu
Province, China [J]. Phytotaxa, 348(1); 14-22.

ZHANG Y, LIAO MN, LI YL, et al., 2021. Cymbella
xiaojinensts sp. nov., a new cymbelloid diatom species
( Bacillariophyceae ) from high altitude lakes, China
[J]. Phytotaxa, 482(1);: 55-64.

ZHANG ZY, RIOUAL P, PENG Y, et al., 2017. Cymbella
pamirensis sp. nov. ( Bacillariophyceae) from an alpine lake
in the Pamir Mountains, Northwestern China [ J ].

Phytotaxa, 308(2) ; 249-258.

(HRfERE F #)



(rreaEy ) 40Rie XA iEPEH RS2 1ie 3

EH, PEMNM (ZRABEYEE) ZH 72011-2022FFH M AR,
(ra|y) 254088 Nk, Efp, SPCSHEX27/H . SW5I MR IL X265,
B PRI X105E, RKSG “GPCSI. B#5]. B TH” WiLX3RE, EREKSE
“BPCSI. B#5!” & “B#®5l. S TH” E‘Jféi‘l?%o

AHREBEZFANEEERTHRIUNT

(r&Ey) )\iﬁ%%ﬂlﬂﬂiﬁiﬂggﬂ

ez & — &
= = - PRI .
e— = A &
= —=a ® e o
. — i o . =
W EET R @ = -
i - - - o
- == & - &
- Bzats = &
esue e T ot =
w " smieme . - 2
= - o =
- = = T RrEEmes  aEeT &
- s &
er &
By 1w = &
— -

= (fiRE. SRUNK ) SR

BE, ZBUIBEETCONKIG I xHE
B, SAlRBHESIHR, THIRR.
PCSHE# (L XSIHEFRAEMLIES ) ik

HEM1%MIEX, BIE#HSIEX. & )(;i e ;-.-,_r_f;'?wf?ri.i*“};
THIEX R EPCSIE, HRHENEIE TN
., = drhttps://xsjy.cnki.net £\ ik :

S AE B k3 E R 74



&R 3% ArrieB 4 & HHIEEKE.

% BT «3rdf4eE» (AJ, VINITI. Abstract Journal)

v F[E «{k230d%» (CA, Chemical Abstracts)

# HEEH «EERRLE EYPHER L (£30F)» (CABI)

*r [ «2FR{ERHE» (Global Health)

* FE «PIBFRMECR» (CSA: NS)

* 2% «FFHEBZES|» (IC, Index of Copernicus)

¥ HA « H ABLER AR LA BAR FE» (ST, Japan Science and Technology Agency)
% R « SR EEFY IR (Ulich's, PD)

v R I A SO RAR A — T BRI FE» (EBSCOhost)
* 3E «EE%59]» (Index Kewensis)

* R IR HAHE AL Bb» (CICSC)

*o PO R S —h O T

v W ERHOE L GE TS 43 Bl FE (CSTPCD)— v R A% 0o 1
* W EFE G SCEAEEE (CSCD)y B2 5 3083 #%  (SCD)

v o [ A 2 SR BAR FE (CBAD) b [ 4E 827 S0 il (CBA)

v [T SCR B FE(CSAD) v [E 4k 24k 1304 (9945 i)

o Hp T2 O08AR PE(CIFD)
* 2R AR RSB P B A (CAJCED)

o R U A — v BRI T RS 8 (http://epub ki net)
s P EAW b EZALP (M) » (CAJ-N)E #El ) (hitp:/navi.cnki.net/knavi/JournalDetail ?pcode=CIFD&pykm=GXZW)

* R ATRIBERFE (SWIC) (http://www.cqvip.com)
* rERLOHIT (k) %)% (http://wanfangdata.com.cn)

v o ] A4 5 25 SR IR 45 & i (SinoMed) (http://www.sinomed.ac.cn)

*o o [H & A SO T IR 55 9k PE— S8 1 99 (CEPS) (http://www.ceps.com.tw)
¥ 1 M (hitp://www.bookan.com.cn)s  JE{E T W (http://www.qikan.com.cn)

* Ha EREBERHGE SCHUL AT & (ChinaXiv) (http://chinaxiv.org)

* R BERHBOW T T BERICE & (CAS-OAJ) (http://www.oaj.cas.cn)

* EERHE TP IFHCES  (http://doaj.istic.ac.cn)

VXL,

H A, 19814E €1 A
W42 B 10 ] 20224E10)]

GUIHAIA

Monthly, Started in 1981
Vol. 42 No. 10 Oct. 2022

EERN: I"Eﬂﬁﬁ

‘Flilﬂ"”‘ﬁ

T E Y F 2
ZHEER: DRF
E 3 4. FXE

a8l £ @, BHEES) FH
RmERN. (JEEY) RES
o db: FEMTHMEL 454 541006
HiEFMfEH: (0773) 3550074
B F {548 : guihaia@gxib.cn
™ ik : http://www.guihaia—journal.com
HARRG: 4 2 ¢ K &
(dtE=FHHRILE16S B%: 100717)
ENRIZET: AR B WENRI
iT W & £ESMGENE
B R T: 4 4 2 K i
EBALTT: PENREALAERTLIAE
BB RIT: PEEHREERASEAFTRLT
(JeR=3991548 )

Supervised by Guangxi Academy of Sciences
Sponsored by Guangxi Institute of Botany, Guangxi Zhuang
Autonomous Region and Chinese Academy of Sciences
Guangxi Society of Botany
Honorary Editor-in-Chief: MA Keping
Editor-in-Chief: LI Xiankun
Associate Editors-in-Chief: JIANG Qiaoyuan(Managing) LI Li
Edited by Editorial Office of GUIHAIA
Addr.: Yanshan, Guilin 541006, Guangxi, China
Tel./Fax: 86-773-3550074
E-mail: guihaia@ gxib.cn
http://www.guihaia—journal.com
Published by Science Press
( 16 Donghuangchenggen North Street, Beijing 100717, China )
Printed by Guilin Daily Printer ( China )
Subscribed by All Local Post Offices in China
Distributed by Science Press
Domestically Distributed by Guilin Branch of China Post Group
Overseas Distributed by China International Book Trading Corporation
( P.O.Box 399, Beijing )

ISSN 1000-3142  EHEM: 45.007%
CN45-1134/Q  muumspe. 48-43
ESNETRE: MO-5054

WRALER & © RN FFRAT

710

% ISSN1UD[} 3142

( MEﬁTFIJEE_tﬁ_&E )




	封面
	封二(1)
	2210002
	221001
	221002
	221003
	221004
	221005
	221006
	221007
	221008
	221009
	221010
	221011
	221012
	221013
	221014
	221015
	221016
	221017
	221018
	221019
	221020
	封三(1)
	封底(1)

