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Abstract:

Caryophyllales s.1. contains 37 families, over 800 genera, and about 11, 510
species. It is a large and attractive order in angiosperm. Many special plant
groups, such as carnivorous plants, succulent plants, and C4 plants, are all
included in it. A series of molecular phylogenetic studies involved
Caryophyllales were conducted recently. As revealed in these studies, some
families that had not been included in the traditional Caryophyllales s.s.
were transferred into it, such as Droseraceae, Polygonaceae,

Rhabdodendraceae. Additionally, some large families included in
Caryophyllales s.s. were also disintegrated into many smaller families, such
as Molluginaceae, Phytolaccaceae, Portulacaceae. To date, however,
phylogenetic relationships among some families included in Caryophyllales
s. 1. are still unresolved and need to be clarified. The phylogenomic study
based on chloroplast genomes is proved to be useful in clarifying some
amphibolous phylogenetic relationships among angiosperm groups in recent
years. In this study, a comprehensive phylogenomic study of Caryophyllales at
the family level will be conducted based on the chloroplast genomic data of
representatives within this order. For related genomic data, many of them
have been obtained in previous study conducted by our research team and could
be analyzed directly in this study, and other data for the supplementary
representatives of Caryophyllales will be obtained through the
next—generation sequencing technique. Results from this study would be
important for people in understanding the evolutionary relationships within

Caryophyllales more comprehensively and objectively.
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Abstract (Brief description of research background, main methods,
contributions, and research data):

The Caryophyllales includes 40 families and ca. 12,500 species, representing
a large and diverse clade of angiosperms. Collectively, members of the clade
grow on all continents and in all terrestrial biomes and often occupy extreme
habitats (e.g., xeric, salty). The order is characterized by many taxa with
unusual adaptations including carnivory, halophytism, and multiple origins of
C4 photosynthesis. However, deep phylogenetic relationships within the order
have long been problematic due to putative rapid divergence. To resolve the
deep—level relationships of Caryophyllales, we performed plastid phylogenomic
analyses of all 40 families of the order. We time-carlibrated the molecular
phylogeny of this clade, and evaluated putative correlations among plastid
structural changes and rates of molecular substitution. We recovered a
well-resolved and well-supported phylogeny of the Caryophyllales. The crown
age of Caryophyllales was estimated at ca. 114.4 Ma, with periods of rapid
divergences in the mid-Cretaceous and near the Cretaceous/Paleocene boundary.

A strong, positive correlation between nucleotide substitution rate and

301
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plastid structural changes was detected. Our study highlights the importance
of broad taxon sampling in phylogenomic inference and provides a firm basis
for future investigations of molecular, morphological, and ecophysiological
evolution in Caryophyllales. Additionally, our comprehensive age estimation
of C4 lineages in Caryophyllales revealed much earlier origination of C4
pathway in the early to middle Eocene, and thus provided a new insight into
the timing of C4 pathway origination. Furthermore, molecular dating analysis
also suggested that a rapid radiation of the core Ruschioideae (Aizoaceae),
which is an important succulent plant group mainly distributed in the Greater
Cape Floristic Region (GCFP) in Southern Africa, started at ca. 12.2 Ma
(95%HPD = 17.1-7.9 Ma) in the mid-Miocene, consistent with the time frame of
the establishment of a summer—arid climate in southern Africa in the
mid-Miocene (15-10Ma). Results from investigation of dating analyses of
other succulent plants reported previously further revealed that their rapid
radiation started at a time frame similar with that of the core Ruschioideae
as revealed here in the mid-Miocene, during 15 - 10Ma. We further suggested
that the global climate changes (such as the transition of a warm and wet
climate to a cold and dry climate) occurred during the mid-Miocene may have

played an important role for the evolution of succulent plants.

x&E (AaS54F) . 0l KRGk FERy Rahitte,  caay;
% WHEY)

Keywords (separated by;): Caryophyllales; phylogenomics; systmatics and

evolution; C4 plant; succulent plant
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AL PR AT H 2R | RSP SERIVGR: AT H i ca ) 8 BISEREAT T
HERI P ALITTE], RS | RGEARH R AR UL AU [ A 55, e e i S 1) c4 ke o3
AT H R | SORIE S AT 7 RHE, X ca M IR R K T
AP S B AR FIGR; xR RL 2 AEYRIEIET T RS R A RREE S

5T
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TR R, o th 2 POAE SRR PROE D Al o0 Ak 5 mh g it b 0] 4k
AURAR AT A2 55 R

3) Pl SRR AL | BT Mo iSRS R 3 S B 2 1 7 e SR, JFx A
AFEFPIEARRAATH | AT H RGO AR LR T 7ot 5ihe; i seiidk
BHE R GER AR | HEE AR T 5 7 7R R R 2 (B 58 R BEAT 1 i S5
FE - W, PR 7R ) 2 R AL S5 F AL SRR W R A0 1 H 2293 321
SEATAE

2. IR TAEFEB R ZRANEM,
(1 EBERFF A
AT BV Y — AR Z RS 3 FrE S RS T LA R A A
W BRI, T8, SEbmitss), Hb & TSR REYZEE (ln ca ).

ZWHEY). SREY. IEREYS), A RGERERRESRER IR MR, X
I RES H 22 prid P S A o0, BT H SR T SRR R G0 R B R4 T Bok B
HARGKE KRR, I AT 70 A T4 55, AR T1% H AU S5 A0 I SE i HL e,
X% H 5 L1 73 K5 Bt A W5 55 DT 9 S it B LA

ATH e EENBTEE LT LA

a) ATEMSERG R EEFAAEA:

FERTHIEEAN b, O VR AR RICA T B Seiaptel, dE—2nek 7 5 E N2 2 N H
RGUK BTSSRI BT SAF, W [E R B R YT T R A, R
PR o, PHEXUEFE 01, SEE % LI K%~ Douglas Soltis ft - & Pamela Soltis ft 1+, 32
HHR K Stephen Smith 1812, & [EERFHAR 2% Michael Moore T, 9 [E &2 50 1) el BB
MarK Chase [+, 3% [E S8 K 2% Samuel Brochington 18125, @il 72 &1, £A1TH &
GLR BT E RS T HAERKCP 28 G IR 58 7 AT E Frag A1 B 95 A
80 Ja& A I MR A BRI AH I Py (Il H H s 5 b S o RIDORT S BORE 16 J8 ) ;s 458 A NCBI MY
Ui NS, AT IR A BRSNS SoA T H 105 J& 141 M, EdE T HPTE 40 Bl A
TSRS R 83 NS A g i B R A R AU AR R o Dy R B B AN (R R v AR R
RYUKE KRR IR 1 2 B0 RGER B R R F2 0 LU SG N 238 43tk 2k
Bl AR RGUK B R R RIS, ARSI T 7 AAFB RS, HigHT
Partitionfinder 1.0.1 X HHEAT 73 X AL, JFRRATRRLME S 4 A SERE R 2E4T 40 X Ab
PAR il 7y X AL B (R RE RS ik RAXMIL A EAT B R AUSRE: (ML) [ RGERI A3, FF X BT
A5 RBEAT 7L XPRTTH RGEKE RRHEAT Tk,

b) ATHHEMEE: BT ATTHRGRKEN, 4546 10 MUAaEE CRTTH
55553 % 54, R TreePL B A% H 24T 00N TR 55, BRVTZ H M 32530
RHEIE S 0 s .
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o) MEGEERALENZRR ST HERRRERE Z X RIRN: £ TIEA1T
FART R S R R R 2, W ARG SR R R A 5 & e (IR B 2R ST
TR B IR U4 59 5K5) BOLHHT ST, PR 5 R0 3o T A 5 i
PEZ BRI OR AT T HRT s X 2 /NAN ) 43 5P B BRI o A ik DRI 2H S5 4 AR S SEATAEIEAT T 4
Frsitie.

d) AT H ca YRBRFES BT ERA: A1 HW K& c4 YL 1070 F GBI 20
ANSZRE RS0, R TFHEYP S ca W 2 E BURTARAH), ZHZHH 8 %
CEEBERL 2R AR DR SORATRL SOKERL AR DHWTERD R K
CA Y. AL NCBI P N #iX 8 BIZEEE DNA 78 BUH T HRGR B KRR, 45
HHRBEFEL R P T HNAAER GEETERAD, FRGERTT HHESE T A%
BRI GBI A RIS R HE s, S AH SCBREAT 20 A BT TG B, R A DGR
C4 73 SRR 5 LN 1A o

e) ZREMIPERMCIHT: £ WHYE E )R 2 T — RAEES 5 DR L
TR T 5 AR S A H R RFBR R R, A2 2 PR A A 22 3 Al b J 7 S o 1 B 4 o
ok, BAEL FOREN ADNERIES R MARE . RS 135 8 1830 i, HEW
S T TE W RHZ O ERE (£ 102 & 1563 Fi), iZIHE 2 AL M1 B MR IX R 1
EBACRNERTE, SR ¢ T H AR R S A T 06 2B IR I 18] 28 A B AFAEAR R, A 1A
RS R AT L) 17.1 Ma 8 7.0 Ma, S0h T2 Bt 8.7-3.8 Ma, 2 53
1.5 Ma. AHFFIET atpB-rbel. rps16. psbA-trnH. trnl-F VUS4 41 A Bt 8 25 BHEAT
TRGRERRER, AR H KMELR T AR AE 4 AR 81 7 Ry =ik
RS T A R 5, B TR ah 1, WA RHh 2 IR ST i DRag v 2 Ak I sk gk
AT TR BB G R AR A R, TR v 32 B2 2 PR R A A DR A b o34 7 B
BHTLRE 0T, B R R 2 PR S B GE R o A VB TE R 2R

(2) BUSH FZAT Tk e, BEEGER . OB S S R s S A
o

a) AfTEHERERGRBREFALTI: LT AFEFIIEREFRATTH RS FHER
AR —H HAARA R BRR SRR, BB 2R R GUR & SN A 22 0 i T BURe AR
RO H RGE A RR; #E PSR T “HERGRKE R AME PRI D
BB R MAE B T RGO R LI IR XTIk 2 i 7 HANFERERE, o kAT
7 XAEE 5 A X AL BEFTE RGER B R R SR SRR ENA KRG T —RAG KA
EUREF AT RIA T H RGO EW (B 1, B T H P IrsE B ARE RE05HE, n
ZHRETRAGRA KT EZD M RGER R, LRI Tk SR S5 B NS
MIRHE DGR, JTSORRH MR, WM RIZRER BRERE SR RGALE; AT
Fr 23T B 2GR BHEZERAL 1 X% H SRR R R I B

BT
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B 1 FET 83 NSRRI R R H S R RIERI R AT H TG 40 RIEZEEE R AR AR MR SR
WRCHESY S By B ERINZT SRR N 100%; BESZOF oA B T S, SOFkonEg A g
MR AT E (hFED SERET .

b) BT B LR AR AR (58 1; I 2) RFAPT HIEL 122.4Ma (i) [X 8] -
123.1-122.0Ma) 5GBS 5020, FEFEZ) 114.4Ma (IF[E][X [H]: 115.8-113.2Ma) 47
AT B AZ OB S AR O S  R 5 30; AT B AR B a0 A R R B 2 AR Y

(113.0-89.9Ma) HA] DL K A 240 /o F il ST i 3 (29 66.0Ma) ¥ H B 7 VR BH S22 f)

B8
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PR, JCHAE A L TP IR 2P/ LA L) 3.5 | T (95.5-92.0Ma)
AT H A KB SEERE, AR IR 20 SR 2 8] 1) 3R 88K 2 12 BT AT 7 B — ELR REAR R
IR o A AT H 28 7 3o BRI A 20 (03X P A IS 391 55 i A AE B TR ) HL Al S DA S i A
LS P #8747 A 5 S DR o A T i J3E — B30 a5 vty U Bt SR B 2 AR A 6 AT
AT, AT 2L PR CO2 IR SR FEAIG B B 1 S 40 /3t A S B S e K
HEWSERE KA P B A 256 22 i m] e e i K B A AR A K P I 300 L B PR )
GASE 578 PN a
F1 & T PL 247 Fr &4 41 B K3 LB 8]

Molecular dating results derived from the PL analysis

Clade/lineage Stem: Mean (age interval) (Ma) Crown: Mean (age interval)

Caryophyllales

Core Caryophyllales
Non-core Caryophyllales
Carnivorous clade

122.4 (123.1-122.0)
114.4 (115.8-113.2)
114.4 (115.8-113.2)
112.5 (114.0-111.0)

114.4 (115.8-113.2)
112.7 (114.4-111.5)
112.5 (114.0-111.0)
103.6 (106.1-101.5)

Centrospermae 106.3 (108.5-104.2) 95.2 (98.8-91.9)
FTPP clade 112.5 (114.0-111.0) 110.9 (112.7-109.4)
Globular inclusion clade 92.8 (96.4-89.1) 92.1 (95.9-88.4)
Phytolaccoid clade 74.1 (78.4-69.3) 62.4 (67.9-57.3)
Portulacineae clade 85.0 (89.9-79.6) 72.2 (79.5-63.7)
Raphide clade 81.2 (85.2-76.3) 79.7 (83.9-74.9)
Achatocarpaceae 80.4 (82.5-77.9) 1.6 (2.5-0.7)

Agdestidaceae + Sarcobataceae
Aizoaceae

Amaranthaceae s.1.
Asteropeiaceae + Physenaceae

61.1 (66.7-55.9)
79.7 (83.9-74.9)
80.4 (82.5-77.9)
106.3 (108.5-104.2)

47.1 (51.8-42.3)
74.6 (78.6-69.2)
66.1 (66.4-66.0)
62.3 (66.9-58.0)

Barbeulaceae 82.1 (86.5-77.2)

Basellaceae 69.5 (76.8-60.2) 43.6 (50.5-35.1)
Cactaceae 63.3 (70.8-55.1) 51.5(58.444.1)
Caryophyllaceae 89.0 (92.2-85.7) 57.2 (60.9-52.5)

Corbichoniaceae + Lophiocarpaceae

85.3 (89.3-80.7)

58.9 (63.3-53.6)

Didiereaceae 69.5 (76.8-60.2) 65.1 (73.0-55.9)
Dioncophyllaceae 67.0 (71.7-55.8) 22.6 (28.0-17.5)
Droseraceae 101.9 (104.7-99.7) 63.9 (69.1-59.0)
Drosophyllaceae 81.9 (85.5-73.9)
Halophytaceae 70.4 (78.3-61.9)
Kewaceae 81.2 (85.2-76.3)
Macarthuriaceae 93.4 (96.7-89.9)
Molluginaceae 85.0 (89.9-79.6) 62.5 (67.4-56.9)
Montiaceae 72.2 (79.5-63.7) 61.5 (69.3-53.2)
Nyctaginaceae 60.4 (66.0-55.2) 45.2 (50.9-41.2)
Petiveriaceae 60.4 (66.0-55.2) 53.9 (59.2-49.1)

Phytolaccaceae s.s.

61.1 (66.7-55.9)

25.7 (30.5-21.2)

Plumbaginaceae 91.8 (93.9-89.7) 63.1 (66.8-60.1)
Polygonaceae 91.8 (93.9-89.7) 75.7 (77.3-74.1)
Portulacaceae 65.7 (72.9-56.9)

Simmondsiaceae 110..5 (112.3-109.0)

Stegnospermataceae 94.3 (97.9-91.1)

Talinaceae 67.2 (74.6-58.5) 59.9 (70.448.2)
Tamaricaceae 62.2 (65.7-58.5) 42.6 (47.6-38.6)

R
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B 2 T PL T ITS AT H S AL (DA S 2R Al My 0 B LA 10 MU ATRRHE s 3 DX
Fon AL BT R LB 2 AR T (113.0-89.8Ma), £ kR LRAREE 1 240/ ok i ST (29 66.0Ma).

o) BT B TEM T
ST XA H AR 2 ORI SR 4 SR R 2, e B 7 B i SR A 2 DR 2 454
R RMET (K 3); WA R SRR IR PR 2 rh B 22 IR 45 1 22 55 P RE 2 70 73 SC

510 7T
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B 3 ETHAMRIE TS AT H RGERRE (RR3K), MR IR R A S5 AR 745 BhramEAH S 7
3 ks BOSLOLEoRAT BT L A0SR G E B SCRAT B (T H )RR R

BHOFEATIE (3R 25 B 305 Gt ot aE RR AT B SriASE N S5 22 5 5 1% H AR 70 3¢
(6] 735 RE M 2 S o 1 2 (R AE S ) IR AE RO &R, TRAE 1 A WA 7 1t A 4 52 i
PEREAE A AR .

d) ca BV Bt 5t

A N FE 3 Ay €A R AR R A2 TE R 40 v T 2500 b R 7 S e 39 A 2R Ak S
HAR PR BEAS LT W0 B2 R AR AR 3 T 745 2 N B, T I AT 8- T st 4
KA CO2 MR B H B ik S B A IR A AR AR AR DG o SR BT AT A LA 4 FEA) fo -
FECYR AT g BLTE LG T A th 12 S R B A2 35 Ma,  (HIX — MR co2 IRIE s, IX

11 3T
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F2 B E S T s R e R AR A B R R AT

Putative plastome synapomorphies for Caryophyllales lineages

Clades/families Putative synapomorphy/synapomorphies

1) Amaranthaceae s.l. Pseudogenization of rpi23,;

2) Caryophyllaceae Pseudogenization of infA4 and rpl23;

3) Centrospermae and Asteropeiaceae + Physenaceae Loss the intron in rpl2;

4) Droseraceae Loss of the c/pP gene, and all/most of the ndh genes;

loss the intron in rpi2;

5) Molluginaceae Pseudogenization of rpl23;

6) Nepenthaceae Pseudogenization of ccsA;

7) Phytolaccaceae s.s. Pseudogenization of rpl23;

8) Asteropeiaceae + Physenaceae Loss the intron in a#pF; pseudogenization of 7p/23;

9) Glinus + Mollugo in Molluginaceae Loss intron in ycf3;

10) Hypertelis + Pharnaceum in Molluginaceae Loss of the accD gene, rpl23 gene, and rpsl6 gene;

loss intron in ¢/pP and rpoCl;
11) Plumbaginaceae + Polygonaceae IR region expanded and included the full length of
yfel; pseudogenization of rpl23;

12) Portulaca grandiflora + P. pilosa in Portulacaceae Pseudogenization of rp/23;

13) Stegnospermataceae Pseudogenization of 7p/23;
14) Subfamily Cactoideae in Cactaceae Loss of all/most of the ndh genes and intron in
rpoCl,;

Al Bl ca MR IR AL SRR L KT CO2 25 ZIRISC R I “BRUVEAR UL FAEB B R
1717 25 - L BRI R AR R A 45 SR A c4 R mT BEAE A e L kTt s
WO I, AL B R Z . AR AT HIX 8 BIEEHIT T RAKE R R
B, IR 2 DNIHRRHE S5 B H b s K ca R & 23 SRR 73 A a1 AT 1
% WHILEE KRR, A1 HAARE c4 70 SOEfET A RS BE o i R 1] (R
3; B4, RS AZETAAIESE . BREAL R DT KoL (e G SRS ca it Ak
PR BN B R 8. R 4 4> Ca 7030 (p s TaAR 5 RERL, Bk
B OSERD FERET AT REE AR ET I R = rp R Dk A (GR 3 Bl 4D, REWRE MR
Jr3C ca Y AR I ORI BRI TSR AR ca fA) B R IR 7] 7y

Prét R BB, LT AR A 3T 50 = R g Eh ok R A A 25 SR, [RIRE SRR
CA FEDAE G678 T 91 22 rh I e AP AE A T e, X — Wit — P 3kAe 1 84 2 08
X CA HAECIR ST AL AR T B A T U B4 (U IRIR SRR co2 264, TR B4
SEAHIGUESR AT 15 RF . BRI, AWETEXT C4 RV AT RE 1 i IR TR B 1 BT iR, H
HRERABCK AT AFTHADYHT 4 Vi SRR 3R AT 7 2 1 T4, Hit B30T
KT Ca R IRIRAL S AR EE R co2 R Z ISR AR “ Lk R
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PN

FE % AR R T B0 H 2518/ R

K3 BT MR ASE S RAA YT H b ca 2SRRI E); “C” R B AL, “S” R TR .

Age estimation of C4 lineages in Caryophyllales. C: crown node; S: stem node.

C4 lineages in Caryophyllales

Birth-Death model
Mean (95% HPD) (Ma)

Yule model

Mean (95% HPD)

Aizoaceae: Sesuvioideae except Tribulocarpus
Amaranthaceae s.l.: Aerva javanica

Alternanthera

Amaranthus

Gomphreneae

Tidestromia

Atriplex rosea

Atriplex halimus

Camphorosmoideae — Salsoloideae clade

Halosarcia indica
Bienertia

Suaeda aralocaspica

Suaeda sect. Salsina

Suaeda sect. Schoberia

Caryophyllaceae: Polycarpaea cladel

Polycarpaea clade2

Polycarpaea clade3

Gisekiaceae: Gisekia

Molluginaceae: Mollugo cerviana — M. fragilis clade

Mollugo cerviana clade

Nyctaginaceae: Allionia
Boerhavia

Polygonaceae: Calligonum

Portulacaceae: Portulaca

C
S

C
S
C
S
C
S
C
S
C
S
S
S
C
S
S
C
S
C
S
C
S
C:
S
C
S
C
S
C
S
C
S
C
S
C
S
S
C
S
C
S
C
S

- 47.4 (60.3-34.7)
£ 62.0 (74.9-49.3)
1 4.6 (8.8-1.3)
:27.0 (35.6-18.3)
£ 10.1 (14.7-5.7)
. 14.4 (19.7-9.4)
£6.5(9.6-3.8)
:27.7(37.7-17.8)
:16.2 (21.4-11.2)
:20.6 (26.3-15.2)
:7.2 (12.7-2.8)
:26.1 (32.5-19.4)
S 11.5 (18.5-5.3)

£ 7.7 (13.3-2.7)

1 43.6 (49.8-37.0)
£ 52.5 (54.1-50.8)
: 8.6 (13.1-4.6)
:1.7 (3.1-0.5)

£ 33.0 (35.9-29.8)
:0.8 (1.6-0.1)
:10.0 (14.8-5.5)
:8.6 (11.7-5.7)

£ 15.9 (20.1-12.0)
4.0 (6.0-2.3)
:5.9(8.7-3.4)

£ 8.0 (11.4-4.6)

£ 12.7 (17.6-8.1)
:9.2 (13.9-4.9)
:20.5 (28.0-13.4)
£ 11.8 (17.1-6.8)
:16.0 (22.7-9.5)
:23.8 (42.9-10.0)
£ 82.3(83.3-81.2)
£ 9.8 (14.0-6.0)

1 17.8 (24.4-11.7)
£ 8.6 (13.8-4.1)
:25.4 (34.5-17.1)
:10.8 (12.6-8.9)

£ 5.3 (6.8-3.8)

: 8.4 (10.2-6.6)

:16.9 (26.7-8.2)

: 33.4 (48.6-18.5)

1 42.1 (51.3-32.4)

: 58.9 (62.6-55.7)

48.4 (59.4-36.9)
62.9 (74.4-51.7)
4.5 (8.6-1.6)
27.4 (34.9-19.6)
10.1 (14.5-5.6)
14.4 (19.4-9.0)
6.7 (9.5-3.8)
26.5 (36.5-17.8)
16.2 (21.5-10.8)
20.7 (26.7-14.8)
7.4 (12.8-3.1)
26.1 (32.1-19.7)
11.5 (18.0-5.9)
7.8 (13.7-2.7)
43.8 (48.0-38.6)
52.3 (54.1-50.8)
11.2 (15.4-6.6)
1.8 (3.7-0.6)
32.9 (35.8-29.7)
0.8 (1.7-0.2)
10.0 (15.2-6.4)
9.2 (13.2-5.6)
15.8 (19.3-12.2)
4.0 (6.1-2.3)

5.9 (8.8-3.4)

8.2 (11.7-4.8)
12.9 (17.9-8.2)
9.4 (14.2-5.0)
21.0 (28.3-13.3)
12.1 (17.8-6.9)
16.4 (23.3-9.7)
49.8 (68.5-30.4)
82.3 (83.3-81.2)
11.2 (15.9-6.8)
19.8 (27.1-13.1)
9.8 (15.8-4.8)
27.9 (37.7-19.2)
11.1 (12.8-9.5)
5.6 (7.1-4.2)

8.9 (10.6-7.2)
17.1 (27.2-8.8)
33.4 (48.1-18.5)
45.0 (52.5-37.0)
58.9 (62.6-55.7)
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Bl 4 (a) RARANTH Ca 73 SOERE AU Tl 545 R IR, RAREIES] H Vicentini et al. (2008),
AT HBAE AR ST (b) K CO2 IR ANIE, 5l H Zachos et al. (2008); A I 5L pr i3 R AR}
C4 WY FARPEA A, M _EZE FKIE] H Christin et al. (2008), Bouchenak-Khelladi et al. (2009),
Bouchenak-Khelladi et al. (2014); HiEMF IR 2 F-% 3L R332 (Camphorosmoideae-Salsoloideae clade) %t
#5351 A Kadereit et al. (2012); C4 TEVIEEIE ST LK, 1BXH Sage et al. (2012).

e) ZWHENPEDF LT ST

FAFHEHAETERIEREI N2 WY, HOAAEMN iR ar B Y X PR . AL T
AAFEB Py BURSF AR 7 3 A5 R 4 WRHEL S AR AEE R} 3 A T2 R R G R R (E 5),
SMALIT TG R R (B 5) R T RHZ OB PR YR 400G T ot i iy 12.2
Ma (95% HPD =17.1-7.9 Ma), T VAHHARPIAN 2 IR 73 SR RE s 0 70 0l K A AE
Frik 12 14.9Ma (23.4-6.8Ma), 13.4Ma (20.9-7.2Ma), X—&5 51 5AEY  Hf i 22 kX
FERHTH R (15-10 Ma) HZET 2SR ELER W RE B EviE, BTN
IF B M IX 2R 5 AU K L e e (R A0 A AR AR TR 3 A2 IR 43 S 5 09
T AR B IR B IR o S5 50 AR HA 2 ORISR o AL T AL B 45 5L, RIARZ 2 I
PIRBETT A PO R A I8 b Tt b ] (1 )0 AxBRAU7E gttt v 4 35 22 7 3ot 1
BARV AR IR REE Bk T B AR R I, BRIAHE FOA AL T4 TR R WA [F] L
B 1) 2 IR SR AE ot o 0 SR AR I BRI W A 7 A v i e et [ I 39 4 R PR U AR Ak (T
HRFRAURELD e EAm R (K 6).
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Abstract:

The impact of paleoclimatic events on the origin and evolutionary history of biome is one
of the core research focuses in the field of macroevolutionary study. Tropical rain
forest (TRF) is an important biome on earth, however research on its evolutionary history
is still deficient, and the understanding of whether paleoclimatic events had impacted on
the dynamic evolutionary history of TRFs is still disputable. The palm family Arecaceae
represents an ideal group to explore the origin and evolutionary history of TRFs. This
study aims to increase taxon sampling on Arecaceae and reconstruct the palm phylogeny
through phylogenomics, explore the origin of the family by divergence time estimation
referring to multiple fossil records, carry out analyses of species diversification and
historical biogeography based on the dated phylogeny, and compare the results against
global paleoclimatic events. By exploring the temporal and spatial dynamic evolutionary
history of Arecaceae from different aspects, we aim to reveal its diversification history
and the causes of its current geographic distribution, and finally identify the
relationship between the dynamic evolutionary history of TRFs and global paleoclimatic
events. This study could not only improve our understanding on the origin and
evolutionary history of global biodiversity, but also provide theoretical reference for
biodiversity conservation of TRF in the context of global climate changes, as well as
provide a case study in the application of combining phylogenomics and bioinformatics in
the field of evolutionary ecology.
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Abstract

Oberonia integrilabris (Orchidaceae), a new species from Yunnan, China, is described and illustrated. The species is most
similar to O. jhae and O. segawae, but differs from O. jhae by its leaf basal joint, oblong petals with irregularly toothed
margin and obtuse apex and is distinguished from O. segawae by its petals with irregularly toothed margin and obdeltoid lip
with entire margin and acute apex. The conservation status of O. integrilabris is assessed as CR.

Keywords: Pu’er City, new taxa, plant taxonomy

Introduction

Oberonia Lindley (1830: 15) is an orchid genus belonging to the subtribe Oberoniinae, tribe Malaxideae, with about
300 species concentrated in tropical south and south-east Asia (Pridgeon et al. 2005, Chen et al. 2009, Goverts et al.
2016). Oberonia species grow as epiphytes or lithophytes.

The genus Oberonia can be easily distinguished from other genera of its tribe by its fleshy equitant distichous
leaves, many minute flowers and erect column (Chen et al. 2009). The monophyly of the genus is also well supported
in molecular phylogenetic studies (Cameron 2005, Tang et al. 2015). Due to the minute flowers and highly vegetative
similarities amongst different species, the taxonomy of Oberonia is rather difficult. Several infra-generic taxonomic
systems within the genus have been proposed but an acceptable one has still not been provided (Lindley 1859, Hooker
1888, Schlechter 1911, Seidenfaden 1968, 1978; Chen 1999, Averyanov 2013).

Flora of China (Chen et al. 2009) recorded 33 species of Oberonia, with 11 endemic to China. In recent years,
many new species or new recorded species of Oberonia have been reported from China (e.g. Jin ef al. 2007, Lin & Lin
2009, Xu et al. 2010, Ormerod 2010, 2011, Fan et al. 2013, Tian et al. 2013). Consequently, the number of Oberonia
species recorded in China has reached 39. During our botanical survey in Pu’er City, Yunnan Province, China, in July
2012, an Oberonia species in vegetative states was found and introduced to South China Botanical Garden, Chinese
Academy of Sciences (SCBG, CAS) for cultivation and observation. A month later, it bloomed with many extremely
small flowers. After thorough studies, the species concerned here is most similar to O.jhae Chowlu et Rab (2017:
49) and O. segawae T. C. Hsu & S. W. Chung (2008: 165), but can be easily distinguished from O. jhae by its leaf
articulation and oblong petals with irregularly toothed margin and obtuse apex, from O. segawae by its obdeltoid lip
with entire margin and acute apex. Thus, we are convinced that it is a new species, which we describe and illustrate it
below.
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Materials and methods

The morphological study was based on our field collections, herbarium specimens and pertinent literature. All
measurements of the new species were taken from dried herbarium specimens. Pertinent literature of all relative
Oberonia species in China and adjacent areas were reviewed (Seidenfaden 1968, 1978; Seidenfaden & Wood
1992, Schuiteman et al. 2008, Chen et al. 2009, Xu et al. 2010, Rokaya et al. 2013, Averyanov 2013, Zhou et al.
2016, Chowlu & Rab 2017). All Chinese specimens (about 600 specimens, amongst which 22 are type specimens)
of Oberonia from China were examined at PE, IBSC, KUN, HITBC, GXMI, GXMG, IBK, SYS, WUK, TAI and
TAIF. Additional materials (about 600 specimens with 266 type specimens) from China and neighboring countries
(particularly Myanmar, Thailand, Laos and Vietnam) were mostly accessed as hi-resolution digital images from the
following herbaria: K, CAL, SING, BM, E, P, AMES, GH, A, G and KEP (Thiers 2019, continuously updated). All
data of O. jhae and O. segawae were taken from protologue and herbarium specimens (Hsu & Chung 2008, Chowlu
& Rab 2017).

Results

Oberonia integrilabris Y.L. Li & F.W. Xing, sp. nov. (Figure 1 & 2).
Type:—CHINA. Yunnan: Pu’er City, Simao District, 1765 m alt., 10 July 2012, Y. Tong 237. (holotype IBSC!, isotype IBSC!)

Diagnosis:—Oberonia integrilabris is morphologically similar to O. jhae, especially the shape of the un-lobed lip, but
differs by the following characters: leaf articulate (vs. not articulate), much larger subensiform leaves, 13-22 x 0.6-1.1
cm (vs. 1.5-3.2 cm x 0.4-0.6 cm), few lanceolate sterile bracts (vs. many triangular-oblong sterile bracts), oblong
petals with irregularly toothed margin and obtuse apex (vs. lanceolate petals with entire or obscurely erose margin and
acute apex) and obovate-deltoid lip (vs. elliptic-lanceolate lip) (Table 1). In addition, O. integrilabris and O. segawae
are vegetative similarities, but the former can be easily distinguished from the latter by having oblong petals with
irregularly toothed margin (vs. elliptic-oblong petals with sub-entire margin) and obdeltoid lip with entire margin and
acute apex (vs. perpendicular to ovary lip with irregularly laciniate margin and retuse apex) (Table 1).

TABLE 1. Comparison of morphological characters of Oberonia integrilabris, O. jhae and O. segawae.

Characters O. integrilabris O. jhae 0. segawae

Leaf size 13-22 cm x 0.6-1.1 cm 1.5-3.2 cm x 0.4-0.6 cm 6-13 cm x 0.3-0.5 cm

Leaf shape ensiform linear-oblong narrowly ensiform

Leaf articulation present absent present

Number of sterile bracts  a few many a few

Sterile bract shape lanceolate triangular-oblong lanceolate

Peduncle length 2-3.5cm 0.5-1.0 cm 1.5-3 cm

Flower size ca. 1.3 mm across ca. 0.5 mm across ca. 1.5 mm across

Sepal shape ovate-elliptic lanceolate ovate-triangular

Petal shape oblong, margin irregularly lanceolate, margin entire or elliptic-oblong, margin sub-entire
toothed, apex obtuse obscurely erose, apex acute

Lip size ca. 0.5 mm in diam. ca. 0.35 mm x 0.3 mm 0.8-1 mm % 0.7-0.8 mm

Lip shape obvate-deltoid, margin entire, elli.ptic-lanceol.ate, margin Perpendicular .tol ovary, margin
apex acute entire, apex apiculate irregularly laciniate, apex retuse

Description:—Epiphytic herbs. Plants clustered. Stems enclosed in leaf bases, inconspicuous, 3.5-7 cm. Leaves
3-6, distichous-equitant, laterally compressed, ensiform, 13—22 ¢cm % 0.6—1.1 cm, fleshy, veins slightly visible when
dried, base articulate, apex acuminate. Inflorescences terminal, raceme, glabrous, 14-20 c¢cm long; peduncle subterete,
2-3.5 cm, with a few lanceolate sterile bracts below; rachis 10.5-18 cm, ca. 1.5 mm in diam., densely covered with
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FIGURE 1. Oberonia integrilabris Y.L. Li & F.W. Xing, sp. nov., drawing made from holotype. A. Habit; B. Plant; C.
Inflorescences; D. Floral bracts, abaxial view; E. Flower; F. Dorsal sepal, petals, lateral sepals and lip, adaxial view; G.
Column, ventral view. Drawn by Ding-Han Cui.
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many minute whorled flowers; floral bracts ovate-lanceolate, ca. 2.2 mm x 0.7 mm, margin irregularly toothed, apex
acuminate. Flowers in whorls, greenish to yellowish, ca. 1.3 mm across; pedicel with ovary ca. 1.7 mm long, shorter
than the floral bracts. Dorsal sepal ovate-elliptic, 0.6—0.7 mm X 0.4-0.5 mm, acute; lateral sepals similar to dorsal
sepals, 0.7-0.8 mm x 0.4-0.5 mm. Petals spreading, oblong, 0.6-0.8 mm x 0.3—0.5 mm, margin irregularly toothed,
apex obtuse; lip entire, obovate-deltoid, spreading, ca. 0.5 mm in diam., base sub-truncate, slightly concave, margin
entire, apex acute. Column short, erect, ca. 0.3 mm width; anther cap terminal, firmly attached to column apex, 2-
locular; pollinia 4, in 2 pairs, waxy. Capsule ellipsoid, ca. 3 mm in diam.

Distribution and habitat.—So far, Oberonia integrilabris is only known from the type locality, Pu’er City in
southern Yunnan Province, China. It grows as epiphyte on the tree branches in the secondary subtropical evergreen
broad-leaved forest.

Etymology:—The specific epithet refers to the morphological character of the lip.

Phenology:—Flowers from August to September, fruiting from September to October.

FIGURE 2. Oberonia integrilabris Y.L. Li & F.W. Xing. A. Habit; B. Plants; C. Plants; D. Inflorescences; E. Flora bracts;
F. Flower.

Conservation status:—Currently, Oberonia integrilabris is known only from the type locality and the population
size is about 20 mature individuals. The extent of occurrence (EOO) of the species cannot be estimated and its area of
occupancy (AOO) is estimated to be 4 km?, which belongs in the Critically Endangered category under criterion B2.
The location is accessible and not officially protected. Native trees near this location were cut for planting other non-
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native economic trees, such as Eucalyptus camaldulensis. Hence, the area of the habitat is undergoing a continuing
decline. Based on the current information (one location with habitat in continuing decline and AOO less than 10 km?),
the new species can be assessed as Critically Endangered [B2ab(iii)] according to the IUCN Red List Categories and
Criteria (IUCN 2017).

Discussion

The morphological and molecular study on the genus Oberonia indicated that leaf articulation, petals and the lip of
flower are of great value for species delimitation (Averyanov 2013, Li 2017). Oberonia integrilabris is characterized
by its obovate-deltoid un-lobed lip with entire margin and acute apex. On the basis of a literature survey, specimen
examination and field investigation, we found that most species from China and adjacent areas generally have 3-
lobed lip. Only 11 species have un-lobed lip, i.e. O. prainiana King & Pantl. (1895: 331), O. segawae, O. jhae, O.
integerrima Guill. (1954: 692), O. menglaensis S. C. Chen & Z. H. Tsi (1982: 193), O. pachyrachis Rchb. f. ex J.
D. Hooker (1890: 681), O. latipetala L. O. Williams (1938: 165), O. maxima Parish ex J. D. Hooker (1890: 677),
O. anceps Lindley (1838: sub T. 8), O. dissitiflora Ridley (1896: 218) (Seidenfaden 1968, 1978; Schuiteman 2008,
Averyanov 2013, Li 2017) and O. simplex Averyanov (Averyanov 2016). Amongst these previously known species,
only O. jhae shared similar lip shape with O. integrilabris, but it can be easily distinguished from the new species by
its lanceolate petals with entire margin and the absence of leaf basal joint. On the other hand, O. integrilabris and O.
segawae are highly similar in vegetative states and both of them have the leaf articulation and an un-lobed lip. The new
species was easily misidentified as O. segawae when it was in vegetative states. However, O. integrilabris differs from
0. segawae by its petals with irregularly toothed margin and obdeltoid lip with entire margin and acute apex. Thus,
Oberonia integrilabris is definitely a new species.
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Abstract

Based on examinations of herbarium specimens, reviews of pertinent literature, and observations on living plants, the Chi-
nese species previously placed in the genus Hippeophyllum are revisited. H. sinicum and Oberonia pumilum var. rotundum
are reduced to synonymies of O. insularis. Nomenclature problems of the names Hippeophyllum pumilum and Oberonia
pumila are also discussed.

Key words: Hippeophyllum, nomenclature, taxonomy, validation

Introduction

The genus Hippeophyllum Schlechter (1905: 107) is a small genus of Orchidaceae. It belongs to the tribe Malaxideae
and comprises about 10 species distributed in the Malay Archipelago, New Guinea, and the Solomon islands (Pridgeon
et al. 2005). It is close to Oberonia Lindley (1830: 15), but differs by the slender column with basally sub-parallel
bicallose lip (Ormerod 2002). Three species were reported from China in Hippeophyllum, H. seidenfadenii Su (1999:
204), H. pumilum Fukuy. ex Chen & Lang (1998: 69), and H. sinicum Chen & Lang (1998: 69). However, these
Chinese species were later transferred to Oberonia (Ormerod 2002, 2003).

The genus Oberonia consists of 150-200 species and is mainly distributed in tropical Asia, with extension to
tropical Africa and tropical Pacific islands (Chen et al. 2009). In the recently published volume 25 of Flora of China,
thirty-three species with 11 endemics were recognized from China in Oberonia. However, owing to the variability of
certain morphological characters, the possibility of hybridization, the lack of critical examination of type specimens,
the infrageneric classification of Oberonia is still unsatisfactory.

Hippeophyllum seidenfadenii was transferred to Oberonia as O. seidenfadenii (H.J. Su) Ormerod (2002: 242).
This treatment was followed by Chen et al. (2009) and the distribution of O. seidenfadenii has been extended from
Taiwan to Guangxi and Guangdong (Su 1999, Li et al. 2015). However, the delimitation of H. pumilum and H. sinicum
is problematic and in need of clarification.

The name “Hippeophyllum pumilum” Fukuy. was first listed by Massmune (1954) in a checklist, but it was not
validly published because no description or diagnosis was provided according to the Art. 38.1 of ICN (Melbourne
Code; McNeill et al. 2012). Then he (Massmune 1974) published it again accompanied with an illustration, but not
a Latin description or diagnosis (Art. 39.1). Therefore, it was not validly published either. Although Lin (1987: 141)
provided a Latin diagnosis, he failed to validate the name by citing two specimens but indicated none as type (Art.
40.1 and 40.2). As a consequence of the invalidation of the basionym, transfer of the species under “H. pumilum” to
Oberonia as “O. pumila (Fukuy. ex Lin 1987: 141) Ying (1990: 610)” (Ying 1990) was also invalid (Art. 12.1 & Art.
41.5). Chen & Lang (1998) later designated Suzuki s. n. (TAI), one of the specimen cited by Lin (1987), as lectotype
of H. pumilum. Unfortunately, neither the terms “typus” or “holotypus” nor any of their modern abbreviations or
equivalents were applied in this treatment. Thus the name Hippeophyllum pumila remains invalid (Art. 40.6). In 2002,
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when Ormerod transferred this species into Oberonia and proposed a new combination “O. pumila (Fukuy. ex S.C.
Chen & K.Y. Lang) S.S. Ying ex Ormerod”, he made a direct reference to the diagnosis provided by Chen & Lang
(1998) and indicated the specimen Suzuki s. n. (TAI) as holotype. Therefore, Ormerod (2002) validated a name of a
new species rather than a new combination. According to Art. 46.4, the authorship of the name Oberonia pumila is
attributed to “S.S. Ying ex Ormerod”. Chen et al. (2009) cited O. insularis (1911: 310) as its synonym with a question
mark and pointed out that the name O. insularis might be the correct name for the species if they are treated as a single
species. Later Jin et al. (2010) formally reduced O. pumila to the synonym of O. insularis.

Oberonia insularis was published based on 7. Kawakami & U. Mori 6278 (TI) collected from Neng-gao Mountain,
Taiwan. It is characterized by the distinct rhizome and a leaf with basal joint. It was later reduced to a synonym of
O. japonica (Maximowicz 1877: 257) Makino (1891: pl. 41) by Ying (1977), which was followed by Chen (1999).
However, it differs from O. japonica by the creeping rhizome with a leaf basal joint, thus was later reinstated as an
independent species by Chen et al. (2009).

Hippeophyllum sinicum was first described on the basis of a single collection, K.Y. Lang 1001 (PE) from Gansu,
China. In the protologue, it was stated that the species was most closely similar to H. pumilum but differentiated from
the latter particularly by having sword-like leaves 1.5-2 mm wide, with a joint at base, and having isolated and narrow
distribution in Gansu. They were recognized as a pair of vicarious species of Hippeophyllum that disjunct distributed
in Taiwan and Mainland China, with H. sinicum from Gansu and H. pumilum from Taiwan. Later, H. sinicum was
transferred by Ormerod (2003) to Oberonia as O. sinica (S.C. Chen & K.Y. Lang) Ormerod (2003: 91). The type
material of O. sinica is unable to be traced in PE in which the holotype specimen was deposited (Jin, pers. comm.). In
spite of that, after critically studied the specimens and the protologues of these two species, we were convinced that
O. pumila is identical with O. sinica. As shown in Table 1, it is insufficient to distinguish O. insularis, O. pumila, and
O. sinica from each other based on the leaf and floral characters. They all have ensiform to lanceolate leaves, ovate-
lanceolate floral bracts, narrowly oblong petals, and ovate-oblong lips deeply bilobed. Moreover, the type material
of O. pumila, Suzuki s. n. (TAI), actually has basal joint leaves, which is also identical with that of O. sinica and O.
insularis (Fig. 1).

TABLE 1. Comparison of morphological characters of Oberonia insularis, O. sinica and O. pumila.
* Data of O. insularis and O. pumila taken from type; data of O. sinica taken from protologue.

O. insularis O. sinica O. pumila
Leaves 4-6, ovate-lanceolate, 16 X 5 mm 3—4, ensiform, (3—-)6-11 x 1.5-2 3-5, elliptic to lanceolate, 19 x 5
mm mm
Leaf basal joint present present present
Inflorescence length 5 cm 3.5cm 3cm
Bract lanceolate, ca. 1.5 mm ovate, ca. 1| mm ovate lanceolate, ca. 2 mm

Since O. pumila has already been reduced to a synonymy of O. insularis, we here merge O. sinica into O. insularis
because the latter, published in 1911, has priority over the former.

Oberonia pumilum (Fukuy. ex Chen & Lang) Ying ex Ormerod var. rotundum Lin & Lin (2009: 330) was first
published on the basis of a single collection, W.M. Lin s. n. (TAI), from Hualien, Taiwan. As indicated by the authors, it
was similar to O. pumila var. pumila in most aspects, but differed from the latter only by floral characters, namely, its
shorter inflorescence, greenish-brown and densely arranged flower, shorter ovary and pedicel, and oblong lip (Lin and
Lin 2009). Critically studied of the holotype of these two species in TAI (Fig. 1) revealed that O. pumila var. rotundum
is consistent with O. pumila var. pumila. Flowers of O. pumila var. rotundum in the holotype are actually in buds. The
lip of O. pumila var. rotundum is oblong in outline, which is also consistent with O. pumila var. pumila. Since flower
color in Oberonia is variable, it is not a reliable character for species delimitation. Thus, we here also merge O. pumila
var. rotundum into O. insularis.
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FIGURE 1. Type specimens of Oberonia pumila, O. insularis and O. pumilum var. rotundum. A. Suzuki s. n. (holotype of O. pumila, TAI),
Hualien, Taiwan, China; B. Suzuki s. n. (isotype of O. pumila, TAI), Hualien, Taiwan, China; C. 7. Kawakami & U. Mori 6278 (type of O.

insularis), Neng-gao Mountain, Taiwan, China; D. W.M. Lin s. n. (holotype of O. pumilum var. rotundum), Hualien, Taiwan, China.
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Taxonomic treatment

Oberonia insularis Hayata (1911: 310). (Fig. 2)

Type:—CHINA. Taiwan: Neng-gao Mountain, January 1907, 7. Kawakami & U. Mori 6278 (holotype TI, photo!)

=Hippeophyllum sinicum Chen & Lang (1998: 69). = Oberonia sinica (S.C. Chen & K.Y. Lang) Ormerod (2003: 91), syn. nov. Type:—
CHINA. Gansu: Wudu county, Yu He, alt. 1600m, 6 June 1979, K.Y. Lang 1001 (holotype PE, not seen).

=O0beronia pumila S.S. Ying ex Ormerod (2002: 242). Type:—CHINA. Taiwan: Hualien County, Taroko, alt. 800—1500 m, 28 December
1931, Suzuki s. n. (holotype TAI!).

=Oberonia pumilum S.S. Ying ex Ormerod var. rotundum Lin & Lin (2009: 330). Type:—CHINA. Taiwan: Hualien County, between
Lungshi and Lungchien, 25 May 2009, W.M. Lin s. n. (holotype TAI!)

FIGURE 2. Oberonia insularis in the wild (Leye, Guangxi, China). A. Habitat; B. Plants; C. Flowers; D. Fruit. Photos taken by Y.L. Li
and Y. Tong.

216 < Phytotaxa 321 (2) © 2017 Magnolia Press LI ETAL.

118


user
文本框
      118


Epiphytes. Rhizome creeping, 1-1.5 mm in diam., slender, covered by scalelike sheaths at nodes. Stem short, 1-2 cm.
Leaves 3-6, distichous-equitant, laterally compressed, fleshy, ensiform or ovate-lanceolate, 6-19 x 1.5-5 mm, base
articulate. Racemes terminal, about 3—5 cm long, many flowered. Bracts ovate lanceolate, 1-2 mm, margin slightly
erose. Pedicel as long as the bracts. Flowers light green to pale yellowish brown, ca. 2 mm in diam., not resupinate.
Sepals reflexed, ovate-elliptic, ca. 0.8—1 x 0.4 mm, acute; lateral sepals usually narrower than dorsal sepal. Petals
reflexed, narrowly oblong in outline, ca. 0.7-1 % 0.15 mm; lip ovate-oblong in outline, 1.7 x 0.6 mm, margin slightly
toothed, bilobed at apex; apical lobes divergent, narrowly lanceolate, 0.3—0.4 mm. Column short, ca. 0.2 mm; pollinia
4, in 2 pairs, without caudicles, waxy. Flowering May—June; fruiting July.

Mlustration:—Lin (1987: 141), as H. pumilum; Chen & Lang (1998: 69), as H. sinicum.

Distribution:—Oberonia insularis is endemic to China, currently known from Gansu, Guangxi, Guizhou, Hunan,
Shaanxi, Taiwan and Yunnan (Fig. 3).

Additional specimens examined:—CHINA. Guangxi: Leye, Dadao, 1184 m, 14 June 2015, Y.L. Liet al. LYL091
(IBSC). Guizhou: Libo, Weng’ang, 17 July 2010, F.L. Chen et al. LB0450 (IBSC). Hunan: Pingjiang, H.G. Ye et al.
LXP10-6064 (IBSC). Shaanxi: Zhenping, Baijia, 1420 m, 14 May 1986, L. Hu 1037 (PE). Taiwan: Kaohsiung, Qishan,
Nanxishan, 16 November 1940, Suzuki s. n. (TAI); Hualien, Fenglin, 16 April 1939, collector unknown s. n. (TAIF);
Hualien, Yanhai Subprefecture, 15 August 1934, collector unknown s. n. (TAIF); Hualien, 25 May 2009, W.M. Lin s.
n. (TAI); Hualien, Daduanya, ca. 900 m, 24 July 1936, collector unknown s. n. (KPM); Hualien,700 m, 16 June 2011,
C.C. Hsu 1 (TAI); Nantou, 29 September 2013, PF. Lu 26025 (TAIF); Nantou, Jenai Hsiang, 16 March 1990, H.J. Su
9315 (HAST); Hsinchu, 18 June 1933, collector unknown s. n. (TAIF); Hsinchu, ca. 1000 m, 17 May 1935, collector
unknown s. n. (KPM). Yunnan: Maguan, 20 June 2012, Y. Tong et al. TY039 (IBSC).
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FIGURE 3. Distribution map of Oberonia insularis (-).
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Abstract

Oberonia orbicularis (Orchidaceae, Malaxideae) has been treated as the synonym of O. pachyrachis, O. obcordata and
O. maxima, respectively. Our critical examination of protologues and type materials of these four names demonstrates that
they are morphologically distinct from each other. We therefore reinstate the independent specific status of O. orbicularis. A
detail description of this species was also provided.

Keywords: taxonomy, synonym

Introduction

The orchid genus Oberonia Lindley (1830: 15) was first described by Lindley in 1830 and characterized by Iris-like
leaves, racemose inflorescences, extremely small flowers usually no more than 1 mm in diameter, and generally 3-
lobed lips. Since it was described, it has been widely accepted by many later scholars (Richard 1841, Wight 1852,
Bentham 1873, Hooker 1888, King & Pantling 1898). Actually, Oberonia is an illegitimate name, being later and hence
superfluous substitute for /ridorkis Thouars (1809: 319) which was validly published in 1809 and later erroneously
written as Iridorchis by Thouars (1822). The name Iridorkis has not been used for nearly seventy years by other scholars
since it was published. Only Kuntze (1891) recognized this name and transferred all the species from Oberonia to
Iridorkis. However, considering the widely usage of Oberonia, Briquet (1906) proposed to reject the name Iridorkis,
while conserve the name Oberonia in Vienna Rules. Consequently, Oberonia is a legitimate name and has been widely
used until now. It comprises over 300 species and is distributed mainly in Tropical South and Southeast Asia, with
extension to Tropical Africa, Madagascar, the Mascarene Islands, the Philippines, New Guinea, Northeast Australia,
and the Southwest Pacific Islands across to Tahiti (Pridgeon 2005, Chen et al. 2009, Govertal ef al. 2016).

In our taxonomic revision of Oberonia in China, we found that O. pachyrachis H. G. Reichenbach ex J. D. Hooker
(1888: 681), O. obcordata Lindley (1859: 7), O. maxima Parish ex J. D. Hooker (1888: 677) and O. orbicularis J. D.
Hooker (1888: 677) are distinct from each other and O. orbicularis should be reinstated as an independent species.

Oberonia pachyrachis was published based on three collections: (a). Tropical Himalaya, Garwhal, Falconer 167,
(b). Kumaon, Strachey & Winterbottom 2; (c). Sikkim, J. D. Hooker s. n. (K; Figure 1 and 2). Seidenfaden (1978)
designated the collection from Garwhal, i. e. Falconer 167, as the type of this species. It is characterized by the
foliaceous peduncle fused with leaf in basal half and ovate lips with entire margin.

Oberonia obcordata was also published by Lindley based on three collections: (a). Sikkim, J. D. Hooker &
T. Thomson 112; (b). Dorjeeling, W. Griffith s. n.; (c). Myrung, Khasya, W. Griffith s. n. (K; Figure 3 and 4). We
located these three specimens from Kew and found that they are identical and all marked with Lindley’s handwriting.
Seidenfaden (1978) designated the first sheet as the type of this species. Oberonia obcordata is characterized by
peduncle connate in lower part to uppermost leaf and 3-lobed lip. It is distributed in northeast India, Nepal, Mymmar,
Thailand, Vietnam and China.
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FIGURE 1. Lectotype of Oberonia pachyrachis (Tropical Himalaya, Garwhal, Falconer 167, herbarium No. K000387693) and syntype
of O. pachyrachis (Sikkim, J. D. Hooker s. n., herbarium No. K000387714).

REINSTATEMENT OF THE OBERONIA ORBICULARIS Phytotaxa 374 (1) © 2018 Magnolia Press ¢ 55
122


user
文本框
      122


ROYAL BOTANIC GARDENS ROYAL BOTANIC GARDENS KEW

HERB. HORT. KEW.

LTI
K000387691

KODAK Gray Scale

HIMALAYAN HERBARTUM.
R. STRACHEY and J. E. WINTERBOTTOM.

protedd N & 2

)
o
=
]
©
o
©
=
=
o
o
B
o
o
&
X
<
Q
e}
X

/ REIA B % y
7
G
Habitat. M % Kumaon. v
Elevation above the Sca 7 Feel. L WS\_
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FIGURE 4. Syntype of Oberonia obcordata (Myrung, Khasya, W. Griffith s. n., herbarium No. K000974231).

Oberonia maxima was first described on the basis of a single collection from Moulmein, i. e. Parish s. n. (K; Fig.
5). In the protologues, the author stated that it was the largest-leaved species. It is characterized by the nearly straight
and large leaves (30 x 4 cm), peduncle with broad wings (0.4-0.7 cm wide) at lower part and orbicular crenulate lips
without notch.

Oberonia orbicularis was published based on a single collection from Sikkim Himalaya, i. e. Clarke 9610 (K; Fig.
6). It is characterized by the compressed cylindric peduncle with narrow wings (0.25-0.3 cm wide) on both sides and
orbicular lips with crenulate margins and notched apices. Hooker (1895) also listed O. orbicularis in his book “The
flora of British India” and cited another specimen, Gibson s. n., from Khasia Hills, under this name. A drawing from
the specimen collected by Gibson was also provided in his book. King & Pantling (1898) did not find any living plant
of O. orbicularis in Sikkim and believe the location of Clarke’s plant to be mislabeled. Then, Oberonia orbicularis
was later recorded from Thailand and Meghalaya by Seidenfaden & Smitinand (1963) and Kataki (1986). Seidenfaden
(1968), after examining the type specimen at Kew, also retained O. orbicularis as a distinct species. However, without
checking the type material of O. orbicularis, Pradhan (1979) considered O. orbicularis to be conspecific with O.
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pachyrachis after the comparation with the living plants of O. pachyrachis from India and the drawing of Gibson’s
plant. Pearce & Cribb (2002) followed Pradhan (1979) and reduced O. orbicularis to a synonym of O. pachyrachis
formally. Ansari & Balakrishnan (1990) didn’t include O. orbicularis in their work as they haven’t examined the
type and haven’t seen any similar specimen in the Indian herbaria. Chen et al. (2009) might overlook the treatment
of Pearce & Cribb (2002) and reduced the name O. orbicularis to a synonym of O. obcordata, without given any
particular reason. However, Geiger (2016) disagreed with the treatment of Chen et al. (2009). He treated them as two

distinct taxa and placed O. orbicularis in synonymy with O. maxima.
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FIGURE 5. Holotype of Oberonia maxima (Moulmein, Parish s. n., herbarium No. K000387694).
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FIGURE 6. Holotype of Oberonia orbicularis (Sikkim Himalaya, Clarke 9610, herbarium No. K000387696).

In order to clarify the relationship among O. orbicularis, O. pachyrachis, O. obcordata and O. maxima, we
critically checked herbarium specimens or high-resolution images of specimens of these four taxa in PE, K, L,
KATH, SING, RAF, HN, LE and MO. The results revealed that O. orbicularis, O. pachyrachis, O. obcordata and
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O. maxima are morphologically most readily distinguishable from each other (Table 1). Oberonia orbicularis can be
easily distinguished from O. pachyrachis by the compressed cylindric peduncle with narrow wings on both sides (vs.
peduncle foliaceous and fused with leaf in basal half) and orbicular lips with crenulate margins and notched apices (vs.
ovate lips with entire margin), distinct from O. obcordata by the ensiform leaves (vs. linear leaves) and un-lobed lips
(vs. 3-lobed lips), and differentiated from O. maxima by having narrowly ensiform leaves 0.6—1.8 cm broad (vs. very
broad ensiform leaves 2—3.8 cm broad), orbicular lips with notch at the apex (vs. orbicular lips without notch) and disk
not thickened (vs. disk thickened).

In addition, after comparing the drawings of the specimen collected from Khasia Hills by Gibson with the type
materials of O. pachyrachis and O. orbicularis, we confirmed that Gibson’s plant with foliaceous peduncle was actually
O. pachyrachis rather than O. orbicularis. There is no wonder that Pradhan (1979) considered O. pachyrachis and O.
orbicularis are conspecific, which directly resulted in the erroneously treatment by Pearce and Cribb (2002). From the
descriptions and illustration from Seidenfaden & Smitinand (1963) and Kataki (1986), we also noticed that specimens
from Thailand and Meghalaya are actually O. pachyrachis, which were misidentified as O. orbicularis. Thus, it seems
that O. orbicularis is only confined to the type location and hasn’t been reported for over 100 years. Consequently, a
detailed description from protologues and type specimen was provided herein.

Taxonomic treatment

Oberonia orbicularis J. D. Hooker (1888: 677).
TYPE:—INDIA. Sikkim Himalaya, 900 m, Clarke 9610 (K000387696!).

Epiphytic herbs. Stems inconspicuous, 4—6 cm, enclosed in leaf bases. Leaves subbasal, 3 to 5, distichous equitant,
laterally compressed, narrowly ensiform, 12-18 x 0.6—1.8 cm, base articulate, apex acute. Peduncle cylindric,
subcompressed, 14-21 cm, lower part with narrow wings on both sides, including wings to 4 mm wide, with a small
sterile bracts below; rachis 6—13 cm, densely many flowered; floral bracts orbicularis, margin erose. Flowers ca. 0.17
cm across, pedicel and ovary ca. 0.5 mm. Sepals broadly ovate, 0.8—1 x 0.6—0.8 mm, petals broadly ovate, similar to
sepals, lip orbicular in outline, ca. 1 x 0.7-0.8 mm, margin with crenulate margins and notched apices, apex retuse.
Column short. Fruiting pedicel very short.

Distribution and habitat:—Oberonia orbicularis is endemic to Sikkim Himalaya, India. It is epiphytic on trees
in forest at elevations of 900 m.

Phenology:—Flowering in October and fruiting in December.

TABLE 1. Morphological comparison between Oberonia orbicularis, O. pachyrachis, O. obcordata and O. maxima.
* Data taken from protologues and type materials.

O. orbicularis O. pachyrachis

0. obcordata

0. maxima

Leaves narrowly ensiform, 12-18  ensiform, slightly falcate,
x (0.6—1.8 cm, thick 5-13 x 0.4—1 cm, thin

Leaf basal joint present present

Peduncle lower part with narrow foliaceous and fused with
wings on both sides, leaf in basal half
including wings 0.25-0.3
cm wide, not connate to
leaf

Rachis ca. 6-13 cm ca. 6-11 cm

Pedicel 0.5 mm sessile

Petals broadly ovate narrowly oblong

Lip orbicular with crenulate ovate with entire margin

margins and notched

apices

nearly linear, 3—5 %
0.2-0.3 cm, thin

absence

connate in lower part
to uppermost leaf
conspicuously or
inconspicuously

ca. 4 cm
1-1.5 mm

oblong-ovate

ovate in outline, 3-lobed

broad ensiform, nearly
straight, 26-35 x 2-3.8 cm,
thick

present

lower part with broad wings
on both sides, including
wings 0.4-0.7 cm wide, not
connate to leaf

ca. 10-14 cm
sessile
broadly ovate

orbicular crenulate without
notch, disk thickened
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ABSTRACT

Psammosilene tunicoides is an endangered medical herb endemic to south-western China. In this study,
the complete plastid genome of the species was characterized and assembled using the next-gener-
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ation DNA sequencing method. The plastid genome is 153,978 bp in length, including a large single

copy (LSC) region of 83,981 bp and a small single copy (SSC) region of 17,489 bp, which were separated
by a pair of inverted repeat (IR) regions of 26,254 bp. The genome encoded 112 unique genes, includ-
ing 78 protein-coding genes, four ribosomal RNA genes, and 30 transfer RNA genes. The overall GC
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Psammosilene

content of the whole genome is 36.49%. The phylogenetic analysis based on 17 plastid genome of
Caryophyllaceae revealed that P. tunicoides nested within the tribe Caryophylleae with strong sup-

port value.

Psammosilene W.C. Wu & CY. Wu is a monotypic genus
endemic to south-western China and belongs to the tribe
Caryophylleae, family Caryophyllaceae (Lu et al. 2001;
Greenberg and Donoghue 2011). The species P. tunicoides W.C.
Wu & C.Y. Wu is a perennial herb and grows usually in rocky
mountain slopes, dry pastures, and calcareous rock crevices, at
the elevation of 900-3800 m (Tang 1996; Lu et al. 2001). It is
also an important plant used in traditional Chinese medicine,
and its dried roots usually have been used to treat haemosta-
sis, rheumatism and trauma haemorrhage (Zhang et al. 2011;
Li et al. 2016). Due to the rapid decline of the wild populations,
P. tunicoides is classified as a rare and endangered species in
the Chinese Plant Red Book (Fu and Jin 1992).

Total genomic DNA of P. tunicoides was extracted from
mature leaves of an individual collected from Yunnan prov-
ince (China; N25°18, E102°75') with the modified CTAB
method (Doyle and Doyle 1987). Voucher specimen (G. Yao
YGYN2015071101) was deposited in the Herbarium of South
China Botanical Garden, Chinese Academy of Sciences (IBSC).
The DNA extracted was sequenced using the Illlumina HisSeq
2500 Sequencing System. Reads were assembled using the
software GetOrganelle (Jin et al. 2018) and all of the genes in
the plastid genome were annotated with PGA (Qu et al.
2019). The accession number MN136196 was obtained from
GenBank for the annotated plastid genome of P. tunicoides.

Structural analysis of the complete plastid genome of P.
tunicoides exhibits a typical quadripartite circular structure
with 153,978 bp in length. The genome is composed by a

large single-copy (LSC) region of 83,981bp, a small single-
copy (SSC) region of 17,489 bp, and a pair of inverted repeat
(IRa and IRb) regions of 26,254 bp. The genome encoded 112
unique genes, including 78 protein-coding genes, four ribo-
somal RNA genes (rrn4.5, rrn5, rr16, and rrn23) and 30 trans-
fer RNA genes, whereas the pseudogenization of infA was
detected in plastid genome of P. tunicoides. Seventeen genes,
including six protein-coding genes (ndhB, rpl2, rpl23, rpsi2,
rps7, and ycf2), four ribosomal RNA genes, and seven transfer
RNA genes (trnA-UGC, trnl-CAU, trnl-GAU, trnL-CAA, trnN-
GUU, trnR-ACG, trnV-GAC) were found to be duplicated in IR
regions. Fourteen genes contained one intron and two genes
contained two introns. The overall GC content of P. tunicoides
plastid genomes is 36.49% (LSC, 34.24%; SSC, 30.05%;
IRs, 42.25%).

In this study, P. tunicoides and sixteen published complete
plastid genome of Caryophyllaceae were used to construct a
phylogenetic tree. Seven species from Achatocarpaceae,
Aizoaceae and Amaranthaceae s.. were selected as out-
groups, based on phylogenetic relationships constructed
recently (Yao et al. 2019). Phylogenetic result showed that all
of the Caryophyllaceae members formed a well-supported
clade and P. tunicoides clustered within the tribe
Caryophylleae with 100% bootstrap support value (Figure 1),
in agreement with previously published phylogenetic study
(Greenberg and Donoghue 2011). The complete plastid gen-
ome sequence of P. tunicoides will provide a useful resource
for the conservation genetics of the species.

CONTACT Gang Yao @ gyao@scau.edu.cn @ Guangdong Key Laboratory for Innovative Development and Utilization of Forest Plant Germplasm, College of
Forestry and Landscape Architecture, South China Agricultural University, Guangzhou 510642, China
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Two Newly Recorded Species of Oberonia Lindl.
(Orchidaceae) from China

LI Yuling"?, LIN Ying', ZHENG Hanyue', WANG Bo', LIU Dongming’, XING Fuwu**

(1 College of Forestry and Landscape Architecture, South China Agricultural University, Guangzhou 510642, China; 2 South
China Botanical Garden, Chinese Academy of Sciences, Guangzhou 510650, China)

Abstract: Oberonia orbicularis Hooker f. and O. delacourii Gagnep. are reported as two newly recorded
species of Orchidaceae from China for the first time. O. orbicularis is most similar to O. integerrima
Guillaumin and O. pachyrachis Rchb. f. ex Hook. f., but differs by its peduncle with narrow wings on
both sides in basal half and orbicular lip with crenulate or fimbriate margin and notched apex. Since O. or-
bicularis was discovered in Mengla County, Yunnan Province in 2013 for the first time in China, it is a
newly recorded species. Then, O. delacourii is most allied to O. ensiformis, but can be easily distin-
guished by the lip apex with quadrate sinus and fimbriate margin. The rediscovery of O. delacourii is re-
ported as newly recorded species from China except the type collection from Loas in 1929. Detailed de-
scriptions of these two newly recorded species are provided and the voucher specimens are deposited in the
herbarium of South China Botanical Garden, Chinese Academy of Sciences, Guangzhou (IBSC).

Key words: Orchidaceae; Oberonia ; new record; China
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40

Plate | Two newly recorded species of Oberonia Lindl. (Orchidaceae) from China

A. Habitat and plants of Oberonia orbicularis Hooker {. ; B. Flowers of Oberonia orbicularis Hooker f. ; C. Habitat and

plants of O. delacourii Gagnepain. ; D. Flowers of O. delacourii Gagnepain.

(C)1994-2020 China Academic Journal Electronic Publishing Hb39e. All rights reserved. http://www.cnki.net
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Abstract: Manglietia Blume, belonging to the Magnoliaceae family and mainly distributed in tropical
and subtropical regions of Asia, has great scientific and economic value. In this study, we employed
next-generation sequencing followed by de novo assembly to investigate the adaptive evolution of
Manglietia using plastid genetic information. We newly sequenced the complete or nearly complete
plastomes of four Manglietia species (Manglietia aromatica, Manglietia calcarea, Manglietia kwangtungen-
sis, and Manglietia glauca) and conducted comparative analysis with seventeen published plastomes
to examine the evolutionary pattern within this genus. The plastomes of these five newly sequenced
Manglietia species range from 157,093 bp (M. calcarea2) to 160,493 bp (M. kwangtungensis), all exhibiting
circular structures when mapped. Nucleotide diversity was observed across the plastomes, leading
us to identify 13 mutational hotspot regions, comprising eight intergenic spacer regions and five
gene regions. Our phylogenetic analyses based on 77 protein-coding genes generated phylogenetic
relationships with high support and resolution for Manglietia. This genus can be divided into three
clades, and the previously proposed infrageneric classifications are not supported by our studies.
Furthermore, the close affinity between M. aromatica and M. calcarea is supported by the present
work, and further studies are necessary to conclude the taxonomic treatment for the latter. These
results provide resources for the comparative plastome, breeding, and plastid genetic engineering of
Magnoliaceae and flowering plants.

Keywords: Manglietia; chloroplast genome; phylogenetic; molecular marker; interspecific relationship

1. Introduction

Magnoliaceae Juss. comprises evergreen and deciduous trees or shrubs with showy
flowers, boasting a rich diversity of over 300 species primarily found in Southeast Asia
and the Americas. It is recognized as one of the most primitive and endangered groups of
angiosperms [1,2], holding significant value for investigating the origin and phylogeny of
flowering plants. Due to the reticulate evolution of morphological characteristics [3], there
has been long debate over the classification of Magnoliaceae regarding the delimitation
of tribes, genera, and sections. Currently, the most prominent classification systems for
Magnoliaceae have been proposed by Dandy [4-6], Law [7,8], Nooteboom [9], and Figlar
and Nooteboom [10]. Dandy [4-6] recognized twelve genera in two tribes, Liriodendron
Linn. in the tribe Liriodendreae and others in the tribe Magnolieae. Law [7,8] upgraded
Dandy’s two tribes to the rank of subfamily, i.e., Liriodendroideae and Magnolioideae, and
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further divided Magnolioideae into two tribes and five subtribes, recognizing 16 genera.
Nooteboom [9] accepted Law’s infrafamilial classification but he merged some genera into
others. However, Figlar and Nooteboom [10] proposed a quite different classification by
merging all genera except Liriodendron into a single expanded genus, Magnolia Linn., which
was further divided into three subgenera and twelve sections. In the Flora of China [11],
Xia classified the Chinese species of Magnoliaceae into thirteen genera, including three
new genera, while Nooteboom, another co-author of the account of the family for the
flora, accepted only two genera, Liriodendron and Magnolia, following the treatment of
Figlar and Nooteboom [10]. Furthermore, many molecular studies of the phylogeny of the
family Magnoliaceae were performed using chloroplast [12-23] and nuclear datasets [24].
The phylogenetic results based on cpDNA [17,18,21] or nuclear data [24] indicated that
12-16 major clades were found to be monophyletic within Magnoliaceae. Accordingly,
Nie et al. [24] proposed an updated classification of the genus Magnolia into 15 sections,
and each section was treated as independent genus by Xia [11] and Sima and Lu [3].
Although many phylogenetic studies have been conducted to enhance our understanding
of the phylogenetic evolution in the family, the deeper relationships within each clade,
such as Manglietia Blume, remains poorly resolved due to limited taxon sampling. The
classification of Xia is widely accepted in Asia, especially in China [25-28]. Here, we
accepted to the generic delimitation, in a narrow sense, in the classification of the family
Magnoliaceae by Xia [11] and Sima and Lu [3], which treats all sections of Nie et al. [24] as
independent genera.

Manglietia Blume, established by Blume [29], comprises approximately 40 species
primarily distributed in tropical and subtropical regions of Asia, with a concentration of to
27 or 29 species in Southern China [11]. This genus is characterized by its evergreen habit
(except Manglietia decidua Q. Y. Zheng), stipules adnate to the petioles, and the presence
of four or more ovules per carpel [30]. It was later treated as a section of Magnolia by
some scholars [10,21,31]. It is generally considered closely allied to the genera Magnolia
and Manglietiastrum Law. based on its morphological characteristics [32-35]. Furthermore,
the infrageneric classification of Manglietia is still unclear. Tiep [36] was the first one to
establish the infrageneric classification of Manglietia, and recognized two sections, i.e., sect.
Olivera, with its style shorter than half of the carpel length, and sect. Manglietia, with its
style longer than half of the carpel length. But this classification has never been followed
or adopted by later authors. Zheng [37] merged the monotypic genus Sinomanglietia Z.X.
Yu, which contains a single species (Simarouba glauca Z.X. Yu) with deciduous habits, into
Manglietia and treated it as sect. Deciduae Q. Y. Zheng [38,39], while placing all other
species with evergreen habits into sect. Manglietia. However, all previous molecular studies
indicated that Manglietia was strongly supported to be monophyletic [17,18,20,22], and it
was recognized as an independent genus for long time in Asian flora and checklists [8,11].
Several phylogenetic analyses of Manglietia have been carried out, but no texts have been
produced on the infrageneric classification within Manglietia. Thus, the phylogenetic
relationships within Manglietia also remain unresolved, and further studies are necessary.

Since the sequencing of the first chloroplast genome (plastome) in 1986 [40], there has
been rapid progress in high-throughput sequencing technology, resulting in the continuous
sequencing of the numerous plant plastomes [41,42]. The National Center for Biotechnology
Information (NCBI) organelle genome database currently holds more than 8600 plant
plastomes, with the majority of them sequenced in the past four years [43]. In contrast to
nuclear genomes, plastomes typically exhibit a conserved structure and a relatively lower
rate of nucleotide substitution [44,45]. They have been extensively utilized for resolving
phylogenetic relationships among plant lineages and investigating chloroplast genome
evolution, such as in Dennstaedtiaceae Lotsy. [46] and Magnolia [47]. These investigations
significantly advanced our understanding of plant evolutionary relationships. However,
the plastomes of many species of Manglietia are only published in the form of data, and
scientific problems such as structural variation and evolutionary relationships among
lineages have not been discussed [23,48]. Given their significant scientific and economic
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value, further exploration employing chloroplast genomes would provide crucial insights
into the systematics and evolution of the family Magnoliaceae [11].

Traditionally based on morphological characteristics alone, species delimitation often
fails to distinguish recently diverged species, resulting in cryptic species complexes [49].
These species can be derived from isolation differentiation [50], hybridization, and poly-
ploidization [51]. The availability of high-throughput sequencing technology has made
obtaining plastome sequences more feasible. Compared to nuclear genomes and mito-
chondrial genomes, plastomes possess a small size, a low rate of nucleotide substitution,
single-parental inheritance, and a haploid nature. These characteristics make plastomes an
excellent choice for analyzing nucleotide diversity and reconstructing phylogenies among
closely related species, particularly among polyploid taxa [52,53]. Numerous studies have
utilized plastome data to resolve species classification, elucidate phylogenetic relationships
among land plants, and conduct comparative analyses of chloroplast genomes [54-56].
Notably, comparative analysis based on plastome data provides a more comprehensive
understanding of species evolution and phylogenetic relationships compared to limited
DNA fragments [57]. Among Manglietia species, Manglietia calcarea X. H. Song is a rare
and endangered and extremely small population distributed in the neighboring region of
N Guangxi and S Guizhou [58,59]. M. calcarea has a high calcium requirement, a narrow
ecological environmental range, and a small population, its distribution areas are relatively
remote, and it is endemic to Guizhou and Guangxi [59]. M. calcarea was described by
Song [60] as originating from the limestone areas in Libo County, Guizhou Province, and
its taxonomic status has been controversial. Chen and Nooteboom [35] considered M.
calcarea to be similar to Manglietia fordiana Oliv. and treated it as M. fordiana var. calcarea.
M. calcarea was neglected in the Flora Reipublicae Popularis Sinica [30] and reinstated in
Flora of China [11]. Sima et al. [59] compared M. calcarea with M. aromatica Dandy, and M.
fordiana based on 13 morphological characteristics, and concluded that it is very similar to
M. aromatica; they treated it as a variety M. aromatica var. calcarea. However, this result was
based only on morphological characteristics; the classification status of M. calcarea needs be
evaluated. To better understand the classification status of M. calcarea and its relationship
with Manglietia, it is imperative to identify genetic discrepancies within the major clade
of Manglietia.

In this research, we have assembled and annotated the five plastomes of four Manglietia
species. The present work aims to (1) investigate the genetic variation within the Manglietia
plastome; (2) characterize plastomes structure, sequence divergence, mutation hotspot
regions, and repeat regions; (3) evaluate the phylogenetic relationships within Manglietia;
and (4) clarify the classification relationships of related genera and the specular species
M. calcarea.

2. Materials and Methods
2.1. Plant Materials and DNA Extraction and Sequencing

The fresh leaves of five samples representing four species of Manglietia (M. aromatica,
M. calcarea, M. glauca Blume, and M. kwangtungensis Dandy) were collected from the
provinces of Guangxi, Guizhou, and Guangdong, respectively. Among them, two samples
of M. calcarea from different locations were added for a comparative analysis of chloroplast
genomes on the population level to better understand the classification relationships among
the closely related species of M. calcarea. The voucher specimens were deposited at the
Herbarium of South China Agricultural University (CANT) and the Herbarium of South
China Botanical Garden, Chinese Academy of Sciences (IBSC) (Table S1). Total genomic
DNA was extracted from fresh, young leaves using the Plant Genomic DNA Kit (Tiangen,
Beijing, China) following the manufacturer’s protocol. Once the sample genomic DNA
passed quality assessment, short-insert (500 bp) paired-end (PE) libraries were sequenced
by the Beijing Genomics Institute (Shenzhen, China) using the Illumina HiSeq 2500 platform
with a read length of 150 bp. Each species generated a minimum of 5 Gb clean data.
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2.2. Plastid Genome Assembly, Annotation, and Comparison

The paired-end reads from the clean data were filtered and assembled into contigs
using the GetOrganelle software [61]. Subsequently, the assembled plastomes were visually
inspected in Bandage [62] software followed by manual editing if necessary in Geneious
v11.1.5 software; then, complete plastomes were obtained for each sample.

The plastomes were annotated using Plastid Genome Annotator (PGA) software [63],
with the reference plastome of M. aromatica2 (NC_037000.1). Manual inspection and editing
were carried out in Geneious v11.1.5 [64] as needed. Furthermore, tRNA genes were
annotated in Geneious v11.1.5 using the genome of M. aromatica2, with sequence similarity
threshold set at >75%. Finally, five high-quality, complete or nearly complete chloroplast
genomes were obtained. Organellar Genome DRAW (OGDRAW) v1.3.1 was used to
visualize the structural features of the four species [65].

2.3. Plastome Comparison and Sequence Divergence Analysis

Seventeen whole plastomes of Manglietia (M. aromatica2, M. calcarea3, M. conifera Dandy,
M. glaucifolin Y. W. Law & Y. E. Wu, M. dandyi (Gagnep.) Dandy, M. zhengyiana N. H. Xia,
M. lucida B. L. Chen & S. C. Yang, M. patungensis Hu, M. crassipes Y. W. Law, M. ventii N. V.
Tiep, M. fordiana, M. insignis (Wall.) Blume, M. duclouxii Finet & Gagnep., M. hookeri Cubitt
& W. W. Sm., M. grandis Hu & W. C. Cheng, M. obovalifolia C. Y. Wu & Y. W. Law, and M.
decidua) were downloaded from NCBI. Together with five newly sequenced plastomes,
this dataset provided the possibility of conducting comparative analysis among relatives.
Mauve alignment was employed for analyzing plastomes” DNA rearrangement across all
22 Manglietia sequences [66]. The online tool IRscope (https:/ /irscope.shinyapps.io/irapp/
(accessed on 24 February 2023)) was utilized to compare the junction regions among
the 22 sequences that connect the IR, SSC, and LSC [67]. Additionally, the sequence
divergence of 22 Manglietia plastomes was investigated using the program mVISTA [68],
with LAGAN and M. aromatica2 as references, to demonstrate inter- and intraspecific
variations. Nucleotide diversity was also assessed by DnaSP v6.12.03 (DNA Sequences
Polymorphism) software with a sliding window strategy [69], where the step size was set
to 200 bp and a window length of 600 bp was employed [70].

The codon usage pattern of protein-coding genes in the 22 Manglietia plastomes was
estimated using CodonW v.1.4.2. (https:/ /sourceforge.net/projects/codonw/ (accessed
on 1 March 2023)). The relative synonymous codon usage (RSCU) values and the effective
number of codons (ENC) were determined to quantify the extent of the codon usage bias
for each genome by applying published equations for RSCU calculation [71]. Subsequently,
the TBtools HeatMap function [72] visualized the RSCU values across the 22 Manglietia
plastomes, while the ENC values indicated each individual gene’s codon bias within a
range from 20 to 61; lower ENC values denoted higher codon bias levels observed in specific
genes [73]. The computation of overall GC content and the individual GC content at the
first, second, and third codon positions (GC1, GC2, and GC3, respectively) were calculated
utilizing EMBOSS [74] online software (http://emboss.toulouse.inra.fr/cgi-bin/emboss/
(accessed on 1 March 2023)).

2.4. Repeat Sequence Analysis

The REPuter [75] online software (https:/ /bibiserv.cebitec.uni-bielefeld.de/reputer/
(accessed on 26 February 2023)) facilitated the identification of repeat sequences, including
palindromic repeats, direct repeats, and reverse repeats, under specified parameters: The
maximum size of repeat sequences that were computed was limited to 50, while the
minimum size and Hamming distance were set at 30 and 3. Tandem repeat sequences were
identified through Tandem Repeats Finder [76] employing alignment parameters such as
match = 2, mismatch = 7, and indels = 7. Repeats satisfying the conditions of a minimum
alignment score of 80, a maximum period size of 500 bp, and a maximum TR array size of
2 million were considered. Furthermore, simple sequence repeat (SSR) detection utilized
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the Perl script MISA (MlIcroSAtellite identification tool), with a threshold of mono-, di-, tri-,
tetra-, penta-, and hexanucleotides, respectively [77].

2.5. Analysis of Substitution Rate

In this study, we employed the KaKs_calcaulator [78] to calculate nonsynonymous (Ka)
and synonymous substitution rates (Ks), as well as the Ka/Ks ratio, in order to identify gene
divergence change within the 22 Manglietia plastomes. To minimize errors, we screened the
protein-coding gene (CDS) sequences of these plastomes using specific criteria: each CDS
sequence should have a total number of bases that is a multiple of 3 and a length > 300 bp.
Subsequently, we retained 51 CDS sequences for further analysis. Pairwise comparisons
among the 22 plastomes resulted in a total of 231 sequence pairs. The genetic code was set
as the “Bacterial and Plant Plastid Code” with the calculation method “YN”. When there
were no substitutions or perfect matches in the alignment, the Ks value was set to 0; in such
cases, the Ka/Ks value was reported to be “NA” and replaced with 0 in the results.

2.6. Dataset Generation and Phylogenetic Analyses

A total of 57 complete Magnoliaceae family plastomes belonging to all sections recog-
nized by Wang et al. [21] were obtained from the NCBI GenBank database. Liriodendron
tulipifera Linn. and Liriodendron chinense (Hemsl.) Sargent were used as outgroups. For
the phylogenetic analysis, the distribution of the 57 sequences among different genera in
Magnolioideae were as follows: Manglietia (22), Houpoea N. H. Xia & C. Y. Wu (3), Aro-
madendron Blume (2), Magnolia (3), Michelia Linn. (3), Oyama (Nakai) N. H. Xia & C. Y. Wu
(2), Pachylarnax Dandy (4), Kmeria (Pierre) Dandy (1), Metamagnolia Sima & S. G. Lu (3),
Paramagnolia Sima & S. G. Lu (2), Dugandiodendron Lozano (5), Yulania Spach (4), Lirianthe
Spach (2), and Talauma Juss. (1).

All the annotated filest of the nucleotide sequences of the protein-coding genes
(CDS) in GenBank format were extracted using Geneious v11.1.5 software and manu-
ally corrected if necessary. CDS alignment was performed using Muscle v3.8.31 [79]
software and manually adjusted when required. Loci covering less than 55% of species
were removed to minimize reliance on loci with limited information or present in rela-
tively few species, resulting in obtaining a final set of 77 CDS sequences from 59 plas-
tomes for subsequent analysis. The script “concatenate_fasta.py” (available at https:
/ /github.com/Kinggerm /PersonalUtilities/ (accessed on 31 October 2023)) was utilized
to merge locus alignments and generate CDS datasets. Furthermore, Gblocks v0.91b was
used with strict exclusion criteria (-b5 = 1) to generate the CDS_GB datasets [80].

The gene trees for the CDS_GB datasets were inferred using maximum likelihood (ML)
and Bayesian inference (BI) methods. For phylogenetic inference, the ML tree was con-
structed with IQ-TREE v2.0.3, employing 1000 bootstrap replicates. The optimal nucleotide
substitution model was determined using parameters set as “-MFP” in IQ-TREE [81].
Bayesian inference (BI) was performed with Mrbayes v3.2 [82]. Markov chain Monte Carlo
(MCMC) analysis was run for 1,000,000 generations. The ML and BI trees were visualized
using FigTree v1.4.3 (http:/ /tree.bio.ed.ac.uk/software/figtree/ (accessed on 20 February
2024)).

3. Results
3.1. Features of Manglietia Plastome

All chloroplast genomes exhibited a double-stranded circular quadripartite structure
in these species’ plastomes (Figure 1). The 22 plastomes ranged in size from 157,093 bp
in M. calcarea2 to 160,493 bp in M. kwangtungensis (Table 1). All complete or nearly com-
plete plastomes comprised a large single-copy region (LSC 87,959 bp-88,791 bp), a small
single-copy region (SSC 18,741 bp-19,030 bp), and a pair of inverted repeat regions (IR
24,991 bp-26,782 bp). For each assembled chloroplast genome, 110-113 genes were an-
notated, including 79 protein-coding genes, 28-30 tRNA genes, and 3—4 rRNA genes
(Tables 1 and 2). The overall GC content of these plastomes was similar, all of which were
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Il photosystem |
[l photosystem I

39.30%, except M. calcarea2 (39.00%), and varied within the LSC, SSC, and IR regions. The
GC content in the IR region (42.50%—43.20%) was higher than that in LSC (37.90%-38.00%)
and SSC (34.20%-34.30%) regions (Table 1). In all species’ plastomes examined, the ycfl
gene extended from the IRa into the SSC region while leaving a truncated copy at the
junction of IRb/SSC. The gene rps12 underwent trans-splicing across two regions: its 5/
end exon resided in the LSC region, whereas its intron and 3’ end exon was located within
the IR region. The plastid genome sequences obtained have been submitted to GenBank
(Accession Nos. PP386157-PP386161).

Manglietia aromatica " ) Manglietia calcarea 1

160,446bp K : 160,446bp

Manglietia glauca

160,459bp

[H cytochrome b/f complex
[ ATP synthase

[ NADH dehydrogenase
[l RubisCO large subunit
Il RNA polymerase

[ ribosomal proteins (SSU)
[l ribosomal proteins (LSU)

I transfer RNAs

M ribosomal RNAs

[ clpP, matK

M other genes

[ hypothetical chloropl

Figure 1. Four newly sequenced gene maps of Manglietia plastomes were generated using the OG-
DRAW online platform. Clockwise transcription is observed for genes located inside the circle, while
counterclockwise transcription occurs for those outside. Color-coded representation distinguishes
genes with different functions. Large single-copy region (LSC), small single-copy region (SSC) and
inverted repeat region (IR) genes are indicated. Additionally, GC content is depicted by a darker
shade in the inner circle, whereas AT content is represented by a lighter gray shade.
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Table 1. The basic characteristics of twenty-two plastomes from Manglietia species.

Species Accession Number  Length (GC%) LSC (GC%) IR (GC%) SSC (GC%) Gene CDS tRNA rRNA
Manglietia aromatical PP386161 160,446 (39.3%) 88,300 (38.0%) 26,677 (43.1%) 18,792 (34.3%) 113 79 30 4
Manglietia aromatica2 NC_037000 160,062 (39.3%) 88,087 (38.0%) 26,572 (43.2%) 18,831 (34.2%) 113 79 30 4

Manglietia calcareal PP386158 160,446 (39.3%) 88,297 (38.0%) 26,572 (43.2%) 19,005 (34.3%) 112 79 29 4
Manglietia calcarea2 PP386157 157,093 (39.0%) 88,298 (38.0%) 24,991 (42.5%) 18,813 (34.2%) 110 79 28 3
Manglietia calcarea3 MF990562 160,027 (39.3%) 88,088 (38.0%) 26,572 (43.2%) 18,795 (34.2%) 113 79 30 4
Manglietia conifera NC_037001 159,973 (39.3%) 88,088 (38.0%) 26,572 (43.2%) 18,741 (34.3%) 113 79 30 4
Manglietia crassipes NC_058270 159,901 (39.3%) 87,959 (38.0%) 26,571 (43.2%) 18,800 (34.2%) 113 79 30 4
Manglietia dandyi NC_037004 160,077 (39.3%) 88,095 (38.0%) 26,572 (43.2%) 18,838 (34.2%) 113 79 30 4
Manglietia decidua 0Q773531 160,151 (39.3%) 88,198 (37.9%) 26,566 (43.2%) 18,821 (34.2%) 113 79 30 4
Manglietia duclouxii NC_037002 160,055 (39.3%) 88,118 (38.0%) 26,574 (43.2%) 18,789 (34.3%) 113 79 30 4
Manglietia fordiana MN515039 160,074 (39.3%) 88,100 (37.9%) 26,576 (43.3%) 18,822 (34.3%) 113 79 30 4
Manglietia glauca PP386159 160,459 (39.3%) 88,298 (38.0%) 26,572 (43.2%) 19,017 (34.3%) 113 79 30 4
Manglietia glaucifolia MF990565 160,059 (39.3%) 88,094 (38.0%) 26,581 (43.2%) 18,803 (34.3%) 113 79 30 4
Manglietia grandis NC_058271 160,008 (39.3%) 88,791 (38.0%) 26,207 (43.2%) 18,803 (34.3%) 113 79 30 4
Manglietia hookeri MW415420 160,035 (39.3%) 88,098 (38.0%) 26,576 (43.2%) 18,785 (34.3%) 113 79 30 4
Manglietia insignis MT654128 160,051 (39.3%) 88,139 (38.0%) 26,583 (43.2%) 18,746 (34.3%) 113 79 30 4
Manglietia kwangtungensis PP386160 160,493 (39.3%) 88,319 (37.9%) 26,572 (43.2%) 19,030 (34.3%) 112 79 29 4
Manglietia lucida MT682867 160,134 (39.3%) 88,119 (38.0%) 26,595 (43.2%) 18,825 (34.2%) 113 79 30 4
Manglietia obovalifolia NC_058551 160,073 (39.3%) 88,113 (38.0%) 26,576 (43.2%) 18,808 (34.3%) 113 79 30 4
Manglietia patungensis OP689708 160,139 (39.3%) 88,102 (38.0%) 26,572 (43.2%) 18,893 (34.3%) 111 79 28 4
Manglietia ventii NC_058272 159,950 (39.3%) 88,008 (38.0%) 26,571 (43.2%) 18,800 (34.2%) 113 79 30 4
Manglietia zhengyiana OP689709 160,058 (39.3%) 88,094 (38.0%) 26,572 (43.2%) 18,820 (34.2%) 111 79 28 4

Note: GC, content of guanine—cytosine; CDS, protein-coding gene.

147


user
文本框
      147


Genes 2024, 15, 406

8 of 23
Table 2. List of genes encoded by twenty-two plastomes of Manglietia species.
Classification Genes
Genetic apparatus
Large ribosomal subunits rpl2 rpl14 rpl16 rpl20 rpl22 rpl23 rpl32 rpl33 rpl36
Small ribosomal subunits rps2 rps3 rps4 rps7 rps8 rpsll rps12 rps14 rps1b rps16 rps18 rps19
RNA polymerase subunits rpoA rpoB rpoC1 rpoC2
DNA-dependent RNA Polymerase protease clpP
Maturase matK
Ribosomal RNAs rrn4.5 rrnb rrnl6 rrn23

trnA-UGC trnC-GCA trnD-GUC trnE-UUC trnF-GAA trnfM-CAU
trnG-GCC trnG-UCC trnH-GUG trnl-CAU trnl-GAU trnK-UUU
trnL-CAA trnL-UAA trnL-UAG trnM-CAU trnN-GUU trnP-UGG

Transfer RNAs tmQ-UUG trnR-ACG trnR-UCU trnS-GCU trnS-GCU trnS-GGA
trnS-GGA trnS-UGA trnT-GGU trnT-GGU trnT-UGU trnT-UGU
trnV-GAC trnV-UAC trnW-CCA trnY-GUA
Photosystem I psaA psaB psaC psal psa] ycf3 ycf4
Photosystem IT psbA psbB psbC psbD psbE psbF psbH psbl psb] psbK psbL psbM psbN
psbT psbZ
NAD(P)H dehydrogenase complex ndhA ndhB ndhC ndhD ndhE ndhF ndhG ndhH ndhl ndh] ndhK
F-type ATP synthase atpA atpB atpE atpF atpH atpl
Cytochrome b6/f complex petA petB petD petG petL petN
Inner membrane protein cemA
Cytochrome C biogenesis protein ccsA
Large subunit of Rubisco rbcL
Subunit of acetyl-CoA-carboxylase accD
Translation initiation factor infA
Function uncertain yefl ycf2 ycfl5 ycf68

3.2. Comparative Genomic Analysis of Manglietia Species

Sequence divergence among the twenty-two Manglietia plastomes was compared
by aligning them with annotated M. aromatic plastomes as a reference using mVISTA.
Sequence alignment revealed high sequence similarity across all twenty-two Manglietia
plastomes without any observed rearrangement, suggesting their high conservation levels
(Figures 2 and 3). Whole-genome alignment indicated that non-coding regions displayed
greater sequence variations (orange-colored bars) than protein-coding regions (purple-
colored bars). The IR regions exhibited a higher degree of conservatism compared to the
LSC and SSC regions. The intergenic spacer regions (IGS), such as trnH-GUG-psbA, trnK-
UUU-rps16, rps16-atpA, atpF-atpl, rpoB-psbD, psbC-psaB, psaA-ycf3, rps4-ndh], ndhC-atpE,
atpB-rps12, rps7-ndhB, and ndhB-ycf15, exhibited highly divergent non-coding regions in
these chloroplast genomes. In contrast to the other genes, all the ribosomal RNA genes
were highly conserved.

To assess the divergence levels within different regions of these chloroplast genomes,
nucleotide diversity (Pi) was measured by DnaSP within 600 bp windows. The SSC region
exhibited the highest level of divergence (7 = 0.00187), while the IR region showed the most
conservative (71 = 0.00022). Thirteen regions in the chloroplast genomes were identified as
highly variable areas with Pi values exceeding 0.003. These regions include eight intergenic
spacer regions (trnH-GUG-psbA, rpoB-trnC-GCA, rps4-trnL-UAA, petA-psb], psbE-petL, rps3-
rps19, ndhF-ccsA, ndhH-ycfl) and five genes (trnH-GUG, rps4, petA, ccsA, psaC) within the
coding regions (Figure 4).
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Figure 2. Comparison of twenty-two plastomes from Manglietia using mVISTA program, with the
annotation of M. aromatica2 as a reference. Pink regions indicate conserved non-coding areas, purple
represents conserved exons, and white regions denote more variable sites. The vertical scale illustrates
percent identity ranging from 50% to 100%.

We examined the expansion and contraction of the IR area between single-copy regions
and pairs of IR regions for the twenty-two plastomes (Figure S1). The gene positions at four
borders, JLB (LSC/IRb), JSB (IRb/SSC), JSA (SSC/IRa), and JLA (IRa/LSC), had almost
identical types except that there were two situations for the JLB border. In M. grandis
(NC_058271), the rpl2 gene overlapped in the LSC/IRb region. Second, in other species, the
rpl2 gene was located in the IRb region and 56-60 bp away from the border, while in JSB
junctional areas, the ndhF gene of all species was 61-105 bp away from border. JSA and JLA
were both very conserved among the twenty-two plastomes. The ycfI gene straddles the
boundary of JSA, with 5540-5648 bp in the IRa region. The distance of the junction between
trnH-GUG and JLA ranges from 1 to 19 bp.

The long repeat within the chloroplast genomes of Manglietia species was analyzed in
this study, employing REPuter and Tandem Repeats Finder across twenty-two plastomes.
A total of 1155 long repeats, of which 459 (39.74%) were tandem repeats, 342 (29.61%)
forward repeats, and 354 palindromic repeats (30.65%), were identified in the genomes,
and complement and reverse repeats were not found in Manglietia species (Table S5). The
numbers of tandem repeats varied from 19 to 24, palindromic repeats from 13 to 19, and
dispersed repeats from 11 to 19 (Figure 5C; Tables S2 and S3).
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Figure 3. Mauve alignment of twenty-two plastomes from Manglietia. The reference genome used in
this study was the chloroplast genome of M. aromatical.
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Figure 4. Comparison of the variation in nucleotide diversity (7) values across the twenty-two
Manglietia plastomes. The vertical scale indicates nucleotide diversity (Pi) value and the horizontal
axis represents sequence length.

The plastomes of all twenty-two sequences were analyzed in this study, and a total of
51-56 SSRs were identified in each plastome, including six types (mono-, di-, tri-, tetra-,
hexa-, and compound nucleotides), and “penta-” SSRs were not present. The details of
all plastome SSRs are represented in Table S4. In all twenty-two chloroplast genomes,
mononucleotides accounted for more than half (50.90%-59.26%), except for M. glauca.
Among the different regions analyzed, the IGS region contained the largest number of SSRs
(36—40), followed by 6-9 SSRs in both CDS and the coding sequence introns. Notably, A
or T types dominated among mononucleotide SSRs, also exhibiting high richness within
dinucleotide, trinucleotide, tetranucleotide, and hexanucleotide SSRs. In our results, fifty-
four SSRs and sixty long repeat sequences were identified in the newly sequenced M.
aromatical. But in the published plastome of M. aromatica2, we identified fifty-three SSRs
and forty-nine long repeat sequences. In the three samples of M. calcarea, 50, 59, and 59
long repeat sequences were identified, respectively (Figure 5A,B,D; Tables S3 and S5).

3.3. Codon Usage Bias Analysis

Codon usage bias is a fundamental genomic feature to provide crucial insights into
species evolution. In total, 51 protein-coding genes were identified across the 22 chloroplast
genomes analyzed. The GC content of these protein-coding genes ranged from 38.84% to
38.92%, with minimal variation observed in GC1, GC2, and GC3, all of which were below
42%. These findings also indicate a high abundance of A/T bases in the 22 Manglietia
plastomes, particularly at the third codon position (Table 3). When examining codon usage
bias through multi-species analysis, the effective number of codons (ENc) is commonly
employed to quantify deviations from random selection and assess genome- or gene-specific
biases. ENc values typically range between 20 and 61 [83]. Notably, lower ENc values
suggest significant codon usage bias within a species’ genome or gene [84]. According to a
previous study, when the ENc value is less than or equal to 35, it can be inferred that the
species genome or gene codon usage bias is significant. In our study, the ENc values for all
22 Manglietia plastomes ranged from 50.34 to 50.97 (Table 3), significantly exceeding the
threshold value of 35 and indicating weak codon usage bias within these plastomes. There
were slight differences in the ENc, GC, GC1, and GC2 values between the two plastomes of
M. aromatica. Three samples of M. calcarea also had little difference.
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Figure 5. Analysis of repeat sequence maps in twenty-two plastomes derived from Manglietia species
is presented. (A) Classification of SSRs based on repeat type, including momo-, di-, tri-, tetra-, penta-,
hexa- and compound nucleotides. (B) Classification of SSRs in twenty-two plastomes, IGS, CDS, and
CDS-IGS (C) Numbers of the four repeat types, F, P, R, and C. (D) SSRs locus distribution among
three different regions.

The RSCU value denotes the ratio between the observed frequency of a codon’s usage
and its theoretical expected frequency, serving as a crucial parameter for quantifying codon
usage bias in scientific research. The terminator codons ATG and TGG were removed
in this analysis, because terminator codons are not involved in encoding amino acids,
and ATG and TGG only encode methionine and tryptophan without using bias. Overall,
51 protein-coding genes were encoded in 64 kinds of codons. Among them, 30 codons
exhibited an RSCU value greater than 1, with 28 of these codons having A/T as their third
bases. This indicates that high-frequency codons are more inclined to use A/T endings.
There were 29 low-frequency codons in RSCU < 1, and 27 codons ending in G/C at the third
base, accounting for 93.10%, indicating that the frequency of codons ending in G/C in the
chloroplast genome is low. Among the synonymous codons of plastomes, GCY encoding
alanine has the highest RSCU value, followed by UUA encoding isoleucine (Figure 6).
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Figure 6. The RSCU of 22 plastomes from Manglietia species. Color variation closely relates to the

RSCU value size.

Table 3. Codon features of chloroplast genomes of 22 plastomes from Manglietia plant species.

Species ENc GC3s GC GC1 GC2 GC3
Manglietia aromatical 50.6 0.284 38.87 38.64 39.49 38.48
Manglietia aromatica2 50.59 0.284 38.86 38.63 39.48 38.48

Manglietia calcareal 50.59 0.284 38.87 36.5 40.49 39.63
Manglietia calcarea2 50.59 0.284 38.87 39.06 39.84 37.72
Manglietia calcarea3 50.59 0.284 38.86 36.49 40.48 39.62
Manglietia conifera 50.57 0.284 38.87 36.5 40.49 39.61
Manglietia crassipes 50.53 0.283 38.85 39.14 39.13 38.27
Manglietia dandyi 50.6 0.284 38.87 39.72 39.41 37.46
Manglietia decidua 50.49 0.283 38.92 36.91 40.83 39.02
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Table 3. Cont.

Species ENc GC3s GC GC1 GC2 GC3
Manglietia duclouxii 50.57 0.284 38.87 39.5 38.44 38.68
Manglietia fordiana 50.58 0.284 38.84 37.88 39.5 39.14

Manglietia glauca 50.6 0.284 38.88 38.24 40.44 37.96
Manglietia glaucifolia 50.57 0.284 38.86 39.95 36.27 40.37
Manglietia grandis 50.54 0.283 38.85 39.93 37.06 39.56
Manglietia hookeri 50.56 0.284 38.86 39.35 39.13 38.1
Manglietia insignis 50.56 0.284 38.88 38.32 38.97 39.34
Manglietia kwangtungensis 50.59 0.284 38.88 38.47 37.94 40.22
Manglietia lucida 50.58 0.284 38.87 36.96 40.8 38.86
Manglietia obovalifolia 50.57 0.284 38.84 40.43 34.21 41.89
Manglietia patungensis 50.6 0.284 38.85 41.63 38.39 36.53
Manglietia ventii 50.53 0.283 38.85 39.14 39.13 38.27
Manglietia zhengyiana 50.58 0.284 38.85 39.67 39.53 37.35

Note: ENc, effective number of codons; GC, content of guanine—cytosine; GC3s, probability that the third base of
the codon appears G/C; GC1/2/3, GC content of the first, second, and third codon bases.

3.4. Phylogenetic Analysis

To ascertain the phylogenetic positions of Manglietia species and elucidate their evolu-
tionary relationships, we constructed phylogenetic trees utilizing 77 protein-coding genes
through the maximum likelihood (ML) and Bayesian inference (BI) methods. We combined
54 published chloroplast genomes of Magnoliaceae with five newly sequenced genomes,
and trimmed some poor-alignment regions using Gblocks v 0.91b software. The aligned
matrix of the CDS_GB dataset extracted by Geneious v11.1.5 showed a length of 68,520 bp
in the 77 protein-coding region. For ML analysis, the best-fit model for the CDS_GB dataset
was K3Pu + F + I and for Bl analysis was GTR + F + I, as estimated by IQ-TREE.

A phylogram of the maximum likelihood (ML) tree, displaying the support values
at the nodes, is depicted in Figure 7. With Liriodendron as the outgroup, the members of
Magnolioideae were divided into three major strongly supported groups (Figure 7A-C),
each with ML bootstrap values (BS) of 94 and 100. Among them, the genera Manglietia,
Houpoea, Oyama, and Magnolia were clustered into group A with strong support, the
genera Michelia, Aromadendron, Yulania, Pachylarnax, Kmeria, Metamagnolia, and Paramagnolia
were clustered into group B, and group C contained other genera. Our phylogenetic
analysis strongly supports the result that there are 14 major clades within the subfamily
Magnolioildeae that monophyletic.

The monophyly of the genus Manglietia was strongly supported in our study with
high bootstrap support (BS = 100, PP = 1). The phylogenetic analysis revealed three distinct
clades within the genus, namely clade 1, clade 2, and clade 3 (Figures 7 and S2). Among
them, clade 1 comprises M. aromatica, M. calcarea, M. conifera, M. patungensis, M. glaucifolia,
M. glauca, M. dandyi, M. zhengyiana, M. kwangtungensis, and M. lucida; clade 2 just contains
M. decidua; and clade 3 includes eight species: M. crassipes, M. ventii, M. fordiana, M. insignis,
M. duclouxii, M. hookeri, M. grandis, and M. obovalifolia. All five newly sequenced plastomes
are in clade 1. M. glauca and M. patungensis clustered into one branch with moderate
support (BS = 69). M. kwangtungensis was sister to M. lucida and located at the base of
clade 1 with weak support (BS = 28). The new sequences of M. calcarea were clustered
into a group (BS =99), and then, were found to be sisters to the published M. aromatica2
(BS = 46). However, our newly sequenced M. aromatical was clustered with the published
M. calcarea3 with weak support (BS = 41), indicating that M. calcarea and M. aromatica
became paraphyletic. Clade 3 can be classified into two distinct lineages, which have strong
support (BS = 100).
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Figure 7. Maximum likelihood analysis based on a combined data matrix of 77 plastid genes for
59 species. The ”*” indicates our new sequences. The numbers indicate the phylogenetic support
values from maximum likelihood with 100% bootstrap support (BS).

3.5. Adaptive Evolution Analysis

The analysis of synonymous (Ks) and non-synonymous (Ka) substitution rates was
conducted using a total of 51 protein-coding genes from all 22 plastomes of Manglietia.
Twenty-two plastomes were compared in pairs, yielding a total of 231 results per gene.
In our results, Ka and Ks were only found in some genes. In 12 genes (ccsA, ndhE, petA,
psaA, rpl20, rbcL, psbC, ycfd, ycf2, rps18, rpl14, and rpoC1), Ka and Ks were identified only in
clade 2 and clade 3, and these protein-coding genes had relatively low average values (Ka
=0.0019, Ks = 0.0071, Ka/Ks = 0.1322). Among rps3 and rpoC2, only the species of Section 1
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had Ka/Ks rates (Ka = 0.0016, Ks = 0.0049, Ka/Ks = 0.6036). In five genes (accD, ndhH, rpl20,
rpl2, and matK), only Section 2 had Ka/Ks rates (Ka = 0.0009, Ks = 0.0054, Ka/Ks = 0.1629).

4. Discussion
4.1. Plastome Variation

In this study, we reported the plastomes of five individuals from four Manglietia
species and compared them with those of 17 other Manglietia species to enhance our
understanding of genome organization and molecular evolution of the Magnoliaceae
family. The plastomes of most terrestrial plants exhibit highly conserved characteristics,
including similar gene content and organization across different plant lineages [85]. All
newly assembled Manglietia plastomes display the typical quadripartite structure observed
in photosynthetic angiosperm plastomes, showing no notable distinctions compared to
previously published chloroplast genomes within Magnoliaceae. The GC content of the
twenty-two Manglietia plastomes analyzed in our study remains consistent at 39.3%, with
the exception of M. calearea2 which has a slightly lower GC content of 39.0%. The higher
GC content detected in the IR regions can be attributed to the presence of four copies
of GC rRNA genes (rrnl6, rrn23, rrn4.5, and rrn5) that are clustered in these regions, a
common phenomenon in various plant species [86-88]. Compared with the GC content of
the plastomes of other angiosperms, Manglietia has a higher GC content. The GC content
is anticipated to exert a substantial influence on genome functioning and species ecology.
It is postulated that higher GC content may be associated with enhanced adaptability
to seasonally arid environments or cold regions, which are characteristic of a temperate
climate for angiosperm species [89]. The plastome of five new sequences of Manglietia
ranges from 157,093 bp (M. calcarea2) to 160,493 bp (M. kwangtungensis). It is similar in size
to the plastomes of other previously published Magnoliaceae species [21,90]. The genome
size of M. calcarea2 is approximately 3000 bp shorter than that of the other two samples,
primarily due to a loss in the IR region encompassing the rrnl16-trnl-GAU sequence. But
another M. calcarea (M. calcareal from Dongduo) assembled complete sequence length is
160,446 bp, and that of the published M. calcarea (M. calcarea3) sequence is 160,027 bp.
Comparing the plastomes between the two M. aromatica sequences, the new sequence is
longer than the published plastome, mainly due to the difference of 213 bp in the LSC. The
deletion of chloroplast genomes also leads to differences in the repeat sequence analysis
and the codon usage bias analysis.

The genomics of the 22 Manglietia plastomes were compared using mVISTA and
Mauve software. The genomics of 22 Manglietia chloroplast genomes exhibit a high degree
of similarity, with significantly higher sequence variation observed in the non-coding
and single-copy regions compared to the coding and IR regions. The borders of JLB are
relatively conserved among angiosperm plastomes, primarily located within the rps19 and
rpl2 genes. Our analysis reveals that M. grandis has the most pronounced contraction of
the IR region, accompanied by an expansion of the rpl2 gene at the JLB boundary by 308
bp, while the other 21 sequences have their rpl2 genes situated within the IR region. This
finding is consistent with a previous study on other Manglietia species [91]. It should be
noted that modifications in IR boundaries can result in alterations in plastome size [92].
Notably, significant expansions and contractions have been reported in other plants, like
Pelargonium transcaalense, which possesses a plastome size of 242,575 bp with an IR region
spanning 87,724 bp [93]. However, the underlying mechanism governing expansion and
contraction events within the plastid genome’s IR region remains unclear.

The coding regions and conserved sequences of the plastome have been extensively
utilized for phylogenetic inferences at higher taxonomic levels, such as family or genus [94].
Plastomes serve as valuable resources for identifying mutational hotspots across different
lineages and are employed in intraspecies discrimination and species-level phylogenetic
studies [95,96]. However, certain plastid DNA fragments currently used in Magnoliaceae,
including the trnK intron containing matK, trnH-psbA, atpB-rbcL, rbcL, the trnL intron, trnL-
trnF, and ndhF, fail to provide sufficient phylogenetic signals required for establishing
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high-resolution relationships among related taxa. This limitation is particularly evident
when classifying infrageneric taxa with uncertain taxonomic status [17,18]. To address
this issue comprehensively within a Manglietia genus-specific context while maintaining
a species-level focus on phylogenetic studies of Manglietia species groups, our alignment
identifies the top 13 regions that exhibit the highest degree of genetic variability.
Molecular markers based on DNA polymorphisms, such as SSR, have emerged as
valuable genetic resources widely employed for assessing genetic diversity and deducing
molecular phylogenetics [97]. Simple sequence repeats (SSRs) are short (1-6 bp) repeat
motifs that are tandemly repeated varying numbers of times [98]. SSRs can provide inter-
specific polymorphisms, making them effective markers in population genetic analysis. In
the present study;, a total of 1252 SSRs were identified across the 22 plastomes (Table S54);
however, further experiments are required to verify their effectiveness. Mononucleotide
SSRs represent the most prevalent motifs and occupy the largest portion among all SSR
types. Tri- and hexanucleotide SSRs occur at much lower frequencies (Figure 5A). Pentanu-
cleotide SSRs were not found in any of the twenty-two plastomes examined. Additionally,
most of the detected SSRs consist of A/T repeat units, which may contribute to the high AT
richness observed in these chloroplast genomes. Further statistical analysis reveals that
these polymorphic variations are not evenly distributed throughout the plastomes. Com-
pared to both single-copy regions and inverted repeat regions, large single-copy regions
contain a higher number of SSRs. As expected, sequence variations primarily occur within
the LSC region and non-coding regions such as intergenic spacer regions (Figure 5B,D).
Similar findings have been reported in other angiosperm plastid genomes [99,100].

4.2. Phylogenetic Analysis

Chloroplast genomes have been utilized in phylogenetic analyses due to their non-
recombinant and uniparentally inherited nature, as well as their comparatively slower
evolutionary rates compared to nuclear and mitochondrial genomes [101,102]. The plas-
tome regions of matK and ndhF have demonstrated remarkable success as genetic markers
within the Magnoliaceae family [17]. However, the limited number of loci used in phyloge-
netic inference may lack sufficient power when closely related species are being considered.
Consequently, there is a growing preference for conducting phylogenetic analyses based
on comprehensive plastome datasets, necessitating comparative genomic studies involving
a larger number of plastome sequences.

The phylogenetic analysis based on the protein-coding regions derived from chloro-
plast genomes also strongly support that the classification of two subfamilies Lirioden-
droideae and Magnolioideae, as proposed by Law [7,8]. Liriodendroideae include a single
genus, Liriodndron, with only two species disjunctly distributed in Eastern Asia and east-
ern North America [103]. However, the classification of Magnolioideae has been highly
debated for a long time. Some authors [10,21,24,31] argued that a single expanded genus
Magnolia would be accepted and it may be divided into 9-15 sections based on mor-
phology or molecular evidence, while many botanists [3-6,9,11] prefered to maintain a
narrow generic delimitation and recognize up to 16 genera within Magnolioideae. Our
phylogenetic analysis strongly supports 14 major clades within Magnolioideae, which
correspond to the 14 genera proposed by Sima and Lu [3], indicating that maintaining
a narrow generic concept would be better to present the evolutionary tendency within
Magnolioideae. Manglietia has been widely accepted as an independent genus for a long
time [3,6-8,11]. Meanwhile, the monophyly of Manglietia has been supported by all previ-
ous phylogenetic studies [14,15,17,18,21,22,24,104]. Previous phylogenetic analysis using
nuclear data [24] indicated that Manglietia and Houpoea (sect. Rytidospermum) formed sister
groups, and then, they were found to be sisters to Oyama (sect. Oyama). However, in our
study, Houpoea and Oyama are found to be sister groups with a strong support (BS = 100),
and then, they are found to be sisters to Manglietia (BS = 100). Discordance between nuclear
and organellar phylogenies is commonly observed across the plant tree [105,106]. This in-
congruence in tree topology may arise from various biological phenomena, including gene
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duplication, horizontal gene transfer, incomplete lineage sorting, or gene flow [107,108]. In
our study, due to insufficient data and under-sampling, we were unable to further analyze
this phylogenetic conflict.

The infra-generic classification of Manglietia is still unclear. Tiep [36] and Zheng [37]
attempted to propose infrageneric classifications (Figure 8), but their classifications have
never been adopted by other authors. Based on the scale of the style and carpel length,
Tiep [36] divided the genus Manglietia into two sections, sect. Manglietia and sect. Olivera.
However, our results indicate that both sect. Manglietia and sect. Olivera are not mono-
phyletic. When they merged the genus Sinomanglietia with Manglietia, Zheng et al. [37]
divided the genus into two sections, sect. Decidua and sect. Manglietia. Sect. Decidua,
originally described as the genus Sinomanglietia includes a single species M. decidua, with a
deciduous habit, while all other species with evergreen habits were placed in sect. Man-
glietia. However, in our studies, M. decidua, a representative of sect. Decidua, is nested
within sect. Manglietia. It is suggested by the results of Wang et al. [21], based on 86 whole
chloroplast genomes, that M. decidua is the sister of all other sampled Manglietia. In the
present study, the CDS_GB dataset divided twenty-two plastomes from Manglietia into
three clades (Figures 7 and S2) with bootstrap values (BS) of 73 and 100 and BI posterior
probabilities (PP) of 0.67 and 1.00. Clade 1 consists of M. aromatica, M. calcarea, M. conifera,
M. patungensis, M. glaucifolia, M. glauca, M. dandyi, M. zhengyiana, M. kwangtungensis, and
M. lucida. Clade 2 includes a single species, M. decidua, with a deciduous habit. Clade 3
comprises M. crassipes, M. ventii, M. fordiana, M. insignis, M. duclouxii, M. hookeri, M. grandis,
and M. obovalifolia. This implies that the genus may be divided into three sections, but
further studies are necessary. The relationships among most Manglietia species nodes have
strong support values (bootstrap support value > 70 and Bayesian posterior probability
> 0.90), while a few nodes are weak (bootstrap support value < 50), and the phylogenetic
relationships of some species are still unclear. As for the plastomes of the five newly
sequenced species in this study, M. kwangtungensis is sister to M. lucida and located at the
base of clade 1 with weak support (BS = 28). The sister relationship between M. glauca and
M. patungensis also has weak support (BS = 69, PP = 0.94); this may be due to incomplete
taxon sampling. The treatment of M. calcarea has been controversial in the past. Chen and
Nooteboom [35] and Kumar [109] treated it as a variety (M. fordiana var. calcarea and M.
fordiana var. calcarea, respectively). Xia et al. [11] reinstated it as independent species. Later,
Sima et al. [59] considered it to be closely related to M. aromatica and treated it as a variety,
M. aromatica var. calcarea. Our results show that M. calcarea is isolated with M. fordiana, each
located in different clades, clade 1 and clade 3, respectively. M. fordiana is located in clade 3,
and sister to M. crassipes and M. ventii, with strong support (BS = 98, PP = 1.00). This implies
that it is not appropriate to treat M. calcarea as a variety of M. fordiana. Morphologically, M.
calcarea differs from M. fordiana in that it has 12-16 carpels and mature carpels dehiscing
along the dorsal sutures. However, M. calcarea and M. aromatica are clustered into a group,
and the previously published M. aromatica2 is nested within M. calcarea, and then, forms
sister groups with the currently sequenced M. aromatical. The sequence difference between
the two species is only 305 bp, and the main difference is the loss of bases in the intergenic
spacer (Figure 2). Therefore, the affinity between M. calcarea and M. aromatica is supported
by our studies. But this suggests that M. calcarea and M. aromatica are not monophyletic. It
seems that M. calcarea may be considered to be different from M. aromatica as its leaves are
coriaceous, rigid, and rounded with an acumen 6-14 mm long at the apex, and it has 9 tepal
9 12-16 carpels, while in the latter, the leaves are thinly coriaceous to coriaceous, mucronate
to acuminate at the apex, and it has 11-12 tepals and 29-39 carpels [59]. M. calcarea is
recorded from the neighboring areas between N Guangxi (Huanjiang) and S Guizhou (Libo
and Dushan), while M. aromatica is distributed in W Guangxi, SW Guizhou, and Yunnan
Province. Sometimes, M. calcarea is identified as M. aromatica in the literature [110,111]. At
the moment, we cannot examine the voucher of previously sampled M. aromatica2, and its
identification needs be confirmed. It seems that our studies suggest merging M. calcarea

158


user
文本框
      158


Genes 2024, 15, 406

19 of 23

with M. aromatica. However, the final determination on the species M. calcarea and M.
aromatica needs be further studied to include more samples in their distribution ranges.

Figure 8. The different infrageneric classifications of Manglietia. The three phylogenetic trees represent
the result of this study, the result of Tiép based on morphological characteristics, and the result of
Zheng based on deciduous habits [36,37].

5. Conclusions

In the present study, we assembled and analyzed five new complete or nearly complete
plastome sequences of Manglietia species and conducted the first comparative analysis
with other Manglietia species. The annotation and comparison within Manglietia species
revealed conservation of the gene sequence, GC content, and genomic composition. Addi-
tionally, we identified repeated sequences, 51-56 microsatellites, and 13 highly mutational
hotspot regions in the Manglietia plastome. These findings contribute to our understanding
of the adaptations of Manglietia species to limestone environments. Furthermore, they
provide valuable genomic resources and potential markers for future studies on species
identification and speciation within this genus. This study sheds light on the phylogenetic
relationships and adaptive evolution of Manglietia. The genus may be divided into three
sections, and the previously proposed infrageneric classifications are not supported by
our studies. The close affinity between M. calcarea and M. aromatica is supported, but their
taxonomic treatment needs to be further studied.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/ genes15040406/s1, Table S1: Information of five samples of Manglietia
newly sequenced in this study; Table S2: Long repeat sequences in Manglietia plastomes; Table S3:
Tandem repeat distribution in twenty-two Manglietia plastomes; Table S4: Simple sequence repeats
distribution in twenty-two Manglietia plastomes; Table S5: Types and numbers of long repeats in
the twenty-two Manglietia chloroplast genomes. Figure S1: Comparison of the borders of LSC, SSC,
and IR regions in twenty-two complete chloroplast genomes. JLB (IRb /LSC), JSB (IRb/SSC), JSA
(SSC/IRa) and JLA (IRa/LSC) denote the JSs between each corresponding region in the genome.
Figure S2: Bayesian inference based on a combined data matrix of 77 plastid genes for 59 species.
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Abstract

A new species of Begonia section Coclocentrum, B. guangdongensis W.H. Tu, B.M. Wang & Y.L. Li from
Guangdong Province, China, is described and illustrated here. Morphologically, the new species is most
similar to B. biflora T. C. Ku and B. longistyla Y. M. Shui & W. H. Chen, but differs from B. biflora by
its rugose leaves and glabrous capsules and from B. longistyla by its glabrous stipules without ciliate mar-
gin, densely hirsute-pilose leaves and obtuse apex of bracts. Additionally, it is also somewhat similar to
B. chongzuoensis Yan Liu, S. M. Ku & C.-I Peng, but there are significant distinctions in their stipules,
leaves and bracts. The conservation status of B. guangdongensis is assessed as Critically Endangered (CR),
according to the [UCN Red List Categories and Criteria.

Keywords
Begonia sect. Coelocentrum, Guangdong, limestone karsts, new taxon

Introduction

The genus Begonia L. (Begoniaceae), consisting of ca. 1900 species, is one of the ten
most species-rich flowering plant genera and is widely distributed in the tropical and
subtropical areas of the world (Frodin 2004; Hughes et al. 2015). Most Begonia spe-
cies are narrowly distributed, especially those in limestone karsts (Tebbitt et al. 2006;

Copyright Wen-huiTu et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Ku et al. 2007; Hughes and Hollingsworth 2008). According to the recent taxonomic
revision of the genus Begonia in Flora of China, nearly 200 species, with 141 local
endemics, are reported and represent seven sections (Ku 2007; Ku et al. 2007). The
Begonia sect. Coelocentrum, comprising of more than 70 species, is a typical limestone
group confined to the Sino-Vietnamese karst areas and most species circumscribed
within the section are rare and known only from a single collection or population
(Chung et al. 2014; Peng et al. 2014). Although the section has been shown to be para-
phyletic, based on phylogenetic analyses, this section is morphologically well delimited
by its parietal placentation and rhizomatous perennation (Chung et al. 2014). Species
within this section differ from one another by leaf texture, pubescence and stipule,
inflorescence and fruit morphology (Ku et al. 2007).

During a plant diversity survey around Yangchun City in Guangdong Province
in October 2019, we discovered a species of Begonia with parietal placentation and
rhizomatous perennation on the slope of a limestone hill, which was identified as a
member of Begonia sect. Coelocentrum. After critical reviewing the type specimens and
protologues of relevant species of this section described from the Sino-Vietnamese
karst regions, it was concluded that the species is new to science. Herein, we describe
and illustrate it, as well as assess its conservation status.

Taxonomy

Begonia guangdongensis W.H.Tu, B.M.Wang & Y.L.Li, sp. nov.
urn:lsid:ipni.org:names:77211928-1
Figs 1, 2

Diagnosis. Begonia guangdongensis is morphologically similar to B. biflora T. C. Ku
(Wu and Ku 1997), B. longistyla Y. M. Shui & W. H. Chen (Shui and Chen 2005) and
B. chongzuoensis Yan Liu, S. M. Ku & C.-I Peng (Peng et al. 2012) by sharing obliquely
ovate asymmetric leaves, hairy petioles, a glabrous peduncle, 2—3 times branched di-
chasial cyme and glabrous trigonous-ellipsoid capsules. However, it can be easily distin-
guished from B. biflora by its stipules with aristate apex and without ciliate margin (vs.
aristate and ciliate apex and ciliate margin), rugose leaves (vs. flat) and glabrous capsules
(vs. pubescent); it differs from B. longistyla by its abaxially glabrous stipules without cili-
ate margin (vs. abaxially hairy stipules with ciliate margin), leaves densely hirsute-pilose
(vs. densely tuberculate-based pilose-setula) and inflorescence equal or slightly shorter
than petioles (vs. much longer) and it can be distinguished from B. chongzuoensis by its
persistent stipules and bracts (vs. caducous), rugose leaves (vs. nearly flat), leaves dense-
ly white hirsute-pilose (vs. moderately to sparsely whitish-hyaline or reddish setulose)
and an unequally 3-winged capsule (vs. equal or subequal). (Table 1).

Type. CuiNa. Guangdong Province, Yangchun City, Chunwan Town, on a slope
of a limestone hill in an evergreen forest, 22°21'44.04"N, 111°57'26.28"E, alt. 88 m,
6 October 2019, Li et al. 263 (holotype, CANTY; isotype, IBSC).
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Table |. Difference between Begonia guangdongensis, B. biflora, B. longistyla and B. chongzuoensis.

Character B. guangdongensis B. biflora B. longistyla B. chongzuoensis
Stipules persistent, ovate-triangular, persistent, ovate—triangular, persistent, triangular, apex caducous, ovate or
apex aristate, margin apex aristate and ciliate, aristate, margin ciliate, triangular-ovate, apex
eciliate, abaxially glabrous margin ciliate, abaxially abaxially with hairs aristate, margin eciliate or
glabrous or with few hairs sparsely ciliolate, abaxially
on midrib glabrous or with few hairs
along midrib
Petioles ca.15-30 cm long, densely 4-22 cm long, hirsute- 3-5 cm long, densely 4.5-15 cm long, sparsely
white villous villous covered with strigae hirsute-villous
Leaf blades 10-18 x 7—13 cm, apex 8-25 x 7-23 cm, apex 6-10 x 4-6 cm, apex 6-13 x 5-10 cm, apex
acuminate or caudate, obtuse, sometimes rounded | rotundate or with an obtuse acuminate or shortly
margin irregularly repand | or acute, margin crenulate |tip, margin serrulate, adaxial | acuminate, margin crenate-
serrate, adaxial surface and irregularly denticulate, surface rugose, densely denticulate, adaxial surface
rugose, densely white adaxial surface flat, sparsely | tuberculate-based pilose- nearly flat, moderately to
hirsute-pilose, veins setulose or hispidulous, setulose, veins depressed sparsely whitish-hyaline
depressed veins not depressed or reddish setulose, veins
slightly depressed
Bracts persistent, oblong, apex persistent, oblong or long | persistent, ovate, apex with | caducous, ovate or rounded,
obtuse ovate, apex undescribed atip apex obtuse or rounded
Inflorescence 6-15 flowers, peduncle 4-13 flowers, peduncle 20-40 flowers, peduncle 4-8 flowers, peduncle
glabrous, 15-20 cm, equal | glabrous or sparsely pilose, glabrous, 4-8 cm long, glabrous, 5-12 cm long,
or slightly shorter than 5-7.5 cm, shorter than much longer than petioles shorter than petioles
petioles petioles
Staminate outer tepals 9-14 x 8-13 outer tepals 4-11 x 5-9 outer tepals 4-5 mm in outer tepals 11-14.5 x
flower mm, inner tepals oblong | mm, inner tepals obovate or | diam., inner tepals obovate, 11-15 mm, inner tepals
or narrowly elliptic, elliptic, 6-9 x 3-5 mm 4.5-5 x 3-3.5 mm obovate or narrowly
7-9 x 3—4 mm obovate, 9-11 x 3.5-5 mm
Pistillate outer tepals 6-9 x 812 outer tepals 6-9.5 x outer tepals 4-5 mm in outer tepals 9.5-11.5
flower mm, inner tepals oblong 6-8 mm, inner tepals diam., inner tepals obovate, x 10-11.5 mm, inner
or ovate-lanceolate, styles oblanceolate, styles styles yellow tepals elliptic or broadly
yellow yellowish-green lanceolate, styles yellow
Capsules trigonous-ellipsoid, oblong, unequally or ovate, subequally 3-winged, trigonouse-llipsoid,
unequally 3-winged, subequally 3-winged, glabrous somewhat compressed,
glabrous, with a few small pubescent equally or subequally
red spots 3-winged, glabrous
Flowering September to October May April to June May to September
time

Description. Perennial herbs, rhizomatous. Rhizomes creeping, red, stout,
7-12 mm in diam., internodes 4—7 mm long, sparsely hairy. Leaves simple and alter-
nate; stipules generally persistent, ovate-triangular, 5—-8 x 3—5 mm, apex aristate, arista
ca. 1.5 mm long, abaxially glabrous; petioles red, ca. 15-30 cm long, with densely
white villose, * reflexed trichomes; blades basifixed, asymmetric, obliquely ovate, 10—
18 x 7-13 cm, papery, rugose, adaxially densely white hirsute-pilose, veins depressed,
abaxially hirsute-pilose, denser on primary veins, veins convex, base obliquely deep-
ly cordate, apex acuminate or caudate, margin irregularly repand serrate and ciliate;
basal palmate veins 6-7. Inflorescences axillary, arising directly from rhizome, flowers
6-15 in a 2-3 times branched dichasial cyme; peduncles 15-20 ¢cm long, equal or
slightly shorter than petioles, glabrous; bracts oblong, 2-3 x 1-1.5 mm, apex obtuse,
margin serrulate and ciliate. Staminate flowers: pedicel 1-1.5 cm long, glabrous; tepals
4, outer 2 ovate to suborbicular, 9-14 x 8-13 mm, upper side pinkish-white, lower
side pink with red nerves, glabrous on both sides, inner 2 white, oblong or narrowly

166


user
文本框
      166


Wen-hui Tu et al. / PhytoKeys 162: 29-36 (2020)

32

N
¥
e
ﬂiif
¥ [
C, D 5 mm
1cm
B, G0, —
F,H X
Bl ’ B2 2cm
J
A 5cm

Figure |. Begonia guangdongensis A plant B, close up of adaxial surface of leaf B, close up of abaxial sur-
face of leaf C stipule D bract E, and E, staminate flower F androecium G, and G, pistillate flower H style
and stigma | cross section of ovary in the middle part ] immature capsule. Drawn by Zheng-meng Yang.

elliptic, 7-9 x 3—4 mm, glabrous; androecium actinomorphic, nearly spherical, yel-
low, stamens numerous, filaments nearly free, 1-1.5 mm long, anthers obovate, ca.
1.2 x 0.7 mm, apex emarginated. Pistillate flower: pedicle 1-1.5 c¢m; tepals 3, out-
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Figure 2. Habitat and morphology of Begonia guangdongensis A, B habitat € habit D petiole E close up
of petiole F view of abaxial surface of leaf G view of adaxial surface of leaf H close up of adaxial surface
of leaf | rhizome ) inflorescences K view of adaxial surfaces of staminate and pistillate flower L view of
abaxial surfaces of staminate and pistillate flower M androecium N styles and stigmas O immature capsule
P cross section of ovary in the middle part Q dry bract R dry stipule.

er 2 broadly ovate to suborbicular, 6-9 x 8-12 mm, pink with red nerves, glabrous
on both sides, inner 1 of left side white, oblong or ovate-lanceolate, 56 x 2—3 mmy;
styles 3, fused at base, yellow, ca. 1.5-2 mm long, the upper 2-cleft; stigmas spirally
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Figure 3. Distribution map of B. biflora, B. longistyla, B. chongzuoensis and B. guangdongensis.

twisted; ovary trigonous-ellipsoid, dark pink, 1-locular with parietal placentation, gla-
brous, 3-winged. Capsule nodding, trigonous-ellipsoid, apex obtuse, 8~10 mm long,
5-7 mm in diam. (wings excluded), surface with a few small red spots, unequally
3-winged, abaxial wing lunate, 2.5-5 mm wide, lateral wings 2—3 mm wide, glabrous.

Phenology. Flowering in September to October, fruiting in October to November.

Etymology. The new species is named after the type locality, Guangdong Prov-
ince, China.

Habitat. This new species grows on the slope of a limestone hill in evergreen for-
ests at an elevation of 80-100 m (Fig. 3).

Distribution. Only one population of this new species was discovered in Guang-
dong Province in China.

Conservation Status. Critically Endangered (CR). Limestone areas in Chunwan
Town have been searched for this new species, but Begonia guangdongensis is known only
from one population consisting of ca. 100 mature individuals. The area of occupancy
(AOO) of the species is estimated to be less than 4 km?, which indicates the species belongs
in the Critically Endangered category under criterion B2, according to the [IUCN Red List
Categories and Criteria (IUCN 2019). Since the species grows on a limestone hill near
two cement factories, the species is threatened by the limestone quarrying. Its habitat will
likely be destroyed since the area is undergoing a continuing decline. Based on the current
information (one location with area in continuing decline and AOO less than 10 km?), the
new species can be assessed as Critically Endangered [B2ab(iii)] TUCN 2019).
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Discussion. Begonia guangdongensis, belonging to Begonia sect. Coelocentrum, is
a very distinctive species in having leaf features, such as rugose and densely hirsute-
pilose leaves and an obtuse apex of the capsules. Although it is more or less similar to
B. biflora, B. longistyla and B. chongzuoensis in their obliquely ovate asymmetric leaves
and glabrous trigonous-ellipsoid capsules, it differs from B. biflora by its sparsely hairy
and smooth rhizomes (vs. rough rhizomes with many membranous scales), leaves with
densely hirsute-pilose and depressed veins on adaxial surface (vs. with sparsely setula
and veins not depressed) and stipule and capsule features discussed in the above di-
agnostic description. However, B. guangdongensis is quite different from B. longistyla,
being distinguished by its oblong bracts with obtuse apex (vs. ovate bracts with a
tip apex), stipule and leaf pubescence, length of inflorescence and capsules features.
B. guangdongensis is also markedly distinct from B. chongzuoensis by its stipules, leaf
and bract and capsule features. In addition, their distribution range is different (Fig. 3).
Both B. biflora and B. longistyla are distributed in Yunnan Province and B. chongzuoensis
in Guangxi Province, whereas B. guangdongensis occurs in Guangdong Province.
Additionally, B. guangdongensis flowers in September to October, while B. biflora flow-
ers in May, B. longistyla in April to June and B. chongzuoensis in May to September.
Thus, even if they were growing together, they would be genetically isolated in time.
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ABSTRACT

The species Oberonioides microtatantha, belonging to the family Orchidaceae, is a small lithophytic
herb endemic in south China with significant conservation values. The complete plastid genome
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sequence of O. microtatantha reported here is 144,989 bp in length, with a large single copy (LSC)

region of 83,920bp, a small single copy (SSC) region of 13,063 bp, and a pair of inverted repeat (IRa
and IRb) regions of 24,003 bp each. The plastome consists of 95 genes, including 72 protein-coding
genes, 4 ribosomal RNA genes, and 19 transfer RNA genes. The overall GC content is 36.81%.

KEYWORDS

Oberonioides microtatantha;
Orchidaceae; plastid
genome; phylogenomics

Phylogenetic analysis placed Oberonioides closet to the genus Liparis in Orchidaceae.

Oberonioides Szlach belongs to the tribe Malaxideae, subfam-
ily Epidendroideae, family Orchidaceae (Chase et al. 2015). It
comprises of only two species, among which the species O.
microtatantha (Schltr) Szlach. is a small lithophytic herb
endemic in China (Szlachetko 1995; Chen and Wood 2009). It
is mainly distributed in southeastern China and is found usu-
ally growing on humid and shaded rocks in forests (Chen
and Wood 2009). Due to its limited distribution, human col-
lection, loss of habitat, and habitat fragmentation, this orchid
species was considered near threatened (NT) according to
the IUCN Red List of higher plants in China (http://www.
iplant.cn/rep/protlist/4).

Samples of O. microtatantha were collected from
Guangdong Xiangtoushan Natural Reserve, Guangdong prov-
ince (China: N23°16'9”, E114°22'26"). Voucher specimen (LYL
305) was deposited in Herbarium of South China Agricultural
University (CANT). Total genomic DNA of O. microtatantha
was extracted from a mature leaf of an individual by using
modified CTAB method (Doyle and Doyle 1987). The DNA
extracted was directly sequenced using the Illumina HiSeq
2500 Sequencing System. The average read length was
150bp and the reads were assembled with the software
GetOrganelle (Jin et al. 2018). Then the genome obtained
was annotated by using online software Geseq (Tillich et al.
2017). The accession number MT559316 was obtained after
submitting the annotated plastid genome of O. microtatantha
to the GenBank.

The whole plastid genome of O. microtatantha was
144,989 bp in length, composed by a large single-copy (LSC)

region of 83,920bp, a small single-copy (SSC) region of
13,063 bp, and a pair of inverted repeat (IRa and IRb) regions
of 24,003bp each. The annotated genome comprised 95
genes, including 72 protein-coding genes, 4 ribosomal RNA
genes (rrn23, rrn16, rrn5, rrn4.5), and 19 transfer RNA genes.
17 genes were duplicated in the IR regions, including 5 pro-
tein-coding genes (rpl2, rpl23, rps19, rps7, ycf2), 4 ribosomal
RNA genes (rrn16, rr23, rrn4.5, rrn5), and 8 transfer RNA
genes (trnH-GUG, trnA-UGC, trnl-CAU, trnl-GAU, trnL-CAA,
trnN-GUU, trnR-ACG, trnV-GAC). The overall GC content of O.
microtatantha plastid genome was 36.81% (LSC, 34.1%; SSC,
29.31%; IRs, 43.59%).

To investigate the phylogenetic location of O. microtatan-
tha within the tribe of Malaxideae, a phylogenetic tree was
constructed. The chloroplast genome of O. microtatantha was
aligned with 15 other complete chloroplast genomes of
Malaxideae, and Acampe rigida, Tainia dunnii, and Calanthe
sylvatica of Orchidaceae family as outgroup, using MAFFT
ver. 7 (Katoh and Standley 2013). Phylogenetic analysis was
conducted based on maximum likelihood (ML) analyses using
RAXML (Stamatakis 2014). Support for the inferred ML tree
was inferred by bootstrapping with 1000 replicates and with
GTRGAMMA as the nucleotide substitution model.
Phylogenetic analysis results suggests that Oberonioides is
closely related to the genus Liparis (Figure 1). The chloroplast
genome of O. microtatantha will provide useful genetic infor-
mation for further study on genetic diversity and conserva-
tion of Orchidaceae species.
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Figure 1. Maximum likelihood tree of tribe Malaxideae based on complete chloroplast genomes, with Acampe rigida, Tainia dunnii, and Calanthe sylvatica as out-
group. Bootstrap support values (based on 1000 replicates) are shown above branches.
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Ornamental Evaluation of Endemic Orchids from Guangdong Province
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Abstract: The analytic hierarchy process (AHP) was applied to construct the ornamental value evaluation system for
sixteen endemic orchids from Guangdong based on literature review and field investigation. Twelve indexes, including
characteristics of flower, foliage and fruit were studied to choose the species that could be applied to horticulture and
landscaping. The results showed that the weight of flower diameter reached the highest. The sixteen endemic orchids
from Guangdong could be divided into three grades. Grade I (2.8-3.0), including three species, had the highest orna-
mental value; Grade II (2.5-2.8), including eight species, had medium ornamental value; Grade III (<2.5), including five
species, had lower ornamental value. Due to the high ornamental value and excellent biological characters, three species
in Grade I, Vanilla shenzhenica, Platanthera zijinensis and Dendrobium jiaolingense, could be introduced and further
explored in horticulture and landscape application.

Keywords: Guangdong province; endemic orchids; ornamental value; AHP; evaluation
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) (d). 42 (em), MR (em), FRE (em)
HERIEAR, H—PAEENLIE D 10 MEREK,
ISRE BEARPRORUE, JERIFIME, B2y

W, [ (14y), B e~gE (24)), R
o~ E (35), Mea~ae (445 ), L~
86 (557 ); £/ R (150) AF (250),
A (353 ). &F (457 ) W& (550 ); 1. 7—8
H(143).3—4H (243). 4—6 H (343), 9—
BAELH (440), 2—3 H (55); M, Eag
(10) 80 (247 ). & (3 40 ), BEM (443 ),
Zant (54r); Mg L& (147). KEHE
(245). BHIE (3 45). KEE-KMHEIE-B0IE

|7 S (1= 3 Y N SN N 22 I o N (4 57), W, OB, EREWERAER (5
MIE . BREUCRE T bR, AT E TR R 4 ) AR ARANER (1 43). FAE (2 43 ). — R
ik, 1R, R HXTLEA IR 1Y DTk R (3743). B (455). Tr%E (54 ).
#2 P RIEMIBRINITESHRE
Tab. 2 Rating criteria of each evaluation index in Target hierarchy
HRIE T JHH Score

Evalution index 1 2 3 4 5

1Ef8/em <2 2~4 4~6 6~8 >8

e He SR S R~ WL~ ERE~ KO

VR AGIES 1 2~5 5~10 10~15 >15

AR AE]/d 10 10~15 15~20 20~30 >3(0

Pl R AN C& 7 WA CHAN)

ALK /em <10 10~20 20~30 30~40 >40

1 7—8 H 3—4 A 46 A 9—H4E 1 J 2—3 A

yiA EF KHEHE [RIFEIE KEE-KMREAE-IE  HE. 0B RSB

pS Ky

MK /em <10 10~20 20~30 30~40 40~60

RC ek o, e Bt Lt

73 RPN EL AR — -y 4%k

Pk /em <10 10~20 20~30 30~40 >40
123 MEABEER —SEEE HBHEEE  PESCRN SRR E TP S e E, #iE2

FORARJZIA N X E— 2R —A R AR
HEPEA IR — Bk, HA TN A B
AT M HAR R R EER, i e 4 5m
Ll Ntz ] 1~9 FERRIE LA W o0 4 -4
AR ZESR o RGPS, 25 B S5 22 A
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TIOR8, i HERE (A) HXT20R
2 Ci. Cov G UL RZRE C AN THRUEZ Py 1)
FIW G, A 4 A FIRTRE R, FH Yaahp6.0 i


user
文本框
      179


5 8 1]

PRERESE: T ARA A 2 BHE Y B PR IR SR & A

1563

Fr— AR IR I 1 CREE S 0.1
HEATHHR, # C.R<0.1, MITA iz B HA 1 2
—HE, Wi —BER . R — SRR

FIWTAERE , 137 yaahp6.0 24, i@id4 & kst
B, mAHEEREZMAT R HRZENANE, B
KREW(FE3),

R3 FEBEZREWHIERER -HEREMETFNIERNE

Tab. 3 Judgment matrix and identical test and index weight of ornamental value of the endemic orchids from Guangdong

UMW AT BT
Model hierarchy Identical test Weight
A-C A C, C, C; C. R=0.042 w
C, 1 5 8 0.7418
C, 1/5 1 3 0.1830
Cs 1/8 1/3 1 0.0752
C-P; A P, P, Ps P, Ps P P, C. R=0.091 w
P, 1 4 5 8 3 1/3 1/3 0.1246
P, 1/4 1 3 6 1/3 1/5 1/5 0.0486
Ps 1/5 1/3 1 4 1/3 1/5 1/5 0.0317
P, 1/8 1/6 1/4 1 1/7 1/8 1/8 0.0146
Ps 1/3 3 3 7 1/4 1/4 0.0736
Ps 3 5 5 8 4 1 1/3 0.1888
P, 3 5 5 8 4 3 1 0.2599
Co-Pi A Py Py Pio C. R=0.090 w
P 1 5 8 0.1342
Py 1/5 1 4 0.0364
Pio 1/8 1/4 1 0.0124
Cs-Pi A Py P C. R=0.000 w
Py 1 4 0.0602
Pp 1/4 1 0.0150
2 HBREHMW P, (bR ) HEAM RN, ACEME/NT 0.03, A7 I,
1l —HMRBER Py (JEF%). Ps (fE€L). Py (RH(L) I Py (JEXE

WA AN (F 3), 4 MHIWIERE C.R 1
ANF 0.1, T — SR, U B ST ) A R
A,

22 WEEWER

TE o — BRI 1 A B, PR AR E
AXTF BARZACEE, hgsRel il (W3 3),
Ci CAEMEAR ) >Cy CUHHEIR ) >Cy CUBRPEAR ),
VLA AE 1 MR AE 2= BRI 0 1 W B (E 25 B PR
b B, ORI X 2L RHE P A
SR e/ S I SR AR AR AR

AR Z A B H bR Z AT, Py, (16
£) 402599, Ps (fEft) 47 0.1888., Pg ({7 )
A0.1342, Py (fbfiE ) o~ 0.1246, Fe AEEL,
WHEMEH KT 0.1; HIKN Ps (HREAEM ). Py
(BRAL). Py (fEFF ). Py (FHIE ) 1Py (4EI]),
B KT 0.03; 17 Py (LB ), Pro (),
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i) MG AT R R E, HikfER. 1k
i . IR DL AR KA 22 R FloRs
TEEWME (R3),
23 ZHEFMER

P16 FT ARG FE O LB TSR A VRN
P T HUAREDE 43, AR 45 PR 2 1 2 B 5 LX)
N AE B AH S, T AL A5y . A0
FEP T A RHEY LRGP S R ISR 4,

¥ 16 FhARAAFEA LB LR & 15 5 E
PHEP IR 530 3 A58, T 9% (2.8~3.0): W
W R, 3 3 Ay T2 (2.5~2.8): M
BN PSRRI, ST 8 B TIZ% (2.5 KL ):
BN EAR RIS, it 5 B

MR 4 ATEH, WINEIRE, EeHE2LM
FEU A7 RHELAT O B B9 A 2 e M RN 8 v 1 XL
Ho WINIFEI LM T@, Ba, EFEERE
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O AE B F R

%415

BB A

MEFEVoraE, TE T, fifsEh; B&TF
2l TG HBEGS W, T 1% &
WA it T AEAR . BRI | MRBYZE S
WAL T 2%

HAT B0 0 HE 2 e e ELOLBE (P 258 1
W IR TARIEZE . MR R
WAEFHrr . MEIFE 22 MR R 2 AP E 2,
SMAEN G, Ho, WBAETHos . il - Hosft

=4
LaS

R4 TTREFREZHEY

23y

s, T HAEE | ARBYSET5 AR 0 fE 8
SETT

B BB L RS IR 2 ik
o MV R U 2 A 2 ELA I 2 2 e R
M EHHE, S Elg. Hrf, ARG R MR
U B 22 O SR I AR 2, BT, BT A
AR A, SRR, S BIHERE T 14 A0 AN
16 7, A FWE M EIRIATE
WH NSRBI SR

Tab. 4 Comprehensive ornamental value and evaluation grade of endemic orchids from Guangdong

LA TP #5437 Comprehensive ornamental value

Yyl

oec oy W5
pecies P P, Py P, Ps P P, Py Py Py P, Pp score  Evalution
grade
VRYIIFFJE 2% Vanilla shenzhenica 2 4 5 5 5 3 2 4 4 2 1 5 29717 I
248 2% Platanthera zijinensis 4 2 3 4 4 3 2 2 4 1 5 5 29321
#2141 ffk Dendrobium jiaolingense 2 2 2 3 4 4 2 2 4 1 5 4 28104
# [REH 55 Liparis tsii 3 22 1 4 5 1 2 4 1 5 1 27897 1
1 2% £ fth Dendrobium shixingense 2 2 3 2 4 4 2 2 2 1 5 2 27247
J"Z: 9124 Paphiopedilum guangdongense 3 2 4 2 5 3 2 2 4 1 3 2 27182
B4 L H 537 Liparis nanlingensis 2 2 3 1 5 5 1 2 2 1 5 1 2.6976
¥ 46 2FH.5F Liparis brunnea 2 2 2 1 4 5 1 2 4 1 5 1 2.6651
R AR 22 Calanthe nankunensis 302 3 5 4 1 2 3 3 2 5 5 2.5547
R4 JE 22 Platanthera nanlingensis 5 3 3 2 4 1 1 3 4 1 5 3 25428
J}#% 2= Danxiaorchis singchiana 4 2 2 3 5 3 2 0 0 0 5 3 2.5030
I 2% Apostasia shenzhenica 3 2 3 1 2 3 1 3 4 1 5 1 24308 11
kX481 2= Apostasia fogangica 4 2 3 2 4 2 12 2 1 5 2 23364
J"Z 7% B2 Platantheraguangdongensis 3 2 3 2 4 2 2 0 0 0 5 2 2.1181
/N 22 Pleione microphylla 1 2 2 1 4 1 2 3 4 1 1 1 1.9386
RIlAZ 4>~ Odontochilusguangdongenss 3 2 1 2 1 3 1 0 0 0 5 3 1.7778
3 i EHie WA UM R 41 FRIBIBE 2 AT
WG L L RHE S I PR o i i SRERE I IR IE AR B A Ae — 2, (HAEXT WAL

MIER i EvEAE BEARSS &, i P ER TE]
PIPIRT L, A5 AN R UL B AAARAE PR Hp (9 AR X 2
BE, MIMAESE— . 4. & B XA R 2= R
YT LR G VP o NEEG IR ARAE T LA
fefe . B MENEECE AR EYI R T 0.1,
R EARTE £35S PR T Aol , XL
A TTERE R . IS5 R, M AR 0 1B 7%
BRI RS TERRBUL R, 756 427 R 9B
WL T Mk R E R . TEX 20 RR AR
WEFEHT, WAEEIR A R fE Rk, 3305 XA
Xt 45 b N A 22 B A9 I BPE O T ST A
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RZHX R —PFh i AF s A, 5 — P Fp g PR
PR A 5 AR DG, T A [+ o ] ) LA PR
FbR 2 SR B R/l BEAFAE—RE 22 57
LA 22 65 b 1 35 B AL SR 2 4k
TERASR Y, AR o — 200 {H 5 2 T
SHRIE, NS S i sRoBOR By,
PRELAERS 22 AW B i FCESR RO B v, i 7O 5
SRAUAAUR R T4 WH) 2248, g2 RAEHE
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2 MRS FTLL, JRARERE BRI, Gk
H LB (LAY 22 AEREAT TSI R AL, B 5
SRR T R T R B Rt . R, FRE
P 2RI bR & R AR 1/387,
IAFAE R BT A] DU B SE P = o, X T
P 2 BB (B R IF AT, G Tt
SRR B FRE BRI R R AT LES IE
B, Gt R OB A (LAY T AR TR [ B 2 B
Ve E 2071k, TS W A T
M, DUJcie Ml BRILZAL, ERELT )R M) 2 52 1Y
AP POIE 2K, AT LG RZANM
AR, WA BRI E A 2R RPN
Fenh b, BE— P REAT R P LB R i b T A PEA
oA, —THAMTIARERA, REkE T
VERIRLAR 55— 07 T UL 45 7 A8 o o ST 5
WHECR, AR TJESER L= A AT )

PG, AR IEAWT S 16 B ZRAE R 22 FHH
WLEE VR A R E AN AT A, PRI s
RIS | Ra TR 2R AR, WH
e R HUOR S IR XAt 1R
g2, FUE S HGE . WA s . MRIFE
R 5 T 22 MR 22, B P A TRYIMN 2
WS AR R 22 /N R 22 TR IS B
=, WEMEEAR. L, JUeHEre I3 =2 |
BT IR AN £ o R AR E AR, W]
Xt AT SRR AIS 7 BIH . X T B A5 Y
SR (B P o DR LD P 7/ I R (B T
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[RGB R R H R R X ZRHEY
= EH A% A

Borh oamEL R &L 0 kL om EL m N, RER

Hisp!, 2T, F23%7Y, BAKC
(L IHRGRUERZ AR B XERF, TR B 516001; 2. HERGLNRFERSE S KRR, TR T 510642)

8 . T 2019~2022 X ARGk L E R G RS XN 2L RHEY T B IR E, Il A RMEMRIS . B
WAL IR AEBREE R, TR XN A RHEY MR B AR, RS (T RESEM A AR R (R R E SR
PR AR A K SRR T LA S R R R AT G . SRR (1) SEH R ERMEAY) 33 )8 48 F, £
HOPh MBS R D (2) BEEMR ETF, B B A 22 RHE A0 S P BORI S [ A2 3 2R F P e 38 S B < e 1) v 58 2 i
BL” A L, WRAEAE PR X I, (3) WEA R B4 TP TEHK 200~500 m [X[F]; (4) FHARHEHK B = BHE P A
FEAUTE R, T ELRR P 22 SR, AR R AR/ o ARV PR X T RE R T AN TR, S RHEY VIR 2 B MU,
R R 2 REVE R RO X AR KRR %, RO D .

XBIR: RHEY: VR RN WIREREE: AU RS Rkl

Doi: 10.3969/j.issn.1009-7791.2021.04.009

hESES: Q948 XHERARINED: A YERS: 1009-7791(2022)04-0306-07

Elevational Distribution Patterns of Orchids in Xiangtoushan National
Nature Reserve, Guangdong Province
KANG Ning', LIU Cai-qin', ZHANG Yue', LIU Xin', TAO Jun', CHEN Yu', ZHANG Yun-ling',
HUANG Yun-mei', LI Ting-zhang?, LI Yu-ling”", TANG Guang-da®

(1. Management Bureau of Guangdong Xiangtoushan National Nature Reserve, Huizhou 516001, Guangdong China; 2. College of Forestry and
Landscape Architecture, South China Agricultural University, Guangzhou 510642, Guangdong China)

Abstract: A specific wild survey of orchids was conducted in Xiangtoushan National Nature Reserve, Guangdong
province from 2019 to 2022. The species, population size, life forms, altitude and habitats were recorded about
these orchids. The elevational distribution patterns were analyzed. Meanwhile, the endangered status of the
recorded orchids was counted according to The Provincial Red List of Higher Plants in Guangdong and the List of
Key Protected Wild Plants in China. The results showed that: (1) 48 species of orchids belonging to 33 genera were
recorded, most of which had small populations; (2) The orchid species diversity showed a hump-shaped pattern
along the elevational gradient with a peak at mid-elevations, of which terrestrial, epiphytic, and saprophytic orchids
showed the same trend; (3) The endangered species were mainly concentrated at 200-500 m; (4) The similarity
coefficient of orchid species was higher at adjacent elevations, while the similarity coefficient was lower at greater

elevation gradient. The species diversity of orchids decreased at low elevations probably due to the frequent human

FEWEEA: 2022-06-28 £ HEA: 2022-08-04
EETR: T REMIE 2019 4 rpgubkoll e 2 5 4 (38 2560 0 H (B ARI4[2019] 9 5)
*HIEVEH o E-mail: ylli@scau.edu.cn
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disturbance. And the mid-elevations owned the higher orchid species diversity partly because the habitat is suitable

for the survival of orchids. A few orchids appeared in high elevations with the limited available resources for the

growth and development of orchids.

Key words: Orchidaceae; species diversity; elevation gradient; similarity coefficient; Xiangtoushan

i U OB T ) AR A AR 2 A ) 2 AR
AR A 7 R N 272 -1 0 e e PN )
YL REVERI I, SRR ) R SR
IAIE DKL~ VEr A0 5 AR A PR S 5 L v 205 P AR A
K 1000 5L P, B AR 2 REVE R 45 R4 11
FEKEDY, R W G R L PR
B IORREAR AL, W] RE R M S 21 0K ZR AR (1) )
FER R HRB 5 2 111K o A )

2% Bl(Orchidaceae) & 4 TR I — KB 2905
B FHFELT 10%, FATTEZ 850 J& 25 000 A1,
ATk, b oA TIRIER ARG HGHTHIX
Hh 27 22 R 200 J& 1450 B, 43120 btk S22 )
FIEFI 25%80 5%, 2ERHEY) N ZAEARAR, H
A ARG A =R AT, 2 RHEIIAIR 224t
PR VR C R RAR T S TN E | 2 R WAL R IS TR
2z, VEEMRRAN B B2 I E,
U > 8 (Phalaenopsis)~ =% J&(Cymbidium) <45~
J& (Cattleya) R4 it B (Dendrobium) 5™ . (it B4 5h
FIIR EBR A 2 A ) (http://www.cites.org/eng/disc/
species.shtml) L5 H AL FTE = RHEM S AR Y Ul .
AR D I 2 FEVEREE IR AL AAS SR I
PRAYRIEL Y, TSRS A X A L B R
AL T FERENSHELIE,

J7ARG Sl B K G H AR DR X Bk = A AR
Hhy DX ME — [ AR MR A SR K AR RS I, (R
TBGE R A PER A BRI, O R X R R AR
PR AR AT T IR R IO St . AHIF ST
P B 5K G B AR OR3P X 1) 22 R P 0B AT 7 4
WA, BT AN [ A v T R e 5 4 22 R HE ) 1) 2
HAAR R, ORI =R Y R B R}
AR
1 FFRHER

]RGS E R G RO AT 114°1921"~

114°27'06"E, 23°13'05"~23°19'43"N, HuibJk[H]H
geraml, HAvgindbnlagt™, i Bk
WRZ—M%kLLR, B 10 696.9 hm®, {5
DX Je 2R g . AT 2 R, HATG IR A
PaEEE. Bk, AR CRE K, B
AR, R B O Ry A RO
SOGB4 ik 400~800 m
(Ll kb Je 7S, AAE IS A 4K 400 m LR
o HURTEBMRAN G, (HILABER, VHRRE,
MO U RR, 5 J R PRI LT S R S0 i B 22
AR A ZE R, BT FE 2R NS
Sl R Z Sk IR XA e Y 224 Bl 866 &
1820 Fifr, Iy ELEE AL 207 B 765 J& 1621
B, FHEGEIE T A8 B A4S RE00 1/5, KAV IR
FEHEE,
2 WRAE
2.1 BIMAE

2019 4F 12 A % 2022 4F 4 AR X B AE >
R T2 e U AT, U 2 Y0 IS B AR X N IR 25
i, DGARH . I RAREEA R A, RAESTIE
PRA 210 5, DRAF T ARG FAR RS X LR
PRATE, HEEIEA 1000 2106, Goil Oy X N B2 =2
RHEWIRE, ARG, B, B4 SeE.
W B R
22 BURSH

MR 0~1000 m, 4 100 m 53Bt, ko h
10 ANEFARB FE , 8 v - W HAO0 5 Y 28 22 LA 42 1) Ao
FA R R AR PP IS H it o RO 5 R 1) 22 A
PR LA RECKH Jaccard $5%8 C=jl(atb-j)it
HPL ay b AR PIEIREE AL B IR 2R R
B, joAPIRR B IR EAT 1) 2R Y R R . 2
(I HRmsta s ) MR (E R E SRS
LRI 4 5% ) (http://www.iplant.cn/rep/protlist), X if
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3 3 (145 A B A 2 R 55 RN DR 37 25 42
BEAT ST

3 HREN

3.1 #E
SR BN Gkl AR ORY X Y B AR 2R )
33 ) 48 B, LA R DCPICRAE 12 B, M 27
Bl BEAE2E 20 B, BSAEEE 1 BRGR 1) D WRR
KRB, $EEZ, Wk £ X AE(Habenaria
rhodocheila). filiBk(Pholidota chinensis)~ =FH-px
JE& (Liparis); 28R A TR, BEMKD, ﬁﬂ
£ T %
(Tainia 4 & % (Anoectochilus
roxburghii) ff; == (Conchidium pusillum)%s .
301

o1 4
JL: =

(Paphiopedilum purpuratum)

ruybarrettoi)

LULEES

Bl SRAUEREEAFRPES

32 EESH

LEHER 0~1000 m [ 10 AN HAREX R, %
R £ e 5 IR B AT v S 38 0 5 98D 1
P, R 300~400 m X i), PR EE B KA,
OIARAT 27 Bl DX B0 R e — 0 AR 22 R G
3856 2 AL TR X TH] . 7RI 600~700 m
AR 3 MR, 3N A Uil
R A SR 25 7EMEAR 900~1000 m = RHEY)
AR D, AL 4 B, BT A R R,
WA AR AR i) PR MR X D (P 1) vk 22
LU B T i 5 5E T E B AG, eZE T PR
e, 1K 100~200 m 1 500~600 m Ay PN
Bk A 22 o S R B L S 2 B AR S T R e e TR
IO ERR

L BSE

WA migE mEL

0
0~100  100~200 200~300 300~400 400~500 500~600 600~700 700~800 800~900 900~1000

HRk/m

IR ZRHET T

Fig. 1 The number of orchid species at different elevations in Xiangtoushan National Nature Reserve

33 ERESFRIP=RHEVFMERHEEFT ST

AR 2021 4 [ AR AN 5 R B AL AR A T
WS R AT ) 5K R R B AR 44 55D, Bkl
Q SRORAF X P 1 5 T R O B A 2 R )0 55 42 2%
2= 2 (Cymbidium ensifolium)~ 24 = (Cymbidium
Sfloribundum)~ LM 2% (Ludisia discolor) 38405022 F1
a7 2% (Pleione bulbocodioides), 3% 6 PR 1), T %
I ARTERFR 100~600 m F1 900~ 1000 m [X [] (% 2),
b TTARAE R AR B R 2R A (36 A 15.7%
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N RAE B A 2L RHE AR B TR
3.4 AEIGREZRHEYIHEREE
A 2022 4F 2 FJH AR € AR s S 40 A 4
&) Givh, 7EER 200~300 m AT 300~400 m £,
Wil fe (EN)YFI 5 S (VU I R 2R 5 2 (3 2), BEIAE R 2%
PR IGR X TR WE 2 2 B 2 R ) s AR Th (W DX 3,
IS B R T TR X ﬁ%?ﬂ%kwmﬁ
(CR)ZZRHEDME: WEEN)PIF AR 7 F,

TN A ANZLE R Ae(Habenaria leptoloba) 42k >% . %‘
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% 4 BOTH: TARRKLERAARRY R LAY E D5 AR - 309 .

R IN'ERRUBRRIPRZRMEVERE. HEFRRESRSH

Table 1 Life forms, endangered grades and elevation distribution of orchids in Xiangtoushan National Nature Reserve

AVERL Wb FEFE SRR EYEY T RmSEYaass FHR/m
A= LYY 2% Paphiopedilum purpuratum I % EN 300~500
YRR ZE 2% Tropidia curculigoides LC 200~300
FBE 2% Goodyera procera NT 200~400
MM 2% Ludisia discolor 1§24 EN 100~300
S 2 Erythrodes blumei NT 0~100
HACLEFE > Zeuxine parvifolia VU 300~400
482 Anoectochilus roxburghii 11 %% EN 200~300
"IN JE 2 Platanthera minor \%8) 800~900
iR L 2% Peristylus tentaculatus NT 300~500
WilE R EE 2% Peristylus lacertifer NT 300~900
#6E £ X A6 Habenaria dentata NT 300~500
MZ T AL Habenaria leptoloba EN 0~300
P& 3% K R4t Habenaria rhodocheila NT 0~400
WALF Liparis nervosa LC 0~800
JoH-H 2 Dienia ophrydis NT 200~300
K5 2% Eulophia graminea NT 300~400
24> Cymbidium floribundum 11 %% vu 900~1000
2% Cymbidium ensifolium 1% vu 100~900
“EW 2% Tainia hongkongensis EN 200~300
"B % 2% Tainia ruybarrettoi VU 0~400
BT 2 Spathoglottis pubescens NT 100~200
"5 % Cephalantheropsis obcordata VU 200~500
#1022 Phaius tancarvilleae \%8) 300~400
FREYRAE 2% Calanthe graciliflora NT 800~900
Y124 Arundina graminifolia LC 0~400
“MFE%: Pleione bulbocodioides 1§24 NT 900~1000
N 2824 Rhomboda abbreviata VU 600~700
JE T 56 2% Eulophia zollingeri VU 300~400
{igds $ALFH3F Liparis gigantea VU 300~400
YW H 57 Liparis bootanensis NT 200~900
KZ2EH57 Liparis viridiflora NT 200~600
/N 2% Oberonioides microtatantha NT 300~400
IR URE2E Coelogyne fimbriata NT 200~900
VA Eria corneri NT 200~600
;2% Conchidium pusillum EN 400~900
ALk Pholidota cantonensis \%8) 300~400
£tk Pholidota chinensis VU 0~800
1k 2% Appendicula cornuta LC 200~500
W JELJE 2% Epigeneium fargesii VU 900~1000
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- 310 . %514
NS P ERE LRSS T REERYAesx R/m
By AR 75 7 A 5.2 Bulbophyllum ambrosia VU 200~300
"W AT 525 Bulbophyllum levinei vu 600~700
"B AT K% Bulbophyllum odoratissimum VU 200~300
I HRA 2% Bulbophyllum kwangtungense VU 100~900
BEJE4 == Bulbophyllum pecten-veneris EN 300~800
i 2% Diploprora championii NT 200~500
R RRE % Cleisostoma rostratum VU 0~300
] IR 2% Cleisostoma simondii var. guangdongense NT 200~400
25 2% Robiquetia succisa VU 0~400
e URPDCORBURENC KR “EN” Wifs. “NT” iTfe. “vU” Hfe. “LC” Lfi.

R2 I'ERIULERFEAFRIFEE
Table 2  Statistics of endangered species of orchids at different elevations in Xiangtoushan National Nature Reserve,
Guangdong Province (According to The provincial red list of higher plasts in Guangdong 2022; List of National Key Protected
Wild Plants in China 2021)

BINEE =R ER T

) W /m
Wil 25 2%
0~100 100~200 200~300 300~400 400~500 500~600 600~700 700~800 800~900 900~1000

e CR 0 0 0 0 0 0 0 0 0 0

Yiife EN 1 1 4 2 3 0 0 1 1 1

Y& VU 4 3 8 10 3 1 2 3 3 2

Hf& NT 2 2 9 13 8 4 1 3 4 1

Jfe LC 2 0 4 2 2 1 0 1 0 0
MEEEARS 0 2 3 2 1 0 0 1 2

At 9 8 28 29 17 6 3 8 9 6

E M T ARRAHEPAGAI) (2022).

W22 2% (Tainia hongkongensis) LI 2%, B 545 =%
LRI S
ﬁﬁﬁf&ﬁmmﬂwm~MMm@ﬁm@,%ﬁ
Pl 19 B Rl 22 WX
(Cephalantheropsis obcordata). =4t=E-F w5 (Liparis
gigantea)®s, £ 0~1000 m #FRIE 540, HAiF
K 200~400 m BbE 3 A % o
3.5 AEEREE ZRHEYBHEILERE

AN TR AR DR TR] 1R 22 AR ) Aol A AL 28 BAS
W) o AHA R BBl A RO AR, ARALE R AR
B R T, DR AR AL R BOZ W B . AR AL
PRSI 2 AME N 0.483. 0.444 (3 3), HEL
£ 300~500 m [¥] 2 NAFIRIXTA], IX 2 ANBEHRIX [H]

(Bulbophyllum pecten-veneris)-
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[ K T R B AR A A A4 SR ( 2021) 87

() =R A MR 43 ) o 27 F 16 B (E 1),
SV MRS X, R X
YR 2 B R AR T . 4K 600~700 m AT 900~
1000 m X [ [ 0 43 ) ol A i 2 v LR I AR 284S
1k, s A R AR AYE R ECH 0. 0~100 m F
100~200 m ¥4k DX 1] fAHALPE 28 005 I G BRIk
A, XAAeE T A T A SR, $80~
200 m R DX A] R 22 B A7) R SR Bl oRE B SR yd 2, 43
VB KE TN ER TR

4 ik

AU AT, Gkl FE KBRS X IAT T
AEERHEY) 33 48 Bl )RR 80 )& 235
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%44 B OTHF: JARKLERAARRY R AN E L5 A5 . 311 .
x3 SAUEREBARF XA R ER ZRIEMIFBIERE
Table 3  Similarity coefficients of orchid species at different elevations in Xiangtoushan National Nature Reserve
#4/m 0~100 100~200 200~300 300~400 400~500 500~600 600~700 700~800 800~900
100~200 0.154
200~300 0.259 0.192
300~400 0.161 0.138 0.444
400~500 0.087 0.100 0.323 0.483
500~600 0.154 0.091 0.192 0.179 0.375
600~700 0.000 0.000 0.000 0.034 0.056 0.125
700~800 0.133 0.167 0.179 0.207 0.412 0.400 0.100
800~900 0.000 0.167 0.138 0.167 0.263 0.167 0.100 0.333
900~1000 0.000 0.000 0.000 0.000 0.053 0.000 0.000 0.000 0.091

i) 41.25%F01 20.43%!1, B0 425, 7EHER 0~
1000 m X [AJ¥) 4704 X5 Z Jit i AAHLL, B9
T 22 ROl BRI A SRR G, A A R WAk
17 B, HHC KA /NS & = (Platanthera minor).
/Ny 2% 2% (Rhomboda abbreviata) THE %25 641
X 2% (Bulbophyllum odoratissimum)<5 12 Fi(F 1) |~
ARG IR X 22 RHE A7 o b, ety &
W HGHEPER Ay W B, AR, U AR X (1
2 RHE ) TR A B XA UANE

%3 1 KR H SRR X = R ) Rl 2
FEPEBEHRER T S R I “ A K ” 2, HA
Tl = R e vy 1) DX i ) o 9 4 DX 0o 3K 5 g 0 [
K SRR DX 22 R o A i SRR,
PEREK 2 RHE Y K G AR AR XL X,
B A XUV AR AR i ) 2 AR 43 A b
JI BT . AN, FAF AR R R
S AL B UL b i i X R = R A e 1)
H A R

T ARG, ARTEEIN, AR
DX =R A = B RR IR, gk Bt T
K S s, ARG E WAKIREE, I
YA 2 FEPEIA B KME, XM LA A kg AR 2
ANEPISERE R AT B, R X A TEA . HEA
FORSB O A E I BT T B R S5 R
fi, BIET R ERHEY AE KIS, JoHE MR
T LI IR A BRI A5 A 85, A RBAR K R 4F,
JIT CAAS[R) A 35 2 ) 22 R E A 22 6 1k S8 A LG DX )5 )

VA

g )
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IKAE . RO D TR AR S B ARG ZE K

SRR, ERMEYIFANE B AL, MO 2
FEE R

Gk E R G AR X HIFRECK, HTE R %,
AR, KPR AR, O A RMERAE T A
HINEES. RIPFIXARAFEIEANL, AT
b FARR AP AT 2 RHEY) A Ar AL TR,
A5 45 38 43 R 2B A7 B 58 KT Z1 (1 Wi e ) A A LA
17, WrRGULs, 4dk>=. 225,

MR R, Gk LR X 22 R 5% U5
AU, KRN B, N T 2%
TP PP SR o AR IR 200 m BLR X3,
R EAEEE, EEAC R SR R 4R
KH/NESE; 200~500 m 4R IX I, = RHE YRR
ZIVE S OEC S S0 D1 EP N b SIS RS A i &
RGN 2L, A H25(B. ambrosia) 52
YIRh g Hs K.

S 3k
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Sabtnopical Plawt Scéence

[ RA 2P ERHEYIHER

Ax el el B ORL It % S MAEY 2l

(LA AL R RS 5 KOS MR A2 e, 7R T 510642; 2.3 B0 EERE, TR M 511400; 3.FHFHTRME, 7R BIFE 529600;
AFYINT ZRHER RIS hL, TR I 518000)

O R 2 MR ZREYRC S, 55 %545 I 2% (Bulbophyllum violaceolabellum Seidenf.) FH /NI 91 2%
(Paphiopedilum barbigerum T. Tang et F. T. Wang.). EUEAR A TRAE T 40 B A MK K 220k 2 15 IRt el AR 2 e A R A A =2
(CANT).

REIR: JUARE: 2L Fex

Doi: 10.3969/j.issn.1009-7791.2020.05.012
FESES: Q9482 XHAFRIDED: A XEHE: 1009-7791(2020)05-0398-03

Two Newly Recorded Species of Orchidaceae from Guangdong Province

LI Yu-hui', GUO Bao-gin*, DENG Bin*, WANG Bing-mou?, HUANG Yi®, CHEN Li-jun®, LI Yu-ling"
(1.College of Forestry and Landscape Architecture, South ChinaAgricultural University, Guangzhou 510642, Guangdong China; 2.Panyu

Central Hospital, Guangzhou 511400, Guangdong China; 3.Chuncheng Town in Yangchun City, Yangchun 529600, Guangdong China; 4.The
Orchid Conservation and Research Center of Shenzhen, Shenzhen 518000, Guangdong China)

Abstract: Two species of Orchidaceae, Bulbophyllum violaceolabellum Seidenf. and Paphiopedilum barbigerum T.
Tang et F. T. Wang, were reported as new records from Guangdong Province in South China. The voucher
specimens were deposited in Dendrological Herbarium, College of Forestry and Landscape Architecture, South
ChinaAgricultural University (CANT).

Key words: Guangdong province; Orchidaceae; new records

22 Fl(Orchidaceae) & ¥ THEY H i KA 2 —, TET RAE AL RHEM TR &, (EH 5
fi# 5 MR 800 ZJ& 25000 ZFf, |z T4 CRER 2 Mt RUEMIARA, 5B B SR BRI 3
FhEEHE S RGP A, 2RMEMZ NERmHGHE AR L, # % N4 E 2% & (Bulbophyllum
Y, HEABEGEMNE. 8RN ERSCME,  Thouars)%5# %3l 4 (B. violaceolabellum Seidenf.)Ai!
AR CHOWSEEE” o HAT, idEhEA 98 2 J& (Paphiopedilum  Pfitzer) /I SR 22 (P
RHEY) 194 J8 1300 £ R, A a1y iz, barbigerum T. Tang et F. T. Wang), ¥14) %4 ¥iid
Ho, J7RARTEERHEI FE AKX 2 —, SR, BT UAROE . SRR AR GRAT TSR AR 2
HEFEME A LRI, HMENT REE SRR EAR R AR A % (CANT).
%ﬂri‘ﬁ%i’%ﬂﬁﬂﬁﬁﬁﬁﬂﬁi@i:}%)\l %%ﬁ%ﬁ’]éﬂ 1 oS
FEAD BT & e AT L0 S o i S AR B, S S 2
R T RA LA SR, By L1 FEEMEE LA~C
0 10,29 22 R B 5 ] P S ) Bulbophyllum violaceolabellum Seidenf. in

EUCHER: 2020-06-23 ¥ HHER: 2020-08-18

EEWB: | AETAESEYETEHENH (T RETASRMEYTE ) ER ARR %541 H (No.31800166); Rl K2 KA
Bl AL 2Rt B

*E(EE# . E-mail: ylli@scau.edu.cn
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% 54 FFEF:

JTERE 2 2R

- 399 .

Nord. J. Bot. 1: 210, fig. 14. 1981, et in Opera Bot. 114:
291, fig. 193. 1992; Z. H. Tsi, S. C. Chen et K. Mori,
Wild Orch. China: 94, pl. 146. 1997.

A, MAETHKEA L. RRERE. R
ZRIIE, WL 1. W ERER, DR KE
¥, 7~11x2.1~35cm, HEHUEAK 1.5~2 cm
AR, HARPEIXS 3. SEURTEFFAR R 2R, H 5~
7 oqts WEEEKY) 20em, WIS TN EHES
AL, TS, =T AIE s, HAERA OB
= es i, MESR, 2%, 8~9xca 8mm, J§
PEEoR, sRZ ) N, FEE S SO R e R T
TGS, S A, 16014 .

JUAR: SEAETTSEACE, Wk 533 m, MIAETH
Kol g bk oA A b, 2012-12-9,  F OB
121209(CANT).

S Aii: PERFR@EIE) . RN GHE)®, Ehd
WH M. ETHEHL 700 m A K LB T
BB AR
1.2 pHHEI=(E 1: D)

Paphiopedilum barbigerum T. Tang et F T.
Wang in Bull. Fan Mem. Inst. Biol. Bot. Ser. 10: 23.
1940; S. Y. Hu in Quart. J. Taiwan Mus. 27(3-4): 456.
1974; Cribb in Plantsman 4(4): 203. 1983, et Genus
Papiopedilum 140. 1987; F. Mark in Orch. Dig. 51: 76.
1987; Z. H. Tsi, S. C. Chen et K. Mori, Wild Orch.
China 24. pl. 16. 1997; H[E*=1e415 118. K1 6-6
(5). #Kl 6-9.1998.

B, WAETHEKE B HEEE, 8
W, AR, 6~9x0.7~11cm. fEEK 6~
8 cm, Tk 1 254k fErhaE ks s R g

1 " HREZRMEY 2 #ERICR
Fig.1 Two new records of Orchidaceae from Guangdong province
AZEEAEE Bulbophyllum violaceolabellum fii#k J AE 5% ;. B~C.A 25 F =246 5 A/ ;  D./MH-5i 2% Paphiopedilum barbigerum
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RO 45

% 49 %

R, Hmsmatsga, EM5agh
B, RS EREOAAHLL, YONRAEt; £k
Pe K R B A5 LT, 3~4x ca 1om, AR,
KL T BREER, EHAKYZ 1.5 cm
M FEILORTE, MR 1 B H, WEETF
GANYT, RIKAE. £ 10~12 H.

I %: BHEN, K 29m, TRl ARE
|, 2019-08-11, Z=EH% 1640 LN(CANT).

O)AG T PEARER . B Az M A TR 800~
1500 m A A i FE i 2 4 2 hal g B i, AR
Bl

2 HEYIMEFRENX
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