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Characteristics of leaf venation of Mussaenda and its relative

genera
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Abstract: The classification of Mussaenda L. has been controversial due to the complex
interspecific variation and hybridization within the genus, by exploring the variation patterns and
taxonomical significance of the leaf venation characteristics between Mussaenda L. and its
relative genera (Schizomussaenda Li and Psudomussaenda Wernham.), it could be provide data
for the identification and utilization when they were regarded as the medical and garden plant
resources. The leaf venation characteristics of 22 species of this group were observed by using the
cleaning method. The cluster analysis was carried out based on the characteristics of leaf venation,
and a classification retrieval table of the species was compiled. The results were as follows: (1)
The characteristics of the leaf venation of Mussaenda L. and its relative genera had consistency,
which were mainly reflected on that the primary veins were all pinnate, the frequency of inter-
secondary veins was less than one per areolation, the angle between the major secondary veins and
the midvein was acute, the tertiary veins were mostly penetrating, and the arrangement of the
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areolation were all irregular. (2) The characteristics of the leaf venation with taxonomic value
among genera or species within genera included the type of major secondary vein venation, the
angle between the major secondary vein and the midvein, the spacing between the major
secondary vein and the midvein, the connection between the major secondary vein and the
midvein, the existence of inter-secondary veins and intramarginal secondary veins, the penetration
of intercostal tertiary veins, the type of quaternary veins, the branching of freely ending veinlets,
and the development of areolation. (3) According to the cluster analysis, the 22 species were
clustered into 12 branches, and Schizomussaenda and Psudomussaenda were not clustered into
one branch respectively, showing a relatively close genetic relationship. In conclusion, the leaf
venation characteristics of Mussaenda and its related taxa can provide new information for the
classification of the plants.
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TM&AEE (Mussaenda L) )& T ¥ 5EL (Rubiaceae) &XZNEAEL (Cinchonoideae)
KM &AERE (Isertieae) , ZpAn THAEMAINEI, T EL) 30 Fh, 754 T VU rg &6 2 0. AR
EERHA . WHA X (Alejandro et al., 2005; ¥#, 2019) . EM-&AEEHEY KA
PEGERA . WEARFUNTAR, TR BA Y RIEIRRE R ), SORREm, JRISNHRIR.
ZREMIEZ BN RS MHE (Schizomussaenda Li) FE KM & 168 ( Pseudomussaenda
Wernham) WREIFEEAEM, ARILRIONHR, FHEITRME EM-SHEREAR. EHE&E
Ji& - ZER B AR SR T A i PR R SE N A AE T, N2 AEH, R R A T AR AE ST
YR, WA (Mussaenda erythrophylla Schumach. & Thonn.) . ¥ 4Kk (M. hybrida
‘Alicia’) « H48E (M. philippica A. Rich.) . M. elegans Schumach. & Thonn. . R 4 {F
[Schizomussaenda henryi (Hutch.) X. F. Deng & D. X. Zhang]. & EM &4t (Pseudomussaenda
flava Verde.) 5. MbAh, K- AE)E > Fi OS2 HE R ED B, B e A
(Mussaenda pubescens Ait.) « f#iJle (M. erosa Champ. ex Benth.) %5 B FE#HAE. i
I Th AL (HREERSE, 2013) , $84L (M. shikokiana Makio.) MIMRAEAEM . FES . LI
R (ZE4ESE, 20150 o B, Erbedfe)s HinS s, HAEEZRITRAENT iFE
AN PS5 o 2500 BRI DA R Bl 25 P O 6, 1S 200 AT B R W0 e 365 58 D Bk Atk 2R T
e 18 T N R FL R 1) 73 RANHEAL 9% R A A LURAFAE S (Jayaweera, 1963, 1964; Li,
1943; Puff et al., 1993; Duan etal., 2018; {5855, 2022) . HAj, HM-&fe/w kL%
JEIIAE G 7 KL WA . AENIR LS TR SHFE, JCH A AE AL, (EAE Dh RE 1 Ml A 5 Ak
A, DhREMERK 5 DI BEREAR I AE SRR LA B B 22 57, BRE RO AESE B OL T, AUHE L
I R AEHEAT HETR B A S E
K I P s K o AE 97 DASGESE SCEAF ALY, K R B k4%
HE/EH, AT BIERE, BN AN ROIRE ) OR&FlSE, 2019) o HKIEST
BT 20 S, HAREMX THEY) 2K DA T A A EZKZEE (Kellner et
al., 2012) o WMV TN A, BRI, TRk CRARAE k. =4
Jik~ SR K PP A S5 4 e T A (Silva et al., 2021) o ik 25 MU ASUALE A A0 5T
A EENE, FREEOAIAAHEY) R R EE S ENE, TR & DS T
) )7 SR, I A 2R, CAEA R REYERE P gUs A, TRt
(Sapindaceae) (B [N 8%, 2014) . 4% %l (Lauraceae) (De et al., 2021; Rodrigues et al.,
2021) « /NEBEJE (Berberis L.) (LKA L, 2015)  {EMkIE (Sorbus L.) (H EZ55%,
2022) + ZFJEPrunus L) (FEXFEZ, 2019) 25, Lima %5 (2019) X ¥ BRI MK 34T
TG, RIBKT B BRI EE B . =k R s kT T R S R
gy, BB SR KR KIy Jm il . Ertede)s, 1yt 5R EE R H R
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Table 1 Materials and voucher specimens

J& Genera Fh Species KAEH Location K4 N Collector FEUEARAS Voucher
KM AL/8 Mussaenda Kt EM-448 M. macrophylla = MR T 77 & Ning’er County, Pu’er City, Yunnan Bt151% %% Duan Tingting et al.  DTT-84A

K EM-4£48 M. macrophylla 7 B H T V- Ning’er County, Pu’er City, Yunnan BI8954% Duan Tingting et al.  DTT-85A

Kt w4246 M. macrophylla P PERUR AN IR N ST B 5154 Duan Tingting etal. DTT-119A
Jinghong City, Xishuangbanna, Yunnan

Z EEMEAE M. mollissima = ML 2842 2 Luchun County, Honghe, Yunnan E1515 %% Duan Tingting etal. DTT-95

Z BEM &1 M. mollissima A 2EMESR I 5 VA M Chuxiong, Yunnan =% Yuan Shuai et al. YS338

Z EEMEAE M. mollissima = ML 2842 2 Luchun County, Honghe, Yunnan E515 %% Duan Tingting etal. DTT-110

£ Wk E&16 M. multinervis A 40 M 43 B Luchun County, Honghe, Yunnan Bt#59%%5 Duan Tingting et al. DTT-496

WhIE E 418 M. elliptica P4 J11i& )17 Dachuan City, Sichuan E1515%% Duan Tingting et al.  DTT-401

WHIE B 446 M. elliptica V)13 )1 71 Dachuan City, Sichuan Bt 4545 Duan Tingting et al.  DTT-412

WhIE E 418 M. elliptica P4 113k )17 Dachuan City, Sichuan E515%% Duan Tingting etal. DTT-419

=B EM4A1E M. chingii I BT AR E Tianlin County, Baise City, Guangxi Bt#51%%5 Duan Tingting et al. DTT-210

=B EMEAE M. chingii ] VG H LT AR R Tianlin County, Baise City, Guangxi Bt#%15%5 Duan Tingting et al. DTT-212

JER: B 418 M. divaricata 2P 3C L E R N P R Btis 4% Duan Tingting et al.  DTT-62A
Xichou County, Wenshan, Yunnan

B B4 48 M. divaricata VY1 A LT ik JE P& Yuan Shuai et al. YS187
Emei Mountain, Emeishan City, Sichuan

LB EMEAE M. hossei Z MESH T Puer City, Yunnan B85 %% Duan Tingting etal. DTT-103A

Mussaenda cf. longipetala | PR RA T Fangchenggang City, Guangxi Bt 4555 Duan Tingting et al.  DTT-005

I VG R & A6 M. kwangsiensis | VB3R A 1T Fangchenggang City, Guangxi Y545 %5 Duan Tingting et al.  DTT-49A

I E M4 18 M. kwangsiensis JTPUER AT Chongzuo City, Guangxi Bt#51%%% Duan Tingting et al. DTT-21A

I PG EM& 6 M. kwangsiensis ] PGS 7E T Chongzuo City, Guangxi BHI545 %5 Duan Tingting et al.  DTT-23A

I E M8 M. kwangsiensis ]I ZR 24T Dongxing City, Guangxi Bt#51%%E Duan Tingting et al. DTT-4A

IR EM 418 M. kwangtungensis T ZREIM MRk B % 1% Duan Tingting etal. DTT-655
Xiangtoushan, Huizhou City, Guangdong

I ZREM &8 M. kwangtungensis T HREMTT SRk B 5452 Duan Tingting et al.  DTT-662
Xiangtoushan, Huizhou City, Guangdong

HAEEM £ 18 M. pubescens var. alba |~ 14U EM T E Rong County, Yulin City, Guangxi Bt#5 1545 Duan Tingting et al. DTT-52




J& Genera # Species KEEH Location KA£EN Collector FEAEFR A Voucher
FAEE M4 16 M. pubescens var. alba |~ 784241 Dongxing City, Guangxi Bt 4545 Duan Tingting et al.  DTT-8
HHEEMEAE M. hirsutula 174 7148 111 717 Wuzhishan City, Hainan BXIE95 4% Duan Tingting et al.  DTT-78
Mussaenda cf. divaricata T LE T e B P 4E Xie Zhi et al. XZ72697
Longzhou County, Chongzuo City, Guangxi
HHEMEAE M. simpliciloba = M KIETH Yuxi City, Yunnan Et1515%% Duan Tingting et al. DTT-68A
Mussaenda cf. pubescens IR T MR Bt#21%%5 Duan Tingting et al. DTT-132A
Longzhou County, Chongzuo City, Guangxi
E 448 M. pubescens 1EFF ¥ South China Botanical Garden Bt 4% %5 Duan Tingting et al. DTT-641
EM&1E M. pubescens £ YA South China Botanical Garden BXI845 4% Duan Tingting et al.  DTT-642
EM41E M. pubescens J"Z: % 4 T Maoming, Guangdong Bty %E Duan Tingting et al.  DTT-2
7 Kt 418 M. hainanensis 79 SR AR Tl Ledong City, Hainan B{1%1%% Duan Tingting et al. DTT-75
i M. erosa I~ AR 2 Guangdong Ocean University K Z54% Zhang Duo et al. DTT-15A
Mussaenda cf. hirsutula IV H AT A8 B Napo County, Baise City, Guangxi 84545 Duan Tingting et al.  DTT-35A
R EM 416 M. caudatiloba J PG4T Chongzuo City, Guangxi Bt 4545 Duan Tingting et al.  DTT-26A
EMN&AL)E Pseudomussaenda fREM£A1E P. flava P XU N FE ) IEl Xishuangbanna Botanical Garden BXIE45 45 Duan Tingting et al.  DTT-128A
REM4AE P. flava XU AN AE Y1 Xishuangbanna Botanical Garden Bt151% %% Duan Tingting et al.  DTT-129A
R 4G )R Schizomussaenda HEEA S henryi J PS4 T7 Chongzuo City, Guangxi BI8954% Duan Tingting etal.  DTT-17A

HIRETES. henryi

1EFFFE Y South China Botanical Garden

Bt#51% %5 Duan Tingting et al.
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Mk HIE 7527 Ellis % (2009) ARG L. BARPIRITN : ARG R E)E
TR AN, B Bl 2 BN bR AR BT 5 S AR AR 50 30 5%~10%NaOH ¥ Vi 1 i B
10~40 h; it AIZ0M ST EIH, HEBEERBRR I RE M RHL,; BEH 10%
NaClO HHATIEWE, itk 23 A BB, R K S E v, MoK v s AR
I 50% T5%HN 95% L EERRFEMLK, PR AL G40 2 mine Je 05 FHLK BE 25 G A,
SR JE B K 2 e G B3, 19 21 58 B3 I (0 I BkAR AR R 3 . 7RO R AMEE (Nikon
E200) FMLEN i SEAL X, . R Image J WA EAT KR A, TRDER A0 &, B
HOP M. MR RIE S % Ellis 25 (2009)  (E 1) FPME =2 (1997) A iAH5
RAE, FFxFHHHATIRE (£ 2) , WESSEWE 3 ix.

B

A a K CERKO 5 b TR e =Z08k: d DUZUNk: e BRI CRIHRD 5 £ sk (CERKD -
B g cBik&fk: h @R SIEN: L Billilk. BIIBAVE&E, 1997,
A a. Primary vein; b. Major secondary vein; ¢. Intercostal tertiary vein; d. Quaternary vein; e. Areolation; f.
Freely ending veinlets. B g. Semicraspedodromous; h. Simple brochidodromous; i. Eucamptodromous. B from
Sun et al., 1997.

B 1 kPR B 5 B

Fig. 1 Terminology of leaf venation

R 2 Bk HR A A R E

Table 2 Description and assignment of vein characters

ETRS) ik YRR T AE

Number  Vein Character Assignment

A R 200K FLHh K 1
Major secondary vein Eucamptodromous
B K T A8 5 K 2
Eucamptodromous becoming
brochidodromous distally
f 8.5 T 3
Simple brochidodromous
Fah ik 4
Semicraspedodromous
ik G-fa B 5 TR 5
Semicraspedodromous -simple
brochidocromous
B P =Gl vk Sy BB A 1
Major secondary angle to midvein Wide acute angle
4 A 2
Medium acute angle

B 3




I ik PEIR T AH
Number  Vein Character Assignment
Narrow acute angle
B B A 4
Narrow-medium acute angle
c R 2Rk e B FL 1
Major secondary spacing Regular
ASHE 2
Irregular
1F1 ik A8 ik 3
Decreasing proximally
D R = Gk 5 v ke e 7 =X T IEIERE 1
Major secondary attachment to midvein ~ Decurrent
R 2
Excurrent
B AN 25 R 3
Excurrent and deflected
N AL AN BT 4
Decurrent and excurrent
E ] — 2 fik a 1
Intersecondary vein Present
¥ 2
Absent
F E1 RESE !
Intercostal tertiaries vein Opposite percurrent
HAREF 2
Alternate percurrent
RETF 3
Mixed percurrent
RO 4
Mixed
G VU 2 ik XA o 1
Quaternary vein Opposite percurrent
AR 2
Alternate percurrent
RETF 3
Mixed percurrent
R -1 4
Irregular reticulated
H ZNG3 A3 1
Freely ending veinlets branching Unbranched
0~1 kI35 2
0~1 branch
0~2 IR533C 3
0~2 branches
E2V i 4
More branches
I Jik e Xk & =3 1
Areole development Good
=t 2
Moderate
% 3
Poor
J % gk A 1
Intramarginal secondary vein Present
¥ 2

Absent
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Table 3 Leaf venation characteristics of Mussaenda and its closely related genera

Fh Species A B C D F G H

K EM-4£48 Mussaenda macrophylla
Z BEM &AL M. mollissima

Z Wk K448 M. multinervis
MBI Schizomussaenda henryi
Wl F 416 M. elliptica

ZB KM &1E M. chingii
JEK B & 18 M. divaricata
AEEMETE M. hossei

Mussaenda cf. longipetala

I PG EM418 M. kwangsiensis
IR EM AL M. kwangtungensis
FFE L 416 M. pubescens var. alba
MEBEMEAE M. hirsutula

LM 4 4% Pseudomussaenda flava
Mussaenda cf. divaricata

R R4 18 M. simpliciloba
Mussaenda cf. pubescens

EM41E M. pubescens

B LM &8 M. hainanensis

itk M. erosa

Mussaenda cf. hirsutula

JEZLE M4 48 M. caudatiloba
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Note: A-J corresponds to the numbering of leaf venation traits in table 2 for Mussaenda.
1.3 FyE ab

FAE UL b - Jik P R A R AE AR 0, FIFH SPSS 27 ¥4 HAE BRI bt tl, SR AT 2k
o, FRLHIREE .
2 ZR50
2.1 EM-&16/R A KL % & B M BK FFRFAE

KMt 5 L& B KRR A — & B3 — KN PPIRK, EAT M B
ToHA S, 8] G Bk 35 A Bk A X > T — 2%, B k5 ko M35 e 8, =
Bk Z TR, BKIE X HEPISIAEN], (BWAAAEZE 5 RIKAKF2RA 7 Hll ik, &
Mk T AR e K. R S TEAK. PR GIK. RIS NK-T R SRR A8, kia =
ik DYk Tk ie) DX A B i NKE A 2R (R 3D .
210 Rk A0 RN IR ik

HE 27 TH, kKT RA Bk (ZEEME&E. S8 K. R TH5
6. BHEEMEE. HELHESE. BREMEAE. M. Mussaenda cf. hirsutula) , ¥
Mk Tiem AL 5 ek CRM EtE4e. B EH&4E. I EH&E. e Rm&e. Kt
Gt W EMele. BRENEMA) , MRDEk RESK. BErE&E. AR EH
%At Mussaenda cf. divaricata) , ViKWK (Mussaenda cf. longipetala) , -1k % fK—T4
SRR A ( Mussaenda cf. pubescens) 5 #2EA ., HrAr, Mussaenda cf. hirsutula B
A R =K B4y SR IR m) i 07 T AR A0 K BN R S, B2k ks &
BAE Rk —%8 2%, H-RkZREHEAY, DHEATER (Mussaenda cf.
divaricata) HAREL A BKEI X DT — 5%, KEZ R T T omHd = Hkr—F, b3
KEK T N gk —F (ZEEHEL) « —EFAELEE Sk (ZEBEHE
16+ 1B EM &1t Mussaenda cf. longipetala. Mussaenda cf. pubescens~ #§Fd 448



HEEM &, RREM &) Mg gk (BREM&E) « HIZHKEELE 10~20
kI8l ZRINKIBIPEA RN . ASKEI . r) B ER AT = AR A . kS E KR A 2 e
Biff (45°~65°) , MHECHEBUM (REM S MESMA (LEE&AMmE , 4
BEME. HEEMNSIE. Mussaenda cf. pubescens A —3, HEIML—5. M
TS FRGERE DT N NN EER, DEOVEMIEE (REMEAE)  BAERAE
EE (RReH. HEEHESE, PR W& , FEER-EMERE " RKEHE
1) .

2.1.2 2 ik 8] = G Jik R v DRDKARRAGE B ik 8] XK & 1 0

B 3 FAT, KA =Rk 2 BT FE R, A AT (AEEMee. B
e fige. RREMEE. HEMEMA , BARTE (WREREM S, BB S, 3
HE M 41 Mussaenda cf. pubescens. Mussaenda cf. divaricata) , G FE CKMEA
&b, ZEEMEE. ZkEHEME, REESHE, CEEMHEE. ZBEHESME. L
e, HEREMEAMA. B B &8 Mussaenda cf. longipetala . Mussaenda cf.
hirsutula) , FUCHIRER (BEE R FHWAPPR: TR EHE&E) o ik B =0k 5
s B ROBUM . B BiA-EA, BRI TAT T KR =k Sisk, 20K
T M Ae T Hh 2 = BKAE T A0 50 ST R e AR .

B 3 5, BT RN . RSB & S IR 7S gk, (R RSk
RIS, AR BNk, AR B 233, 8w 5 DY 2 A B IRk G RR
iRk WHMKBEAXNAERE RREESM , HATYF (WRETESE. BTN,
AEEMEHE. BEMH S, B R-EN L. Mussaenda cf. hirsutula . Mussaenda cf.
pubescens) , WRETFE (ZRKEMEIE. T WHEMEIE. filE. Mussaenda cf. divaricata.
FBREME , AMMFIR CRMtErEee. Z2ERBEMHEE. A EHE&E. HH KM
. HEEWESMAL., EHE&E. TRAENE&HE. B EM &L, Mussaenda cf.
longipetala) 4 MR RN ATNPPIR (ZhkBM44E, 2R BREE&E.
IR EN S BREEN S, BRENEIE. Mussaenda cf. divaricata~ Mussaenda cf.
pubescens JBF E M & AE) FHN AR (B Bt &4 2 EBEH S M.
Mussaenda cf. hirsutula)

Pk X &K BB AZE ("l EHeid. BREMHESME. EHE&E) , | CRF R4,
ZhkEM&, ZREMHEE. CEEHEME, TR EM &L, FiEEHSE. R R
St LEEM S AEEMN S48 Mussaenda cf. pubescens T T K416
AR &, Mussaenda cf. divaricata~ EWM 246 Mussaenda cf. longipetala) , R

(HESH. HEBEMEIE. Mussaenda cf. hirsutula) 3 N5 (K 3) , AAFAERKE X
S 2R R AT O HL T A T <o A A0 P 88 P ) S 4] P I 337 AN R )
2.1.3 Ui B Wi /N ik 53 52 DA R i 4 ik

TR u /MK BB (B 3) W~ BAASC (Mussaenda cf. hirsutula) 5, 0~1 {K
30 CRMEM-EAe. R B &4, B EH&. 2B el #REH. CEE
e, T ENESA. AEET &4, HEEH&E, BREHE. B &4,
Mussaenda cf. pubescens WGP LM E&AE. M) , 0~2K5 X (ZEBEMEI. ZIKEMH
Gt JTAREM AL Mussaenda cf. divaricata JEREM £AL) « 2RI (REM 4
16) SERRBEAE, [Fl— it box R B LR 3 SRR, H B HUAAN 73 SO — IR 3 SN

BGRKGN (B 4) nr. BRAAG gk k. BREWE , W% =2kH
W (A EM &8 BEM S48 Mussaenda cf. divaricata) , 1% RBHKIEAHETIR

(Mussaenda cf. longipetala) MATEEE (Z K EM41E. Mussaenda cf. divaricata i)
PARRHRAL
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Table 4 Leaf venation characteristics of Mussaenda and its related genera

i Rk Rk Jef 2Rk 18] k5 &) 2% =4k P9 2% ik e BN ok il Xk plie” St UL St W% = WG ARG NK 41—k
Species i Major secondary Angle SRR 2% ik v ik g Ty ik Intercostal Quaternary k2 H Areole T fik T fik % Jik Marginal Minor
Number of Major X Major Interseco  tertiaries vein Freely developme Intramar ~ Marginal ~ Marginal  terminal vein secondary
major secondary secondary ndary vein ending nt ginal secondar tertiary vein
secondary spacing attachment to vein veinlets secondar y vein vein
midvein branching y vein
PN Y 17 FC K 0 AR K LA ANFI NAEE fi B2 REE AL 0~1RAF3E P pn T x 7
Mussaenda Eucamptodromous Medium Irregular Decurrent Simple Mixed IR Irregular ~ 0~1 branch Moderate Absent Absent Absent Absent Absent
macrophylla becoming acute percurrent reticulated
brochidodromous distally
EZ SR 16 Niiilli i [BERSHTE IR i EpL Y RETF ASHEI 0~2RA3E f ¥ x T T
M. mollissima Eucamptodromous Medium Decreasing Decurrent Simple Mixed IR Trregular — 0~2 Moderate Present Absent Absent Absent Absent
acute proximally percurrent reticulated branches
ZHKEM B 20 FCth ik EBUA- AH NAEE fi B2 REE RE % 02433 P pn T RiTitics T
M. multinervis Eucamptodromous ke Irregular Decurrent Simple Mixed Mixed 0~2 Moderate Absent Absent Absent Incomplete Absent
Narrow- percurrent percurrent branches
medium
acute
HRE 17 i 5 55 JE ik Simple i fri) S T ik ELERE ¥ RETF POREy K 0~1 AP R o o T T T
Schizomussaenda brochidodromous Medium Decreasing EgiipuseA Absent Mixed Opposite 0~1 branch Good Absent Absent Absent Absent Absent
henryi acute proximally Excurrent and percurrent percurrent
deflected
A A 14 Fth ik LA F NAEE fi B2 HAEB S HAEB 5 0~1IRAF3E P pn T x 7
Mussaenda Eucamptodromous Medium Regular Decurrent Simple Alternate Alternate 0~1 branch Moderate Absent Absent Absent Absent Absent
elliptica acute percurrent percurrent
CEEM &1 12 niiilli i [BEASHEE NI o RETF ASHEI O~1 R fH ¥ x T T
M. chingii Eucamptodromous Medium Decreasing Decurrent Absent Mixed IR Trregular ~ 0~1 branch Moderate Present Absent Absent Absent Absent
acute proximally percurrent reticulated
SRR R A 12 FCth ik LA F NAEE S fi B2 HAEB S HAEB % 0~1RAF3E P pn T x 7
M. divaricata Eucamptodromous Medium Regular Decurrent Simple Alternate Alternate 0~1 branch Moderate Absent Absent Absent Absent Absent
acute percurrent percurrent
ABEMEAE 15 FLH AR 0 AR K HELAA ANFI NI o RETIE HABI% 0~1 R ¥ o T T T
M. hossei Eucamptodromous Wide Irregular Decurrent Absent Mixed Alternate 0~1 branch Moderate Absent Absent Absent Absent Absent
becoming acute percurrent percurrent
brochidodromous distally
Mussaenda cf. 13 RS 373 LA i) S ik NAEE P REE AL 0~2 K53 £l pn T IR T
longipetala Semicraspedodromous Medium Decreasing Decurrent Absent Mixed IR Irregular ~ 0~2 Moderate Present Absent Absent Spiked Absent
acute proximally percurrent reticulated branches
N Y 11 TR S TR T [BERSHTE IR ¥ RETF RETF 0~1 AP % ¥ ¥ T T T
M. kwangsiensis Eucamptodromous Medium Decreasing Decurrent Absent Mixed Mixed 0~1 branch Poor Absent Absent Absent Absent Absent
becoming acute proximally percurrent percurrent
brochidodromous distally
JUREM AL 10 fii] 8. 5 JE ik Simple RS- i) S ik TNAEEEAN pn peREgit] ALY 02433 pn P x x 7
M. kwangtungensis brochidodromous A Decreasing HARiERE Absent Mixed IR Irregular ~ 0~2 Moderate Absent Absent Absent Absent Absent
Narrow-  proximally Decurrent and reticulated branches
medium excurrent
acute
AR M 848 11 S Ak AR K T8 I i F T N E R o of A B o ASFU 0~1 K433 o o IR P o




i Mgk Mgk P3| A Gk kS i) — 2% =Rk V9 e fik TR/ ok il Xk E% W% b= Ul F 37313 41— ik
Species i Major secondary Angle PR 2% ik v ik s 5 ik lntgrc9stal Qqatemary ik y 2 H Areole T fik T fik % Jik Marginal Minor
Number of Major X Major Interseco tertiaries vein Freely developme Intramar ~ Marginal ~ Marginal  terminal vein secondary
major secopdary secondary nd?xry vein ending nt ginal secondar tertiary vein
secondary spacing attachment to vein veinlets secondar y vein vein
midvein branching y vein
M. pubescens var. Eucamptodromous Medium Decreasing Decurrent Absent Opposite IR Irregular ~ 0~1 branch Moderate Absent Absent Looped Absent Absent
alba becoming acute proximally percurrent reticulated
brochidodromous distally
HELM &AL 12 niiillie BB AR ELEREA ] . 7 RETF ASHEI 0~1RAE R f ¥ x x x
M. hirsutula Eucamptodromous 45t £ Decreasing EgiipuseA Simple Mixed IR Trregular ~ 0~1 branch Good Present Absent Absent Absent Absent
Narrow- proximally Excurrent and percurrent reticulated
medium deflected
acute
[FENL 2 12 fi # 5Bk Simple GV T P Uk HERE 7 B RETT E2Gi5 3 i 7 7 R 7 7
Pseudomussaenda brochidodromous Narrow Decreasing Excurrent Absent Opposite Mixed More Moderate Absent Absent Looped Absent Absent
flava acute proximally percurrent percurrent branches
Mussaenda cf. 14 i 4 5 ik Simple i [BERSHTE NI SEH HAF RETHF 02k x x R Rt x
divaricata brochidodromous Medium Decreasing Decurrent Complex  Alternate Mixed 0~2 Moderate Absent Absent Looped Incomplete Absent
acute proximally percurrent percurrent branches
R AL 17 F ik TEiA FL E R P AR BT 0~1RAF3E f 7 7 7 7
M. simpliciloba Eucamptodromous Medium Regular EoRiipaseA Absent Alternate Alternate 0~1 branch Moderate Present Absent Absent Absent Absent
acute Excurrent and percurrent percurrent
deflected
Mussaenda cf. 14 IR L k- 0 5 TR IR EBSA- SRR NI ] . 7 HASF HABE 0~1 R =l x x x x
pubescens Semicraspedodromous - g5 Decreasing Decurrent Simple Alternate Alternate 0~1 branch Moderate Present Absent Absent Absent Absent
Simple brochidocromous Narrow- proximally percurrent percurrent
medium
acute
£ 14 ST 5 A S TR TEiA T F T Uk R 7 B AFRII R 0~1 533 % 7 7 7 7 7
M. pubescens Eucamptodromous Medium Decreasing Decurrent Absent Opposite IR Irregular ~ 0-1 branch Poor Absent Absent Absent Absent Absent
becoming acute proximally percurrent reticulated
brochidodromous distally
i3 R 17 FLH AR 0 AR K T [BERSHTE IR ¥ RETF ASHEI 0~1 R =l x x x x
M. hainanensis Eucamptodromous Medium Decreasing Decurrent Absent Mixed IR Trregular ~ 0~1 branch Moderate Present Absent Absent Absent Absent
becoming acute proximally percurrent reticulated
brochidodromous distally
T 12 F ik BB T F T Uk R 7 B RETE 0~1 AP 7 f 7 it 7
M. erosa Eucamptodromous Wide Decreasing Decurrent Absent Opposite Mixed 0~1 branch Moderate Absent Present Absent Incomplete Absent
acute proximally percurrent percurrent
Mussaenda cf. 16 niiilli T 17 O R IR i EpL Y REWT HAGF A3z =3 7 7 x x H
hirsutula Eucamptodromous Medium Decreasing Decurrent Simple Mixed Alternate Unbranche Good Absent Absent Absent Absent Present
acute proximally percurrent percurrent d
RREM G 17 ST 5 A S K TEifA AFEN IR 7 B RET 02433 % 7 f 7 7 7
M. caudatiloba Eucamptodromous Medium Irregular Decurrent Absent Opposite Mixed 0~2 Poor Absent Present Absent Absent Absent
becoming acute percurrent percurrent branches

brochidodromous distally




2.2 EM-&1EB KIEGBRE S

HAZERZE (K5 mxn, MAEMRKEEE N 20 B, Ei&f)E &k ILiEgEn 22
MIFEREA AN L FR, EEliE LHIESEREA & E R —3 . H, RS
Mussaenda cf. hirsutula 58 9—3C, 7R EMSEAME R SN, HRWPEN
—3. HHEKAEE A 1S B, SR B S, B ENSE. ZIkEr & & p
EM &R N —, BREENXYS Mussaenda cf. hirsutula 5 N — >, Mussaenda cf.
pubescens BEM &6 | AR KL E R &S BT —N030, HREN—
o MAHMBREEE Y 10 B, R B0, BEETESE. ZREHESEER—X, £
EEM L. 28 EM &AL Mussaenda cf. longipetala B —>C, HLEMN &6, Kl
. EMESEUNREREN SR, KM K& 16. Mussaenda cf. divaricata. |~
PR EAe. W M ESA L RAERTH SRR —3, HRVFh& amsr—4~03.

2.3 EME&HR AT BRH KFRIESFHRER
BT R M EA0 8 M 2@ 22 ANV K RFE I EC M, il T IR P R R
LB K. Mussaenda cf. hirsutula
1 ANE 40— 2 ik
2. M kR KT 15 %%
3. FLIE 2k
4. B G 00k, AH K A1 #E m) B . ..o Z B RM&AE M. mollissima
4. AN FIESG ek, R =4 bk 8] e AN R )
50 90k Bk o 2R R O BOh Bk T am AR 5 0B Bk, DY 4% ik AN B M
R Kt EW-44E M. macrophylla
5. MK RR A K, DURIKIRE T ... . 2K B4 48 M. multinervis
3. ANH A gk
6. B — ik
7. NI R BN FCM K, R K TR BERLU, R bk kT O
B RO b aE B, = bk B A BT, W&k B AR
B e R EM4AE M. simpliciloba
7. KK A BB T AR S AR, R K ) PR e R, M
Bk 5 b kR T X8 N REERE, =RMKIEA T, P Z0hK AN 00
R R B 448 M. hainanensis
6. NI ik
8. RNk Nk Y S BY O Bl Tk T AR S K, R KR BRSO,k TR X

B e B EM 48 M. caudatiloba

8. UK K 7SS A e i B 5 K, R Rk TR R e R, KR X R B
TP 2 B & It Schizomussaenda
henryi

2. MRk N T 15 % (R 15550
9. FLIH =2 ik
10. (B ZRIKEARE AR, /DIK 0~2 IR Mussaenda cf. divaricate
10. 8] AR A N Tai AL, /K 0~1 IR 53 3¢
1L kS ikESE A vEMEZANSMEE, KNXKE
U FHEEMSAE M. hirsutula
11 = bk 5 ko e 07 O8N B %R, BkEIX R &



12, RIEG —00K,  —GUhK kSRR~ 18 G k-l 8 5 T kR

A Mussaenda cf. pubescens
12. NEIE S ik, Kbk A B ik
13, FLRRFRI PR ..o WhlEA F <16 M. elliptica
13, FLBRRAFIR .o JEAL KM 448 M. divaricata
9. A H[a] — 2k
14 R K R EE SRR ..o R EKM &4 M. sanderiana
14, FHL = 2% K 14 ) 32 30 Dk
15 BIEG MK oo R EM 448 M. caudatiloba
16. kMK 2RA N F k... =B KME48 M. chingii
16. ZRWKRK P RABU IR G/ Mussaenda cf. longipetala

15. AN Hir % — 2% fik
17. Bk H X & &
18. Hil % = kIR
19. g ik bk e 28 8 0y B0 ik Tt o A% =5 TR Ik, R g ik -5 R kR f g gl

NI O~ IRD S HAEEM4AE M. pubescens var. alba
19. kK P 2R BN B MK, M kS kI Ao E B, K
(220, 1 SO 1B E M4 1€ Pseudomussaenda flava

18. AN H il % =2 ik
20. KK PR A 9 T B S TR, R kS R kR f AR B A - LA
= Bk A R, D9 g% Bk B MR L/ Bk 0~2 IR
e ] AR B &EAE M. kwangtungensis
20. kKPR BN Fh K, B K S TR K AN TR A, = K
T, WURBKRE IS, /MK O~1 IR e % M. erosa

17. BkIAI X R & %

21 ZHRKEE 5%, Tk B =K n) i 5 kS A - B A, DUBKTR &
B B e ]V B S48 M. kwangsiensis
21 =B A B g, ik b = g ok 1) el b K, DO AN BT Y
R KM€ M. pubescens
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A AEEMEAE:; BAHBEMEIE: CRHEM&E; D BREHEE; E ZKEHEE: F.2EE
M4:4t; G. Mussaenda cf. divaricata; H. | AR EM&46; LT BAEM&; J.BHEHESE:; K 255
MgAe: L RRENEM: M BRENEE: N RRESM: o.Mk P AEEMHE&E: Q MEEHEE:
R. Mussaenda cf. hirsutula; S. Mussaenda cf. longipetala; T. Mussaenda cf. pubescens; U. LM 416; V.
JER M e TIA .
A. Mussaenda pubescens var. alba; B. M. hirsutula; C. M. macrophylla; D. M. simpliciloba; E. M. multinervis; F.
M. mollissima; G. Mussaenda cf. divaricata; H. M. kwangtungensis; 1. M. kwangsiensis; J. M. hainanensis; K. M.
sanderiana; L. M. caudatiloba; M. Pseudomussaenda flava; N. Schizomussaenda henryi; O. Mussaenda erosa; P.
M. chingii; Q. M. elliptica; R. Mussaenda cf. hirsutula; S. Mussaenda cf. longipetala; T. Mussaenda cf.
pubescens; U. M. pubescens; V. M. divaricata. The same below.
B 2 EM iR R HIE %R 1 MKAE — ka5
Fig. 2 Framework of primary vein and major secondary vein of Mussaenda and its closely
related genera
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Fig. 3 Characteristics of higher-order veins and areolation
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Fig. 4 Characteristics of marginal veins of Mussaenda and its closely related genera



: ; & s
WEEr &AL Mussaenda elliptica 5
B ET &4 M dvaricata 7 _I
SRE AL M multinervis 3
BREMETE M sinpliciloba 16
&2 Er & M mollissima 2
CBEHETE M chingii [3 I
Mussaenda of. longipetala 9
BEER£4E M pubescens var. alba 12
FHRE M erosa 20 ]
Et&dE M. pubescens 18
BHEEH &1L M caudatiloba 22
Kt EMEAE M macrophyila 1
Mussaenda cf. divaricata 15 —J .
I A ErM$IE M brangsiensis 10
BEENEAE M hainanensis 19 ‘
TEFrETE M hossei s
B Ent £7E Pseudomussaenda flava 14
RS Schizomussaenda henryi 4
Mussaenda of. hirsutula 21
Mussaenda cf. pubescens 17
FHRE&IE M bran 11 |
HEENEE M hirsutula 13

& 5 BT HBKRRE R 2R B

Fig. 5 Pedigree chart based on leaf venation characteristics
3 WhigE4ie

T SEBEMESERE SR, K2, A%, KEE. BRI,
Fert sk, TR 2R, SRETE. HEHE. =M, DR, RIEEUEfE; HIERS
P, BRHESIAEL ERE SK ALk 1A 1 AR BON T RIEr Ak, R
AMOER 2, EERKREREFEIEY, HaE Ame., it aasint, Hafh
B KEEEGEBEY, @S RN HRAE R R G 5k, thoh, RS feEm s
MR, — Lo mE AR I AE BG4S 0 12 SR 16 70 28 b 8 o IR Y
(Luo etal,2015) . HAT, BANFEZHENHRIES. ERFPIEES . HERE. 5
TR U Oy 1 AW 7 55 07 THUON B M & 46 8 1 70 R AT 1 2 7 I BEFT (Alejandro et al.,
2005, 2016; Duan et al., 2018, 2019; Jayaweera, 1963, 1964, 1965; X5/N75, 2007; %' ik 5 ,
1999) . HH TARAZE RG], LLR T &A@ Y B R e, @ 7 2K ) i+
SrRM . TV KT R B E , R JE 18] )& N I 7y R B B 2R .
3.1 HEKFEREMDRERX

K P RE AR AE & (A A EE R B E . B, SR (Fabaceae) %3k (Tribe
Cercideae) WMk AAE BKIF X R B IEOL. B MK SCIEOLRERS 7E & (7] 73 28 B3 — e i)
RMHE (GKBEME, 1994) 5 ALk} (Brassicaceae) ZEEJ% (Tribe Brassiceae) [ ik
PR R E R kR RAAERE ARG EEZRN R EME (FE, 20060 ; #HF
(Lauraceae) "I MK & WK X R B« /DKo S 005 T AR 8 J& 8] 19 70 AR
(De Moraes et al., 2021) ; P 5 E} (Rubiaceae) & MkfikFEA . [A1fE N E . =2l
IR R KT H Tz BHEY 2R BRI 4> (Lima et al., 2019) o TEARHE IR RILEM S48
BEMSIEE. RRECEE KT RERA — @RI, =KAo A,
HENAFAEHE XA, R H-E AR EY AR M-S e B EYIK A X R & ¥ ohE, R



SACEEMIK X KB N R RRESLEHEYF L&A @AY = k5 kR 35
B IR A SO — ]9y 3, TR T M AE @ A — ik 5 Bk M R A2 Bl A
AN 200 35 AR B SR E AR &AL R kY BB R B S Rk, B e E k)T
KM Z k. LIS R U =& A L R R, XA R XA, 5X8/h 75 (2007)
W FX = @A A B 3R R AR DA KRB TS 45 R — 8. AR LS SRR, gk ik
SR IR/ AL, BRI XK B R B et s S ik &8 2 B IME S BRFIE. B
THBKFRHAE R R R R, X 3 ANERIYIM IR 4 N3, H R SE i —
3, RREAES Mussaenda cf. pubescens RAE 8, |7 AR TM GBI LR N —
S, HARMFEA—3, WEDRATHSLEAM, BRI 7 =F80ERRE KR K
IR ARS8 BEM &R ULRRESE N BB RIS %

3.2 HEKFEBARKDRERX

Wik PP R AR 0] DAA S8 P R ) ) A SRR AR . i, Z B EFE (Styrax L) AL JE
(Eurya Thunb.) TP 8 ST AL B Rk or SC A Rk (8] X R AE 45 i Fe e BATAE i
EFE R, BAEZENSEZFZME CAFENISE, 2009; HES%, 20100 ;3 |7 XZFRE
(Prunus L.) (1) 20 kAN &5 v /MK S AR R R B G 2 57, BA— 28R EE X
(BOCEESE, 2019) ; Jogdand %5 (2022) HFFTIREIJE (Cassia L) 3 FE A BKFFHRHIE
RIS . WK S S R P B . AEARHE ST R I R AR R
kPR F S, o kKT R A Sl ik S T AR SRR W SRk ik
Gk PR GK- TR B S T RKIR G AL LA SR AL R — bk (A BE A 1R) R A gk . AN U AR
s Mgk S ke R A EUA . AR AP BRI, KR =Rk
WRETE WAETSE. AT REM: NG AMNMR, BATE . BEH
FIFRA, KX KEEAR. P 2 3 MERSE. R, JENAFEYFIE ZHIKIKT
FRA, M RBKEEE . M K S ke KRR, DU kR AY, k(] X & B 1
OLEA R . FERIE M, ASE 7 SRR K R A B B AN ], iR R 41
F Mussaenda cf. hirsutula 89— 3, WKF M =9 0k5 Rk a8 . M gk al
BRI BT . BRI X K B R4 Mussaenda cf. pubescens MR N—C, HIKFIHRA N
PR G- SRR G AL, | AR M-S LA B B SRR —3, HIKTPRE N =
Pk ke f R AR B - B A, R K R EE ) B ETR,  DY KN AR, /N ik
0~1 K533 HRMFEN—3L, HEKF N gk 5 bk v amsif . e At s
A, M KA BE AR AR, DU BT 28 Yo (R, g R gk ks R AL
L RKEIFE . B gk SR Bk =R, DUk, Rkl X & & 1 A7
FhIE A G225, R BKPRHIEEZ B 1025 L B — a2 E.

I Jik 7 AL AE R 4 A0 ) — Sea S W SREE R B — i B RN . XN
(2007) KRB £ 48 (Mussaenda elliptica)'5 e ¥ £ & 16(M. divaricata)t NAHALL,
e EEYE PR E Z SRR, MK EE, mRNR, R DA R K S
TEAS AR I HE IR I A I 5 B B X0, HEABRR P BB X 4o 64k, PR (3R
AR N2 10 . T RE RS A T HE S . SALRELT AR, 256 M Ok
B HEPERRIBCONAEL, ik, XB/F5 (2007) YON R B M4 18-S 5 446
NIE—Hpo dE I R R REAE AT, R SRR T 4 A R e A T i G A I KR ALE AR S —
B kK R A S A b K R kS K R S AR I S R B AR R Rk T R
ML R =ik 5 b ke N3 I e . =R DO R k8 BAE B kTR X R &
IR O~1 IR 55 DRI, AHFFEHSCREXS /NS IR . AL R85 R Aetl M AH
L, XBFEFArEfEE S, A, RS SErE&eARE, FmkafeEmaeE
NEM SRR — AN LR (XB/NJFFIGK B, 2004) o P B KCREAE AR 9 ARARL,



Tk e B Bk T AR SRR, M K S kR A AT U . S R kT
TNRERERE, R bR R PR ) LR, RO AE DT, BT A ST R B G R <
PEAE T & AE I — AP AL B A

FE—LERFEBEWT FErh, KPR AR R AT AR Bt EE E W S e . andE RBP4 AR
o, SRAT IR E KPR A DTT-35A fE 8 E 5 E O B S @A 27 (K3
H Mussaenda cf. hirsutula Z7~) o 1ERENFRAB TR, KIASARIEH 50— 200
A (1 GXMG0095691. GXMG0095696) , Hk %€ A B EmeA8, Amizih 5K E
TSR TG . B RAAE N B X, HE RS Em s KRE, T
B BRI, Mk 7~8 XF, TWiZAhH N SadblE e, 2. mEggE, Mk 8~10 %, M
MBKRRIE EoRE, B R e ek S bR T OV B RN S g .
ik 5 R KR f R g A - A . R k. DO BBKAS R AR L /N ik 0~1 TR 9332,
TASA R — bk 5 ka4 07 SOV MR M ik S kR oAb 8. Bl — %
ik« POk BA T % - ANIKA S HAh, KRBT IR B8 X 5 2 e B2 1
BNU0023453. BNU0023453. IBK00216155 #% % & N @t Lt 48, X HARAKI, &
B R M AC AR R SRR R, MRS, SRy A, XA R Y
MHRETE, PIHHRFEE, 2TLE, WERFMETREN, BE SR TN &A%
o A Mussaenda cf. divaricata R7~. W RKFRHAE &, BHEEMH&HES FidFRA
FEM KBRS L2 IR, RIAE R PR M kI EE . LG =R KIIAAAE S 5
) “ KRR, R R <A RNk R ROy FOA K R K TR R 1] bk
f A, DG =R DG RBENKER K, T Mussaenda cf. divaricata — 2R KK 72844 18]
B TRIK S R Rk R e B R TR KO R A Y 1 G = BRI B SR Rk
AseE, Hit, AT AR T A W) Mussaenda cf. hirsutula Mussaenda cf. divaricata A~
N2 E NH T B A 5 A R AR, FTRERORENIE R . 2 e, 34T
H—BEGEZ LSRR L T REGF05E, #E o R fr

i Lk, Ertbeie)s LG m i Bk AR A R R s, E R — B . H
F= 5 M EARIAE L KT AL R K S ik ) R A 2R L M Rk S b R
J7a BT RIKIAIEE . UK = 0k BT 27 2R A L VUSRS AL ik 8] X K & A 5 o /N ik
3 3NEO S LGRKIAFAES 5 P IOGOR B RKER . — B AAIIAE £ e g L ILE &8
TR PRI BTG53 3¢, T8) — ZRBKARRE 359 R Ak E) X 2 - — 2%, R ik 5 v ik R A
LIRS, =Rk AT FER, BKE XA . KT AR 2 R, B EER
I RFHME, BT RO R AR g ) 0 R AR R A T S R R ) ) o AR R AR v HL AR B
ZEMGIEEEYMRBE. AR E. EWF SRS, AT DR YE bk R AR AT
B %E .
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