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Pharmacognostical study of Sterculia monosperma fruit

PENG Xiaoqi', WU Wenru'", LAI Huili*, XING Bingnan', LU Yaru', ZOU Heyuan'

( 1. School of Pharmaceutical Sciences, Guangzhou University of Chinese Medicine, Guangzhou 510006,
China; 2. Guangdong Food and Drug Vocational College, Guangzhou 510006, China )

Abstract: Sterculia monosperma fruit is the dried and mature seed of Sterculia monosperma, which belongs to genus
Sterculia. In China, this plant is a widely distributed arbor with a long planting history in Lingnan area. It is mainly
cultivated in Guangdong, Guangxi, Fujian, Yunnan and Taiwan of Chinaj it is also distributed in India, Vietnam and
Indonesia, mostly cultivated artificially. S. monosperma fruit has many functions like warming the stomach and killing pests,
but its name and characteristics are easily confused with other plants of genus Sterculia. However, the relevant research
foundation is relatively weak. Pharmacognostical study can provide reference for its resource development and quality
standard formulation. This study identifies the morphological and microscopic characteristics of S. monosperma fruit, as well

as the microscopic identification of seed cross-section and powder. The DNA barcode sequences ITS2, psbA-trnH, matK
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and rbcL, of S. monosperma were obtained through bidirectional sequencing, Kimura 2-Parameter (K2P) genetic distance
was calculated, and the neighbor joining tree was established for clustering analysis. The results were as follows: (1) The
morphological characteristics of S. monosperma fruit included dark red fruit shell and reddish brown or dark chestnut
surface. It was hard in texture, with two thick yellowish endosperms inside. (2) The micro-morphological characteristics was
that the exotesta was reddish brown, extremely thin, and brittle in texture; the mesotesta was black brown, thick, and hard
in texture; the endotesta coat was light yellow and soft in texture. (3) The microscopic characteristics included the structure
and arrangement of the exotesta stone cell, the grid cell structure of the mesotesta, the bead thickening of the cell wall of
the endotesta cells, and the calcium oxalate cluster crystals. (4) Based on the ITS2 sequence, S. monosperma fruit could be
effectively distinguished from other plants in genus Sterculia, while the maiK sequence could effectively distinguish S.
lanceolata from other plants in genus Sterculia. This study obtained the data on the morphological characteristics, micro-
morphological characteristics and microscopic characteristics of S. monosperma fruit. Combined with the ITS2 barcode
sequence, S. monosperma fruit can be effectively identified, which provides a scientific reference for the development of its
germplasm resources and the formulation of relevant quality standards.

Key words; Sterculia monosperma fruit, morphological identification, micro-morphological identification, microscopic
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RUHR & h 45 #d B} ( Sterculiaceae ) 3 %% J&
( Sterculia ) F8 ¥ 32 %% ( Sterculia monosperma ) B 1}
BRI T, % R UV B SRR R BT
ST LR W S5 (L7508 B 2 B g,
1985) o RUIRIR AR T AR AT MK (1986) 1Y (kL
g0 TPl L T = P 7 v R (1 S 9 e O QR
HEAEEY 55 5 45 (1998 ) B RUIR SRS A BE 2 i, A
TE AP, A8 E w9
INLEE S IZ 55 0 . BUARIF SR B, RUIR SR vh 35
K& P A A TE PR 98 1Y 2 B 25 W) 5 ( Zhang et al.,
2018) , HAPU A2 BRI, RUIR AR FR ALK
HAEHR2.0~2.5 cm, BHZENF 1~5 ki, FFal &
#Ror i 82% , B FFFE (TaAW,2002)

SRV [ 08 R L DX A A 2 R P sl
L2/ N 1 NI 4 SV NN i N < B 2 LN e N ]
FAFR BTSN BT RN BR VL = A Y0 2 A AR S B
& MR BN R P ARAT S0 A, 200 N TR (h
[ BR B A S G 22 2, 1984) o RUMRCR JFUAR
Yyp e 5 TR B s B9 AR 37 %2 (S, lanceolata ) | V5 %5 37
Y2(S. lanceaefolia) FREEIEYE (S, hymenocalyx ) 55
AFRAL, B 23 1R, Fe TP B 2 02 3 22 g vh o0 A
e MU 22— (95 W B 45,2019 ) LRl T
AREAZ), KR, 5 B — b B 2 0L A 7Y 45
i XL G 45 T Bo AT A 78

DNA ZIEH 53 1 % 0 2 ) T PR 21 v — Bt
IS XA 1) DNA JP 51 R 2647 9 25 1 1
— P> T ER AL GO S SN TR A

FHITS2 K F AR F 31, psbA-trnH g % Bl ¥ 31 ( Chen
et al., 2010) , FF& 24 bF % 5 ] B0 RS 8 1 45 50
A B 1 ) W B o BE A% S B0 e 24 b8 B H i
YRh B RN S . HR, B 5 b v 5Ok 4 Tt X
HR SR AR 24 22 R AE 0 415 34 | 7 TG IXURR R AH OC BT 2 A
e b RUIR SR 5 37 22 i G M AR SR 4 K AR
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FEASAH SCHIE , A F) T 52 s %8 5 T AT IT Jie F b o
TRH I KA

YT A BIE ST AR 24 2 1 A R O0E JRUHR R 119
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GE, LARD 78 R0 56 26 JRUHR SR R S ) R A S I g
o4 B AR B, JF 2L T 4 il ] DNA 2608
5 51 (ITS2  psbA-trnH  matK  rbeL J¥51) %F 7 Ff
AR RE S 22 Ja 1 ) R A7 RS A0 M, IR RUIR 2R 5
S AR ) Y SR % O &R O e T 4 E R
RS IEFE PRI DNA S5TE45 , S 57 Fn 58 8 KR
Ry bR AE B ITT A& SR AR AR

1 #HHEF*

1.1 &

111 M A 55 FESGT RIS A AR (R
1), 28 N v B 24 K 2 v 25 6 2 ik = 5% S
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monosperma ) 1Y 45 SR 5 R S A% 4B A B
SEEJEARSE L (S. lanceolata) WIFTEER 1, ¥ WA
JCT T M e B2 2 A v 24 b 1L O 8 5 K BT PE
SR 4 CUKFEIRAT .

M GenBank 4 2 T 2% 3% 42 J@ X IE 1 7 51
A PR U2 SRS UL AR SE R AR DN SE 2 K

JRRARS | JBE RSP 2 25 B IR VR i ) 92 2% A A SRR

HI(F2) .
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Table 1  Sample information of Sterculia monosperma and Sterculia lanceolata
FF5 Hi B dh 44 RAE AL R4 H SRAE 8]
No. Code Sample name Sampling part Sampling site Sampling time
ey bt < ik
| . e AT  rkmwEn »02209-03
S. monosperma Dry mature seed Qingyuan City, Guangdong Province
i T T P 3 K R o
2 pP2 . . ; . 2022-10-10
S. monosperma Dry mature seed Nanning City, Guangxi Zhuang Autonomous Region
R TR JUARAR T M e
3 PP3 S. monosperma Fresh leaf Guangzhou City, Guangdong Province 2022-10-04
H 3y per ey Tl KA M
) . e Bk PR - 10m23

Fresh leaf

S. lanceolata

Guangzhou City, Guangdong Province

1.1.2 XA KRG AWE (s, i kA4
B A A BRA F ) s 8 H ol (Mgl KT o
il A BR A R ) 5 8500 A BUAR ) 36 K 24 DNA
PRIBURA & [ RARAEARHE (dbnt) ARAF ] ;6%
DNA FHZ ik (b R ER AR AH) ;
DNA 73 TR iE(100~2 000 bp) [ 4 T A4 T.#2
( i) B A PR A T 5 Bl i (b 22 AT Rl 4L
AR F]) ;50XTAE Bk G wp (A6 i 3 E Br A
Y5 R A B ) 3 DNA Gel Stain (3 [
GlpBio N ; Ex Taq ( Premix) PCR [NEA [£HE
AYEAR (L) ABRAF ] 51 AL s G4 K
SRR BR A AL AR,

1.1.3 BLE S120 fEREE A AH ML ( H A Canon 24
F]) ; CryoStar NX50 ¥ % U1 | #L ( 3€ Thermo
Scientific 23 F] ) 5 SZ680 ¥4 £ A5 A PR i 3 ( F IR
RAREE R A R T A F] ) ; OPTEC BK5000 4=
Py 5 R (EE IR AR 2 AR A R TR AE A W)
OPTPro3 A48 & 4t ( H PR B R 2= AU A% A [R
TAEA ) s XS125A HLF43 47 K- [ 35 128 [ B
oy (L) A BRA R ] 5 HH-24 %0185 I K ¥ i
[ WGPERL A (AE ) AIRA TR ]51-14 6205
MO AL (5 E Sigma Zentrifugen 23 7] ) ; RePure-B
BEEE PCR AL ( LB 2E MR A BRA ) 5 JS-
2012 HEME BN ( S5 S R A BR A F]) s Power
Pac Basic 7K 3F H 3k 1% ( 35 Bio-Rad & 7] ) ;
D1008E % I+ & .0 #l ( 2 E Scilogex A H]);

VORTEX 1 isliedikiz fe [ R ()7 M) UG A
BRAF],

1.2 Ak

1.2.1 R IR BORUR SR FE &, DIBAR R/ A
(] P2 2 €, | 3% TR AR | JB L SO S5 T A
B FIRFLHEAT 2R B0 W58, I & 0 i AR AL 10 5%
AREAE . #3151 I 7E Adobe Photoshop 2022
Bt EAEIE— 2 Y BOR AR B DR A5 A0 B 2R
ESPAGR 2L IE TR

1.2.2 bk 5] HURUIR SR RE o, B TR0 8 ik
Bo T, A OGIR By S BE M oE A R 5E & I v
BT, WL S5 JRURIL SR 11 o iz 485 44 L B g 22 ol B2 1Y
TR RRRAE , R4 B8R s 15 8

1.2.3 2% %)

1.2.3.1 Fp 4 U0 1 e BURUIR SRR,
VORI R BT URD B R VT i AT K A U i AL
R EA Y AR T A IR R e B (A5
BEHE

1.2.3.2 MR WA 43 o XUBR SRR i 78 40 o
FERYRE o 60 H i, WD VF R, 3517 K A S i3
il AR ORI R G B 3 R iR
GGG X LS R K B SEAR DF 245 & S5 i
SORY R AR HOR ST, SR B AR
1.2.4 DNA 423 PCR & ¥ el 5 I 1 P11 4
ANFE S 45 2 100 mg, IR ZAEWFR b 78 20 F 5 B
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Table 2 Sterculia monosperma and its adulterants DNA barcode sequence accession numbers

DNA &JEW  Fi4 GenBank % %5
DNA barcode  Species Accession number on GenBank
ITS2 SEYE S, monosperma MG730774.1 MG730773.1 . MG730772.1 MG730771.1 ,AF460183.1
B3F % S. lanceolata MG730502. 1, MG730501. 1, MG730500. 1, MG730499. 1, MG730498. 1, KR532580. 1,
KR532579. 1, KR532578. 1, KR532577. 1, KR532576. 1, KR532575. 1, KP093001. 1,
AF460184.1
JEARSEYE S. brevissima KR532571.1
PGB UL S, lanceaefolia KR532574.1 KR532573.1 . KR532572.1
psbA-trnH 3L S, monosperma KR533990.1
3L S, lanceolata KR533992. 1, KR533991. 1, KR533989. 1., KR533988. 1, KR533983. 1, KR533982. 1,
KR533981.1 ,KR533980.1 ,KR533978.1 ,KP095704.1  KP095703.1 ,HQ415485.1
JEWSEYE S. brevissima KR533984.1
PEEI UL S. lanceacfolia KR533987.1 . KR533986.1 . KR533985.1 . KR533979.1
marK B3 S. lanceolata MW934372.1 MW934371.1 HQ415311.1  KP093425.1 KP093424.1 KJ510944.1
SENEYE S, brevissima KR531474.1 . KR531473.1
VI SEYE S. africana JX517698.1
KR S. pexa MW044167.1 MW044166.1
JEHEIEYE S, hymenocalyx AB925021.1 ,AB925016.1 ,AB925008.1
PGE YL S, lanceaefolia KR531478.1 [KR531477.1 [KR531476.1 .[KR531475.1
rbel. SEYE S, monosperma AY328187.1 KR530039.1
3% S. lanceolata MG896003. 1, MG895977. 1, MG895973. 1, MG895972. 1, AY082362. 1, AY328186. 1,

HQ415135.1, KU853175. 1, KR530038. 1, KR530037. 1, KR530036. 1, KR530035. 1,
KR530034. 1, KR530033. 1, KR530032. 1, KR530031. 1, KR530030. 1, KP094343. 1,
KP094342.1 ,KJ440044.1

AL S, brevissima KR530025.1 . KR530024.1

FEWNBHEEE S, africana JX572990.1

FREM S. pexa MT933897.1 MT933896. 1

EHE3EYE S, hymenocalyx AB925649.1 ,AB925644.1 . AB925636.1

Pi% U S, lanceacfolia KR530029.1  KR530028.1  KR530027.1 KR530026.1
T 1.5 mL B0 TR O A B AE P 5 N 4 DNA *3 FASIMFESIRMEN PCRIRAKBE
PEBGR T & AT 5 DNA AYHE B, 1% B i5 Bl it Table 3 Sequences of primers and corresponding
i B ik A% S o ITS2 . psbA-trnH . matK . rbeL )*%* KR annealing temperature in PCR
WIS K PCR I A FILZ 3. PCR BTN pwa | Lk
Ik S0 WL 3SR B R Ex Tag (Premi)2s A0 I8 DEVEE (U0 o
pL, IES 51945 1 wL, DNA B4 2 wL, ddH,0 21 barcode (C)
pwh, P HFEF .95 C HA M 4 min, 94 °C A8 Pk 30 7y 1P ATGCGATACTTGGTGTGAAT .
BT min,72 CHEM 1 min,35 AEFR72 C i IR GACGCTTCTCCAGACTACAAT
110 minGEARIERLE 3). 2 FOM DL ddH,0 puawan 20 CTIATCCNTGMCETANTGCTC
SRR o G 7 W T B I AR AN TP WL I A 4 iR  COTACACTACT TG TTAC A
WG HL K S B — VE B BH S PCR PR Ry matk 3R ACCCAGTCCATCTGGAAATCTTGGTTC 2
I AL RN G R RIE N RHBAT IRZ F 0P 3 el 4 ATGTCACCACAAACAGAGACTAAAGC

BEAT X a] i R 4R GTAAAATCAAGTCCACCRCG
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1.2.5 /& 5 5 4 B A+ % & P 0 18R
SeqMan FAF AT PR A XS, F5BR T ) DAL BT =
X, B YIRS 52 & 4 , 45 4 GenBank %#E JZE rh gk
P8, R MEGA 11 K4 #E17 ClustalW £ %
FULEXE 2B b N AR ] 352 4% 42 S5 3 H5 Kimura 2-
Parameter ( K2P ) jit % B 2, #t 37 @F 2 R 46 o fL i
( neighbor joining tree, NJ #) | [A] i} L1 Bootstrap H
JRE SRR (1,000 WK ) A A I 4570 SO SCHFA

2 HERERMN

2.1 MR ES

KU RSN PR LT B R f (B 1A B) s Fl 7 2
WRIE S 24, K 2~3 em, HAR 1~2 em, HiSG
S5, FETME IS (K] 1. E) 5 BB 0 28 5 JE il
JBF (B 1.C) s RIMLLAE OB S8 6, U, A
KN A5 A 50, Bl (P 1:D) K JRUIR 2R A )
JE AT AL IR 2 R R ) R R A
R (K 1:F) o L IRIR
2.2 R ES

JRUHR SR 2 0] 43 S SRRl Bz (T 2. A) Rl
(F2:B) FINFP B (B 2:C)3 2 (K 2) M2
T B, MG, 2 W&, 3R TE A R BN T 45 4
S0 WCROEEE (T8 3. A (B) s b B B AE O 805 o
Tl | 2 1T A 40 28 A A B U 48 5, R HLO 3 (3. C
D) s INFh R IR, K, SR B R B R A
— 2B (B 3. E F)
2.3 BRES
2.3.1 AT A @ B AR IREBURUR S Rl TR
Y G (42 A B) RUIR SR A1 Fh K 47 40 i —
§ K, HE K, AN RER R, B T 9
WEFEEY, I E A2 20~30 wm; F 4000 2~3
G, B kR HEF A KL (& 4 C) ; SR B2 3 BE 2
MLELF IR H A 2R IEDE 08 SO RN £ M
BENNREAS B 2, I s 45K, 7 I N B A a0, i
£ 50~60 wm, 2[4 30~40 wm (& 4.D) ; FAp
B BUERR A0 L2 Fh 2 50 4 e R e 2 B, VR B LR
SHEEY 2K 280~300 pm (K 4.E) ;K2
YN EE , HESIAS LI, 20 H I PR AN B0 # A £
BEMR R (B 4. F) s WAz 4l i 2k 5 e sk 2 3008 | BE
EEPRIE 2K 10~15 pm (K 4:.G) ; N Fh
Fe T RE LN MO IR BT RN £ AT
FBAIE , MR K, 1 LA B 8, B ) K 60 ~ 80

pm, 2K 40~50 um (& 4.H) .
232 H R 2HEHN RIREHKEHE®A, E
WIS, B s MR 40 i 2% T UL TR B £ | BE Y
B RZ M, /N, KDY SR BE (K5,
A) T IR B, AT MR, K 280~ 300
pm, JEEN S EAREY (K 5:B) . SR A A0
REMY R KT ZMAE, s SEay,
B 12~18 pm, BEAELE HEF B % (K 5.D),
TR S AR 30~40 pm (8 5. E) . Rz 40
MR R | i R R IG R, 5% 10~15
pm( & 5.G), F4E4iK, BIE, HAEZ 20 um, K
29400 wm, B A5 EBECGIRHEST (KT 5. H) . B
BN, KAEIE , LR, W e, e K
25150 pm, L E SR Y (K 5.)) , BECTE M
AL, B 12~16 pm, &K 140~160 um (&l 5.K)
FEECF B AL, HAR 12~15 pm, K 150~ 160 pum
(KE5:L),

TR PR GIE T, v A e AR 2 A O e 08 | 2R
5 7% it RV 2T 4 A I 0BT PR S R AE E b, B R
PR (F5.CLF. ),
2.4 Barcoding gap 3%

Barcoding gap ZF8 ¥ FE] DNA ZTE65 )% 51 (1)
Fofr e 35 4% A8 5 BH 30 K F Fb 9 AR S5, O A P 2 22 1]
TR —~ W 52 1) 8] B X ( Meyer & Paulay, 2005)
ITS2 JF 5t N~V Y38t A2 B S R 0.012, i [a] o 1 38t
FEFE B K 0.037 5 psb A-trnH JF 31 it N - 247 358 14 B 15
h 0.138 , Ffr[a] V- 43845 1 B Oy 0.066 5 rbeL 7 51 Fif
PR SF 24 384 BB g 0,001, il 8] - 27 38 4% BE 25
0.015, & 6 AIHI, X 3 A~ 2 I A% 77 31 F Py A
(] AF S5 B &, WA B 2 1Y Barcoding gap , AN i
BT RERR S 5 S S50, 1 marK 537
Fofr PRS- 24) 33 % B 5 240.000 3, Fif ] S 27 38 4% i B
k1 0.528 , Fift P 35t 4% R 5 B /0N T A ) a5t A% B B
R Rl e s S = I B S L N e €1
.2 Barcoding gap , A F| T KRR 5 5 116 b 1Y
Y, T 4 FRF ) Kimura 2-Parameter ( K2P)
BEIEE (£ 4),
25 FIE B AR

TP ARSI 4 A FRTCAS T AT 3G R
RN 100% ,2 ASFE G 1TS2 750 T 2 e, I
¥R R R 50% , psbA-trnH  matK F1 rbel. J7 51 1
¥ L) 23 R 100% ., ¥4 e A1 21 14 )7
5, 5 GenBank H4fs T 4019 92 55741 4340 it
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A AW B KRR, €. T, D.E. 3, F. &,

A. Overall view; B. S. monosperma fruit peel; C. Top view; D, E. Side view; F. Section view.

B 1 RERRMEIRSFIERE

Fig. 1 Morphological characteristics of Sterculia monosperma fruit

T2 5 X508, SRR PSR EE B (£ 5) . 4 R matK | rbeL, psbA-trnH | ITS2, GC °F ¥ &
P X R B BE S 248 ~745 bp, R 2IMRAK 25.8% ~74.4% , 1 i EURAK K A 1TS2  rbel. . matK |
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A SR Bz B. WP C. NFHEZ,

A. Exotesta; B. Mesotesta; C. Endotesta.

2 RURRHAEETEIER R
Fig. 2 Micro-morphological characteristics of

cross-section of Sterculia monosperma seed coat

psbA-trnH , ¥ 31 A8 5457 55 B R s SRR IR A
matK psbA-trnH 1TS2 rbcl, 2854 15 Fl 7 24 8
B S SRR 9.0% ~57.4%F1 0.4% ~57.3% , H
T omarK A B K HLAR SRS B AL 1
K IR
2.6 BESH

iz i MEGA 11 ¥4 # NJ R & k& & W, L
Bootstrap H Jf& 3 £ % (1 000K ) H &2 K 56 4% 70 7
B SRR, B BUEA B A R LR =50%,
BT ITS2 JFPH M N] RELER (K- 7:A)
PP2 FEfh 5 BT A M R N — A3, AT LS
SEE R HAAE Y IX 4y, TPP 1 AR A 5 50 22 oAbkl
PIRAN — A3 3, Tk X435 3T psbA-trnH 5 5]
IR N] RELBEW (E 7.8) H,4 AFE G
BR—A0r 32, AR R A X 4y 3= F
matK JEHI R @ H) NI RE R BM (B 7.C) h,
JPP1 AR 5 B3 U 7 5 B R Ol — A /Ny 32, 3
Y LA AE W) R — A5 35 BT rbeL 75 )
BN RGERKER (K T7:D) 4 DGRy
— A3, ANRE S R HA A X Sy, ASHIESE
SR ITS2 J7 5 n R RUR SR 55 32 2% g L i Al
YA BLIX 53 s marK P8 DR AR S 2 15 32 0 T Ho A
T A RLIX 435 M0 psbA-trnH F rbel 231 R XUBR
REBEEFERBRR -0, Bk 5EER
HAAEY X 5T,

3 W54 #

3.0 RERRAHZHR

PER I A ) 7 A R SR R 2
Frp B R L, P2 (2021) H 5 i B0
BAR KB B2 A% B4 0 S i o iR T R AR A5 R
I FH T 25 5 B e 24 B MR S O AE 20 [
1G4k 3R TF 2 S ) B TR R AT B TR R b 2 R
i, AR TGN ITE, 4 A U EEAR R
BT JRUHRS SR P R | ok R B 8 ke 5 R AF 1) 4 B
T AOAGEAE , g BT S 00 T S 4 )RR
DIRUHI SR 3 1T 2T 48 (0 B8 I 3 €, P 1 R B (0 IR TR
L 2 7 A bR S ) B A5 LA A ol e 2148 €5 I3 Jfe |
rh Bl Rz AR 5 T AR | PN D R TR T R R M R
Y EE A W T XUR SRR oK 1 S A R A
BRI AI e A1 28 B, e Aol Bz AR 48 AL P B e 4
RS A, T AR Ry JXUHR SR 05 R % 501 ) 3 AR i
FHorb AR R R 20 R R A A A A D RO TR
BAR ARG, R W 658 mT 52 30 P 2001

AT T RUBR R S A 4 3 8 1) 2 2 24 o
FEEF X AR 25 F AL, 25 RN FE A (2019 ) X 3 2
RS2 2 Bl W 1 25 i SR AT A 4 A TR 25 A
WIRRIE R LB, RINE TN A6 ZERE D) 0
F SRR LA oK BB RN 2 AL, A
WF5E X 52 RUHR 5 R S B o, 6 LR AT R A= 24
SEREST AR EUER Bt R R I B S N AR AE 5 i
NWFREGER T b5, FESEAT R4 U] 1 5l 4
S, i T RUHR SRR AR s, R i R 2 H
SERIRSEL T A B, A AR B Gk T U0 7 LA s )
JFEHE LA B S B ) B AR A, R AR AR
SRRV R vk R HEAT B K S B T
R AE VKR Y R LA T U0 o JRUHIR RSB ff A o T
DI OR 5 R TR b VR A
PR, LY A, T A 302 S um JE 1 58 4% F
FREVIT , Bl e T A R B R s e S
FORE SRR P R, WAL T U0 R R AR, AT AR A5
ST HE I BT 114 o 18 1) T A R RN S AR AE B
WS F) 45 J2 Fh e 1 SEBE 25 4, [l B, e S 58 O Tk
7] FH Al AR R Ry SR S A - 28 v 24 1 I A
MEL

KRR 2 < TR R %4 e B 0L AR E
P(1936) MCE TR HAMFH), BThE#E . LA
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A B MR, C.D. R EF. AP
A, B. Exotesta; C, D. Mesotesta; E, F. Endotesta.

B3 RUBRRM R RERMER IR

Fig. 3 Micro-morphological characteristics of the surface of Sterculia monosperma seed coat

PR R BIUZTT WA i 2, ERIE BRI A B Z2)2  (H D ARAS R 56 T RUIR R
S, AL AR (1986) M9 RUHRRFf B2 -£ PRIREFAEAICBOF A G — , R AAEVEAR 252 07 1
JZ B RT MO B AT IET AR e R R T RUHR R Rl B SRR | X Ly



1036 v W

44 ¥

>“
&

100 pm
 Sesesem |

200 pm
[—

A B. PRI ; C. AMPE A ANZ KT A= D. ShFl EC NI BE AN )Z ; B, PR ESMIMPIRANAL)Z ; F. A R)Z;

G. NF B ANI)ZE ; H. AR S A IIEEEE AR

A, B. Seed transverse sections; C. Exotesta stone cell layer and lower testa cell layer; D. Exotesta inner parenchyma cell layer; E. Mesotesta

outer grid cell layer; F. Pigment layer; G. Endotesta cell layer; H. Endotesta inner parenchyma cell layer.

4 AR F1E Y S RBUEHE

Fig. 4 Microscopic characteristics of cross-section of Sterculia monosperma seed

PR 28 4 R 2 28— AR AT B B0 HIE AR SCRE XL
MRARHEAT R G AL 2058, R R VR YUI  HeoR 25
G A B VLS 3 57 B 1 o e S5 44, XU SR
TR SEBR AT 43 A -B )2, MR AR FEE 2 AR XUR SR
JTLE R R A S
3.2 REREH DNA &S

DNA FIB 05 %578 J7 vk 5 HoAth 1% 5t 46 78 7 A
L B ERG % W 38 A RS, N F 2 A
MRS LA R G (3R 3% 45, 2023) (4
FE U5 (U [ MK B9, 2023) EL LR (BT

W ANHLAE ,2022) FliE L 22 HETE (THOERESE , 2023)
SEJT . T TR — B AR A A R BURE TR 2 9 DNA
FICAG R R I T0 22 5, PR DNA S50 A5 F 53 6 3R
TR RE R AR ARG , B[] — AL AR BE SR BB AN [
FISASE I RF i (B SCBR 45,2021 5 28— M5 45 2022) ,4])
REMRIESE I A RL APk . ABEFEXS 7 FhSp 2w A )
B9 ITS2 . psbA-trnH  matK . rbeL J¥ 54T T FL 43
Mr, JFAEREERL X 7 M AT TR 2L 0 B 4R
W7 YIRS OR AR, AWIEAUR RN, R
—f# F ITS2 . psbA-trnH  matK . rbeL. J5 51 £ A GEFS:
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A, D EAIPIR A AR TEW ; B. A EHIR A BN TETUE 5 C. I HROGTR AR B MRR AN M M TR0 ; D. S RP B AR TE L s E. HEER
PSR AN F. ARG T SERRES RS G, AP ECANNE ; HL 2748 L IO TR 4r4E; J. dEIRTE; K. IB8Ue4; L Bed,

A. Surface view of mesotesta grid cells; B. Side view of mesotesta grid cells; C. Side view of mesotesta grid cells under polarized light;
D. Surface view of exotesta stone cells; E. Calcium oxalate cluster crystals; F. Calcium oxalate cluster crystals under polarized light; G.
Endotesta cells; H. Fibers; I. Fibers under polarized light; J. Non-glandular hair; K. Threaded ducts; L. Ladder ducts.

5 RBRR#H R ERUEHE

Fig. 5 Microscopic characteristics of Sterculia monosperma fruit powder
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Fig. 6 Barcoding gap histograms of ITS2, psbA-trnH, matK and rbcL sequences

7 PR W 4 A 00 H Ok, HRE S ) H AR A A
ITS2 J7 51l 4 JRUHR SR 5 397 22 Jag HC A AR ) A7 2% IX
73, matK 53 LA T 2 5 30 0 Jm H AR A 3L
X 43, 1M psbA-trnH il rbeL J7 51 | JRUHR SR 5 455
BRI R — 03 3, T 5w HAb A Y
275 N U WS E I K(ESE YR LR S e | BN WA= R
—FhE AR IC Y ( Chen et al., 2010) , %7 %)
B AR 1Y 28 S0, A B 2 1 R AR K
MF XA YR, 25 BEFE 450, @B 1Ts2
FEAIAE g RUBR 2R B 19 DNA 25 B 09 1 T 4 F
HIE

ARSI o o RUAR SR A7 28 B8 09 28 25 22 F 5
S RUHR SRS R PR | I F0 4 ) B2 5, B 1 1TS2
F 91 o KR 2R 535 36 7 i e DNA S92 0,
N2 AN 5E F IRUHR SR 1) ot o s v % fie i % RO 4l A3t
TR

SE .

CAI YM, DAI JP, ZHENG YX, et al., 2022. Screening of DNA
barcoding sequences for molecular identification of Uncaria

genus [J]. Chin Tradit Herb Drugs, 53(6) : 1828-1837. [ 4§
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x4 BT maK FHEFEBEMEN K2P EEHES

Table 4 K2P genetic distances between Sterculia species based on matK sequence

JPAE 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
Sequence No.
1. PP1
2. PP2 0.000
3. PP3 0.000 0.000
4. JPP1 0.004 0.004 0.004
5. KR531474.1 0.996 0.996 0.996 1.007
6. KR531473.1 099 0.996 0.996 1.007 0.000
7. JX517698.1 0.019 0.019 0.019 0.023 1.016 1.016
8. MW044167.1 0232 0232 0.232 0234 1.074 1..074 0.228
9. MW044166.1 0232 0232 0232 0234 1.074 1074 0228 0.000
10. MW934372.1 0.006 0.006 0.006 0.001 1.000 1.000 0.025 0.239 0.239
11. MW934371.1 0.004 0.004 0.004 0.000 1.006 1.006 0.024 0.239 0.239 0.001
12. HQ415311.1 0.004 0.004 0.004 0.000 1.007 1.007 0.023 0.234 0.234 0.001 0.000
13. KP093425.1 0.004 0.004 0.004 0.000 1.007 1.007 0.023 0234 0234 0.001 0.000 0.000
14. KP093424.1 0.004 0.004 0.004 0.000 1.007 1.007 0.023 0.234 0234 0.001 0.000 0.000 0.000
15. KJ510944.1 0.004 0.004 0.004 0.000 1.007 1.007 0.023 0.234 0234 0.001 0.000 0.000 0.000 0.000
16. AB925021.1 0.004 0.004 0.004 0.009 0982 0.982 0.023 0.237 0.237 0.010 0.009 0.009 0.009 0.009 0.009
17. AB925016.1 0.004 0.004 0.004 0.009 0.982 0.982 0.023 0.237 0.237 0.010 0.009 0.009 0.009 0.009 0.009 0.000
18. AB925008.1 0.004 0.004 0.004 0.009 0982 0982 0.023 0.237 0237 0.010 0.009 0.009 0.009 0.009 0.009 0.000 0.000
19. KR531478.1 099 0.996 0.99 1.007 0.000 0.000 1.016 1.074 1.074 1.000 1.006 1.007 1.007 1.007 1.007 0.982 0.982 0.982
20. KR531477.1 0.998 0.998 0.998 1.009 0.000 0.000 1.019 1.073 1.073 1.004 1.009 1.009 1.009 1.009 1.009 0.984 0.984 0.984 0.000
21. KR531476.1 099 0.99 0.996 1.007 0.000 0.000 1.016 1.074 1.074 1.000 1.006 1.007 1.007 1.007 1.007 0982 0.982 0.982 0.000 0.000
22. KR531475.1 0.994 0.994 0.994 1.005 0.001 0001 1.014 1072 1.072 0.999 1.004 1.005 1.005 1.005 1.005 0.981 00981 0.981 0.001 0.002 0.001
& 5 ITS2.psbA-trnH matK #0 rbcL B9 FF 545 1E
Table 5  Characteristics of ITS2, psbA-trnH, matK and rbcl. sequences
T
H 1TS2 psbA-trnH matK rbcl.
Ttem
I
FoI8R 24 22 22 38
No. of sequences
J2IN AI R
ﬁ.’?ﬂkg 247 ~668 244 ~368 708 ~ 840 502~1 365
Original sequence length (bp)
; il K i
H:.XTE’?&JJKE 248 256 745 499
Aligned sequence length (bp)
RS A
o . 22 . 112(43. 17(42. 4 .
No. of conserved sites (bp/%) 3(89.9) (43.8) 317(42.6) 53(90.8)
75 5 i B
ST DL
. . 25(10.1 1 . 42 4 4 .
No. of variable sites ( bp/% ) 5(10.1) 38(53.9) 8(57.4) 5(9.0)
e o e i e b
HESFEFSEDACY 4
. . . . . 1 . 1(0.4 42 . 4 .
No. of parsimonious informative sites ( bp/%) 5(6.0) (0.4) 7(57.3) 0(8.0)
GC FHy it
74.4 25. 2. 45.
GC average content (%) >-8 328 33
Sy i 2
fitop ﬁu{gﬂﬁf% . 0.012 0 0.138 0 0.000 3 0.001 0
Intraspecific average genetic distance
AL X
TIP3 8 £ B 5 0.037 0.066 0.528 0.015

Interspecific average genetic distance
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