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Abstract: Persistent disputes regarding generic circumscriptions within Aristolochiaceae have long
hindered taxonomic research of this family, as macroscopic morphological traits are prone to

convergent evolution. This highlights an urgent need for stable micromorphological diagnostic
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evidence. To clarify the taxonomic significance of pollen morphology, we sampled 11 species and
one subspecies of Isotrema, alongside seven species of Aristolochia for this study. We employed a
modified DMP dehydration preparation protocol coupled with high-resolution scanning electron
microscopy (SEM) and multivariate statistical analysis to quantitatively characterize key pollen
traits, including pollen size, outline shape and exine ornamentation. We further performed principal
component analysis (PCA) and unweighted pair-group method with arithmetic averaging (UPGMA)
clustering to reveal the taxonomic implications of pollen micromorphology. The results were as
follows: (1) All pollen grains from the investigated taxa are monads and subspherical, with
polar/equatorial axis ratios (P/E) of 1.02-1.13, exhibiting pronounced family-level morphological
conservatism. (2) Pollen morphology differed distinctly between the two genera. Isotrema generally
produces small to medium-sized pollen grains with polar axis of 23.21-28.17 um, whose exine is
predominantly finely reticulate. In contrast, Aristolochia bears medium to large pollen grains with
polar axis length of 25.44-46.14 pm, characterized by coarsely reticulate or cerebroid exine
ornamentation. Pollen size and exine ornamentation type constitute critical diagnostic traits for
distinguishing these two genera. (3) Quantitative metrics such as lumina diameter (0.17-0.40 pm),
muri width (0.48-2.89 um) and P/E ratio enable reliable discrimination of closely related congeneric
species. The distinctive germinal aperture structure of Aristolochia bracteolata and the unique
cerebroid exine ornamentation of 4. gigantea serve as exclusive species-specific diagnostic traits.
(4) PCA and cluster analyses yielded congruent results, supporting the independent evolutionary
divergence of Isotrema and Aristolochia. The established three-tier quantitative discrimination
framework based on pollen size, shape and exine ornamentation enables precise delimitation of
taxonomically ambiguous closely related taxa. This study enriches the fundamental palynological
dataset for Aristolochiaceae, and optimizes SEM preparation protocols tailored to thin-walled,
fragile pollen grains. It provids reliable palynological evidence for taxonomic revision, species
boundary delimitation and conservation management of wild medicinal Aristolochiaceae resources.
Moreover, this research provides baseline data to advance angiosperm palynology from traditional
qualitative morphological documentation toward quantitative taxonomic identification.
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Z M (The Royal Botanical Gardens, Kew, 2026) , FE/rAn T3y, WHGTHX . 41
WML RR I RRG T, RN EEORE, H RS0 E SR A KR 7 2820
FUHAE A (Hutchinson, 1959) o FRIEZZFHIAC A0 2 — (Gonzalez & Stevenson,
2002) , #if 5 )8 150 2/ (http:/sp2000.org.cn/) , {HILA3SE A 58 K3 52 ) 8 2 s W5 5
WL, CHE SRR IE (dristolochia) 5 R AKBJE (Isotrema) BI1X] 53 B 41X
(Nakonechnaya & Kalachev, 2018; &#%#&%%, 2019; Zhuetal., 2019; The Royal Botanical
Gardens, Kew, 2026) . ML e HEF450) 52l EA SN2 R
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Table 1 List of Aristolochiaceae materials studied

. . g M KT KL [H]

i 4 %4, , , ,
Accession Collection Collection

No. Chinese name Scientific name
number number date
. oo Isotrema
1 NP N il 00,2000,0677 221 2022-09-23
austroyunnanense

2 WIHKAKRIBE I cangyuanense 00,2021,0067 zr50 2024-10-16
3 WZEXARM L caulialatum 00,2009,0263 2123 2022-02-26
4 HEXRAKE I fulvicomum 00,2019,0665 zr48 2024-08-28
5 WX I hainanense 10,2008,0028 225 2022-02-26



1 hainanense subsp.

6 miLoeAkE 00,2019,1220 755 2025-03-03
yingjiangense
7 FEARE L howii 00,2013,0428 7146 2024-08-13
8 KK I petelotii 00,2019,1069 7149 2024-10-08
9 ZWRARIE L sanyaense 00,2019,0679 zrl7 2024-10-30
10 %ﬂ%;?@ﬂ( 1. tongbiguanense 00,2017,0592 zr41 2024-08-05
11 BEIAKME L versicolor 00,2020,0049 7122 2022-02-26
12 MIRFKAKE I yangii J& No 220 2022-09-23
13 WAL Aristolochia anguicida 00,2020,0637 zrl5 2024-10-22
14 HHEYE A chlamydophylla 00,2019,0696 24 2022-02-26
15 MALYE A galeata 29,2018,0032 7142 2024-08-05
16 Y% A gibertii 00,2018,1856 7145 2024-08-05
17 BS54 A gigantea 52,2010,0008 7147 2024-08-13
18 MLY% A litoralis 2020030013 7144 2024-08-05
19 MR A. ringens 04,2014,0016 zr32 2022-03-20

TE: B IRORIER H = B R L B AE R RS, AR RHER B XTBG 5] F s Mk

Note: Except for Isotrema yangii, which was collected from the wild population in Baoshan, Yunnan, all other
materials were collected from cultivated individuals introduced and grown at XTBG.
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1.2.1 FEKrFe i il 4

KAL) DMP Jl /K-l 7t fi ks A0, BARRRENT . Ok RE: EMHH%
T AR BT AR 2, UERAE T 2 mL B0 E T @OWFEBIK: TN 1 mL F
Bc i R AL DMP TAFW[10 mL DMP (Macklin, 4l =99%, 7K73<0.1%) +50 pL ¥ 2hH2],
FilIRIE 4 h, WIRIAUENR S 3 UK, BORAEN 78 70 Rl B KB ERGEZlfk: A 1 mL 76
IK GRS 2 UK, BEHK 20 min, EERIRE N SERMEALT); @ SRl FIEANE
TR AL, FE\ Leica EM CPD 300 It 7 sl A BLRAS CO2 NI, S HBE -
CO2 JENIEE fast. IR 400s, BHHEE 5. 15 18 Ik, HEMA slow. HEE slow, &
ek Gk o ZRACTREEARE TAE G705, T B3 B B /K BAE M IR RT3, AL
R B3 HMEE ST B SR R R A 5 4
1.2.2 BN ST &

(1) FEMZ: B T1E AR X S B T 5 8 mm > 8 mm XU 3 LB TH7 4 B )
Fefme by (2) FHEE: RM QI50R S & M (AT 2 M BRI 5, ZHiE ik
SEHLURE 15 mA - JRASIS 1] 300s, HEMEEEAEHIAE 8~10nm; (3D MRILAL: ] Zeiss EVO
LS10 ##f 7 RAss, i i R e 8 kv, LAEME 12~15 mm, REGMEHINTEE
ANFE AR TR 738 DI S SO0 BR BORMEEGET 500% ~10 0005 (4) JEA&M &
FEFRBENLIEEL 10 A e BIEm RN ERAHE (P) | S (BE) o MIREAR. WE RS
fabr, RN (PE) S5 AER (PxE) , 45R DL “FREArERE" £oR.

1.2.3 TR T 5E brife

TE TR Z B EAREESE (1995) #rifE: P/E 1A 0.88~1.14 AITIRIE: 40k K/NG AR
WA FE R K 5. 10~25 pm J9/h AL, 25~50 pm N8 (BRORFFE:, 1978) 5 AMEELUIZEHY
Zhty SEM WSS R 5RO EARE (THARMTEY, 1983) , 4 NERCR. anmR, H
PR ISCIRIESR R R E S0 i B 5 oR A
1.3 Him ot



FIH Microsoft Excel 2010 #EAT ek TR & E #5548 1t, Adobe Photoshop 2024 34T Kl v 4k
B, SPSS 27.0 HAFXIAER KM AHAC . ZRTE B DL S AT B8 5 S5 4R AR AT B B 22 7 A A
F RS AT, LARKIGEE B (Euclidean distance) il B, K 4H1H] T35 8 817% (between-groups
linkage) #E1T RGEE T,

2 AR50

2.1 THTEARHE
2.1.1 18 K/NATEAR

19 Fp B BHE YL Y LR RIE AP, RUERREGEMIS, X 5SRBRRHIE
i) R REAE—2 (Nakonechnaya & Kalachev, 2018) . AT Y EM M REL (P/E) 3
AT 1.02~1.13 208, WG ERMES (1995) WIAER TR o hrdE, 3T NIEERIE, Wi
M5 AR E T R ETE, B HixEHER IIRTERL R @R E (R 2) o WEH
ZERFKE, FABRS SRR BAEM AR LR, MaZREZE (P<0.05) : KM
JEEAR DL NRIAE R N, WAl 23.21~28.17 um, FRIEHIK 21.96~26.94 um, 168 K/
(P xE) 509.63~759.54 um?, R R/ HIX R B Y E Do B K ARk 9 1k,
WK 25.44~46.14 pm, FRIBHIK 24.44~43.76 um, 168 K/ (PxE) 622.83~2 026.67 um?,
BB P8 FEE K TR A & , BEARAE Ry R 3 K, Horh g it I SRR R/ NE 2 026.67 pm?,
RAFRIEE R AC B KYIFh, T8 RS 1 R AIE o

TR J& ALy SRR SR AE R AR B NI BRI, {H P/E {E1E & [ Rl & N 347 AE — % 404k o
SRR, AR P/E HE (1.13+0.05) , B&mIaKIRIE, AFTA YR b IR i
K2R, HAXABEEMM PE /T 1.03~1.08, BiARITERRE. LKL ET, EWY
8% (1.0240.03) . 77 Y48 (1.03£0.02) ) P/E H A%, BEIEIERRE; KRS e E
Yidh P/E /v T 1.04~1.06, BAKFEFLLIERIE N . WEREESR, KAEBNT P/E H
NEaE: WA PE R ABHRKA (5.66%) , MiZERAME ., HBESS A 2K
AR R <2%, EHER—EMEER . SR EBRBAEAIEERIE, (HA YR
P/E B EHE Y (1.02~1.06) , GBI E, RBLH IR AR 2 FE 0 T RIEE
FHORPEA TR B, WK S/AEK 2T E IEAMOE (=0.986, P<0.001) , HiHHHELRH
1ER B R S /s E R FED A, RS E . 25, e R RS
B () JB o AT B G L, FEK 1 B T R 9 B 4 ) A o R R o
uzf%%%&ﬁ

IR HEEE SEM WSS, K 19 FEPIAERD I AMEESUIRI 43 9 4 FhEEY CROREAR . 1
WOIR . IR . RRSOIRD  SUIG R YR A7 (6 B R g B 4 S U (3R 3, B 1-E 3D o fkdl
WRCIR S A S A B AL (11 ), MERE AR 0.17~0.40 um, ME T8 0.48~
1.72 pm, WIRGEIETE . ARSI S B0E, W RO J& 16K HMEE 1) SO R R AR s AN A T
YR 9 UL B P D B A R S R, 5 ) B A A RO B B Ak SR
ORISR . B RARBEM IR EARK, N (0.40+0.05) pm, ZITIAE M AR
BN, N (017£0.03) pm, MEXRAEMNEREEE (1.7240.15) pm, AXAMEE
WA S KB, X SE A ICRFAE W] AR D J A I 2 Bl S A4 o RHIDIR . ISR £ 24 T 1
YRR IR HRIRGOHE (4 FD PUE 8IS 1.64~2.89 um, 53T 55 A J8 gl RUIR R A,
HAR A G SR S (2.8940.69)  um NAYIFNER K BNSCREU R B AL 5 R R
A, BN E AREZLUGSEA, FRE A TC N PIR | SISO G5 RE 4508 56 B2 O (1.23+0.29)
pm, SCERAH BT, TEALKIN BRI, fliohy B SRR TR AMURs I A8 K 73 RARRAIE « BURLIR SUI 7
PEA TR 0AN, URZED YR R OAKRIE 2 Fh, SMEDUBURI S 9 T Jois i AR,
Je& T 1 J Hh s A AR AR R B SR AL



M T SO HE A 22 S A . R IE & DA —Fa e At IR SU o 3248, PR Ras s )
ARAH/N 5] B R EUm BB Z 4k, R ISR & b, WIS FEE R (0.48~2.89)
pm. SUARSREE S X 16 FCREUGPIF 73 KL, WHR BLAR S WG 56 B TG i 35 A %
(r=0.234, P>0.05) , Ut B AEk WIIR K /N5 08 98 P8 32 M7 st AL A% jbsh, AR R
TEASAEER 534 RAEE 2 A T BB, Sy mMmARERE 2 N ok, i —0
SRAL T TR A EE SRR A R 3 AL
2.1.3 BRI

B RV FFAERIFER I B ) At X 5 SR R A i 15 SR WL BT M A e, A Tk
M, KN (28.6£3.2) um, AN (42+£0.5) um, WEARGEW, H4e 18 Fafhse
O IE BT K ZH S SRR Em R, ¥TC BT R R, AGERT S YR S
B DR SRR B R B SSHEEEX . X — SRR, CKIE R B R R S AR ST, T
Sya e e NIRRT, RIS e S 2 et 5 5 SRR B2 N o K AL
KA 1 B RS EAH ST (Nakonechnaya & Kalachev, 2018) , [AIE M58 T 1% J& B R 14
PR B4 22 7

219 M RLFHEMIER KD EBR

Table 2 Pollen size and shape of 19 Aristolochiaceae species

. SRS ZINGCEES ViR U
T TR 1ER TEAR
P (um) E (um) Wkt P/E Pollen P x E (um?)
No. Plant material Pollen shape
Polar axis Equatorial axis size
TE T KAH X ,
25.40+£2.16def  23.93+1.33efgh IEERTE 2l 609.66+86.54efg
1 Isotrema 1.06+0.05abc
(22.99~28.29) (22.86~26.17) Subspheroidal Medium (525.55~740.35)
austroyunnanense
5 BIFRAE 26.15+1.33def  25.09+1.52cde 040,04 BRI EE 657.59+67.21efg
.04+0. C
I. cangyuanense (24.64~28.21) (23.47~26.95) Subspheroidal Medium (593.58~760.26)
; WA 28.08+1.63bed 26.80+1.07bc | 0520.02b BRI el 753.78+72.44cde
.05=0. C
I caulialatum (26.04~29.48) (25.52~27.67) Subspheroidal Medium (670.53~814.53)
A BRI 25.96+0.79def  24.74+0.63defg | 050,04 IEERIY i 642.14+23.29¢efg
.05=0. C
I fulvicomum (24.83~26.72) (24.17~25.78) Subspheroidal Medium (607.09~670.02)
5 e RAH 27.15+0.41cde  26.43+0.89bcd | 0340.03 ITERTE el 717.79+32.89def
.03+0.03¢
I hainanense (26.75~27.80) (25.27~27.16) Subspheroidal Medium (675.97~755.05)
BVLRAH
- 27.01+1.07cde 25.82+1.20cd IEERIE 2l 698.44+62.52def
6 L hainanense subsp. 1.05+0.02bc
o (25.61~28.40) (24.18~27.17) Subspheroidal Medium (619.25~771.63)
yingjiangense
LD il
- 26.61£0.79def  24.8620.69def BRI 2l 661.66+30.76efg
7 1 howii 1.07+0.04abc
(25.30~27.32) (24.19~25.83) Subspheroidal Medium (620.86~705.68)
R AE 23.82+0.82fg 22.53+0.69h BRI 2 537.07+30.39g
8 1.06+0.03abc
I petelotii (22.78~24.91) (21.72~23.28) Subspheroidal Small (494.78~564.31)
=i RAE 23.21+0.87fg 21.96+1.04h ITERTE N 509.63+32.28¢g
9 1.06+0.06abc
I. sanyaense (21.68~23.75) (20.85~23.14) Subspheroidal Small (465.04~546.01)
i BE S SR AT 28.16+1.13bed 26.94+1.23bc ITERTE el 759.54+61.60cde
10 1.05+0.02bc
I tongbiguanense (26.35~29.29) (24.99~28.00) Subspheroidal Medium (658.49~810.75)
. AR e K IE 28.1741.33bed  24.86+0.75def | 1340.05 BRI el 700.62+47.18def
.13£0.05a
I versicolor (27.30~30.46) (24.05~25.62) Subspheroidal Medium (658.25~780.39)



0 MR RAE 24.73+1.17efg ~ 22.79+0.93gh | 08£0.05ab BRI /I 563.82+40.56fg
.08+0.05al
L yangii (23.43~26.20) (21.68~23.76) Subspheroidal Small (507.96~615.96)
CELT I
25.44+1.20def 24.44+1.19efg ITERTE i 622.83+57.22efg
13 Aristolochia 1.04+0.03bc
(24.37~26.78) (23.50~26.45) Subspheroidal Medium (574.11~705.69)
anguicida
Bt g 46.14+2.92a 43.76+3.63a BRI BN 2026.67+267.49a
14 1.05+0.04bc
A. chlamydophylla (43.94~49.50) (39.85~48.59) Subspheroidal Medium  (1751.01~2371.19)
DN HE RS
34.95+1.28b 33.86+1.59b IEERIY H 1185.05+95.75b
15 A. galeata 1.03+0.02¢
(33.45~36.30) (31.57~35.50) Subspheroidal Medium  (1056.02~1288.65)
S} A% 39.04+2.81b 37.68+3.41b BRI BN 1478.42+231.61b
16 1.04+0.03bc
A. gibertii (34.90~42.20) (32.31~41.77) Subspheroidal Medium  (1127.62~1762.69)
Bl yiis 36.88+1.11b 34.95+0.45b BRI BN 1289.14+48.70b
17 1.06+0.03abc
A. gigantea (35.80~38.13) (34.21~35.40) Subspheroidal Medium  (1233.27~1349.80)
QIR 37.58+3.90b 36.77+3.89b BRI BN 1393.30+285.01b
18 1.02+0.03¢
A. littoralis (33.03~41.22) (33.04~40.83) Subspheroidal Medium  (1093.29~1683.01)
FRELE 31.23£0.81b 29.61+1.10b BRI BN 924.97+48.61bcd
19 1.06+0.04abc
A. ringens (29.90~32.09) (28.43~31.10) Subspheroidal Medium (874.28~978.72)
H: FAAIARNS F RN EREE (P<0.05) . ¥5 N NR/MEZERKE.
Note: Different lowercase letters within the same column indicate significant differences (P<0.05). Values in
parentheses are minimum to maximum.
R 319 M LR RHEYITER L ST
Table 3  Pollen morphological characteristics of 19 Aristolochiaceae species
M HR B
i WA R AR MK R i i 1z ¥R B HMEELT
. 2 " iNEd T W BESY
L MR Bk R - N _ _
= Lumen Murus width Lumen Lumen Exine
Plant material Colpi Lumen Lumen  Murus
No. shape ) (um) diameter  width (um) ornamentation
size
(um)
P,
TEL P A I AL .
W 0.84+0.15gh EITIRTN
1 Isotrema Not — — — — —
Smooth  (0.68~1.04) Granulate
austroyunnanense  observed .
, wide
WK, 0.35+
e WS T, P
5 W YE AT N H bl 12 FiA BN B 0.84£0.19gh  0.07ab  0.22+0.05bc TRAH PR
ot
L cangyuanense b d Present  Subround Smaller Wavy, (0.62~1.08) (0.25~ (0.14~0.28)  Microreticulate
observe
wide 0.43)
BEIRS 0.30+
o FAEEF o . ‘
3 JUES Y Siii] N H bl 121Fi BN 7 0.90£0.33fgh  0.04bc  0.200.04cd TRAH PR
ot
1 caulialatum Present  Subround Smaller Wavy, (0.40~1.25) (0.27~ (0.15~0.24)  Microreticulate
observed
narrow 0.39)
BEIRS 0.40+
o REE T S
A BB N H bl 12 FiA BN 7 0.83£0.18gh  0.05a 0.37+0.03a R IR
ot
L fulvicomum b d Present  Subround Smaller Wavy, (0.62~1.06) (0.32~ (0.32~0.41)  Microreticulate
observe
narrow 0.44)
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11

12

13

14

R A

1 hainanense

BT A®
1 hainanense
subsp.

yingjiangense

P B A

1 howii

E P S
L petelotii

= RAHE

1 sanyaense

B R A

1 tongbiguanense

AR A

1 versicolor

B RFAE
1 yangii

TR
Aristolochia

anguicida

(et as

. chlamydophylla

FUELH
Not

observed

RAEEF
Not

observed

FUELH
Not

observed

RAMEEF
Not

observed

FUELH
Not

observed

FUELH
Not

observed

FUELH
Not

observed

RAEEH
Not

observed

FUELH
Not

observed

"1
One
colpus,

visible

fa

Present

A

Present

fa

Present

A

Present

fa

Present

fa

Present

fa

Present

A

Present

A

Present

PR alp7

Subround

LB

Subround

PR alpi7

Subround

bz b7

Subround

PR alpi7

Subround

PR alp7

Subround

PR alp7

Subround

LB

Subround

bz b7

Subround

L3N

Smaller

BN

Smaller

B/

Smaller

B

Smaller

BN

Smaller

BN

Smaller

B/

Smaller

B

Smaller

BN

Smaller

IR,
G
Wavy,
narrow
T
E

Smooth

Wavy,

narrow

T
G

Smooth

>

narrow

BEIR,
&

Wavy,

narrow

Wavy,

narrow

T
G

Smooth

>

narrow
T,
B
Smooth
, wide

Tt

Smooth

narrow

0.72+0.15hi
(0.64~0.99)

0.69+0.12hi
(0.55~0.88)

1.72+0.15¢
(1.51~1.92)

0.88+0.16fgh
(0.68~1.04)

0.59+0.07i
(0.51~0.69)

0.74+0.19hi
(0.53~1.04)

0.73+0.20hi
(0.43~0.91)

0.66+0.11hi
(0.56~0.85)

0.92+0.14fgh
(0.69~1.05)

0.48+0.051
(0.43~0.56)

0.27+
0.02cde
(0.23~

0.28)

0.17+
0.03e
(0.13~
0.20)

0.19+
0.02e

(0.18~
0.23)

0.32+
0.09b
(0.24~
0.48)

0.27+
0.07cde
(0.20~
0.37)
0.24+
0.07cde
(0.16~
0.31)
0.23+
0.04de
(0.18~
0.26)

0.19+
0.04e
(0.16~0.
25)

0.24+
0.03cde
(0.19~0.
28)

0.21+0.01bc
d
(0.20~0.23)

0.14+0.02¢
(0.13~0.18)

0.18+0.03de
(0.16~0.23)

0.21£0.03bc
d
(0.18~0.26)

0.19+0.03cd
e

(0.14~0.21)

0.18+0.04de
(0.14~0.24)

0.19+0.04cd
e

(0.14~0.24)

0.14+0.01e
(0.12~0.15)

0.18+0.02de
(0.16~0.22)

TR

Microreticulate

[ZEHREIN

Microreticulate

TR

Microreticulate

[ZEHREIN

Microreticulate

TR

Microreticulate

TR

Microreticulate

TR

Microreticulate

[ZEHREIN

Microreticulate

PILIRIN

Granulate

[ZEHREIN

Microreticulate
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16

17

18

19

iDINC L RS
A. galeata

ERTT
A. gibertii

By
A. gigantea

AT T
A. littoralis

JREAE

A. ringens

FUELH
Not

observed

FUELH
Not

observed

FELH
Not

observed

FUELH
Not

observed

FUELH
Not

observed

Subround  Smaller

Subround  Smaller

Subround  Smaller

IR
%
Wavy,
wide
T,
%
Smooth
, wide
T,
W
Smooth
, wide
IR
%
Wavy,
wide
BEIRS
%
Wavy,

wide

2.89+0.69a
(2.14~3.92)

1.64+0.32¢d
(1.34~2.10)

1.2340.29de
(0.90~1.61)

1.75+0.24¢
(1.46~1.98)

2.07+0.22b
(1.65~2.24)

0.23+
0.06de

(0.14~0.

29)

0.32+
0.08b

(0.19~0.

42)
0.21+
0.01de

(0.19~0.

22)

0.19+0.05¢cd
e

(0.13~0.27)

0.220.04bc
(0.17~0.27)

0.14+0.03¢
(0.10~0.18)

FHPAR
Coarsely

reticulate

FHPAR
Coarsely

reticulate

ik SUIR
Cerebroid

FHPAR
Coarsely

reticulate

FHPAR
Coarsely

reticulate

E: MWIRE2<0.70 um &N .

Note: Lumen diameter << 0.70 pm indicates a small lumen.
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LFEF R ; 2. ORI, 3. MR, 4. BEIKIME; 5 WFRORE; 6. HILKAME. A 168
BARE: B IEW: C. FMEELU. T IF .
1. Isotrema austroyunnanense; 2. 1. cangyuanense; 3. 1. caulialatum; 4. 1. fulvicomum ; 5. I. hainanense; 6. 1.
hainanense subsp. yingjiangense. A. General pollen morphology; B. Polar view; C. Exine ornamentation. The same
below.
B1 HEEET 6 MRBRBREMKERES
Fig. 1 Pollen morphology of six species of Isotrema under SEM (I)



10 ypm
—

10 pm
——

4 pm pAT
— e

10 pm > 7 4 um 3 1. vs ~ 2 LS
[r— b (- % Ees )

7. FEOCAIE; 8. ORI 9. = WIOKIM: 10. HIRESCAE; 11 BEIORHE: 12. HIKCKIE.
7. Isotrema howii; 8. I. petelotii; 9. I. sanyaense; 10. I. tongbiguanense; 11. 1. hainanense; 12. I. yangii.

B2 H#BEET 6 XA ERBEVMIERES
Fig. 2 Pollen morphology of six species of Isotrema under SEM (II)



13, BT, 14 B, 15 MR DY 16 M HURE: 17 EAET YRR 18, KDY
19. FRELE.
13. Aristolochia anguicida; 14. A. chlamydophylla; 15. A. galeata; 16. A. gibertii; 17. A. gigantea; 18. A. littoralis;
19. A. ringens.
B3 J\fBEET 7 SRRBEMIERES
Fig. 3 Pollen morphology of seven species of Aristolochia under SEM (III)
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2.2.1 ERIr o (PCAD

XF 19 M E SR RMEIN 5 AN RIS bE (AN, JRERIHC . P/E B 168 K/
W BERE) HEAT £ i (PCA) , KMO HUFEIE VIR 0495, BEIKT 0.6 1 #L
HEAF A, H AR REEROY FE A 3008 B R 2 KT (P<0.001) , FRBH &L TR bR AEAE B
FH ORI, T R R T FEARER . 45 REIR, 57 = A E 8 R TTEkRIE 99.935% (R
4) , WX 3 AERSIVTFEET 5 MEMESTERNASTER, WA MRERELEHT
T M. S KJT 2%k (Varimax) Jighs fa, & R MEm il (R 5 #n 7 BER
FEAEARCE 73 B«

F—EHs (PC) TTHRFEN 66.203%, FEHRMK (Fid7 0.983)  FREHIK (Hi
0.967) 1k K/ (a7 0.984) 17, KRG &M IESEST, M P/EAE (ifir-0.167) MM
BFE (7 0.180) HITTHEREL /DN, FH] PC1 FF ALK BAR K/ NAR 5, A8 XN “HE
MARANET” o WNBARE, KABEDF PCl H0EFT -0.92~0.05, 4N FAE
i 0; LR EYIMAS s EE R, Hrh i YRS e (2.97) , SS9 (1.40),
EWL Y (1.06) K2, (UEZELFE (-0.74) . KRELE (0.0D) HoE5RAKBEES,
B 1350 X () B Ak S B B B a3, IR 1 “TeM K/N W BB AL O e dabs” « B
By (PC2) TTHRFEN 19.698%, EEMMAALL (PE) %, #ifafkmERN 0976, HAhs
B s 4 {E 38 /N T 0.2, R B PC2 = E ALK TR ARAFAE, v] 5 O “TeR AR A 17
BT B oA EEARIUAE S8 N SRR SRR AR A OCKIEE PE fHfs (1.13)
PC2 134 (3.30) W& T FJEHAF; Sy Em S PE Esfk (1.02) ,
PC2 4 (-1.22) Hf&, WHDHE (0.61) Rz, SHEHMIMERZESR, A PC2
AR AT GF R I BIE o 58 =M (PC3) TN 14.033%, %0 IKSIFE R NN
BREEE (a7 0.974) , KB PC3 L E RWALKY FMEESURIE (A ERED) , @ SN “Ae
MBI o KA@M PC3 8P T -0.69~1.22, (HEXRAEGT&E) » 5
YR BE B R (-1.58~2.77) , MASREE (MERTE) SEM S (MEFRE) ¥
Btk oAk, sRASU IR 3 A

R AR, KKEE 12 FiiEWEE T 4T PC1 1S3 X, S5 JE 7 Fh
WSR3 T PCl S50 X, (R ZE G HR . BRELRIEH K/NMEIESARBE, 24T
B ES X, X5RESIH “BREEL” R ZGEKE, eh R (PC1 £F)
MMHFRE (PC3 £F3) Z2WEBARES U OIREIA T, Atk (PC2 £F) MK
Ji& AT S OGS A, =3 SR R RS SRR RN JB Sl Gt ek TR A S B R bR
Ao

R 419 F S RKFHEVERRHMER 3 N EERD TRFE
Table 4 Contribution ratio of the first three major components of pollen characteristics from 19
Aristolochiaceae plants

SN
PCl PC2 PC3
Principal component
FRHIEAE
) 3.310 0.985 0.702

Eigenvalue

66.203 19.698 14.033
Contribution ratio (%)
FitoimkE

66.203 85.901 99.935

Total contribution ratio (%)
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Table 5 Principal component matrix of pollen characteristics of 19 Aristolochiaceae plants

EN5 %y

PC1 PC2 PC3
Principal component
TS

0.983 -0.093 0.158
Polar axis length (P)
JRIE il

0.967 -0.186 0.173
Equatorial axis length (E)
ARt P/E -0.167 0.976 -0.138
b2 NN

0.984 -0.134 0.106
Pollen size (P x E)

0.180 -0.139 0.974
Width of muri

222 BN

BT B 5 ANTESIEAR PR HEACERE SR A BRI PR 2 R BR8] 3 8 8% (UPGMA)
FERCIRE (B 4) , SRER, ERRIEEE 15 AT, Fraihisgm ko h 4 A28,
ARG RIS W R OB R AR, YRR T BNIEEMISELE KRR, 5§ PCA 4R HEH
4, BEEIEM U, ERENIESFEE SR,

B AE 11 FOCKIBERY) X 2 MOy R @R (M 22 Gy R TR o RRaUEE
B 5~10 WATE—50 N 2 AN, WK Ta (10 MoeRi@E By M D yms) d, &I
KA SR A . 28 ROCAH = R ATE (1R )38 A% BE RS /N, TER TR AS i BE AR L,
NRGRZBITNFAE: Mo, DRI ZE DR e K/ (622.83 um?) « M
FRE (0.92 um) HZTRRAKEEDMHIIFHERERE, BRETELR, BT EFE#
WA TEASME. WK b (FECARABREL) FIWE 55 5 108 K/ NRFEE
[ T 0 B2k, AR B3 AL PR S

FAI: AVBEICAE 1 Fh, B P/E s (1.13) MSLRSE, 5% 0K BHEL BE 558
8, RFHST IR G A AT .

FAN: B 4 MERREEY EFS5e. EmSReg. ERSRE. mng
B, BREEE 5~10 I8 2 AN, RBLUE NI g1k ]z* Mc (3 FfD : MW}
Ly, EMSRREER DA = %‘%ﬂ%a@%mﬁ TERSBONFEIR, ek K/ W58
ERBUN, ANSURERIEE L, TR R/ (1289.14 pm2~1478.42 um?) « WA T (1.23
um ~ 1.75 pm) Z5EN, ANSUEIA CHPR vs INECIR) AEA L T3 d GRS
FUE) M T8 R (2.89 um) FRHUK T

R IV NEEMH YR 1 F, DU KRR AT (2026.67 um?)  FRAUGETIRS
W S WA AR G R ASE S, 5 ) AR o 2 2 B B, AR o P AR A )V A AR A



Er B Euclidean distance
0 5 10 15 20 25

BIER A L cangyuanense [ ; : ! 1 1
MREED 5048 A anguicida [
WFRAM I hainanense
WEERE I caulialatum |—
) BES S AH L tongbiguanense |
HWEXEAE L fulvicomum|d | ——g
BITRAGE Lyingjiangense |-
EHEAE 1. austroyunnanense |

F KA 1 petelotii [
=R AM I sanyaense i|7
MERAGE 1 yangii
R ATE 1 howii :]—o b

FREAE A. ringens

WRAKRE I versicolor
LG 4s A gibertii

ENG Y A littoralis c
1 III
ERLD R A gigantea P
RSB A galeata| @0
B YR Ey A chlamydophylla -

B4 19 55 RE{PHED RS RRI T

Fig. 4 Cluster analysis of pollen morphology of 19 species of Aristolochiaceae
3 Wit

3.1 FERTE S RE R 53 K ZEME

A FLEE A BB SIFE . S P INE Z gttt , Rats T SRR EHER
CARMEARST . BT PR B 2R, noRiRh o BB SR e flok 54
o BHRZ, ZRMEIPFER BN ROEERY, ARG, 5 Erdtman (1952)
AL SR SR, AT SE DT R E R 4 45 R AH B EE (Nakonechnaya
& Kalachev, 2018) . J&[H 7k EZARIAEAL R K /NS AMESUR AR b A @S PA
HH/N TR FE TR A0 55 IR S0 U RS e SE R AE , 5 Y8 J 0 22 b KRRy, AEE SR IR
BURSCIR, 7 AR AR S BRIE T o X — MR RERF S A IR S 70 S A, 0 S S At
BRI 487 1) )8 2 2273 5 5% A i E— 3 (Ohi-Tomaetal., 2006; kzE3E%%, 2019) , FhA M
IR AR B IR FLAR . WG T8 BE . Wkt (P/E) 58 4b SHUIURE R4y . BN
KAEMIREAEA (0.17£0.03) pm, #ERAKRIEZE (0.2740.02) pum, SUMFLIEZERRE;
WAL E (2.89£0.69) um HITE MERA 5 . XL EADRRE, AAEEF R
S SR AL AT . AT EE S H bR,

AT TR BRI R N-TEAR-BU = R A HIAESE, @i e a4 (PCA) ik i e
R/ GURE R FE i R LB A S KRBy KRR, 46 RA LS (UPGMA) Xt
KHEORG R R AT TS, TRADN T AR Gu A (AR SE 8 R« A 32 ) (R BR P
X S SR I B, 2025) .« FER (W%, 2025  SEE k%
S, 2025) SEMETREF OB AT SRR, ORISR SR AL S IR, HEBI BT
w2 e R, [FR, AW IE R ZE D . RRELEYIM I L SR
K R R ) A8 R BIGR . U AR R AL IR S I ORIl A4
WG T Tl R 22, (UKEE B —FR R P v DL e 4 S R Zia s 48, 7 2RM81T 7
BERES. T £E24EEE (Gonzélezetal.,, 2001) .
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2 Walker & Skvarla (1975) $&H (4% TR Hi 18] 50 2544 1) 52 = S k(1 s 4L,
FAE, 25 B MR SUR R AL SRR W 46 R, B S0 i H ) SR AR B R SU R Ak T 28
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DMP 7Kk Z AR, EX0 5 SR RBIPRMLA I AGREC L . IR SRR S 5 a5
TSR, 8 IE PO R SR R bR HEAL AT AR BRARE o SR FH AR Gl FE 7 v A B R A0 K 3
TFAETEAS AR, AN S Rl 2 310, A LIRS vHE 00 X R o P8 S5 N R A s T 2. DMP
TFRAC I e BEAR RO B e 3, SRR EEVERLF, MR PPF . Refb i ke 5k 4
TS T TE T A2 Bk SEREORAF AP BESUIAN T R AR = AR R RS
BB BARIRIE, FIEHARGIETFE, e BETHE . Mgt iEH
o

2 R TG i SRR A5 R B [ g a0, BRAETRIAE, T e RH TR T Ah B A 2
FEM SEM W o AR 7 VA7 e 18 FH R 1) O0&E A T8 S Ae IR Ky, TRiiAs & 1 T b5
ARMIARTE AR s 25 46K 2 TH B 6 R B8 AR/ W, LI A1 75 38 0 ot P AR B % R S s
APARHERTIEIMEE, TR ME M R EE N e T M 5k R. X
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