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Abstract: Holcoglossum kimballianum is a rare and endangered orchid, and its wild populations are in urgent need of
conservation. Endophytic fungi and bacteria are important to the growth and development of orchids. In order to assess the
diversity of H. kimballianum endophytes and the impact of sampling methods on the endophytes, high-throughput
sequencing technology was used to study the diversity of endophytes in fresh and silica gel-dried roots of H. kimballianum
in ex-situ conservation. The results were as follows: (1) The species compositions of endophytic fungi and endophytic
bacteria were distinctly different in fresh and silica gel-dried roots of H. kimballianum. There were total of 6 phyla 46
families 51 genera of endophytic fungi and 15 phyla 105 families 178 genera of endophytic bacteria annotated in the roots
of the H. kimballianum. After silica gel-dried, the endophytic fungi of the H. kimballianum had total of 6 phyla, 88
families, 116 genera, and the endophytic bacteria had total of 21 phyla, 154 families, 336 genera. (2) Endophytes in
the roots of H. kimballianum in ex-situ conservation were of richness and diversity of endophytic bacterial community was
much higher than that of endophytic fungal community. After silica gel-dried, the o diversity indices of endophytic fungi
increased and the 3 diversity indices decreased, while the a diversity indices of endophytic bacteria decreased and the 3
diversity indices increased. (3) Significantly different fungi Psaihyrella candolleana and Colletotrichum tofieldiae only
existed in the endophytic fungal communities of fresh roots. The significantly different bacteria in roots of fresh
Hocoglossum kimballianum was Marseilla, and the significantly different bacteria in the silica gel-dried roots included
Beijerinckiaceae, Xanthobacteraceae and Bradyrhizobium. (4) Co-occurrence network analysis revealed that the
dominant species and interaction patterns in the endophytic communities of the roots of Hocoglossum kimballianum were
changed after silica gel-dried. In summary, different sampling treatments can affect the community structure of the
endophytes in the roots of H. kimballianum , and it is advisable to use fresh root samples when studying the endophytes of
orchids. The results provide an endophytic data basis for wild populations conservation and artificial cultivation of
H. kimballianum, and also provide a reference for sampling methods of endophytic microorganisms in orchids.

Key words: Holcoglossum kimballianum, endophytic fungi, endophytic bacteria, fresh, silica gel-dried, diversity
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TETIR S F WG, /DAFEEL( Glomerellaceae )
FIE B AL ( Tulasnellaceae ) BYARXT 3 BEAE £ i T
PRIE RS TP LPAE, TR (R

1B o) A8 RS 22 AR N AR BT R ARG =F 8 & A
T, 5 B8 (Penicillium ) | Aporospora . J8 TR AR 1A
J& ( Epulorhiza ) 22115 J5 09 =F BE B AIG, 10 A% 46
( Cladosporium) i J]# J& ( Fusarium) Fl Mycoacia 1
T4 5 = R B &, /N YERR 45 & ( Psathyrella) F
HIFLA0JE ( Colletotrichum ) WIAHXT = FE £ hk ig T 18 )5
(ERE A, MHEZ T 15 B RE B 4 Ak B R S5 4
P T = RS A A L T KT 28 X o A B Al AT
VAW, 558 JE AR H & | Keissleriella 3 V.76
FCIB ( Didymella ) 76 T 1 J5 £ FEAE R L, HA R a0
Aporospora N A& | M2 J& (Aspergillus) 5 V] H & .
TR AREE TR J& ( Pseudogymnoascus ) | 21 %% J& ( Russula )
FERS IR (Alternaria ) 5 7E 108 J5 =F FEE G n i
/NI AR 2k e R A e A 28 S TR S T AR A
AR T, XS E R E AR N AR L ETE
JR KBRS B AR A A AR AR B

MG OTUs LR (AR R ERE R 1Y OTU
FEEN—EITE, ), 24 0TUs 55 B & (K
1:g) , G55 0 7 7 45 0 R 7 22 AR AR vh N AR LT
FeA R OTUs 1 56 4>, FZEEFRE T (16 1
OTUs) FFH-F BT (12 4~ OTUs) ; i 2k I+ 4 I
WA NE R A 123 MR OTUs, FE SRR T
TR T (47 4 OTUs) , 1 F 3 1AL A 10 4
OTUs ;2 M4 1) OTUs 1A 61 A4, Hih 4 21
A~ OTUs J& TF4#H 17,8 1~ OTUs J& THFHI],
X RIS B R SRR R N A L R
e SR A5 B R v ) — 6 TR 2R R Y [R] I,
A TORH 2B R ) LR G R 7 AR
B FESRE T TR,

TE PN A 20 T D7 T B 4 I R T 22 AR N A A A
VERER 15 1] 105 BL 178 J& , b AR i T TR 425
A 18.21% , 5 3% 1] ( Cyanobacteria ) #3 X} 3= BE hy
1.78% , J5 BE TR [T AH X 2 5O 1. 41% , B2 T 1]
(Actinobacteria ) # X} & FE S~ 1. 14%, $LFF 1 ]
( Bacteroidetes ) MEHEMAR] ( Spirochaetes ) | iR FT- B[]
( Acidobacteria) Z8Z5 &[] ( Chloroflexi ) By AH X} 3=
8T 1% 5 M2 e 118 5 19 487 iR 22 R 3 Y
WRNELREA 21 17 154 B 336 J& , B BT 1A
XFFERE R 48.71% , JEBET ] ( Firmicutes ) A X} 3 &
H8.31% , T T TAHXS FBE Ry 5.67% , SUFFHR 1]
( Bacteroidetes ) fHXT F=FER 3.41% , Wi e [ VAT 3B
9 2.58% , WRBE AT AT B 1T M A 925 R T
(Nitrospirae) LR B [ TIIAHXT F MR T 1% (K 1.
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TLIEEE & AN Rubrobacter 76 115 5 3 FE AR FRAL , Higy
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X BE AR AL
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1:h) 2558 7 3 e 4 I 5 22 AR o o 2R A
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22 NAEEHBESHEEZERDW
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WREVE Y F & SR Z ek, % 2 ZH AR i N AR TR RE
K o Z AE R 31T B 50 A, A 45 Chao 1,
Shannon | Simpson ZEFE B, Chao 1 &1 EHEE P&
OTU % H 1y 46 %, M k8 /m BE ik W Fb £ 3 B2,
Shannon 1 Simpson J&£5 &% JEAEA h Y Fh i) &
JE SRR R RSB 20, &0t
KB, W AR R 22 AR AR b AR TR VR Y
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39.797.3.070,0.723 ; fif 8 T4 5 45 Al 7 22 AR A
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R AR T N A LR HEVR Y Chao 1 5 4HT 12
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B, TERRTIS 3 1 o 2RV B E R EEE R
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THBE 3 A o ZHMEREER T Chao 1 #5%L
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Table 1  Changes of absolute abundance of the Top 15 endophyte genera in roots of
Holcoglossum kimballianum before and after drying with silica gel

YA EC BEERARAL  THRARREAL RGN BEEARARAL  TURARRELL
Endophytic fungus MRHo.F MRHo.D Endophytic bacterum MRHo.F MRHo.D
HH B Penicillium 721.25 589.38 BIETH R Massilia 339.25 256.75
/NIRRT )& Psathyrella 37.00 0.00 WA W B Sphingomonas 159.88 2 867.63
Fl #5708 Colletotrichum 31.38 0.00 LB Pseudomonas 113.00 571.63
Aporospora 24.00 56.38 JAF 8 Enterobacter 60.63 79.88
SRR HJE Epulorhiza 20.63 6.50 5% ] Cyanobacteria 58.13 38.38
Keissleriella 11.38 6.88 A} Enterobacteriaceae 46.13 192.25
HifJ® Cladosporium 3.38 170.25 ZH & Pantoea 45.63 422.63
8 & Aspergillus 3.25 9.50 B4R R Sutterella 40.50 42.75
BRIV EE Fusarium 2.50 77.13 F AT B Methylobacterium 31.50 635.88
AR EE B Pseudogymnoascus 2.38 7.25 W& INEE Serratia 27.63 178.25
213 )8 Russula 1.50 8.50 5y ZHKTH B Mycobacterium 25.63 321.88
fiff jz T3 i Scleroderma 1.38 1.63 Humatobacter 18.50 71.00
HER AR Alternaria 1.38 3.75 MR BL Rhizobiaceae 14.88 359.38
Solicoccozyma 1.25 3.25 Rubrobacter 13.25 2.13
TP IFE )8 Didymella 1.25 0.63 R BRI B Staphylococeus 12.38 140.75

T T AT BRI E AR A ERR

Note: No genera are identified for Cyanobacteria, Enterobacteriaceae and Rhizobiaceae.

WRHTIS B ZAEMEIR B BB 2 5. ik — 201
e SR IS A AR R AR N A LT S N A
WREE A 22 57 54T NMDS 2087, 36T Weighted
Unifrac i NMDS 437 & 81, 8 fif S 1 8 45 i il =5
ZRNAERE S MEER RO R X, i
RPN T A5 A R 2 AR DN A LT A R R R
) B ZFEVEHE BT W 35 M 25 5, AR W) Fh 2 i B
MEA W EAR,
23 ERBEMNERLERHSN

SIS A T R T A R T 2 AR R N AR
ELI S5 A0 R B S S B AR SRR,
FIFH Metastat F1 LEfSe 43 #7 i % H A7 1 % 1 2 5+
ATl . MetaStat 7347 2 W], i I T4 RIS, 450 0T
M R N A B R R T R E I E A
T 1/INE AR 5 R 0 8 T/ ME A 45 ( Psathyrella
candolleana) X735 |1 4 81 J& 1Y Colletotrichum
tofieldiae , 3% 2 0. 35 1 22 W) AP LA A T8 445
ARG 2 ARAE A N AR R RE IS T (B 4:a.b, %
1) s LEfSe 73 H7 & BL, B fF e 1 1 A8 i R 55 22 AR A

BHAX AME S B EENAMERR, B
Pl = AR 100 22 S 3 P A A A R SIS T Dy S
w0 R A 2R R B RN R
MR 2 EBHRE K P A FE bk o G
BB A ER AR RS (K 4:0.d) .
2.4 £ X HM% ( Co-occurrence Network ) 534

X 3 i A AT 22 ARRE v R N A LR TR R
Bl JE T 080 i A6 PR T = AR v 1 PN A R R i
A7 A W 288 B, 45 2R 7 i 48 AR R 22 AR
R T oA AR LR 7 kT AR T 2% P R W R 32 00 A
TEFREE ] T ] & Mortierellomycota, H 1,
o AR S A P B A R AR R L
M2 W JE ( Pseudogymnoascus ) . 24 ¥4 W J®
( Schizophyllum ) | i J& 4 7 J& ( Pseudocercospora) .
Vishniacozyma M Aporospora %5 (& 5:a) , fEE T 1
J A R 2 AR b N A L R R I R A R 2%
LT 7/ o I < Ol - S < N AN 1= R < I I
Mortierellomycot FIEE ], Hrr, 5 B AE 3 T Hif;
LR £ EA Vishniacozyma , Stephanonectria . 25
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a
o 100
H;; 0.75
;E 0.50
=2 025
€ ) )y
WARALAELL T AR AL BOEHUREAL TR HEEAL FOERLREAL  TARMLERAL
MRHo.F  MRHo.D MRHo.F  MRHo.D MRHo.F MRHo.D

d
5 1.00 _ 1,un-|
gufn.?s 0.75
g"f 0.50 0.50
Eén_zs 0.25 - ™ —
. 0 0
FOEHLEEAL TR R BROEHLREAL TR HUREAL 0 L z ‘
MRHo.F MRHo.D MRHo.F MRHo.D ﬁﬁ{ﬁ:ﬁm I\ﬁ‘ﬁﬁ)‘gl
2 h
123 61 56 751 | 532 579
P U4 ATARMUREA AR AR TRl
MRHo.D MRHo.F MRHo.F MRHo.D

a. b c. B AIAE TR A AT 22 AR N AR LR T B B AR AT AL e £ BT SRR G TR A I 2 AR N AR
T B AP AN AR g, B A TR A A 22 AR N ZE U OTUs 13 JUIRT 5 b 7 86 1A JC 1 3R 8 A 5 22
HEBE N AEAIE OTUs 45 BLIAL,

a, b, c. Histograms of relative abundance of endophytic fungi phylum, family and genus in the fresh and silica gel-dried roots of Holcoglossum
kimballianum respectively; d, e, f. Histograms of relative abundance of endophytic bacterial phylum, family and genus in the fresh and silica
gel-dried roots of H. kimballianum respectively; g. Venn diagrams of endophytic fungi OTUs in the fresh and silica gel-dried roots of H.

kimballianum ; h. Venn diagrams of endophytic bacterial OTUs in the fresh and silica gel-dried roots of H. kimballianum.

1 EMEEZFSERER TRRENETDMHEN FEEERENEEE
Fig. 1 Histograms of relative abundance and venn diagram of endophytes in the fresh

and silica gel-dried roots of Holcoglossum kimballianum

# % &/ ( Tolypocladium ) . /I 5 W % &
( Cunninghamella) Archaeorhizomyces I AR B FE H TH
J& ( Pseudallescheria) %5 (€l 5:b) . TE N H
AT, 7 6 A IR 22 MR v N AR A TR A v R R R
(2 ST/ S (T ¢S S S R
(Fusobacteria) | JERERE ] L] W5 BT AUAT
BT 55 BRE - 1] ( Deinococcus-Thermus) |
PRAFRT TR W], Horb, b AR S AR
MHm ETEA. FHAFERE. EZMER
( Hyphomicrobium ) | AN (Acinetobacter) . 1%
[
Parabacteroides . 5+ & ¥R J& ( Deinococcus ) | B FT
W J& ( Bifidobacterium) %5 (K 5:¢) . fEMR TG
A =2 MR AR T oA A A R R s L AR T 4 R R )
) o3 A1 A JEERE T TN £k 1 R R
( Armatimonadetes) . ¥ B% # [ ] ( Tenericutes ) . ¥4 ¥

(' Fusobacterium ). Psychroglaciecola |

RN N B N I O & S
( Fibrobacteres) 28 & B '], &% 45 1R ], 7% B 11 1)
( Planctomycetes) \FRFF T TAIARIAGR [T, FHorfr, &
HAE T 4007 09 00 B Jm B A AR R R R
( Thermoanaerobacterium ) . Mucilaginibacter . 13 BR 7
J& ( Micrococcus ) . RHEHIARB.F imbriiglobus |
Sphaerochaeta (&l 5:d)

25 BSE IRy M R WY [R]H 6 A8 R TR 22 AR A
TP DA A TR R T A L AR R T AR S A R T 22 AR
FER A AR B % v o AR S A 1 O S A
HUIWE B 20 L F B LB AR T & 2 T ek
A5 [R5 AR B R AR L, TCiR S TR T Ik
ST TR A TR R 22 AR DN A A T L R N 4% v
PIEAEM ST S i ¥ i 2 T N A R,
RUEM R RN M AR A L ERE N
TR ER B A EAEH
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a d. IR O S RRE SR T IRAREE 9 SUT (P, = 0.198 1) (/AT (P, =0.008) Chao 19545 b e. A5 HAEE 24 fif Al
B T HRARFE N A B (P, =0.409 5) (AT (P, ., =0.090 58) Shannon $54; ¢ f. 5 IRl 22 i 0 RE Jie T AR FE 9 2

EH (P, ., =0.546 2) A4 (P, ., =0.786 6) Simpson 5%,
a, d. Endophytic fungi (P, =0.198 1), endophytic bacteria (P

© —test 1 —test

kimballianum ; b, e. Endophytic fungi (P, =0.409 5), endophytic bacteria (P,_ .,

=0.008) Chaol index in fresh and silica gel-dried roots of Holcoglossum

=0.090 58) Shannon index in fresh and silica gel-dried

roots of H. kimballianum; c, f. Endophytic fungi (P, =0.546 2), endophytic bacteria (P, ., =0.786 6) Simpson index in fresh and silica

gel-dried roots of H. kimballianum.
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EMEEZNSHRERTRRENERRE « SHEEERSHE

Fig. 2 Differences of alpha diversity indexes of endophyte communities between the fresh
and silica gel-dried roots of Holcoglossum kimballianum
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3 EMHEEZNEREFESERAR

EHAEE RN R EERET TER
NI EO AN AN = - I N O S
Mortierellomycota, iX— %5 5 51 A% 19 =2 BHHE
AR P9 A TR R 7 25 A0 4 0 i 4 SR A TRD (o R 3%
85,2018 04 2019)  ASBIESE K B, B AR
R AR N S A B EE A &R AR
TR R, X 3 A F R RE 2 = R Y Y

AR B # Bl ( Zelmer et al., 1996; Yuan et al.,
2010) , H B TR R R die i I Y 22 BB ) TR AR
WL, 512 2R YL U2 1 R AR OC & (Shao
et al., 2020; Wang et al., 2022), 7EJ@/KF [, &
MR RN AE BRI A B A SR /DG
Witk g il 5 788 | Aporospora FIRE B MR I J& | X 46
FLR R D a2 = B Y iy TR AR B (3R
B4 ,2021) , ZEWIAE (2006 ) K AR AL 2] 7 14 94
A3 E 2% ( Cymbidium lowianum ) FY TE AR B, 9] 25
KRS &E BEEE S, Yamato 4 (2005) X
JE T 224 ( Epipogium roseum ) H3 PN B AR B p& HE 1T 5
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a b, A 2 AR BT AR N A B (P, =0.074 24) \NEANHE (P, . =0.727 26) 3£ F Weighted Unifrac B ZFE1E;
o d. R 22 B i RRE BT MR ARE N A LR N AE QTR B T Weighted Unifrac #5251 NMDS 4347

a, b. Endophytic fungi (P,

t —test

=0.074 24), endophytic bacteria ( P

t—test

=0.727 26) in fresh and silica gel-dried roots of Holcoglossum

kimballianum based on Weighted Unifrac B diversity; ¢, d. NMDS analysis of endophytic fungi, endophytic bacteria in fresh and silica gel-dried

roots of H. kimballianum based on Weighted Unifrac distance.

B3 EMES=FHRERTRRENEERE B SHEREERINE

Fig. 3 Differences of beta diversity indexes of endophyte communities between the fresh

and silica gel-dried roots of Holcoglossum kimballianum
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AR EEA AR R R AR R ) R R
FEAJE | B 765 J& | Stephanonectria , Phomapsis . 4
B AL 7T Cryptosporiopsis | Leptosphaeria . Pyrenochaeta .
Clonostachys . Cosmospora . #£ 781 J& Cylindrocarpon .
Myrmecridium F1 Paraconiothyrium , H:f 9 /> J& 76 A
WFFE B AE AT 2 MR PN AR TR P g R R, R
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2 WETEN A MR ZERE (e LDA [HA- A AEIRE  d. #0503 .

a, b. Significant differences in endophytic fungal taxa before and after drying of the root samples of Holcoglossum kimballianum based on

Metastat analysis; ¢, d. Significant differences in endophytic bacterial taxa before and after drying of the root samples of H. kimballianum based

on LEfSe analysis (¢. LDA value distribution histogram; d. Cladogram).

4 EMEEZHERERTRRENEEDHEZEERSITTE
Fig. 4 Endophytic fungi and bacteria species with significant differences detected between
the fresh and silica gel-dried roots of Holcoglossum kimballianum
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Abstract: Guangxi Zhuang Autonomous Region is located in South China, with humid climate, complex habitats and
rich species diversity. Thirteen species of orchids are reported as new records from Guangxi Zhuang Autonomous Region,
viz. Kuhlhasseltia yakushimensis ( Yamamoto ) Ormerod, Risleya atropurpurea King et Pantl., Stigmatodactylus
Apostasia shenzhenica Z. J. Liu & L. J. Chen, Bulbophyllum

sikokianus Maxim. ex Makino, Vrydagzynea nuda Bl.,

nipondhii Seidenf., Chamaegastrodia nanlingensis H. 7. Tian & F. W. Xing, Goodyera pendula Maxim., Hetaeria

anomala Lindl., Liparis brunnea Ormerod, Luisia appressifolia Aver., Tropidia emeishanica K. Y. Lang, and Zeuxine

nervosa (Lindl.) Trimen. Among them, Kuhlhasseltia J. J. Smith, Risleya King & Plantl., Stigmatodactylus Maxim. ex
Makino, and Vrydagzynea Bl. are newly recorded genra in Guangxi. There are 128 genera and 472 species and 4 varieties

of Guangxi Orchidaceae. Citation specimens, geographical distributions and pictures of the thirteen newly recorded

Bl 4 e S8 13 Hrid stk 1007

species are provided.

Key words: new records, Guangxi, Orchideceae, species diversity, monitoring plot

IV L RHEY 2016 A RREICT PERE Y
) CRILE) b, 2R RI 122 & 438 Fi 4 ALl
(ZERIWISE, 2016) /e AHARHRIE 1 5 B fh (16
ICRA 2 Fric g, o, 2016—2018 4[], 4z iE
BT A AR 3 17 )& 2= ( Odontochilus napoensis H. Tang
& Y. F. Huang) ( Tang et al., 2016) M K 11 %
( Oreorchis yachangensis 7. B. Zhang & B. G.
Huang) ( Zhang et al.,2016) , 1 [E#ric st Fi A M 5
Fa e 2% ( Cleisostoma tricornutum Aver.) ( 5 4§,
2018a) ,J VU HTIC % B A B A 22 )& ( Pomatocalpa
Breda) Fll il 4 *% J& ( Changnienia S. S. Chien) ( ¥
BAE, 2018b ), )T P BT AL R A A B AR X M 2
[ Neottia japonica ( Bl.) Szlachetko ] | 3 [ 2 H- 75
(Liparis tsii H. Z. Tian & A. Q. Hu) /) ¥ H 55
(L. fargesii Finet), 25 % & J& %2 ( Oberonia
jenkinsiana Lindl.) [ SR7&F *% ( Cymbidium suavissimum
C. Curtis) \ KRAEFEM 2% [ Goodyera biflora ( Lindl.)
J. D. Hooker] (A& £ 4, 2018) LA S 575 JFEf 22
[ Pomatocalpa undulatum ( Lindl.) J. J. Smith
subsp. acuminatum ( Rolfe ) S. Watthana & 8.
W. Chung | Fll J# f£ *% ( Changnienia amoena S. S.
Chien) (¥54F, 2018b) .

H 2019 45 DUk, AR 38 [ 5 ll A e iR 9
T TV LU R T = R Y IR A A AR,
JeJEHESL T 10 3091 4 A8 i A W A 3, Horp 5
m X 5 m FEJ 10 197 A (CF FEEF T 2 602 4 I
WFRETT 7 597 A)  FEAR 112 4> (3 [ & #: K 48
A IEEFFEEA 64 ) o R A AR A B — ik 22
BEHR B0 s A FAE BE W) B, O il 22 3R SRk

1, GnsEr BB 3 2F B 5% ( Liparis napoensis L. Li,
H. F. Yan & S. J. Li) (Li et al.,2019) JuJ7 &
J& =% ( Platanthera jiuwanshanensis Ying Qin & Yan
Liu) (Qin et al., 2020) K I =2 (Aphyllorchis
yachangensis Ying Qin & Yan Liu) ( Qin et al.,
2021) , H [ #r id % Fh 58 0F £ R AE ( Habenaria
lindleyana Steud) ( ¥ 4E % 45 ,2017) v #a7 J§ >=
2020) A4
= H.55 ( Liparis petraea Aver. & Averyanova) (&
245, 2021 ), P [ KRR Rr I SR AP 5Ok KRR
( Gastrodia uraiensis T. C. Hsu & C. M. Kuo) ( &
BAE 2020a) HTHERIR (6. flexistyla T. C. Hsu
& C. M. Kuo) fil X H K ik (6.
Tuyama) (58 55, 2020b) . & KWK ( G. fontinalis
T. P. Lin) (2= {d %, 2021) &0 W & f =
[ Pomatocalpa tonkinense ( Gagnep.) seidenf. ] ( Xl
AR ,2021) E\H%EHTL@ FHEY R FwE Y
FhZ ket 2t — B HURE BE L EE, ) 7 22 Rl
TP XA 4 J%%H 13 FPeaf N ik, 472
FHAE Yy 2 RE 2 A (8 RN 28 5% (8 DA S 4 A
Yyog 2 S0 R T LA . FEUEAR A AL T P AR
YWt 58 B b A1 (1BK)

( Tainia acuminata Aver.) ( % R 45,

shimizuana

1 /&2 E (Kuhlhasseltia J. J. Smith)
HiAwAS ) BRRZE BAEMR, 22H 3~6 1K
M, TN B RE ORI 2 S8 B AT ik A 3
HZER9HY . B DA TR LR A B H SR AL A
WE R W Z TS g BT, /0, BRAT
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TI R TR LT AR, Bk B S b R
GRHESHE R BEMER, BREER K 2T
Y T A E AR, i NA K, 4 S 7E
LRI ER B /N A R AR T O B R i 2 AL, B 2
= EEE LB S AT B B2 A T A
TN 5 464 A1 2 (81 BRIR B BT 5 8 A T 8 A 1Y o
vy, SOR 2 B sk 2 AN T ERZ T,

S 22 J@ B J. J. Smith T 1910 4F 47, &8
£ 10 B, FRE = 1 A BVESS 2% (K. yakushimensis )
(Chen et al., 2009a) .

S3 A E RV Z B WL B WL Y
JISEREEJE PE W Eh >k VS B LN WE  JEfE S H
A GEE L PR E WAL R .

EE=

Kuhlhasseltia yakushimensis ( Yamam.) Ormerod
in Lindleyana 17(4) : 209. 2002 ; Flora of China 25 .
63. 2009.
F. Maekawa in J. Jap. Bot. 11; 459. 1935, [l
Wi 17 174, 1999,

Rt 8~13 em, 22 T0E, H 4~5 fit, it
TSP A SN 1 i N = N 9 S L o (-
HEAPNLE IR PN SN GG L I
BB e R s 5 B4 6, W LG5 4K
AN R LA AR A, BB LD E B i TR
WO LAt AR 3k e 5 b e B 2 YRR TR
M, 2 ZGHESLE A, Rl

FEIERRAS . )78 JUT W R Z 9 A SRR X4
R, A2 TS 1A 1479 m, 2018 4F 9
H 16 H,E% QY20180916001 (IBK) .

g3 E RV CZ B WL B WL Y
N HA FEERE, BhRARA HA, hEY
EL/SGE S

Vexillabium yakushimense ( Yamam.)

2 4% Z 2~ & (Risleya King & Pantl.)

JEAE A AR R i B 25 . 25T
@, SERR LI, T o SCRAE 7 s BRIE 7 B 24
WA INAE s AE D FT A A7 5 4B/ R 5 AL, S
PR AR R R SRR s IR AL T BT, AN, M
B, B vE N s SR, AR IR s B 2528 TN, 2 %

FEMI AT 4 A~ B 2 %F W5 5T, JC A6k AR BiF & AT
JEEEY B R ARG B b B RO, R, & T
1E2

2222 J& i King # Pantling T 1898 4E# 77,
2R 1 Fh, B 4825 2% (R, atropurpurea) ( Chen et
al., 2009a)

)AL R, = A PR B Gl
), HETPEE KL

£z
N

[1k

Risleya atropurpurea King & Pantl. in Ann. Roy.
Bot. Gard. (Calcutta) 8 247. 1898; i EHi¥i& 18.
152. 1999; Flora of China 25 245. 2009,

fEERA, R EARRZE . 2200, % 0,
LR 2 MO B 2K T, B, R
WA AR R B AL K FDIR S ETE | ST
R S R TE | WUl A= T AT R MR 5 00T i AR 1
o Bat, doom Bl BB /R, H R
e

TEUERR A T PR = BB W R K % A SR I
PR IR AR T IS AR R R
1773 m, 2020 4 6 H 28 H, ®H & % QYYC009
(IBK) .

O3 B DU VR R AN R CEDEE 4l
fi), BEARACR HENRE . PP E e R,

3 Fa4E 2 & (Stigmatodactylus Maxim.
ex Makino)

AR /NROA R HARRZE S/ He2E ) 2R 4
4, KE, PEE LA, mHAR/N, TR,
ARAEFTAE B 1~3 48 b8 IR A6 By %
RES A B 0 ARk 2R LA 5 AR IR S
RN S ve i, R EA 1 ARG 2 TR
BSR40 s SE A ST, by B 3 A Bk
TCRERE AL s HESL M BE , F A TR B 9 5 46 8 ] 4
AL B 2 X, TEAE A AR FURS 2%

fe#E 2% )@ i Makino T 1891 4R & 7, &8 A
10 A FRE = 1 A, BIFEHE 22 (S, sikokianus) ( BR1H
WK K H 1994 ; Chen et al., 2009a) .
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oA EARE MR S B B B
B EREEJE VU BT LN L BT BT RE B R A
t, T PEE UGE R,

=

Stigmatodactylus sikokianus Maxim. ex Makino in
1. FL. Japan 1(7): t. 43. 1891; " EHEY & 17
236. 1999; Flora of China 25; 88. 2009,

HORZR AL, e BIRAR B, EL440,
=SOIROIE , H 3 Bk, BRI/ T iR AR
PEIRER O, USSR 2155 (5 TR 2y KB RE R4
GATRG T M= R BRETE ; T M 58 U R B E | i
Zr BN, ST AT B I 5 B ) A A 5, A v )
PO RSN e O 2 R S AR R
A /NGRS

FEUEARAS . )08 2 £ I E KA R IX
TR MR, RN 1 868 m, 2018 45 11 H 3
H, % GXQY20181103001( IBK) .,

oA E AR IR a ML A HAR,
AbpAR A HA, T PEERICE,

4 Z R =& (Vrydagzynea Bl.)

MWiARA HOIRZESY BAEM, ZZ S, Bty
MR, A, B, SRR R TR R AE AL
TEBIE e AELSR T T i SRR A S 50
AR DU o s S e e, 5 SR A O AT, BRI LB
BT AN 225 2z ) A R P RE G A 2 A
IR s SEAEAR R s R 25 BN TSRS, 2 = 5 4k
FrAL 2 A, HoRky B, KB BE L FE 1 A RE
G SR, 2 U A Ak 2, 7 T AR A T 2
A

“JE2JE W Blume T 1858 4F# 5y, &R & 35
A FRE = 1 BRI R 2% (V. nuda) (Chen et al.
2009a) ,

oA P E BT R B EVE BRI
W5, HE TP E G SR

“E=

Vrydagzynea nuda Bl. in Coll. Orchid. 71,
tt. 17, 74. 1858 ; HEHMEYIE 17, 203. 1999; Flora

of China 25. 76. 2009,

MR 5~12 em, Z5H 5~7 My, 58 25
b O R SRR A B AR A AR SR YR
WAZEREE, A GBS AHE, AEKIT =R E
R ek R MG R AR, SAERE A 250
AR5 DU 7 O Ak, 7 000 5 38 2 R 3 1T O A v L
B ARG ; R AR 7 g, R L R B A, S
PRI A 2 v, H N L 2 MR R R |
AR B DA 5 G AR

TEUERRAS o ) 7Y 57 305 T B 40 XTI AR R 0
AT FE AT, RN 649 m, 2020 4F 4 A 11
H, B854 OYFC20200411009 (IBK) ;)7 P4 & [
R AR X A v 4R 212 m, 2021 4F 7
A6 H, BT BRTFW . BAE 2EE QC2236
(IBK) ,

A E BV R AU EDE R U B
JE HRE S, AR AR AMERT, T E
JUPEE LR

5 FiLEAM

5.1 RIA=

Apostasia shenzhenica 7. J. Liu & L. J. Chen in
P1. Seci. J. 29(1) . 39. 2011.

RliAz FAS . HUIRZE B R IR 2RI B0F
2R 1) e R B AE A3, R DL A T AR 8
- GRAE B BRAR B B | e s FL 220K 2 5 i A ik 3 4
KR, BT T fERS B O AR AR,
PR EDE , # HH e B R SR 5 & 50 AL B AR 42
LRI | T HL AN AH S5 /N 28 5 AE AT T
3 2B HESS KT AR . SR BIRDIR , 2

FR A5 R AR F0X gt (2011) & R RN UL 2= 1)
HIHE A, AR5 Z A% (A, ramifera S. C. Chen et
K. Y. Lang) AL, DX 50 7 T A Ff 2 e Z2 4R (AR F
W T AEAE AR AL S ( B2y 173 S A7
) B P MAE A e 2T i, HE, WA EE
I Y 3% SE PR e AT E /Y, 2 A R LA IX
XY FIRY W 2 O 6] — Wy b, AT 2
— BB

FEUERRAS ) PU R IL R 2% A SR DR XK A
Ze kI B A TR R 934 m,2020 4
5H 27 H, %, 8 EH5 % T4 450125200527028LY
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(IBK) .
oA E AR, BREEAR AR A TR
JUPEE AL R

52 HlRESER=

Bulbophyllum nipondhii Seidenf. in Nordic J.
Bot. 5(2): 162. 1985.

NBUREAE AR Y IR BEZEBRE RAEE . R
Az KIBDE 26 FER A BOE | e Bak 0, 187 h
R 28 L B 7 AR I ORI BB, (e
C SRS Rl S R I o 5 3 A S A AN
0, ERERIE SO BRORE , B 3 Ik, F e
WRE O, RO kar, R IR, 6 7 il
A, BT Y 3 Sk 2 1B 2L N I A A, MERE AR
=M,

FEUEARAS )P 7 o RO B IR & 2 A
B A R AR R L 4K 879 m, 2016 4 9 H
3 H, LR A A 451024160903046LY (IBK) ;)
PO (T R R B e 2 22 e i B A= T BH 3 i
MREIRE RN 938 m, 2020 4E 7 H 23 H, 5%
% QYDB004(IBK)

o E R AR, BEAAR AR A,
H TP EGE R
53 IR EHH=

Chamaegastrodia nanlingensis H. 7. Tian &
F. W. Xing in Novon 18(2) . 261-263. {. 1. 2008.

ZAEEE R AR, EH AL RO, EF T
Ao B IRRBEETE . R B A, R B A
o MR SR B0 B L AE RT3 (0 2
O, SRR A RSEIR, R, Y
B MERAFERKIR, JFRERER, SEMET
A B H 2 BRI, SERELLHS o P 2 4
REGRAREEAE R, Sk o vm SUIRTR 2 2, B 2EAE
3k 2, BRIEE .

B =& TE Flora of China HiC A 3 F, 7
gl w8 & 8 %= [ C. vaginata ( Hook. f.)
Seidenf.] . & ¥4 = ( C. shikokiana Makino & F.
Maekawa) Fl JI| 7 & ¥ 22 [ C. inverta (W. W.
Smith) Seidenf. ], & [E )= ( Chen et al., 2009a)
FE U4 B 85 > (C. nanlingensis H. Z. Tian & F. W.
Xing) H1 H 12 % A\ & % (Tian & Xing, 2008) , i
SRIRAEWR O B 25 ANAE Flora of China TR Z A E T

% )& 22 J& ( Odontochilus Bl.) ( Chen et al., 2009a) ,
BX) 58555 NG R 456 57 7 A W e i 58 5 A
Rz B B N & B 22 [ Chamaegastrodia poilanei
(Gagnep.) Seidenf. & A. N. Rao ]} J& T & 5 2
& ZJRBA 5 B (AT EE, 2015, X1™3C,2018)
ARG XN I 7 5 N WA

FEUERR A T V8 4 2211 AR X2 H AR IR IX
Oy A MNLTE A T R AR 4K 1 100 m,
2021 48 H 5 H, B4R, 855K % 5Kk GPS584
(IBK) .

O3AT R E AR RS YLV, BEEURR AR A
R TR ETGE R,

5.4 EM B =

Goodyera pendula Acad.
Imp. Sci. Saint—Pétersbourg. 32 . 623. 1888 o [E A
Wik 17. 155. 1999; Flora of China 25: 49. 2009.

LiERy N Ra o A S PN N O P
rh R A Tr] T8 i 8 ¥ 4 N, BN R R IRIE 3~ 5
K 5 T £ IR B A B A, M R s, BT
TEME B RO AL B4 K TR e A,
R AMEE, hEE RBRIRIE | 1 K I BRAR B
B s TR BT 22 22 R BEEDIE 1 ik IR 6,
B R e e 1, b AR R G 4 B R A
H,

FEUERRAS . PO Ll = R G B AR DR I Bt
AT RE AR B9 BE b R 1953 m, 2017 4F
8 H 8 H, ¥ i & & & B\ 50329170808009LY
(IBK) ,

O3 E R SR PG B,
AARAK B HA, BT ERIE SR,

5.5 MRERE=

Hetaeria anomala Lindl. in J. Proc. Linn. Soc.,
Bot. 1. 185. 1857; M E M & 17, 182. 1999;
Flora of China 25 66. 2009.

R 28 ~34 em, ZEE AL, B 3~ 7 ML AT
MO SR, Bimak e, B3 ik, EEE L K
FE, THARRAE s e BB g B4
B, WIS B 8 1005 = 1 75 1 B ok i 6,
BTk, e i RE 5 ARG A 5 SR =
ERIIE s (ERETE , H 1 K TSR TR I e 52 v 3
AR, R AT AR 2 288, Ao g

Maxim. in Bull.
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A-B. EEER 2, C. 7k, D-E. %2522, F-G. WY HOEEEHGE,; L FLAE; J-K. EE =,
A-B. Bulbophyllum nipondhii Seidenf.; C. Stigmatodactylus sikokianus Maxim. ex Makino; D—E. Risleya atropurpurea King & Pantl.; F-
G. Apostasia shenzhenica 7. J. Liu & L. J. Chen; H. Liparis brunnea Ormerod; 1. Zeuxine nervosa (Lindl.) Trimen; J-K. Kuhlhasseliia

yakushimensis ( Yamamoto) Ormerod.

Bh 1 JTAEZRAEY 7 P HFE R

Plate 1 Seven new records of Orchidaceae plants in Guangxi



A-C. WEJEATZE2%; D-F. ROPEUT MG G-H. R, L PURREIE 2 J-K. rFBEr 2% L. ik S 2,
A-C. Tropidia emeishanica K. Y. Lang; D-F. Luisia appressifolia Aver.; G-H. Vrydagzynea nuda Bl.; 1. Hetaeria anomala Lindl.; J-K.
Goodyera pendula Maxim. ; L. Chamaegastrodia nanlingensis H. Z. Tian & F. W. Xing.

Bh 2 I AZREY 6 MHiCRM

Plate 2 Six new records of Orchidaceae plants in Guangxi
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A Fh 5 E B RS 22 [ Ho affinis ( Griff.)
Seidenf. & Ormerod ] AHEL, {HLAS Fft () Ji5 R 32 3 Al 47
R AEZEWHLE (5K 2H%,2018) .

FEUEARAS : 75 B 3ol s T By 4 IX % B 4L [ By
FEARM KA AR T R AR R 477 m, 2021
F2H 2 H HE HEeE2 BHEZ RER
GXQY20210222046(1IBK) .,

o3 R E B R VS RGBS B
[l e E AR RS | Ok PY B JE PO,
B FRAR A ENEEJE U, P9 E e 5k .
5.6 BEFE5R

Liparis brunnea Ormerod in Taiwania 52 (4):
309. 2007 ; Flora of China 25. 218. 2009.

Rt e mAS o AR ZE AR WG R =R 7B,
M - o I 1 ~2 85, BIBRAR B 2200 B | 3
AR AERL DR P EHIE . B A, T A
FAf I8 s A= =5 7 208 )1 ik, B R 3T, 224k
LIE ML 7 IE BB, HR R f o
i, A A A, £ A, 3R Ok, S B
PeH

A 5 AR 8 R H R (L pygmaea King &
Pantl. ) #30T , {H 2 M 19 35 25 v 008 FUEE A TR L
235 )7 J% (Ormerod, 2007; Chen et al., 2009¢; £
K 4£,2020) .,

FEUERR A 708 R BE 1L [ R A RO X %
S AT IR T A A BE B R 1 094 m,
2018 4F 5 H 8 H, X #, B E PO DYS626
(IBK) .

AT E TR R, B AR A TR,
IR EIAE R,

5.7 BHEFRR

Luisia appressifolia Aver. in Lindleyana 15(2) .
79. 2000.

B AR BOAS R R, MERIEDR, AR, ER
G AEE R E RGBT f, £
T 7 VR A (0 2y, L RS 0, 2R 0 ARl 4 i
WEIEE 5 T A A AR A TR R e A, R
W, IE B AR S, B84 3 mm, &
Wk 2 B¢, LI ERIE | Jetmdi /N sk

FEUEARAS )7 P9 AR B R A SRR X, B A=
TAOREANLLE AR L 1835 850 m,2012 4F 7

H 25 B, 8 H & ML1985 (IBK) ;)7 P A [E 2 4%
FAR IR, B AE F A KA At 3 B b 4k
9870 m, 2012 4E 7 A 25 H, % H %% ML199%4
(IBK) ;PGS B i 48 & B 3o R, bR 40 K
A LT AR 3R 1230 m,2014 455 H 29
H k3% £ 2 BA 451026140529022LY (IBK) ;)7 74
ARG ARSI, B A T A Al 3 )
AIBE AR 800 m, 2017 4E 5 A 24 H B4,
PR BL4E 12C102(1BK) .

Gy E SR R, BUAR AR CR B R
HETE ISR,

5.8 IKBM=E=

Tropidia emeishanica K. Y. Lang in Acta
Phytotaxo. Sin. 20(2) ; 184. 1982; hEM ¥ 17.
125. 1999; Flora of China 25: 196 2009.

FERE T 22 em, ELRSHLAY MR 2S5 4R A /N
Ry, ZEAGEL T HEBIEARE . H 2 &, BB
SR | Jesnidide , IR Y . A6/, gk o
HREREIE,3 Bk MR IV 228t NE%5 A,
B 3 R OIIR B BHE s AE AR BT | U166 5 IS
FIOIE , N ISR (9 HAF, R &8 T B 88 w26 i
2%,

AT A F R AT ZE 2% [ T. angulosa (Lindl.)
BL ] {HASFR (AL R IR ST TE 5 h R S B 5 )
R RS A 1 AT 1A s TR
R, 552 s T B B % | M1, T 1 2790
(AR g, FE0 TC I ( FEA# 7Kk, 1982) .

EUERRAS ) PO AR B AR % & B i, A= T i
AR, MR 1 371 m, 2017 465 A 10 A, fE{3
A B 451024170510006LY (IBK) .

Gy EPG, BEARASR F g JE L
TP ISR,

5.9 F&E=
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Abstract: Phalaenopsis was the genus with the highest ornamental and commercial values among orchids. Phalaenopsis
with fragrance were rarely distributed in the market due to selection constraints, such as affinity, ploidy and breeding
age. Therefore, research on transferring aroma traits into commercial Phalaenopsis are of great significance to the
breeding of Phalaenopsis. In order to investigate the key aroma-causing components among different varieties of
Phalaenopsis, the floral fragrance components of the eight new hybrid varieties in full blooming period were examined by
headspace solid-phase microextraction and gas chromatography-mass spectrometry. The principal components, clustering
and aroma quality analysis were performed based on the identification of floral substance components. The results were as
follows: (1) 96 substances were detected in eight varieties of Phalaenopsis, mainly divided into eight categories of
terpenes, aldehydes, esters, alcohols, ketones, ethers, phenols and aromatic compounds, among which terpenes were
dominant in quantity and content and were the main volatile substances of Phalaenopsis. (2) Principal component
analysis showed that eight varieties were divided into three quadrants, F2 had the most volatile components and the most
quantity, terpenes were mainly 1, 8-cineole, a-bergamotene, linalool and ( +)-calarene; F1, ¥4, F5 and F8 were
divided into a group without ketones, ethers or phenols, and they had the least volatile components and terpenes were
mainly linalool; F3, F6 and F7 were divided into a group with more volatile components and the terpenes were mainly a-
bergamotene. (3) The results of cluster analysis were consistent with the principal component analysis, and the eight
varieties were clustered into three categories, F1, F4, F5 and F8 were more closely related to each other as floral odor
types; F3, F6 and F7 were more closely related to each other as woody floral quality; F2 showed a long genetic distance
from the other seven varieties, with complex floral components and relatively average contribution of volatile substances,
and both woody, minty and fruity types. This study shows that floral fragrance substances can be used as potential trait
markers to distinguish between groups of varieties with different fragrance characteristics and provide a theoretical basis
for further development and utilization research through cross selection to achieve specific floral fragrance Phalaenopsis
selection and product processing and production.

Key words: Phalaenopsis, volatile component, GC-MS, cluster analysis, genetic distance
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Table 1 Main volatile components of eight varieties of Phalaenopsis in their full blooming period and their relative contents

FAXSFr i Relative content (%)

EmAFx VERCEE
Compound name Matching
F1 F2 F3 F4 F5 F6 F7 F8
B 7{EZ Monoterpenes
1 EEs-(1-H 3R 2 38 ) -3 94 1.68:0.24 — — — — — — —
[3.1.0]-2-C4
S-isopropy 1-2-methylbicyclo
[3.1.0]hex-2-ene
2 (+)-a-JEM (+)-a-pinene 97 — 0.89+0.18 — — — — — —
3 (-)-a-JRM (-)-a-pinene 96 — — — — — — — 4.01£0.80
4 (-) —B—?}*ﬁ:‘kﬁ% (-) 4B-pinene 94 — — — — — — — 1.35+0.09
5 B-IkMi B-pinene 94 0.75+0.07 0.2+0.04 — — — — — —
6 124 Sabinene 96 6.78+1.22 — — — — — — 13.24+0.06
7 AAEM Myrcene 96 0.2+0.03 0.2+0.07 — — 0.23+0.01 — — 1.19+0.09
8 MMM Terpinene 84 0.39+0 — — — — — — 1.09+0.1
9 (+)-FriE0 (+)-dipentene 99 — 0.27+0.08 — — — — — 1.72+0.11
10 FErHMEE 1,8-cineole 97 2.01£049  6.68+2.17 — — — — — 23.65+0.7
11 y-FAilHE y-terpinene 97 0.80+0.16 — — — — — — 1.48+0.09
12 B Ocimene 97 — 0.25+0.12 — — 4.060.98 — — —
13 BEER AR 97 — — — — 0.560.07 — — —
Ocimene mixture of isomers
14 55 Terpinolene 96 — — — — — — — 0.72+0.11
15 BB neo-alloocimene, stab 97 — — — — 1.52+0.41 — — —
16 F5HEEE Linalool 97 8.52+2.98  3.63+2.55 — 8.94+0.39  16.81+3.98 — — 4.96+2.02
17 ks Terpinen-4-ol 96 — — — — — — — 0.19+0.03
18  (6E)-2,6- W2 6-— 4% 97 1.67+0.53 — — — 1.18+0.21 — — —
(6F)-2,6-dimethylocta-2,6-diene
19 o-FAHEE a-terpineol 90 — — — — — — — 1.030.09
20 P Citronellol 98 2.03+0.77 — — 1.15+0.14 0.57+0.2 — — —
21 (3E)-4,8-—WHT-1,3,7-=H 91 — — 0.1+0.01 — 6.4+1.06 — — 1.34£0.22
(3E)-4,8-dimethylnona-1,3,7-triene
22 (3E,5E)-2,6-—H%k-1,3,5, 96 — — — — 0.39+0.08 — — —
7
(3E,5E)-2, 6-dimethyl-1, 3,
5,7-octatetracene
&7 Sesquiterpenes
23 (-)-a-EE@EIM (-)-a-cubebene 98 — 0.24+0.01 — — — — — 0.16+0.05
24 i Elemen 98 — 1.07+0.08 — — — — — 0.20£0.06
[1S,2R,6R,7R,8S,(+) ]-1,3-
THIE-8-(1-H A £ ) =3
[4.4.0.0(2,7) ] 55-3-4%
25 [1S,2R,6R,7R,8S,(+)]-1,3- 99 — 0.93+0.07 — — — — — 0.79+0.22
dimethyl-8-(  1-Methylethyl )
Tricyclo [4.4.0.0(2,7) ] deca-
3-ene
26 - A a-copaene 929 — 0.14+0.03 — — — — — 2.34+0.63
WA
()T RATERG 93 — — 0.36+0.08 — — 0.23x0.02  0.54x0.05 —
(+)-7-epi-sesquithujene
28 B-il 4 B-copaene 95 — 0.37+0 — — — — — —
29 a-FMHHHM a-bergamotene 99 18.71+4.89  28.82+4.79 58.73+1.24  28.12+0.19 — 67.18+1.17  48.94+4.28 —
30  «-fHFM Santalene 929 — — 0.13+0.03 — — 0.09+0.01 — —
31 B-HiF M B-elemene 91 — 1.87+0.11 — — — — — —
32 yHFME y-elemene 99 — 4.56+0.37 — — — — — 1.16+0.38
(e o)z y
33 BRI 95 — — 0.49+0.07 — — — 0.23+0.06 —

B-sesquiphellandrene
1-(1,5- 4B 4

34 XU 9% — — — — — 0.5+0.05 — —
[3.1.0] ¢ Sesquisabinene




1020 O MW 43 &
ZR1
X} E 5 Relative content (%)
UREL/ RN DEHLEE
Compound name Matching
F1 F2 F3 F4 F5 F6 F7 F8
35 (18-5h)-2-H -3-0F H JE-2- 97 — — — — — 0.08+0.01 — —
(4-F B30 4 3 ) W3R
[2.2.1] Bk
3-methyl-2-methylidene-3-( 4-
methylpent-3-enyl )
bicyclo [2.2.1]heptane
36 A-B-A A 95 — — — — — — 2.03+0.04 —
trans-f-farnesene
37 1-(1.5-dimethylhexyl ) -4- 90 — — 0.12+0.07 — — 0.16+0.01 — —
methyl-benzene
38 a-HEUA a-caryophyllene 92 — — — — — — — 0.34+0.09
39 1,2,3,5,6,7,8,8a-octahydro-1- 98 — 0.87+0.31 — — — — — —
methyl-6-methylene-4-( 1-
methylethyl ) naphthulem—:
40 (E)-B-EHNH (E)-B-farmnesene 96 — — — 0.69+0.10 — — — —
41 B-FHHl B-bergamotene 97 — 238+0.26  5.62+0.82 — — 5.44x1.79  2.45+0.26 —
42 KWREHH D Germacrene D 95 — — — — — — — 1.34£0.33
43 (+)-FHENTE (+)-calarene 97 — 6.58+1.10 — — — — — —
4 «-Ff a-zingiberene 94 — — 0.35+0.12 — — 0.31+0.02 — —
45  B-£IE% 2 B-bisabolene 98 — — 12.99+1.06 — — 2.06+0.11 11.4+1.4 —
46 a-BWRM a-farnesene 98 0.440.07 — 0.67£0.05  0.74+0.08 — 0.68+£0.05  0.67+0.09  0.48+0.02
47 (+)-FABWHKS (+)-valencene 93 — 0.43+0.10 — — — — — —
48 (E)-y-B 2k 98 — — 0.1+0.03 — — 0.08+0.04 — —
(E)-y-bisabolene
49 1-H3E4- [(2E)-6-H 32, 95 — — — — — 1.88+0.83 — —
5-BE 25 IR
I-methyl-4- [ (2E)-6-Methyl-2,
5-heptadien-2-yl ] cyclohexene
50  S-FLAMG (+)-5-cadinene 96 — 2.34+0.99 — — — — — 1.20+0.53
51 y-FERME (+)-y-cadinene 98 — 1.05+0.94 — — — — — —
52 TR a-himachalene 94 — 1.05+0.07 — — — — — —
53 - a-curcumins 99 0.61+0.12 — 0.58+0.02 — — 0.76+0.04 1.97+0.77 —
54 a-F Pl a-selinene 98 — 1.53+0.12 — — — — — —
55 a-AK %M a-muurolene 98 — 0.88+0.02 — — — — — 0.31+0.07
56  HIZE Dendrolasin 64 — — — — — — 0.33+0.20 —
57 1-& s HE-1- B4 -2 97 — 0.35+0.04 — — — — — —
H2- - 1-075-2-FE R Ok
1-ethenyl-1-methyl-4-propan-
2-ylidene-2-prop-1-en-
2-yleyclohexane
58  (+/-)-trans-calamanene 95 — — — — — — — 0.73+0.24
59  (1E,5E)-1,5-ZH 3-8-(14- 9 — 2.82+0.29 — — — — — —
2-WAL) FR58-1,5- 0%
(1E, 5E )-1, 5-dimethyl-8-
( propan-2-ylidene ) cyclodeca-
1,5-diene
60 - FEEEGIM a-calacorene 91 — 0.32+0.04 — — — — — —
61 3,7, 11-=Jk-1,6,10-1 96 — — 0.14£0.06 — — — — —
Joe =4 3- 1
3, 7, ll-trimethyl-1, 6, 10-
dodecatrien-3-ol
62 RLAEAEAUEE trans-nerolidol 91 — — — — — 0.34+0.15 — —
63 (3E,7E)-4,8,12-= I £+ 68 0.47+0.14 — 0.14+0.03 — — 0.17+0.02 — —
=-1,3,7,11-04J%
(3E,7E)-4,8,12-trimethyltrideca-
1,3,7,11-tetraene
MiiEZ Diterpenes
64 FEAZ-16-Ki Kaur-16-ene 98 — — 0.17+0.08 — — — — —
fi#3 Aldehydes
65 1ECL Hexanal 90 — — — — 0.32+0.07 — — —
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Compound name Matching
F1 F2 F3 F4 F5 F6 F7 F8

B2 Esters

66  ZFRHE Methyl acetate 83 24.69+4.15  7.0220.66  8.89+1.64  4.26£0.49  14.07£1.48 8.02:0.87 17.05:1.62  5.02+0.01

67  ZFRZTiE Ethyl acetate 92 1.94+0.05 — — — — — — —

68  THERHIR Methyl butyrate 91 0.9+0.18 — — — — — — —

69  ZFRTTE Butyl acetate 83 — — — — 0.93+0.10 — — —

70 CERFER Methyl hexoate 9 1.5620.47 — — — — — — —

71 THERTHE Butyl butyrate 80 — — — — — — — 0.28+0.01

72 LFRCTR Hexyl acetate 90 — — — — 2.33+0.44 — — —

73 C-40- 1L TS 90 — — — — 0.56+0.23 - - -
4-hexen-1-ol, acetate

74 SR Ethyl caprate 9 5.56£1.01  4.25+0.53  2.08:032 26.14:0.76 10.51£0.42 3.53x0.43  1.88+0.14  7.36+0.82

75 KGERH TG Methyl salicylate 97 — — — — 0.72+0.10 — — —

76 HH:RRHFE Methyl laurate 97 — — — — — 0.13+0.09 — —

77 AHERIEHER Benzyl benzoate 97 — — — — — — 1.09+0.40 —

78 YA ERIEHE Benzyl tiglate 93 — — 0.28+0.08 — — 0.15+0.03 — —

79 -3- O R R e 83 — — 0.330.05 — — — — —
cis-3-hexenyl benzoate

EZ2% Alcohols

80  HIEE Methanol 9 10.85£1.26  3.29+0.70  3.85x1.77  19.7+1.85  5.07x1.64  238:1.53  521:0.58  8.07+0.94

81 1-CMf% 1-hexanol 80 0.32+0.14 0212005  0.09:0.06  0.77+0.01  0.91x0.13 — — 0.24+0.04

82 JL-3-CA-1-E 95 0.57+0.26 — 0.06£0.01  0.43x0.27  0.3120.08 — 0.23£0.065  0.29+0.12
trans-3-hexen-1-ol

83 3-CLJ-1-Bi 3-Hexen-1-ol 97 — 1.6420.01 — — — 0.13+0.02 — —

84  ZEHIEE Benzyl alcohol 91 — — — — — — 0.14+0.03 —

85 LW Phenethyl alcohol 87 — — 0.08 — — 0.14+0.02  0.5%0.22 —

86 (2R,3R)-rel-1,4- -2, 3-
( 2;, 3R)-rel-1, 4-dibromo-2, 9 - o - - 0.03+0.10 - - -
3-butanediol

fflZE Ketones

87 Eﬁfﬁm one 9 — — 0.040.02 — — 0.03+0.01  0.11x0.02 —

88 ; : g-dlh?;lro ﬁip}Eﬂmnome » - - - - - 0.26x0.07 - -

8 é}i‘dﬁ%f nff;” 99 - - - - - 0.2+0.05 - -

90  FMHILHE Geranyl acetone 93 — 0.09£0.03  0.14x0.05 — — 0.72£0.10  0.36+0.13 —

B3 Ethers

91 “FHIf Benzyl methyl ether 9 — — — — — 0.69+0.19 — —

92 4-FIHEHEHE 4-methylanisole 97 — 0.68+0.10  1.61%0.39 — — 1.35£0.46  1.3620.06 —

93 4Bk 4-allylanisole 9 — — — — — 0.18+0.06  0.27+0.04 —

3£ Phenols

94 TH Engenol 94 — 0.23+0.11 — — — 0.11x0.04  0.27+0.08 —

FERLEY Aromatics

95 ARNIARAELE o-cymene 97 — — — — — — — 0.370.02

9% gi dlquthox%ﬂuene 923 — 0.52+0.12 — — — 0.57+0.10 — —

FHEFRSRTZ—, 76 F2 . F3 F6 Al F7 gl F4 F0 F1 oo AH X & & 88, 40 5 o 8. 94% il

3| B-F MM, 78 F3 F1 F6 h H AN S B2 E T
5% JEM LY TR 4 NP R FEESRZ
FARERY FOSFERE R FL F2 F4 F5 Fll F8 11

I /5, 16 FS AR

i, N16.81%, 1E

8.52% MM & X 3 AN A EEHA o K&
MR F1OF2 F1 FS A9 3LA R4y, 76 F8 '43151’]7@
X A A 2 N 23.65% , 1 F2 IRk 2 K
6.68% , £ F1 FAUAGIN H 2.01% AR X 5 &, HiAy
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43 %

5 A i ol R ARG 2] A DU A I R 2 F RS Y
FEFERZ—, EMTE F8 I F1 P3R5, AH
SN 13.24% F1 6.78% , Hi I 42 I J2 #4 1k
F1 I F8 AL FE W 2 —. 76 F5 ke I %)
(3E)-4, 8- W 3 T--1,3, 7-= &, M % & &>
6.4% I H A F5S HFEIER S Z—, I, TE
F2 rpd A6 0 380 e A 8 0 A5 2 s W o (+) -E ET
i, 76 F8 Ak I 2 KR A AT B W T (-) o R
W () B-IR M, 75 FS5 Pk A Sl ) i % 8 M
B 8 ids  #E F7 PR A 3K B-4 A W, F2
SREIE RN NSNS B R 7/

6 NI 2= B Ab g FL OF2 F3 . F4 F5 Hll F8 A
Yok i B 1-C B, F1 F3 F4 F5 F7 fil F§
Kt A5k b B -3-0C Mis-1-1, 3-8 Ms-1-BE AE F2 Al
F4 HAXT & 8 1.64% F1 0.13% , HEM 3-C #i-1-
B F2 PR 52—

2.2 AE MM 2 JFIELZ RS HASD LB

I8 AT A6 ] B 2 T 78 % 32 i R A B I A
Zk GC-MS BB Ui (i B v o0 A A5 20 il 4 28 T
X BEE BES W2 RS SR AL G 8
KW, AEAS ) 0 2% 5 R RS R M
TERCR AR & F B AR ES, 8 =
oo T R R s P SRR R KR 22 .35,
26.10.20, 31,21 1 31, H B A X & KRN
91.45% . 88. 65% . 98.14% . 90. 94% . 67. 48% .
98.55% .97.03% .86.65% , it i 2 B0 AH X HoAth 2
IR, T 14,26 115.5.9,15.9.24 (% 2)
AN RIS =2 09 46 4 BUAE A 22 5, TR AR ) 1Y) 4
KRG 5 & R ARAS AR R, A< B 52 45 i ) i
IR R R B A 2 AR & 2 2
BIIAE > A0 e v ) TR B R M

FBRAR SIS 8 AN s 2% R b S5 A )
i 2S5t RS o AN BS54 2H 4 1] AF X
THERER WY AR R B L AR R
B, F3 FF6 HR XS & A s, 351k 80.69%
1 79.96%; F2 F7. F8 w, M X & & 2 % N
70.72% .68.56% .65.02% ; F1 F4 F5 FIX} & &
AR, 2 K 45.06% .39.64% 31.72% , BEZEW)
JOTAE A5 it Fofr v A 000 R T 5 B B AR, B2 FS AT R4
FRARXT S B 1.85% 1.25%F11.2% , F3 Hi{X
17 0.23% , F1 H (1 5 25 W o 4G 00 AH X 7 o o i,
M 29.09%; F5 Al F7 R Z, 50 %~ 18.61% Fi
18.14% ; ¥4 h A X & & e b, 4.26%, F2 |

F3 F6 Al k7 w35 46 D HE T 25 49 o R ik 28 ) ok
F2 F6 1 F7 s W2 i, F2 (F6 Fl F8 s
AT TS ALA Y, F2 F1F6 R 29 o 1 Ho A
AT ARG A S 5, B HR BRSO 21 43 AMT
KA R (E 1) .
23 AEIMEELRMEFTERSBEESF

AN]SR 96 i 5 4 B RS 43 AT 2 I
Pl 55 9 % M 4 LA SR, T BEAE — R R B
FEERY T B oy A A B SR
X PC1 N IE B2, o #1105 B-75 A Il M . &
I SE PR 4- 562K ik 56 6 PCL Ol B 52 ) 5 By
O B (+) -1 Bl o8 2 B 55 P i h)
PC2 Jy IE 5% WA, J7 F B | 75 5F B 45 XF PC2 i 1
A

it | MR 32 AR A AN ] 8 A b A > 5 ot )
AYHE 3 NRBR T P2 R M R A P 2 R R
2, il M 2 W) ot =8 B R A I T B oo A O
JFREEE . (+)-H B F1 F4 F5 Fl F8 43 —
2 ANEZE S B 2 W I, $E R R Bl 2
IR 2 B R DY AR F3 F6 I FT 43R
— 4, - AR i e, I A I S 4-
FH DR A ik 2 LA R M S (R 20 A) . LU
8 A 22 SRR Y 96 R &M KA S SR AL
F0 A1 TR RV RS A T, SR
22 S M I o3 B B TR Ry 1, A SR A
B4 0 ( bk #5 25, 2016) , F 1 % £ OriginPro
2019b ST He N 8 MR == S Rl ol 3 25 1D
I T M2&(E2.B), #EHE A 6.39 FHsE—
WA, T 2P AL & F2 1 AR 7E 5.87 Bif i
IS5 WAy 32, 25 F1 F4 F5 F1 F8 418 ; M 2%
H F3 .F6 Fl F7 208, stfh iR BB/ )n | ot i i) 9 35
ERRMGE . RIS EW 0T —B0k 8 4
AR A3 S RIRE I 3 RS 5 & M I 43 T g
VB SR VTR 5 AIE BR300 J5 X 43 AN [) o ol B A, 4 331
BT 2% 5 I S KOG FR WD EE T B % O A R TR
24 AEME =R EEERYREEMBRSW

X 5 96 B 5 14T R 5/ 3 ( PLS-
DA) 43 M7, X 8 A~ BIME 2% 8l m AR 3 e X 1] )9 2R
B IAUE TR i EBEE R Y R Bk, #
i 2 1 A 0 AN R B R R 15 AN AE B W R B
F 2 T YT, N AR IS R R BT AT R E
IR FCK T 20 BHIBAH 5 A, IR ECK T 10
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Table 2 Types of volatile components of eight varieties of Phalaenopsis

971/,
Aoy F1 F2 F3 F4 F5 F6 F7 F8
Category
i} 2% Terpenes 14 26 15 5 9 15 9 24
2% Aldehydes — — — — 1 — — —
525 Esters 5 2 4 2 6 4 3 3
25 Alcohols 3 3 4 3 4 3 4 3
2 Ketones — 1 2 — — 4 2 —
it Ethers — 1 1 — — 3 2 —
2% Phenols — 1 — — — 1 1 —
FEIGEAE Y Aromatics — 1 — _ _ 1 o 1
SRR B i 91.45 88.65 98.14 90.94 67.48 98.55 97.03 86.65
Total relative content (% )
T — RERGW B ZEYTE, TR,
Note: — means that the substance is not detected. The same below.
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Fig. 1 Relative contents of substance components of eight varieties of Phalaenopsis
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LIV 2 A-H B TP Ik | o220 0 5 oA 4 > 22
YR IB AR 3 A ah Rl Rk B AR R
PR RIS R FL F4 F5 F8 Fil F2 H g4k
/)50 R e il i/ S S R T I N U
A BRI AR R 2 43, ¥ 22 55 W) Jot 5 5 Tt T ik 2R g
ks 5 A SRR A PSS, B FL F4 FS fl 18 H EL
AHBACTE Y R Z |, F2 th BB AE & 10 Y
WEE Ry R (B 3) . FEZFY IR

RUN] S g ARAR RY AEA T I A B A A T
WA REMMEER T M, P 6 MY
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A. Principal component analysis; B. Cluster analysis.
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Fig. 2 Principal component analysis and cluster analysis
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Table 3 Main difference substances and aroma quality

of different Phalaenopsis varieties in blooming period

IR EY ¢

&Y &% o RUNTLS TRHA
C d Weighting A lit Odor t
ompound name coofficient roma quality dor type
a7 At A 68.725 RS I R o A
a-bergamotene Woody warm tea Woody
I 29.924 BT P
Linalool Rose-like Floral
B-LL& I 23.131 N N
B-bisabolene Balsamic woody Woody
LT 23.051 FEL 3N S SR it
Ethyl caprate Alcoholic and fruity Fermented
B -3 21.902 7 A o A A 1
1,8-cineole Minty-like Minty
B-Fr At A 19.115
B-bergamotene
M 18.768 N SR AL
Sabinene Pine-like Woody
i 18.359 AR S
Methanol Ethyl alcohol-like
(3E)-4,8-ZHIHFE-1, 14.015
3,7-=0
(3E) -4 ,8-dimethylnona-
1,3,7-triene
4= HY 2 Y T 10.940 LU A1
4-methylanisole Nutty-like Woody
LBy 9.439 H AR
Ocimene Green Green
(-) -a-JEHE 8.835 LN GRS AR
(-) -a-pinene Pine-like Woody
LR R 6.844 KA KR
Hexyl acetate Fruity Fruity
-t LA 6.833 o PR A
a-copaene Spicy honey-like Woody
a-FEE I 6.737 IR 2 Y
a-curcumene Herbal Herbal

FE % 96 T4 A 1) S5 v il A 2 0 I 8 K B AR
MR Z, W IR Y R A
(Hsiao et al., 2008) . ££ 7 & bk A9 T2 AUAK 5E 4% Fh
PR W) AR A A A 32 2 el A AR
(EAYE A W pR e . 1 3057 45 (2021) J 8L, B¢ 2
8 A it Al F4E R P G a3 ARRE 5 R ASCDR o Jo 22 5
LN K SIERI D A i AN U TR 2
PRSI BR AN, A BIF 5T rp OB A I L A 3 R -7
MM . D7 BB AL T 2 M ) 0 35 & b 7e
KR E B ERTAC T T S A EE A, AT K

L, TE TN AE (1 8 A1 2 SR b G 4 S g
s P AT A A2 Pl A B AR T 1 O R B O
(), €035 F1 F4 F5 Fl F8;F3 F6 I F7 A G K155
FH a-FHMIE R E  F2 AR A RAETE, ket
T - AH Vi A | O A s A 1y ok [ e it TR E
FEPE AR A 7 0 75 A6 B B 6 A oy E AT A B
(A2 B P AR S S i — 20 A ROF kORI
pi /) = = E I N R VN L S i I
R 2RI 2 T 0T S R A 0 S

AR YVE N YRR EEM R
—  HIE B R, X 35 7 R (0 A S BT 58 3
AR EL R R AT T4 (AL EESE,2012) , B RS
BH AR NG 2 MR AR Z B E AR 5%
R, 8 B B B 4 i, T RE SR B R S
REFGERAAEZFHEEERZ —, WA, F
SARALIE Z ) 20 &R B 520, Q040 i 25 4 . P9 TR
YY) ) R e SR DL R W R R i O oK AR
20 L 25+ K 20 M PN 5 0 R e AR A ) o SRR R
T, FERE TR 20 B AR AT, A6 A W 0 A4S RO XA AE
TN, N IR B A% K 1 B filf ( EL-Sharkawy
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Prediction of distribution patterns and dominant climatic
factors of Cymbidium in China using MaxEnt model

ZHENG Fang, HUANG Zhicong, CHEN Lijun, WANG Meng, YAN Yuehong, CHEN Jianbing "

( Key Laboratory of National Forestry and Grassland Administration for Orchid Conservation and Utilization ,

The Orchid Conservation & Research Center of Shenzhen, Shenzhen 518114, Guangdong, China )

Abstract; Except for Cymbidium lancifolium, all the other species of Cymbidium have been listed as the national key
protected wild plants. In order to explore its future distribution patterns under the future climatic, we gathered the
distribution information of Cymbidium and 19 climatic factors, and used the Maximum Entropy (MaxEnt) Model and

Geographic Information System ( ArcGIS) to predict the future distribution patterns of Cymbidium in China. The future
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potential distribution patterns of 20 Cymbidium species were predicted under nine different climatic scenarios, including

the current climatic and eight future climatic scenarios (two kinds of greenhouse gas emissions for 2030s, 2050s, 2070s

and 2090s). The results were as follows; (1) The precipitation of the driest quarter (Biol7), annual precipitation

(Biol2) and temperature seasonality ( Bio4) were the dominant climatic factors affecting the future distribution of

Cymbidium. (2) The suitable areas of different Cymbidium species had different change trends in the future scenarios,

and the dominant climatic factors affecting them were also different. The suitable habitat area of eight Cymbidium species

such as C. dayanum gradually increased, while the suitable habitat area of 12 Cymbidium species such as C. tracyanum

decreased as a whole. In conclusion, the results provide an important reference for in-situ and ex-situ conservations of

Cymbidium, and have positive significance to the conservation of Cymbidium and other endangered wild plants.

Key words; MaxEnt model, species distribution models, dominant climatic factor, conservation strategy,

climatic change

SIS R H SR MRS A A B R
Z— AR S X A S R G A M AT RE TR 4
IR B S5 AT Sy T AR ) 2 A A A 34 7 A R
(Bellard et al., 2012 ; kA1 E FEW,2013) . 7E
i £H 100 4F B N JETE 3 5 B skF b R iR
JEETHTRZY 0.85 C, Biit = 21 4R, 5k
BHARLE | 42 BROT- X 1 2 TR BE B TH 55 0.3 ~4.8 °C B
IR Rt 2% A A B AR 4K (TPCC, 20145 28 KT
85,2007) , IR AT RE 2 S BORZ HY) T
143 A0 X A2 G, WG 0 b 3t 2 AV 1kt 25 5
L AR A1 10 BB /)N 1 i £ ) b K 266 ( Thomas et
al., 2004 ; W45 2016) , B, 2R A28 1k
SR M) (4 M BE 3 A1 A% J& ( Bertin, 2008)

W) B A5 A A (species distribution model ,
SDM) ( Elith & Leathwick, 2009 ) XJ /A [6] < g 155 5+
T YRR o3 A XS AR AR GF B SN BE T, 2w
Iy N AR Y (Hu et al., 2015; 5K £ & &%,
2019) Mzh¥) (5 -F 55 ,2020) . Hod, i 56
223 Phillips %5 (2006 ) FF & A9 5 KA % ( MaxEnt)
A AV AR A T 25 S U, PR R R A (PR A
2015) W HE Nz, EEME )8 (Uraria) 14
Y (KBS, 2020) K 2E ( Cymbidium goeringii)
FEE % (C. faberi) (FLILH15E 2018) FEM Ak (Acer
catalpifolium) ( ¥{ & 55 ,2021) KB A2 ( Tsuga
longibracteata) ( ¥ 35 5 2018) 45 2K B p 15 3
]

22 J& ( Cymbidium) J2& % #} ( Orchidaceae ) H it
HUWBEME MR Z —, K22 H RN &
T MO, B HEMRE & 0% SO A 2
., ZEIEEH A 80 A F ( Yang et al., 2013,

XUAPAEESE , 2006 ) , 32 2704 T 3L 9 AR 5 0 By
Hi DX DA R AG &R | 8 R B A 0TS T Y
HE4R L X (Chen, 1999) , H A K AEAR T I 58 Bt £
A K TE A BRI E TR, P E R ZE
()50 A s 294 60 i, Hirb 20 Z 50 h E AR A
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A ) SCHR AR B A7 B AE B, LA R b B B b A
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i MaxEnt B0 Fl ArcGIS M FH {7 B, 5 48 23 18] 23 Hr
oA B 10 I 3% Je A A A TR A S5 BV AE 4y
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FE SR 22 JRAE Y A A% s i R ] 5 (3)
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1 #R 57 %
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SRR EPS
1.1.2 Shfb o Afz & WIFh A {5 BRI T =4 ik
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iR K URIIIESS
1.2.2 BAA EEE RHZEE TR

(receiver operator characteristic curves, ROC curves )
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225 AUC (M 0.7 ~0.8 i, & B Tl & S —
;34 AUC {4 0.8~0.9 B, Fom B &R 4T 5 24
AUC fE 4 0.9~ 1 B, R BRI # 47
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BE 4 20 Bl 22 JEAE ) 09 it A 4 BRI A 7 51 A
Fl HomBlocks ( Bi et al., 2018) #4147 % X 41 )¢
B L XT 5 Xt 45 2R F) H 1Q-TREE version 2.1.2
(' Trifinopoulos et al., 2016 ) , ¥4 # % J& #i ¥ i) ML
( maximum likelihood ) & 4t #t b # , Bootstrap {H 1%
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ModelFinder ( Kalyaanamoorthy et al., 2017 ) #f 17
T
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2.1 MaxEnt HEFNEED HIER
2.1.1 BEA A AT 38 MaxEnt LRI T 19
AR PR A 2B Y 28 X H T 20 A9
Tl (55 41 4 Fh 22 @AY O E A B R 45 Rl 5
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A ] B PR AN A [R) A 1 50T A e 2 0 A 453 10 1Y
AUC {5} 0.849~0.992( 5 2) , -4 M 0.953,
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Table 1 Information of sample used in the study
WFh 2SS E AN GC ik s 3]k
Species Genome size (bp) GC content (%) Accession number Habit
2% Cymbidium aloifolium 156 904 36.9 KC876122.1 Wt4E Epiphytic
AR C. dayanum 155 408 36.8 MW160431.1 FfE Epiphytic
M54 C. eburneum 156 520 36.7 MK820374.1 Wi 4E Epiphytic
#2% C. ensifolium 149 245 37.1 KU179434.1 Hif: Terrestrial
KM% €. erythraeum 156 327 36.8 MK820373.1 Fff2E Epiphytic
H % C. faberi 157 262 37.0 KR919606.1 Hb2: Terrestrial
Z > C. floribludum 153 998 36.8 MK848043. 1 W A= Bt 55 WL A Epiphytic or rarely terrestrial
# 22 C. goeringii 157 192 36.9 KT722982.1 HbA: Terrestrial
B3k 2 C. hookerianum 155 447 36.8 MT800927.1 B4 Epiphytic
FE°% C. kanran 150 217 37.1 NC029711.1 Hb4: Terrestrial
2% C. lancifolium 149 945 37.1 NC029712.1 2 BB Terrestrial or epiphytic
HE 2 C. lowianum 155 447 36.8 MT576628.1 WA Epiphytic
K2 C. macrorhizon 149 850 37.0 KU179437.1 J& 4= Holomycotrophic
ffH-2% €. mannii 154 769 37.0 KC876126.1 Bt Epiphytic
TR C. serratum 149 998 37.1 MT273089.1 H/l: Terrestrial
% C. sinense 155 548 37.0 KC876123.1 Hu/f: Terrestrial
PR 3k 2% C. tracyanum 156 286 36.8 NC021432.1 F 4 Epiphytic
22 C. eyperifolium 152 712 37.0 — i1 A B AL Terrestrial or epiphytic
IR C. elegans 155 411 36.8 — B4 Epiphytic
W2 C. iridioides 156 596 36.8 — Wi4E Epiphytic
BT 22 Geodorum eulophioides 149 466 37.0 MK848065 Hu Terrestrial

212 B aZEHMIHIHFHEFAERT HE3
AL, TSN 5T X 22 R ALY 4 8 B o A
SRR A R o i T 2 2= K 4 (Biol 7) |
AERE K £ (Biol2) FHLEE 2= 15 M A8 4k ( Bio4 ) , BTk
RN 46.3% 28.4%F1 7.2% , BTk A ik 2|
81.9% ., Filt G e H 1A A9 B AH 5, R ArcGIS
10.6 BRAFHRHL 915 4~ 2% J& MW 43 A 1 i S 1
5B, R SPSS 23.0 #1419 Pearson #H5¢ R %7k
O AR F R AH DG R B A DG R 8171 <0.8 1)
SER 3T 11 >0.8 AR 7, 4 B STk R
R — A, feJa 0 38 7 A S 7 Bio2
Bio4  Bio6 . Biol0 Biol2  Biol7 . Biol8, FH fiti i
(A5 T 24T 43 M T, 45 1 7 224 i SR
BN X 22 JE R W 4 T b R A B 0 4K (R A A TR
FAJ5°4 Biol7 Biol2 F1 Bio4 , TTHk #4351 °850.0% .
27.3%H1 15.9% , STHKF S AL H] 93.2%, Hh[E 2
A4 S B fdE B Biol2 75 5% 1228 v il i,
B 25 e g s A W AR A U/ 1 £ e 2 1 AU
T2 Bio4,

22 JE AW 43 A % Biol7  Biol2 Fl Bio4 HY Wi [
MLk W 3, =@t 7 T 7 2= 7K & 50 ~ 200
mm F¥) DX 35 P 20 A BE R AR, TE 0~ 57 mm 5 TN,
SYATAE R R K B R OE AR O MK =R 57
mm Ji7 , 70 A HE R 5 B K B 5 A OGS B OK &
it 630 mm J& , BEAK 58 A A R e 22 J& AR ) 1Y o3
fi MR AEFRKER 2 000 mm B, 12 )8 17 76 R
R, PEBEAE B K & (38 0 A e R 5 K & 52
FUMIE ; AR PR K B3k 3 4 000 mm PUJS 77 76 HE
RRFFAA , W F M ARIEA 3 CHf, 28
) A A S5 0 e, i R 2 o M AR b i T
= R YAFAERE R 2R T B

FHR LR E(C dayanum) F1 0 &5 & (C.
eburneum ) 3R 53 A () S A% K -4 Biod Fl i 1% &=
RYSEIURE (Bioll) ; 5 S 2% (C. serratum) Y
Hu PR Ay A By 3 A BT O AR IR R R AR
(Bio7) 1 Bio4; £ 5 8 % (C. sinense) Fll 8L >4
(C. aloifolium ) b ¥ 7347 1 A5 R Sk B 111 22
JK i (Biol6) #1 Biol7; E£F3 K% (C. lowianum)
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Table 2 AUC values of 20 Cymbidium species for the nine climatic scenarios

. SSP1-2.6 SSP5-8.5
YIFh Species ciijfm
2030s 2050s 2070s 2090s 2030s 2050s 2070s 2090s
22 J& Cymbidium 0.909 0.905 0.91 0.908 0.907 0.907 0.906 0.908 0.909
B2 C. aloifolium 0.980 0.980 0.979 0.981 0.979 0.984 0.981 0.980 0.981
P22 €. eyperifolium 0.962 0.955 0.961 0.959 0.957 0.960 0.958 0.953 0.965
L% C. dayanum 0.962 0.963 0.960 0.961 0.959 0.961 0.962 0.965 0.955
M52 C. eburneum 0.976 0.977 0.978 0.974 0.976 0.978 0.973 0.974 0.976
PBRE2E C. elegans 0.969 0.974 0.975 0.974 0.971 0.974 0.968 0.970 0.971
#2% C. ensifolium 0.938 0.935 0.937 0.934 0.937 0.936 0.940 0.931 0.938
K22 C. erythracum 0.956 0.969 0.965 0.963 0.969 0.972 0.964 0.961 0.965
2% C. faberi 0.899 0.910 0.911 0.903 0.908 0.906 0.902 0.900 0.908
£ 7622 C. floribludum 0.946 0.947 0.949 0.950 0.946 0.951 0.946 0.946 0.950
2% C. goeringii 0.909 0.917 0.921 0.915 0.918 0.921 0.913 0.914 0.918
J£3k 2% C. hookerianum 0.968 0.973 0.974 0.964 0.971 0.971 0.964 0.970 0.968
W% C. iridioides 0.978 0.977 0.980 0.974 0.977 0.979 0.973 0.976 0.975
J€2£ C. kanran 0.948 0.950 0.950 0.947 0.951 0.952 0.946 0.946 0.943
HH-22 C. lancifolium 0.959 0.967 0.966 0.963 0.965 0.965 0.964 0.960 0.959
L% C. lowianum 0.990 0.992 0.989 0.990 0.990 0.987 0.988 0.989 0.988
KM 22 €. macrorhizon 0.904 0.907 0.915 0.929 0.849 0.876 0.855 0.853 0.895
2% €. mannii 0.982 0.981 0.981 0.985 0.981 0.983 0.983 0.981 0.981
T C. serrarum 0.917 0.918 0.919 0.920 0.915 0.933 0.925 0.926 0.906
B2 (. sinense 0.971 0.967 0.968 0.969 0.971 0.974 0.968 0.969 0.970
0.982 0.983 0.988 0.978 0.984 0.985 0.977 0.982 0.983

VUL FE 3k 22 C. tracyanum

FIEWA 2 (C. iridioides ) LB A7 B S A T 0 S5 TR
P (Bio3) # Biod; £ FHK M % (C. erythraeum ) FIH
H2E(C. elegans) WA B9 A% K 74 Bio3 | Biod

213 ARAARAEE T

o s Ry HEICIRAR —M
2050s ,2070s F1 2090s P 5%

T 2 B M M6
17 5= A Ak 2030s
i AU e B B 4% (SSP1 -

M % A Oy e AR B (Bio6 ) ; £ 598 2% (C.
kanran) . # % ( C. ensifolium ) 1 £ £ % ( C.
Sloribludum ) ¥ P34 1) S A5 K ¥4 Biol2 il Biol7;
TR B A3 1 SRR T4 Bio6 Al Bio7; 32
SHHE % (C. lancifolium ) ¥ P43 A 1) S A R+ R
Biol7 Al 5z % 7= [ /K 4t (Biol8) 5 F5 & VU 1 2% 2%
(C. tracyanum) Hh B 404 B9 S AR F N Bio3  Biod .
Biol7 il Biol8; ISV 2% (C. cyperifolium ) HiE 53
i (1 S K7l Bio7 Al Biol7; 425 R 3k 2 (C.
hookerianum ) ¥ 34347 i) S AR F 4 Biod F1 Biol8;
F M2 (C. mannii) WP A5 9 S A K F 0
Bioll; 3 5& 2 ML/ A A T Biol2 Fldx
T A YRR K B (Biold) 5 3 5 26 2% Hb B4 A ) X
154 Bio6 ,Biol2 1 Biol7,

2.6 F1 SSP5-8.5) , Al F MaxEnt #& %1 X} > J& i 4
1) 5 7l 2R A A% S AT RSN A5 B OA ) A 1
SONAE A AL (MR 1,18 4 &1 6-9) .

PR, 22 A o 4 A T R
248.18x10"* km? , Hoib s iE A= X 1 BN 100.37x10°
m?, i A KRG AR X AR 45 5 0 80.43 % 10°
km’ 1 67.39x10* km*( Fff 3% 1,18 4) . KK AR
FARMRHEBCR FF, 22 R AR a8 A X AR AR Ak il
(B 5) T BE A X RRgE /N b sl AR

DX 46 /Mg JE e KR 33.08% , Hhd A= X T AR 4 /)N R

JE R KN 15.57% AR AF X AR A 1 ka5

PN L i G = o P N L - LR
2 AR RHEE ORI S BFE AR 8 Fh
i 50 R A K AR RIS T A L, AR
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Table 3 Main climatic factors used for simulating suitable areas of Cymbidium species and their contribution rates

SRR T ar  wmb App eRe RS mern an BLE pewsrree mes
Climatic factor RSN Bio3 Erxia Eﬂg{ﬂgﬁ Blenk| q:éi] (ﬁf)&z é‘ki [ 7K %7](1? |§=§7J(1%g Iﬁ]‘;—ﬂi?
Bio2 Bio4 10 Bio7 10 10 Biol4 10 1 10
22 )& Cymbidium — — 7.2 — — — 28.4 — — 46.3 —
R C. dayanum — — 32.9 — — 42.4 — — — — —
M3 C. eburneum — — 47.6 — — 28.3 — — — — —
KHIR2Z C. macrorhizon 20.1 — 42.3 28.8 — — — — — —
GIE C. serratum — — 22.5 — 57.9 — — — — — —
%22 C. sinense — — — — — — — — 19.8 34.3 —
ZUl2 C. aloifolium — — — — — 10.7 — 22.4 29.8 —
H 2% C. lancifolium — — — — — — — — — 45.1 21.6
2% C. lowianum — 56.4 19.2 — — — — — — — —
HWA22 C. iridioides — 31.6 43.2 — — — — — — — —
PO R % 2 C. tracyanum — 16.3 26.9 — — — — — — 22.4 21.4
Kit=2 C. erythraeum — 29.8 31.9 30.4 — — — — — — —
WHE 22 C. elegans — 20.5 31.2 35.4 — — — — — — —
IEM2E C. eyperifolium — — 12.1 — 21.0 — — — — 33.6 —
&3k 2% C. hookerianum — — 37.0 — — — — — — — 16.8
% C. mannii — — — — — 43.7 — — — — —
F % C. goeringii — — — 14.4 — — 32 36.1 — — —
M2 C. faberi — — — 16.8 — — 43.2 — — 16.1 —
FE2% C. kanran — — — — — — 20.8 — 14.4 46.1 —
#% C. ensifolium — — — — — — 30.7 — — 35.5 —
248>~ C. floribludum — — — — — — 15.2 — — 61.1 —
T s B RN 4 M5 R 7 X I R AL 53 A0 TTHR I (%) 5 — BRI T X5 1% W Fh BB A4 BT R BN
Note: Numbers indicate contribution rates of climatic factors to the species simulating distribution ( %) ; — indicates low contribution rates

of climatic factors to the species simulating distribution.

sk o A R AR 2 0 IS A X T AR AE
R 5 2 Dk B, e 1 AR KR R A X T R
KIFHE I, ARG % 7E SSP1-2.6 15 T,
4 A T] B ity S A DX Ry L v ARG A DT AR AR
W0 s 72 SSP5-8.5 & 5t T, il A= X i AR K
MEIEIN (K 4) , 38 E=7E SSP5-8.5 15 T, &Kk
4 AR R]BE Y S AR X R L A A DT R R
RGN 76 SSP1-2.6 5t T, bR nid 2B X LLAR, A
WX p REE A X A AR R sk e, 7
2090s BB, BFE 5T, S0M 22 0 BGE A X
RS A DXCTE AR S G, R 2 AR 22 9 RS
A= X KA A X R AE SSP1-2.6 FISSP5-8.5
7 T X8 5 R g, o A DX R At 2 4
Jta g Hirh B 22 /E SSP5-8.5 i 5t K ,2090s =i
A X ARG Ak 68.42%

[F 7 S S SN e N
= W et JE G B B g

2ETEAKAG R IE AR DT R AR R 2 g ks A, L
R 2RI 2 ) RS AR X T ARGE AR X
T ARTE 4 B [a] B, P DG S 1 52 4 el e 5, iR
FER 3.05% ~58.88% . THEL == Af I 2= AE SSP5 -
8.5(2061—2100 4 ) 15 5 , iy i A= X T AL
PR A 52 R S AR X R AR X T AR A g
Do A0 22 RGE AR ORI R A X FRAE 8 R
KIEH T R 4amoa s, b R Az X ARUE f A 1
B, ¥t 2% 7 SSP1 - 2.6 (2041—2080 4F) Al
SSP5-8.5 (2081—2100 4F) 1% & F, & A4 X 1
R RS AR X R 4, #E SSPS5-8.5
(2061—2100 4F) 50, PHAFE Sk 22 A sk 24 19
ST A= DRI Ry A A DX T RR A B 4 O 5 FE 2 Y
T A= DT AR 5 4 DR B s B2 Y R A XA
A DT 528 400 090 5 7 22 1 S A DX T AR R
KRG = T, & B B R e, o o
T AR DX R B 5 R A 22 Y R A X AR
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Fig. 4 Potential distribution patterns of Cymbidium under different climatic scenarios

A B
wapes SSP1-2.6  ssmes SSP5-8.5 e SSP1-2.6 esiem SSP5-5.8
_2s0f 110
E 245 £ 100}
S =)
| o0}
g 2354 g -
= 230} <
s Z 20
= 225} = i
220 i i i i i 60 i i i i i
L Current  2030s 2050s 2070s 2090s HLAC Curremt  2030s 2050s 2070s 2090s
[ Period ] Period
D
mgem SSP1-2.6  wepes SSPS-58 s S5P1-2.6 meges SSP5-5.8
_ 90| o5
£
= B85} ..E 80
> S
x 20k X 75}
=
Rl <70
B 70 g 65
= = 65}
65 " " 60 4 i L L L
BUE Current  2030s 2050s 2070s 2090s B Current 2030s 2050s 2070s 2090s
1K1 Period Ii$3] Period

5 FEAMBZEEYMHEERTN
Fig. 5 Change of the suitable areas of of Cymbidium in different periods



6 U]

KR4 . BT MaxEnt SR BN A [ 2 Ja A0 1) 0 A 4 Jey I 2 = U I 1

1035

35°

130" ¢

130°E

o

"E90°E 100°E
] S R

110°'E

120" E

¥

Ll o

90°E 100°E

A

=
] 4 BV i
AR I Lo i - BT i e e
T i b e 11 Uk e l
= [L LA E L] e A g e e wE, SCHnIEY

_10CE_120°E

v

it
e s ;-‘
"W, SO ane AT M v o "R, @ounnng T Magh m LLLEE Tl oL - aman)

e, s

ARTH R ——

e, move e

[t ome moowme

E 6

ARASEEUERTER=ZNEBESHEE

Fig. 6 Potential distribution patterns of Cymbidium dayanum under different climatic scenarios
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Fig. 8 Potential distribution patterns of Cymbidium elegans under different climatic scenarios
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Fig. 10 Consensus phylogenetic tree of Cymbidium species based on whole chloroplast genome sequences
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Genome-wide identification and expression analysis of
SPL with transmembrane motif (STM) transcription
factor in Dendrobium officinale

YANG Le, NIE Cong, LONG Xiaoqin, HE Jize, YAN Chaoyue,
ZHU Qiankun, WANG Wanjun "

( School of Life Science and Engineering, Southwest Jiaotong University, Chengdu 610031, China )

Abstract; SPL transcription factors are widely involved in plant growth and development, stress response and so on. At

present, there is no study on the STM ( SPL with transmembrane motif) transcription factor in Dendrobium officinale. In
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TEEEE THE L 5, FEAEHYARET SWAENREFS, (E-mail) wanjunwang@home.swjtu.edu.cn,
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order to explore the role of STM in the growth, development and stress response of D. officinale, four STM transcription
factors were identified at the whole genome of D. officinale, and bioinformatics analysis of DoSTM gene family members
were carried out. The expression of DoSTM in different tissue parts and different stress treatments were studied by reverse
transcription PCR. The results were as follows: (1)DoSTM1-4 were hydrophilic proteins with SBP conserved domains
and some hormone response sites. (2)Four DoSTM were expressed in root, stem and leaf, and the relative expression of
DoSTM?2 was the lowest in leaf; there was no significant differences in the relative expression level of DoSTM1/3/4. (3)
The relative expression level of DoSTM1-4 changed significantly under low temperature, high temperature and drought
stress, and the expression of DoSTM1/3/4 decreased most significantly. Therefore, it is speculated that DoSTM is related
to hormone response, temperature change response and drought resistance in plants. These conclusions provide the
reference for the further research on STM transcription factor of D. officinale.

Key words: Dendrobium officinale, STM transcription factor, gene identification, functional analysis, gene expression
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A1 PR 2 L3 A TE 2R R I AR U B AT ST
FAHT M DX, A TR TR I 1 PR G b BB TE R
taca A B (® PR, 2021), B A
( Dendrobium officinale) iy *% Bk A fft J& 22 4F H: B A
Y, B s 25 AN (E, & — M2 B v 24
B S TG 2SR A e | R 2R L
KBy TR E A5 | A6 BU g R0 3 5 S i ) 45 T B A
R (B ,2021) , 4RI T EIZR S
RN S DN N O N e i S S e 7S]
B AEREFN AR TAEEZ L (BHmaE,
2021) ,

SPL( squamousa promoter binding protein like )
SR G MY R A 1) — 25 sk H -, 258
it 45 A T e R 3l DRI AR FH 5T ok 1 45
TR AR, SPL R FEMYII A KR E |
T AL S AR R A D T A AR (R
45,2019) o X EEE SR T I TR 4 L R R B
(Huijser et al., 1992) ., ZJ5HA B L W55 % ¥ SPL
e S A FAEAE W A K R D ST 36 7 v B 2
FEAEM (Yu et al., 2015; Xu et al., 2016), fE
HlE RS A2 AR 22 ik 2 AR R
A R BoSPL 3%k, Jf H.jk S6 3k P m] BE 7 H 1E
i & e B B AE A (Shan et al., 2021) ., #E#&
VLR IE AR IT SPLs 7 BEZ: 5 H A & 4F 3 BUAFE 1
B A B SR AEE RS A
B (Jiang et al., 2021), H.f SPL3 7E4E
JP e E R E h R EEEAEN (Gandikota et
al., 2007) , 7E & PR B F 38 S LA S AR B 25 1
WYL 5 5 2k R Gk P A SPLL 2 54 &
(LS 2016)

e F IR R o T A Y R
APPSR E EEAEM, R
T PRI AR FH G A7 %) AH B A 380 1 AH S B i
SR, RS THEY WP, A — 2Rk
()% ) IR F AR AR, DR 5 7 — B R IX 9l Bk oy
GEARESEH T, 0T HEE AN i IS5
(24 | RSB DO R A RS A ), — R Ak TR B
R, MZ RN RIS ARG |, B2 A 5 sk A
T DR R, 55 A8 R s RS I 52 B An i
BNATEThe (FAE%E,2016) , SPL K 1
WA XKML G5 RN T, B Bai kA &1
¥ SPL R4 & 54 56 T I iE , Bk, A F 55 i i
BLASTP ek f7 A fijt 4 SR 4l rp 45 5 4 4> SPL
45 & &% sk I F, 5 4 8 DoSTM  ( SPL with
transmembrane motif) ¥ 56 K 1, JF AT )5 e A W (5
B2 R IR AT,

1 #HHEF®

1.1 #F#

Ve B A Rt 8 i 20 i 8 T 1/2MS B R0k &
100 mmol - L NaCl i 1/2MS WA 35 5L & 5
pmol « L IYEBR 9 1/2MS ¥ /435 55 35 B 5 49 %
i 10% PEG [ 1/2MS ¥R 37 5L 40 C 1/2MS
WG FRIE 4 °C 1/2MS JRARE; 2L P b P 6 h,
W T 7K 4 JE K W 4% 200 ~ 300 mg 25 A 1.5 mL &
LA R IR AR, TR TR 1 min, BUH
A =80 CUKFHRAEF . DL A ARk B A it 4 e
PYARZE 20 20 O SRR L, E AT AR 25 i 22 S 3R Gk
53T
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1.2 X7

RNAprep Pure Z2 0% 22 [ A 4 5. RNA $2 B0
SCAEHEERY) BB (LT EERL) (2 X TSINGKE
Master Mix (L 5LZE Rl )  RNA JCEE/K (LR |
PrimeScriptTM II 1st Strand ¢DNASynthesis Kit 2 7
B (FEAEY) SOXTAE( AT .
1.3 ik
1.3.1 2% & & STM & & 69 2 AL R R I 40 8, 8 A
AHr M\ NCBI EH 3 R 8 AU g I ST™ & T
B W IR 28 7 Bk 52 A1 f8t ( Dendrobium officinale)
FFHEAT BLAST 85, T #A%R EAYBR B2 A Mt STM
EHFH, ZBRIUARFF S, F AT TMHMM (hitp://
www.cbs. dtu. dk/services/ TMHMM-2.0/) THUi 5 fi
Fapdak | B A H XP_020685848 . XP_020681923 XP_
020672795 ,.XP_020688542 i 4 /™ (A #EATRF 5T, I
53 3l i 4 7 DoSTM1 , DoSTM2 , DoSTM3 |, DoSTM4
FIH ProtParam ( https : //web. expasy.org/protparam/ )
S HTER B AT STM 2 L KR BRAL BT . 1 Plant-
mPLoc ( http ://www. csbio. sjtu. edu. cn/bioinf/ plant/ )
(Chou & Shen, 2007) %} DoSTM #5 [ %8 % k47 I 2
JLE AL
1.3.2 4% &/ STM Kkt 2t N
NCBI 45 E 0 F 287 2 ( Musa balbisiana) BR 2
£1f#t ( Dendrobium officinale) AR I% ( Arabidopsis
thaliana) W E > ( Phalaenopsis equestris ) & 144
( Populus tomentosa ) . i & 3 &> % ( Erycina
pusilla) \ KK (Zea mays) JKFE (Oryza sativa)
% ( Zingiber officinale) 1) STM £ [ J¥ 51| Fasta #%
Ko I MEGA-X 43T i M # AL, 15 51 e X 2R
H ClustalW, # #& Bootstrap method, Bootstrap
replications £ £ 500, Model % £ p-distance , Gaps/
Missing Data Treatment 1% % Partial deletion, Site
Coverage Cutoff BEE R 50, #EA7 A FE A 45 R AE
ITOL( https://itol.embl.de/) 131731k
1.3.3 4k & & it STM & & it =R & # - FIH]
SOPMA ( https://npsa-prabi. ibcp. fr/cgi-bin/npsa _
automat.pl? page =npsa_sopma.html) 7E & ¥ 3 XF £k
B AT STM 28 T — A5 M BEA T 43 BT, B8R
NN
1.3.4 4k & % it STM % & fi /5 7) W 3¢ B4R 5 2L 5
S ¥ 4 1 DoSTM # [H3 A MEME ( Bailey &
Elkan et al., 1994 ) 7F £& ™ 3} ( https://meme-
suite.org/meme/tools/meme ) FE1T 43 M7, BF motifs [

B BOETE 10, HABSHORIA AT 007 o KBk
A ffh STM HE F 41 Fasta #6305 A MEGA-X i
AT B, 7 31 He X) R F Clustal W, 3E £ Bootstrap
method , Bootstrap replications % £ 500, Model % %
p-distance , Gaps/Missing Data Treatment Y£#§ Partial
deletion , Site Coverage Cutoff % & A 50, #E1T 4
M NCBI £ 4 % b T 808k B A7 it STM 2 Y
CDD, #] | TBtools ( Chen et al., 2020) X% DoSTM
TRAF R ORSF S5 R I IR R AT 2 I BBk B
L fE STM 2 F1 1% ClustalW Ho X} 25 5 5 A ESPript
3.0 7E 2 W vl (https://espript. ibep. fr/ESPript/ cgi-
bin/ESPript.cgi) #1754

1.3.5 2k 2 % At STM 35 B %5 #y BOIR X AE A T4 4
B N NCBI B e b T 20k B A0 ik 9 2 DI 41
K, JH TBrools FEATHE [N 45 #4222 1, W] ik 30645 15 3l 5
L7 2 000 bp #8917 545 B, A5 17 51E B
PlantCARE ( Lescot et al., 2002) ¥ %4 ( http.//
bioinformatics. psh. ugent. be/webtools/ plantcare/html/ )
PEAT A Ao 30, I TBrools #EAT22 1R,
1.3.6 31 4%t FIH 4 4~ DoSTM [¥) ¢cDNA J751)
KA cDNA J¥ 51 ] Primer-BLAST #£15 5| 9%
i, 5K /NEEE N 18 ~22 bp, PCR P2#) K/ %
JE A 400~ 800 bp , HoAth Z 803 S BN S50, 7 i
51y h e R EE T 37 o VR S il B S 1 4, ik
M EF1-o N2 MRS Y 504 1 FiR

*1 SlHF5
Table 1

Primer sequence

AR

Gene name

ElkZb2]

Primer sequence

F:GTCTATCAGCGTCTCCTGCC

DoSTM1 R:CGCGCATAGTCTTCAGGAGT

DoSTMR F.CTTTCTGATGCAATCGGGCG
o R:ATAAGGCATGTTGACGGCCA

DoSTM3 F:TGAGCCGAGCAGTGAAGAAG
° R:GGAGCACCTCGGAAGAACAA

DoSTIIA F:AGCAGTGATTGTGGGCATGA
o R:ATGCAAGTGCAGGAAGCTCA

F.CCACCACCCCCAAATACTCC

EFl-a

R:TCCCTAACAGCGAAACGTCC

1.3.7 2k B & it STM Jk B £k 547 K 58K J A fik
ST SrHE TF 1/2MS KRR R %L & 100 mmol -
L NaCl () 1/2MS AR E; 7 5L & 5 wmol - LI #%
BRI 1/2MS AR B3R 3L % 10%PEG 1) 1/2MS )
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REESFREBE 40 °C 1/2MS IR IR 5L 4 C 1/2M8
AR FRFL AL B 6 h, S FIRAF 1 min,
A =80 °C UKA - A7 ¢ . & 56, 1T RNAprep
Pure Z 052 W3 19 5. RNA $2BUL 7] & 420 6 Fh
AR ER K A7 R4 T B RNA T4 Bz A7 sk 40 i AR
ZE ) RNA, 1 F PrimeScriptTM Il 1st Strand
¢DNA Synthesis Kit #£1T ¢cDNA 28 —#E 095 8, 2R
J& , LA eDNA 5% — 4 iy 5% 4z, 2 X TSINGKE Master
Mix &5 ¥)i#47 PCR ¥4, PCR [ W& JF:98 C
AR 2 min;98 CAZME 15 5,55 CiB K 155,72 C
FEAR 1 min, 25 —1R K - FEH 30 NFIR ;72 °CREE
FEAF 10 min, HJa, PEAT 1% LIk , 3 180 %
HLUK A% .

1.3.8 K BA LA F Image] 5 HLIK 55745 1
JREEAH, Excel X BT A5 K B (6 HE 1740 3 K Ak 2 5 1)
a5 A GraphPad Prism 5 W #4708 RAERE, 43
o728 Students i-test, i ZF /K FEH5M 0.05,

2 HREH4H

21 KEAH STM EARKEXERELHMMEE
L5 #r

DoSTM 25 11 5% % 1Y HRLAL 1k 5 4 #7405 SR 2 0,
DoSTM1-4 (% 2 @ % H 4+ % & 1 025,977,
1 104 830, A X} 43+ Fi £ 43 il o~ 113.53 ,109.09 ,
121.67 93.177 ; %5 ¢, 45, pl 1E 6.07 ~8.06 Z [a] ; A
FasE RIAE 44.37 ~58.41 Z 6], 5 ARG E ; N8I
FEUAE 78.15 ~83.04 Z [a] 5 B V-3 2R K RE
T8, 7E-0.405 ~ -0.335 Z [a], £ B DoSTM & 144
FIEKEE R (2 2) o 040 i RE A 0 4 2R
DoSTM1-3 % {7 75 4f Jfl #% , DoSTM4 7 fii 7E M- &
A K 0 0 3 A Bk B A B STM 2R DoSTM 1 -4
T 2B M S T (TR 1), &5 SR I s A T 45 A g
T C A 22 PNRIERRIEFEAL

%2 DoSTM EARKREMUMER
Table 2 Physical and chemical properties of DoSTM protein family

T h

R s R X Gl 2k 4 S
NG5 FEIH 44 Bk HMHID Q%Mﬁd\ Molecular SEH N /f\*"‘“‘m./%ﬁ( izl 2 % ,u,ﬂ:ﬂ‘],
. N . Amino acid size R Instability Fat FIKEH
Gene symbol  Gene name Protein ID weight pl .. _
(aa) (kDa) coefficient coefficient GRAVY
LOC110102024  DoSTM1 XP_020685848 1025 113.53 6.79 55.34 80.40 -0.347
LOC110099183  DoSTM2 XP_020681923 977 109.09 8.06 50.08 82.72 -0.335
LOC110092545  DoSTM3 XP_020672795 1104 121.67 6.64 58.41 78.15 -0.405
LOC110103975  DoSTM4 XP_020688542 830 93.177 6.07 44.37 83.04 -0.280

22 BEAM STM ERXRKW R G H LD

ARG AT BR 9 N 34 4> STM &
HE N 44 (A-D) (FE2),A 4K STM & HILH
34 ,B AR STM HHILA 6 4>, C 411 STM & H
A 94,0 AR STM &E 3L A 16 4>, Hi,
DoSTM1-2 & 13RI SR IE7E B 41, fi il g B i &
A B 3k R A A 558 T 2 B DoSTM4 2K 7E C 45
DoSTM3 #E I RIEHE D 4.,
23 SEAR STM EAM_REWN

X} DoSTM & [ 5t 1) — R 45 M #4740 7, — )
gER 5 L UNER 3 iR, " E A 3 BT, 4
RRW BB A STM B 1 1) R A A4 o 12
JE AR BE B AR SRS il I rh ) Bk R A AR
STM E 1Y o B2E 5 H ol 28.62% ~33.76% , i &
BEE LN 11.68% ~14.70% , B % fA 5 1 N4.09% ~

4.78% , A& 5 LR 49.56% ~55.34%
2.4 KEAH STM REEBEHHT
X 4 4~ DoSTM £ H #4727 5 Lh Xt (K 4),
gL I 7R DoSTMI -2 2 [ ¢ 41 W) 8 o &% &
DoSTM Z5 H I PR <7 57 40 Hr 45 SR K W 4 4> DoSTM
HIBIA SBP LRF 454 58, 177 DoSTM1/3 iA [F] B
£14 Ank 2 superfamily , DoSTM2 M)A A8 ANKYR
(K5), [FVRA DoSTMI 5 DoSTM2 %A motif 1-
10,1 DoSTM3 5 H:AH Eb &k 7> motif 7/10, DoSTM4
AALERD motif 7/10, B E/D motif 3/4 (K 5), #
1 4 1~ DoSTM FHR 145 K8 A 8 BE DR ST
2.5 BREAK STM BEELEMEIRAERA TH S
DoSTM FEH 2518 4y Hr an &1 6 i, &K B 4 4>
DoSTM FJ4 10 45 X (T gff3 K F R UTR,
TORPRRAEGRIS X ) , AR T 50 & B 4 A~
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Fig. 2 Evolutionary relationship of
STM proteins in nine plants

DoSTM v ¥ 45 6 Wiy B X A1 ¢ mw o7 oG #F, H: A
DoSTM1—3 F:[v] 41 55 2 1] iR HH B i 1oz X, 11T [y i oz

DoSTM protein transmembrane structure prediction

x3 HEAMSTMEBN_REMLLL

Table 3 Proportion of secondary structure of
Dendrobium officinale STM protein

o B

a-helix

R %
Extended

Biem MM

I A R B-angle Random

Gene name

(%)  stand (%) (%) coil (%)
DoSTM1 33.76 11.90 4.78 49.56
DoSTM2 33.06 12.08 4.09 50.77
DoSTM3 28.62 11.68 4.53 55.34
DoSTM4 29.52 14.70 4.58 51.20

A N 2 AE DoSTM2/4 Hh B4 BRI 2 4 DoSTM4
WA AR Z W BT (B 7). T DoSTM1 W) )
LT It 7% 195 1E L2 Wi 1S, DoSTM3 AE A A, 5 I =/
TelF i Z 0 STM 25 A, Bk 1T LI R 5 2 K%
i Az 2 AR AE i 1

2.6 Bk AR STM HIRIES

2.6.1 Bk & At STM EALErt b ag kBl ],
11X DoSTM FERRZEM: 3 AR IR A8 B A AT 1k 7K
AT T e br (K 8) , AWFGE KB, DoSTM FE AR
22 R A ik DoSTM2 {E M A A X 2635 1 ik
FREA, T AE 25 P Ak K O ) S B W 2
DoSTM1/3/4 Wy AH XF 35K F ¥ L W] 1B 2 &,
DoSTM1 #£Z5Fnf v () ik b AH 22 0L, (R &5 1
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ML, T DoSTM3 — 4 WU £ W vt (1) A0 X 28 3K 7K °F &5 F
2% HEMIRTAR

2.6.2 £k B AF STM F2 kit 4L 32 F o R A B L
B A E R E S BN EE, 28 ZFAE4 Y
Jpia, STM e S IR 7 A BB 2 5 Z Fhi il g
N FE AR, 2016) , WA BE SR 3 — L i T
DoSTM FEA R824 F B FRBMED (B 9) . 45
RFW, DoSTM1 #£ 4 C ik .40 C & & A1 10%
PEG W38 b 38T (1 FH X 2% 35 /K SR X B4, T
TE ABA et A HE R (R AR X 2635 K F TG B 3 5
{H NaCl Fipitt Ab R, 335 1 WA MK ; DoSTM2 7F
4 CARIEAN 40 °C =y il 38 2 T (9 A X 35 7K -
50 FRZH AR L b 2 REAIC, 7E I V% PR \NaCl,10% PEG
Joip s b B R G B (25 5% ; DoSTM3 7E NaCl 4 C Ak
TR 40 °C = R B 30 A0 B R A9 AR X 26 3k K - 5 Xt
HEZH A L S 2 R AT, 7 D6 75 R AN 10% PEG 36 ik
T 5% BMAAH LR A 25 55 5 DoSTM3 AR AL )
J&,DoSTM4 7¥ 4 CAILIE AN 40 C & Mg b BT

AR FARAL TR BT TR 30 Ab BEOR kA
& {B7E NaCl B3 2b 31T JF TR .22 5=

3 WikEEw

AT 5T AR K7 A it PR A 85 1 4 > STM
EHFH, X 4 A4 STM 4 fis i 8 H AT B W15 B
2EOHT . SR FEI 4 4 DoSTM & (M ¥k K
F 5T ; DoSTM1/3/4 155 L f5.3/NTF 7, DoSTM2 1
KT 7,1 X — 55 K4 STM 5 5% 1 61 ) B
WHBAKT7ABA (RO, 2016 X355,
2017 ;487 7945 ,2018) . SPLIEHNFEEHSH 1
A ST SBP-BOX 45 #43, ‘& & SPL &K 1 fl
DNA S FHEF LS S b T, X 5ATIER ST
8 by S TN S A A B — 2

AR5 (2021) ¥ FI#E BpSPL6 %& K ) 8l F 4K
Bl GUS S P 5 kDU R I 8 35 28 K AR 9 &
FR AR At 3 00 2 3k, & B 8 o Ak K ) LA AR
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) e Tk AR BB HE 0 G A K S S N, 5 R B AR
— 2, B EI BpSPL6 JEH v REXE MM AR &K B
AR PEREN, X5ATMAE DoSTM2-4 FEAR h
B FE AT 22 58 7K ST W 35 — 5, HE I DoSTM W RE S 5
WREE .
WMESSTHYWAKREEWSA T, A
LI 5% 32 W1 SPL %1 2 5 R 9 19 80 K i b7 o
. XFEHE BpSPL6 % i 8l iy i =X A8 ot -
IYMIRI (Z2E45,2021) , KR 3h FIX &4 10 fi
HWMERmB T (ERKRER RER KGR E R
2y X HRATIE R DoSTM N AE I T4 43 Bt

AL, T H S MK TR 8 454~ DoSTM3 -4
(AT e 35 7K & AR B 3 AR fb— B, AL RNA-
seq WFFE R BLAU R IF SPL10 % 2 #iR /K 4 2 A2k
KRS Em NS FRA T Z MW, ASPL10 38 i
P AR Z AW A BRI PR (Ye et al.,
2020) . AREF @ AT 25 R A LUR Y AiSPL3 -
5 FEHEMEFEFFIE (Galvdo et al., 2012) , 7E DoSTM
JashF bt & BT Z Bk E e N e 4, A
DoSTM W RgZ 5 Z P Z W

KAEAFE 3 B SPL 3 [H g % 1 7 AR IR L = IR
AR A WA 55 . A0 Stief %5 (2014) & BUAE
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EFl-a A%, s FR P<0.01,n=3,

EF1-a is an internal reference. ** indicates P<0.01, n=3.
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Fig. 8 Relative expression levels of DoSTM

in root, stem and leaf
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HKEREELXEHXER ABP WRERRIESH
wEM, TAR, F A, HEE, HEE, FEE, TEL

( PEREARL AR FEAREE 222 B, [ Spoll AR JEUR 7 g XU Bl AR LR R TARDT S L, R DIRedE
FEFF BB W AEAR TREBFFE G, TR AROl R el Ak be ZAEF ot A bl BB 650224 )

B E. MR EKE R (Impatiens uliginosa) ABP 35 [F [ 25 ¥ AR IKFRAE , 720 53 LATEK 42 RO #1861, 2R
RT-PCR $ R XHE K 45 R ABP JE[F #4755 , i Fl DNAMAN il MEGA % H: Fir 4 5 4 26 1 5 91 R 47 ] P
AT R G HALST T, TR qRT-PCR 4387 ABP JEPH BB 23 Fab i, 450K . (1) K&K ABP HH
1) cDNA 42K K 627 bp, Zih 208 aa, fir 44 A ABP 3 |, HAE 11 BA Cupin MBS (R MLBI 254 . (2) [A]
TR A 17 R BH K 4 R ABP R W 2 1R 7 91 5 2 SR HE RANIAE (1 glandulifera) . ZE( Rose chinensis) (K
2 ( Manihot esculenta) SR 0 [R] R A 273K 71% ; R G #4043 M1 2R B lwABP 5 5 S 30 M KA AE ( Impatiens
glandulifera) T —3% , FE KRR IGT . (3) qRT-PCR 7M1 M IABP 3 AEHUK 4 RAEIE & B 1) 3 A1 5
B2 AR ik, WA AERE N R B, wABP SE P FE K & RAEFE A H0 ) ik B e TR G BTH
PR R A I K Fe s T A AR BE R G 28 Sl T, DL R AR it — D WS K 42 R ABP R AR AR
P& B D RE RO AR PR AL R T — i S

R KGR, IERE, ABP S, JER TORE, kT
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Cloning and expression analysis of ABP gene related
to spur development in Impatiens uliginosa

WEI Chunmei, MENG Danchen, LI Fan, XIANG Nanxing,
YANG Jianyuan, HUANG Meijuan, HUANG Haiquan*

( College of Landscape Architecture and Horticulture Sciences, Southwest Research Center for Engineering Technology of Landscape Architecture
(State Forestry and Grassland Administration) , Yunnan Engineering Research Center for Functional Flower Resources and Industrialization ,

Research and Development Center of Landscape Plants and Horticulture Flowers, Southwest Forestry University, Kunming 650224, China )

Abstract: The purpose of this study was to explore the structural and expression characteristics of ABP gene from

Impatiens uliginosa. ABP gene related to spur development of I. uliginosa was cloned by using RT-PCR method, whose

YA E: 2022-07-29
E4WBE.: HEAREEIES (32060364,32060366,31860230,31560228) ; = B4 1 KB % 3 (202102AE090052) ; =FA
T2 A 4 55 B8 [l ZIRHEL BT T BRI H (51700204) 5 =48 EMAE G R S S E LA SR E; 2mA T E
FEEARB AN K A BRI H (2018HB024)
E—1EE . BHFM(1998-) Wi+ WFEJ7 8] S FEl ARAE 4 9 U8 5 % 1, ( E-mail ) weichunmei@swfu.edu.cn,

CEEEE . R W B A S BESE D5 1) R MRS ST, (E-mail ) haiquanl@163.com,
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homology and phylogenetic analyses of protein sequence were analyzed by using DNAMAN and MEGA softwares. In
addition, the spatiotemporal expression patterns of ABP gene were investigated by qRT-PCR method. The results were as
follows: (1) ABP gene of I. uliginosa was successfully cloned, whose full-length cDNA sequences was 627 bp, encoding
208 aa, and named [uABP. The protein encoded by ABP gene had the typical structure of Cupin superfamily
proteins. (2) According to the result of its homology analysis, it showed that the homology of ABP gene of I. uliginosa
reached 71% with those of I. glandulifera, Rose chinensis and Manihot esculenta. Based on phylogenetic analysis, it was
found that IuABP and Impatiens glandulifera clustered into a branch, with the most close genetic relationship. (3) qRT-
PCR analysis showed that the IuABP were expressed in both three stages and two different parts of spur development of
I. uliginosa. With the development of spur, the expression level of luABP in the blade had a tendency of declining at the
beginning and rising up later, and reached the highest in the blooming stage, while the expression level decreased

gradually in the spur cup. These results provide a theoretical reference for further studies on the function and the

43 %

expression regulation mechanism of IuABP gene in spur development.

Key words; Impatiens uliginosa, spur development, ABP gene, gene cloning, expression analysis

AE PSR YL B 25 R BN L RE 4 = A )
R A o3 003 R BB I 2 R ( EETIT 45, 2022 ), ib
T R S AT ) K B 1S &R R 2 L (Hodges &
Arnold, 1995) , B~ I 45 A= W1 AR 19 52 254 1R
( Vervoort et al., 2011) . FFJ&@ A ¥y 1€ B0 /9 0 5%,
AN BE B 1] Wt ) o T2 BRI R 6 B AIL 1 3 RE B
TR 5 AL R A A 2 8] AR ELAE T (Hodges
2003 ; Fernandez-Mazuecos & Glover,
2017) , Puzey 55 (2011 ) X #% 3| 52 46 FF 41 23 0 24
JLAK P AT LI | 25 R 3% B Rk S| S 4B BE Y A A=
ARG T A0 & 1 S YT 5Kk, Mack il
Davis (2015 ) X 2L HE & ( Centranthus ruber) B #Hf 5%
& B FCAE B A A R 32 0 5 3R R 4 ML 1Y 4%
A, SRIN, Tsai 45 (2018 ) Xt P PR 2 35 )
HY) ( Pelargonium ionidiflorum 1 P. odoratissimum )
HYAERE B 5 K BE, A6 4G AE K JURE 9 I P AN & i I
] () 4 < R AR BB P By 35 25 A Cullen 45
(2018 ) TA N 41 ML 53 LM 5 £ )& ( Linaria ) fEHE K
BEARAL Y F2 R ] 3X 5 R W AR B R ARG 32 R
3 o8 240 S 1) S e S R U T B B X B,
Hb  WF T S L 6 8] 4 41 i 3 S8 R ) i A
WZ 5 T & T W4, AERE | 32 4B I AR
kBB E B TCP ARF6/8 H BEH :[H | i i
VIGS S 5 %F He it A7 0BT |, A6 FEAR P 1) 200 it 3 284
5 5K A P A B L e 4T BOIE B A ST
Hm N 44 ( Yant et al., 2015; Zhang et al.,
2020 ; Stephanie et al., 2021) . % W AW 4E
PR AR AR RN AR ST T 400 i 225 40 i 4% 1) S
PERGY K, 0 HAERE & AHOCEE N ABP [ TCP ARF

et al.,

K BEH X AE R A4 40 i 0 245 i o e 5 AR A

ABP (auxin binding protein) J& — Fl 4 K &K 5%
& fu3% ABP I _ABP Il ABPII, Dl Je/E K Kz
M NPA (2558 4 28 TEAEY RNz 4
i, ABP K 2 5 B B A KR iy ma iy o 7 i
Z 5N Y5 A0 T ok DL K i i A A R
B (TR A 2012) . BESE KL, ABP1 KA
TESZRR A B ZEH0 28 rp R RGK  ABPT BRI 7E B oK
4B AR, T E AR P R 3R AR AT A A A
Py A K LA T BR A BT ABPT SE A I 2634
R, T 40 PR 45 O A3 1k I R 3Rk IR, JF HL
ABP BEPRTE A0 b A [R) 52 B8 3 A7 A7 7R BRI 22
S (T IRFES 2001 ; 15 47 %5 ,2008) , ABP R KA
EATEMY A KB HA ST P RBEER S
AR R REN SAE K R A RGN ok, E i i
PERIBR /N, FEMRE 5 4R T ABP1 SE R it
FIRRENE I HE 3R S AR M Ay 9™ 9k | 4 Y ABP1 2
PRI AE K sl s B PR A o, 1 3Rk ABPT R
REAS 1E [n] P8 59 41 B R SF (Jones et al., 1998), It
Hb, XS R ST LU B g ABPL BEAT T M BE R
A LR TR 45 /N ( Braun et al., 2008) ;1M 24/
IR ABPT JER SRR R I A AN BB IE #
5K H A AR 55 (Chen et al., 2001) , FEA B
ABP1 JERITEAR Y A0 73 2 20 B A B8 R K o3 A=
AR Ty T B H R

P K 42 R ( Impatiens uliginosa ) J& KUl 4E FF
( Balsaminaceae ) KUIlI 1£ J& ( Impatiens ) B — 4 5% %
EARRY), BA AT AR AR R AR T
A6 PO PE o S5 R R, RIS AT T Y 4R
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B2 B WL B A2 24 0 LA b 28 % A B 1)
WTEA B (Luo et al., 2019) . K 4 RAE R W&
YA IO FEIE AR 1R i, HAERE
PR B M 45 S i B A ARG A AN 1H
124 01k N A1 R A5G K 4 R ABP Sk A
PYARDCHR B, P, 78 K 4 KU SEfE ABP A
I A H o F HL S 3R IR RR A XER AW 98 H AR
PR & it R AL B A O S, AR AE
TRABZH R 3 /K 4 RUHG S 20 00 e ) it 1) %
K4 RALTE & & A G ABP 847 s b, i Bl 72
LA 5 qRT-PCR 208, M A= 45 B 207k i
X ABP JEPRIRY SR OC R S RFAE | 23R 5 55
HEAT A3 AR AR [ (1) K 4 R ABP 4R
FISRG I FR 5 (2) I R BEA B 1 ot 1 4
FHRAE 5 (3) T K 4R ABP JE N fE 6 I & & A
(7] B 35 FUAS ] 07 v ) e iR 20

1 #OR 577

1.1 ##

AR R VA MOl R 2 S L 56 R Y TR K 4
R, R BOHAE AT (S1) IR AE 39 (S2) A 42
(S3) By AL I &8 A A6 BE A S 2E 17 H A9 3 N Y
qRT-PCR SEH: (K 1)

1.2 5 RNA HiRENE ABP EEMEE

FIH RNA $2 B 71 £ (OMEGA ) #2 B /K
& RAE A B B RNA; AR 98 30 5% st il ) & (420
4) ¥ RNA %5 R 18 cDNA, R 1620 °C 51
T,

DIV K 4 KU S 40 P B TuABP 3 R R AR 3
XPal it Ay i, IR R A T A . SR
[uABPF ( 5'-ATGTTGCGCCTCGTTTTC-3") . luABPR
(5'-TTAATTGGTTCCTCCAAGAACACC-3") , LA JE
K4 AL BE () cDNA A B4 17 ABP 2 H 1
cDNA §" 38 P IR R N 20 pL, LW 5&14:95 °C 5
min;95 °C 5 5,56 C 30 5,72 C 48 s,35 MEH;
72 °C 10 min,4 CH£4F, PCR FE¥ & g 2ife ),
53k pMD19-T &4z, 5% 4k DH5 o 852 A5 21 ML, Fx
S BRI BH P TR 6 A T
1.3 K& R ABP EREFE 45

iz [l ExPasy 7E 2k #X 1 ( https ://web. expasy.
org/protparam/ ) X H 7K 43 R\ IuABP & [H ) 3& A #f
AEAEVE AT 53 5 15 B SMART 7Rk T A (htp.//

smart.embl-heidelberg.de/ ) S T TuABP & K 25 14
5l; i2 F Target P ( https://services. healthtech.
dtu.dk/service.php? TargetP-2.0) il [uABP % [
1) W 40 M 2 L 1 B SWISS-MODEL ( https://
swissmodel. expasy. org/interactive ) i jll [uABP % [
i) = 4 23 [a] 2549 ; F1 ] DNAMAN v9.0 %} TuABP &
FHEAT L X 50 87 5 32 JH MEGA-X K 1F 1 48 2 i
(Bootstrap= 1 000) #17 RGEH L 73HT .
1.4 /K&K ABP = REER S

A3 B IO K 4 KU 3 AN I (4B A | IR AE
)RR AR ) A 2 ASER AL (HEEMIE R ) AE B 2% Y
RNA , Wi %% 4 i cDNA 45 . IuABP JEH qRT-
PCR 51¥)} gABPF(5'-CGGGCTTTGTGGCTCAAT
AC3") .qABPR (5'-TTCGCAAACAGCGCGAAATC") ,
WZ LN luActin| ActinF (5'-TGAATGTCCCTGCT
GTTTG-3") \ActinR (5'-ACCTTCCGCATAACTTTAC
C-3")]o LA3AHAY 2 SFBALAY cDNA AR,
8l Light Cycler 480 1T (Roche) SZH 5 & PCR 1Y
PEATHED R IKARNS 2 f 20 Hr . OWAR ZR 5 20 plL,
SRR Y R TAEME 95 C 5 min; ZEHE 95 C,10 5,18
K 60 °C,20 s; ZE{H 72 °C 20 5,40 MG, HBFE
MiEAT 3 AR R 270 R KRR TR
BEIEAS S SR EAL 1 AR 3% B8 X luABP HEPRITEAS
(7] s RN R FA57 () B 258 e SRR A T 00T

2 HR 54

2.1 H/KER ABP EE W RIERF T4

MR AT LK 4 RUAE BE 7 S 20 i i e S e 1
g9, LLAEEE 2% B 1Y cDNA M #iHR, % RT-PCR
ERERAS ABP LR B (I 2:A)

iz | ExPasy-ProtParam X JE 7K 45 X\ ABP 3
i 1) 2B AT 0 M, IuABP 4= K 627 bp, 4 i
208 aa, HiX} /> T8 4 22 108.6 Da, BLIE % 5l
6.95, ML FE 3 162 MR 7, AR E BN
27.46,J8 TR E E A, MOV Y% 5K %18 50y
0.405, X iZE A M@ KMEE A, FIFH SMART 43
ik 3 uABP & A — > Bt A 1Y Cupin-1 %5 14 1
(147 MR EMR) ,E-value 5 7.85e-36, FH&H —1
20 aa MIfEZRK, VABIZFEH JE T Cupin #8 5% MY
FA(E 2:B), K4 R ABP F N AT AE 5 45+
B, 40 e A T 40 M RE ik Ah, i B SWISS-
MODEL X}E 7K 43 KU ABP J: K HE AT = 4 25 [] 45 44
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AT, % B TuABP # H HA Cupin # 5 R HEH
A /MR T B A (B 2:C) .
2.2 iHKER ABP EE M R GH L 7

iz i NCBI 5045 )% 1Y BlastP T &E, ¥ IuABP
PR G i 1) LR P 51 5 HAB ) A ABP 2 LR
FEONHEATTE LR LU XS, 25 R R W uABP 5 5 5 i ik
JAAE ( Impatiens glandulifera XP _047342663.1) |
BRAR ( Capsicum annuum XP _016567466. 1) | #k
( Prunus persica XP _007202573.1)  f 4% & 40 &
( Nicotiana tomentosiformis XP_009600028.1) |} &&
% ( Fragaria vesca XP_004287628.1) B s5 % 11 /&
( Erythranthe guttata XP_012830892.1) | 3¢ [& 111 #%
Bk ( Carya illinoinensis XP _042972396.1) 0 H Z&
(Rosa chinensis XP_024182988.1) . #A Bk ( Juglans
regia XP _ 018844294. 1) . ¥ M ( Morella rubra
KAB1209489.1) . FF > % ( Pistacia vera XP _
031267949.1) . & 4 2 ( Solanum tuberosum XP _
006342915. 1) . K 2 ( Manihot esculenta XP _
021596589. 1) . # K % ( Hevea brasiliensis XP _
021647439.1) iy ABP & H [/ IR, If B 5 BT HA
B AR, A DNAMAN v9.0 #f IuABP Al
XL ) B R 9 $EAT 2 7 91 Hex, 45 R
7~ , TuABP 5 H ALY Fh () ABP 25 1 2 A & & i Al
e, B3k 71% (K 3) o it — 22 FH MEGA-X 4K
s ,%Fﬁé‘lﬁﬁ/zt‘ ( Bootstrap =1 000) R Gtk
B, ke BLEK 42 R ABP JE TR 5 5 i HE RUALAE 3R
H—3, RG R R mIE (K 4)
2.3 iHKER ABP EFE MR = RIE S

WF5E K B luABP 5 PRI K 42 RUAE IR & & 1)
3 AN (AR A AL TR AR ) K 2 AR A
(WEFBMILR ) 24 Rk (B 5) o 1EEK & KAERT
MeER b, ABP BRIk R TR I
P, e REAL S I 3 ey 5 AR AR RELBE B b TR A A
W Rk B, BES BT T e, AL, uABP SE
TETFL K 4 KU AL JI0E 3 v 30k o e v, HOIRG2 TE
ARTIINE R T, "I RE S TuABP 3 R 78 JH K 4 RUAE
FRAGTR A AN A K 5 9k POk B B A K
W, FTRAHE I TuABP K PR7E T /K 4 RUAE B 1Y) 240 i
BB R T EEEM,

3 W5 E&®

ABP XA I A0 0 505 K B B B

A HEAE R PR O 30 3 A S — AR K R i
TEZARE M (CRIRSE 2018) . IT4ER, Bk B £ 1
ABP JE R [F)H8 90 vh w 43 5 v B 1 Ok, I X 3L
NREAE AT TWE5E . ABIF 58 DK 4 KU 1 2
ol T AL A B AL wABP , H: cDNA &K h
627 bp, %t 208 aa, & T Hi /K EFRE & H ., Cupin
S5REN B PSR g b, B A e b REg
HAEAF R TR (FF R 55 ,2021) , ABFSE P IuABP
JEPR B AT LAY Cupin-1 254448, = 425 [a] 45 4
HLAT MR/ INRIR 3T B S5 48, 5T 2R 45 (2019)
Xt H 28 ReABP19 Jk PR 45 #4) (1 Y 5 245 5 — 3, #E I
IuABP J& T Cupin BZ %, FIRES 5 T LB L BT
TR A AR R 2 A & 8 K
&R ABP FEH 58k 5 DRAERANE  H =59 Fh
ABP SE R [R) R PR B s, B IR T1%, 5K 8 AE
(2013) X} Bk ABP1 47 T WF5T, K& BLAE Mk 7 S 52
KE LR T ABPL M FHES K SRR, K
W R Y ABP A fe I M E R EG
5 IR A P K AR S L, K 4
R ABP 27 58k ABP1 2 (1 5 A ALK T fE
75 i — LB 58, R G i A6 43 B 3 W K 4 R
ABP BEIR 5 5 D R HE R AR 2Rl — 32, SR &%
KRR,

ABP1E AR ZGF S BAE T ABZ K, AL
RE 6% R 45 S B SR A0 M T R, I e S 1P 2 AR K
FL I N B B S, AN PLT | Aux/IAA VL I
ARF FEIFE N2 55 40 M4 5k A4 i 34 5 | 2B K
B 4% 45 3 2 (Chen et al., 2001; Kim &
Triplett, 2004 ) , Steffens %5 (2001) BHF 5T % B, fiE
i A AR AR AR K 0 A K R AR5 R o Z 3R
HEFARSNE ) ABP1 2 HE S, Kk ABP1 3
PR R i el e 3 B A% 4 R 40 i X A K
RIHURGE ). A5 IE L qRT-PCR 438 & 21,
TETEL K 43 RMETR | uABP HE [ () 3% 1k Bl 25 46 JE A0
KB G T, AE B A IR B 55 A B
IuABP TR 235t AE AL R B e s | B A AR IR &
BRI, X 5 ABP1 JE RI7E A0 55 20 i A K 15 BR
F14) R 30 2 3K 8 58 o T 7 200 PR 45 R Ak e e 3k
BRI O — 30 (B R A S ,2001) . ABP SRR TE
FEP AR [R) 3R 1) 2235 T REAF AR KN 25 5%, AR
WG H TuABP 3 PR 7R TE /K 4 RUAE (4 A 350 0 B 5
e TR LA I, 31X U8 BH TwABP 3 R 1 R K 42 R
A6 HE TP (0 FE IR A S 8 I S R0 4H 2 S v,
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sk Blade

B Cup

S2

S1. fEHI; S2. HGAEM]; S3. HEAEH].
S1. Bud stage; S2. Beginning flowering stage; S3. Blooming stage.

B1 EHAERELZTINXRENHEERER2 MAEERL

Fig. 1 Three key stages of flower development and two different parts of flab in Impatiens uliginosa
fii 5 ik Signal peptide
i Cupin_1 >

Cupin-like superfamily

1 JATGITGCGCCTCGTTTTCACCCTCTTCTCAATCCTCATCCTTTCCCACCATGTTICGTICA

61 CTAGACTTTTGTGTAGCCGATCTGAAGGGCCCGTTAACTCCATCCGGCTACACTTGCAAG

L D F €V AD L E&G P L T PSS 6G6¥ T K
121 TCCCCGGCTAGTGTAGTITACCGAAGATTITTGCCTTTTCACTIGGCAAAGCCGGAAACACA
S P A § VVTE D F A B b
TCCAACATCATTAAGGCTGCTGTCACTCCGGGCTTTGTGGCTCAATACCCGGGCCTTAAT

o

e § N1 1 K A A VTP GF VAQ Y P G L N
C /] 241 GGGCTGGGCTTGTCTTTGGCACGACTAGATCTTGCCCCGGGTGGTGTCATACCATTCCAC
G L GL SLARLDLAPGU GVWV I P F H
301 ACACACCCTAGCGCAACCGAGGTTITGCTTGTTGTTCAAGGCTACGTTCAAACCGGATIC
T HP S A TZEWV L LV VQ GY V QTGTF
4 361 GTTGCATCTGATAACAAGGTTTATTATAAGACACTTAAGAAGGGAGACATATTTGTTTAC
/ VA SDEON ENY ¥©YY ETTLE KK GO F VWY
421 CCACAAGGATTGTTGCATTTTCAAATAAATGCTGGTGGGATCGCGGCTGTTGCGTTTCCT
PQ G L L HF Q1 NAGGI1 A AV A FP
481 TTCTTCAGTAGTCCCGATCCGGGACTACAAATCCTTGATITCGCGCTGTTTIGCGAATGAT
FF !5SS P D P G L Q I L D F A L F A N D
341 TTGCCTACTAAGATAATTGAGACAACCACTTTCCTCGATGAAAAGACAATTAAGACACTT
LPT K I 1 ETTTF L D EZXKTTIEKTL
601 AAAGGTGTTCTTGGAGGAACCAATTAA
K G VL G 66 T N *
AR 45 H

Small barrel folded structure !

A: M. Marker 2000; 1. ABP, B. ABP M IP-SF4E#8 . C. ABP & H A =S ) 45 F4 T |
A: M. Marker 2000; 1. ABP. B. Conserved domains of ABP protein. C. Spatial structure prediction of ABP protein.

B 2 H/K&R ABP £E PCR ¥ &R F 557

Fig. 2 PCR product of ABP gene and sequence analysis from Impatiens uliginosa
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1 5 A TE Smpariens glamdnlifera (XP_047342663.1)
ML Capicunt aronnan (XP_016567466.1)

Bk Prumus persica (XP 007202573.1)

R E N Nicoriana tomentosiformis (XP_009600028.1)
FFRCHE Frogario vesea (XP_004287628.1)

BEA R BIE Ervilrenrhe guttara (XP_012830892.1)
WL B Comrvor tilimomensis (XP_042072396.1)

J1 %8 Rosa elrnensis (XP_024182988 1)

NIk Suglares reglo (XP_018844294.1)

il Movella rabra (KABI209489.1)

Fraa Mt Pistacia vera (XP_031267949.1)

MW Solanum tuberasin (XP_006342915.1)

AW/ Mavilior esendenra (XP_021596589.1)

MR Heven brasiliensis (XP_021647439.1)

B G W, Smpertiens wliginosa

Consensus

B 55 4 P TE Jrpations elandilifera (XP_047342663.1)
L Copsicnm ammmnmn (XP_D16567466,1)

B Promus persica (XP_007202573.1)

0T X Nicotianer tontentasiformis (XP_009600028.1)
WFSUE Fragaria vesea (XP_004287628.1)

BRI TE Erviframtive gurtate (XP 012830892.1)

WelE B Carya illinoiumsis (XP_042972396.1)

A % Rosa chmensis (XP_024182988.1)

BB Juglans regin (XP_018844294.1)

Fitlg Moreila rubra (KAB1209489,1)

FF M Pistavia vera (XP_031267949.1)

H W Solammn tuberasin (XP_006342915.1)

AW Manithor esculenta (XP_021596589,1)

RN Heven brasifiensis (XP_021647439.1)

K i 18, rptienss wlighnosa

Consensus

B e LAl JE Srparierss glamdiidifera (XP_047342663.1)
BN Copsicnmy ammmnm (XP_D16567466.1)

B Pranns persica (XP_007202573.1)

JEAAE Nicotiana tomentosfarnmis (XP_009600025.1)
WFEXEE Fragaria vesca (XP_0D04287628.1)

B T TE Ervedwanthe g (XP_0]2830892.1)
Sl Carve ilimomsens (XP_(M2972196.1)

A % Rosa chinensts (XP_024152988.1)

Mk Sglens regia (XP_01B844294.1)

Hillg Marello rubra (KABI209489.1)

FF 4Bt Pistcio vera (XP_031267949.1)

S Solomnn niberosum (XP_006342915.1)

AW Manthot exculenda (XP_021596589.1)

BB Hivea brastliensts (XP_021647439.1)

A & T, Spatterss nliginosa

Consensus
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B 3 ABP EREMERESEDEF 5L

Fig. 3 Homologous amino acid sequence alignment of ABP gene from Impatiens uliginosa

TuABP 3 PR 76 48 5 A5 358 59 7 AL AT 66 R W)
(FFE%k 55,2012 7K 81 %% ,2013) . [uABP B TE
IR A Ay 22 IR AT =TT B R A IR AR SR A T 4 L 43 2
SR R A B AR R 2 g, £
Jirik A [ABP & TR K 4 RAE IR A K & &
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Abstract: In order to explore the responses of growth, photosynthetic characteristics and nutrient accumulation of
Cunninghamia lanceolata container seedlings to different amounts of slow-release fertilizer application. In this paper, the
effects of different amounts of slow-release fertilizer application treatments (0, 200, 400, 800, 1000 and 1200 g - m™)
on the growth of seedlings height, ground diameter, biomass, photosynthetic pigment content, chlorophyll fluorescence
characteristics and nutrient content of C. lanceolata seedlings were investigated. Moreover, subordinate function value
method was also employed to comprehensive evaluate the growth and physiology indexes of seedlings under different
fertilization treatments, and screening suitable slow-release fertilizer levels for the growth of C. lanceolaia seedlings,
which providing reference for the efficiency cultivation of high quality C. lanceolata seedlings. The results were as
follows: (1) Compared with the control, the slow-release fertilizer application could promote the growth of seedling
height, ground diameter and the accumulation of total biomass of C. lanceolata seedlings to varying degrees. (2) The
slow-release fertilizer treatments could significantly increase the contents of chlorophyll and carotenoid in leaves of
C. lanceolata compared with control. In addition, slow-release fertilizer treatments also increased the values of maximum
fluorescence ( F, ), variable fluorescence ( F,), maximum photochemical efficiency of PS Il ( F,/F, ), potential
photochemical efficiency of PSII(F,/F,) and actual quantum yield( QY) to varying degrees compared with control. (3)
The slow-release fertilizer treatments could promote the nutrient accumulation in seedlings of C. lanceolata to varying
degrees, among which the contents of Mn, Fe and Zn were found to be changed most significantly. (4) The results of
subordinate function value method showed that when the amount of slow-release fertilizer application was 1 000 g + m™,
its membership value was the largest, which indicated that the comprehensive growth of seedlings under this treatment
was the best. In conclusion, the amount of 1 000 g - m™ slow-release fertilizer application is the most suitable treatment
for the cultivation of high quality seedlings of C. lanceolata in the present study, under this treatment, the growth of
C. lanceolata seedlings can be improved by increasing the accumulation of nutrient elements closely related to
photosynthesis, thus increasing the contents of photosynthetic pigment in leaves, which in turn enhance the PS I
photosynthetic efficiency and electron transfer rate, further enhance the efficiency of light energy capture and utilization
of leaves, and ultimately improve seedling growth.

Key words; seedling cultivation, slow-release fertilizer, Cunninghamia lanceolata, chlorophyll fluorescence

parameters, container seedling, seedling quality
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K2R ( Cunninghamia lanceolata ) J& 3K & Fg J5
B A TR A (it 4 A5 20185 B 5 AE
2021) . YRS ILUCA E ARG IS A 45 R R, TR
FEAZ AN bR T AR 28 BRI J 3 B N T A AR AR
T E AL, 75 P B 3 1] 2 25 22 4 UK b 22 42 55 7 T
HA FEEAEH (Kang et al., 2017) , JT4FERFEH £2
AN AR GE AR T FRGE AR K, T 39 6 42 AL 5 i
AR B 5 SR AL LR AS W7 B8 (25555, 20204 JH A
2022) . fEGMAZARE i FEZ LUK HRIR N 3,
(B R P A 7R R S [ 3R AIR GRS 1 ) AR 3 A
27 R N [EB] o A A S [R) R, AR R IS I T R R
A BEAR T 3 MRS A8 (R, 2019) AR TR AR
BT, 25w v U BB A &% v iRk b 3 o) B (3% 7
45,2019) K, 74 B M C O HATAZ KRB R
EHMW —FEERRE, AWMl TG ENER
23 (A B, LT 2 Jo v i 3 i AR I e ) 5% 43 A
XD T Tl R i AR TR DR A K i R X SR O

(1R 5 2R, PR it A 2 R E A2 K 25 g 1 P o A K
CHERT I (R 5 5F,2021) Bl /K IE 2 H AT A%
BB b SR G — Aot IR =X R R AL e 1
it A 7 2 2% 5 3 SR RN K A TR 2, A ARG A X
FRor IR FERCR S04 7= A, EE Bl ] g 5| i
EET5 YL (2N 4 2017) . I, FFR RS K245 7%
Bt A A AR 5 % T 4 v AR SO A T G AR
APt oot i MR A R X,

VR — o 0 I Rt 22 R N0 5 A 5% 43 R T &%
R FEK RV D DL IR R S A AR TE
HARKEE RN A Bz (BB AE, 20115 F
255 2013 /NS 2014 5 A #FZE,2021) , i
AR (2019) R ST I BE AR 25 1 A KO R R 22
TR AT FH o g 1 A0 5% P & B T 3 ke - mP IR R
JEREA M MR AERARARLE, X5
SRR AR N P UK FRAMIR I B TIA 56, Bk
JERIEE (2019) BF5E 3R W1, DA% 43 1) FH 28 R AS >k



6 1] FIHET . GRNE AR WA K DA R BAIFR 7 AR B2 1061

F,0.95 g - L' BENC A RUAE 20 AR 25 28 1 v
R AR S Y R IR R LR
P & V155 (2018) 76 AR B 254 Wi A 9% rp b 3124
FRAAE N 2.5 kg - mPBF A28 1 KSR
O, o MR RN A ) i S e AR 2 R T A
ARFR AR, AR PS5 (2018) 3 1 BIF 5T AN ] 2%
RENE FH o 0 8% 3 AR AR KRR 0 B B b R B,
KT 22 B I & R 4R &R 2B K Bl 45 il A
SR B IIAE BR 25 ik i 2 KA B B R RS
B E R 1.6 kg - m” B, Ll & A2 AR 9 &
RE KA, BT 0L, AS TR Fh 22 18] B 1 A 9 22
PR RS HEASEAERKNEREHEE
FETER K 25, Hit, FFRE A ER W A KXTAR
IFi) ) 0 % AU o o7 0 %) A9F 5, 1 S B A £
B KGR R A B B ML
RGVIME L FEATAMIE MK 2, M1
AR PR F UG AE | T it E R 50t IE 45 )y
T (KRR A, 2016 ; (LA S, 2021 5 25 % 55,2021 )
— 71, A O % B R AZ AR 25 4% v A K Y B 5 AH
XA (R, 2017 5 B A4 2017 ), HA KX 22
TR RE FH S 1) i) 7 ML 1) o AN o8 e TERE L O3 — T,
AR Bl — S A2 K i S R AN AR, dnft R B
PERCVE-061° fE M, BERT TRELA
N TR B AN K - R0 28 B 303, SR 5 i AR
R RN TR SN N = i 3 N NE i N E LA
(RIS S5 2018 ;28 5645, 2020b) , WA AT IR, AN [H)
MIRZAE A RHR L 7 BB Y2 Rtk i 22 = B
TR 543 1 T SR AR AR R (BT 55 ,2021) , ifii HL
R AR B W BAR B RN & RN E
B AR B TC 738 W X 28 )RR A K ) 7 2R (ARG
55,2018) . [Hth, JF R 5 A2 AR R AR DT BE Y
SRR ALt FH 2 AR 5T, X6 S B AZ A B R R B
MIGHEHRAERERE X, BT, AR U AR
RICH: R HE-061" RFWFFE X%, W58 A [F) 2% B¢
Jite 6 A2 AR R B L R AR A A A K AR
R OEAEEA R MR EICSE L AR TR 5y
TR A () B ) SRR eR EI0E X 25 A 3R bR
PEATERAHT, R LR I B, (1) B R4 4k
K JEA IR 43 B BT AN [R] 9% R I it FH £ 114 i i
FUAL AN 3 (2) Fedl B¢ 1E-061 A2 K 10 2% TR A it ]
TR/ DLNGE B 9% R AT R 3 A ] g A8 ek
BMARAR . DI AZ AR BT AR 0 & 0% & 12
PEBEIS ARG FH AR S

1 AR5 7%

1.1 X3 LR

TR0 b AV T A A AR AR R 2 4 1L AR X ) 5
KM (119°13" E.26°05" N), ZH X ¥R 10 m,
RSP EE 25 °C, WY 28 XU AR 24 H IR
1 700~1 980 h, 4 F- %K & 900 ~2 100 mm, TG
i 326 d,
1.2 iR G+ Rl kiR

FF475 FH 0 B 4% p A A8V 1 LA AR R Y
KA 061" MAEAESS KN (10£0.4)
em, BRIBEFIR R+ B RS AR K %0 T/
AR A BR A W], W S 0]k 5 44 44 740 05 44 e
wt BEREMBEARLE1:2:2(V:V: V) B
AT ARG IRG TR R B T i L3R 1,
RN R 2 2 DR A, R A 180 g - ke
TR 60 g - kg EHIER 120 ¢ - kg,
1.3 iXEZ it

2019 4 4 Hhfaifediele s+ BERA A K
1:2:2(V: Ve V) BIFESIRG MR E HER
AT & R, e ik e 6 S ab 3L, 43 il
CK(0 g+ m®) T1(200 g+ m”) T2(400 g -
m>) T3 (800 g - m>) . T4 (1 000 g - m”) .
T5(1200 g - m™), BRIETSZREE R RA
E%/\%éﬁ%ﬁ%(ﬁﬁé 6 cmX & 10 cm) 4 H
Bl JEH o 27 A4S B T R £ L, R Wl fE 4%
Fif AR YRR BT b RAS RS 1 AR, B
AbFFF 300 £k, 2019 4 5 H rha) A AL BT
Y 300 PR B H Pk R A R K BR A H —
F AL 90 &, A E A 30 Bk, B AR 3 K
A6 NI 540 BRI, FEAT A W] 92 8 I it
BRI, RG] E AT 1E 5 A 7K 3 R B
R, 2020 4F 11 H rpofg a5 g5 O, E AT BORE
e
1.4 HFmEESNE
141 AKEF AT ARI AR ZTHEMNZ 2020
AR 11 H ) R AR R RO LR 3 ) R b
FFH =, VR4S B R R B b AR RO R R AR
P TR A e 3 MRARMERK . OB b v Bk 4%
25 M8 F T 105 C A 2 h, FEJETE 75
CTHHETZfE AR 6 ARG 55 (2018) B9 s THE
[N i



1062 O Y 43 %
*1 BEERERMEMER
Table 1  Basic chemical properties of light matrix
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FEAR B A [R5 Bk 7R AS ) b B2 1] 4 (B 351 (P<0.05) . R,

Different letters above histograms indicate significant differences between different treatments (P<0.05). The same below.
B1 AREZFEERENZAYEESSHEEKHZM
Fig. 1 Effects of different amounts of slow-release fertilizer application on the growth of seedling

height and ground diameter of Cunninghamia lanceolata seedlings

T2 ARAEEREEAEMNEARYEEVERENZ I
Table 2  Effects of different amounts of slow-release
fertilizer application on biomass accumulation of

Cunninghamia lanceolata seedlings

CURUT S SV SN
Qb Root Stem Leaf 'i’u;tal plit

Treatment biomass biomass biomass .
biomass
(g) (g) (g)
(g)
CK 1.27+ 1.38+ 2.24+ 4.46+
0.51ab 0.30¢ 0.83b 0.88b
T 0.90+ 1.62+ 1.99+ 4.51+
0.17b 0.22bc 0.17b 0.35b
™ 1.20+ 1.55+ 2.35+ 5.09+
47b 0.23bc 0.67b 1.38b
E N —] 2-‘-‘ i > = T
- .24 2,442 3.60+ 6.47+ /. 2 jﬁ,ﬁﬁsﬂlﬁzﬁﬁﬁ E;,(T
0.48h 0.35ab 0.93ab 0.98ab EAYEERRERBNZ N
" 173+ 306+ 467+ 824+ Fig. 2 Effects of different amounts of slow-release fertilizer
0.34a 0.38a 1.40a 1.43a application on seedling quality index of Cunninghamia
T 2.01= 2.21% 3.49= 7.72+ lanceolata seedlings
0.30a 0.38b 0.41ab 0.87a

. AFFEFR AR AL 2 (6] /9 3 1 (P<0.05) . T,
e AR AR R (P<005). FI. ) 3 e g ) Bt i A B B4 B R
ote; Different letters indicate significant differences between

different treatments ( P<0.05). The same below. ST

2 4RI Bl o 22 BT it FH 2 A 3, A2 K
RO (P<0.05) ,T5 AbHAI 43 a WHERE b M MR RIH 26 (F,) A B Y61k 2% ¥ K R % (non-
MRS EIBRKME, MEHE N RSB T4 photochemical quenching, NPQ) {H S K & & T ng
SEHRT IR KA, MR a/M R b AR A5 CK M, R E AL B F A B iR A
(Y38 0 52 5 T S R B e A (AN [ Ak B 22 () 25 S n%%43n%aﬂmwﬁv%n?wzw%
ANBE(P>0.05) 53.63% 2 [8] , AS[R] 5% B A it FH £ Ak 3L m) A )
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Table 3 Effects of different amounts of slow-release fertilizer application on photosynthetic pigment
contents in leaves of Cunninghamia lanceolata seedlings
e 4R a M2 E b SRR 4E 2 a/MH4EE D PSRN S
Trealm;nt Chlorophyll a Chlorophyll b Total chlorophyll Chlorophyll a / Carotenoid
o (mg-g") (mg-g") (mg-g") Chlorophyll b (mg-g")
CK 0.65+0.12¢ 0.38+0.02¢ 1.04+0.25¢ 1.72+0.10a 0.06+0.005¢
T1 1.04+0.12b 0.58+0.05h 1.63+0.16b 1.79+0.14a 0.11+0.002b
T2 0.94+0.15b 0.52+0.04b 1.46+0.29bc 1.82+£0.23a 0.11+0.008b
T3 0.95+0.12b 0.51+0.06b 1.47+0.18b 1.85+£0.03a 0.11+0.006b
T4 1.13+0.07ab 0.59+0.08h 1.72+0.15b 1.92+0.16a 0.14+0.009a
TS 1.29+0.08a 0.75+0.04a 2.04+0.11a 1.68+0.10a 0.12+0.009ab
x4 FREREEAENEAYEHEZRIRXASHNF N
Table 4 Effects of different amounts of slow-release fertilizer application on chlorophyll
fluorescence parameters of Cunninghamia lanceolata seedlings
s s -~ PSI K PS I %75 Sy i f Jefbss FEoufbs:
b 5755 S PN D) n] AR5 N o N e iy N *’ y
Trfjim 7 DF}Ulﬁ Hlj,?dﬁ Ty}}dt Jef R et EEeR Frh LD ES e DEX
’ ° " v F/F, F./F, QY PQ NPQ
CK 94.89+ 393.21+ 298.33+ 0.76+ 3.14+ 0.81+ 0.60+ 1.36+
2.99a 49.06b 48.81c¢ 0.025a 0.69¢ 0.02a 0.027a 0.13ab
T1 78.40+ 416.16+ 337.76+ 0.81+ 431+ 0.82+ 0.57+ 1.18x
8.49h 42.87b 34.38bc 0.001a 0.05b 0.002a 0.028a 0.31ab
T2 74.79+ 419.94+ 345.15+ 0.82+ 4.62+ 0.82+ 0.60+ 0.96+
7.67h 45.49b 38.12bc 0.005a 0.16b 0.006a 0.034a 0.18bc
T3 76.88+ 461.47+ 384.60+ 0.83+ 5.00+ 0.83+ 0.57+ 0.98+
6.98b 20.50b 13.84b 0.008a 0.27b 0.008a 0.005a 0.10b
T4 72.37+ 532.82+ 460.44 + 0.86+ 6.36+ 0.81+ 0.56+ 0.63+
9.02b 35.79a 35.55a 0.026a 0.75a 0.02a 0.03a 0.16¢
TS5 75.57+ 428.50+ 352.94+ 0.82+ 4.67+ 0.82+ 0.59+ 1.62+
4.85b 27.13b 22.32bc 0.001a 0.04b 0.002a 0.009a 0.30a

JEEAEZARN B RIOC(F,) FTZYSE(F,) \PS
A2 F 3R (F /F,)) A PS 1T He Rk 2E 5%
R(F/F,)), L1 T4 AR A e RAE, &5
Mrak R, T4 b BRY F, NPQ F,  F, F/F.5
CK Z[|] 22 5 .35, i AN [6) Ak B 42 A 4h it
F/F, S:FR T 77 & (quantum yield, QY) 61k
2PV R Z 80 ( photochemical quenching, PQ) FY 5% i
EZRAREE(P>0.05),
2AREEZEBERERAENEASYEZSSEN
A

Bt AL B IR ) T1 A HE v Ca JER A8, Hikx
Jite A Ak P35 S ) R b AR 0 < 7 -061° D & T &
FERNMRE3), 5 CK M, ARt 2T
AL P LK, Mg & it 346 20 54 T 29.50% ~

103.65% .22.92% ~80.06% K 14.52% ~74.07% 2.
), H 4 7E T4 kb 2K fe KAH ., Bl % it 0 & 7Y 38
i, Ca R Z & B 28 fbia #, JF7E T5 4b
PR, SR TR M H , Mn Fe Fl Zn & i
BITE T4 Qb PR B 5 KAE , 5 CK AH L 43 513 m 1T
157.14% 216.39%#1 238.08% ,
S ETFTRERFENM ARG EERKMEEMBEX
IBIREE D

HARE R AR OIS — DR G MR MR, gl
HE— Az KA A ok i AR O B I IR AN A 4
8T, TR 1 22 A4~ 48 Bi 6 1R 2 KA DL E A7 25 5 0F
W, BEWERG B W AR B AR R B, R, A 5 R
FH S PR B0 X AS [R) A B R A2 K 4 1 A K FE
AR TR GRS EITLR AN,
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Fig. 3 Effects of different amounts of slow-release fertilizer application on elements

accumulation of Cunninghamia lanceolata seedlings

HI3R 5 AT AL, B2 R 4 i A K 25 6 TR0 48 B0 7
T4>T5>T3>T2>T1>CK,

3 4T

Jiti A2 1 AR 1% 7 ARG S B FR Y, Bl 2R A B A
AMLREA RO/ 37 43 B 4 v AE R A 2%
IR REHE & B R T BRI AR AR, 2R
JIE PR H LA A Ak L i e e S e, B 8 3l
TR F5 43 T T S 52 3 5 R W 5% 0 W AT Y [
A, DT R 2 = AR 0 % 3% 43 1 ) RE0OR (-
85,2019 ;5K B #8455 ,2021 ), H Fim o 7652 80 5 i
FIRINZERIE T AR MR iRER L,
W 2 W AE W7 1L AZ B (I 77 %%, 2019) L Hi Bk
(BESENISE,2019) | R T (JE VL5 ,2018) (BT
HEAR CRPMG S, 2018) AR AF (5555 2145 ,2010) |
TR (R /NPREE2014) 25 75 28 1 15 3 3L o
Jiti il 0.95~3.50 kg - m” AR REAL A AU E 25 %
B A T DA ) B4 4 4 2 i 3 B LA K 2R
BEAE AR AR 3 K 25 5%, X vl BB Al 5 Jr it FH /) 2%
FEREAN IS DL Je S B 2 R SE R A 06, Bk, TR
ZX AR VI R 4 AR 52 T2 i A AR K e
A BA EEE L, AR T 200~ 1 200
g - m R A R TR 061 KW
S, o Bt P % 8 R RT B 4 R O ¢ PE-061 T
FHAR 0 A4 DA R A= W i R 3R H 2 2 B A
HIEE 200 g - m7 B, A KA SCHE bR BAS
[ BE R B, X4 R SR (2015) Fl o PRAR 55

(2020) 2&FJiti BB X 25 2% 1 2E K 0 AR 5% 45 SR A 2
1oL, BB AE — 2 Y0 [ PN Bl G Tk ) 1 385 n T LA
PR RV A B A K it IR D) T B 2 X 4 i Y
AR A B RIAE . R S5 A8 BUR i
B AR 5T & 1Y B SR AR (FA/NIE A 2018) , AHESY
Hh it FH 28 B A AT AN () R R 4 R0 A2 K &) T R
i, AL TS Fl CK ZHAFE R % 5 7 X 5%
(2020a) MIWFFEEE R AL, FBOX RS0 7T fig
JERALUE 24, (1) i T0F58 il F /9 JC 45 A
MR A KA E kS E K S kAR BAAR I
G R TE TR — 20 A8 L B AR R AR K, AR
FAEYR, ATAGESHE/N FEHAREER
W, AN FI A PR TG ORAR R ILARARRE R A48, T3
AR AL B AR 22 AR P o 25 S A/, DT X 1 R Jo
FEHOX —Fa bR A — T, (2) ARWFSE R
FHES /N RN TE L5 A7 A8 0 1T RE 1 pUAR 2 98 15 A1 4%
523 SR AT 3R 4y MK 43 28 4, LBl 2 RN 7K 00 Ik 25
YEHITT B8 H BLEB 43 77 40 0 2 1 1 O, 2 1 6 3k 48
G5 R N — R W5 B AT A 2
W%,

AV R 2 Al W ok R A6 77 1 1 3 R Ok
U5, SRR A K 1 ) o S ety DR I A 1) A K R
12 5HOGA R 1 B UM OC (IS4 ,2014) . AT
JAgn 2R 2 R AR R AR 0 A VR R E R AT 0 &
BB, EAEGREAH AR | A% 33 R 4 v 43 i OC B A
o, HILE Y LG ) 5ot G R & % U
X (HHHESE  2021) , MEAEIR S HEYOE A E IR K
B SHEmM RS AR S EA L, AR
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Table 5 Comprehensive evaluation of seedling growth
EEN . . RN « .
- i MTERa UL Bibgx k) ) o psllops At
b L Wiz Ik ﬁaﬁ EE EE i BHhR gkl R LS Rk WTE e R HS
Treatment Seedlin, > I;l‘ ;5 N EH' . Chloro- Chloro- Total Ry #w 2 2 etk Setks# K Membership Sort
reatm height diameter . df‘ . ee'(l.ltnb phyll a phyll b chlorophyll Carotenoid F, F, F, BOR FiE ES alue ©
)))))))) (ﬁ:](l.‘( content content content content F./F, F./F, NPQ
CK 0.21 0.01 0.19 0.17 0.09 0.07 0.09 0.19 0.17 0.24 0.28 0.55 0.42 0.29 0.21 6
T1 0.43 0.34 0.21 0.07 0.55 0.54 0.56 0.53 0.23 0.34 0.37 0.70 0.53 0.30 0.41 5
T2 0.52 0.34 0.21 0.25 0.29 0.25 0.28 0.54 0.33 0.35 0.40 0.70 0.64 0.58 0.42 4
T3 0.56 0.80 0.52 0.27 0.44 0.38 0.43 0.52 0.29 0.53 0.58 0.73 0.67 0.45 0.51 3
T4 0.67 0.91 0.85 0.62 0.64 0.56 0.63 0.72 0.79 0.84 0.85 0.86 0.83 0.77 0.77 1
TS 0.60 0.40 0.60 0.77 0.83 0.93 0.88 0.62 0.25 0.39 0.43 0.55 0.64 0.05 0.57 2

KI5 CK HH L, Bl 7 22 B M0 e FH 3k 1) 388 A2 A
MR AR R S RIS N RS R R B RN
A H | X 5255 45 (2020b ) B BIF 5T 45 S 250, U
BH i I T 3 Ao 4 g i RO A 8 R S R B O A AR
HERES, BRI R RSB, MMERER o/ EE D
HBES5HEGOR G —EHTRIEHEY X L6
FIFHR AR ( £ SE,2020) , YHa R &
SRR a/mH 28 b B[R] B 38 e A8 4 0 R 1)
JGARE ) FH 253 2 1Y 5 A0 (1) W 7 55, 2014) , A BT
G R IRt A Ak B 24T BB R [ A 3 8 g 4R 3 a2
2 b A, Ktk bR s Bk W) 2 B i FH 22 8 I v
HREE A EREEMMTS R /K b E
SRt o R A MU RE D), i K TR 2Ol 6
HTCAEERN, mZGR B SEA Y A KA B 1Y, X
5 FaR AR A Y A5 A — 3

M-2R ROOESE FE T RIEM B 6 R gt
JERE MWL I A% 338 | FE ORI 40 T 04 P 7 AR AE, B
T 58 W aE 5 141 AR 4 0 R R FH B8 ) 1 AR Ak (&
WHMESE 2018) , 5 CK AL, it FH 22 B A0 i 2 FAIG
AN R Hwth et (F) ., F M FREUHEZAR
W A A A RS A7 B 0 5 BN, BB B AF b 2
PS I 2y vt BTGP (B RK IR 45 ,2015) o 3% AT RE
it N o R I AR 4l A e TR R G B =
i 5 | O P SR 3R T R A O M SR X O A 4
R 6 (25784 ,2020b) . T KPEG(F,) .
A5G (F,) PSR KA 2ERCR (F /F,) F
PS A etb 3% (F /F,) HEZH T £14E
PS ISR H o 16 P | T 1% 38 BB ) MR (2R 1%
25,2006) B il IR R 38, B2 AR A L b
SRS T B, 76 T4 AL 35 21 5 K,
[ IRBESCAE B 3G A R B e R i S B
FEAL R Ak 27 BE 1 S R RN AR Sy i B ik [R] 46 2 AR

PRALTT Z AR I, DI 1 SR I X O R R AR
FAUBIF I L5 AR AR B (R T A, 2021) FHIAL
PR ([R5 45, 2020) HR A & B0, U IA 42 e i X
JERE MR 3, A2 1 A [R] 4k 7™ 4 1 A B2 e 2% R
MEAR E G AR A K e & A SRRl Ak, B ST R
MY R F/F, (B8 5 4ERE7E 0.80~0.85 Z[H],
Joipi 25 S BOZAE A R R BE R B (2R A
2020b) , it IE b AR L, R it P X B2 (R B
KT 0.80, RWILEAHE L 5 1, bk T BEZ 5 T
FRorWiE T & AR B4 . AE LAk AE K
(NPQ) JEAH P it o6& HLR 0 —Fh [ F AR 4 AL
il 308 AR R ) 22 4 O e A FAREJE X AFE HE,
B 1k 2o 80 0% BE X 06 A ML A i AR IR (2 e A
2006) . B& TS &b, HoAth it I AL B (4 NPQ {E ¥ 1 3%
T CK, W5 /R 35 52 iff AP Ak 2 AT DA 355 /0 DL $ e
JEXFEHAYOGHRE, MK WO i B 2O Re H TOL S
e [F) A ik A 24T 2 8 i 7 6O e R 5 AR
i [ Ak 7™ 0 1) AR BR T 5% 4 360 R ot i I Ak
- R A Y ' BE B £ S LA BE B R RE B, R P
A MU G52 153, T8 T 3 A6 A ik A £k
PR R AOGRE, L, 7E TS ARE R A2 AL
e AL AR W i BT R, A0 AT R T
JNE 51 i R ' e R %% B — o R B T RS
I,

Jiti A Ak B B T % A K RO B AR LA B A
BRREfEH R TR LR R, 5 CK AL, i
P2 RENE BT e AN [) 2 B 412 1 42 K &)y i A bk 53 43 ot
FWMME LM TR S AT R
B3 YRR R AR TR A B U B
—ERRER TR B T CK 23, X 5840
SE(2011) RTR LB M PAZS 45 1 572 00 A 22 1
WFFE AR 1 38 25 (2015 ) X 26 T 28 B 0 in 2 vk 41 &2
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12 WA RN TR 25 45 1 AR KRN NP R R 1Y
WFFE 25 200, T AE AL PR 7E 2o 6 it E 5 | 7 38 Jo
HR 43 T0 3R Wk B Aok B — (B A, R AZ R B R A=
= A — R 1B T B, DT A X % o g g
Wi R (-4, 2019) | {H B T PR AT A 1
— WS, (A AR AR A WAL AT A
BRFR AU & i, FR R 506 A % VI 1Y 37 4r
JLE S, WMEE(Mg) P (K) B (P) Bk (Fe) [ EE
(Zn) %635 4 2 3 TR AL T BE AL B AT S G gt
TLEENECEOENEEHRNT S 5 A 1E
FHM R o 4 X S SR on R B i, B
i i R 0 St R 00 3R ORI AR BB T, DT Ik 1 4
HEYOCEERR S REARKMER, X5
IR IS 28 5 G 11 45 R A — 2K, 10 B 3 R TR 4 v
AN B ICRER R n] B 5 HGE MR 55 0 e R
AR, AR 0 2 w0 36 A R A P9 5 016 G A R 4% U0 A G
MIFE5rTCEA K,

4 Hik

FIRHE R BOE 28 B A K DA R B 4R
PR e R R4 1 000 ¢ - m™ 2 iE &
AR B TCPE R < 1E-061 4 A8 K my i B &
T A @A A e RS =,
2 5 I 7 % 6 i A A R AN I R g D i e
PR S E G E B VAT R MR i
MR RYOC F, F, F/F, M F/F (5, ¥58 0 R
RE I HACR , AR U % A ik R AL 7= P i B3R B
ZAEHT AR AR

SE .
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Abstract: The pollen receptor-like protein kinase (PRK) family, an LRR receptor-like protein kinase, not only plays
a role in pollen development and fertilization, but also plays a role in stress response. Based on the analysis of
transcriptome data that generated in our previous study, we found that AhPRK4 was an aluminum-responsive gene. To
explore the role of AhRPRK4 in response to aluminum stress, we analyzed the expression of AhPRK4 by qRT-PCR in
‘ZH2’ ( Al-sensitive) and ‘99-1507’ ( Al-tolerant), clarified the protein structure and genetic relationship of
AhPRK4 by sequence analysis, phylogenetic tree construction and other genetic analysis, constructed the recombinant
plasmid by homologous recombination, obtained the intracellular domain recombinant protein of AhPRK4 by
prokaryotic expression technology and determined the activity of the recombinant protein by incubation with
phosphorylated antibodys. The results were as follows: (1) The transcription level of ARPRK4 was up-regulated after
different aluminum treatments time and different aluminum concentrations, indicating that AhPRK4 was an aluminum
inducible gene. (2) The AhPRK4 protein had 673 amino acids with transmembrane domain, signal peptide and
phosphorylation active sites, belonging to the LRR-III protein kinase family. (3) The GST-AhPRK4-CD recombinant
protein was induced in vitro and verified by Western Blot. And the recombinant protein had phosphorylated on both
serine/threonine and tyrosine residues, but had no significant auto-phosphorylation activity. In conclusion, AhPRK4 is
an aluminum responsive gene, which participates in the regulation of short-term aluminum stress and is phosphorylated
in vitro.

Key words: peanut (Arachis hypogaea) , aluminum stress, pollen receptor-like protein kinase, expression analysis,

prokaryotic expression

AE2E (Arachis hypogaea) 2 3% [l H L 1)y AL I
VAR, 2 EE R AR, TR 1R
AP XA Ay ARG 5 7 X AL 5 7R X, (H R
X 3 2 Sl Rt 3, pH {HAE 4.5~6.0 Z[f],
ALO, & i, A2 vk AT 5 B 758 e i A
20% ~80% ( ZEFKiE ,1983) , Y4 pH KT 5.0 i, 44
DI BRI AR LR SR AR Y 28 5, 0RR W 4R
BE B A Ry J2 B b DX AR AR i A A R A B R
2 (FEEE A 1995) , TEFRE, B 7 X ARA
AR T4 E O ¥KOF, 5405 7 KM AT R A2 4
AR 2EHE (B W55 2017) , BOE T [ B A A 22 48
B AL, T 8 AR O R Ok i 5 EE T Ak
AT I RREE, R RV ZREFEN
P ETIRARLS RN R A K Z Ml 2ok (k1)
AEZ 40 \ROS D & DA K 2 A= A0 AR PP P P T 4 (/&
T4 2008 ; X 25 25 %, 2014 ; Huang et al., 2014) ,
6 A ) 1N R 7 I AL 3 A SR HE SR R
fiif 32 Wi X P AP AL T R AR R S kAR
AT KIEYIRE , e AR A A i b B

R Z IR I ( receptor-like protein kinases
RLKs) & —Ff i1 AR WE 5, J5 38 o B el A%

328 RIS T W5 530 % o0 UM N AME 5 e S 1 g
PR (SRR S 2005) , FEAE Y T2 AR AE,
FEI 43 R Z A FK % (Shiu & Bleecker, 2001a, b) ,
Z 5K HE KRR W EE, S 5890 E
K & P2 (Nibau & Cheung, 2011) A% 4
E RN ( Yang & Ramonell, 2012) FIAL YK PT
AEA= ¥y ri8 ( Osakabe et al., 2010) %%, PRKs 2 H
E—REHFREAMRELFI(LRR) B9 RLK & H
( Duckney et al., 2017) , |1 PRK 34 fif§ 2 16 % 4
Al K B, fir 44 0 PRKL, 5 S 40 A 76 A6 # o
FFAEDE I 2P B A (Mu et al., 1994) , U
FIST TR 6 > PRK B BB TE ALK g ik, If 4
%4 AtPRK1-6( Chang et al., 2013) ., W5 &,
PRKs fEE ¥ % & H (Chang et al., 2013 ; Duckney
et al., 2017) 55 % 5 (Huang et al., 2014) F141
MIFET ( Wrzaczek et al., 2014) & k¥4 T HE
FIE AR T, {554 T PRKs 7610 o i 2 fEBF 55 1R
D AAEAU T I B AR S 38 T WF 58 A B, A AT
By R AR SRR pricl 23 R R T 22 1 i 2 IR Ok i) iy
38 ( Verslues et al., 2014) , 1 PRKs 7E45 38 T
SR A R 7 34 A UL ARG
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RLKs 18 ot B R A/ FH A% 32 A5 1 T i) 17 Jh 3
FEVR AR, 4 OST1( OPEN STOMATA 1) {ifi P4
%, 18 15 % B2 1k ICE1 (Inducer of CBF expression
1) RG22 S5 A - 18 2 ARG 1 R e S0 i,
T 14 5 00 F 5 % R i 59 K 5T BE 77 ( Ding et al.,
2015) , CIPK26 ( CBL-interacting protein kinase 26 )
5 RBOHF ( respiratory burst oxidase homolog F) )} N
i fE AR B AR HT, JF BT 85 2 b RBOHF K #il ¥
ROS 7=, JE i 52 0 RBOHF 76464 W 301 13 265 v
P44 ( Drerup et al., 2013), SOBIR1 (suppressorn of
BIR1-1) SRR T H A 1 vk B2 e A A R A,
55 529 ML TR TR DL K B3-aC PG A X W R 1k 2=
SCTEL, T R 0 SOBIR1 Xif A i 40 Jfd 8¢ 1 4 34 7
(Wei et al., 2022), 1 ® JF CPK28 ( calcium-
dependent protein kinase 28) N U 97 Ca® B 5
IR S 5 G O M AR KR F R, BEE R
CPK28 H FI BRI TE P, IRl Ca™ Wk B2 3 i i 1
PERG SR PR 318 (22 Z e KA AL R4
TN GEAE AN G52 CPK28 48 8 7 A K A A
AR IHE A5 HI2 %) AtPepl 51 & BYSAAL N i %
s SR TR T 7 fl R T AT S SR A IR
J1(Bredow et al., 2021) , iX#H RLKs HYBERILTS
P55 X U EE AR 0 25 P BV AR DIAR G

T8 1 X LG 5 B A B S A BHE ) F2 i ( Xiao et
al., 2021) , F AT A BLAE B3 I 32 4R 3 F 3R 2 [N
AhPRK4 % 53¢ Z 58 Whia Ak L7 , OF HLAE A TR 4E
A SRR o b T A 3 AN TR £ e AR I S H 2
SAEEER I e B R . AT DL ARPRK4 B 5R
Ji 3 o 7 A5 N R I VA BE ST I 4, SR qRT-
PCR 6 I 1 A [a] 5 vk 32 A0 b 38 8] 2% 76 T,
ARPRK4 TEAEAE TR 47 A B 99-1507 7 1R LR A
2 5 (ZH2 ) B R SR AR AR, X ARPRKA Ji
IR AT v B T e 1 A% R IR 40 M, i B R
Bt He B B R AL % Ve AT AL DU, U DL
[IRH: (1) ARPRKA 18300 A (2) AhPRK4 i
IR BERR LIRS . N IS SR 7E 2 B Bk F RS
AhPRK4 25 F1 9 AR AL T BE DL R 7R 48 8 T 9 /R
P 85 5 LAt

1 #HEF*

1.1 #F#
PERAE A i A el P O B2 B THURE 9 1

FEPTHRAE 20 50 50 5 T 07 0 68 ) 1 40 AR b
Fhede 2 50 (CZH2) F AR AP 99-1507 (&
T5,2008) , K AEAEF F AN A ZE 3 d
J& , ZBRACAE A IR EBR 2 1 em B EARIRR, 7E 26
CEMF TR E TR B Hoagland B F7  H 55
FEH = AR BB AALELE % 100 pmol -
L' CaCL VAW (pH 4.2) 1535 24 h, ZJ5 UL F ¥
Pl 2, —J& F 100 wmol + L™ AICL I& ¥ (% 100
wmol « L' CaCl,, pH 4.2) 43 %l kb BEAE £ 4111 4.8
12,24 hy ZJ& A R B2 1Y ALCL %5 K (50, 100,
200,400 pmol « L) 4 A HAE AL 1 4 h A1 8 h,
DAL P b Ah #E 25 LL R) Hoagland 7 557 W AL B
ot B B 1 em AORRIAE R SE B A4 K
1.2 RNA 2H

SeS ALY S RNA $2HUE ) & (Promega) J7
BAREL RNA |, Z )5 2 8 R Sl F) 45 ( Takara) 7
AT RNA S5k 384% ¢cDNA
1.3 AhPRK4 TE5RME TRIZEH

A AhPRK4 JEH CDS( coding sequence ) ¥
Wittt PCR MG H (K 1), S TB
Green Premix Ex Tap II i ( Takara) Uil | 1% & qRT-
PCR JZ W & & AL FFE, UL UBQIOR N2, %
278 ORI AT 3 AR X R B 4T

x1 s5|9F5
Table 1

Primer sequence

51443 B

Primer

SIYFHI(5-3") A&

Primer sequence(5'-3") Purpose

name

FNE
qRT-PCR

AhPRK4-F1 GATGCATTCGTCGGCATGAG
AhPRK4-R1 GCTAGGAATATGGCCGCTGA
UBQ10R-F CGCACACTCGCTGACTACAAC

UBQ10R-R CACGGAGACGGAGGACAAGG
AhPRK4-F2  GAATTCGTTTCAAGTGATGAGG

JER IR (T R
FRBEVIL )

CCAAGAT Prokaryotic expression
ARPRKA-R2 CTCGAGAAGAGTTT (underline indicates
CCGAATAAAAGGACAAG enzyme digestion site)

L4 £YERFDH

FIFHAEL W v ProtParam tool Fiijill AhPRK4 )53
T A5 H S A B M B (hitps ://web. expasy. org/
protparam/ ) ;i i WoLF PSORT > Fit i IV 4 Afd 5
37 (https ://wolfpsort.hge.jp/ ) ;81 NCBI HEXFARAH:
floxsd i 1 3 R 91 #1L ] MEGA 7.0 # it i 4k
B IFFEF A DNAMAN #E47 22 77 81 Lo X [ i 36 ot
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NCBI Conserved Domain il AhPRK4 2 H I f# 51 45
4 5% ( https ://www. ncbi. nlm. nih. gov/Structure/ cdd/
wrpsb.cgi) o X HBHE H A ES B DL R AR5 ik oA
A3y o 7E £ W) 33 TMHMM 2.0 (http://www. cbs.
dtu. dk/services/TMHMM/) Hl SignalP 4. 1 server
(http ://www.cbs.dtu.dk/services/SignalP-4.1/) 5 il ,
[l X AhPRKA (4 1 A6 07 i A B AR 8 1 EAT
IR B R AL T B iGPS 1.0, EAREE H T
W) ) 338 A7 STRING ( https ://stringdb. org/ cgi/input. pl ?
sessionld = K7gDcPsKo9EO&input _ page _active _form =
single _ sequence ), AhPRK4 )& )] - 7T 7 T il F
PlantCARE 7£ 28 W %k i#F 17 ( http://bioinformatics.
psb.ugent.be/webtools/ plantcare/html/ ) ,

1.5 AhPRK4 BB e RN R iz R A HAF &

M NCBI 48153 8] ARPRK4 (N ¥ 51, 8
HEAF PrimerPremier 5 1T I B 8 v B 51 4 (3
1), VL “ZH2’ K42 cDNA b #i #g, 78 [% 3k 15
AhPRK4 19 JfL N ¥ W 4%, 2 B ClonExpressll One
Cloning Kit 171l £ 77 1% i% % ARPRK4-CD % pGEX-
6p-1 244 (RUEFDIAL 5K EcoR 1 Hl Xhol) , # i
L2 DHS o, K 22832 I e 56 31E TE B 14 BH 442 o B2 T ik
FEHUTORL (ARPRK4-CD-pGEX-6p-1) ,

1.6 AhPRK4 ZF B K FZRE 4L

¥ ARPRK4-CD-pGEX-6p-1 T 20 i ki ¥ 1k &
Rosetta B2 401,37 CHE 3R 2 0D, =0.6~0.8,
AL S E K 0.5 mmol - L) 5 P 3E-B-D-Hi L 2f
FAMEF (IPTG) , 1E 16 °C F %5 GST-AhPRK4-CD
H 135, 4 SDS-PAGE s Uk K I 2 11 1 38 35 1%
M. % Glutathione Sepharose 4B ¥} (GE 23 ])
YEHI4EfL AhPRK4-CD 413 1, Jf #E 17 Western
Blot % il
1.7 GST-AhPRK4-CD BB L1l

h10.5 wg A9 GST-AhPRK4-CD 75 4 %] 100 pL
PBS R 2% & (5 25 mmol - L' Tris-HCI, pH 7.5,
10 mmol + L™ MgCl,, 10 mmol + L™ MnCl,, 1 mmol -
L' DTT, I FABEHDHIFIA 1 mg - mL" ATP) 1, LA
AT ATP XS IR IRA T 28 C FI# A 10 min,
JETF 100 C FHFH 10 min 281, JFHL 30 pl BSR4
12% SDS-PAGE 73 , I IEAK U St 19 s 2 AR
BEFR LA ( Cell Signaling 23 7)) | 75 & FR B AR b T
& (Cell Signaling 2271 ) LA BRALAY GST Piik (FEN
WAL A7) 9 F IF A2 A0 AR 4k 0 IR ZH Ak 20
A 22 S PR R 1 M2 U 1 o

2 HR 54

2.1 AhPRK4 TE AR AL EE BT (8] R TR R
A 1. A R, CZH2 R 99-1507 G4 Ab ¥
AR A, 5 %5 BB AH HE , ARPRK4A Y 2 ik 35 I
Th AHBASAE A S Bl ARPRKA B3k a3 A fr 22
S, ZH2 W ARPRKA 1 4 h B3R iK B 5,8 h 10
Fiha AR, B S RIA W — B XS . € 99-1507°
H, AhPRK4 33k 2 W Je 16 0 Js B, 78 12 h ik 3
B, HE 1:B,C Al A ELAFRIR AL 4 h
F18 b, KBAE A LA W B ARPRK4 ) 2R3k
it [ AL B AR R () 38 R R 2 S hn S R IR Y
P HAEANR G AL HE 8 h i, AhPRK4 TE Tt 407
A< 99-1507 7 v i ) 7 LY BICRR P G R ZH2 T B
JRIZL, 25 ik X Se 55 SR W] ARPRKA 250 HiE
M 7 B[]
2.2 AhPRK4 HEMEBZESH
2.2.1 AhPRK4 & & B AL M i 45 M4 A B % %
A5 A3HT ARPRK4(LOC112718333) 14 )7 41
H R AT H, ZFE P CDS (coding sequence ) 4= £ Ry
2 022 bp, 4ifith 673 DMK , 4TI Z 1 BTy
T4 74.92 kD, IS AFEH £ 6.06; AhPRK4
H N s 24 2R iR 25, C s B 2 &R/
I R S 1k B IR 4 R B O S A ATP
gh i, I 5 ALY Ah PRK AR B3 A 384 i 3 L 45
B[R] JE A (8 2) 3 AWPRK4 8 & A A 85
W, B TRIfeE N, Hik, AWPRK4 EHE T H
A 5 BRI 5 BR Y 22 28018/ 7 28 R 26, 11 T
BEAE A #2551 R AhPRK4 57 % — 4~ 4>
L H R 9 MR Z A BRI 2R R IT
H1, AhPRK4 5 AtPRK1 I AtPRK4 £ %5 i Y ] 8
PE(E 3) . #F—b Al fbE LRR-RLK K% 728,
AhPRK4 J& T LRR-TIT 25 [ 34 i 5 % ( Wang et al.
2021) . ¥ AhPRK4 H 7] 5 /2 1k 1 22 5 12 7
R AFE 22 TR (S) FIR TR (T) . Ik, AhPRK4
Al fE 5 AtPRK1 A1 AtPRK4 ELAHT 19 ThRE, AT fE &
AR AL
2.2.2 AhPRK4 B3 F 5 #ife ZAF R G M 44k
AL A 5 $2 B, 15 21 ARPRK4 £ ATG i <
2 000 bp WG a7, s3tria shF ool a5 R 3%
W] : AhPRK4 1) )3 3 o /43 46 A 4 R e iy oo A |
ABA A B, T . MeJA i b7 G 4 45 38 2 M 1z o 4
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43 %

A. 100 pmol + L' RFEI AL BRT ] ; B. ARV EEFRALIE 4 hy C. ARIVKEESALIE 8 h, RFE/NEFHALE 0.05 K FAFLEESR,

A. 100 pmol + L' aluminum for different time of treatments; B. Different concentrations of aluminum treatment for 4 h; C. Different

concentrations of aluminum treatment for 8 h. Different lowercase letters indicate significant differences at the 0.05 level.

Bl 1 AhRPRK4 E$5 0B THIRIES

Fig. 1

JeIRE T, T B M e TR A 60 K S
PEas (T 40 A) o RUADURE IT a2 S 0 8 S Al B
6 AhPRK4 BYAH B AEH & (1, & 8L AhPRK4 1] 5
ZANEALFHEEAE, £35 LMK (leucine-rich repeat
receptor-like kinase with extracellular malectin-like
domain 1) , ABCB16 ( ATP-binding cassette B16) |
PME30 ( pectin methylesterase 30) . J#4§ AT1G34420
( leucine-rich repeat transmembrane protein kinase
family protein ) , HAK1 ( HDS-associated RLKI ) |
PEPR2( PEP1 receptor 2) . AT1G12460 ( leucine-rich
repeat protein kinase family protein ), AT1G24650
(leucine-rich repeat protein kinase family protein ) |
FEI1 , AT1G49100 ( leucine-rich repeat protein kinase
family protein) (& 4. B) , #Ell ALPRK4 V]R85 5
R AT AR A Yy aa B AR W A 4
JLRE N RS 1 e
2.3 AhPRK4 HEH TR R IZH A @

LA ZH2 #R22 cDNA Nt , 52 FE 5 ARPRK4
JfL P B (ARPRK4-CD) (5. A) ¥ 51 K ¥
1122 bp, 5 BB A B (LOC107470884) J¥ 4
100% 16, %3 ARPRKA-CD Fr Bt Fll pGEX-6p-1
Ak, 3K 15 & 41 Bk ( ARPRK4-CD-pGEX-6p-1)
(El5:B),
24 EAEAFEIREMLANL

$ & AhPRK4-CD-pGEX-6p-1 H 4 Jfi ki i1

Expression analysis of ARPRK4 under aluminum treatment

Rosetta W HETE 16 °C 0.5 mmol - L' IPTG ¥ 5z
Bt R4y 71 kD kb & A S B B wcR A
TR R Sk 45y, R L AP e UAfF e
W (K 6), GST-AhPRK4-CD & 4145 11 1
Glutathione Sepharose 4B I K} 4li {1k | 78 45 & J5
PBS UEME TG WA W 4541 (/1 7. A) , R ENH S
GST-AhPRK4-CD #H 4 & M 45 & B if, F &
Elution buffer ¥ 5 3015 T 4 B — HAV & 1E /)
B H B 267, £ GST-AhPRK4-CD EHHEHE
W aifl . AR5 8 GST-AhPRK4-CD 4 fb & 1
RYEHE A bR S R AR R GST —hiie § , iF
1T Western Blot 5 4iF, 7] DA & BEAE 29 71 kD 4k i
PRV B A RE S B 51 (181 7. B) , 3R W] GST-
AhPRK4-CD i 2H 5 1 2 b HOR BT
2.5 EAE A MFIMERRLAT

W44k (9 GST-AhPRK4-CD & [ 3 17 1 41
PR Ak S 56, B I F B A4 AG: I 5 182 1k 7K 7, i GST
Piikbr e LREKSE, 8wl B A B R e bt
IR E I, BIREAE B bR 8 7 B A A I 21 554 i
WAL 70 & R P (anti-pT) A 5 58 19 W 1R 1k 15
S B AL E R YUK (anti-pY ) (55 8055 , £ W%
EAEREZIESHERPE L LA THRILE
Wi 5% B AH L, ATP &b B8 I 3 i 15 45 45 7
TR LS (K] 8) , I /R AhPRK4-CD 2 [ ANAF7E
A B B R AT M
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VuFRE4 587
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ALPREL LIGON REGLCLLCFYS. TYVSETIX SCESISFRcesvosvenn 662
ALPRKG SNERII‘BAVRPWKT ............................... 462
ApPRES v ssmmfssr -5 .SISI:I:AS‘JR ....................... 444
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LIRS IR SEHERIR LRR 50930, 40 = 0% ATP 555 (0 a0/ 00 PE O it s T B RR G PR OL s AR IR s Bk,
Ah. BB At RS Ap. AEMAHIE T M BRI Vu 515 Gm. K5 Ca. /INRMIME; Cs. A5, EFISHRIKA XP_
029145249.1 ,AT3G20190.1 ,AT5G35390.1 ,AT5G20690.1 ,XP_027356884.1 ,XP_039687740.1 ,XP_027905246.1 ,XP_003523723.2 ,
XP_027124100.1 ,XP_028090548.1, Ff,

Red underline indicates transmembrane domain; purple frame indicates LRR domain; red triangles indicate ATP binding site or active site;
pentagram indicate active site; black underline indicates kinase domain. Ah. Arachis hypogae; At. Arabidopsis thaliana; Ap. Abrus precatorius ;
Mt. Medicago truncatula; Vu. Vigna unguiculata; Gm. Glycine max; Ca. Coffea arabica; Cs. Camellia sinensis. The accession number of
protein sequence are as follows: XP_029145249.1, AT3G20190.1, AT5G35390.1, AT5G20690.1, XP_027356884.1, XP_039687740.1, XP_
027905246.1, XP_003523723.2, XP_027124100.1, and XP_028090548.1. The same below.

B2 feES5HMYWM PRK SEBEF 5 LExt

Fig. 2 Comparison of PRK amino acid sequences between peanut and other species
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H R4 PRK 216 78 38 13 24 HILEE 1 BF 5% 3 oK
ARG )48, A AE SRS I 528K pril oK b 31
TR, AR A R U i R AR R SRR 3.2 A
I 24 B2 o i) 7 AIG 7K 4 W 38 ( Verslues et al.,
2014) . A AT 3R B B 2 55 Ak v 32 1 3
IR A B BT (] 9 SE 4| 48 A AR AR U0 25 M 2 I 1)

B 3 AhPRKA4 it 1L #4547 SRR S I ) B B (PR 2R OF SR, 2014) , AR
Fig. 3 Evolutionary tree analysis of AhPRK4 TEXER AN PR A6 AR #R 42 ARPRKA %% 55 7K S 19 %6
U U w 30 90 U . @_ -
5L L | | g AL Yy
T 300 600 900 1200 1 500 1 800 2100 (bp)
o _ . 9 15 A 1 7 A D e L]
_r=-| AR W R TE A Auxin-responsive element || Cis-acting regulatory element involved in light @ e
P MY B4 £ (A P ’
L0 FE () BT LA ABA K 5 8 2 7 i -
L IMY B binding site involved in druugh[-induuihili[yﬁ L\'fl\i-ﬁflilgﬁﬁlﬁfél:\c\f:\cdII! the abscisic acid r\._:' '-.‘_:j —

|| MmIRIIEPE Light-responsive element A A

) Med A W I 5 iR £ L

|| Cis-acting regulatory element involved in the
MelA responsiveness

R .
l | 60 K 8 F185 & {8 60 K protein binding site

@

4 AhPRKA B F RSN REEEBSH

Fig. 4 Promoter element analysis and interaction protein analysis of AhPRK4

A M 1 B M 1 2 3

2000bp —p

1000bp —p 2000bp —»

1122 bp

A: M. Marker; 1. ¥4 724, B. M. Marker; 1,2,3. FR S5 o
A: M. Marker; 1. Amplified products. B: M. Marker; 1,2,3. Plasmid sample number.

5 PCR ¥ 18 ARPRK4-CD F B B 48 Bk e ik i il
Fig. 5 PCR amplification of AhPRK4-CD fragment and detection of recombinant plasmid electrophoresis
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M. H [ marker; 1. RiIFFMEBHEM; 2. IPTG B35 1.6
HH; 3. IPTC 35 R L1 5 4. IPTG ¥5 35 24l
PLVE

M. Protein marker; 1. Total uninduced protein; 2. IPTG-induced
total protein; 3. IPTG-induced supernatant; 4. IPTG-induced

percipitation.

Bl 6 AhPRK4-CD JR#ZRiAEHR SDS-PAGE BIKIHT
Fig. 6 SDS-PAGE electrophoresis analysis of
prokaryotic expression of AhPRK4-CD

Ht & I ARPRK4 22— R0k e i 5L ] gk — 20
I3 T ARPRKA (1) 3¢ 35 7K V- 2 B0 AR 5 A 58 i M A
[F] AR A= it A e ) 3R SR A8E O (], 76 AS [ 40 ok B2
IR ARPRKA 33Kk /KF-1 8 48 & fEsR AL 3L 8
h J5 , ZEMAR S R € 99-1507 ik 265k b i B g 21 |
7 ARPRK4 JZ A6 A T 60 AH S SE R ZE 40 i3 T
AhPRK4 JE75 5 AtPRK1 T G20 5 A 8% il &
iR Z (B A Ik A ReiE— 25T,

AhPRK4 & 15 H ALY F 9 PRK A 5L 19 33 it
S LA A o 1) () YR 3% B L 65 4 el AN (] 4
PRK LA M [R]—# Fh A 6] PRK R B3 AR <P, &R
LR AhPRK4 5 AtPRK4 DL M AtPRK1 7E
fl— KX b, BAKRIENESZ R, Hip
AtPRK4 5 AINET2A FAEILF S 538 12 o ok 1
AR & B (Duckney et al., 2017) , AtPRK1 7

A M 1 2 3 4 5 6 7 M M I 2
e} 100 kD—— . ,
100kD— S B8 & - 70 KkD % h* — ——71.2kD
70 kD—> b n — L +«—7]1.2kD 4
ot = 1 o -
- .
ng w SO0 +«—30kD
ot e ot 25kD—>
[ SS- o

M. & marker, A: 1. & IPTG SR MEE N ; 2. IPTC HF R HMM LiE; 3. MW 4, 5. PBS VR 6, 7. Aifb HE AFE

fh. B: 1, 2. GST-AhPRK4-CD 4lifbZE 4 ; 3, 4. GST #3%8HH,

M. Protein marker. A: 1. IPTG-induced total protein; 2. IPTG-induced supernatant; 3. Flowthrough buffer; 4, 5. PBS wash buffer; 6, 7.
Purified protein. B; 1, 2. GST-AhPRK4-CD purified protein; 3, 4. GST purified protein.

7 GST-AhPRK4-CD EAEHKIALFN Western Blot 167
Fig. 7 Purification and Western Blot detection of GST-AhPRK4-CD recombinant protein

FE 7K By 38T 8 e i 22 R e R 38 ( Verslues et
al., 2014) ,# AhPRK4 AT RES S5 E K H
FiTug 52 38 . L ARPRK4 A 5L R T R U AR A
AtPRK4 1 J57 5] 7 U B o £ 4k P b o 2k T
AhPRK4 W HARE A, K W BEAEE AP L& LA
Wt fe 22, [A) B B ARPRKA LA B R 1k 17 45,
filt AhWPRK4 7] 68 LA B R 1k 5 4% 28 B4 Bl 2 18] P
BRI 2% RO e BEAEE A F R
e LG 4, Ko LMK J8#m B 38T (Li et al.,
2020) ,HAK! 7] 5 PBL27 & 1 HAEZ 5 HDS
(herbivore-derived danger) [ ffl 52 i ( Uemura et
al., 2020) ,PEPR2 £ 5 BSCTV ( beet severe curly
top virus ) % 3 Bl ( Zeng et al., 2020) , #E il
AhPRK4 72 JHr38 By 18 b E A JT, i — 20 36wk H E

YERE A X ¥R 58 AhPRK4 78 57 36 v 1 i )37 AL 6l
HAERERTEZ X, BRILZAN, ABFGEXT AhPRK4 S
B e s F oo AT B, & BLZ R 8 1 IX
WA A AR EM ABA B e, A K EEMY
Y SEN T VR ERER L B R e el R X (I I =) I STER
Rl B4 A e R AE AR 4R 1) 40 B 43 A RN 7 40 i 1Y) i
i n] R Az BN A, o T BOR K 2 B (R
W%, 2014 BRAERKRZA, EREHBBS
ABA SR R & B, R G HRAR MR ABA 544k
P[] 4R A B R R R OE A OC O R IF L ABA
b B AT > BR bE R A R E (BT T,
2009) . i ABA FilAE K 202 A 8 75 48 A AR
e AR 2,

AhPRK4 J& T LRR-IIT 2% 52 {4 8 11 3% Bl 5
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GST-AhPRK4-CD

ATP M +
anti-pY ‘ i

. — | e—
anti-GST

M. [ marker; —/+. 27U ATP; anti-pY. %2R B
febifh; anti-pT. JRREMPER LI, anti-GST. GST 5%
Piik, M H marker AL #5517 KR 70 kD AL,

M. Protein marker; —/+. Whether ATP is added; anti-pY.
Phospho-tyrosine antibody ; anti-pT. Phospho-threonine antibody ;
anti-GST. GST-Tag mouse monoclonal antibody. The blue band of

the marker indicates the location of 70 kD protein.

Bl 8 GST-AhPRK4-CD EAE A BBEE LGN
Fig. 8 Auto-phosphorylation detection of GST-
AhPRK4-CD recombinant protein

WL 03 22—, L 22 SR/ 95 2 R U i 35, I 44 i
BA WAL, T 89Uk AhPRK4 J2 /A & 4=
Wil fL S 4598 AhPRK4 A 36 M | A 53 R R %
I8 RN SE RN AR 2 AT B 5 15 345 AhPRK4-CD HE 4
FEARER LAY G, FEAFESF LR T, 16
CHEM T A FAF BB, AR E K
i S If 4l ik 75 3 GST-AhPRK4-CD E4 & 1,
TSN R AL PR 3 75 K I AhPRK4-CD F 41 % 1
A DL AE B R A B M, A % 20 R 67 A5 1Y) Wl 1R £k
BT ARAR, BT 3R AT A9 B R 1k I A R 4t
& ( Cell Signaling Technology, 9381 ) X f iz 1k 22
HIRAE LA — 2R EE T, BT AR AT A
AhPRK4-CD 1Y 5% IR 1k & i 3 %8 & A= 78 22/ 95 &
FRA% S I TEARMSE T AT AR K 2] AhPRK4-
CD Wy A B b i& M, —J7 i, 7l g J& AhPRK4 2K
1B B R Ak 36 M AR, 75 28 R FH B 2 A %) Ak
F-B, W [E A7 2 bR e 55 Rk AT R s 5 — T
Il , AhPRK4 1, 7] g & — v 7 2 4 H: At DY+ 5 R
kLR L EE M BN E B, U 2 — 255

25 LTIk, ARPRK4 2R 58 B 38 N 225 36 A 9% 2
PR 20 DX 38 B 3 35 3R N oo A, T ) B
EE P AT E NREM, FErEal bR A

JEARZ AR IR BT B Z) 175 5 454 5] AhPRK4-CD 2ii4L
AL, IR R AT DLk A o R AL B, A R 5%
T EAEAE R R0 rh ) VR S T RE RS i T 25t

SE
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Correlation analysis between soil factors with biomass and
medicinal components of Paris polyphylla var. chinensis

XIA Ke', ZHAO Zhiguo', WU Qiaofen', LI Xiujuan', ZHENG Wenjun®, QIU Shuo'*"

(1. Guangxi Key Laboratory of Plant Functional Phytochemicals and Sustainable Utilization, Guangxi Institute of Botany, Guangxi
Zhuang Autonomous Region and Chinese Academy of Sciences, Guilin 541006, Guangxi, China; 2. College of
Tourism & Landscape Architecture, Guilin University of Technology, Guilin 541006, Guangxi, China )

Abstract: Inorder to study the effect of soil factors on the growth and medicinal component of Paris polyphylla var.

chinensis, the biomass and the polyphyllin contents of different samples from different origins were determined, soil

Wis BHA: 2022-06-16
EL£WMAB. /7 PHESV AT E (R AB18294026) 5 77 H AA R 23 4 (2020GXNSFAA297260) 5 7 P8 Bk 24 B £ Al 55 37 350
H (2018YJJ909, CQZ-E-1919) ; Bl G573 b & 35 2300 H (20212YZX2063) ,
F—1EE . BB (1985-) , Wi+, ByBRAISY A, 3222 N5 25 A Ak B e Az AR AL ISR, (E-mail) xiake4502@ 163.com,
TEEEE . U A, B SE B, 3R MORE AR B A BN 4 A 9 2E I 5E , (E-mail ) qiushuo001@ 163.com,
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composition was measured, and the correlations between soil factors biomass and medicinal components were

analyzed. The results were as follows: (1) There were differences in soil composition in different place, while the yield

and polyphyllin content in samples in different places were quite different. (2) Correlation analysis showed that the dry

weight was significantly positively correlated with organic matter, total nitrogen, and alkaline nitrogen, the polyphyllin I

content was significantly positively related with organic matter and available phosphorus, the polyphyllin II content was

significantly positively correlated with available phosphorus and available potassium. (3) Multiple linear regression

analysis showed that the dry weight was dominantly affected by alkaline nitrogen, the polyphyllin I was dominantly

affected by organic matter, the polyphyllin I was dominantly affected by available phosphorus, and was linear negatively

correlated with alkaline nitrogen. In summary, the main soil factors affecting dry weight was alkaline nitrogen, the main

soil factors affecting the polyphyllin total content was organic matter and available phosphorus. The results provide a

support for the artificial cultivation.

Key words; Paris polyphylla var. chinensis, soil factor, yield, polyphyllins, correlation analysis
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Table 1  Analysis of soil characteristics from different region
AL R EX KX B 2R A AR
BTz + 5 pH =R Organic Total Total Total Alkaline Available Available
No. Soil sources pH value  matter nitrogen phosphorus  potassium nitrogen phosphorus  potassium
(g-kg')  (g-kg)  (gs-kg') (g-kg') (mg-kg') (mg-kg') (mg-kg")
S1 WK i Ak 5.38 34.9 1.17 0.69 4.82 113 11. 8 73.0
Broad-leaved forest
in Liangshui
s2 JRHLRZ bR 6.27 49.9 2.06 0.81 51.60 208 28.5 99.6
Cunninghamia lanceolata
forest in Guali
S3 PINELR PN 4.76 40.6 1.42 0.48 42.60 173 25.8 83.2
Bamboo forest in Guali
S4 MEE T 5.92 27.2 3.56 1.72 30.60 178 44.3 69.7
Under the shed in Meixi
S5 B L i 6.48 58.3 3.05 1.84 34.00 198 42.7 192.3
Broad-leaved forest
in Langshan
S6 T i Ak 4.73 48.4 5.04 1.02 19.80 229 29.9 102.7
Broad-leaved forest
in Longhe
S7 UREIZSS 6.40 13.21 1.63 1.32 43.40 132 10.4 53.6
Field in Gandong
Fk2 AEMHEMERNENERKE
Table 2 Biomass and growth of samples from different regions
) HFIR 4 2% " )
4 A 5 BE TE FALI 5 KL
L . Altitude Fresh weight Dry weight Cultivation ) M
No. Cultivation region . Growing situation
(m) (g) (g) environment
Sl PG BEIR P K 894 165.44+9.87d 41.110.43¢ MR H 3% fdeH
Liangshui, Ziyuan, Guangxi Understory Strong
S2 P IR 615 167.45+19.23ab 52.33£6.01b AT A fatt:
Guali, Ziyuan, Guangxi Understory Strong
S3 TP B IR 615 143.75+18.58bc 27.44£2.95he T B fat:
Guali, Ziyuan, Guangxi Understory Strong
S4 IR IR AR 961 137.17£18.57¢ 41.57+2.69¢ T BH AR f
Meixi, Ziyuan, Guangxi Sun shade Strong
S5 R T R 601 137.35+28.69¢ 45.78+4.52hc T AR fider:
Langshan, Xinning, Hunan Understory Strong
S6 JUPIR A 1260 178.45+10.67a 63.73+2.32a MR H S fih:
Longhe, Napo, Guangxi Understory Strong
S7 T PG Rl KA 664 24.43+4.52¢ 7.40%1.37e 28 AR LERIN
Gandong, Rongshui, Guangxi Exposed Weak

T ARG FRRRZER B (P<0.05); n=3, T,

Note: Different lowercase letters indicate significant differences ( P<0.05) ; n=3. The same below.

4 0.386% , HVK J2: S6 [IFER: , &5 0.245% , 1
HAth 5 MEESMEEBH T HEAL 0.2%;2 &
PR VISR, N 1.387%, 5 Hifth 6 R 2
53 (P<0.05) , 1M HAlh 6 4> FF & 9 3 A% 2 1 VI
TEAE0.5%,

23 T ERFEELERTENERERQAEZMA
I XS T

Fte R T8 ER R T EREH I Ek
AV L HE pH H AU 2R a0 28 6
ik AL RO | AR ) R AT A G o i, 4
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Table 3 Contents of polyphyllins from Paris polyphylla var. chinensis

BEH R & Polyphyllin content (%)

4%

No. HEEH I ERERH HABERHV B A
Polyphyllin I Polyphyllin Il Polyphyllin VI Total polyphyllin

S1 0.412+0.041bc 0.181+0.051b 0.293+0.096h 0.886+0.162b
S2 0.281+0.071c 0.105+0.020b 1.387+0.162a 1.773£0.230a
S3 0.381+0.071¢ 0.116+0.074b 0.464+0.097h 0.927+0.085b
S4 0.146+0.051¢ 0.097+0.037b 0.138+0.024b 0.536+0.109¢
S5 0.547+0.077ab 0.386+0.034a 0.113+0.025b 1.047+0.055b
S6 0.650+0.177a 0.245+0.051ab 0.211+0.037b 1.107+0.160b
S7 — 0.151+0.038¢ 0.336+0.058h 0.520+0.085¢

TE: — AR )

Note: — indicates no ingredients detected.

RUE4, mF40]H, TESHAER . 2RAKLE
BUTE f 35 1 AR G, 17 55 -+ HE pH (B A 42 B & 6 A
Ky A, THRSEA R T B EMIEME, S E
PRI A OC, B ST 1 54 AL AT 2L
S S PR IR A OG5 U HOR TS pH (L &
BEFN P A OC , TR R I 5 ALl A sk
L N R R A G T 4 A R R O
AT VIS 280 A0 50 M B, S5 e A PIL
A3 pH A Hwk, 5 AR A AR | R
PR ARG,

PTE(Y) EEEHF I (2) BRI
(V) KR VLY, ) 55 S AR 25 5 2 (19 36 bk hy
AR, DL pH (X)) AW (X,) 2R (X,) .28
(X)) AP (X)) B A (X)) R (X, ) FiE
SR (X)) SR RN o B AR, T £t
LB AT, i 4 ANHAR RS 8 AN AR
WZRMEMEXRR(FES), HES M, TH
(Y,) a1 77 72 1 de e R B 0.986, 5 Bl it A
(Xo) TRk AR O, 10 B 6l ik 2002 52 i A B B T
HEHHFEFHF, EEEH T (Y,) BIEN AR E
A 0.830, HAL(X,) BLMEIEM, U]
AHUF AR R T WESH T, ST
(Y, M J5 R He g R B 0.982, 5 3 25
(X,) LR PETEAR & T 5 0 R (X, ) SR 1kt
KU R EA R T T ERHE T,
FEEEF(Y,) KRG HEIET#,

CEAH AR 3 M S £ e 2k 1% A 81 43 AT,
S A A T LAY 32 N TR O AL, B R R A

RE T EZEN T REAIR, ZREELE 1K
RN T A, R, S e R AR ) A2y
R Y 3 B 4 N TR R R A L R
R

3 WikEEw

TN TFRAESRENLEN T, S HEY
i v 24 4 A K R B A SO 1 BB (R SRR R
IRWKFN,2006) , A AR 0B B e AS 1A AR
2t e R B 3 AT LR T RECRER R, AR
17, 26 F U8 B0 52 i A 5 R 7= R 5 A TR
Z K5 (2019) 38 T — & He O A0 % K 4 IE
AR THREEEBERZE B BRI AR, A
FEAT A HE R 7 0 A F A% 7 o 2 RO 43 1 R
i) , K BRAR 25 7 i o B2 A7 Bl it R i, OO A AL
AR, M5 5 pH E AR & 5 2 A X
59 (2015) HRIA R0 2 B AR 2577 m
TR R T O A R A PIL T A Y 4 R —
], AL LI, R EEA B AT F
K, 5 A R 2 1) B AR AN [, H v o
AT T RV R R I A A A A
MU B 52 5 B AR R VIS 4 mal i 8 A AL
ELIEAR G, T 45 AW M A R AR, X
AT e 1 5 6 H Mk LA M 2= g T A% P AR
BACT VD) MAHEEAR S 2 — B (K 5%,
2012 XIFF 45, 2020) , 3w A HIL I 7 B2 4L A
VA ] At A Ak At o g el 0 B A AT
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Table 4 Correlation analysis between polyphyllin content and soil factors

T T T LU S T T T
o Dry . . . P Organic Total Total Total Alkaline  Available  Available
Index . Polyphyllin ~ Polyphyllin ~ Polyphyllin ~ pH value . . . .
welght I 1 VI matter nitrogen phosphorus potassium nitrogen phosphorus potassium
THE 1.000 0.738% 0.312 -0.264 -0.182 0.755%* 0.785%* 0.143 -0.132  0.922%x* 0.465 0.507
Dry weight
FRERTT 1.000 0.652 -0.183 -0.508 0.830=* 0.464 -0.151 -0.409 0.521 0.725% 0.636
Polyphyllin 1
mRET I 1.000 -0.460 0.162 0.570 0.363 0.464 -0.272 -0.267  0.887**%  0.855%
Polyphyllin Il
HEREE W 1.000 0.197 0.215 -0.331 -0.478 0.377 0.220 -0.323 -0.117
Polyphyllin VI
pH 1 1.000 -0.126 -0.194 0.636 0.242 -0.125 0.110 0.265
pH value
AL 1.000 0.338 -0.040 -0.065 0.696 0.797* 0.821*
Organic matter
B 1.000 0.459 -0.233 0.751 0.568 0.318
Total nitrogen
W 1.000 0.000 0.171 0.457 0.431
Total phosphorus
Xl 1.000 0.225 -0.048 0.017
Total potassium
Tl it 2 1.000 0.660 0.520
Alkaline nitrogen
AL 1.000  0.949:x
Available phosphorus
AL 1.000

Available potassium

H: *RREFRBE (P<0.05); =FRERMPE (P<0.01); n=3,
Note: * indicates significant differences ( P<0.05) ; ** indicates extremely significant differences ( P<0.01); n=3.

x5 ZRnLAUERSEEAST

Table 5 Analysis of multiple linear regression

, LA E IR WoE R

% . . Determination
Multiple linear -

Component . . coefficient

regression equation N
(R°)

TH Y, =-39.268+0.434 X, 0.986

Dry weight

Gigr | Y,=0.041+0.012 X, 0.830

Polyphyllin I

EHEEH Y,=-0.004-0.001 X,+0.011 X, 0.982

Polyphyllin 1T

HBEETVI —

Polyphyllin VIl

. — ARFERIUA B PR,

Note: — indicates the regression equation is not fitted.

TEAR i AR 25 0 7 M 24 R 2 v e ) ] e kAR
Mo o TAEYZGBOR 7 % A B st fe &R LAV
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FHOC M dpe i s AR ZE 7 o AR 2T T B ST 1
5y RGBSR AR ML B2 R AR A
MEHE(1.773%) 3 & T AW AE & 0 R 2R
BRI (1.387%) 55, X Al fE 5 1% 1 1
MR (51.60 g - kg ) FIXTEEZ A K, X Ui W
P TR T BEAE AR T AR S AU BB
HABEEMEH,
ARWFFEH, 5 pH (E X R B 3 R 25808 0
(R RE AN 2 B TC R, I~ g AR ZE R KA
T+ pH G 0 R BT A (B E AR,
2011) , YLBAAE T 5 2 g R T + 1R 6% 1 +
BB TR AT REAS ], BE A, AR K e IR IR
IR SR BE S5 X A T A AR K A SO B R
o, AR BT, 7 AR L IX 6 A R 2h
RO 43 26 B A AR > 3 BH > 22 b, i 2% W 9 5
(2014) AN, 2= 7g 55 B AR T AR 35 B 45 B0 422 0 1B
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Effects of cinnamaldehyde on growth characteristics
of tomato seedlings under NaCl stress

WANG Yuxiao'’, LIU Mingqing’, LI Yan®, HUANG Sijie*”, YANG Lifei'’

(1. College of Horticulture, Nanjing Agricultural University, Nanjing 210095, China; 2. Nanjing Institute of Environmental Sciences ,
Ministry of Ecology and Environment, Nanjing 210042, China; 3. Hexian New Rural Development Research Institute,
Nanjing Agricultural University, Hexian 238200, Anhui,China )

Abstract: In order to investigate the effects of cinnamaldehyde (CA) on salt tolerance of tomato seedlings, we used
tomato ‘ Cooperative 903’ as experimental material, and investigated the characteristics of germination and seedling
growth of tomato under NaCl (100 mmol - L") stress compared with the treatment of adding CA (100 ug + L'). We set
up four groups of treatments in the experiment ; Control ( CK, distilled water) , NaCl ( 100 mmol - L") , NaCl+CA (100
mmol + L' NaCl + 100 pg + L CA), and CA (100 pg + L'). The results were as follows: (1) With the application of
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CA, the germination potential and the germination rate of tomato seeds were both improved. The root length and fresh

weight of tomato seedlings were also significantly increased under NaCl ( 100 mmol - L") stress. (2) CA could

effectively alleviate the excessive accumulation, oxidative damage and cell death of total ROS caused by salt stress in

roots of tomato seedlings. To sum up, CA can improve the salt tolerance of tomato during germination and seedling stage

by alleviating the degree of oxidative damage of seedlings, and CA has the potential in field production as a new

preparation.

Key words: tomato( Solanum lycopersicum) , cinnamaldehyde, NaCl stress, growth characteristics, salt tolerance
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LB, B s AR KA T CK BRIK T 57.96% , it
FHB T CK T T 57.95%, #4353 . & K
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ARG FEREFRIR A R AL B F) 22 5 B2 (P<0.05) . T,

Different letters indicate significant differences between different treatments ( P<0.05). The same below.

B 1 ARERE NaCl X EIRMFREL KA ERKMEFERR M

Fig. 1 Effects of NaCl on tomato seed germination, root length and fresh weight of tomato seedlings

CA0,CAS50,CA100,CA150 ,CA200 F/R7E 100 mmol - L™ NaCl FhMriet F 43 51F5 01 0.50.,100 150,200 pg - LAY RIRERELL2E,
CAO, CA50, CA100, CA150, CA200 indicate 0, 50, 100, 150, 200 pg - L' CA are added respectively under 100 mmol - L" NaCl salt stress.

B2 AREREREEI NaCl BB TEMFFEZBF N

Fig. 2 Effects of different concentrations of cinnamaldehyde on tomato seed germination under NaCl stress
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B3 PHEEEX NaCl BB THEMM FHER RS ERKMEFHH M

Fig. 3 Effects of cinnamaldehyde on tomato seed germination, root length and

fresh weight of tomato seedlings under NaCl stress
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M 5B 2% T NaCl a8 X 3 i 40 B A= K 04 30 il
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LA 38 T 118.47% F 17.23% , 3 W 1A A 1% &b
PHBE 025 22 NaCl Jolh 380 X 35 i 401 v A K i 41 4l
(P<0.05) .,
2.4 WHEEEEX NaCl THEMABERRREZEMM
REE MR
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L0 ‘ il ER B
CK NaCl C“;\:rnNaCI CA CK NaCl CA+NaCl CA

4 PEEEX NaCl BB THESEREZTEMMRYEEHN R ID

Fig. 4 Effects of cinnamaldehyde on root hair density and lateral root number of tomato seedlings under NaCl stress

A M IE 4P Total ROS fluorescence

"

CK NaCl CA + NaCl CA

S L 90
DCFH-DA fluorescent density

40 =

—

30

20

H

T h
n N

| | | |
CK NaCl CA+NaCl CA

0

5 MHEEXT NaCl 8 THEILERREEESR (ROS) 2 EHNR M

Fig. 5 Effects of cinnamaldehyde on total ROS content of tomato seedling roots under NaCl stress
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2.5 AHEEEST NaCl BME TEMAHERRBEESR
b

K S P R £ DCFH-DA ] D XA 22 0%
PES (ROS) HEAT IR A AS I, AFF 5% TR #E 5 X NaCl
30 F ol 4 AR AR B ROS SR, A

5.A AT, 5 CK AH e, NaCl ki 40 3R A AR 23 9%
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AR H A ROS A S EAHEL CK 38 m T 1.97 4%,
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BE (P<0.5), P2 Pk i b B0 2 ih 40 B AR
B ROS & it EUBE TR T CK (HER AR
2.6 AEEEXT NaCl BHE THE M BR R RIRE 4
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i F Evans blue 4 {6 X% # 22 it J5 3% 1 E 17 46
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AR Evans blue dyeing

NaCl CA + NaCl CA

JEFBEYeAS  Schiff base dyeing

NaCl CA + NaCl

B 6 MAEREX NaCliME THEMMNERIEU RGN

Fig. 6 Effects of cinnamaldehyde on oxidative loss of root tips from tomato seedlings under NaCl stress

WAL P mESE S Pl fluorescence

NaCl CA + NaCl

AL PRI 5% Y6 5% L

40
=
2 30 a
: 1
=
2
E20 : b
= T
= L + :I
10 -
0 | [ | 1
CK  NaCl CA+NaCl CA

B 7 MEEX NaCl B TEMSEHAMEE TN

Fig. 7 Effects of cinnamaldehyde on cell death of tomato seedlings under NaCl stress
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( Hermawan et al., 2021; Wang et al., 2021) ,{HJ&
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BRI, A rh & B WS 0 PR R 1 ET LA £
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SR U ) R B S AT AR B S AR, Y

A7 A8 3 0 B Uk 38 1 B, ROS TR BRI B 2
] B B 25 S 8 2 B R, ROS KR IR Ak
Pili . ABFSE K BAE NaCl B30 T, & Ah 40 i AR 43
()4 ROS 75 £ AH Eb X R S 25 2 57 i s i 1 PR RE
S5, MRAR AL ROS & i i 35 T I IRAR AR o A Ak
TR 5 400 i A0 T 5 4 W B, G I R AR T
L3 98 > NaCl 3 A 40 4 9 ROS (1) K 2
B0 A S A AE T RR B, AT 28 A% NaCl
BN 38 25 T 0 I 1 1 ) P A DR T I O
R IRAEARAN Pl 36, R R AT D) S RN 2 R
SR PAO TR H,0, K (#2855 ,2022)
PAO U Z i 77 A H, 0, J2 A PR N ROS 7= A Y
—ANEEIRAA, TR Y IR A Y a0 8
PR FRATTHE I PR A 1 B - 0 A M A R
IZIE D W R T R ROS IR,

Zr L TR AW OE Kk I IR RE 1 AT DA AR 3 b
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g R, BRI, RO

(1. R [ERR A g VG SRR 2 FAs A 40 el A A A o U T R R B S %, R 650223
2. P ERLERE RS AR bE, LT 100049 )

 E.: P(Fe) BMWAKET LT INEFRICR MM (C) EXAEY A F M ITER HXTHEY Fe Al Cd 191K
WAFTESEDIVE T . OsIMA J&2— 28 IE ¥ KRG Fe WIS — 28 /IR, Hoad 3k ] LU i Fe AR, HIRTT
OsIMA J& 155 57K REXT Cd kit i3 B | 100 55 LUK 8 A 0 55 04 kL, B FH 2 652 i PCR 200 T OsIMA &
A 19 23k K, il 3 iR AL 4 AL AT CRISPR/ Cas9 2L R 4 L H R MR T OsIMAL 33 R MY imal 5878 (R HE
Y1, VAL T OsIMAL 33 K RIS RAE ) AE Cd 306355 2541 N bk &1, IR T B R 5 45 2 IR B i el 62 1
FRANHL_FHE0Y Fe AT Cd &, S5RFM . (1) Cd bBJ5, OsIMAL A1 OsIMA2 W55 52K BE, (2) OsIMAL
1 IR AE Y LA BRI Cd W38 BT 32, (3) imal DI AE G 2 28 48 A L B A B 4 % Cd 36 o ek
(4) OsIMA1 33 FIRHEARIR R0 Cd S REEE 1M imal 282 RHE MR 300 Cd T R8E . %5 ERrd, 0sIMA1
i I BRI Cd MR [ Ml | 350 4 s s LA i K RS X Cd 30 58 4 I A ST, 1B 9T 45 5 o E [ 5 T Cd VR 4R
T HIES %,

XHE . KHE, OsIMA, Cd, Fe, t5¥i1EM

FESES . Q945 SERARIRED . A XEHE . 1000-3142(2023)06-1097-08

OsIMA1 enhances tolerance to cadmium stress in rice
PENG Feng'?, LU Chengkai'*, LIANG Gang' "

(1. Key Laboratory of Tropical Plant Resources and Sustainable Use, Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences ,
Kunming, 650223, China; 2. College of Life Sciences, Unwversity of Chinese Academy of Sciences, Beijing 100049, China )

Abstract ; Iron (Fe) is crucial for the growth and development of plants and cadmium (Cd) is toxic to plants. There is
an antagonistical mechanism between Fe and Cd uptake in plants. OsIMAs are a class of small peptides, and their
overexpression improves Fe accumulation in rice. To explore the role of OsIMA genes in response to Cd stress, we
analyzed the expression of two OsIMA genes by qRT-PCR, generated OsIMA1 overexpression plants and CRISPR/Cas9
edited imal mutants by genetic transformation, assessed the plant heights of OsIMA1 overexpressing plants and imal
mutant plants under Cd stress, and measured the Fe and Cd concentration of root and shoot. The results were as follows

(1) Transcriptional levels both OsIMA1 and OsIMA2 were up-regulated by Cd treatment. (2) Overexpression of OsIMA1l
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gene improved the tolerance of plants to Cd stress. (3) The loss-of-function of OsIMA1 led to the higher sensitivity of

plants to Cd stress. (4) OsIMA1 overexpressing plants accumulated more Cd in the root and the imal mutants

accumulated more Cd in the shoot. To sum up, OsIMA1 improves Cd tolerance by restricting Cd translocation from root to

shoot, which provides the theoretical reference for breeding the Cd-tolerant rice.

Key words: rice, OsIMA, cadmium, iron, antagonism

Cd XA LA H I ESBITR M5
TEAR Z2 A A SRS Y o A v 5 A — AN 45 e B 1
(U Fe Fl Zn) 74, Cd ] LLiE S B Y EE 1 AE
P A IR R AT BOR BB A E R AE I )
REFRAT55 2 RB 0 o Bl Tk Ak i PR & e DL K&
TERE A 25 iy aed FEAGE T, L3 R RS Y Cd 75
YO 2™ H I BB A G T X N S fi B
BYTETE XURS: , 38 1 1 LR I 28 55 40 2K ( Kirkham,
2006; Wei & Yang, 2010) . Atk , BF 58 01 40 W i
Cd 1953 ML BT 0 356 F0 35 B 0 Cd W aa 5% Cd
SRR, W A e Fn A S R 7 B
=9

HT Cd 1 Fe A MUY K S B T2 48, Cd
W Z il 5 Fe 584 {5 B Fe B 7 38 5% 18 1R
F i AL 9 7K ) ( Nightingale, 1959; Eide et al.,
1996; Schutzendubel & Polle, 2002; Clemens,
2006) . Cd 7EAH P 1R N 19 B 2R T 24l - B G 4l
g B ERKZBHE IO T, X 5 AL B Fe SiE
JRAA L (Das et al., 1997; Cohen et al., 1998;
Yoshihara et al., 2006) , fHXHFFE LI, Cd Prid
WUZE T A LR B 43, B SR T A I RE X Fe (U454 g
71, Fe iy BAERR A BLAMA T IR Fe AR
TR H A2 (Xu et al., 2015) X BEgE R AT
DL 45 P #b 45 Fe JC R 15 3 3% (Bao et al.,
2010; He et al., 2017 ; Huang et al., 2020) , Fe §%
i& K (iron-regulated transporter 1,IRT1) 245 Cd By
W WA 3 #2 ( Cohen et al., 1998; Korshunova et al.,
1999; Vert et al., 2002; Fan et al., 2014; Mao et
al., 2014; Guan et al., 2019; Zhu et al., 2020) ,
TEAU R o L, IRT1 By 33K B 3% % sk [N 1 FIT
( FER-like Iron deficient-induced transcription factor)
F1 bHLH Ib I J% M 5 ( bHLH38, bHLH39,
bHLH100 #l bHLH101) ) ¥ # ( Yuan et al.,
2008) . FIT Fl bHLH38 5% bHLH39 1) Ht3 1k 38 i
SRR Cd A8 Mk A i E 3R Y Cd AR K
P FEAEYIXT Cd P38 BT 52 P (Wu et al., 2012)

%A1 bHLH104 TEJFEIF I Fe F22S i K15
bHLH104 WIRT £& = AEY%T Cd B 3Z2 M ( Zhang et al.,
2015; Li et al., 2016; Yao et al., 2018)., BTS
(BRUTUS) 4% Fe F225, bR BTS W15 14U
FFEXS Cd B TR 32 1, RIS 341 Fe #1 Cd AR
2 (Kobayashi et al., 2013; Hindt et al., 2017; Zhu et
al., 2020) , 7E/KFEH,2 > Fe #4387 HH OsNRAMP1
(Natural Resistance-Associated Macrophage Protein 1)
I OsIRT1 A LAAN AR 2R M A el Cd , 3 Had 3
ik OsNRAMP1 Fl OsIRT1 7J L34 /K F5 ( Cd 5% &
(Lee & An, 2009; Takahashi et al., 2019), H T Fe
I Cd Z [BAFAERSHTVERT, PRIOK AR R Fe 23 2548
HREXS Cd FM s, SMIRTE N Fe 2 BEAKAE Y Cd
T I Cd 7% (Shao et al., 2007), Z5 B3R,
e Fe MR SN0 HC AT DU 22042 Cd XA 9 1Y) 25
& L, 2T Fe 1 Cd BAEHUERA R TS
M AE = FIBEAR Cd XA

NIRIZ 38/ T 100 > = R 1Y & BT, B
R RSB IE A I F, 2 54K EF MEEA
Wy 4 3 35 B9 W 38 ) B ( Czyzewicz et al., 2013;
Matsubayashi, 2014) , IMA(TRON MAN) £ ik ¢ %
B 5L BB A S AL — A 17 E IR LG L 1
TR b BE LR SE 0T HOX 17 A SRR k2 L
REH LK E A K IEVE (Grillet et al., 2018; Li
et al., 2021) . AR, /PIRVERIMERE S0 T
ZRNTERRE, S5 & E NEIR Y R E
i % % ( Tavormina et al., 2015; Takahashi et al.,
2019) . IMA FTRESN 3T Fe ML b AR SR AR A9 <
R T, 25 Fe MWL ¥ iz 401 N R3S
(Grillet et al., 2018; Li et al., 2021), Meng %%
(2022) WFFE 61 | 3 18 IMA W] DL 32 w8 78 0L 5 I
HXS Cd B B IE R, (2, HETET IMA 275
A LAER R AE W) 6 Cd 38 0 35 B P AN T A
ABFFEARTE T KR OsIMAL ¥ Cd Wit I 1 i 78
VA R AR AT 737 B R m K R X Cd ria
R 52 P S A B AR AR
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1 #HEF*

1.1 X3 w4 4

IRIGAT R A RERS A Fh e H AR A5 o =
A8 PUORURR 9 8 1 A 3 M i 5L 8 & B R 2
Bye P XL Bl 4 #45 el  FE 0 AR 4 5 R
(101°19" E,21°52" N), ¥ 7K &5 Fl - HI XL ZE K
(ddH,0) #2191 24 h J5 345 MR 7E MoK g 4t 78
28 C AN TIRZEERCE 3 d 5, 3 1/2MS Hi 55
Whi A K 7 d, BB EART Cd 805 25 wmol - L'
SAESR (CACL,) B 1/2MS KW 3R 7 d, B2 d
e 1 YOKERR , AERIEEBIRE 16 h K 8 h IHTEH
1.2 HEREERNEE

FIH CRISPR-GE ( http://skl.scau. edu.cn/) 7E
KRBT OsIMAL (1) %5 55 30 3, 38 33 Overlapping
PCR 8 40 & iZ 4 5 1Y sgRNA, I Bl & & 0sUba
Ja shF 1 T UiE, SR 5 % OsU6ba-sgRNA g [ 2 #5747
Cas9 HJ pMH-SA # /& ( Liang et al., 2016) . %
KRR AL A AT I EHA105 B4k T K F i
b, X G 56 PR PE AT PCR MY . X & & hil
PRIEATY 2, IF0E— 4%} T3 fCHI Y78 #E 4T PCR U
¥, kAl 2 AR R

K Ubiquitin J& 2 ¥ 3K 3 OsIMA1 4 K
CDS, k15 OsIMAL 3k 23R 34, 5 1) 8 1Y ok i
L Z AR AT EHAL05 B RE T Fok A ik, M
TR R PUE B % 3 DA PR 2R A7 35 IR 3k K- 4G
), T3 e PRUR R A 3R 56 40 #
1.3 qRT-PCR

TR FH 7K A R T 325 2 BRUK A8 AR (root ) Tl M I 3
(shoot) fEL RNA, KA RT Primer Mix (oligo dT)
#1 PrimeScript RT Enzyme Mix for qPCR ( E/EW),
HA) 35 &6 RNA S #% 5% % cDNA, Bl J5 £
PrimeScript™ RT i 7 ( Perfect Real Time) Kit ( 5
AW, HA) 7E Light-Cycler 480 SZ i} PCR X ( %
[, 5 ) F#EFT qRT-PCR A I, 4 AN 56 R 1
wHEDLE3IREYEELE, U OACTINL Fl
O0sOBP V& ] NS5 I8 X RE S b A7 09— b A B
1.4 Fe 1 Cd EENE

AN [R5 PR RS (R K R A BT 1/72MS B SR W AR
EAEKTAdE#HEBEAE Cd & 25 pmol - L
CACL A 1/2MS JK B 55 97 7 do 3 i WO SBORR Al
M JFE T 65 CHLART1E 7 d. JH & 2 21 41

FEASCHT B A i A A . B S FR L 500 mg, Jil
A5 mL BT 185 CH i 3 h, A 2 mL &5
iz F 220 C & 1k 30 min, #] A E Thermo
SCIENTIFIC 7 w) 1) H 5 A & 5 B 7 1 % Y
(ICP-MS iCAP6300) I ‘ERE M TR & &,
1.5 Gitortn

JIT A o S P4 e T B e AR v 22 (w2s ) 3R
N, BMRBEDA 3 wAEY¥ES , FIH SPSS
17.0 Bk 147 B K 2K 7 22 90 ( one-way variance ,
ANOVA) (P<0.05) .

2 HR G544

2.1 Cd 85| #27KkFE OsIMA ERE Rk EiF

KRR 3 TR 21 A0, 25 > OsIMA FE TR ( OsIMA1 Al
OsIMA2) , R FIBF5E R OsIMAL Fl OsIMA2 3% 5]
Bkt Fe 155 ( Kobayashi et al., 2021), Cd Wpig 2™
HEIRWAEA AR LT, B0 ) R I 5 Fe
SR, M WESE Cd B8 02 75 BE 52 W OsIMA1 F
OsIMA2 B35 , X HF A Y (wild type, WT) 7K R 24T
Cd AbFRIS K T OsIMAL F1 OsIMA2 1433515 0L
BAEIEW R R AR 7 d A HBEARS Cd
(Cd0) 5% 25 wmol + L' CACL, ( Cd25) By 15 75
AR T d, FREARRHL - ER RNA R HZOEE &
PCR #:1l OsIMA1 F1 OsIMA2 (335K -, 4553
B, 78 Cd Wrad 251 °F, o 78 R i & M |- 3,
OsIMA1 F1 OsIMA2 W65 B3 F (K1) .
2.2 OsIMA1 TR IEEHIT Cd HZEES

OsIMA1 F1 OsIMA2 J& F [ U8 8 H H % 1F Fe
R T IIREA I . 7% I3 —F L SRoKF 3
Z 3| Cd AP S AW 3 TR DL OsIMAL 1B
REFIATIIIE . ARWFFEF B K Ubiquitin =85
FUKZ OsIMAL JEH | 51 H %Ak T B A= RUK A Fb
“HARWE” (K 2.A), @2 & PCR kRS T
OsIMA1 {33 3 1K %% 3 I K R A Bk, PE Al OsIMAL
I FRIRAEARNT Cd P38 Y35 R B T, 7E IE B K 85
WA — A B 2l i o i % 3R & Cd (Cdo)
B 25 wmol - L CdCL, ( Cd25) A4 1 A2 K —
Sl USSR Ay B R AL, S5 R R W] 7E Cdo K 4%
PR, OsIMAL B3k 3¢ 36 FE vk 5 07 A R0 B8 vk G B
X5, MiE Cd25 b B4 F R, i 3R 35 AH bR 14 bk =
BEETEHAMMEK(E2:B,0), & ERY,
OsIMA1 33 F& R385 T RPN Cd a8 i3 W Pk
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2.3 OsIMA1 WIThBESR R SRR Cd BhiB BRI
KT 5T OsIMAL 7E3E N Cd W8 7 1
HIVE R, 7S WF 5% F) F CRISPR-Cas9 i I 4 5 4 A
XF OsIMA1 2 R #4717 a5, 3538005 17 A imal
GEARA . ABFIEAE OsIMAL 35 Y 4 05 X% 3 T
— NSRRI S, OsUba JR 3 THREN AT
TZHE IR sgRNA, JFH T M B 1 ek 4k 1A,
1L B AT AR ROK R A A2, 3R A9 T S R AR
Wt PCR %55 Km A B alifh 15 8 2 a5 1)
RAMEKE R imal-1 Fl imal-2, 2 PR EH
R XA A — I TR R A (E3:A) . It
G ASHIF5E X6 BT A BT 2 A T RE Bk gk 2 AR IR Y A
PRIEAT T Cd A RS . 78 T 9 K 55 A K SR
T,2 A AR PR PR R 5 1B A YA PR G B 22 51 (I
3:B,C), fF Cd AbHLAAF T, 2848 PR AR AR e 88
g Gk L FE RS SRR (1 3:B) . &% BRI,
OsIMA1 TIREBRI I N T R Cd A Uk |
2.4 OsIMA1 $iAE Cd NIREIM B
ATIFGE 45 F 3 W] OsIMAL 3 3% 35 4 bk L0 85 4
R Cd Wi, i imal ZRASPRW AR S, A T itk
— 0 OsIMA1 IE % Cd i 52 19 53 F HL, A
WG E T B A3 OsIMAL 53 26350k R A imal %
AR AGAR A A ) Cd Fl Fe &5, B e 1E W
B AR 7 d I RS B Cd 50
A 25 pmol - L' CACL 3 FRMh 8535 7 d, 3R J5 4%
SR F I F SR Fe A1 Cd 1Y &5 8, 5 85 A= Rl
AL, OsIMAT 32 &35 R AR (9 AR AN LR AR R R T
HZM Fe, M imal KRR R T K DB Fe;
OsIMAl i KXW AEMR PR T Z MW Cd, 1M
imal RASKTEM B LERE TEZH CAd(E 4),
ZE L R, OsIMAL T 5 Cd MR 1a] Hb 1 38 19

ié%o
3 W54k

Cd XYM AR EE A FH, EFRKEZ
) Cd V5 Y S kA= . BRI B A 1 Cd
W sk 4 R AT Cd a8 13 R 1 A R AR
WEL 4L, Fe e fiWAK kB LT MWEFRT
FME Fe J& T B MAE W — A FZJEH
IKREVE R EARAEY), JE A2 Fe LR — P EE K
U, UL, BB E Fe BOKA 25 T 0038 AR,
M T Fe Fl Cd Z Bl B35 HLA/E T, &A1t in Fe AT LA

WA Cd BT (Wu et al., 2012; Sebastian &
Prasad, 2016) , KL, #IH Fe Fl Cd 45 B HL 6l
A DASR S A KT Cd e 0 38 NP KR R AR AR
WIS OsIMA B4 . OsIMA1 F1 OsIMA2 | B AT 3 2%
IR REIRIE Bl Fe 15 2 3L R 19255, NITTHG N Fe 19 52
B ( Kobayashi et al., 2021) , A5 LB, Cd Phid
B OsIMA1 Fl OsIMA2 1) 323k . 3 LR, Cd b3
IRI LI OsIMAL 1 Dy e i % 58 AR IR 42 85 T 7K A
XF Cd AR, BRI AR T A,
OsIMAL i FRE—J7 N T Fe WA R, 55 —J7
HH T Cd AR ) M BB A as X n fig 2
OsIMA1 3 FE R AR X Cd it 52 1 32 25 i I I
BE, 30 OsIMAL 1 335K P 2 R iR fEY) Cd 5 5%
) — A1 SR W

Meng 55 (2022) W58 £ W, IMA i 3% 3k 7] LA
P& = WU ST X Cd W as 135 N B ) . ASHIFSE R B
OsIMA1 3 FRIK$E 5 T KFEXT Cd W aE Ay i 52 1
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IS RRAR &R E ALY Fe ATRESE B 4MH T Cd 53X
SOHE SRR IS5 6 . OsIMAL X Filr B ) 4 40 M AR
] b #5532 Cd /I RE I T g4 B T i A ok
) Cd B, KA LUK OsIMA 3 323k 215 ]
WK R Cd & &, JCITE M I ik 2 7E K
e IMA 27 ELA 5 Fe Wl 3% 98 Cd it 52 7Y
W EIRE R T IMA TEAS [R]4 Fh b 14 3 BE
SFo IMA 5 B O ST M mT e A B T T i R
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A. Root; B. Shoot. Different small letters indicate significant differences between different Cd concentration treatments of OsIMA (P<0.05).
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Fig. 1 OsIMAland OsIMA2 of rice in response to Cd stress
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A. Schematic diagram of OsIMA1 overexpression vector; B. Phenotypes of wild-type (WT) and IMA1 overexpressed plants; C. Shoot height of wild-
type (WT) and IMA1 overexpressed plants. Different small letters indicate significant differences between the same Cd concentration treatment of
different plants (P<0.05). The same below.
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Fig. 2 Tolerance of OsIMA1 overexpressed rice plants to Cd stress
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o}

B ¥R wT B imal-1 B imal-2

# ¥ Shoot length (em)

Cdo Cd2s
W A A imal-1 imal-2
Cdi J# Cd concentration WT

A. imal RAKPIEHA, OsU6a Ja 31T HRIKE) sgRNA RiE, TRIZ M 3 DILILE CRISPR/Cas9 RGN FIH PAM {3 1%,
imal-1 5 —FE A imal 2 W — DU A, B AR imal RABKRHTRM, C. BFERT inal J22E0R 1 1L
bR,

A. Genotypes of imal mutants. Promoter OsUba was used to drive the expression of sgRNA. The underlined three bases indicate the PAM region
recognized by CRISPR/Cas9 system. imal-1 contains an insertion of ‘¢’ and imal-2 contains an insertion of ‘t’. B. Phenotypes of wild-type
(WT) and imal mutants. C. Shoot height of WT and imal mutants.

B 3 imal THEEGRKR REKHIRE
Fig. 3 Phenotypes of OSIMA1 loss-of-function mutants
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Fig. 4 Fe and Cd concentrations in rice plants
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Abstract: Sea buckthorn ( Hippophae rhamnoides) is an important dioecious tree species of protective plantation with
insufficiently documented on the sexual responses difference to environmental stress as well as the interaction between
sexual competition and heavy metal stress. In order to provide the practical guidance for repairing heavy metal pollution
in soil, the physiological responses and tolerance of male and female sea buckthorn plants under Mn stress and different
sexual competition interaction patterns were discussed. The physiological responses of sea buckthorn under Mn stress
(4000 mg - kg) and three different sexual combinations (female X female, male X male, female X male) were
determined, including the contents of chlorophyll, peroxidase (POD) , superoxide dismutase (SOD) , malondialdehyde
(MDA), total phenols (TP), free proline (Pro), soluble sugar (SS), glycine betaine (GB) and manganese in male
and female leaves. The results were as follows: (1) Under Mn stress, the SOD of male plants (M/FM) was the highest
in all competition combinations, while the MDA content was not significantly increased compared with the control,
indicating that the male plants had better antioxidant capacity and less membrane oxidative damage. (2) M/FM
accumulated more free proline and showed better osmotic adjustment ability under Mn stress, indicating that male plants
under sexual competition showed better tolerance to Mn stress. (3) The study indicated that male-female interaction and
Mn stress interaction significantly affected the physiological response characteristics of sea buckthorn leaves, such as
chlorophyll content, antioxidant enzyme activity and osmotic adjustment. Principal component analysis showed that the
contents of SOD, POD, MDA, chlorophyll b (Chlb), SS and Pro in leaves could be used as the main physiological

response indicators. The results can be used as a reference for the remediation of soil heavy metal pollution by sea

43 %

buckthorn plants.

Key words: soil remediation, Mn stress, sea buckthorn ( Hippophae rhamnoides ), sexual competition,

physiological response

BTG LR 6 4 DL B 45 4%
v B ) o %) 3k B P, S B0 VR B B A ™ E T
get s, P, ST g IR AT A BB E Ol
HEZERE, YR RRNEA EE R S SR
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WmEMN T E R RRESENE R K EFSF,
1999 % £ % ,2019) . TEAEWIE S H AR N b 44
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SRFIY R LA B il 0 v R T 45 T B EEAE A
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O T4 i 38 A 0 0 A= B AR Ak B B A — L6 fif
5%, AR KB ( Pinus massoniana ) 7] 8 15
BUERRAZ S H LG B R RS R5O0
KAERDEAVER, I8 o 42 & 2o A AL S 8 E Ak
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FEFP, FEN RO 58 & 30, 2045 0k 300 2% 128 1 O e
SAREY RIS R 2Z R, TRBE T E
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A B N, 2 B, 43 AT ME A P Y 9 A A 3 e 1 AR
TEZHrh F 0 B RRE A | DTRR AN R sr ik AR
K H Origin 2021 A2l TR K

2 HEREHAH

2.1 $EAMB AN B 3= S 32 B AR TR D R
HERESETWL

MR R AT ERN EEAER, G
FWRAG )G A R B3R 55, i R 1 AT X R Ab
PRI 51 P9 56 4 0 AfE VD ARG Chla A1 Chlb % & 5
R T R e 4o 56 BRAH HG i 4 A 3 S 1
S IE) 58 4 35 B8 = 7 MEAE I R A9 Chla AT Chlb %
H(P<0.05) M5 1] 5% 4 A 304 BB ( F/FM) i
J 1% Chla F1 Chlb & & & 3 & F bk (M/FM) {2
5555 BRAH L, HERR (M/FM) B9 Chlb 54058 22 ) 3% 5
AP ke o Ak LA T B S 1 o o AR AIE bt R Ah
P R T MR N T 4 () MERR (F/FF) /9 Chla
B, i A AL B OAT M0 N SE 4 oAb BE A M RR
(M/MM) M A Chla F1 Chlb & & 5 3 & T M bk
(F/FF) (P<0.05) , 3 158 B 51 4 5 4 T T Bk Eb e
PRAONA i ERE T,
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Different lowercase letters indicate significant differences between treatments ( By Tukey’s test, P<0.05 ). F/FF indicates female plants under

intra-sex combinations; M/MM indicates male plants under intra-sex combinations; F/FM indicates female plants in inter-sex combinations; M/

FM indicates male plants in inter-sex combination. The same below.

B 1 @B R TS X B AR X B BRI AT4R R a(A) MR E b(B) @ EHRIT

Fig. 1

Effects of Mn stress on chla(A) and chlb(B) contents of sea buckthorn

leaves under different sexual competition interaction patterns

22 MBS TSI E THEDRTFRS
1L ESE R MDA 2231

T 52 3 4 S i 38 B 25 77 AR K s M4 A
6 0000 =B A W) K g S L R i A
FIW Y £ Fh b A AR B T &R GE A0 45 SOD , POD %
PUAALEERE VS R A 5L, R0 40 B e A2 S AL i e
MG E (B /NG ,2019) . H & 2 R, FE4R M ia
TYPEET F SOD  POD & it SRS T X0 BR 4L, X
HEGb B 53] P R il (] 5 4 19 B AfE i SOD
POD % 25 52 ¥ AN I 35 it Ak 38 B 14 51 i) 5 4
A HERE (M/FM) M R 19 SOD & & & 3 & T M #k
(F/FM) (P<0.05) ,POD & LR E 25, S5Xt
MEAH Fb, i A A0 B W SE B0 T BE AR (F/FF A
F/FM) M9 SOD & £, 35 17 Ml 6] 52 S+ 4 5
B 225, 50 A LL it A A 3 I = IR T F/FF
1 M/FM ) POD {H .

N EE (MDA ) J2 41 it RS A5 2o 4804k B2 1 ) 7
Y, VB R HE Y 32 W38 A= B N 9 8 bR, AR
AT J B3 B8 45 R R R Gt A2 1 R (SO A
2018 ;5K ALAE ,2021) , H & 2 A] 5, Jiti 4 41 A4 i
A MDA & ik b P RRgl, 5 BEAH E it
b FR N T M R g 2 A Y 25 R, MERE
(F/FM) MDA & &t I 2 & T bk (M/FM) (P<
0.001) , i M/MM A1 M/FM ) MDA & & 5 % B AH

b 22 SR 3 0 B R e B R AT A A
FoE PRI G i SA fb R
2.3 SEAMB AR S L RN R AR
MEERa=ETH

ATV (SS) AP E K K H M) F2E IR
gy, WREPEN N EZE S0, S 5HY
U SN NN RS R B e | K7
Fi% (Pro) UL 7E AR )35 i U8 15 vh B HE G HEEAEH
(TR 2015) . & 3 Al KRR AL BRI A Y
S LA R TE G MERR (F/FF) SS &
A (P<0.05) T it 4 A BT S 3 B AIG T AR
(F/FF)SS & &t 458 4 41 A rh e i i e JC Bl i
2258 XIEARIR M) 5 b B R (M/FM)
1) Pro % i & =y THERE . fish b3S M/FM it
F Pro 5 BV X REAL B 3 B FE A S
Gl A, M/FM B it Pro B & B, N
1914.75 wg - g JitiRG AL FEE I T 50 P9 58 4 1
MEHE(F/FF AT M/MM) B B Pro & i 25 5, KB
i M/MM 3 5T F/FF, BAK LA XA 5
PN B A 4 A Fp R A BRI % ) P R B ) 5 4
A HERR T B Pro 25 L3 10 3 & T MERE (P<
0.001) , 3 1, WY ¥ e 2 ok 2 300 o4 Lb ME R B 4 1 32
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Fig. 2 Effects of Mn stress on SOD (A), POD (B)
activities and MDA contents( C) of sea buckthorn leaves

under different sexual competition interaction patterns

24 FHIMBEFMEINTHZE THEDRIT A S
T 26 HAT P AR B9 /R ], RE DL S e 1 5%
P 19 75 3 B sk A0 i PR AR i (OO A
20185 REBAE,2019) o HHH0H (GB) 52 i AFHE
HE B VA Y, BE S B A0 ML 8 B T

RE T, AR DNE 375 2k K 2 BOX 240 A e | g A 2 11 Joa
S S INRER G E . R 4 n i BE Ak
Wy (TP ) & 2 1Y U 5 [ E 47.52~73.15 mg - g
Z (8], Jifi 4 A BE A BUE AE 54.17~83.70 mg - ¢ 2
], Herb PR 51 P 58 i =R B9 MERE (F/FF) TP & &=
3 = TR ) 3 LR R MERRE (M/FM) , H
FRACIRT £5 5 G A A O MEME I TP & i A ) AR
HIC W E L (P>0.05) o X BEALBER P 551) [8] 58 4
B i Bk (F/FM) GB % 1 i 3 & T 1 bk (M/
FM) 51 N 55 4 op (4 B (F/FF) (P<0.001)
Jit A Ak PHR 4 = A AEG T i) 1) 5 4 P OE AR (/M)
FE R Py 35 4 cp HERE (M/MM) 191 F- TP & 4 {H
it 6 Ah BT P S PN RD P B 1] B A AR =R i B GB
BRI BEZES(P>0.05) , X U W 45 kb ¥ P
THESHAE TR B GB S RMENZESR
25 EEMMEN ESTE THEDMRHAFES
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FHE S AT, 5% B AL FEAH HE it e T
FrAESERAG T HEED Y RS (P<
0.001) , X HE AL H A P AR AR A it 4 5 2
A I8 22 55 it Ak L 2 1) PR R A i) ) o e A X
[ MERR I 7 P i X TR (R R B K
2.6 XEMMMERS T

FE AR T A B a2 1 BTN, e S R0 55 4 1 A2
H AP & #5200 T Chla, Chlb , SOD MDA , Pro #il
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T Chla,Chlb MDA .SS F Pro, i1k 5 . 354+ F1 8 4>
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a2 M6 nfHl, =4 FE L e T
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MDA ¥4 1E#H 3¢, 5 SOD , POD b 1 4 %, Hvh
SOD 5 PC1 #H 3¢ ¥ & iy, #H ¢ & $ik - 0. 887,
PC2 f#t B 1 21.228% ,PC3 it B T 14.600% , ] F=
Hi5% SS Pro FISEN . 4HH SOD . POD .MDA Chlb .
SS . Pro % 1t AT /E A il 55 4 28 B AR 35T v M A
L g 1 1) S SN[ SR =0 N = A

3 i

3.0 EMEMERN TS EXEED R A XS
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LIS Y E R —E R R R RS
WAL T M, KSR AW T A S0 A B Chla
A1 Chlb & &8 R F TS (E 45, 2012)
By A B 2 I8 20 0 SRR E I 4 0 - Chla AT Chlb
) o, ELUHERR A0 I 2 38R B = T MERR (Z Y
,2014)  AWFIE s 76 = R B AL B9 W aE R v
BT A9 Chla A1 Chlb 5 2 806 IR AL R &, HJR
PRI AT B2 V0 i A7 1) /5 Wk B2 B 1 W 3 B, AR K A2 3
S ZU R, A ) FRAR, AR L X B Ah B A T vk
ARV T B gk R B 0 A B (R AR
2012) .

RN, H W E A — @ P LSS Y

PP AL BTG PE . VR B A0 B 1 I S AE B A
HIPL A AL BTG, - MDA & & SR TR
(ERS4E 2019) , BF K S 40 A A v R 1 0 2] —
2 FEJE I POD & & JF 45 B G HL Eb X BR 4 sk /D
80.30% ( CFI 45 2018) , X 5 A HfF 58 45 - — 2,
YA AL P DL BR A 4 32 ol 38 s 7= A 0 K B g
HEA =Y, B YT EY RS B AEY A3
W AE 7 BsF i VA B T A B 400 o B AR A T 1 T
03 A1 0 1 A AR 9 G B 4E AL BE O R
FLRRE T BRAR . BIF5T s, M i S5 Ak A 9 o 34 85
Joip A 2R B LR PR i e 1 2 5 A ISR ke A T 28 X6
AR 6 DI 2B A7 1 TS e R (R4 ,2019)
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Fig. 5 Effects of Mn stress on Mn contents of sea buckthorn

leaves under different sexual competition interaction patterns

1 M EZH ERLERETEERBEEDRH FEEERAOZN
Table 1  Effects of sex, competition and Mn application and their
interaction on physiological indexes of sea buckthorn leaves
N PER X324+ x
B 7
B MR % 2% =i oy T4 x i b B
M TR T PRI G ik lﬁﬁ! X a4 Vikﬁj X Jitidd Competition X b@%ﬂn
. . . .. - Sex X Sex X Sex X
Physiological index Sex Competition Mn application .. . Mn L
Competition Mn application - Competition X
application -
Mn application
4% a (Chla) 0.202ns 0.001 0.007* 0.000 %3 0.442ns 0.000 % 0.003*
M4t b (Chlb) 0.002* 0.000 *3* 0.000 ** 0.000 ** 0.004 * 0.000 % 0.144ns
RE MY ALEE (SOD) 0.135ns 0.196ns 0.000%* 0.002 0.001 %% 0.657ns 0.595ns
i S AL (POD) 0.373ns 0.131ns 0.000 * 0.073ns 0.719ns 0.824ns 0.146ns
A 1 ( MDA) 0.131ns 0.001 ** 0.000** 0.476ns 0.012* 0.021* 0.079ns
5B Il &R (Pro) 0.000 % 0.001 0.000 %3 0.000 %3 0.000 %3 0.000 % 0.003 *
AT ERE (SS) 0.587ns 0.028* 0.097ns 0.451ns 0.005* 0.043* 0.614ns
FIFEH (GB) 0.060ns 0.327ns 0.000 #* 0.001 #** 0.126ns 0.753ns 0.000 %3
By (TP) 0.003 * 0.000 % 0.085ns 0.888ns 0.357ns 0.741ns 0.405ns
4 (Mn) 0.239ns 0.911ns 0.000%* 0.865ns 0.262ns 0.890ns 0.885ns

& *FR B3 (0.001<P<0.05) 5 **F/RHk B.3F (P<0.001) ; ns F/RABE(P>0.05),
Note: * indicates significant differences (0.001<P<0.05) ; ** indicates extremely significant differences (P <0.001) ; ns indicates no

significant differences (P>0.05).

i 2 A R (L 15 R T R, 2 B s Y = ) #7851 g
W25, AT R W T 5 Whia DL i
SCH AT A AR R b B R A R
BgE Y RE 1 3 B HEAR @ T ME R (Chen et al.,
2010) o SXGABETTEE R — B, U8 W VDR AR 75
i TR LB B RS AP R
A PG M2 17 5 MEE 2 9818 A8 AN I fil 2 1) 32
P30 B ST S R B S T S R AR A
H &% 0] % (R, 2021) . FRATHY 5 45

RN, i AL PR S W E PR T M/MM A F/FEM
(R ST B, %k R AL 3T M 0 1] 3 4 A X, o
TR 25 53 B 35 (P<0.001) , 1 Jifi 4 Ak B R 4 51 9 Fi
PRSI ] 5 s 2 ) i 7 SR A e B 22 R
(P>0.05) , Ut BRI 360 e 735 T f A e A D 1
SO KO BRAR T HE R 22 55, R b FE L
WEY 3 iz & BT U o Il R R B
WE B BT R R AR E PR 2 R HAN, A
T 2R 0A 5 06 RERR LU, i i XoF O e 0 R A -
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Table 2 Principal component eigenvalue and

accumulative contribution rate

i 7 Gif & FZIt ok
Ay ) ﬁn ¥ Tﬂ; e Contribution Accumulative
Initialeigen A
Component lue rate contribution rate
e (%) (%)
1 3.391 37.678 37.678
2 1.911 21.228 58.907
3 1.314 14.600 73.507
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Fig. 6 Principal component analysis of physiological
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response parameters of sea buckthorn under Mn stress

and sexual competition interaction patterns

S B R G I R R X 1 D R A ) R
X ol 3 ) ) LR E A A 25 5

FEE 4 Ja AR T, A ST R, BY R A
I SCYHRAD MERR R < A S R T AR
(BRRAESE,2017) R BUI L b 25 55 . ASBF 5T
HH R R S R A VD R R e, (H
HOFARFR I B35 A1kl 22 5, FU Al % B 4R AR R
P S 25 S A B A 2 — 2B ST

4 Hir

(1) e B A A 0 3 28 B ) 1 O A
i H % Chla F1 Chlb ¥ &  SOD,POD MDA DA}
Pro ,SS Fl GB A5 A= 30w Ji R AIE , L Al A ke 1] 2R 30
o EENES

(2) 36 S S5 A 1 S5 P Ak B R ( B/
FF) i Chla ,SOD . POD F1 SS &+, H W EH i T
MDA & i, R AZ B8 K AGEL B F , Dot 1 Fi i
MR TR 4 591 1 Ak LS AR ( M/FMD) BL AR R 2
ELZWBERTY R, FALK MDA & &, £ H
Pria LR ) B, XHAE RO 22 BB 1 R
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(P<0.05,P<0.01) , i fb &% 4.7.10 18 £ J 25 wmol - LB, 0] 3 43 5 K 57.37% . 83.60% .
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Abstract: Pimpinella candolleana is known as Miao ethnic herbal medicine in Guizhou for the treatment of icteric
hepatitis, acute cholecystitis and other diseases. To investigate the chemical constituents of P. candolleana and their anti-
inflammatory activities, the chemical constituents from the 70% ethanol extract of P. candolleana were separated by
silica gel, Sephadex LH-20, Toyopear] HW-40F, Toyopear] HW-40C, ODS and other column chromatography
technologies , and their structures were elucidated by extensive spectroscopic analysis such as nuclear magnetic resonance
(NMR) and mass spectrum (MS). The inflammatory cell model, built by LPS-induced RAW264.7 macrophage cells,
was used to evaluate the anti-inflammatory activity. The results were as follows: (1) Twenty compounds from P.
candolleana were isolated and identified of including vanillin (1), sesamin (2), 2-methyl-2-hydroxy-5-methoxy berz
(d) hydrofuran-3-one (3), procatechin (4), 1, 5-dihydroxy-2, 3-dimethoxyxanthone (5), isorhamnetin (6),
kaempferol (7), 8-hydroxy-2-methylchromone (8), luteolin (9), quercetin (10), 1-0-B-D-glucopyranosyl-( 2S,3S,
4R ,8E)-2-[ (2'R)-2'-hydroxypalmitoylamino ] -8-octadecene-1,3,4-triol (11) , isorhamnetin-3-0-B-D-galactopyranoside
(12), isoquercitrin ( 13), norswertianolin ( 14 ), luteolin-6-C-a-L-arabinoside ( 15), kaempferol-3-0-3-D-
galactopyranoside ( 16 ), kaempferol-7-0O-8-D-glucopyranoside ( 17 ), luteolin-7-0-B-D-glucopyranoside ( 18 ),
isovitexin (19), rutin (20). Compounds 1, 3, 4, 6, 7, 10, 13, 16, 18, and 20 were obtained from this plant for the
first time. (2) The anti-inflammatory results showed that compounds 2-10, 12, 18 and 19 could significantly inhibit the
LPS-induced NO content in RAW264.7 cells (P<0.05, P<0.01), and the inhibition rates of compounds 4, 7, 10, and
18 at a concentration of 25 wmol - L were 57.37%, 83.60%, 68.16%, 81.14%, respectively. Overall, this study
enriches the chemical constituents of P. candolleana, and clarifies that flavonoids are the active ingredients in the course
of anti-inflammatory, which provides a theoretical reference for further research and exploitation of P. candolleana.

Key words: Pimpinella candolleana, chemical constituents, isolation and identification, RAW264.7 cells, anti-

inflammatory activity

5 0 Bl XU ( Pimpinella candolleana ) "N 4= JE B}
( Umbelliferae) & ( Pimpinella 1..) L AR B
T, SO A T | L2 0T 58 Rl AR
Ty s R R 2 2 — e T (BN A 2y
BB SAF BURARE) (2003 Ji) Iz o A AE
FEE Y R o Al HORAE G PR, AT
il JLE 2 LR A TIRYT BRI I
PEAS KL AR5 A0 g e 47 45 (S 9245, 2005 5 B 45
2007) ,fEFZ M7 25 B A 10 2, and 5t PH R (]
20 ) R R TP ECE IR IR T IR RS B R R
7L R 2GR ) IR B B R, e T
TR N TEN O B | R | MR T R R
EA M TR LS5, AR R 25 E BTl
FATIRIFIE I 2 BUIF R R 107 3L B0k ik 2 55 5207
) (BG FEFE 2007 ;7hET ,2016) . HET, 75 H B X,
T 0 B 5 0 1Y Ak 27 iy T A B 2 | R
FERMZEAE (RO LR, 20035 % AL, 20115 TR 48 H
S5,2011) A3 A 7 KU 25 1l 23 SOk i D
X HA A7 o3 B3 PR AR D R B R E Y -
2 W TG0 ) 9 P L BT ARA TS M S Bt T O M A
(Chang & Kang, 2012) , A& ULiZ A8 4y HoAth 25 BiAE
B SCHIE Pt R Y B AR AN I . PRt A TR

AT RA B AL 2 By, R TS AT R TR o
ASBIRGEXH A v B R4 B 709 £ B4 B AT 40 25
aife, e E T 20 MMEE, X 18
AMEEPIEAT T HCRAE PRI AE , U] R A i B K
TR ABIE TS FIIT A M TR SR} 20l

1 fUE 5 A8

1.1 ##4

20F A B XU A SR T BN BB i B, &
Bt N R 2 R A 2 2 B A R SCEAR S AR IR R
I 7@ AW A5 M Bl X ( Pimpinella candolleana) W)+
A HUARTERE L (20190901 ) A7 F RN 4 2y

Wy it 3R o AT S

AR RE . /N BB AZ B 40 i RAW264.7 T H
ATCC Ht>
1.2 {425

JEOL-ECS 400 MHz 4% fifs £ 9% 9 3% A% ( H A< A
TRRE 241 ; Bruker AV-600 Y #8 5 4% fif e 4z 1Y
(f5[E Bruker 2% #) ; ACQUITY-UPLC-TQD # #5 ¥
AH €0 i — = 3 DY R AT E BB BT 1 Y ( 38 [ Waters 22
F)) ; CO, 40 i 5% 5% 4 ( Thermo scientific 24 H] ) ;
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Varioskan LUX Z I HEEEFRY ( 3 E Thermo A H]) ;
TS100 {8 % B ( H A Nikon 22 H]) o
1.3 ik 7

D-101 BUR LR i (R i ik TA R A
A s HEEATRERE 2 ETRER (F SRR LA
FR 2y 7] )5 # 2 Bl B BX Sephadex LH-20 ( % 1
Pharmacia Biotech /A H] ) ; Toyopearl HW-40C #E Ji¢ |
Toyopearl HW-40F B¢ ( H A A # #k 4 4E) ;0DS
(HA YMC 2Aa]) i X5 b al

64 1% FBS, DMEM @5 B 15 3% &8 (26 [
Gibeo AF)) R ZHE(LPS) HHEH X R AW .
FH LT AN PBS 2% P ( I6 50 Solarbio B4 A FR 2
) ; CCK-8 7 £ ( 32 [ Glpbio 24 H] ) ;NO i &
(PN AY TRV ) ; #hZEK S (DEX, I
IEEEAYRHA R A ) .

21 RS HH

ST R A5 I 997 R4 B (12 k) DO SORL B, T
70% L BEIN R B 3 Uk, & I HE B, 9% (7]
W AR (1.3 kg) , b D-101 AL B il
FHAK (2 FEAEARTR) (80% 2.1 (5 fE AR ) 4R v vk
Jit AR K BR T (972 g) \80% LIEBIR T (530 ¢) .
80% Pt B 28 TE AR Rk EAE 2 AT, A — Sl FP o — P B
(7 :3—6 : 4) HEATEFREVEML, HIBCA R, W4 )5 15
THRH 290 g, & IEAHRE AT Z AT, LAk - £ 1R
ZME(10: 00 : 10) . ZRZEE-HEE (10 : 07
2 3) HEATAR VRN, A BOCSE | & Br it 4T TLC A DU
At a4 153 10 NS> (Fr.1-10)

Fr.4 o 1F A RE A, LA o Bt - — 5 b
(3:120: 1) , AP LE-HEE(70: 1520 : 1)
BB EE VR, TLC A5 5 JF )5 ok 4, 15 3 7 A4 0
(Fr.4.1-4.7), H Fr.4.3 X & id Sephadex LH-
20( A E-HEE 12 1) Toyopearl HW-40F ( H
W) A% 1(10.5 mg) LAY 2(7.0 mg) .,
Fr.4.5 & i 1E AH 6% K | Sephadex LH-20 ( — 4
JE—HBE 1 : 1) Sephadex LH-20( H i)  Toyopearl
HW-40F (') 154654 3(30.0 mg) .

Fr.5 i Sephadex LH-20 ( — % H %t - H B
1:1),TLC ¥ I & JF J5 W 45, 15 28] 5 4
(Fr.5.1-5.5) , H Fr.5.2 ;& id Toyopearl HW-
40F (/1 5% ) | Sephadex LH-20 ( 1 l5) 13 1L-& 9 4
(10.0 mg) k&% 5(24.4 mg), Fr.5.4 i

Toyopearl HW-40F ( B [ ) | Sephadex LH-20 ( H
B, 754k E5 % 6(10.0 mg) . Fr.5.5 i Toyopearl
HW-40F ( H ) 434659 7(17.0 mg)

Fr.6 i Sephadex LH-20( HI %) , TLC #:1l-4 JF:
JEH4n 153 5 NS (Fr.6.1-6.5) . Hh Fr.6.2
7t Toyopearl HW-40C ( H £ ) | Toyopearl HW-40F
( FB%)  Sephadex LH-20(50% N 7K ) . ODS # {4,
1% (20% ~ 50% W 2K ) , 1546 &9 8 (11.0 mg) .
Fr.6.4 i Toyopearl HW-40C ( H i) . Toyopearl HW-
40F ( %) | Sephadex LH-20 ( H ) , 74L& 491 9
(80.0 mg) , Fr.6.5 i Toyopearl HW-40F ( H i) |
LAY 10(87.0 mg) .

Fr.8 i3 IEAHRERS , A 50 e - B2 (20 : 1—
3 1) IEATEEEE VR, 53 6 NS (Fr.8.1-8.6)
Fr.8.4 i Toyopearl HW-40C ( H1 i) \Toyopearl HW-
40F ( H %) | Toyopearl HW-40F ( — % H ¢ — Ff 2
1:1).0DS H: 3% (20% ~40% M 7K ) . Sephadex
LH-20( /! i) | Sephadex LH-20 (50% N fiil 7K ) , 15
&Y 11(150.0 mg) LG 12(44.0 mg) MG
¥ 13(36.4 mg) , Fr.8.5 i Toyopearl HW-40C ( H!
i) . Toyopearl HW-40F ( H ) . ODS #& {4 ji
(20% ~ 60% ' % 7K ) | Sephadex LH-20 ( H %) |
Sephadex LH-20(50% N fid /K ) , #fk &% 14 (5.2
mg) AW 15(3.7 mg) LGP 16(7.0 mg) (b
=/ 17(2.7 mg) ,

Fr.9 i Sephadex LH-20( H i) 153 2 N4
(Fr.9.1-9.2) ., HH Fr.9.2 it Toyopearl HW-40C
( ) | Toyopearl HW-40F ( H i) | Sephadex LH-
20(509% PN B 7K ) | IF AH R S A 5 o -
(8.5:1.5) 15454 18(26.0mg) 19(25.0 mg) .
1b&9 20(87.0 mg) .

2.2 mARE T

IR A K A B RAW264.7 41 g, 18 4% 41 i
W N B2 T 3x10° 4, 4L 100 pL #2896 fL
Wb, BT 37 °C 5% CO, B F- 4 55 3% 24 h,
SEHBEE A A BRI BHAPE X R S 2 A
BB E 3 AE AL, XT8N b ZEKF (DEX)
25 FIYLRSE B 410 A 58 4 5% 5% 3k | BH 7 %ok B 4
AL TE R 25 wmol - L' DEX, 25 254 Im A\ &4 1
FEEHINML G, 55953 h 5, BRas Hdlsh, 1
2 I AW FE K 0.25 we » mL' 9 LPS, 15 5%
24 h JEWCEE FIEW, Fi NO K I 0 & 13 1) 43 i s
EW NO K A 3 R, A (1) R
NO # i, #2330 (2) 7 NO #i] %,
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NO /ﬁ’\ i ( pmol : L—l) = ( ODﬂ;lrJ:g - ODWI )/
(OD 4 =OD . ) XBRUESHHRE (20 pmol « L) xFi

R R (4 1) (1)
NO IR (%)= (NO it o~ NO &)/
(NO & s~ NO.py ) x100% (2)

2.3 {ITEHH

% SPSS 22.0 il GraphPad Prism 8.0 4k {f i
AT HUCHE ) 4 B Ak B, 2 (0] 22 5 BRI R T
2253 M1 (one-way ANOVA) #47 L%, W 4H () b ¢
K LSD ¥ K 5K i P<0.05 WA G4 X,

3 gMEE

L&Y 1. A s RS M, ESI-MS m/z: 153
[M+H]", 4+ F X C,H,0,," H-NMR (600 MHz,
CDCl,) 6: 9.80 (1H, s, H-7), 7.40 (1H,
overlap, H-6), 7.40 (1H, overlap, H-2), 7.02
(1H, d, J=8.4 Hz, H-5), 6.24 (1H, brs, -OH) ,
3.94 (3H, s, -OCH,); "“C-NMR ( 150 MHz,
CDCLy) &; 191.1 (C-7), 151.9 (C-3), 147.4 (C-
4),130.1 (C-1), 127.8 (C-6), 114.6 (C-5),
109.0 (C-2), 56.3 (-OCH,) ., LI I %45 ik
(B3 2 MEFH),2020) JEA— 2 #8 e %L &
Yol A R

G 2. HEF RS B, 07X CH 04,
"H-NMR (400 MHz, DMSO-d,) 6: 6.92 (2H, d,
J=1.6 Hz, H-2,2'), 6.86 (2H, d, J=8.0 Hz, H-
5,5'),6.83 (2H, dd, J=8.0, 1.6 Hz, H-6, 6"),
5.99 (4H, s, 2x0CH,0), 4.64 (2H, d, J=4.4
Hz, H-7, 7"), 4.11 (2H, m, H-9a, 9"a), 3.75
(2H, dd, J=9.2, 4.4 Hz, H-9b, 9'b), 2.99 (2H,
m, H-8, 8'); "C-NMR (100 MHz, DMSO-d,) §:
147.4 (C-4, 4'), 146.5 (C-3, 3"), 135.5 (C-1,
1), 119.4 (C-5, 5'), 108.0 (C-6, 6'), 106.6
(C-2,2'), 100.9 (2xOCH,0), 84.9 (C-7, 7'),
71.0 (C-9,9") , 53.8 (C-8, 8'), LI FEiEE X
k(R 0E5E 2021 ) FEAR—3, MUE iz b BN

&Y 3. AEB A, ESI-MS m/z: 193 [M -
H]", %+ F X C,H,0,.,' H-NMR (400 MHz,
CD,0D) &: 7.31 (1H, dd, J=9.2, 2.8 Hz, H-6),
7.07 (1H, d, J=2.8 Hz, H-4), 7.00 (1H, d, J=
9.2 Hz, H-7), 3.79 (3H, s, 5-0CH,), 1.52
(3H, s, CH,); “"C-NMR (100 MHz, CD,0D) &;

202.1 (C-3), 167.1 (C-9), 156.6 (C-5), 129.9
(C-6), 119.8 (C-8), 115.5 (C-7), 106.1 (C-4),
105.9 (C-2), 56.5 (5-OCH,), 22.2 (-CH,) ., Lk
T BAE 5 SCHR (A E N A, 1998 ) JE AR — 3, B e
AL AW N 2-F B2 B S A R TE [d] &
Ak MR -3 -

WAEY 4. A OB A, ESI-MS m/z: 139 [ M+
H]*, 4 T & C, H, 0,,'H-NMR ( 600 MHz,
CD,0D) &: 9.67 (1H, s, H-7), 7.30 (1H, dd,
J=7.8, 1.8 Hz, H-6), 7.29 (1H, d, J=1.8 Hz,
H-2), 6.89 (1H, d, J=7.8 Hz, H-5); “C-NMR
(150 MHz, CD,0D) &: 193.2 (C-7), 154.7 (C-
3), 147.5 (C-4), 130.6 (C-1), 126.8 (C-6),
116.5 (C-5), 115.3 (C-2), LA %l 53¢k (9
HAE, 2021 ) A — 3, BBz G R IL

&Y 5. 3 OK K, ESI-MS m/z: 289 [ M+
H]", 4 F & C,H, O0,,'H.NMR (600 MHz,
DMSO-d,) &: 12.75 (1H, s, 1-OH), 10.51 (1H,
brs, 5-OH), 7.54 (1H, dd, J=7.8, 1.2 Hz, H-
8), 7.31 (1H, dd, J=7.8, 1.2 Hz, H-6), 7.25
(1H, t, J=7.8 Hz, H-7), 6.75 (1H, s, H-4),
3.95 (3H, s, 3-OCH,), 3.74 (3H, s, 2-0CH,);
“C-NMR (150 MHz, DMSO-d,) &: 180.8 (C-9),
160.0 (C-3), 153.2 (C-1), 152.7 (C-4a), 146.3
(C-5), 145.0 (C-4b), 131.1 (C-2), 124.2 (C-
7), 120.6 (C-8a), 120.5 (C-6), 114.4 (C-8),
103.2 (C-8b), 91.4 (C-4), 60.1 (2-OCH,), 56.5
(3-OCH;) , LA F%# 5 SCHR ( Yuan et al., 2006)
B — B0 S e B W 1, 5-dihydroxy-2, 3-
dimethoxyxanthone,

&Y 6. Bk K, ESI-MS m/z: 317 [M+
H]Y, 4 F X C,H,0,,'/H-NMR (600 MHz,
DMSO-d,) &; 12.46 (1H, s, 5-OH), 7.75 (1H,
d, J=1.8 Hz, H-2"), 7.68 (1H, dd, J=8.4, 1.8
Hz, H-6"), 6.94 (1H, d, J=8.4 Hz, H-5"), 6.46
(1H, d, J=1.8 Hz, H-8), 6.18 (1H, d, J=1.8
Hz, H-6), 3.84 (3H, s, 3'-OCH;); "“C-NMR
(150 MHz, DMSO-d,) 6: 175.9 (C-4), 164.3 (C-
7), 160.7 (C-5), 156.2 (C-9), 148.8 (C-4"),
147.4 (C-3"), 146.5 (C-2), 135.9 (C-3), 122.0
(C-1'), 121.7 (C-6"), 115.5 (C-5"), 111.7 (C-
2'), 102.9 (C-10), 98.3 (C-6), 93.6 (C-8),
55.8 (3’-OCH,) ., LA %4 5 SCiik ( 25 mi 18 55
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2019) FA—F ML EZ LAY N RRER,
&Y 7. B OKAK, ESI-MS m/z; 287 [ M+
H]*, % F X ¢ H,, 0,,'H.NMR (600 MHz,
DMSO-d,) &: 12.47 (1H, s, 5-OH), 8.04 (2H,
d, J=9.0 Hz, H-2', 6'), 6.93 (2H, d, J=9.0
Hz, H-3',5'), 6.44 (1H, d, J=2.4 Hz, H-8),
6.19 (1H, d, J=2.4 Hz, H-6); "C-NMR (150
MHz, DMSO-d,) 6: 175.9 (C-4), 163.9 (C-7),
160.7 (C-5), 159.2 (C-4'), 156.2 (C-9), 146.8
(C-2), 135.7 (C-3), 129.5 (C-2', 6'), 121.7
(C-1"), 115.4 (C-3", 5"), 103.0 (C-10), 98.2
(C-6), 93.5 (C-8), LU L %uHE 5 CHk (Jung et
al., 2003) JEA —F, HOEE ALY o L w1
&Y 8. KK, ESI-MS m/z: 177 [ M+
H]", 4+ T C, Hy 0,,'"H-NMR (400 MHz,
C,D,N) 8: 7.98 (1H, dd, J=8.0, 1.6 Hz, H-5),
7.44 (1H, dd, J=8.0, 1.6 Hz, H-7), 7.29 (1H,
t, J=8.0 Hz, H-6), 6.28 (1H, s, H-3), 2.05
(3H, s, 2-CH,) ; "C-NMR (100 MHz, C,D,N) &:
178.4 (C-4), 166.3 (C-2), 148.6 (C-10), 147.5
(C-8), 126.0 (C-9), 125.8 (C-7), 120.2 (C-6),
115.5 (C-5), 111.1 (C-3), 20.4 (2-CH;), VI |
Bl 5 Sk ( EEEES AR 2011) FEAR — B, T K E 1
TEE N 8-F2 3 -2-FF 0 JEU |
b&Y 9. 3Ok K, ESI-MS m/z; 287 [M+
H]", 4> & C,H,0,,'H.NMR (400 MHz,
DMSO-d,) &6: 7.33 (2H, m, H-2', 6'), 6.84
(1H, d, J=8.8 Hz, H-5"), 6.51 (1H, s, H-3),
6.35 (1H, d, J=2.0 Hz, H-8), 6.10 (1H, d, J=
2.0 Hz, H-6); “C-NMR (100 MHz, DMSO-d,) &
181.0 (C-4), 166.8 (C-2), 163.7 (C-7), 161.3
(C-5), 157.4 (C-9), 151.3 (C-4'), 146.3 (C-
3'), 120.4 (C-1"), 118.7 (C-6"), 115.9 (C-5"),
112.6 (C-2"), 102.6 (C-10), 102.0 (C-3), 99.4
(C-6), 94.1 (C-8), DL %45 SCmk ( Bk %,
2018) FA—F, L Z AW N KREE
L&Y 10 F KK . ESI-MS m/z: 303 [ M+
H]*, 4+ F & C,5H,0,,/H-NMR (400 MHz,
DMSO-d,) &: 12.50 (1H, s, 5-OH), 7.68 (1H,
d, J=2.4 Hz, H-2"), 7.54 (1H, dd, J=8.4, 2.4
Hz, H-6'), 6.89 (1H, d, J=8.4 Hz, H-5'), 6.41
(1H, d, J=2.0 Hz, H-8), 6.19 (1H, d, J=2.0
Hz, H-6); “C-NMR (100 MHz, DMSO-d,) §:
175.9 (C-4), 163.9 (C-7), 160.8 (C-9), 156.2

(C-5), 147.7 (C-4"), 146.8 (C-2), 145.1 (C-
3'), 135.8 (C-3), 122.0 (C-1"), 120.0 (C-6'),
115.6 (C-2"), 115.1 (C-5"), 103.0 (C-10), 98.2
(C-6), 93.4 (C-8), LA LH¥E 5 Sk ( FHepH %,
2020) FEA—Z, S E A G Wi &

EY 11, A6 K E BB K, ESI-MS m/z:
732 [M+H]", 4 F X C,H,,NO, ., ' H-NMR (400
MHz, DMSO-d,) 8: 7.54 (1H, d, J=9.2 Hz, N-
H), 5.34 (2H, m, H-8,9), 4.13 (1H, d, J=7.6
Hz, H-1"), 4.08 (1H, m, H-2), 3.83 (1H, m,
H-1b), 3.82 (1H, m, H-2'), 3.66 (1H, m, H-6"
b), 3.64 (1H, m, H-1a), 3.42 (1H, m, H-6"a) ,
3.39 (2H, m, H-3, 4), 1.22 [s, (CH,)n], 0.84
(6H, t, J=6.8 Hz, 2xCH,); “C-NMR (100
MHz, DMSO-d,) &: 173.8 (C-1'), 130.3 (C-8),
129.6 (C-9), 103.5 (C-1"), 76.9 (C-5"), 76.5
(C-3"), 74.0 (C-3), 73.5 (C-2"), 71.0 (C-2"),
70.5 (C-4), 70.0 (C-4"), 69.1 (C-1), 61.1 (C-
6"), 49.9 (C-2), 34.4, 32.4, 32.1, 31.6, 31.4,
29.2,29.1, 29.0, 28.8, 28.7, 25.6, 24.5, 22.2
(¥ CH,), 13.9(Me) , i I 8ds 5 SCik (5 w1
WEAE,2005) A — 3, 4L 2 Z LB YN 1-06-
D-#i%i0E-(2S,3S,4R,8E) -2- [ ( 2'R)-2'-FHks
REV R ] -8-1 /\Js-1,3, 4- =,

L&Y 12, # KK, ESI-MS m/z: 479 [ M+
H]*, 4+ ¥ C,H,, 0,.,'H-NMR (600 MHz,
DMSO-d, ) 6: 12.61 (1H, brs, 5-OH), 8.03 (1H,
d, J=2.4 Hz, H-2"), 7.50 (1H, dd, J=8.4, 2.4
Hz, H-6'), 6.91 (1H, d, J=8.4 Hz, H-5"), 6.43
(1H, brs, H-8), 6.20 (1H, brs, H-6), 5.52
(1H, d, J=7.8 Hz, H-1"), 3.85 (3H, s, 3'-
OCH,), 3.36~3.69 (6H, ¥ FHiiT); "C-NMR
(150 MHz, DMSO-d,) &: 177.4 (C-4), 164.7 (C-
7), 161.3 (C-5), 156.5 (C-9), 156.2 (C-2),
149.5 (C-3'), 147.1 (C-4'), 133.2 (C-3), 121.9
(C-6"), 121.1 (C-1"), 115.2 (C-2"), 113.6 (C-
5'), 103.9 (C-10), 101.7 (C-1"), 98.9 (C-6),
93.8 (C-8), 76.0 (C-5"), 73.2 (C-3"), 71.3 (C-
2"), 68.0 (C-4"), 60.4 (C-6"), 56.0 (3'-
OCH,) , DA B85 SCik (9% % 55,2021 ) JEAR —
HoM ez E YRR R 2 R-3-08-D-F 3
L RES

L&Y 13 Bk A, ESI-MS m/z: 465 [ M+
H]", 4 T =& C, H,0,.,'"H.NMR (600 MHz,
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DMSO-d,) 8: 12.63 (1H, s, 5-OH), 7.58 (1H,
dd, J=9.0, 2.4 Hz, H-6"), 7.58 (1H, d, J=2.4
Hz, H-2'), 6.84 (1H, d, J=9.0 Hz, H-5"), 6.38
(1H, d, J=1.8 Hz, H-8), 6.18 (1H, d, J=1.8
Hz, H-6), 5.46 (1H, d, J=7.2 Hz, H-1"),
3.07~3.59 (6H, ¥ Ayl F); “C-NMR (150
MHz, DMSO-d,) 6: 177.4 (C-4), 164.8 (C-7),
161.3 (C-5), 156.4 (C-2), 156.1 (C-9), 148.6
(C-4"), 144.9 (C-3"), 133.3 (C-3), 121.6 (C-
6'), 121.2 (C-1'), 116.2 (C-5"), 115.3 (C-2"),
103.8 (C-10), 101.0 (C-1"), 98.9 (C-6), 93.6
(C-8), 77.6 (C-5"), 76.6 (C-3"), 74.2 (C-2"),
70.0 (C-4"), 61.0 (C-6") ., LA F¥d 5 3k (4
FBHEE,2021 ) FoA — 2, B 2 iz b A W o S
FeAr

&Y 14, FH AR AR, ESI-MS m/z: 421 [ M-
H], 4+ ¥ ¢, H,0, ., H-NMR (400 MHz,
DMSO-d,) 8: 7.22 (1H, d, J=9.2 Hz, H-6),
7.12 (1H, d, J=9.2 Hz, H-7), 6.32 (1H, d, J=
2.0 Hz, H-4), 6.12 (1H, d, J=2.0 Hz, H-2),
475 (1H, d, J=7.6 Hz, H-1'), 3.17~3.76 (4
ERY R F); "C-NMR (100 MHz, DMSO-d,) §:
180.2 (C-9), 167.0 (C-3), 162.9 (C-1), 156.5
(C-4a), 149.3 (C-8), 144.8 (C-4b), 141.0 (C-
5), 120.6 (C-6), 112.7 (C-7), 111.9 (C-8a),
103.6 (C-1'), 102.1 (C-8b), 98.5 (C-2), 93.8
(C-4),77.4 (C-5"), 75.9 (C-3"), 73.5 (C-2"),
69.8 (C-4"), 60.9 (C-6"), VL I % ¥ 5 ik
( Sakamoto et al., 1982) Fe AR —2 i % &z b &
Yo LW SR,

L&Y 15 B KA, ESI-MS m/z; 419 [ M+
H]", 4+ & C,,H;0,,, H-NMR (400 MHz,
DMSO-d,) 6: 7.40 (2H, overlap, H-2", 6"), 6.89
(1H, d, J=8.0 Hz, H-5'), 6.64 (1H, s, H-8),
6.49 (1H, s, H-3), 4.55 (1H, d, J=9.6 Hz, H-
17), 3.39~4.17 (5H, ¥ LA F); "C-NMR
(100 MHz, DMSO-d,) &: 181.7 (C-4), 163.7 (C-
2), 163.1 (C-7), 159.9 (C-5), 156.2 (C-9),
149.8 (C-4"), 145.7 (C-3"), 121.3 (C-1'),
118.9 (C-6'), 115.9 (C-5'), 113.2 (C-2'),
108.9 (C-6), 103.3 (C-10), 102.7 (C-3), 93.9
(C-8), 74.5 (C-3"), 74.0 (C-1"), 70.2 (C-5"),
68.9 (C-4"), 68.5 (C-2"), LA I % #8 5 3C ik
(Wang et al., 2011 ;Liaw et al., 2022) 3&A —%{,

WS B A B YR R B LR -6-C-a-L-BT R AT

L&Y 16 B KA, ESI-MS m/z; 449 [ M+
H]", & F & C, Hy O, ,' H-NMR (400 MHz,
DMSO-d,) &6: 8.06 (2H, m, H-2", 6'), 6.86
(2H, m, H-3", 5"), 6.41 (1H, d, J=2.0 Hz, H-
8), 6.19 (1H, d, J=2.0 Hz, H-6), 5.37 (1H,
d, J=7.6 Hz, H-1"), 3.29~3.68 (M LA T);
“C-NMR (100 MHz, DMSO-d,) &: 177.4 (C-4),
164.6 (C-7), 161.1 (C-5), 159.9 (C-4"), 156.4
(C-2), 156.2 (C-9), 133.2 (C-3), 130.8 (C-2’,
6'), 120.8 (C-1'), 115.0 (C-3", 5"), 103.7 (C-
10), 101.8 (C-1"), 98.7 (C-6), 93.6 (C-8),
75.7 (C-5"), 73.1 (C-3"), 71.2 (C-2"), 67.8 (C-
4"y, 60.1 (C-6"), L EH¥s 5 SCHk (£ &7 e,
2019) FEA—Z, Wi 2 i AL G 8 1L 4R B -3-0-6-
D-2FFLBEH

L&Y 17, BB A, ESI-MS m/z; 449 [ M+
H1*, 437 C, H,0,,.'H-NMR (600 MHz, DMSO-
d,) 8: 12.50 (1H, s, 5-OH), 10.16 (1H, s, 3-
OH), 9.56 (1H, s, 4’-OH), 8.08 (2H, d, J=9.0
Hz, H-2', 6'), 6.94 (2H, d, J=9.0 Hz, H-3',
5'), 6.80 (1H, d, J=2.4 Hz, H-8), 6.42 (1H, d,
J=2.4 Hz, H-6), 5.07 (1H, d, J=7.2 Hz, H-1"),
3.16 ~3.72 (6H, ¥ LA F); “C-NMR (150
MHz, DMSO-d,) &: 176.1 (C-4), 162.7 (C-7),
160.4 (C-5), 159.4 (C-4'), 155.8 (C-9), 147.5
(C-2), 136.0 (C-3), 129.7 (C-2', 6'), 121.5 (C-
1), 115.5 (C-3", 5'), 104.7 (C-10), 99.9 (C-
1), 98.8 (C-6), 94.4 (C-8), 77.2 (C-3"), 76.4
(C-5"), 73.1 (C-2"), 69.5 (C-4"), 60.6 (C-6"),
DL B 5 Sk (2R =4, 2018 ) AR — 2, T e
AL G AR By -7-0-B-D-F5 B M

L& 18 Bk K, ESI-MS m/z; 449 [ M+
H]", s ¥ X C, H,y O, ., H-NMR (400 MHz,
DMSO-d,) &; 7.45 (1H, dd, J=8.0, 2.0 Hz, H-
6'),7.42 (1H, d, J=2.0 Hz, H-2"), 6.90 (1H,
d, J=8.4 Hz, H-5"), 6.79 (1H, d, J=2.4 Hz, H-
8),6.76 (1H, s, H-3), 6.44 (1H, d, J=2.4 Hz,
H-6), 5.09 (1H, d, J=7.6 Hz, H-1"), 3.15~
3.72 (6H, ¥ L5 F); "C-NMR (100 MHz,
DMS0-d6) &: 182.0 (C-4), 164.5 (C-2), 163.0
(C-7), 161.2 (C-5), 157.0 (C-9), 150.0 (C-
4"y, 145.8 (C-3"), 121.4 (C-1"), 119.2 (C-6"),
116.0 (C-5"), 113.6 (C-2"), 105.4 (C-3), 103.2
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(C-10), 99.9 (C-1"), 99.6 (C-6), 94.7 (C-8),
77.2 (C-4"), 76.4 (C-3"), 73.1 (C-2"), 69.5 (C-
5"), 60.6 (C-6"), VI %udi5 SCik (4 &F R %,
2019) A —F, AL Bz G IR BT EK-7-0-
B-D-H# BE T .

L&Y 19. @A, ESI-MS m/z: 433 [ M+
H]*, 4 T C, H, 0,.'H-NMR (400 MHz,
DMSO-d,) 6: 7.93 (2H, d, J=8.8 Hz, H-2',6'),
6.92 (2H, d, J=8.8 Hz, H-3", 5'), 6.79 (1H,
s, H-3), 6.51 (1H, s, H-8), 4.59 (1H, d, J=
10.0 Hz, H-1"), 3.09~4.08 (6H, ¥ LA E 1) ;
“C-NMR (100 MHz, DMSO-d,) &: 182.0 (C-4),
163.6 (C-2), 163.5 (C-7), 161.3 (C-9), 160.8
(C-4"), 156.3 (C-5), 128.6 (C-2", 6'), 121.2
(C-1"), 116.1 (C-3", 5'), 109.0 (C-6), 103.4
(C-10), 102.8 (C-3), 93.7 (C-8), 81.7 (C-5"),
79.0 (C-1"), 73.1 (C-2"), 70.7 (C-3"), 70.2 (C-
4"y, 61.6 (C-6"), VI LHHE 5 SCik (T H 4545,
2021) FEA—F, ez A G W R .

L& 20 B AHER, ESI-MS m/z; 611 [ M+
H]*, 4> T & C,, H, 0,.'H-NMR (400 MHz,
DMSO-d,) &: 7.54 (1H, dd, J=8.0, 2.4 Hz, H-
6'), 7.53 (1H, d, J=2.4 Hz, H-2"), 6.85 (1H,
d, J=8.8 Hz, H-5"), 6.39 (1H, d, J=2.0 Hz, H-
8),6.19 (1H, d, J=2.0 Hz, H-6), 5.33 (1H,
d, J=7.6 Hz, H-1"), 4.38 (1H, d, J=1.6 Hz, H-
1”), 0.98 (3H, d, J=6.4 Hz, H-6"), 3.05~3.71
(BE LAY RF); “C-NMR (100 MHz, DMSO-d,)
8. 177.2 (C-4), 164.5 (C-7), 161.1 (C-5),
156.4 (C-2, 9), 148.4 (C-4"), 144.7 (C-3"),
133.3 (C-3), 121.5 (C-6"), 121.0 (C-1"), 116.2
(C-5"), 115.2 (C-2"), 103.7 (C-10), 101.2 (C-
17), 100.6 (C-1"), 98.7 (C-6), 93.5 (C-8),
76.5 (C-3"), 75.8 (C-5"), 74.0 (C-2"), 71.9 (C-
4"y, 70.6 (C-3"), 70.2 (C-4"), 70.0 (C-2"),
68.1 (C-5"), 66.9 (C-6"), 17.5 (C-6") ., VI %
P55 3CHk ( Zhu et al., 2020) FeA—3 il % 2 i%4k
EWNET

4 MAREMFHER
FIFH CCK-8 ¥ 52 RAW264.7 4 L 78 4 7] 4k

E PR BEPRET T BAT I AU X B AR 5 4 9 4
MR AR 20 I P T B A5 SR R A S Ak

B LR E AT SRR e G 2.3,
14 16 .20 7EHJE M 100 pmol - L' L& 1.5,
6.8.9.11-13 19 7E¥& & 4 50 pmol « L', fbA W
4.7 10 18 7EHEE N 25 wmol - LB 4H il 77 1% %
YITE 90% LA I, 32 WA I 45 24 ¥k 52 91 16 1 G 440 g
B

SR LPS #5455 24 h J5, 525 H AL A B, A 4
ML NO 43 ih it i 2 G 0 (P<0.01) , 3R B 38 452 i
I, MR A SRR A L B 6 MEA W (b
AP 111,13 .14 16 .20) XA AT NO 43 5 T ik
FEWAN ALY 4.7 .10 18 1EHE Jy 25 wmol -
L' k5% 5.6.8.9.12 .19 7EHE Jy 50 pmol -
L'y, 59 2.3 7ERIE N 100 wmol - LA ¥R i
FIRMRANAERY NO 43 (P<0.05,P<0.01)

5 W54 ®

AT 5T A I 5 R4 B 70% £ B4R B o
BIAE T 20 MEE W, FE 15 D EER RS
(5-10.12-20) ,2 XA W (1.4) 1 KIR
BRUEEW(2) 1 AR NBERLED (3) F1 1 4
e S (11) . Hh b5 2.5.8 11,12,
14 15 17 #88 EH JE A Y b o B 45 31, 4k
A% 1.3.4.6.7.10.13 .16 18 20 ¥k 5 IR A
B R g A E

SRAE ST MLR TR 25 32 2 1 1 5 UL A4 g BEOIR
BV 80N R A SRR A RAE M =4 B+
WILR” . RIAE I KA i 2 Fh ARE A ot 40 iy [
T R A5 5l B AL ) 2 5 4k 52 sy, NO A —
Tl TR BsF- A 42 98 T 6 U A F B4 A= 0 306 4k 00 I
(EEISAE 2021 25T AE  2021) |, 7E R AE B SN
R TR R E SN 1 & AR RE 5 A% 5 0y TR
FCHER IR (RIS, 2016) o UL, ARAFF
FIFH LPS S RAW264.7 400~ E NO KT
BN ZER KR E, RIBREWLEGW (2) AW
BERILGY(3) EEIZEIE 59 (5-10.,12 .18 .19)
K ByZAL A W) (4) 18 % 4 vk BE S B X LPS i &
RAW264.7 4L/~ 2E i) NO HoA W ZmHIvER , 1
439 H 78.36% .76.51% 80.82% 64.88% .
83.60% .61.21% .79.80% .68.16% .62.14% 81.14% .
71.26% .57.37% . H L&Y 5 76 50 pmol - L'
R A6EY 7 18 18 25 pmol - L' HJE T #Y NO #l
il 3355 B X B2 M ZE KR WA FE 25 pmol « LIRIETF
1) NO Ffil A0
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1 k&EW1-20 H%EHK

Fig. 1 Chemical structures of compounds 1-20

FUR, 7 Jm R 25 AR i 25 BE PRI 52 MERIPTR TG HE (Lee et al., 2013)  ABFFEX A 0
ZOHERY), RE S YR GBS U R BT R BT T AR o BT R TG PERESE, 7 — E
WEPEDT BB ST AL R e T RS YRR T A B KA AL SR B, 0 R T
BRI A T RRATAE YR LPS V5 BV-2 4l FR2EAL & W H R P R AR RIS o, Ry ik



1122 I = W7

43 %

R1 HFHBHXLEWIT LPS 55 RAW 264.7
MEE =4 NO HINHIZR (n=3)

Table 1  Inhibition ratios of constituents on production
of NO in LPS-induced RAW264.7 cells (n=3)
W NO iR WP NO i %
fettn SR o | A S ibon
Compound ( pmol - Latio Compound ( pmol - Latio
L") (%) L) (%)
DEX 25 91.08 9 50 79.80
2 100 78.36 11 50 15.76
3 100 76.51 12 50 62.14
14 100 45.06 13 50 38.20
16 100 30.29 19 50 71.26
20 100 34.24 4 25 57.37
1 50 32.11 7 25 83.60
5 50 80.82 10 25 68.16
6 50 64.88 18 25 81.14
8 50 61.21

— BT M S H 25 BTG PR BE i T LA, [R] i
Rt — 2 RE R 2 PR B A 2 o3 B i
WrFEdR Mt T RS H K,
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EF HPLC-ECD i # IS BiE-K &

FER, F OB, FEFR, ARE, TR, KT, KRS, ARF”

(1. W ERR: 25200, SN X 5630005 2. w8 X ERIRSE FERIE 2R, S 2 X 563000
3. B T ERAR IR T AR BRI ST 0, S0 18 % 563000 )

W OE. WWRSTHIAE SRS S B A AT PR B - 06 R IZFIE B e ST T 18 bR i OB A
T — B AR 7 (HPLC-ECD) 35 80 , X A R R RAT SR 25 4 004 T 32K 007, 455 By b & L a2
AR AR HT R 0 R N SR S TSR DPPH [ BT R ABTS F i JETH IRE A A i Ll g
1k B TR R e 11 2 B AR M S AT e 3 3 e R b A S 43 BT UK R S B AT X A A /N 3 R H 4y
PrEE AT 3G -2 R o 25 SRR (1) 41RO F8 S0 RS bR o 21 AN e, EHEA 10 08 o it
N Shy £ JE 2 > S 25 B > A BB R > AT IR > AR IR IR A> 4RI IR C>JFLAR IR > 21 7E 4 > R4k R R B> B
23 SRR s R 77 HURE 5 TRIAE LR e FH B 45 5 4 0.816~0.983, (2) RSB/ TR RER S BEX A 2h
—SE RS, N RRIRFE S ok 3 28 Hop g AU B A e — 2 25 5 0 (3) bl wp B AR B ) 5 40
7 15.82~61.83 mg - ¢ F127.85~157.65 mg « ¢, BRI HR R FOPTAALTEME . (4) -0 R F W 4136
AP AAL TS PR Z R S I P FIVE R 25 5 W O (S 20T ) (W6 4 RN S(ZRIRIR ) S5 Ak & pxt A it 24 44
PUAATE TR DTk IR, 25 R 3REH AR  ELA B AT AU A R I, b A T M S b S 2E T Rt
R, ST AS 5 AT A R B SR AT T 1 A e S HL o e s R R S A

KEIE . AL, HPLC, b2, Priafb, iRk, BBy, B
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Abstract: In order to study the spectrum-effect relationship between fingerprint and antioxidant activity of the leaves of
Vitex negundo var. cannabifolia, the fingerprints of 18 batches of V. negundo var. cannabifolia leaves were established by
high performance liquid chromatography-electrochemical detection (HPLC-ECD) , and the cluster analysis of medicinal
materials from different sources was performed simultaneously. The main phenolic compounds from V. negundo var.
cannabifolia leaves were identified and determined. The contents of total phenolics and total flavonoids in V. negundo
var. cannabifolia leaves were analyzed, and the antioxidant activities in vitro were evaluated by the methods of DPPH
radical scavenging capacity, ABTS radical scavenging capacity, oxygen radical absorbance capacity and ferric ion
reducing ability power. The spectrum-effect relationships of V. negundo var. cannabifolia leaves were analyzed by Pearson
correlation analysis, gray relational analysis and partial least square regression analysis. The results were as follows: (1)
The fingerprints of V. negundo var. cannabifolia leaves were established with 21 common peaks and a total of 10 peaks
were identified. The order of content was chlorogenic acid > isoorientin > luteoloside > isovitexin > isochlorogenic acid A >
isochlorogenic acid C > protocatechuic acid > orientin > isochlorogenic acid B > neochlorogenic acid. The similarity
among the samples from different producing areas was high, and the values were ranged from 0.816 to 0.983. (2) The
results of the cluster analysis showed that the content of the compounds had a certain influence on the classification and
the samples from different sources were divided into three categories, among which the samples from the south and the
north were different. (3) The contents of total phenolics and total flavonoids in V. negundo var. cannabifolia leaves were
15.82 10 61.83 mg - g and 27.85 to 157.65 mg + g, respectively, and the antioxidant activity of all samples from
V. negundo var. cannabifolia leaves existed differences. (4) The spectrum-effect relationship indicated that the
antioxidant activity of V. negundo var. cannabifolia leaves was the result of the synergistic effect of many compounds, and
compounds such as peak 9 (isoorientin) , peak 4 and peak 5 (chlorogenic acid) made the greatest contribution to the
antioxidant activity of V. negundo var. cannabifolia leaves. V. negundo var. cannabifolia has good antioxidant activity,
and the main activity indexes are isoorientin and chlorogenic acid. This study can provide a reference basis for the
screening and quality control of antioxidant components in V. negundo var. cannabifolia.

Key words; Vitex negundo var. cannabifolia leaves, HPLC, electrochemical detection, antioxidation, spectrum-effect

relationship, total phenolics, total flavonoids

#1381 ( Vitex negundo var. cannabifolia ) J& 2 #f
FRHIR B AR, o AT T E AR AR A KT T
R A B A, e B R R AR A
T Wi 245 T 28 (A PP B 2590 40 ) 40 5 4, 1996
[ R 25 2% B 22 ,2020) AR 2 2R R
PO ARNE R AR LS, A BT ST R
B, 130 B H A Al BT R B IR TR SR
Vi (EF AR EE S, 2020) , PUAA AL IR Y 325
APIETEZ — , R 45 (2021) BIF 52 3 B 43R K 4
Uy A 5 U 2 B — E i b A A i o, o
1y R A B T 2 Wy o ot G T IS R R4y, Hu 4§
(2015) WF5Y L E 52 RHB 43 B iR 25 o 2 AT 50 1Y)
2, 2 - (3-4 HE R R WE M U6 1R )
(ABTS) H W Brid v, S8, Pt St i v 24
R L AN B, O BLRORE 1R SURE S A R
Yy P AT B P P TS

T RO R WFFE I 25 HIAE P 148 S0 8135 5 H
LGRS ARG GOk i 2ok ST % -0 B AR

oK B e H 2 B ALE 5, LT N T2 T A
FE R PRI 9T (£ B4, 2017 ; Zewj R Fgk gt
I,2020) . HPLC H AT 2505w o 1 38 el B¢
Uf AR N S BT AR R, HRTE RO 3
i 90 B 1% WF 58 00 1k Jr 25, T A Ak S A I ik
(electrochemical detection, ECD) 18 1 0 £ 47 5 i) Hy,
155724k, Tt 4G D EL A Al vk o i 1k
e/ UL R ER (R e N e R I LSRN f =y
Y1, i, AT HPLC-ECD fifi A5 25 F A9 (1t S84k
TRy (B 55,2020, Zhang et al., 2021), H
I, WSRO R W 73 W 7 ¥E AR 22, H v IR 2 DG IR
M1 (gray relational analysis, GRA) BERS /M3
e AT FR ) A2 A0 5 25 308 b O S B 3 i e/ —
T [\ U3 4 #1 15 ( partial least square regression
analysis, PLSR) XJ T R 4t {5 5 A1 75 50 5 T 3¢
590, P RABR AN IR E IR 43 A vk v IR B2 24 Sy IEAEL BT
R Y o3 BT DR 25 (X IBE e A%, 2020 ) . DUt
GRA Al PLSR MH45 & I T3 - R Mo
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ARBFFEWCER 18 HEAS [A) S 5t i A IR it A | R
JI HPLC-ECD AR Sh 3t %040 15 P30 O7 1, i ad
H57. HPLC-ECD $5 SC 3l HL45 & K b & 2 U |
ARG R M7 (hierarchical cluster analysis, HCA)
SO R S M7, SR LA T [l (1) 430 i 1y
A 003 B (2) IR AN [ Ak 2 B X e
AT PR BTRR

1 #MHEF*

1.1 ##4
L1 A 5K A B IR R R AP )
AR, 45 B8 2020 A E 2 ) kR i g 2
TEBOR 2838 PR B A AN S E Ty
FRRE IR J& 4156 ( Vitex negundo var. cannabifolia)
- PRI fE B LA 1 B AR T 40 TR
BET 5, 20 0 8 0 5 50 B i, i E TR 4 °C &M
MRAER

JFILZR SR KRR R W TR A
TP EE N MR TR ( Trolox ) (BUHL T A AL BHEL ety A

BN AL it 5 4 Bk K1717091, J1523050
10122401 11810248 . A2010059, 4l fif =97%) ; £F
T SRR k)RR )RR A Ak R
B &R CAR S IEEAE W H AR A R A A it
Sy B h 20031202, 20052201, 19042305 .
20032601 ,20032602 , 20080802, 4{i Ji = 98%) ; 5+
PR (LR HERR R AR IR 55 A BRA AL S
J ST09650120, 4l i = 98% ) ; 1% T ( [ 25 % H 1k
“FIRFA BRA LS A 2016092, 46 =95% ) ; H
i NG ¥ i g, B F b s B BB A R
oy w) HA R A b gl

1.1.2 BL%E  Thermo UltiMate 3000 bio-RS %! HPLC
A, K6 #8 Sy ECD-3000 RS; Sorvall ST 8R % 2 i
B0 EFER U KRB ARAA);
SpectraMax i3x %! £ T e i b1 A [ 36 4% 43 F X 4%
( BB RA T ] ; MELO4E B HL 1 ROF [ 458 -
FoR 24045 () A BRZAF] ] ; Purelab Chorus 2 %l
afi K M 2l K R G (9 E B R A& A A 5 GZX-
9070MBE %Y it # s XU H2 A (b i R Sl A PR
NEIBEITIRET ).

x1 HHAKEER

Sources of Vitex negundo var. cannabifolia

Tablel
LEEE A=) s SRR 8]

Sample number Place of origin Harvest time

Sl J PR 2021-09-06
Qinzhou, Guangxi

S2 J PG 2021-09-06
Qinzhou, Guangxi

S3 AR i 2021-10-07

Qingyuan, Guangdong

sS4 Ll 2021-09-06
Qinzhou, Guangxi

S5 IR 2021-09-18
Qinzhou, Guangxi

S6 Ll 2021-09-18
Qinzhou, Guangxi

S7 JPE M 2021-09-20
Qinzhou, Guangxi

S8 Ll 2021-09-20
Qinzhou, Guangxi

S9 JUIEERM 2021-09-20

Qinzhou, Guangxi

R g SR AR (8]
Sample number Place of origin Harvest time
810 AT 2021-10-08
Chaozhou, Guangdong
S11 JPEEROM 2021-10-13
Qinzhou, Guangxi
S12 ik EE 2021-09-02
Laibin, Guangxi
s13 ST 2021-09-02
Laibin, Guangxi
S14 AR 2021-10-10
Zhanjiang, Guangdong
S15 TN 2021-10-13
Qinzhou, Guangxi
s16 WAL E 2021-10-15
Baoding, Hebei
s17 LR E 2021-10-15
Baoding, Hebei
S18 JIEERIN 2021-10-20

Qinzhou, Guangxi

1.2 A%
1.2.1 Wik ey & RERBUSLZER Hr
SRIRIR LRIRR 2L AT R AT AR R R

BRET RS ER B RS ER A RSERKR C &
T, P W VAR R 2 mg - mL AR I B A,
F-20 C FAHMRA LIS,
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1.2.2 Bk s ik 09 4 & 4 kG %5 FR BOA [R] it
SR IR HRE S L 80% HEE R VE R, FE 1 ¢ 30
(g mL™") BB L AE 25 °C F A $2 3L 30 min,
F 9000 r « min" 25 FE L 5 min, B WM
80% W l4% 1+ 1 SRR BRI AT, 3 0.22 pm A
BT 5 B 5 AR 1t T

1.2.3 &3 %4 XBridge BEH Shield RP18 (i FE
(3.0 mm x 150 mm, 2.5 pm) ; WA ZHE (A) -
HIR S AT R IR 5 W (B) (25 mmol - L™ HI iR B¢
VWO 25 mmol - LA IRIE W LA 1 1 S RFUR
A1, W RV pH £ 2.6) BAEERME (0 ~ 9.5 min,
5% — 7.5% A; 9.5 ~ 12.5 min, 7.5% — 12% A
12.5 ~ 30 min, f#4% 12% A; 30 ~ 40 min, 12% —
19% A; 40 ~ 48 min, {45 19% A; 48 ~ 53 min,
19%— 45% A; 53~55 min, 45%—80% A) ; ECD
K L 700 mV; Ji i 0.6 mL + min™ 5 A L 45
C B 12 C gk 1 pl,

1.2.4 %8 HH 430N T BAKSN A 3
1.2.4.1 Bl & 2&WE 28 Dzugan % (2018)
M5 16 IE RS AR B 2, SE MR 250 wL A3 A 7 B
W (m 80% W EE A B 40 %) A1 250 pL 0.25
mol + L™ Folin By i #| & & & & 3 min J5, T A
500 pL 15% Na,CO, % W iR 5 J5 % KV 30 min,
B0 B T B AR A 760 nm Ab I E WG B
DI B FRRVES Wh BRI, T A FE & DUt 25 SR 3 LA
WEFRYE (mg - g') Xom, EFRRIRERR
WA EIE T FE R y=0.014 24+0.062 5,
R*= 0.998 8,

1.2.4.2 QS RN E S8 He 5 (2015) 17
BIFREMEB Y, e B 500 wL B 5 B (i
809% I EFR B 5 f%) .1 000 wL 80% H % 250 wlL
5% NaNO, %, IR HCE 6 min 5, FFAIA 250 pL
10% AI(NO,) , i& W, IR A CE 6 min J5, LMA
2 000 wL 4% NaOH %W, IR 2 E 15 min J5, T
A FRAL 510 nm AT E W 6 RE . DL T 3 W A
HE T AR I S R LA T S8 (mg - ') &
IRo FUTRRAMES 5 WO EEE A A R y =
0.000 9x + 0.046 0, R*=0.999 2,

1.243 BB T 18 7 e N ( ferric ion reducing
antioxidant power, FRAP) il %8 = MR T 4 1§55
(2017) W76 I REAEAE B, J3 31 W IO 3 o 4
WA 80% I H A B 60 4% ) , in A 80% iy H it
%100 L J& , iNA 300 wL TPTZ TAERIR A KN,

5 min J5 T B B8 A 593 nm &b E WG EEL DL
Trolox ¥ RCAARUE , T A FE i I & 25 R 3 LA Trolox
i (mg - g') Fan, Trolox i i 5 WG FEH 1Y
M9 588 y=0.019 2% + 0.022 2, R*=0.996 9.,
1.2.4.4 DPPH H H B VG R SE 8 2 M Zhang 55
(2015) M7 IR MR B 2, 43 0 B 80 L 1 it
BB B (A 80% 1) F BEAR RS 20 £%) , A
80% Iy H B 28 200 pL J& , B A DPPH [ th 3 £)
W[ DPPH : 80% H =1 : 10 (mg - mL")]400
ML,?%@ R W W 10 min J5 ,:‘F@ﬁ*ﬂ_‘ﬁ( 517 nm Ab
EWCRE, LL 80% Wl 2s (4L, R IRl ik BE
Trolox WV R X BEZL . FT A FF & 0 i 45 S 1 DL vE
BrRER  ERFI AN

DPPH {i§BR R = (Asspyg ~ A ) /Asppan X 100%

(1)

1.2.4.5 ABTS HH 2 EPREE 28 Aati %
(2018) BT ELIERMEE T, 23 B 100 L f 41t
AR B (N A 80% 1Y Y BEFR B 30 %) , M A
200 L # ABTS TAEW , IR SIHE S 20 min J5, T
i bRA 734 nm 20D E WG EE . L 80% HY B hy 23
2, AR B 1) Trolox WV R XT HEZH . T A #F fy
W2 25 R LI B R R BRI AL,

ABTS BB = (A~ A ) /Ay X 100%

(2)

1.2.4.6 A H B % W W B8 71 ( oxygen radical
absorbance capacity, ORAC) M &  7& it i 14 I
OB TR 3 2% 1 V5 YR B 500 A% 15 43 i A
B, L0 T S BB AR LRI A5 (2014) Y 7 %, BB
5 min P E — K 2GR BE, BTN 3 h, DABE R
RSB o ION 7S AL, AT A4 Trolox Y4 TR R X
HRZH PG R I 45 SR 1) Trolox (mg + g ) %
N, BRI AR 0 (3) Ak (4) .

AUC=0.5 x [ 2 x (fo+f1+ et n—1+fn) _fo_
fil x At (3)

KA AUC AR ML T AL, W
AN 52 A5 R AR X 26 6 B 5 A v SRy 5 96 ' 3 B 1Y)
Fisf ] 1) B

ORAC {E: I: (AUCffi..ﬁ‘:éﬁ _AUC/?Héﬁ >/(AUCTrolux_
AUC 1) ] X Croi/ Copon) (4)

Trolox #5 YE i 5 % 2¢ )6 2 1B il &8~ 1w 1
(AUC,,,,,~AUC ) WA TTFE N = 1.368 0 +
8.301 9, R*=0.994 6,
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1.2.5 A2 5 54 RH Excel 2013 3 #17
B A BRI B OCHR 534 5 2K 1 SPSS 26 #ff i 47
B R 3 HH O 43 BT RN R B8 B 35 4 B R L SIMCA
14.1 B A4F 347 PLSR 20 #r, 835 &l PLSR 44
2 Origin 2021 R AF #4725

2 HXREAM

2.1 IEY B EEER
2.1.1 % ER s BRI M (SR S2) , %
“1.2.27 WF J7 il A U M, T 1.2.37 I
() E T S i 2 E AR 6 WK, 21 AN AT 04 £ 7Y 5[]
) RSD<0.45% , W& i FLY RSD < 1.31% , iX it BH
RIS AT A Bk 2K
2.1.2 £ WX % BRI (SR S2) , #%
“1.2.27 WUF J5 kil A 6 Oy kv W, T
“1.2.37 WA S ST #ERE AT, 21 A R LR
B S B RSD <1.72% , W 1 B RSD < 4.81%,
g5 LRI 7 0 i A MR
2.1.3 A maX B B (LS o S2) 4%
“1.2.27 WU J7 v il A U i U, 7R 1.2.37 0
EIEAET 25T 0.4.8,12,16,18 .24 h HE#F
ST, 21 AN 1R B BRI A RSD < 0.58% , I 1]
TR RSD<3.94% , 455 3] 24 h NRRE BT .
2.2 HPLC-ECD 154 EliE M & L R X FIEHEIA

I3 518 b 4 B 1.2.27 W Jr i il
AP ST, TR 1,237 I 5 0 5% (0 R
L TR B 0 5 AP 24 a3 s S L A
RIS PEM R 50 (2012 fR) ), LA S8 S MR, 4=
B4t IR I HPLC-ECD 8 8C 3% (& 1) IR A dr
a1 (A) Fof BEFE S0 B3 (B) (K 2) , @il 2 1
B IE A Mark W DU 45 21 21 4SS5 06, Hodrig 1|
2.5.8.9.11.,12 .14 15 17 435 R JF LA R 8T &%
JRlR BRE R EE R R R FAHHR KRR
A SRR B e R IR A R R C, TR
H5 % BE 48 g B35 09 A L EE, AH LR 25 R R
0.816~0.983, ¥ & S1 - S18 [ AH L B 43 51 Ky
0.843.0.983 . 0.967.0.959 .0.953.0.916,0.969
0.966.0.968 .0.980.0.978 .0.953 ,0.974 .0.947 .
0.964 .0.847 .0.816.0.950,
2.3 fRiE 2 A4S T PR

A3 I 1.2.17 T B % A i VA T 4 2R B
TR A AR SRR, FEC1.2.37 SRR, LUK A

Jo e v R R A Al A 0 1T B R G AR A 22 o A A it
L UGN R 3 0 1 35 A AT O iR 0 ARG T R
(LOD) , &5 BIREALEWAE — 8 1 5T i vk B2
BN M TE AT RAF IR AR DG (3R 2) MG R
BT 0.999,L.0D K 2.2~30.4 ng - mL",
2.4 fntxE YL

PRI R0 2 A IR A O P AT RE 2 PR E 6
9, A — 2 5t 1 B R B AR SV W, T 1.2.3”7
TN W SR e R o3 B, 3 2 45 R IR, 10 Ff
b4 0 0y 1 e 2k 90. 13% ~ 99.56% , RSD <
6.41% ,1ZJ7 ¥ W HERR T R 4T
2.5 SENE

Fe«1.2.27 TR 5 vk o A Rl s W, T
“1.2.37 WA RS e AN ] s IR () 10
MG SR SR 3, R 3 A B
A BT R R R 2L A, AN TR OCR 7 kY
BT BT R E R, UAHRE =T
HITHE, O it i i AL & W) R SRR, R 43 i
SEERAY AR SRR SRR A SR
M2 C JRJLZRIR ZERH a5 B Fras ik .
2.6 BESH

HTHE S S EZ R, D21 A3
A W P R X 06 T R R AR i SR B HCA 43 B 5 1%
WL SPSS 26 H AR F - J7 R X B 25 o T S B
18 AT e S AT RIS A A (1 3) . BT 3 45 2R
FH MIRHE B R 4 ZE AR, 2R ] oy Sl 3 2K,
RPN 52 B 10 A4k & 9 B & & 5 5 ok 13,06 ~
31.69 .38.01 ~41.03.78.99 mg « g, L= Hh 24
M 13.06~31.69 mg - g, ) ZE AT V6 I LE S
F AR U
27 REER . EHMEE.SEMEERKIMNIE
X ER

18 A3 HPLC-ECD AU i ARy B
il 5 AR AN AL LR A R R 4, k4
AT, S TRIE U 0 I A S I | A R S Ak B WA A
MRES, &80 9 K 15.82~61.83 mg - g il
27.85~157.65 mg - ¢, 4t HA — ) DPPH
HH 3L BRAE 71  ABTS H L iEBRAE T /B
S ISCRE ) J Ak B TR JRLBE 7, 1 B AR i 80%
H B2 O B — s b AT Pk
2.8 iE-MK RS
2.8.1 K R#EAE X 5 A XF4EI T HPLC-ECD ¢
i R DA TR SN A L SRR R ) S AR A



6 i1 RHWEE . T HPLC-ECD WFFE 4138 4t AL 1) 3% - 30 6 &2 1129

607

50

40

301 1—1=

718 19 29 21

16
<A GRS i el s

201——

i Current (pA)

10+

f5FE Time (min)

118 HE4E I E 5L E

Fig. 1

Fingerprints of 18 batches of Vitex negundo var. cannabifolia leaves

2 RAEtRERE(A)NXRIELEE(B)

Fig. 2 Chromatograms of mixed reference substance (A) and reference fingerprint (B)

PSR AL IS P E AT B R DR O 4 BT L R, A5 R
%5,

F 2 5 ATAL AR Ry R R R
DPPH H 235 BR g J7 L ABTS H Hi 235 BR fig
ORAC % A th 3L RE ) B TR R ae 1 2
FIEA S MR BORT 0.77, ECD Al &% ol g%
PEHAS TN EL A AR 8 B R AL & 9, R, 43 A
45K W] HPLC-ECD A b ST AR 5 5 8 | S
T %) B 2 AMAR S AU AR TR P 2 2 S IR A
2.8.2 REXBAOA R IE AL X R 4G B s
HEAT IO ALAL S DIAS [R) kO 4 9 - i 4 Sk 25
AR BEF S, LA e i 1 FRAE R 15 91, 45 B
¥ p WL 0.5, 4% BRSCHR (b R AHE 45 20215 Du et

al., 2021) ) 7 ¥ 1A A 6 5 2530 2 8] K B G
IR R (r) RN, BRI ER 6,

i 6 RI 0, IR i v ) A 0 5 45 B R A g
PR G BEAR &, CHR EEH R T 0,79, F B 430
FPL A TE M 2 R L & i E S 3. DA
4 TR RIS P IR 1S Y (E T, SR
19 10 PRI Mg O (SRZEFAT ) > I8 4508 2 (CF
SEIRIR ) SI6 5 (LA ) >IE 65108 11 ( FHIE) >
W 20> 12( RBRE ) > 15 (R4 JRIR A) >k
14( REER B) .
2.8.3 PLSR % #7  PLSR 43 #7 A2& LA 81 U AH 5 43 #r |
FE A 434 R 22 ST R (B0 U 20 W7 O kb FE R Y £
JCHEIT T, BE R WAL AT WX 25 AL TS AR Y 25 B T
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Table 2 Linear regression equations, LODs and recoveries of the 10 compounds

) SR % g N [m] F
- XRE gpum et I ,

A . B orrelation . Recovery RSD

&% Compound . . .. Linear range LOD
Regression equation coefficient 5 4 rate (%)

(pg - mL") (ng + mL™)
(%)

JFULZ5 & Protocatechuic acid y=23.345x + 0.788 0.999 0 0.4~20 2.2 91.68 3.67
HrE R R Neochlorogenic acid y=7.038x + 0.702 0.999 6 0.2~10 6.7 90.13 5.14
LRJRMR Chlorogenic acid ¥y=6.570x + 4.532 0.999 1 12~600 5.1 99.56 1.47
2E 5 Orientin ¥=5.040x — 0.530 0.999 6 0.15~18 11.6 92.73 6.15
2L H A Isoorientin ¥y=4.780x + 2.042 0.999 2 8~400 8.2 99.41 2.58
SEHFF Tsovitexin y=7.551x - 1.175 0.999 5 2~200 30.4 91.05 6.41
ARFEFEF Luteoloside y=4.965x + 2.011 0.999 7 6~300 10.5 94.59 3.76
SRR B Isochlorogenic acid B y=8.760x + 2.223 0.999 7 0.3~15 15.4 92.24 4.36
FEJRR A Isochlorogenic acid A y=7.210x + 2.104 0.999 7 4~200 16.7 99.06 3.98
SEEJER C Tsochlorogenic acid C y=10.000x + 2.098 1.000 0 0.6~30 16.5 93.26 5.03

x3 HHHI10MELESUHSENE

Table 3 Content determination of the 10 compounds in Vitex negundo var. cannabifolia leaves

& Content (mg + g)

sﬁﬁe N I L N  RJAM B SAER A SEHR C

number Prol()c-a— Ne()(:h%o— Chlorogenic ZI-E ﬂ‘ 5 ﬁﬁ ﬁ‘ 5 5H' il % P N T:I‘ Isochl-o— Iso(rhl‘()— Isochl‘()—
techuic rogenic . Orientin Isoorientin  Isovitexin  Luteoloside rogenic rogenic rogenic

acid acid acid acid B acid A acid C

S1 0.159 0.036 5.884 0.079 5.022 6.528 3.478 0.037 0.593 0.067
S2 0.205 0.077 15.773 0.174 7.200 3.404 9.025 0.116 2.495 0.738
S3 0.141 0.074 14.474 0.134 7.165 2.327 10.734 0.117 2.507 0.872
S4 0.141 0.094 10.753 0.022 4.973 3.789 5.753 0.246 5.642 0.281
S5 0.121 0.051 5.850 0.216 7.068 3.609 2.882 0.087 1.240 0.281
S6 0.634 0.067 5.726 0.009 5.396 0.190 1.865 0.303 2.337 0.147
S7 0.171 0.060 7.322 0.334 6.008 3.295 5.980 0.121 2.246 1.259
S8 0.332 0.038 6.962 0.283 8.493 2.038 2.997 0.085 1.438 0.158
S9 0.246 0.099 33.402 0.936 19.352 4.331 9.323 0.404 9.622 1.272
S10 0.104 0.048 6.010 0.041 2.449 1.389 2.629 0.089 1.432 0.258
S11 0.228 0.083 15.073 0.396 11.089 6.432 4.279 0.122 1.877 0.543
S12 0.090 0.027 8.912 0.154 6.621 3.685 8.603 0.042 0.541 0.055
S13 0.114 0.054 15.058 0.159 9.093 6.671 8.369 0.061 1.375 0.074
S14 0.453 0.053 5.139 0.018 4.365 0.591 1.175 0.109 1.033 0.119
S15 0.094 0.067 18.572 0.049 6.994 4.768 4.061 0.081 3.161 0.167
S16 0.542 0.059 4.162 0.128 9.503 0.480 5.002 0.119 1.626 0.184
S17 0.368 0.052 2.686 0.121 7.697 0.541 3.210 0.106 1.086 0.171
S18 0.155 0.056 7.269 0.057 6.491 3.758 6.163 0.201 4.714 0.285

BRFERE MR R BOR T 0, 3R W] 38 Z ] 2 IEAHE,
S Z R ARG s fE B B (VIP) BLA R VIP fH>
1, W32 B o o 15 B A I 35 52 R () g e 2
2020) . AWFFE LAAS [A] 41t U A4 436 1 HPLC-ECD

T 8r B3 h & SR I I T AR O H AR & (X)), DU
LA IR B Pe B A 4 R A AR 1 (V) , R H
SIMCA 14.1 ¥ {F¥E4T PLSR 0 M, 315 X X Ry ¥
B ] ) 22 B0 VIP {E, 45 R UL 4,
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Table 4 Results of total peak areas, total phenolics, total flavonoids and in vitro antioxidant activities

JSNU s

SR

DPPH 34 %

ABTS &R %

P4 15 T A
GRE TR T Y Total Total FRAP {8 ORAC & DPPH ABTS
. Total peak . . FRAP ORAC . .
Sample phenolics flavonoids scavenging scavenging
area value value
number (nA B min) content content (m L ) (m R ) rate rate
(mg-g") (mg-g") e BB (%) (%)
S1 8 921.67 35.21 77.26 92.91 220.86 40.34 38.15
S2 11 047.03 35.28 78.14 99.08 221.27 36.50 38.24
S3 11 024.16 33.29 74.78 89.70 203.30 33.77 33.75
S4 9703.31 34.23 75.84 74.75 217.58 31.58 33.23
S5 6 908.73 32.07 67.49 89.16 188.09 35.81 34.01
S6 5764.26 20.03 37.14 56.18 232.16 19.91 19.99
S7 8263.87 31.18 69.91 79.54 182.19 34.68 28.29
S8 6 379.86 29.30 61.48 76.78 200.75 31.46 29.05
S9 22 019.76 61.83 157.65 185.33 352.21 90.28 55.84
S10 4 443.38 22.45 49.98 57.44 151.37 18.97 18.88
S11 11 748.60 50.41 114.09 151.63 234.40 43.44 50.38
S12 7 653.31 28.20 58.61 80.79 185.06 21.50 32.07
S13 12 236.62 38.90 83.07 102.04 250.55 26.46 31.31
S14 4 427.90 20.07 40.34 51.71 175.67 11.31 19.43
S15 11 131.31 42.73 98.16 92.83 282.50 44.67 39.29
S16 5 353.85 17.70 32.44 49.58 128.46 8.26 13.40
S17 4229.23 15.82 27.85 37.46 184.05 14.22 13.48
S18 8 484.97 27.68 59.39 71.44 194.95 30.00 27.20
x5 BEER EAB BHEMAMEMELEENERY
Table 5 Correlation coefficients among total peak areas, total phenolics, total flavonoids and in vitro antioxidant activities
. : . BT A DPPH JBERT  ABTS iR
YT JeNiiaere = . .
"‘[‘ [?E‘ k Tot IMhﬁnEFii Total FRAP {§ ORAC fH DPPH ABTS
ol pea ota PHenoiies flavonoids FRAP value ORAC value scavenging scavenging
area content
content rate rate
e TR 1
Total peak area
YLy 0.929 % 1
Total phenolics content
ST 0.943 % 0.995 % 1
Total flavonoids content
FRAP { 0.915% 0.969 0.966 % 1
FRAP value
ORAC fH 0.870% 0.840 0.844 %3 0.786% 1
ORAC value
DPPH 154 0.910% 0.916% 0.940 0.900 #* 0.852# 1
DPPH scavenging rate
ABTS {5 FR 3% 0.863 0.964 0.9571 % 0.945 % 0.778 % 0.8887%* 1

ABTS scavenging rate

. o FRHEEREE (P <0.01),

Note: ** indicates a significant correlation (P < 0.01).
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Fig. 3 HCA of Vitex negundo var. cannabifolia leaves

t & 4 aT A g 1 (JRJLZSER ) Mg 16 5T & bk
R, A AT I 7E PLSR BRI 5 £ B4R
PRI [l R B 2 A OG5 B AT
PEZIEAHCH VIP ER T 1 iIEAR 3 4.5 (45
fR) 6. 8(ZEmAf) 9( FZEHAT) (19,20,

3 Wik h5 &b

ABFSE L T 18 HEAEIR 2544 19 HPLC-ECD
Fe O SR 21 A I AT 0.816 L)
b U BH AN [ R R ) A R A A AR
Wt 2% SCHk (B R 4, 2011; Huang et al.,
2015) S GER}E At Bl v 2508 A € 1% H 056 %
PEFIARIE 5 FE AT Ho B, FRFR 01 10 A0, I X -
PEATSE T AT, 45 R 26 WA IR0 - 32 Al 40k R
Fif S 2E B R AR AR R 4 T HCA

*6 XHELZR
Table 6 Correlation results
"fei FRAP JCHKJE 28 ﬂii ORAC SCHREE R AL "fei DPPH SCHKEE R 4L ﬂiﬁ ABT%?%%E
number rof FRAP number rof ORAC number rof DPPH number r of ABTS
9 0.933 2 0.942 5 0.908 4 0.922
4 0.931 9 0.929 9 0.903 2 0.919
6 0.915 4 0.908 4 0.900 9 0.919
2 0.910 6 0.903 20 0.889 6 0.916
5 0.909 5 0.900 2 0.888 5 0.914
11 0.889 14 0.890 11 0.879 11 0.906
12 0.878 12 0.887 6 0.879 12 0.888
20 0.875 11 0.884 15 0.868 20 0.884
15 0.867 15 0.880 3 0.865 3 0.873
7 0.866 20 0.872 21 0.860 15 0.871
3 0.862 10 0.862 14 0.854 13 0.867
14 0.861 7 0.861 12 0.852 10 0.865
21 0.860 13 0.859 16 0.850 21 0.864
10 0.855 16 0.858 17 0.849 7 0.864
13 0.854 1 0.853 7 0.845 14 0.860
8 0.850 3 0.852 13 0.844 16 0.855
17 0.849 18 0.845 19 0.841 17 0.848
19 0.849 21 0.843 10 0.836 18 0.847
16 0.845 19 0.843 8 0.835 19 0.846
18 0.840 8 0.839 18 0.807 8 0.845
1 0.816 17 0.833 1 0.792 1 0.821
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FRAP indicates the ferric ion reducing antioxidant power; DPPH indicates the free radical scavenging ability of 1, 1-diphenyl-2-

trinitrophenylhydrazine ; ABTS indicates the free radical scavenging ability of 2,2-azino-bis ( 3-ethylbenzothiazoline-6-sulfonic acid) ; ORAC

indicates the oxygen radical absorbance capacity.
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Fig. 4 Regression coefficients (A) and VIP values (B) between common peaks and antioxidant

activities in Vitex negundo var. cannabifolia leaves analyzed by PLSR model

3BT AT IR 24 48 T RE 52 B SR 2 A
BB A B IR SEAETE 7 M S SRS B, T
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AHOC BT A, 45 R 3R WAL it EL A 0 i 0 4
AT =3 AN DS TR AR L SN A LGRS E N
PUAE LTS VA B 22 1] 34 5 AR O, X ST
BUBFFE 45 R (Hu et al., 2015; Wang et al., 2022)
AHAT 0 B G My Gl B ] R 2 IR i A1k T
(4 EZAL A9, HPLC-ECD f8 1% K6 0 41 38 i o (1
PUEATE Y, 5B GRA R PLSR 43 #7 J7 125 X
FEIR I A A e 5 T AR AL TR M AT - RO R AT
58 GRA JrHrali SRR HIA i 1 P A TE 1 2 2
o3 U AR P A2 0 TRl 4545 PLSR 23 #7 , %)
FEIRI I T S A TR T DT R R R Y Dy W 9 (S 2T RE
), HUO i 4 Flge 5 (SRR o SRR IR E i
TE A RE R DX IR AN [R) 245 R AL B T 7R AL 2 AR A
Yy, BEAE NI ot 45 1 9 € B4R FR Z — (Hu et
al., 2015) , H H AT 2 Fh D A8 09 2B 90 3% 1, InH0 %
b Pre PUE % (0% ,2017) , A, Deepha
S (2014) WS R W 28 % H N5 A 3'-0H (9 B
W NS O-H 454 TE25 R h R
AR 5% 1% P 4 AL 36 PE ( Deepha et al., 2015)

b, B W 5 R 2 1) 10 B 2 3 - ARG R 45 R 1
i

25 LT, AR 5% 1 IR T HPLC-ECD # 57
IR 24 b Y 8 SR AR 5 Tk T AR B A AR
FRIEVEA S W) 32 2 R 4 R R 2 A ) N v T 2 AL
GG S 2 R RE S A —E B RS
e S 2T R R R ok 4 9R)  25 4 B A AR AR
A EBEDTHR , AT 35 AT R 0 i 2 4 5 B A 43 1Y
Jo e A o) B O A AR A O 1 A A S % SR e
MBI R R e RAEEE L,
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G SR ERARFIZE 1Y 95% L FEFR IO TP AL 5858 T 15 MMEE W5 010 58S Be-4-935-3-F (1) | (24R)-5a-%
fbE-3,6- M (2) \2'-F25-4"-H Ak S AKE (3) \a-BMIRRE (4) | B-1FHBE (5) BRI (6) X5
FEM A FOR PR (7) 4-FREEMERE (8) XTEEEEZRHER (9) (i%MBRH B (10) \nepetifosides D (11) &
AEH (12) (BEEH (13) pedicularioside M (14) | B-HEILIEMBEH B (15) . BRILSY 4-6.12 F1 13
Gb, HAAL S P S NG LR AR Ay AR 2] S 1.2.3 .8 .11 AT 14 S 1 RO 252K 8 A
Yoy AR 3, IR AR R T A% SR I G W, iz 2 R ) iE— 25 JF R R R 29 TR
IR,

KA . KRR, BRI, R, RO, Sk

RESES. 0946  XHEERIEAD: A XEHES. 1000-3142(2023)06-1135-10

Chemical constituents of Callicarpa integerrima

MA Wenjie'*, SU Zhiwei’", MA Zhonghui'

( 1. College of Agriculture, Guangxi University / Guangxi Key Laboratory of Sugarcane Biology / State Key Laboratory for Conservation and Utilization
of Subtropical Agro-Bioresources / Traditional Chinese Herbal Medicine Resources and Agriculturalization Research Institute, Guangxi University ,

Nanning 530004, China; 2. Institute of Marine Drugs, Guangxi University of Chinese Medicine, Nanning 530200, China )

Abstract ; Callicarpa integerrima has very good effects in emoving blood stasis and resolving static blood and treatment of
rheumatism evil. However, there are few reports on its chemical constituents. In order to explore the chemical
constituents from the roots and stems of C. integerrima, the 95% ethanol extracts of C. integerrima roots and stems were

isolated and purified by diverse column chromatography, such as silica gel, Sephadex LH-20 gel column, ODS column

Yr7E B H#: 2022-05-03
BE&WA . HEAAFEFES (31760045,31970220) 5 )P4 H AR 2 FE4: (2018 GXNSFAA281132,2018GXNSFAA281146) 5 J7 Pi H
T AR W) o i S0 = F ORI H ( GXKLSCB-202004)
F—1EE: GIUR(1996-) WG A, 322 AR5 A R AR = WAk 22 5%, ( E-mail ) mawenjie1018@ 163.com,
CEAEMEE . ThEgE A I 6 L RS AR SO, 3N KR 22 SR ST, (E-mail ) suzw@ gxtemu.edu.cn,
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chromatography, and preparative HPLC. In addition, these compounds were identified on the basis of NMR, ESI-MS as

well as other modern spectral techniques. The results were as follows: A total of 15 compounds were isolated from the

95% ethanol extracts of the roots and stems of C. integerrima, which were identified as stigmast-4-en-3-one (1), (24R)

-Sa-stigmastane-3,6-dione (2), 2'-hydroxy-4'-methoxydihydrochalcone (3), a-amyrin (4), B-sitosterol (5), ursolic

acid (6), 4-hydroxy-3-methoxy-benzoic acid (7), 4-pyridinol (8), p-hydroxybenzoic acid (9), forsythoside B (10) ,

nepetifosides D (11), isoacteoside (12), acteoside (13), pedicularioside M (14), B-methoxy forsythoside B

(15). All compounds, except for compounds 4—6, 12 and 13, were isolated from C. integerrima for the first time.

Furthermore, compounds 1, 2, 3, 8, 11 and 14 were isolated from the genus of Callicarpa for the first time. Therefore,

the results of this research has enriched the compound library and afford a scientific foundation for the further rational use

of C. integerrima.

Key words: Callicarpa, Callicarpa integerrima, chemical constituents, phenylethanoids, triterpenoids

LB EAIKANA R B8R T (AR
TRy, B T Lk i RN A B 128 R R 1
SR EEATWE IS DR QAT S, Bk
M PO PR R IC 2 1 S 2 BEAE A (O I
45,2020) , BT, (P EZjH) (2020) LR T 4 Fb
SIREAY, W AR LR BRAE SR 2R K 552k kL
WLAE . DAIX 4 F KBk 8 W b 38 2225 508 40 i
MIGIRZ5 0 E A 2] T T Z R, WL T AR 58k
FER PR RICRAPUE R 7, DR 5 2k
N FE BN IR AL ZE 2R RR AL 58 R TR B A AR
AEZEBRIORL BRAL 52 BRI BE 4 | DL R S8 2k 322
A3 B4 8 M 00 FROR = ot A O M %, LA R T A
J EFAT 115 1k R R 2 T R AT E R R
Je e (BLEE SRR 2019 ; SRRk ME4E,2019) . H
AT UL 56 2R T A ) B IR A O R B )T Y
KIEZs ),

22 M LK ( Callicarpa integerrima) N J& K B}
SRR I A B Y, RICE R A (L
55,1986) ,HAE K TR 200 ~ 700 m 1Y Ll B 54+
BE1L NG I -7 W i 1T SN W1 =
() (P EEYR) i ZE 51 45,1982) . %0t
STRAAR A A2 B L RS IR KGRI 5 1Y
TERI (5% 55,2010) . HHETC N4 25k 'k
PGS S EEER S HE R AR AL U (F
TEINEE 1986 SEF L 2010, MR BEZE, 2012, Di et
al., 2021) , ¥4k, B NSO 5E 8 5 5 P 7E
ZIE/INTR AR EARRRE Y, MARAE L2k ) R %
TRFIAL UL A6 55 A 51 P 288 04 4k 2 B 25 3RS PE IO
T X 122 i 2 D, ) ol A TR A ) 4 4 - SR R 110 Ak 2 B
SIWFSE AR TE |, HH 2 840 BT R Al AT A W A

LM R IR AR g 3 g 7 B TR E O 25, WA AL
SN R 2 2 A ST IR T R IR AS AT 32
W, Ry T S T AR RR N A S SR R X — 24
T, ) B A 2 i 2 ol R 24 B 24 8RR Al g i
RATF R AT IX — ¢ 8 5T I I 58 4 G 58
TRAUM PR b e T 15 MEE (B 1),
O3 9 8 Ry L6 Be-4-0 -3 (1) ((24R) -S5a-TL
Hibe-3,6-M0 (2) \2'- ¥4I 4k — A A /KR
(3) . a-FH WG EE (4) . B-7F W BE (5)  AECR
(6) R 2k i) AL BE R F R (7)) (4-F% Bk ik g
(8) X BHIERXPW (9) EMEETH B (10)
nepetifosides D (11) SF BT (12) \ BEILF
(13) . pedicularioside M (14) | B-H & FL % ¥ Mg 1
B (15) ., BRIEEY 4-6.12 .13 51, HAfL & 913
ORERV O NEE L7 Yk 7/ A R Gt IS R A s
P1.2.3.8.11 14 1y ML ERE L) o 15
), XEAAGYN LR, FE T EEKBEHEY L
GWE, Ry it — 0 R G MR I A G S R Y 2 3
WPE LA R AR FHAL I B8 1 LAl , o oy 58 fin G 2 4
TF o F0 A ] 55 2k Jm 245 A 9 9% TR 4 2R T R
et

1 L& 5HH

DHG-9240 H #HE I 5 R 147 (1T RS 7% 58
g A PR F) )  SHB-TI A 15 26 /K 28 B 25 %2 (I
ST T AR A BR SR A R ) ; AR224CN (gL
T AT KV B U 2R AT BR A A ) 5 CX-1000A F
PRAIL (i T A% 5 o 245 ML AR AT BR & ] ) 5 3510E-
DTH #8753 Ve ( L E BB M5 A 7l ) ; KQ-800DE
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A A (RIS A RAA)
AVIII HD 600 F1 AVIII 500 4% % 3 4R P A% ( B
+ Bruker 24 7)) ; £ Ht LC-2030C 3D Plus #5808 H
OB AR B AR  BCR AR IR K A ) HH-S4
(H M A ts B A ALES A BRA A ) 5 KRN 4 3 DLSB-
10/20 fIGIR ¥ E0 06 28232 O MK IR T3 A R
i) ; ¥ EYELA OSB-2200 /N Jig i 78 % X (
V2 AR A BN W] ) s WRH-203B 15 46 28 22 4143
BrAL (UM 55 AL 254 B2 F] ) ; MCI GEL CHP20P
PR IR ( H AR =224k~ 20 7)) ; ODS KA €435 11
#} C18 MB100-40/75 (‘& A< BRA ) ;4047
Al HPLC (43%4F &y YMC-Pack ODS-A {4354 (250
mmx4.6 mm, 5 pm) ; ¥l HPLC iS4 R
YMC-Pack ODS-A & 3% 4 (250 mm x 10 mm, 5
pm) ; PiE UPH-11-20T 467K ML ( B 5 A0 A5 4
AR W) 5 FE A 3% ak B (100 ~ 200 H 200 ~ 300
H WG IR KA RA ) GF254 # )2 )2
BT REICAR (75 & %R 25 A R BR 2 7D ) 5 8 5
h10% i R 2. 5V T, I8 1 05 I B I (5 5 3% T i
(WIVLAE & N T AR DU B A= AL ¥ 8E) ) 5 Sephadex
LH-20 %5 B HiEERE (40~70 wm, GE healthcare)

AU OE T R TR E TR 404k T R
N, LR TR T R H K A 20, R
AR AT iR A RAF], Bib
N RN IS I i 7 | P W AV o S I
Cambridge Isotope Laboratories, Inc.; {8 3% 4l 2 I |
P P 2 Wl T L 9 L T g B R A PR 7

ARSI Fi F A 2k SR BRAB M) A 50 T 2019 4F 4
HRATZRA T M AR X R 5% FH 5% IR i B
T, 28V KA A 2 e T PR ) 22 % 0 o TR R
BE¥ 2k m Y & % i % K (Callicarpa
integerrima) , FEIEFR A (R 4E 45 :20190426) f- 17
FI P RFER AR A E (GAUA)

2 BHRHBH

WO TRy 2 gt 28R MR 0.55 kg 25 9.78 kg
Iy RESG , FH 95% B IR IR 1 JE G 45 R
3K, P O 26 0 R vk A AT AR TR BEEE P (41.66
o) CEUBWEIEL Y (448.50 g) . B ZE I ALY
(448.50 ¢) KRB G, KK H A Wt 4R
CWRFNIE T BEHEAT 22 I, 98 v 4 i 75 1) A i ik
7 (46.26 g) LR LR (72.90 g) FIIE T

A7 (106.56 g) o

BT 2 B4R B (41.66 g) 20 B Ik e k)2
B, I EE-7K (0 : 100 ~ 30 : 70 ~ 50 : 50 ~
70 :30 ~ 100 = O) BB B P e, 15 2] 11 A3 4
(Fr.l ~ Fr.11), %4> Fr.9(1.00 g) % Sephadex
LH-20 FEJ2Ar (505 - WlE=1: 1) difk, E A0
HEIR AW ELS 5, A EEAY 1(7.10 mg)
L&Y 2(11.70 mg) , 238 )2 )2 B 5k I p it 47 361
% 538kEY 3(2.60 mg)

SR ER A7 U Bk AR W) (46.26 g) £ Bk A 2
M, A - B (98 : 2 ~ 5 5) BREEUE
W43 15 DU (Fr.l ~ Fr.15) . W4 Fr.10
(5.69 g) 4 Sephadex LH-20 #:JZ2H71 (&M : HEE=
1) RERAEZM (Al - & W ki= 19 :
1),0DS SAHREBEHE (90% W WK ) &2 & 4lifk, 15
LG 4(21.20 mg) , 77 IR G W h E 45
i, A EE A 5(10.11 mg) . Fr.14(6.80 g) &
MCI #E )2 BT (85% H P 7K ) & e 4% )2 B (A T
Bt : A BE: WEE= 50:99 : 1) 4ifk, 531k
A 6(11.40 mg) .

WA IR CTRAHUY) (72.90 ) ZRERATEZ
Mr, WS- FEE(98 1 2 ~ 5 5)BREEPEME, 15
F 13 AW (Fr.l ~ Fr.13), Fr.5(3.64 g) 4
Sephadex LH-20 #1287 (505 : WEE=1: 1) 4lifk,
24 % HPLC, 18% &Il 7K 25 B 4 %%, i % 2
mL - min’ ,1%@]’”3%% 7(10.00 mg, i =19 min)
LAY 8(4.50 mg, t,=27 min) , Fr.6(2.56 g)
2% Sephadex LH-20 #1287 (@45 - WHlEE=1:1)2
b, 222 1 45 HPLC,20% 2B K (% 0.1% W
BR) SE Bl 46, i 2 mL - min', 5B LE W9
(5.22 mg, t,=15 min) , Fr.12(56.11 g) &5k K+
P A R - EE=95:5 ~ 5:5) & ODS
FARKEZ M ( ZE-7K =15% ~ 100%) , Sephadex
LH-20 HE 24 (A5 - WlE=1: 1), )& 4lifk, 15
FMEEY 10 ( 69.90 mg ), £ F % HPLC,
21% CNEK (% 0.1% W IR ) 45 BE il 4, itk 2 mL -
min"', 15 ELE W 11(7.04 mg, 1, =52 min) ;34%
F K 5 3 4 4, T 2 mL - min', 15 31L& 9
12(40.00 mg, t, =31 min) ;35% HF 57K 25 35 11 4% |
ik 2 mL - min', 2L AW 13(94.00 mg, 1, =
20 min) 14L& 9 14(13.00 mg, , =27 min) ;15%
CHEK (5 0.1% W IR ) 45 B2 il %, i # 2 mL -
min"', 13 #4L 59 15(10.62 mg, t, =36 min) ,
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E1 &YW 1-15 L FEEN

Fig. 1 Chemical structures of compounds 1-15

3 HEMEE

EWL  HEsHaIRES A, 0208 CH, 0,
ESI-MS m/z: 413.37 [ M + H ]*,'H-NMR (600
MHz, CDCL,) §,: 5.74 (1H, s, H-4), 0.92 (3H,
s, H-19), 0.90 (3H, d, J = 7.1 Hz, H-21), 0.86
(3H, t, J = 8.1 Hz, H-29), 0.85 (3H, d, J =

7.1 Hz, H-26), 0.82 (3H, d, J = 6.6 Hz, H-
27), 0.70 (3H, s, H-18) . C-NMR (150 MHz,
CDCL,) 8, : 198.8 (C-3), 171.6 (C-5), 123.9 (C-
4), 56.1 (C-17), 55.9 (C-14), 53.8 (C-9),
45.9 (C-24), 42.3 (C-13), 39.8 (C-10, C-12),
38.7 (C-8), 36.1 (C-20), 35.6 (C-1), 33.9 (C-
2), 33.8 (C-22), 32.9 (C-6), 32.0 (C-7), 29.1
(C-25), 28.2 (C-16), 26.0 (C-23), 24.2 (C-
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15), 23.0 (C-28), 21.0 (C-11), 19.9 (C-27),
19.1 (C-26), 18.8 (C-21), 17.6 (C-19), 12.1
(C-18/29), VL I %8 5 SCHk ( Abdelhameed et
al., 2020) k18 /Y 5. 5§ Je-4-J45 -3-H ( stigmast-4-en-
3-one) MU HEA — 2, BB EE W 1 N E T
& -4-J5-3-1 ( stigmast-4-en-3-one) .

ka2 BEE&RS W TR
CH,0,, ESI-MS m/z: 429.37 [ M + H ]*,'H-
NMR (600 MHz, CDCl;) &,: 0.95 (3H, s, H-
18), 0.92 (3H, d, J = 7.1 Hz, H-21), 0.86
(3H, t, J = 8.1 Hz, H-29), 0.83 (3H, d, J =
6.9 Hz, H-26), 0.81 (3H, d, J = 6.4 Hz, H-
27), 0.70 (3H, s, H-19) ,” C-NMR ( 150 MHz,
CDCl,) 6.: 211.4 (C-6), 209.1 (C-3), 57.5 (C-
5), 56.6 (C-17), 56.0 (C-14), 53.5 (C-9),
46.6 (C-7),45.8 (C-24),43.0 (C-13), 41.2 (C-
10), 39.4 (C-2), 38.1 (C-1), 38.0 (C-8), 37.4
(C-12),37.0(C-4),36.0 (C-20), 33.9 (C-22),
29.1 (C-25), 28.0 (C-16), 26.0 (C-23), 24.0
(C-15), 23.0 (C-28), 21.7 (C-11), 19.9 (C-
26), 19.1 (C-27), 18.6 (C-21), 12.7 (C-18),
12.1 (C-19/29), L b & 5 SOk (25 /%2 5%,
2014) HGE 1 (24R) -50- 5 1§ HE-3,6- [ (24R) -
5a-stigmastane-3 , 6-dione | A£G FE AR — 2, il % 2
EE&Y 2 R (24R)-5a-35 5 %E-3, 6- il [ (24R) -
S5a-stigmastane-3 , 6-dione |

a3 HEIERRAR, 77 8CH 05,
ESI-MS m/z; 257.11 [ M + H ]*_"H-NMR (600
MHz, CD,0D) 6,,: 7.53 (1H, d, J=8.5 Hz, H-
6'), 7.22 (5H, m, H-2/3/4/5/6), 6.36 (1H, d,
J =19 Hz, H-3"), 6.40 (1H, dd, J = 8.5, 2.1
Hz, H-5"), 3.83 (3H, s, H-4"), 3.22 (2H, t,
J =7.6 Hz, H-a), 2.90 (2H, t, J = 7.6 Hz, H-
B). “C-NMR (150 MHz, CD,0D) &.: 201.8 (C=
0), 164.8 (C-4"), 163.0 (C-2"), 143.1 (C-1),
133.6 (C-6"), 129.5 (C-2/3/5/6), 127.0 (C-4),
113.3 (C-1"), 108.9 (C-3"), 99.9 (C-5"), 56.0
(4'-OCH,) , 46.2 (C-a), 32.2 (CB) ., WA %R
53CHK (Edyta et al., 2017) fiRiE A9 2'-FE 54" -
O — A A /R OB ( 2'-hydroxy-4'-
methoxydihydrochalcone ) B 5 4f Bk A~ — B, il %5 5
&Y 3 2 - k-4 - A B — A A K (27-
hydroxy-4'-methoxydihydrochalcone) .

fkE&wa AEEREG R, TR C H, 0,
ESI-MS m/z: 427.39 [M + H]", '"H-NMR ( 600
MHz, CDCl,) &,: 5.13 (1H, t, J = 3.7 Hz, H-
12), 3.22 (1H, dd, J = 11.3, 4.8 Hz, H-3),
1.07 (3H, s, H-27), 1.01 (3H, s, H-26), 1.00
(3H, s, H-23), 0.95 (3H, d, J = 0.8 Hz, H-
25), 0.91 (3H, s, H-30), 0.87 (3H, s, H-28),
0.80 (3H, s, H-24), 0.74 (3H, d, J = 11.8 Hz,
H-29), “C-NMR (150 MHz, CDCl,) &.: 139.6
(C-13), 124.4 (C-12), 79.1 (C-3), 59.1 (C-
18), 55.2 (C-5), 47.7 (C-9), 42.1 (C-14),
41.5 (C-22), 40.0 (C-8), 39.7 (C-19), 39.6 (C-
20), 38.8 (C-1), 38.8 (C-4), 36.9 (C-10),
33.8 (C-17), 33.0 (C-7), 31.3 (C-21), 28.8 (C-
15), 28.1 (C-23), 28.1 (C-28), 27.3 (C-2),
26.6 (C-16), 23.4 (C-11), 23.3 (C-27), 21.4
(C-29), 18.4 (C-6), 17.5 (C-30), 16.9 (C-26),
15.7 (C-25), 15.6 (C-24), DL %4 5 ik (25
14 ,2020) 38 (1) -7 4 5 B (a-amyrin) 95X
PRHEEA B B EREY 4 - FRIEIE (a-
amyrin) .

e s Bk KR, 75N CyH;, 0,
ESI-MS m/z: 415.39 [M + H]*.' H-NMR ( 600
MHz, CDCl,) &,: 5.35 (1H, m, H-6), 3.52
(1H, m, H-3), 1.01 (3H, s, H-19), 0.92 (3H,
d, J = 6.5Hz, H-21), 0.84 (3H, d, J = 2.9 Hz,
H-26), 0.83 (3H, m, H-29), 0.81 (3H, m, H-
27), 0.69 (3H, s, H-18), "C-NMR (150 MHz,
CDCLy) 8.: 140.8 (C-5), 121.7 (C-6), 71.8 (C-
3), 56.8 (C-14), 56.1 (C-17), 50.1 (C-9),
45.9 (C-24),42.3 (C-4), 42.3 (C-13),39.8 (C-
12), 37.3 (C-1), 36.5 (C-10), 36.2 (C-20),
34.0 (C-22), 31.9 (C-7), 31.9 (C-8), 31.9 (C-
2),29.2 (C-25), 28.3 (C-16), 26.0 (C-23),
24.3 (C-15), 23.0 (C-28), 21.1 (C-11), 19.8
(C-26), 19.4 (C-19), 19.0 (C-27), 18.8 (C-
21), 12.0 (C-29), 11.9 (C-18), UL F¥#i 5
BR( A A, 2021) h R E B B-AF B BE (B-
sitosterol ) I SEAC — 3, B 2k B 5 0 B-
43 18§ B ( B-sitosterol )

ke e HOaHAK, 7T h C HLO0,,
ESI-MS m/z: 457.36 [M + H]*.' H-NMR ( 600
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MHz, CD,0D) &,: 5.26 (1H, t, J = 3.7 Hz, H-
12), 3.29 (1H, dd, J = 3.3, 1.6 Hz, H-3), 1.32
(3H, m, H-27), 1.30 (3H, s, H-29), 1.27
(3H, s, H-24), 1.16 (3H, s, H-23), 0.90 (3H,
m, H-30), 0.83 (3H, s, H-25), 0.75 (3H, s, H-
26) ,”C-NMR (150 MHz, DMSO) §.: 179.3 (C-
28), 138.9 (C-13), 127.1 (C-12), 78.2 (C-3),
55.9 (C-5), 53.6 (C-18), 48.1 (C-17), 48.1 (C-
9), 42.6 (C-14), 40.1 (C-8), 39.6 (C-1), 39.5
(C-4),39.4(C-19),39.2 (C-20), 37.5(C-22),
37.4 (C-10), 33.7 (C-7), 31.1 (C-21), 28.8 (C-
23), 28.8 (C-2), 28.2 (C-15), 25 (C-16), 24
(C-11),23.7 (C-27), 21.4 (C-30), 18.8 (C-6),
17.5 (C-26), 17.5 (C-29), 16.5 (C-24), 15.7
(C-25) . LA EBds 5 30k (BR 5 AR A%, 2020) Hf3E
[ BE SRR (ursolic acid ) MR FEA — B, B4 e 1k
Y6 HEERR (ursolic acid)

&7 AHERK, 57k CH0,. ESI-
MS m/z: 169.04 [M + H]", "H-NMR (600 MHz,
CD,0D) 6,: 7.56 (1H, d, J = 1.8 Hz, H-2),
7.55 (1H, d, J = 2.0 Hz, H-6), 6.86 ~ 6.81
(1H, m, H-5), 3.89 (3H, s, 8-OCH,), "C-NMR
(150 MHz, CD,0D) &.: 167.6 (C-7), 152.7 (C-
4), 148.8 (C-3), 125.3 (C-6), 123.5 (C-1),
1159 (C-2), 114.1 (C-5), 56.6 (8-OCH,), Lk
BRI SR (2 2 22 4 2006 ) i 1Y X (E]
H 4 3% K B iR (4-hydroxy-3-methoxy-benzoic acid)
ARG A — B0, MO E AL G W T g xR AR e
A FE IR H R (4-hydroxy-3-methoxy-benzoic acid)

&8 HEHK, 75 CHNO,
ESI-MS m/z: 96.04 [M + H]*, '"H-NMR ( 600
MHz, DMSO-d,) 6,: 9.76 (1H, s, 4-OH), 7.74
(2H, d, J = 8.6 Hz, H-2/6), 6.91 (2H, d, J =
8.2 Hz, H-3/5), "C-NMR (150 MHz, DMSO-d,)
é.: 160.7 (C-4), 149.8 (C-2/6), 115.9 (C-3/
5). DA EEdE 530k (EARAE,2008) HIE 1 4-7%
FEMEIE (4-pyridinol ) AYBHE FE AR — 2, BUE 21 &
Y 8 SN 4-F2FEMERE (4-pyridinol )

aEwo Bk, 1=k C,HO,, ESI-
MS m/z; 139.03 [M + H]", "H-NMR (600 MHz,
CD,0D) 6, 7.87 (2H, d, J = 8.7 Hz, H-2/6),
6.80 (2H, d, J = 8.7 Hz, H-3/5), "C-NMR (150

MHz, CD,0D) 8.: 171.6 (C-7), 163.1 (C-4),
133.0 (C-2/6), 124.1 (C-1) , 116.0 (C-3/5) . LI
R EES SCHR (2R HE A, 2014 ) HRE (9 X R R
F 2 ( p-hydroxybenzoic acid ) AR FE AR — 2, %
FEAL AW 9 X R TR (p-hydroxybenzoic
acid)

fka¥ 10 g, 7208 C,H,0,,
ESI-MS m/z: 779.25 [ M+Na]*, '"H-NMR ( 600
MHz, CD,0D) 8,: 7.62 (1H, d, J = 15.8 Hz,
Caf H-7"), 7.10 (1H, d, J = 2.0 Hz, Caf H-2"),
6.99 (1H, dd, J = 8.2, 2.1 Hz, Caf H-6"), 6.82
(1H, d, J = 8.2 Hz, Caf H-5"), 6.75~6.71 (2H,
m, Agl H-2/5), 6.60 (1H, dd, J = 8.1, 2.1 Hz,
Agl H-6), 6.31 (1H, d, J = 15.9 Hz, Caf H-8"),
521 (1H, d, J = 1.8 Hz, Rha H-1") , 4.98 (1H,
m, Glu H-4"), 4.94 (1H, d, J = 2.3 Hz, Api H-
1), 4.40 (1H, d, J = 7.9 Hz, Glu H-1") , 4.02
(1H, m, Agl H-8), 3.96~3.90 (2H, m, Rha H-
2" Api H-4™a), 3.83 (1H, m, Glu H-3'),
3.80~3.69 (4H, m, Glu H-5'/6", Api H-2"" /4"
b), 3.64~3.60 (1H, m, Rha H-3"), 3.58 (2H,
s, Api H-5""), 3.51 (1H, dd, J = 11.2, 5.7 Hz,
Glu H-2"), 3.35~3.30 (2H, m, Rha H-4"/5"),
2.82 (2H, m, Agl H-7), 1.11 (3H, d, J = 6.2
Hz, Rha H-6"), “C-NMR (150 MHz, CD,OD)
8.: 168.3 (Caf C-9"), 149.8 (Caf C-4"), 148.2
(Caf C-7") , 146.8 (Caf C-3"), 146.1 (Agl C-3),
144.7 (Agl C-4), 131.6 (Agl C-1) , 127.7 ( Caf C-
17), 123.4 (Caf C-6"), 121.5 (Agl C-6), 117.3
(Agl C-2), 116.7 (Caf C-5"), 116.5 ( Agl C-5)
115.4 (Caf C-2"), 114.8 (Caf C-8"), 111.1 ( Api
C-1"), 104.2 (Glu C-1'), 103.1 ( Rha C-1") |
81.8 (Glu C-3"), 80.7 (Api C-3"), 78.3 (Api C-
2"™Y), 76.2 (Glu C-2"), 75.2 (Api C-4"), 74.6
(Glu C-5"), 73.8 (Rha C-4"), 72.4 (Rha C-2"),
72.4 (Agl C-8), 72.1 (Rha C-3"), 70.9 (Glu C-
4’), 70.5 (Rha C-5"), 68.5 (Glu C-6"), 65.7
(Api C-5"), 36.7 (Agl C-7), 18.5 (Rha C-6"),
DL F&E 5 SCHR ( Yamasaki et al., 2007 ) H2 & 1 %
FEETE B (forsythoside B) R FE AN — 2, il %
EALE Y 10 JiE IR 1T B (forsythoside B)

G 11w EREER, TR CgHyg0,,
ESI-MS m/z: 823.27 [M +Na]*, '"H-NMR (600
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MHz, DMSO-d,) 8,: 7.54 (1H, d, J = 15.8 Hz,
Acyl H-7"), 7.29 (1H, d, J = 2.0 Hz, Acyl H-
2"y, 7.09 (1H, dd, J = 8.2, 2.0 Hz, Acyl H-6") ,
6.79 (1H, d, J = 8.1 Hz, Acyl H-5"), 6.70 (2H,
d,J = 8.1 Hz, Agl H-2/5), 6.58 (1H, dd, J =
8.1, 2.1 Hz, Agl H-6), 6.42 (1H, d, J = 15.9
Hz, Acyl H-8"), 5.03 (1H, d, J = 1.7 Hz, Rha
H-1"), 476 (1H, d, J = 2.9 Hz, Api H-1"),
4.68 (1H, t, J = 9.7 Hz, Glu H-4"), 4.42 (1H,
d,J = 7.9 Hz, Glu H-1'), 4.25 (1H, dd, J =
7.9, 3.8 Hz, Agl H-7), 3.80 (3H, s, 3"-OCH,),
3.78 (1H, s, Agl H-8a), 3.69 (3H, m, Glu H-5',
Rha H-2", Api H-2"), 3.62 (3H, m, Api H-3""/
4"y, 3.57~3.48 (3H, m, Agl H-8b, Glu H-2"/
3"), 3.40~3.30 (2H, m, Glu H-6', Rha H-5") ,
3.26 (3H, m, Rha H-3", Api H-5"), 3.13 (3H,
s,7-OCH,), 3.09 (1H, d, J = 9.4 Hz, Rha H-
4"),0.98 (3H, d, J = 6.2 Hz, Rha H-6"), “C-
NMR (150 MHz, DMSO-d,) &6.: 165.8 ( Acyl C-
9"), 149.5 (Acyl C-3"), 147.9 ( Acyl C4"),
145.8 (Agl C-4), 145.2 (Acyl C-7"), 145.0 (Agl
C-3), 129.7 (Agl C-1), 125.5 (Acyl C-1"), 123.3
(Acyl C-6"), 118.1 (Agl C-6), 115.5 ( Agl C-5,
Acyl C-5"), 114.1 (Agl C-2), 113.9 (Acyl C-8"),
111.1 (Acyl C-2"), 109.1 (Api C-1"), 102.8
(Glu C-1'), 101.3 (Rha C-1"), 82.3 (Agl C-7),
78.9 (Api C-3"), 78.8 (Glu C-3'), 75.9 ( Api C-
2™y, 74.3 (Glu C-2"), 73.7 (Agl C-8), 73.4
(Api C-4"),72.8 (Glu C-5"), 71.7 (Rha C-4") ,
70.5 (Rha C-2"), 70.4 (Rha C-3"), 69.3 (Glu C-
4'), 68.8 (Rha C-5"), 67.1 (Glu C-6"), 63.2
(Api C-5"), 56.0 (7-OCH,), 55.6 (3"-OCH,),
18.1 (Rha C-6"), VA b %0¥s 5 SCHk ( Xu et al.,
2019) #3iE B nepetifosides D F4) 5 Hi 3 A — 24, ik
WEALAY) 11 A nepetifosides D,

a1z BaaEgR, 5108 CuHL 0,
ESI-MS m/z: 647.21 [ M+Na]*, "H-NMR ( 600
MHz, CD,0D) 8,: 7.57 (1H, d, J = 15.8 Hz,
Caf H-7"), 7.05 (1H, d, J = 2.1 Hz, Caf H-2"),
6.89 (1H, dd, J = 8.2, 2.1 Hz, Caf H-6") , 6.78
(1H, d, J = 8.2 Hz, Caf H-5"), 6.69 (1H, d,
J = 2.0 Hz, Agl H2) , 6.65 (1H, d, J = 8.0 Hz,
Agl H-5), 6.54 (1H, dd, J = 8.0, 2.0 Hz, Agl H-

6), 6.30 (1H, d, J = 15.9 Hz, Caf H-8"), 5.20
(1H, d, J = 1.7 Hz, Rha H-1"), 4.51 (1H, dd,
J =119, 2.2 Hz, Glu H-6a’), 4.39~4.36 (1H,
m, Glu H-6b"), 4.34 (1H, d, J = 7.9 Hz, Glu H-
1'), 4.04~3.93 (3H, m, Agl H-8b, Rha H-2"/
4"y, 3.75~3.69 (2H, m, Agl H-8a, Rha H-3"),
3.58~3.55 (1H, m, Glu H-5"), 3.54 (1H, d,
J =89Hz, GluH-3"), 3.42 (1H, m, Glu H-4") ,
3.35~3.30 (1H, m, Glu H-2"), 2.83~2.73 (2H,
m, Agl H-7), 1.26 (3H, d, J = 6.2 Hz, Rha H-
6”).,"” C-NMR (150 MHz, DMSO-d,) §.: 169.2
(Caf C-9"), 149.5 (Caf C-4"), 147.2 (Caf C-7"),
146.7 (Caf C-3"), 146.0 (Agl C-3), 144.6 ( Agl
C-4), 131.4 (Agl C-1), 127.6 (Caf C-1"), 123.2
(Caf C-6"), 121.3 (Agl C-6), 117.1 (Agl C-2),
116.5 (Agl C-5), 116.4 (Caf C-5"), 115.1 ( Caf
C-2"), 114.8 (Caf C-8"), 104.3 (Glu C-1"),
102.6 (Rha C-1"), 83.9 (Glu C-3"), 75.6 (Glu
C-2"), 75.3 (Glu C-5"), 73.9 (Rha C-4"), 72.4
(Agl C-8), 72.3 (Rha C-3"), 72.2 (Rha C-2"),
70.3 (Glu C-4"), 70.0 (Rha C-5"), 64.6 (Glu C-
6'), 36.6 (Agl C-7), 17.9 (Rha C-6"), UL %k
P55 SCHk ( Saimaru & Orihara, 2010) {E ) R B &
{61 (isoacteoside ) MY £ #I FE A — B, M 4w b &
Y112 3BT (isoacteoside) ,

EW13 BLEFER, 51X CuH 0,5,
ESI-MS m/z: 647.21 [M+Na]*, "H-NMR ( 600
MHz, DMSO-d,) 8,: 7.46 (1H, d, J = 15.8 Hz,
Caf H-7"), 7.03 (1H, d, J = 2.0 Hz, Caf H-2"),
6.97 (1H, dd, J = 8.2, 2.1 Hz, Caf H-6"), 6.76
(1H, d, J = 8.1 Hz, Caf H-5"), 6.65~6.61 (2H,
m, Agl H-2/5), 6.49 (1H, dd, J = 8.1, 2.1 Hz,
Agl H-6), 6.20 (1H, d, J = 15.9 Hz, Caf H-8"),
4.72 (1H, m, Glu H-4"), 4.35 (1H, d, J = 7.9
Hz, Glu H-1"), 3.88 (1H, dd, J = 9.2, 6.4 Hz,
Rha H-2"), 3.72~3.07 (10H, m, Agl H-8, Rha/
Glu-H), 2.76 ~2.63 (2H, m, Agl H-7), 0.96
(3H, d, J = 6.1 Hz, Rha H-6"), "C-NMR (150
MHz, DMSO-d,) 8,: 166.0 ( Caf C-9"), 148.8
(Caf C-3"), 145.8 (Caf C-7"), 145.2 (Agl C-3,
Caf C-4"), 143.8 (Agl C-4), 129.4 (Agl C-1),
125.7 (Caf C-1"), 121.7 ( Caf C-6"), 119.8 (Agl
C-6), 116.5 (Caf C-5"), 116.0 (Agl C-2), 115.7
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(Agl C-5), 114.9 (Caf C-8"), 113.8 (Caf C-2"),
102.5 (Glu C-1'), 101.5 (Rha C-1"), 79.3 (Glu
C-3"), 74.7 (Glu C-5"), 74.7 (Glu C-2"), 71.9
(Rha C-4"), 70.8 (Rha C-2"), 70.6 ( Rha C-
3"), 70.5 (Agl C-8), 69.4 (Rha C-5"), 69.0
(Glu C-4"), 61.0 (Glu C-6"), 35.2 (Agl C-7),
18.4 (Rha C-6"), VA L %(#E 5 CH#k (Lan et al.,
2018) 438 i) B &5 AL T (acteoside ) ) 55 4 F A —
2, MEEAEY 13 HBEIEH (acteoside)
k& 14w AR, 51 X8 CH, 04,
ESI-MS m/z: 793.26 [ M+Na]*, "H-NMR ( 600
MHz, DMSO-d,) &,: 7.54 (1H, d, J = 15.8 Hz,
Acyl H-7"), 7.29 (1H, d, J = 2.0 Hz, Acyl H-
2"y, 7.09 (1H, dd, J = 8.3, 2.0 Hz, Acyl H-6") ,
6.79 (1H, d, J = 8.1 Hz, Acyl H-5"), 6.59 (2H,
m, Agl H-2/5), 6.50 (1H, dd, J = 8.1, 2.1 Hz,
Agl H-6), 6.41 (1H, d, J = 15.9 Hz, Acyl H-
8"), 5.03 (1H, d, J = 1.7 Hz, Rha H-1"), 4.78
(1H, d, J = 2.9 Hz, Api H-1"), 4.64 (1H, t,
J=9.7Hz, Glu H4"), 4.38 (1H, d, J = 7.9
Hz, Glu H-1"), 3.80 (3H, s, 3"-OCH;), 3.76 ~
3.63 (7H, m, Glu H-3'/5", Api H-2"/3"™ /4™,
Rha H-2"), 3.57 ~3.48 (2H, m, Agl H-8),
3.32~3.18 (6H, m, Api H-5", Glu H-2'/6", Rha
H-3"/5") , 3.10 (1H, t, J = 9.4 Hz, Rha H-4") |
2.80~2.65 (2H, m, Agl H-7), 0.98 (3H, d, J =
6.2 Hz, Rha H-6") ., “C-NMR (150 MHz, DMSO-
dg) 8.: 166.3 (Acyl C-9"), 150.0 (Acyl C-3"),
148.4 (Acyl C-4"), 146.2 (Acyl C-7"), 145.5
(Agl C-3), 144.0 (Agl C-4), 129.6 (Agl C-1),
126.0 (Acyl C-1"), 123.7 (Acyl C-6"), 120.0
(Agl C-6), 116.8 (Agl C-2), 116.0 (Agl C-5),
115.7 ( Acyl C-8"), 114.3 (Acyl C-5"), 111.5
(Acyl C-2"), 109.6 (Api C-1"), 102.7 (Glu C-
1), 101.7 (Rha C-1"), 79.3 (Glu C-3", Api C-
3"™), 76.4 (Api C-2™), 74.8 (Glu C-2"), 73.9
(Api C-4™),73.3 (Glu C-5"), 72.1 (Rha C-4"),
71.0 (Rha C-2"), 70.8 (Rha C-3"), 70.8 (Agl C-
8), 69.9 (Glu C-4'), 69.2 (Rha C-5"), 67.6
(Glu C-6"), 63.6 (Api C-5™), 56.1 (3"-OCH,),
35.5 (Agl C-7), 18.6 (Rha C-6") . LA % 53¢
K (Jia & Gao, 1993) #ZiE 1 pedicularioside M %K
P B A — FH, WX E L EYW 14K

pedicularioside M,

EW1S  EEEREAEK, 57X h CisH0,,
ESI-MS m/z: 809.26 [ M+Na]*, '"H-NMR (500
MHz, DMSO-d,) 6,: 7.47 (1H, d, J = 15.8 Hz,
Caf H-7"), 7.03 (1H, d, J = 2.1 Hz, Caf H-2"),
6.98 (1H, dd, J = 8.3, 2.1 Hz, Caf H-6"), 6.76
(1H, d, J = 8.1 Hz, Caf H-5") , 6.71~6.68 (2H,
m, Agl H-2/5), 6.58 (1H, dd, J = 8.0, 2.0 Hz,
Agl H-6), 6.20 (1H, d, J = 15.9 Hz, Caf H-8"),
5.02 (1H, d, J = 1.5 Hz, Rha H-1"), 4.76 (1H,
d, J=28Hz, Api H-1"), 4.68 (1H, t, J = 9.7
Hz, Glu H-4'), 4.42 (1H, d, J = 7.8 Hz, Glu H-
1), 4.25 (1H, dd, J = 7.8, 3.9 Hz, Agl H-7),
3.79 (1H, d, J = 9.3 Hz, Agl H-8a), 3.72~3.57
(7H, m, Glu H-3"/5", Api H-2"/3"™/4™  Rha
H-2"), 3.57~3.46 (2H, m, Agl H-8b, Glu H-6
a), 3.36~3.17 (6H, m, Api H-5", Glu H-2'/6",
Rha H-3"/5"), 3.13 (3H, d, J = 6.1 Hz, 7-
OCH,), 3.09 (1H, d, J = 9.4 Hz, Rha H-4"),
0.96 (3H, d, J = 6.2 Hz, Rha H-6"), "C-NMR
(125 MHz, DMSO-d,) &.: 165.7 ( Caf C-9"),
148.5 (Caf C-4"), 145.8 (Caf C-7"), 145.6 ( Caf
C-3"), 145.2 (Agl C-4), 145.0 (Agl C-3), 129.7
(Agl C-1), 125.5 (Caf C-1"), 121.4 (Caf C-6"),
118.1 (Agl C-6), 115.8 ( Caf C-5"), 115.4 (Agl
C-5), 114.8 (Caf C-2"), 114.0 (Agl C-2), 113.4
(Caf C-8"), 109.1 (Api C-1"), 102.8 (Glc C-
1), 101.2 (Rha C-1"), 82.2 (Agl C-7), 78.9
(Gle C-3"), 78.8 (Api C-3™), 75.9 (Api C-
2"y, 74.3 (Gle C-2"), 73.7 (Agl C-8), 73.4
(Api C-4™), 72.7 (Gle C-5"), 71.6 (Rha C-4") ,
70.5 (Rha C-5"), 70.4 (Rha C-3"), 69.3 (Glc C-
4"y, 68.7 (Rha C-5"), 67.0 (Glec C-6"), 63.2
(Api C-5"), 56.0 (7-OCH,), 18.1 (Rha C-6")
ST AT NMR £, 34L& 9 15 5 3% s
H B A5 M A (Wang et al., 2005) , 3 5 X 5
ETHEWIS 2T 1 PHEAREW R BES
[8,3.13 (3H, d, J = 6.1 Hz,7-OCH,) ,8,. 56.0
(7-0CH,) ], VA Bl A LG L 1 C-7 LIk H 3E
CH ffb== 00 B AR 3 1 B (5 5 8. 73.4 (Agl
C-8),82.2 (Agl C-7),129.7 (Agl C-1), HMBC
T E ol W 8, 3.13 ( 3H, d, J = 6.1 Hz,7-
OCH,) 5 6. 82.2( Agl C-7 ) mBEAHEME S, vt
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— L E WS B B TE R O 5 7 BL Agl C-7
B, U AR A Y 15 R B-T | L E B B (8-
methoxy forsythoside B)

4 ik h it

AR 5T R ] 22 T AR 335 53 85 BOR M3 %5
ETBONTR E R A MY 2% SRR | 2542 1L
W s e T 15 MEE W, s 3 A IR
(1.2.5) 2 =12 (4.6) ,6 ™A LEEFFIE(10-
15) 1 DEEIZE (3) 2 MAREFRRE(7.9) F1 1 4
VI (8) . ARWTTEERRY] KO RAEY
SR G R R EPEY) By, R B W) 2
H A B TT | IR T i | 4 7 0/ L2/ St
SR RE IR 2B T R Y SR AR KV MERE 1 (Tian et
al., 2021) , BURZYHIBE TR, 4 L BEtr e it
HAPUEA BEEILAC SRIF AR PR A5
Z 2 AR T L1097 B 2R g B G
G R KR 10 R (Lee et al., 2006)
SCTR B AL W) L B RS TR) 24, HE A A0 2 B
Tk, RUESF(2015) W5 RV RSB A 1R
MAE RS T F o 2R SR 28, AR BF 58 2 B
KO RUEYRZ I E RGN LB
2P EE Y 11 FALE Y 14 9 WK KR
il B, AR F W T % E R
IR AACEHE B W R oy i — DA 4 e it 5
TR v S5 R Lk I P 0 K G 24 BRATL ) A 5
BE5E T W BHEAL

AW L R A IR, 4 G 28 2R A A il Tk AR
PRAL I A 1y 32 B B AR T S8 A5 /R P o
G546 SCHRIT TS R I - - W IR (fL 59 4) X
TCOEUME H BB A KO - B (B
5) ANAUXS Aedes aegypti Fl Culex quinquefasciatus 2
Fhise B B A B4 B9 % K 3R ((Chenniappan &
Kadarkari, 2012; Angajala & Subashini, 2018) , if
Xof R EE T R R T AR R A KA — s B
il H (Prince et al., 2019) ; BRRBR (fL34 6) AT
308 3 9/ 3 U 20 T A 2 T 1) B ) R R A
JES T B3k B 30 B8 VE FH ( Sycz et al., 2022) ; X%
BRI (fa Y 9) i 2 3k 4 A B A
0T A0 % TOE L 1Y 2R (TR BE R 45,2008 ) . (LIt
FRATT I A 25 ot 52 TR V1 ST AR W e B 4
77 W EA — & B9 AT 5, D9 gk — 28 9T K FR

IZA AR I T —E BB E A

2020 Sl H I 24 L) ISR Y 55 2R T ) b A AR
JUIRE TR BRAESEBR RSBk AU AE EAT
LA TR AR B BE R R ISR | X SE TR A R
A RAEH 5 MRS A5 Bp 2 A0 ST PR 1) FHER S, T
g LI SR (EVSE S/ VRN PIRg Z S e
— AEAEA TR AEAR T BRI 3l W SR B A A ) 15
PABRAG BRI R [ 3 645 AR B0 35 oy
BT R A i SRR AR ARG Bl ABETE R
W e Rk 15 ML SR 6 MLE Y
N ERER B T AR IE 3 2 T A Y K BURE U R
ATTRE— 28 IR X 4 5 It 5 BR K SR 7 W 18 1) 42 4
2 BE PERESE

SE .
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Abstract; To compare the differences in the active components, the antioxidant and hypoglycemic activities in vitro
between seven different varieties of raw tea water extracts, and to determine the correlation between each ingredient and
activity, the contents of total polyphenols, total flavonoids and tea polysaccharides in the water extracts of raw tea and its
infusion were determined. The antioxidant and hypoglycemic activities of raw tea water extracts were evaluated by
DPPH - scavenging ability, ORAC value and «-glucosidase and a-amylase inhibition as indicators, and Pearson
correlation analysis was performed. The results were as follows: (1) There were significant differences in the contents of
water extract, total polyphenols, total flavonoids and tea polysaccharides among the seven varieties, while the highest
contents were found in Golden tea (53.42% +0.14% ), Guihong No.4 (40.87%+1.09% ), Yunnan big leaf species
(27.17%+0.26%) and Fuyun No.6 (2.70% +0.02%) , respectively. (2) There were also significant differences in
DPPH - scavenging abilities and ORAC values among the seven varieties, while the varieties showing better antioxidant
effects in both evaluation methods were the Liupao group species, Guihong No.4 and Wantian species. (3) The
inhibitions of a-glucosidase and a-amylase by the water extracts of seven varieties were significantly stronger than those
of acarbose positive control. The varieties showing better hypoglycemic effects in both evaluation methods were Liupao
group species, Guihong No.4 and Guiqing species. (4)The antioxidant and hypoglycemic activities were all strongly and
positively correlated with the contents of total polyphenols and flavonoids. In summary, raw tea quality of Liupao group
species, Guihong No.4, Wantian species and Guiqing species are better, among which Liupao group species and
Guihong No.4 have the prospect of developing antioxidant and hypoglycemic functional food; Wantian species and
Guiqing species have the potential of developing antioxidant and hypoglycemic functional food respectively. Total
polyphenols and total flavonoids have a great contribution to the in vitro antioxidant and hypoglycemic activities of raw
tea, so that attention should be paid to the protection of such components during the further processing and utilization of
raw tea. The results of this study provide a scientific basis for the development of Liupao tea products with better
antioxidant and hypoglycemic activities in the selection of raw materials and processing methods of raw tea.

Key words: different varieties, raw tea, water extract components, antioxidant activity, hypoglycemic activity
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5 (P>0.05), T,

Different letters indicate that there is a significant difference in the contents of active components in the water extract and extract of raw tea

prepared by different tea varieties (P<0.05) ; the same letter indicates no significant difference (P>0.05). The same below.

1 AREHEMHSHERKRHNEE

Fig. 1
B2 AEFWEMEAZTHNERKIZEY

xt DPPH B B E K REE S
Fig. 2 DPPH free radical scavenging ability of raw tea

water extracts prepared from different tea varieties
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(10.87+0.07) . (11.06+0.11) pg - mL', = 6

EERSHEE

Contents of active components in raw tea water extracts prepared from different tea varieties

B3 AREMRMEEHERKZHY
WE B BERKEENE
Fig. 3 ORAC values of raw tea water extracts

prepared from different tea varieties
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T AP B AKIZ X o-TE R A 2 B R
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B4 AREZFHMEMEEHERKEHD
Xt o- B EFEEEAIHER
Fig. 4 Inhibition of a-glucosidase by raw tea water

extracts prepared from different tea varieties

B S5 ARFZFMmMIASHERKZHD
XF o -iiE 4} B B ) 1 4E A
Fig. 5 Inhibition of a-amylase by raw tea water extracts

prepared from different tea varieties
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Table 1  Correlation analysis of 1/1C,, value, ORAC value and various indexes
of raw tea water extracts from different varieties
DPPH - [FTS—, N

- BER 3t Kemo s omacqn  CIEEHE o dthm
" Total Total Tea DPPH - ORAC .
Index lyphenols e ids Ivsaceharid » . al a-glucosidase a-amylase

polyphenols avonoids polysaccharide bc:l\lf)ei{ligng value inhibition inhibition
FEA!
B2 1 0.850* -0.495 0.751* 0.817* 0.501 0.521
Total polyphenols
M i
et . 1 -0.537 0.660 0.614 0.449 0.757*
Total flavonoids
AREHE . 1 -0.419 -0.394 -0.586 -0.839
Tea polysaccharide
DPPH - i ERAE TS *
DPPH - scavenging ability ! 0-855 0.622 0.564
ORAC f&
ORAC value 1 0.285 0.312
oA T TR 1 £ 1 0.929 %

a-glucosidase inhibition

o-JE M R 4

a-amylase inhibition

TE: * F7RTE 0.05 ZU] (W), MIOCHERE; » FKIRTE 0.01 400 (BUR) , MR RE,

Note: * indicates significant correlation at 0.05 ( two-tailed) ; ** indicates significant correlation at 0.01 ( two-tailed ).
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FAE LA e i — 2B 05T
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Abstract: Bei-dou-gen, the dried rhizome of Menispermum dauricum from the Menispermaceae family, is an important
Chinese medicinal material. In order to clarify the pharmacodynamic substance basis, the methanol extract of the rhizome
in M. dauricum was systematically isolated and purified using various chromatographic methods and the structures of
isolated compounds were identified. The potential anti-inflammatory activity of obtained compounds from M. dauricum
was measured in vitro. In this study, the chemical constituents were separated via silica gel column chromatography,
macroporous adsorption resin and preparative HPLC , and their structures were determined on the basis of MS, 'H-NMR,
BC-NMR and other spectroscopic data analysis, as well as comparison with relevant literatures. Meanwhile, the anti-
inflammatory activities of against NO and IL-6 production from LPS-induced RAW264.7 cells of the chemical components
were evaluated in vitro. The results were as follows: (1) Fifteen compounds were isolated from the rhizome of M.
, vanillic acid (2), syringaldehyde (3), 2-hydroxy-1-(4-
2-( 4-hydroxyphenyl ) -1-
nitroethane (6) , 4-hydroxyphenylacetonitrile (7), dibutyl phthalate (8), fragransin B,(9), 7-hydroxy-3,6-dimethoxy-
1,4-phenanthraquinone (10) , palmitic acid (11), arachidic acid (12), B-sitosterol (13), B-stigmasterol (14) and

dauricum, and identified as p-hydroxybenzaldehyde (1)

hydroxy-3, 5-dimethoxyphenyl ) -1-propanone (4), methyl 4-hydroxyphenylacetate (5),

daucosterol (15). Among them, compounds 4-7, 9 and 12 were isolated from Menispermaceae for the first time, while
compounds 1, 3-11 and 14 were first reported from Menispermum genus. The above compounds were all non-alkaloids
components, including phenols, lignans, phenanthraquinones, faity acids and sterols. (2) Anti-inflammatory assay in
vitro showed that Compound 12 could significantly inhibited releases of NO and IL-6 induced by LPS from RAW264.7
cells at the concentrations of 25 and 50 pg - mL™", indicating potential anti-inflammatory activity. The results of this
study enrich the chemical diversity of the rhizome of M. dauricum and clarifies the active ingredients of its anti-
inflammatory activity, and provide effective reference for the rational utilization of medicinal plant resources.

Key words: Menispermaceae, rhizome of Menispermum dauricum, chemical constituents, structure identification, anti-

inflammatory activity

b AR &R B 2 B i R A Y R
LA 2 Wi
F T AR AR W

FEL A T AL TR AR B O R B, B AT R A T
R G DU 0N BRI B 28 3 35 45 25 AR
(MIBEBEAE, 2019b; ARAESE, 2019) o SR, Ui 8 55

Jb R VU R B PG S b, b SR AL BR T
FE /N, AW R R KRR TR, R
[E 2 TR R g KR S8 R %
RUEEH, HErtJoF & L ey GRS R b
DRI G 5 b AR IR R B b AR A
?&%Tllkfj;%ﬁf“iiﬁﬁﬁ?}i'ﬂhﬁiﬂé R i
Wik e e S5 505 TR T . ek, R LR
5 i 303 3k 1 FH T R (75 B A 2015)
MR EREFRIEEE, 2012, M5
PRI T 2 AN R B B4t 7 U S hl B R A

BT TR B A5 A ) B 0 FL AT R P R R (H
HAN T R AR R R A AL AN 58 22
i (INVEER,2009) WL, S HCEA R
A ARE D BB I R 2, O T R AL E AR AL
SRR L B4 T R G AR 24 550 o A
W T I PR 22 42 T 25 S5 BT R AB W) BE IR, A BT
FELLAL AR A R 2 AT 25 2052 7, >R B
@3 B T B BB 2 FoOR T BAR 25 i A Ty
VE PRI AR RS (1) b AR F A g U G 1l o
J8IY 5 (2) 73 B AR A W B R SN T 1
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1 MRS E

1.1 Z5#%t

SLI AL E AR 254 T 2018 4F 10 A W B H
AR B A R AR (7 LR,
180506) , & Ll AR H B 2 KA R AR 4R % 8 W B
Pl Ut 8 55 i L 00 O O ) TR AR 2R 2 M A AR AR
T IR BE 2R KRR TR %
1.2 (EEMIKF

Bruker AV-400 (600 MHz) #% ff $t ¥§ % 3% X
(5[ Bruker A #)) ;6540 UHD Q-TOF-MS ¥k #H {4,
TSR (e L HER 2 7] ) 5 Agilent 1290 #Y
TR AR B AN (3 E R FEfR A F])  URIR FL-
HO50G & & ¥ AH il #% €4 3% 4%, Innoval ODS-2 il £
FE(10 mm x 250 mm,5 pum) ( KHE 9 A REE
FARAF) ; AB-8 BIFFL WG BB g (it st
YIRHE A R\ 7)) 5 Sarto-rius BP211D A HL K-
(B FEFEFL A R A A2 M )2 E T RE R
(SR T ) AR (B2 A H AR A IR
23 H]) s NO TL-6 12070 A& (i B I AR Yy BB BR
D) /N WA RAW264.7 (b 24 81 Bk A= 4
B AR, BNCC 101020) ,

2 LRk

2.1 RANSH

¥ 9.2 kg b SR 24504 0 0 UM IS, 10 1%
T EAIR 2 B 15 Ay ¥ 13 32 WO e 4
TR L 700.0 g, Jinid & AR BKEIF KK IES
Be(4.5L), LMREOTE(4.0 L) QETEE(3.5 L) i
FTHEI 45 0 A IO 6 VA 4 4 ) 45 31 0F 8 e
WAL 49.8 g, LR L BRHRAL 23.7 g 1E T BEHB AL
124.7 g FIKHEAZ 417.8 g,

BOE CBSiRAIR T 40.0 g, ZEAHREIR A (3
FHIEC K- LR BRI (1 : 0,50 : 1,20 : 1,
10:15:1.1:1.1:4.0:1,V/V)BEAFRBEBEN
W A48 TLC K, & 115 12 M5 Fro A-
K, &9 12(9.83 mg) 45 F % I 2 8 45 5
Fr. C(3.0 g) 11315, Fr. E(3.0 g) & nb i A @
T DA e - FH s R 48 (200 2 1,150 = 1,100 -

1.50:1.20:1.20: 1.0 1,V/V) ¥R 3EmRE 3
Fr. E1-E17, Fr. E6 & H BEEH 45 15 246 &5 13
(40.18 mg) FfL&4) 14(40.18 mg) . Fr. H(3.5 g)
ZRERCHE 2T, A - IR O BR RS (1 2 0,
50:1.20:1.10:1.5:1.1:1.0:1,V/V)EEB
93] Fr. H1-H20, Fr. HO 28 JE Rk €03
45% W I —7K RGE A VR 59 11(19.65 mg,
t,= 16.0 min) , Fr. (0.7 g) il iz 1IEAHRE B (43
FH ZE W EE - BEAR S (200 : 1,150 = 1,100 = 1,
50: 1,20 5 1,10 = 1,0 : 1, V/V) B 5 B bt 4 21
Fr. 11-117, Fr. 110 S8 5 H € R B A 28 B i i
HEZREEMEEY 15(15.12 mg) .

W2 BEMRALIR T 20.0 g HEATRERH: (0 1%
afifl, @ W he-PEERS(1:0.,50: 1,301,
15:1,10: 1,0 1,V/V)BREEUENL, 28 TLC i,
HIFRG Fr. L-Q, Fr. N(2.4 g) i 5 Rl 45
WA TS (PEE K= 33 : 67) B aiftbifib &y
5(2.03 mg,t,= 37.0 min) AILE W 6(12.74 mg,
1= 22.0 min) , Fr. 0(12.4 g) ZHERFE LA G H
Bi-H P ZA5(1:0,100:1.80:1.50:1.,40: 1,
30 : 1,0 : 1, V/V) B EEBERAS Fr. 01-09, Fr. 02
(0.3 g) 28k e He il & WA 3, DL 359% HY - 7K
RGBS A Y 1(2.05 mg, 1, = 26.0
min) LA 3(1.91 mg,t,= 30.0 min) L5 7
(1.87 mg,t,= 10.0 min) , Lk 60% F Ji — 7K %5 FF 3%
JEARASAL A4 10(1.63 mg, 1, = 35.0 min) , &5
JE R A A% (HEE - K= 23 :77) M Fr. 03(0.4
)P EY) 2(16.72 mg,t, = 27.5 min) il
EY 4(1.01 mg,t,= 35.9 min) , Fr. 04(0.6 g)
28 1o R T A VRORR €8 335 ( FR B« 7K =70 ¢ 30) 2lifk 3k
A5 9(2.76 mg, 1, = 12.0 min) ,

BOE TR AR T 90.0 g, 48 AB-8 BRI AL Ff
RHIE (10% .30% 50% 70% 90% . Bk YR e It 22 4
ETCA) IR A, IR AATS Fr. R-V, Fr. V
(0.6 g) Zt i il # MO €3 (VR = K= 77 : 23)
Ak 3R LAY 8(3.35 mg, 1, = 34.0 min) ,

&Y 1-15 LA e 1 iR
2.2 MRS TE MR

# RAW264.7 40HE LA 1x10°4 « mL" %5 B 4%
i 96 LA, 4L 100 WL, 7597 24 h, i A &2y
Regedk, SO0 A B B O IE H A (N b B )



1158 I R 7| 43 5
0 0
. H,CO
COOH HQ H ' OCH;
OH S
HO HO HO
OCH; OCH;
2 4 5
H;CO
0 d OCH;
i:rﬁv Akl OH
O~
OCH:
0 3
6 7 8 9
OH 0 (0]

O
(0]
O

11

12
N\
HO
o O
HO HO OH
14

15
OH

B1 HEW1-15 WKEER

Fig. 1

RIZH FH PR BB 2H (25 .50 pg - mL7 i 2 ) FIAE
Ml (25.50 pg - mL' ANEMEG ), B4 5 A8
fL, IEWHRBERA AR & 2R 73, 25 A
IMA G235 W E MM 1 h J5 , BRIEH 4190, 1
5 HEm A LPS i H AW E R 0.1 pg - mL',
YRS R AN 24 h WO AN M s W, B0 B
T, ¥ B & U B AR ( MR, 2020) NO AT TL-
6, [Fl—HEUK A0 MR I MTT 32 %5 4 it 1% 0 A7
DI = R/
k= (%) =
(OD g yaswn =OD s 1) ><1000

3 BERGAH

HHEE

Ew1 LEY S (NE), mp. 113~114

Chemical structures of compounds 1-15

€, C,H,0,,ESI-MS m/z; 121.0 [M - H] ,'H-
NMR (600 MHz,CD,0D)é8: 9.76(1H,s,H-7) ,7.78
(2H,d,J = 8.5 Hz,H-2,6),6.91(2H,d,J = 9.0
Hz,H-3,5) ,” C-NMR ( 150 MHz, CD,0D)é§:130.5
(C-1),133.6(C-2,6),117.0(C-3,5) ,165.4( C-
4),193.0(C-7), L E¥¥s 5 Sck (sk FE AL,
2020) Xof BEEEA— 30, B A B W X R R
P,

a2 EHmeaXEEmKRK(HBEE),
m.p. 198 ~ 200 °C, C4H,0,, ESI-MS m/z;169.1
[M + H]","H-NMR (600 MHz, CD,0D) §:7.55
(1H,br s,H-6),7.54(1H,d,J = 1.9 Hz,H-2),
6.83(1H,d,J = 8.4 Hz,H-5) ,3.82(3H,s,0CH,-
1),”C-NMR (150 MHz, CD,0D)§:122.5(C-1),
113.9(C-2),152.7(C-3),148.8(C-4),16.0( C-
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5),125.4(C-6),170.5( COOH) ,56.5( OCH;-1) ,
DL B0 5 S0k (T 5, 2021 ) X B AR — 3, Bk
YR E Y R,

a3 TafE(ES) . mop. 110~112
°C, CyH,,0,,ESI-MS m/z:183. 1 [M + H]"_'H-
NMR (600 MHz,CD,0D)6:9.74(1H,s,H-7) ,7.23
(2H,s,H-2,6) ,3.92(6H,s,0CH,-3,5) ,”C-NMR
(150 MHz,CD,0D)6:129.0(C-1),108.3(C-2,6),
149.7(C-3,5),140.9(C-4),193.0 (C-7),56.9
(OCH,-3,5) . VA B#ds 5 30k (sk B ALSF,2020)
X B — B0, B Z B o T &

ke a ABLEEEHA(TE), mp.
126~ 127 C, C,H,0,, ESI-MS m/z: 121.0 [ M-
H] ., '"H-NMR (600 MHz, CD,0D)&:7.32(2H,s,
H-2,6),5.19(1H,q,J = 6.9 Hz,H-8) ,3.90(6H,
s,0CH;-3,5),1.49(3H,d,J = 6.9 Hz, CH,-8) ,
C-NMR (150 MHz,CD,0D)6:126.3(C-1),107.8
(C-2,6),149.3(C-3,5),143.2(C-4),202.1(C-
7),70.2(C-8),57.1( OCH;-3,5),22.2( CH;-8) ,
DL B 5 SOk (7 2R AT, 2015) X HE R AR — 3,
T A B 272 FE-1- (452 33, 5- T H A&
FEOREL) -1-N

e s REOAHAR(EAN) . mp. 119~
120 €, C,H,,0,,ESI-MS m/z:167.0 [M + H]",
"H-NMR (600 MHz,CD,0D)6:7.16(2H,d,J = 8.4
Hz,H-2,6) ,6.72(2H,d,J = 8.4 Hz,H-3,5),3.66
(3H,s,0CH,-8),3.52(2H,s,H-7) ,*C-NMR ( 150
MHz,CD,0D)6:126.4(C-1),131.4(C-2,6),116.4
(C-3,5),157.4(C-4),40.9(C-7),174.6(C-8),
52.5(OCH,-8) ., LA I 0¥5 5 Scmk (% i & 4%,
2020) Xf BREEA— 30, B 8 A B W) X R A R
TR g,

tk&we wEMRY(EN). mp. 107~
108 C, CyH,O,N,ESI-MS m/z:166.1 [M-H]
"H-NMR (600 MHz, CDCl,)6:7.05(2H,d, ] = 8.4
Hz, H-2,6),6.77(2H,d,J = 8.4 Hz,H-3,5) ,4.55
(2H,t,J = 7.4 Hz,H-8) ,3.21(2H,t,J = 7.4 Hz,
H-7) ."”C-NMR (150 MHz, CDCl,)8:128.0(C-1),
130.1(C-2,6),116.0(C-3,5) ,155.1(C-4),32.9
(C-7),76.8(C-8), LA I-%uda 5 sk (90 H 4%,
2012) X HRIEAR — 8, s itk &k 2-(4-5%

RIS HE

tE&EWT HAEKHK(HFE), mp. 66~67
°C, C4H,ON,ESI-MS m/z:134.1 [M + H]",'H-
NMR (600 MHz, CD,0D)é6:7.15(2H,d,J = 8.4
Hz,H-3,5),6.78(2H,d,J = 9.0 Hz,H-2,6) ,3.75
(2H,s,H-7) ,”C-NMR( 150 MHz,CD,0D)§:158.5
(C-1),116.9(C-2,6),130.4(C-3,5),120.3( C-
4),22.8(C-7),122.9(C-8) ., VI I %¥t¥i 5 3k (5K
HHEAE 2016) X FSEA — 30, i S b G YN
XPFREER NG

e 8 AWK (FEE), m.p. 149~
150 °C, C,H,,0,,ESI-MS m/z:279.1 [M + H]",
'"H-NMR (600 MHz, CD,0D)§8:7.72(2H,dd,J =
5.7,3.3 Hz,H-3,6),7.61(2H,dd,J = 5.7,3.3
Hz,H-4,5),4.29(4H,t,J = 6.6 Hz,H-8,8') ,1.71
(4H,m,H-9,9"),1.45(4H, m, H-10,10"),0.98
(6H,t,J = 7.4 Hz, H-11,11") ., C-NMR ( 150
MHz,CD,0D) 8:133.7(C-1,2),130.0(C-3,6),
132.5(C-4,5),169.5(C-7,7"),66.8(C-8,8"),
31.9(C-9,9"),20.4(C-10,10") ,14.2(C-11,11") ,
DL 5 S0k (B8 E 45,2020 ) X BRIEA — 3
T B A G AR AR W R — T HR,

ey HELXERHK(EHG), m
p. 153 ~155 C, C,,H,,0,, ESI-MS m/z;227.2
[M + H]",'H-NMR (600 MHz, CD,0D) §:6.69
(4H,brs,H-2,2",6,6") ,4.64(2H,m,H-7,7"),
3.86(12H,s,0CH,-3,3",5,5"),1.82(2H, m, H-
8,8'),1.04(6H,d,J = 6.0 Hz,C-9,9") " C-
NMR ( 150 MHz, CD, 0D ) 8:134.0 (C-1,1"),
104.9(C-2,2",6,6'),149.3(C-3,3",5,5"),
136.3(C-4,4"),90.4(C-7,7"),52.1(C-8,8"),
56.8(0OCH,-3,3",5,5"),14.0(C-9,9"), I L%
i 5 SCHR (/N2 45 2017 ) X BEFEAR — 5 %
EZME YN fragransin B, ,

EY 10 ZERRAE 2 SR (HEE) . mop.
243~244 °C, C,H, 05, ESI-MS m/z:285.0 [ M +
H]",'"H-NMR (600 MHz,CD,0D)8:9.04(1H,s, H-
5),8.00(1H,d,J = 8.4 Hz,H-9) ,7.93(1H,d,J =
8.4 Hz,H-10),7.23(1H,s,H-8),6.05(1H, s, H-
2),4.05(3H,s,0CH,-6) ,3.87(3H,s, OCH,-3) ,
PC-NMR( 150 MHz,CD,0D)§:185.8(C-1),107.6
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(C-2),160.9(C-3),183.4(C-4),134.2(C-4a),
126.4( C-4b) ,105.8(C-5) ,151.3(C-6) ,147.8( C-
7),110.3(C-8),124.8(C-8a) ,134.1(C-9),121.1
(C-10), 131.3 (C-10a), 56. 8 ( OCH,-3) , 56. 4
(OCH;-6) . LA 448 5 SCHR ( Zhang et al., 2004)
X HEEEA — 30, S i A E YA T-hydroxy-3, 6-
dimethoxy-1,4-phenanthraquinone

L&Y 11 [ EPURCIRSE & (A -HEE)
m.p. 60 ~62 °C, C, H,, 0,, ESI-MS m/z: 255.2
[M-H] ,'H-NMR (600 MHz,CDCl,) 8:2.32 (2H,
t,J = 7.5 Hz,H-2) ,1.61(2H,m,H-3) ,1.28(24H,
m,H-4~15),0.86 (3H,t,J = 7.0 Hz,H-16) ., C-
NMR (150 MHz,CDC,)8:34.2(C-1),24.9(C-2),
29.3~29.9(C-3-12),32.2(C-13),22.0(C-14),
14.3(C-15),179.9(C=0), DL %4 5 3ciik ( 5k
205 2020 ) X IR A — B B E R B Y R

EW 12 AERR(AMEE-2R ),
m.p. 75 ~76 €, C,H,O0,, ESI-MS m/z; 311.2
[M-H] ,'"H-NMR (600 MHz, CDCI,)5:0.86 (3H,
t,J = 7.0 Hz,CH,-20) ,1.21 ~1.34(32H, m, CH,-
3~19),1.61(2H,m,CH,-3),2.35(2H,t,J = 7.6
Hz,CH,-2)," C-NMR ( 150 MHz, CDCl, ) §:179.4
(C-1),34.1 (C-2),24.9(C-3),32.2(C-4) ,29.3~
29.9((C-5-18),22.9(C-19) ,14.3(C-20) . LA %K
P55 SCHR (Li et al., 2010) XF B REAR — 8, i 46 F
BV R

&Y 13 HEH R (AMEE -2 M) .
10% MR - L BE B 5 40 4, m.p. 140 ~ 142 C,
C,H, O, ESI-MS m/z:415.0 [M + H]*,'H-NMR
(600 MHz,CDC1,)6:5.28(1H, m,H-6) ,3.45(1H,
m,H-3),0.95(3H,d,J = 6.7 Hz, CH,-21),0.94
(3H,s, CH;-19),0.85(3H,d,J = 6.7 Hz, CH,-
26),0.76(3H,d,J = 7.2 Hz,CH,-29) ,0.74(3H,
d,J = 6.8 Hz,CH,-27) ,0.61(3H,s,CH,-18) ,”C-
NMR (150 MHz,CDCl,)8:37.5(C-1),31.9(C-2),
72.0(C-3) ,42.5(C-4) ,141.0(C-5),122.0 (C-6),
32.1(C-7),32.1(C-8),50.3(C-9),36.7(C-10) ,
21.3(C-11),40.0(C-12),42.5(C-13),57.0( C-
14) ,24.5(C-15),28.5(C-16),56.2(C-17) ,12.1
(C-18),19.6(C-19),36.4(C-20),19.0(C-21),

34.2(C-22),26.3(C-23),46.1(C-24),29.4(C-
25),20.0(C-26),19.3(C-27),23.3(C-28),12.5
(C-29) . VL b8 5 Sk (3 5L 545, 2021 ) X Jid
FA BB Y B4

EW 14 AEYRE (AN . 10% R -
ORI, mop. 140~142 C, CyuH,0,ESI-
MS m/z:413.0 [M + H]".,' H-NMR ( 600 MHz,
CDCL,)8:5.28 (1H, m, H-6),5.08 (1H, dd, J =
15.2,8.7 Hz, H-22) ,4.95(1H,dd,J = 15.2,8.8
Hz,H-23),3.45(1H,m,H-3) ,0.95(3H,d,J = 6.7
Hz,CH,-21),0.94 (3H,s, CH,-19),0.85(3H,d,
J = 6.7 Hz, CH;-26) ,0.76 (3H,d,J = 7.2 Hz,
CH,-29),0.74(3H,d,J = 6.8 Hz,CH,-27),0.61
(3H,s, CH,-18) ,"* C-NMR ( 150 MHz, CDCL,) &:
37.5(C-1),31.9(C-2),72.0(C-3),42.5(C-4),
141.0(C-5),122.0 (C-6),32.1(C-7),32.1(C-8),
50.3(C-9),36.7(C-10),21.3(C-11),40.0( C-
12),42.5(C-13),57.1(C-14) ,24.6(C-15),29.1
(C-16),56.3(C-17),12.2(C-18),19.6(C-19),
40.7(C-20),12.3(C-21),138.6(C-22),129.5(C-
23),51.5(C-24),32.1(C-25),21.4(C-26),19.3
(C-27),25.6(C-28),12.5(C-29) ., UL ¥ 5
Mk (P AR AE,2020) X RESEAR — 80, U Bz b A
Yl B-52 KB

EW1s AT EIEBAE(NE), 10%6
iR — £, 15 i 58 £6,, Molish J2 i BHPE . m.p. 300 ~ 301
C, CyH, O, ESI-MS m/z:577.4 [M + H]*,'H-
NMR (600 MHz, DMSO) 8:5.33 (1H, s, H-6) , 4.44
(1H,t,J = 5.8 Hz,H-1"),0.82(9H, m, H-26 ~ 27,
29),0.66(3H,s,H-18) ., C-NMR ( 150 MHz, DMSO)
8:36.9(C-1),29.3(C-2),71.5(C-3),38.3(C-4),
140.5(C-5),121.3(C-6),31.4(C-7),31.5(C-8),
49.6(C-9),36.3(C-10),20.6(C-11),39.2(C-12),
41.9(C-13),56.2(C-14) ,23.9(C-15) ,27.8(C-16) ,
56.4(C-17) ,11.7(C-18),19.1(C-19),35.6(C-20) ,
18.7(C-21),33.4(C-22),25.4(C-23) ,45.2(C-24) ,
28.7(C-25),19.0(C-26),19.7(C-27) ,22.6(C-28) ,
11.8(C-29) ,Gle: 100.8(C-1"),76.9(C-2"),76.8( C-
3'),73.5(C-4"),70.1(C-5"),61.1(C-6"), Lk L%k
5530k (B B BLAE 2021 ) R IR EEAR — 3 i s E
ZACEW RS M,
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F1 LAY 4.8.9-12 % RAW264.7 5
4 NO F0 IL-6 BIHPHI 2R

Table 1 Inhibition rates of compounds 4, 8, 9-12
on the production of NO and IL-6 in RAW264.7 cells
W R WE MR
2H 51 Concen- Inhibition 26 53 Concen- Inhibition
Group tration rate Group tration rate
(pg-mL") (%) (pg-mL") (%)
Wiz % NO (25) 83.28 NO (50)  47.89
quercetin
IL-6 (25) 72.14 IL-6 (50) 23.15
NO (50)  69.46 10 NO(25) 5893
IL-6 (50) 37.30 IL-6 (25) 46.02
4 NO (25) 35.10 NO (50) 50.31
IL-6 (25) 33.79 IL-6 (50) 25.77
NO (50) 35.19 11 NO (25) 60.43
IL-6 (50) 18.24 IL-6 (25) 49.20
8 NO (25) 37.62 NO (50) 46.74
1L-6 (25) 34.47 -6 (50) 21.09
NO (50) 31.33 12 NO (25) 84.66
-6 (50) 16.15 16 (25)  79.60
9 NO (25) 55.37 NO (50) 72.79
-6 (25) 40.18 11-6 (50) 34.83

TE: " R BT IR

Note: “ indicates positive control.

3.2 MR EMS

SIEH A L, LS BRI Y NO 1 IL-6 %
i E TR (P<0.01) ; 5BIA A4 L5, 25 pg -
mL 'l 50 pg - mL' LAY 12 BE B E I NO
By =, R0 B B Wb 16 & 8 (P<
0.01) . fb&% 12 Fiff iz Z X% NO il 1L-6 & = 1
PIHIRILER 1, 3R 1T B 2 SHMEZ
PRI R 15 P AH 24, 0T Ry Je ST 9% AL F 5T 28
S

4 HibH R

AU TR L A B DR AR, R R A
FrFRVRIEE S92 T3 O T A% o SORE B Y
7o BEF B MR R A AL BAR AR 5
o3 B AT RSy S LA, 25 BRI 5T 32 A8 A R
PERABME A Y o A ORI GARAE 7 il 24T

TRGMR, st 15 Mgy, ik
B 4-7.9 12 HE RN CRHE Y oy B 15 5
EGY0 1.3-11 14 2 15 O B B 55 s AL v o3 B
B3, FREYBREARB R AR REL ER
K MR M S e, FE T IRtz 26
PE T PRUEDT 5 06 Pk A9 B SE P AN T SR B A
YA AE I B DL AT A M S 8 . P bR AT
VEHL T 50 g - mL™ LA X4 IS 7 BA R0 A Ak
AY(1-3.5-7 13-15) TR R IGPERFSE
Wroe 45 /XA G 12 B A 55 0 31 H
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RAFIIRAIMT R TG, (E, A5 & B 25 pg -
mL W T AL G 12 % 5E R T 30 o) 5RO i —
S MR RO I B AT B O DG R L A I AT g
B EH T 45 2 Tk B I R B AR AE — A BB S
SCIS T LLAE 25 wg - mL7HREE LU B8 B vk RS
WATREH TG WA e Z R E R, RAE
FH G 5 e ML e ok B2 4%, BRI v B 7 A R A 4
RO, AR SCFZNF AL TR B Al 2wl o e Hopit 6
AT T REWE5E  (E8 48 102, L AR T iy
2 1y B 24 BT P AE 5 46 b F B R R, X EE
A= RE S T e — Ak A ) 1) 2 B PR E 5T T B R
AWIER, WL, R4 R N e TR 2
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SEARMUELRBRSENMELSNEEES T

X F, CHW?, RER, ARR, AR
(1. HERREEEBE 2550E, 10T HEHK 541199, 2. FEARIS BRI, ) 0T 4K 541199 )

1 OE. NRATHBIE RS (Citrus aurantium var. amara) 2 REAREE R4 K3 B AL S HORETEE % BFS
DI 6 g A AR R K 78 2RI (SD) 256 AU (3 - T3 ( GC-MS) 156 F 452 AR 23 B i 43, 9 1)
FHRANIR T e T =& WP SRR, 5B R (1) IR AE AR 3 A7 44 & o v 3
O3B M 94 FRLAY | 3 ASEBAE A HE KT Lo P 2 B & AR AR — g 25 5 o 13 RO AT o, DA
FE M 34 FhSY i B B A S5 REEE (30.51% ) \a-FATHEE (14.78% ) s W\AEH %52t 32 Rt sy, B A
IR (57.59% ) I d-Frieh (16.15% ) s WG iR 2 5g H 69 FIE L MRS, EESH d-F B (25.55% ) Fl
vl B (10.48%) o (2) v 3 ANFRA R K I 2 B R [R)FE B2 (0 0 S0 Ab 0 o, v o A R b e A Y 5
AT ABTS FI i 3ER 1C,, (5539 M 2.6 5.1 8.2 mg - mL", % DPPH I fH13EH 1C,, 87 %14 2.7 .4.3.5.0
mg - mL" 2R L I BT R AT PRI . (3) T8 A R R A AT TR | 4 B € 4 46 BR TR AN 1 i
PRI AP IS M T AL, IS8 A5 SR R R i A R 4 SR b 4 R v B RS R R AL T R
et

G R, R, GC-MS, HUAALIETE, BB TE
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Essential oil components and their antioxidant and
antibacterial activities in different parts of
Citrus aurantium var. amara

LIU Yanan', WEN Yali’, CHEN Xiawei', LIN Jiaxun', XU Yourui'"

(1. School of Pharmacy, Guilin Medical University, Guilin 541199, Guangxi, China; 2. Science
Experiment Center , Guilin Medical University, Guilin 541199, Guangxi, China )

Abstract; In order to comprehensively analyze the essential oil components, antioxidant and antibacterial activities of
the whole plant of Citrus aurantium var. amara, the essential oils from leaves, flowers and young fruits were extracted

respectively by steam distillation (SD) and their chemical compositions were identified by GC-MS. Moreover, their
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antioxidant and antibacterial activities were evaluated and compared using in vitro methods. The results were as follows
(1) A total of 94 volatile components were isolated and identified from the essential oils of leaves, flowers and young
fruits, there were some differences between three parts, of which 13 were common components. A total of 34 components
were identified from leaves, and the major compounds were linalool (30.51%) and a-terpineol (14.78%) ; a total of 32
components were identified from flowers, the main components were linalool (57.59%) and d-limonene (16.15%) ; a
total of 69 components were identified from young fruits, mainly containing d-limonene (25.55%) and y-terpene
(10.48%). (2) The essential oils from different parts showed different antioxidant activities. The ICy, values of essential
oils from young fruits, leaves and flowers to ABTS free radicals were 2.6, 5.1 and 8.2 mg - mL™, respectively, and the
IC., values to DPPH free radicals were 2.7, 4.3 and 5.0 mg - mL™" | respectively. The antioxidant activity of young fruits
was better than that of leaves and flowers. (3) The essential oil from young fruits showed certain antibacterial activity
against Escherichia coli, Staphylococcus aureus and Pseudomonas aeruginosa, which was better than the leaves and

flowers. The results can provide a theoretical basis for the extraction and utilization of the essential oils from different

43 %

parts of Citrus aurantium var. amara.

Key words: Citrus aurantium var. amara, essential oil, GC-MS, antioxidant activity, antibacterial activity

T ( Citrus aurantium var. amara) N 2 7% £F
( Rutaceae ) HHA% J& & 2845 J /N K, SRR FE ( Citrus
aurantium ) W — ARG LT )2 B T EA YL
DL M X (B AN S 2016) , VE R 25 s 51
FCH— A EOR I, w8 B I AT A
MK B AR AR B 2 sk, BT ST R
v BT T A ECRE | il g AR 2 B A 22 M e
BIIAYT (Suntar et al., 2018; H—FF4E 2019) , %=
T RHE Y & A 45 A0, EE R RS O
G G 7R NS A RS W (o Ak
B ,2005 ; WR I HE R A AR HE, 2006) | T w48 4 K T
TS A BRI AR | PR D ARR | - TR
FEAERE 3-8 45 AT (Ali et al., 2015) , HAT HeAil
(RS 22 AR R T BT A AT A DR AT AT A, T4 I )
TR AR % 7T (Stohs, 2017) , £ 3 A
5 £ i A RN A U ] 3 P23 (FEMA) 19 &
FHAREA 5% Rl 2 5 ) el ) T A
MY WA RVFE AR, N E A, It
P2 IR B B A R SF D7 O R B AR I (LA
Neroli) , #% FDA 1A% & GRAS ( generally regarded
as safe) 7RI 2R JEHT BT /R S IG5 B IR
Lo V5 1 A5 b e O % ik 22 Fh P 0i AR R 28 4
JiE (Haj Ammar et al., 2012;Choi et al., 2014)

Y GE IR TE R IR T 04 B (IR (25
MR RS R SO Y etk EAEOR, A D
WFFEE I i 0 T 24 HIAE W) 00 A 24 T BB 7 5l 42 bk
00 L B 43 R 22 S DA SIS IR A 4 1T R
FI AR & AE ) SR S 7R A R B 1Y R 2 A KA Kl

P, B UM RAT MR S SRR, T2
N F 57 B IG 9T B A T Akt i i A% S 4 sk
(B2 ,2011) , SR, 25 R 245 FH A7 32 28 2 LR A
YIS, O A W 58 X w48 ik AR 44 & T i oy
PEAT T 08T, R4 T o R AT e TR M b A, (R H
41 R 4 T R Ay B 2 AE T B i R AR A T
i AN WA T4 4y AR SRy 4 R i 4 B} A o
QR 31 B o 1P A0 o o L 7/ S i S = A
TR, N B B L5 AT R o BB, A
WF5E R 7K 78 2818 1% 43 3o e i 6 I HL4))
TR AT SR, 0 GC-MS 43 B HoAk 2
BAY ;A DPPH ¥EFT ABTS ¥ % 1545 A ] 345 o7 #5
5 BT A T M R AT BF 5T, I 0 LT R 9 v
TPV, DA R 6 B L&) B v 2 0 vl 1 42
5 ) SR S R

1 #HEF®

1.1 ##F0R 7

BPEY A 260090 K I WV 1 T
AN NG RPN 7 M TR0 O S o e S B K = N Ve o
T B B2 2 8 R ( Citrus aurantium var. amara)
U1 ARSI P S

A . ABTS (46 ¥ = 98%) . DPPH (4 £ 4
99%) BHT( 4LJE } 99% ) #J H Sigma-Aldrich 2%
Al R A A BCER R e Ak 27 iR A R 2 | 5 ek
CBEW R T PUBE AL T A RS,
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1.2 {428

Aglient7890B-5977B 1A 233 — i i 16 FH AX
(EEZHEAE A F) ; UV-PCI1800 £ 4h — 1] Ui 73
HOGEE T ( B S AR 2= AU 8 A BR A F] )  DLSB-
5L/30 Gl v& 2008 25 22 (I T T AR A AT PR 58
{25 d]) 3 BT224S B 3 B KA (A6 5T Satorius
FABRS 7)) 3 KQ-500DE %45 8 75 I 185 vk 7%
(R E s A RAE) .
1.3 Fik
1.3.1 &4 R B BF 4L 48 & b 09 32 B
13011 A 44 Ayl A R L AR R 2020 4F ¢
[ 245 L) U D) 2204 45 & Jih 0 5 1k B2 B
MHERIM(L.0) . BT HE R 80 ¢ T 1 000 mL
BB A, R L 1 10(g - mL™) JiIA 800
ml ZEIRK , BT L b A B i S PR S
h, A3 s R Y, ¥R 25 ICEE 1S 0.780 2 ¢ 4%
KM, ESLHRIS WA 15 2095 R i R T R
3.804 ¢, % &, T 4 CukKFEH ROCIRAE, 5 &3
WHEEE R 0.95%
1.3.1.2 SR LI R i 2 BUER 12 9518 4L 280
g T°1 000 mL [BJiE B o, F2BH L 12 3 (g -
mL ) JA 840 mL ZE4F /K, 4% 1.3.1.17 )y k41
B R AEFE M (F.O)  ELLAR I 4 IR, R A S
AR TR AR K A A 3.056 ¢, B, BT 4 C
DRAE v ke DR A, 37 18 A6 4 T PR TR IR
0.27%.
1.3.1.3 W g R4 A B E BT B R 4l 2R
A 200 ¢ T 1 000 mL B RFER , #RHR L 1 -
4(g - mL")fIMA 800 mL Z&IR/K ,#%“1.3.1.1" )y
ARG B A R AR 2 (YF.0) | B 2232 B 4 IR 1%
B ERY) R HE ISR 2.708 g wiiE 4 R AE
KAt AL, # B, T 4 °C VKA TR IR AT,
YRR S PRI HR N 0.34%
1.3.2 GC-MS > #7 &1
1.3.2.1 GC &M S AMHAIE &M HP-5MS A 95 E
AFE (30 m % 0.25 mm x 0.25 pm) ; FEI& 45 ~200
°C,45 C 4+ 3 min, 20 C - min” FHR Z 200 C,
245 10 min; AR E N 1.2 mL - min™ ; FEEE IR B
9250 °C;FERTIE 9.466 7 psi, HEFERE 1 pL; A2
PR - AR =R kA R
1.3.2.2 MS &AM Bl &k i )y =X EL; W 1 RE
i 70 eV AR 2R 250 °C 5 B F IR B 230 °C;
PO ATIRE 150 °C ,Fﬁ:%fli%—l 50~550 amu,

1.3.3 RSB E AT T

1.3.3.1 ABTS H H WG BRBEMME R
BEAE (2021) I 515 M B PRI 6.62 mg K,S,0, T
10 mL Af 28 i, 2R K IE It e 5 2 20
AR 1S 2.45 mmol - L' K,S,0, W, 5K
HHRE 38.41 mg ABTS T 10 mL i (am E i,
HZE KGRIt e FEEZ 2% 215 7 mmol -
L' ABTS i, # LA PR W 1 1 ARFLR
BREARR 25 mLAFAS RN, 2 T 1AL N
13 h J&, HIC/K & BEM B 2 HAE 734 nm Kb WOE
JE40.70£0.02, 7EHFEXEHIMA 1 mL AA
WP i SV WA S mL ABTS T AR, 4 e
B2 JETZEIE T RGN 6 min J5TF 734 nm 4b
DU S RO BE (A, 5 TG K & AR B A ol 5 R
e b R T I ) BRI RO G (A,) s FHTEK
AR ABTS TAEWHE 1Ry vk e 25 ok
JE(A,) ; LA BHT N BHPEXT B S4T30 58 3 v HC
BE X (1) 58,

A,
ABTS H HIEETEBRF (%)= (1- lA ©) 100

(1)
1.3.3.2 DPPH H HEERR MM E R4 e %
L5(2021) 7L RS % FREL DPPH AR5 4 mg T
50 mL AF AR, FH 0K ZBER R IF 2 X 2 2
A E155] 0.2 mmol - L' DPPH B, & T 0K
R AR A7, MERA B DPPH &1 10 mL T
100 mL BR 25w, K CBEff BT 2 45, 4%
5154538 0.02 mmol - L' DPPH TAEW, 785
FERAE PR RO AR [R) VR B 9 4 I £ T T TR
2.0 mL fl DPPH TAEW# 4.0 mL, W EIR2S), T4k
JZJ37 30 min J5AE 517 nm AN GERE S IROERE (A,) 5
FHTEK & B AR B i VA W 4 38 D ) Xof R
W IERE (A,) s K CBEARER ABTS TAEW %
IR TTEDE ZS OB (A,) 5 B BHT S BHAMEXT
B SPAT IR 3wk, #ea (2) 5

DPPH H R R (%)= (1-

A=A,
) %100
AL‘
(2)
1.3.4 W E £
1.3.4.1 PUEE G PEPEAL 8 F R A B2 2 B FE Ak P2
PG W e = AR 3 AR O I, BRI AT
B ( ATCC 25922) ., 4 ¥ {0 45 4§ Bk W ( ATCC
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25923) FI4 4 A TR ( ATCC 27853) , fifHu it
WE W (1x10° CFU - mL™")200 pL & T LB 3
b, 2 22 B0 B Y H0OR B0 AR 3 FRORS Tl
T U (Rota et al., 2008) . 4% & DMSO
il 5 BT BE TR R B ZAE XS B, 37 CF
W E 24 h 5, 38 3 I T P RN R DA 1 T
Wk
1.3.4.2 R (MIC) il R A M
A PR I A RS T X 6 TR A9 MIC ( Zhang et al.
2017) . R 50 B B VBT JC B AR B ER UK R & 1% 107
CFU « mL", A[FEIFR ALK i 7E DMSO HR ] 2 5
PRl Hl, A LB g =&, 8 (1 ~
32)pg - mL AR AW . % 20 pL W AR L
) 96 FLEE IR M b, FH A Xk B A X B A 43
591 FEL AR I) 44 B 19 DG K 8 28 T TR AN 4% 1 I TR AT %
AR, 37 CFE 24 h, MIC & LHTER
R T AL T A K R R i A e Ik B
1.4 #HELIE

1) Y T AR — A 1 ot G Sk A AT
T (B 5F,2022)  ITABIEHLL 3 IRER
T (9 P S £ R 25 R0R

2 HEREAH

2.1 WERD S

T FE AN [R5 2 22 GC-MS 20 i I, 15 2]
BRI R X B A R
SR NIST17. L bR 335 P 11 55 LA 26 2E 47 2 1 43
Mr, 2 AT, 18 3 AN S P L4 5 1 94 Fif
RNy, bt 34 B A6 32 B 412R 69 Fi

TR AN TR A7 48 AT Ak 2F B — R 25 52
LA B e B SRR DS R 0 R 30.51%
57.59% ; @) R Er R A d-FT G (25.55%)
FL -1l 5075 (10.48% ) i 6 I H5 %  h B2Ab &
e a2, b B R o 1 55.37%, R 2SN
22.71% &2 20.25% ; £ B AL R A T R g
(30.51% ) . a-Fi 3 B (14.78% ) . W TR 77 i P
(11.60%) FEAERE(8.56% ) \3-¥545 (7.39%) | B-Tk
15 (4.45%) 55, WRACHE R IR B AL A Y o B
% 5 BALEE Y 65.70% , UG5 1530.81%
B 7 2.02% ; F 24022 03 A 5 R BE (57.59% ) |
d-FrEHE (16.15%) \3-¥5 45 (5.35%) &0 (4.36%) |
a-FATHEE (3.32%) B-TE M (3.26% ) %5, ¥ 4 4%

>
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Fig. 1
essential oils from leaves (A) , flowers (B) and

young fruits in Citrus aurantium var. amava (C)

KI5 75.43% , 8525 17.31%,

BN 1.31%; FEAF A d-FrB (25.55%) |
y-T A (10.48%) y-20435 (4.05%) F2 05 (3.66% ) |
3-BEI(3.25%) %, # 1 GRFRIRI T
IR X T B R SR Y
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Table 1  Chemical compositions of essential oils from different parts of Citrus aurantium var. amara
{558 B 1) y . AHXS 5 B
%5 Retention ey 25 ARIEN Relative content (% )
. Molecular
Number time Compound Category formula
(min) L.0O F.O YF.O
1 6.18 3-¥4 A 3-carene J#2% Alkenes CoHy 7.39 5.35 3.25
2 6.35 2-HEXGF [4.3.0]9E-1(6) M5 Jekede Alkanes CoHy - — 0.07
2-methylbicyclo [ 4.3.0 non-1(6) -ene
3 6.53 B % Pseudocumene K52 Alkenes C,H, 0.05 0.08 —
4 6.60 f& 4 Sabinene 2% Alkenes CoHy 2.61 4.36 3.66
5 6.76 B—ﬁﬁdﬁ B-pinene 52 Alkenes CoHy 4.45 3.26 1.01
6 6.77 (2R,5S) -2-F BL-5-( TN -1-05-2-4% ) -2- 2 0 35 DU S0k T2 Furan C,H,0 — 0.06 —
(2R,5S) -2-methyl-5-( prop-1-en-2-yl ) -2-vinyltetrahydrofuran
7 6.90 a-7KF# a-phellandrene J&2% Alkenes C,oH, — — 0.15
8 6.90 ¥ Pseudolimonene J#2& Alkenes C,oH, 0.06 — —
9 6.90 LIRBE Perilla alcohol fE2% Alcohols C,H,O — 0.16 —
10 7.08 4-Z B4 2K 4-ethyl-1,2-dimethylbenzene PR e CpH, 006 — —
Aromatic hydrocarbons
11 7.13 d-Fr1E4%5 d-limonene 525 Alkenes CoHy 2.06 16.15 25.55
12 7.40 y-iili s y-terpinene J#2% Alkenes C o Hy 0.17 0.25 10.48
13 7.52 A-NAATEE 4-thujanol fEJE Alcohols C,H,;0 — — 0.06
14 7.53 2-(5-HHE-5- £ 0 H DU S0 IR -2- 55 ) TH 2 R Bk R £ T &2 Esters C,H,0 0.30 1.28 1.00
2-( 5-methyl-5-vinyltetrahydrofuran-2-yl )  propan-2-yl
carbonate ethyl
15 7.67 a-iifi i a-terpinene J&2% Alkenes CoHy 1.57 0.85 2.81
16 7.77 ST IR Tsopulegol 25 Alcohols C,H 0 — — 0.09
17 7.80 5 FElE Linalool fE25 Alcohols C,H;0 30.51 57.59 0.47
18 7.88 B Carveol fE2% Alcohols C,H,,O0 — 0.07 0.04
19 7.95 S - 3 -2, 8- M- 1 - 25 Alcohols C,H, 0 — — 0.05
trans-mentha-2 , 8-dien-1-ol
20 7.96 JZ-1-H He-4-(1-H L 258 ) 2- 3 2 M- 11 B2 Alcohols C,H,0 — — 0.07
trans-1-methyl-4-( 1-methylethyl) - 2-cyclohexen-1-ol
21 8.01 2,4,6-3¢ =Jf-2,6- 3 JiiZk Alkenes C,oH 0.41 0.19 —
2,4, 6-octatriene-2 , 6-dimethyl
22 8.06 (1S,48)-1-HF 5-4-(1-H R M JE ) -38 O 20 -1 -1 B2 Alcohols C,H, 0 — — 0.15
(18, 4S) -1-methyl-4-( 1-methylvinyl) - cyclohex-2-en-1-ol
23 8.14 WL trans-verbenol iz Alcohols C,,H,O — — 0.34
24 8.20 S Isopropanol 2 Alcohols C,H;O0 0.06 — 0.09
25 8.20 (3,3-Z“HIEHRCHE) - 2 Aldehyde CoHO0 — — 0.07
(3,3-dimethylcyclohexyl ) -acetaldehyde
26 8.35 (+)-¥KEE (+) -borneol fE2E Alcohols C,,H;0 — — 0.16
27 8.46 410 R i 4-terpinenol 2 Alcohols C,H;0 0.28 0.41 1.30
28 8.48 o Thymol 2% Phenols C,,H,0 — — 0.61
29 8.53 - T a-terpineol B35 Alcohols CoH,O0 14.78 3.32 0.89
30 8.61 i S 45 e cis-isocaryl alcohol 25 Alcohols C,,H,O — — 0.08
31 8.65 Pl ¥y LA Piperitol 25 Alcohols C,,H0 — — 0.04
32 8.75 l—p—ﬁﬁﬂﬂf 1-p-menthol K Aldehyde C,,H,O — 0.07 —
33 8.79 P& A i Neryl alcohol 524 Alcohols C,H;0 856 2.56 —
34 8.94 I ER A D-carvone fl2& Ketones C,H,0 — — 0.13
35 9.00 F 2 5158 Linalyl formate fi5 2% Esters C,H,0 11.60 — —




1168 OO0 MW 43 %
g%k 1
s RE qu " VNS 4 B VS EEN Relalijeﬁiir/?l\e% (%)
k52 Retention LEY 25
Number  time Compound Category Moleeular
(min) L.O F.O0 YF.0
36 9.12 FEEERE Citral 52 Aldehyde C,H,0 0.10 0.08 —
37 9.23 T W Carvacrol 52 Phenols C,H,0 — — 0.39
38 9.27 3-H 3-4-5E PN BE ) 3-methyl-4-isopropylphenol 2% Phenols Co,H,0 — — 1.02
39 9.31 15| Indole 15| Indoles CH,N  — 038 —
40 9.44 2-F 4 F-4- 2475 3 KB 2-methoxy-4-vinylphenol f32% Phenols C,H,0, 0.13 0.16 0.19
41 9.46 4-2,3-1,2- " BB 4-ethyl-1,2-dimethoxy benzene J&2 Alkanes CoH, 0 — — 0.11
42 9.56  T-WHIE-2,4,4-=HIRE-2- 2R HE-BOR [4.3.0] bt $22¢ Alkanes CsH,,  —  — 0.06
7-methylene-2 ,4 , 4-trimethyl-2-vinyl-bicyclo [ 4.3.0] nonane
43 9.64 S-MiF M 5-elemene JiJe Alkenes C,sH,, - — 1.13
44 9.64 4-5F Y HE-1- 2 W BE-0-H 5684 525 Alkenes sHy, 019 — —
4-isopropylidene-1-vinyl-O-menthyl-8-ene
45 9.66 Z i BE Methyl anthranilate fi5 2 Esters C,H,NO, — 0.25 —
46 9.68 a-L TR TR a-terpinyl acetate fif 2 Esters C,H,0 0.19 — —
47 9.72 Al EL Copaene Ji525 Alkenes C,H,, - — 0.45
48 9.75 TR EERE Geranyl propionate fif 2 Esters C,H,0 11.62 0.36 —
49 9.90 #2206 Ylangene 525 Alkenes C,H,, - — 0.11
50 9.97 R [5.3.0] 588, 2-W FF 2E-5-(1-H 2 2 5 ) -8-F 3% W2 Alkenes C,H,, - - 1.70
Bicyclo [ 5.3.0] decane, 2-methylene-5-( 1-methylvinyl ) -
8-methyl
51 10.03 FATH Jasmone [l 2 Ketones c,H,0 — 0.09 —
52 10.05 (-)-a-E N (-) -a-cedrene J2e Alkenes CsH,, - = 0.09
53 10.23 y-2245 y-muurolene 525 Alkenes C,H,, - — 4.05
54 10.25 £i71Hs Caryophyllene J#2 Alkenes CsH, 074 0.09 2.38
55 10.35 FEW 25 VP 5 Sesquisabinen Liki2s Alkanes CH,, — 0.07 —
56 10.47 1,5,9,9-UH 3-1,4,7-FF M JiiZe Alkenes CsH, 015 — —
1,5,9,9- tetramethyl-1,4,7-cycloundecatriene
57 10.60 (EZ)B-2% 2 (EZ)-B-ionone fif1 2% Ketones C,H,0 0.05 — —
58 10.66  a-JE# a-copaene 152 Alkenes CsH,, - = 6.70
59 10.73 (15,3E;6E,10R)-3,7,11,11-IE|EP%XX% [8.1.0]F JiiZE Alkenes sHy,  0.38 0.08 3.74
( l??ﬁ%b‘, 10R)-3,7,11, 11-tetramethylbicyclo [ 8.1.0]
undeca-2, 6-diene
60 10.86  8-RZEMf 5-cadinene 525 Alkenes C,H,, 0.08 — 2.49
61 10.94 (+)-a- KM JER (+) -a-longipinene #i2 Alkenes C,H,, - = 0.25
62 10.97 W FE M Cyclosativene i Alkenes CsH,, - — 1.54
63 10.99  Selina-3,7(11) -4 Selina-3,7( 11) -diene Ji2E Alkenes CsH,, - = 0.16
64 11.04 WA Varidiflorene 2 Alkenes C, H,, - — 0.92
65 11.04 2 AE BB trans-nerolidol 25 Alcohols C,H, 0 0.21 0.69 —
66 11.16  KRFMHH B Germacrene B 52 Alkenes CsH,, - = 1.26
67 11.23  B-H&MHEE B-eucalyptol B2 Alcohols CH,0 025 — 1.67
68 11.28 H Il B Spathulimol 52 Alcohols C H,,0 0.19 — 1.99
69 11.35 WEHZEE Globulol B2 Alcohols CsH,0 — — 0.74
70 11.38 T AIAEE Guaiol 25 Alcohols C,H, 0 — — 0.25
71 11.40 B T 2B Viridiflorol 2 Alcohols CH,0 0.05 — —
72 11.51 4,5,10- KR EF M =4f-1-FE 4,5, 10-germacratrien-1-ol fEZS Alcohols CsH,0 — — 1.02
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| AR £
. %mﬁilﬂ - TR Relative o (%)
%5 Retention el 25 elative content ( %
i Molecular
Number time Compound Category formula
('min) L.O F.0 YF.O
73 11.54 6-1F T Ifi-da-lE 6-selina-en-4a-ol 524 Alcohols CsH, 0 — — 1.09
74 11.63 FAESEE Junenol 524 Alcohols C H,0 — — 2.81
75 11.67 10S,11S-FH-3(12), 4 - J#2% Alkenes CsH,, —_ - 0.31
10S, 11S-himachala-3( 12) ,4-diene
76 11.70 T-FEAAEE 7-cadinol 52 Alcohols CsH,0 0.19 — 1.39
77 11.80 H & E Shyobunol fE25 Alcohols CsH,0 — 0.09 —
78 11.84 T-ABEEE 7-muurolol fE25 Alcohols CsH,,O 0.12 — 2.21
79 11.89 AW LGHEZEH 2 Phenols CsHO — — 1.89
Decahydrodimethyl methyl vinyl naphthol
80 11.95 y-EHM 5 y-himachalene I Alkenes C,sHy, - = 0.42
81 12.22 e s Farnesyl alcohol =2 Alcohols CsH, 0 — 0.81 —
82 12.22 Kt Fn AR AR Juniper camphor 524 Terpenoids CsH,0 — — 0.45
83 1237 6-FNMiHE-4,80-" W1 H-1,2,3,5,6,7,8,8a-/\ A %E- B2 Alcohols CsH, 0  —  — 0.09
2
6-isopropenyl-4, 8a-dimethyl-1, 2, 3, 5, 6, 7, 8, 8a-
octahydro-naphthalen-2-ol
84 12.55 (1aR, 4aS, 8aS)-4a,8,8-=H1%k-1,1a,4,4a,5,6,7,8- 2% Aldehyde C,sH,,0 - — 0.04
NEIRTLE [ d] Z5-2-Mk
(1aR,4aS,8aS) -4a,8,8-trimethyl-1,1a,4,4a,5,6,7,8-
octahydrocyclopropa [ d]naphthalene-2-carbaldehyde
85 12.69 K 2= Ylangenol 2 Alcohols C;H,,0 — — 0.05
86 12.84 TR ,8R-8-F%FE-4- 5 N FE-7-H FE XA [5.3.1] +— J#2% Alkenes CsH,,0 — — 0.20
- 105
7R ,8R-8-hydroxy-4-isopropylidene-7-methylbicyclo [ 5.3.1]
undec-1-ene
87 13.13 14-F32 5 -5-F T ¥ 14-hydroxy-6-cadinene 525 Alkenes CsH,,0 — — 0.10
88 14.47 7SR R Methyl palmitate fig 2% Esters C,H,0 — 0.07 0.10
89 15.21 &B%E W2 — T I Dibutyl phthalate fif 2% Esters C,H,,0 - — 0.04
90 15.87 iy el Thunbergen 52 Alkenes C,H,, — 0.08 —
91 17.97 W iH TR FF iR Methyl linoleate figJS Esters C,,H,,0 - — 0.09
92 18.15 W R 2 H i Methyl linolenate fif 2% Esters C,H,0 — — 0.08
93 18.45 2% Phytol fEJS Alcohols CpH,O0 017 — 0.07
94 19.96 iR 2,1 Ethyl linoleate fi52& Esters C,H,,0 — 0.06 —

T L.0,F.0 il YF.O 205 g w B i FERZ SR 094 K. T IR,

Note: L.O, F.O and YF.O are the essential oils from leaves, flowers and young fruits of Citrus aurantium var. amara. The same below.

2.2 fERSMR A E NS

2.2.1 ABTS A A A kR  ABTS 7F 734 nm JE K
SAT SR S Y S HUARR S B S, PIE R
N BEA ABTS ¥ WA B 1) i 2 (ol 2 | AR (0 7R )i
Hhra R o X R, HE 2 A7, BHT Fl#
PR [R) R 45 A i 6T ABTS [ Fh 25 04 7 [ 8 11 34
Bif o e ()38 RN 8 A0 0 Y R I R T R
JEH 30 mg - mL”' B, X} ABTS #3i 4 % 0] #
99.00% , = H B T ALBE 1, Y AL

KAIMHEE F 20 mg - mL' B, XF ABTS A9 bR R 0]
K 99.52% , MR R R MK BN 15 mg -
mL B X ABTS 93 BR 3 11 35100.0% , 1M 4l 4 |
FE I 1C 5358 2.6 .5.1 8.2 mg - mL", BHT
0.1 mg - mL", AT OL 4 SR A R T BR ABTS
F SRR )R FAE RN

2.2.2 DPPH A A #A k% DPPH HHEARGF
FERLHL A FE 517 nm P K AN AT B R W, 2 H
Vo5 Bt AU AR R R B Bt 4R AR SR T L RTIOG
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L.O,F.0 I YF.O 7351 2y 5 18 04 it | 46 70 4l 28 09 #4 k iifr
NGE
L.O, F.O and YF.O are the essential oils from leaves, flowers and

young fruits of Citrus aurantium var. amara. The same below.

B2 AREELIFELBXT ABTS HHENFRE
Fig. 2 Free radical scavenging rate of the essential
oils from different parts on ABTS

3 AEHRBLELHX DPPH B B EMBRE
Fig. 3 Free radical scavenging rate of the essential
oils from different parts on DPPH

FHC XA I WSCZ T R, R AR K Ok
ETFRBRESHEZNHE AR ERCR,
& 3 TN B BHT S 6 4 % vk B iy 3 oK,
XF DPPH [ H A3 BR A8 0 ASWrig i . > 39 6t
P& R M 4 30 mg - mLiF, HoxF DPPH A %
B G BRI IK 92.8% , 5 FHE 4L BHT (135 B R 3
AR A R AKSF | HLAR S8 KUK 1 BRI A
TRFFAAE . YW B LR AR FE /N T 20 mg -
mL B, X DPPH [ H 5L 09 7 BrBE 134/ F FH %

20 BHT, Ifi 24 ¥ & K F 20 mg - mL' B, F5 48 16 15
Mkt DPPH H B A9 BR %6 KT BHT X DPPH
H B0 bR B T BRIk 95.24% , R4
JHE R X DPPH F H 28 (9 7 bR R R 4R T
BHT, Mk &R 10 mg - mL" i, 3548 40 SR 4% & 3 %
DPPH 5 %3k 86.92% , Ak St Jik i T5 KR %
FEAMRFEARAE W4 R AL T 1C, 18 53 0 R
2.7.4.3.5.0 mg - mL",BHT 5 0.1 mg - mL", 7]
UL, 4R 0 ¥ & T B DPPH H 2268 1 T 16
LS
23 MEEN

FH 2 2 W, 3 A KT G T A 0 A0 B 34
U — 78 B BT B I M R IR X R B AR
(15.2 ~ 22.7) mm [ RIGFFHEEA —E NPT G
PR AL, R Y 2K TN &) 508 Bl TR A A R Y T
GRS X AT R T d-Fr g s A7 A, JLAR N 5 1
3R 16.15% F1 25.55% , 3 Fp 4% 2% i Xt 9t 3K B
() MIC {EAS 7], K 7 FF B ) 2 % i O sk, 7
R MIC fH 4 1~32 pg - mL', 354 4 R 19 MIC
HH 8~16 pg « mL™' . ¥ 8 16 35 & T 09 Bt B 1
52 R TR RS —2

3 s &%

B UL HE R I AR B A K R R
I 55 3 R 2 B | 7 I S B A IOk A I B
TRARAE I B8R BB A% 12 T 43 K il (9 S B8R (B
SRS R EREZ ML H I, KIERFE
PR B T Ol AR 7 (AN R AR, 2022) o AT
R K Z8 R ZE R L S B 8 b e S L4l SR
FEA, S 835 - B3 (GC-MS) Bk H AR Xt
HAC SR 047 e Ve e i . AR o 45 S e B
TR I A RN &l R0 HE R R R R 4 i
0.95% .0.27% M 0.34% , WAFHERKFE , il 5k
MR, 5 TR, T Re g SR, i
B 3 AL HE & T A2 o RN S S i AR A
—EZES  WIE R FH S KRR,
MERL T 45 H A REPE . S5 04 2k B O 4 6
AR W AR, R A 5 R (30.51%) La-
FAVHEE(14.78%) W R 75 1R (11.60% ) & 4L BE
(8.56%) 3-E5Mf (7.39% ) 45 ; & B AL 45 & I 52 TG
i B R, 28 S S, F B A DY R B
(57.59%) d-F7rEEM (16.15%) 3-E547(5.35%) .
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Table 2 Antimicrobial activities of three essential oils

P 5 1] ¥
X o BUNMWRIRE
e ; Minimum inhibition concentration
) Inhibition zone diameter ( mm) 1
[CCRIT 17 (pg - mL?)
Microbial strain
o e e
L.0 F.0 YF.O IR 3% L.O F.0 yro W JREER
Gentamicin Gentamicin
KIAATF 15.2+0.4 22.7+0.3 19.5+0.6 22.6+0.8 16 1 8 0.25
Escherichia coli
& v (O A BR TR 8.5+0.2 10.1+0.4 13.2+0.4 40.5+0.9 >32 >32 16 0.5
Staphylococcus aureus
] 231 B L R 12.0+0.5 15.6+0.7 16.4+0.3 31.3+0.2 >32 16 16 0.5

Pseudomonas aeruginosa

- WM (3.32%) B-TE M (3.26% ) 45 ; 145 &) SR
FER N2 8 S R Yy, A R, R R A
d-FrBH (25.55% ) (y- b i (10.48% ) y-Z 4
(4.05%) F&K5(3.66%) 3-E5M5(3.25% ) %,

A 5F (2022) X R AL KT AL 2E 85 o B
R FZ A W o B 2SR s 28, it — P4
(2019) XF 38 5 2 T Ak 2% 1o AF 92 B0 HL 5 g
KMBERY TR E, BN S AHRGSER -5, 7
HMABEGE K B R g R il s R ik £, X2
BRTFHMAEN T, TRE AR EERK ZEF L
R AR Py i A T 8

25 I RE 90 AS [) 38 67 1) A 0 2 06 1k LA B
PE25 5 B B4 B 1 N A0 B 5% 45 A9 B E . 22
EARAE (2022) BFSY & BLAL 5850 AN (6] 3 A B
i S50 AR T S B A o AR > 2R >
HR 5 25 T 4% 4 (2022 ) BT 5% 36 B =L MR 4R e X 2l
LA AL T2 v AR SRR ; it A
ABFFEXS VA T R 913 %) AN [m] A7 i AT
A5 M EE B (A e R K, 2018 5 22 B i
A5 2022, B 2022) TR HOm o 5 G
25 58 Bh T B0 W) S5 AE R AR P A a2 AR B AL
AR 5% 25 5 3 W0 R O R 060 7 & T X ABTS H
HI LA DPPH [ 3178 5000 10 1 BR B8 1, 40 31
FER M AT B Rk s 20 A, bt A AT T
TR I 525 B BHE & T % 3 45 BR B
K FF A A5 FE T R FURG B 28 AT 1 0 AR KX 3R
PR AS [ 2 B2 (% 10 461 95 P (XI5 % ,2019) , AR HBiF
58 P Al SR i 2R B A T S PR AR T, T
Al AR by 548 45 T A ORI 0™ L E

K IR Tk e BB E R B
A AR e 4 R i B IR LS B e
FIRLE G I LM,

SEH .
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