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- BRI -

AEIMERiEEMIBREEMEFHARES E
R EE FAFELL B

ExF, REX WE, M, $R RET SE4AET, FRT
BB R X2 R, (S B ARSI L, P S b R R S TR T, T2 R 5 e B
A%, I IALH A X 25 R R IR TRt L, P 530023; 27 K&K, T 530004

WE fifiEH(Ficus hirta)2 —MEENZEWAEY, HH R ESERER NERENEE RS FEEEYR S &N
KR, KHLC-MS/MSIIE 44 BU(EL). FRZLBY(LL)RI AR IRZLAL(PDL) 370 JE e BAKAR 4B IR R A F M I ER &
&, R AR FEARE T S ERERS FHLH] . 25 R EY, PDLIIE BRI e & & B 5% = TELFILL; EL
Hfe BRI FH NS REEE S TLL, (H5PDLEREER . FANT1L35k1560.9 Gb clean reads, #41%:3k1346 194
Aunigenes, AR S o8 F 8BS )12 (Morus notabilis) i F 5 7 f & . MPDL_vs_EL. PDL_vs_LLFILL vs EL
b 20 20 I ik 1 2 355, 2 067H12 0014 2% 73 KA I [N (DEGs), DEGs - B & B K N bt W& Bl vER R EEREAC I DA &
TE-973 B A AR A P ST R b, P SR T A A ORI 45 S AR A B FH 0T R 3R Bk 3 B M R A A i S R
RINEZEE . HAVSIRT T HRERARNES TEEEYTRRZENXR, F5 7T LBEhERASEEE, Nt

— RIS R AR B R 5 B B AR S R

XA LB, W, TR, LC-MSIMS, R

BRI, REE, HE, g, HE, RBE, R, 2N (2026). AIEHE IR BN AT R B S R SR

ICELEL. A4k 61, 223-237.

TL¥6EMk(Ficus hirta) & 1% &g H X [ (] & H 19
HAMANERM, 7F “HE” W, HA MR,
TR B EESSE TR, T I6 9T I I
P e g 7 i LA R R S hE . BLAR 24 B A 5
KW, TAaBHRAEZ PG ORI B R4 & g%
TEAEF (G RRES, 2002; skEME, 2017; M5
&, 2020), i eI AR oA A i T R
FEARERS P AR 7 AT (Quan et al., 2022). FiEBHkER
AR 25451, &R & H T %7 A HIE Dy Re v &,
CIF R BfR BRI PRl EERRA & fEL
T2 TR R T A il 55 R 90 77 i (BB, 20125 X1 3Lk,
2024). T BHEADCERA B 025 F AT H 1A,
AE R JEMRT G B T7 A BN ). TR Bk ST
. T B (Pinus massoniana) #k fl £ ik (Hevea

Wk H 3: 2025-03-28; 5% H #H: 2025-07-01

brasiliensis) bk 2 k-2 Fi i 455 2035 1 1IE 52 B A 5 a1
AIAT R (HE4ESE, 2020; HHRF5EE, 2023; FilR4EE,
2023). HHULATWL, FfR BBk —FRE I R0 )
TS -

—H LK, TR EMRTTIE A AR, AR
BN TS, HET RMEFR)G, BB KT
RS AHE 2 8] — @ R, TR Bkt 2 R R
T e 27 5 (R R M A5, 2023). BT EL, Tig Bbk
WA K o oA, R AR T EEAT 4 26, Wi 2 5
FERBE M R ECR AR . FLHE BkEE 4
NAEGRL, KRB, SRR, IRIRRAR LR
IRAAN S (FR VRIS, 2008; 7K 7: 1%, 2013). Wik
B, ASEITE FAR BRI A o 2 R A 1 i
2 Wy S8 A Il N7 S T T 1P S5 2 PR AR AR AT AE B 3

HELTH TP E ST R (R NO.AB24010004) . |16 [ A2 4 42 (N0.2025GXNSFAA069027) . | 6 24 i LA B A\ A /1N 1
FEHFFLIH (No.GXYYXGD202201) A1) 7t 24 A& ) el 2 U % 1 il (124 22N 0.202305)

* JBIRE#E . E-mail: lilinxuan1125@163.com; Iggxu07 @hotmail.com
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(P SE, 2019; FRZRERSE, 2021b), T XTAS A - T%
FL AR Bk = EE Y S & LR R S A
G510, AMEIRR B BV TR Bk N AE T S 1 2
fabr, BT AERES 2R (DHEHE, 2017), E147
FHEFERT I Bkpo b R385 (2008) 0 7R 1,
AT BB AT IR R S B AL R, DT
TRIRRM e Bhkrh & SR m . HH % (2018)0 4%
AL JRAAFNIR AR TR B AR IR &= 5 ik
ITIGE, 45 R ERAVE ER & EARXIM I ER Tt
EPLREER.

AR R T AR T AR E T R R
WED, ZRMIT ARG N2 B A B KA
SARRAC, BIZRI IR AE R N A IR % 24 i (phenylala-
nine ammonia-lyase, PAL)M{EF T~ it 2 & JE i A
FERR, WIAERR MK IR AE R EE FR 4-F2 AL I (cinnamic acid
4-hydroxylase, C4H). 4- % & % 4 i A & #
(4-coumarate-CoA ligase, 4CL)F1xt#& S HiCoA 2'-
#21L 1 (p-coumaroyl CoA 2'-hydroxylase, C2'H)¥){E
TR 5 R R T4 BEA, 48T P IR T 8k g
&G R N BHEL ST AE N IR, H A PAL, C4HAN
ACLRZ A B R NG . 252 BURIRIR & SR 1T
B, ST AR A R 7E 6- 57 [ Jik i 72 [ (6-preyyltran-
sferases, 6PT)IEH Tk & R BORAEIE, 4k
1M 7E 5 55 16 10 5 9 16 & B B (marmesin synthase,
MS)F1thE i % A il (psoralen synthase, PS)1E
MR e 2, #h 8 IE & XA — RPN E A
N R A I, R R B O L FE6PT
MSHIPS (Bourgaud et al., 2006; Munakata et al.,
2016; B4, 2022). HT &L RBUEWNEY
G ORI BB S E BUNE A%, HAEM G T
FETT R ZE T, JCH 2 T VF 2 0 b i 5
A Z 0 -

ZAER, HRAIR BRI R Z LR IEN TR
o N2 ELAE A5 5 TH (T g%, 2024), 15 HE
R U R ER B A A RS R R IE
o AW TR 3 f HE L ELI T 2 e R B R ) TR
ER(ELR. R TARR AR T e fE &
A FA A BE S BT IE, R FEMTE £
Bk 5 25864 5t & 2 (A AR OC 1t 3 — 2B R A s E
RNA-seq 3 AR 43 1 B AT B e s RpAiE, DR & AN | i

LG BRI RS S, N s BRI T 5
A= RS TR LR B3 S

1 MR5ERZE

1.1 SEBEMR

202393 H AL P T T A IR BUG R R R G PR A
] FL4E B R JE 3 (108°08'E, 22°82'N) K4 4%
B IR AR IR 2 FFR B Mk (Ficus hirta Vahl.)
TR FEYIAPRL T T B 16 X 24 F A e =55 4% U
R LRI E . HEARIISE, FAMIE LIRS
BEIREA B u12%k . BRALTHARK, W3 MEMHEE,

12 FH&E

1.21 B

WCHARBHAR, Ve T, WIERMRZELS G K
AR, VIR2 em/h B, SCEIATRE A R, T
—80°CUKFARAF % -

122 #MBERMHBFHAEESENE

FE GV VR T Ja TN B AP RE B 2RIk, 40 il
HL0.05 gl KiAEfET-1.2 mL 70% HEEKiEw H, i
IR, OB B, 24022 pmifL e ikt g,
Fi BE100 45 )5 R A7 T ERE R, T WA 3 (LC)
(Shim-pack UFLC SHIMADZU CBM30A, H A& &
H)-MS/MS (Applied Biosystems 4500 QIRAP, %
[ Applied Biosystems)7-#r. Z & Chen%%(2013))
LC-MS/MSR & & 1H il ¥ . WA % 1. Waters AC-
QUITY UPLC HSS T3 i##:(C18 1.8 pm, 2.1 mm x
100 mm); i 3l AH AR ) AH B 43 il A 8 Al 7K (N
0.04% Z TR ZE(IIN0.04% L 1)« o6 o e i 7
0435k, A:B=95:5 (v/v); 10%3%H, A:B=5:95; 11434+,
A:B=5:95; 11.147%F, A:B=95:5; 1478k, A:B=95:5.
FH0.4 mL-minT', HIE40°C, HEFEES pL. ik
4 H1 15 55 B 75 (electrospray ionization, ESI), &
J£550°C; &1 HLJE5.5 kV; 7S (curtain gas,
CUR), 35 psi; filff# 1753 H1 %(collision-activated disso-
ciation, CAD) 2/-2. i1l 5 &3 & 9101 000 ng-mL™"
(R RR B i 2800 T F PN AR R T R, AR B vH i 2R (A
1)U H ARSI & & .
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1.2.3 #HFENF

PEHUSHE i S RNA, 20 401 R 50 B A I 5 4% s 74
B SCPE o ZEFE DU AR A MR A IR A w gk
AT RSN P o % R 46 H4E 2473 U8, 159 Bl clean
reads, i i Trinity 3k 14 (https://github.com/trinityr-
naseq/trinityrnaseq/wiki/Output-of-Trinity-Assembly)
Xfclean readsit T Hf 8z, FAIHTgicl 2.0 5K i 5%

ABEATRELIUAR, &3k unigene. {HIBLAST#X
A 16000001 Psoralen )
1400000 e

1200000 P
1000000 P y=1%)2€:.6x+928.45
800000 P =0.9999

600000 7
400000 -~

200000
T T T T

T 1
0 200 400 600 800 1000 1200
Concentration (ng-mL-")

Area

B 1000000 Bergapten

Area

700000+ y=4644.7x+2525.3
R?=0.9995
[ 1 T

600000
500000
T T T 1
0 50 100 150 200 250
Concentration (ng-mL-")

900000- A
800000+
400000+ -
300000 /
200000+ /
100000 ,
L KM IR FORIO TR PO bR A 25
(A) AMEIRFARAE LR (B) Db AT P9 b i 2

Figure 1 The standard curves of psoralen and bergapten
(A) The standard curve of psoralen; (B) The standard curve
of bergapten

£1 qRT-PCRATH3¥7 51
Table 1 Sequences of specific primers used for qRT-PCR

#:(http://blast.ncbi.nim.nih.gov/Blast.cgi)#f unigene 5
7y e #45 J%E Nr- (Non-redundant protein sequence
database, http:/ftp.ncbi.nim.nih.gov/blast/db). Swiss-
prot (swiss-prot protein sequence database, http://ftp.
ebi.ac.uk/pub/databases/swissprot). GO (gene onto-
logy, http://geneontology.org). eggNOG (evolutionary
genealogy of genes, http://ncbi.nim.nih.gov/COG).
KEGG (kyoto encyclopedia of genes and genomes,
http://www.genome jp/kegg)flPfam (http:/pfam.xfam.
org)BEAT FHILLRT, FAFHEKIHER(EE . HIRSEMAX
1% (http://deweylab.github.io/RSEM/) % 3 [X] 2% & 7K ~F-
T E R, 454 DESeq2 (http://bioconductor.org/pac-
kages/stats/bioc/DESeq2/)# BUFE A ] 22 7 R IEFE A,
HKHEFDR (false discovery rate)<0.05 & |log,FC (fold
change)|>1 1) i 126 b 4 45 5 AN [F) -] 0] 22 3 A 2 [
(differentially expressed genes, DEGs), #H*fZ 7%
ik P 2 AT KEGG & 4 70 Bt . R A MISA % 1
(http://pgrc.ipk-gatersleben.de/misa) %} unigene i 17
fj 5. 5. 5[5 5] (simple sequence repeat, SSR)#Gll .

1.2.4 QqRT-PCR%#f

F H HiScript Il RT SuperMix for gqPCR (+gDNA
wiper) i 71 & (B 5% v ME B A M RH A BR A |, Cat
N0.R223-01 )44 &4 it 14 ekt 5 5 41 ] 1> SC 26 B e o €
FIRNA S #% 3 .cDNA. qRT-PCR43#T#EChamQ
Universal SYBR qPCR Master Mix (B 5% 1 ME % 244
BHEAHBR AR, Cat No.Q311-03) Ui B 3 i 17, LA
actin y Ny 2 [X, it Quant Studio37% )t E EPCR
1% (Applied Biosystems, 2&[E)iE{T4 1, FfH274CT
AT EEE R AN RE R 5IME B R,

Gene ID Upstream primer (5'-3")

Downstream primer (5'-3') Product length (bp)

g1845_i0 GTCCGAGTACGCCAACAAGAAG
93326_i0 CTGTTGTAGGAGGCGTTGAAGTAG
g6649_i0 TGAGTGTTGCTTACCAGAGTTTCG
g7900_i0 TTATCTTAGCCATATCGTCAAGGAAGG
g7965_i0 TCACTCTCTTCCTCTCAATTCTCTCC
g9650_i0 GTGGCGGGTGGTGAGAGAC
g14593_i0 CCATAAGACACACCTCCAACACTC
g9413_i0 TTAAGAAGCTTTCCCTTATCCTC
g16782_i0 TCACTCCTCACCACGCCTTG

actin TTAGACGTTGTGTAGCCAGCA

GAACGCACCTGAAACGATTAAAGC

115

CCGTGGAGGTTCTGGATCTGTC 100
CTGTTATGAGCCAAGGAGGTGTTG 103
CCTCTTCTCGCCATACCAATTCTC 106
CCTCTGGCTCTGGCTCTGC 110
TGGCTTACTCCTTGGATCTGTGG 120
ATTGAAGGCTCTTACACGCACAG 110
AATTAGAAGCGGCATACCTA 120
CGCTCACATCAGTTCCGATCAC 105
CTACTTGCGTTGTGATCCGG 120
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2 BBRENK FIEZR(0.321 2 mgg )WFIE B E % 5, AR TR

BB o T A A A R K, ©90.023 9 mg-g T,
2.1 AEMEEHRERNDERERMBFHAE 22900114 4 mgg") 5 FISELR(0.104 5mgg ™)
28 T3 22 (K 2). 25 b, ANFIME I Bk IR
Xf AR | PR RN AR IR 3P T I 148 Bk (B FHBFHABESESEGER, MFRESTEAL
2)MR HR AN G AN T A R A AT I E (3 & FRIR 5 2GR T ds Bk 2 1) 2 ¢ 0 3
2), S5RRY, AIRARR TR R AN RS A N RS RAE S SGAM iR 5 AR T
B, N0511 4 mgg”, 5440311 9mgg)  FEEMZINEREEF2).

oy

B2 fiEEAEM Y
(A) ZZR(EL); (B) RAALL); (C) HIRAAAI(PDL). Bars=3 cm

Figure 2 Different leaf shapes of Ficus hirta
(A) Entire leaf (EL); (B) Lobed leaf (LL); (C) Palmately deeply lobed leaf (PDL). Bars=3 cm

A Mix LL EL PDL
%108 x108 %108 %105
5.72 5.72 5.72
7 5.71 20 - 20 30
6 25
25 215 215 220
[7] [7] [7] [7]
5 3 §1 § 10 X
= £ £ €10
1 S 5
0 T lI - L T T T 1 0 T ‘l al T T T 1 0 T ll‘ T T T T 1 0 T ‘I' -1 T T T 1
2 4 6 8101214 2 4 6 8101214 2 4 6 8101214 2 4 6 8101214
Time (min) Time (min) Time (min) Time (min)
B Mix LL EL PDL
*10° 6.24 x10 6.23 x10° 6.24 x10* 6.24
> > >
215 g8 g1s g6
S 10 g o § 10 S 4
= £ 4 = £
5 2 5 2 l
0 T T T T 1 0 T T O'Jml |J T T T 0 —r——
2 46 8101214 2 468 101214 2 4 6 8101214 246 8101214
Time (min) Time (min) Time (min) Time (min)
&3
Figure 3
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B3 AEMTE TR BB IR R A T4 N B LC-MS/MS &%

(A) #MEHEZ; (B) ThFHIMES. Mix: IBEEFIZQCHEA. EL. LLAIPDLIAK2.

Figure 3 LC-MS/MS spectra of psoralen and bergapten from different leaf shapes of Ficus hirta
(A) Psoralen; (B) Bergapten. Mix: Mixed quality control samples. EL, LL, and PDL are the same as shown in Figure 2.

RK2  AFEM IR BHAR b I8 Z R TN BR S R
Table 2 The contents of psoralen and bergapten in the root
of Ficus hirta with different leaf shapes

Leaf The content of psoralen The content of

shapes (mg-g”' DW) bergapten (mg-g~' DW)
EL 0.31194£0.0233 b 0.1144+0.0066 a
LL 0.3212+0.0322 b 0.0239+0.0025 b
PDL 0.5114+0.0684 a 0.1045+0.0093 a

EL. LLMPDLEE2. FFIARNG 7 EERIR 2% R 2.3 (P<0.05).
EL, LL, and PDL are the same as shown in Figure 2. The
same column with different lowercase letters indicate signif-
icant differences (P<0.05).

2.2 FHFENFFAR

255 3P L9 T 4R B AR AE S AT B AL
7 (#3), &I ERIUAR F BE3£1960.9 Gb clean
reads, W7 s 1 Q301E N94.27%, GCH &N
46.17%—46.93%, W75k ol 5 . TR A 208 O
%% % NCBI ¢ 4% % (ID v PRINA1037593), If 7£
ScienceDB £ 4} £ H # £ (¥ 45 £E doi: 10.57760/
sciencedb.j00154.00009). £ 414 J5 343 371 430
“Mranscripts #1146 1941~unigenes. Unigenesf K &
F B HTE200-500 bp, 519 8934; K JE1E500-
1 000 bpf¥junigenes8 8674, KJE1E1 000—2 000 bp

]3I MFHHEG AR

Table 3 Statistical results of sequencing data

ffJunigenesf8 219; K K12 000 bpf¥junigenes
F9 2154, &tk b, HiZ500 bpf#unigenes
26 301/, 5 56.94%, 3= 3K FJunigenes 5 %
PEELT o

2.3 UnigenesThEE;T R

21 % 159 3 [ unigenes fENr. Swiss-port. GO

eggNOG. KEGGHIPfam##fs i ik AT Luxy, #555%
B, TENrEdE & rhiE B2 funigenesi %, 1514 872
A, N 32.19%; ok Pfam 04 2, i3 R 3
13 7924 unigenes (15 t£29.86%); M Swiss-port.

GO. eggNOGLL K KEGGXI# % 7 Ml R 5111 618
(5 H25.15%). 11 327 (51024.52%). 9 577 (il
20.73%) f1 5 498 ( /5 [t 11.90%) /> unigenes .

Unigenes 3 % [F] I 5 K 40 4 73 A 2o, )11 55 (Mo-
rus notabilis)7E AL F1 VT AL B2 55 i i b b o bl g
i, 1581.98%; H U R LK (Trema orientale)
ATkE M- L BR 3% (Parasponia andersonii), 5 E 258
8.54% f114.47%; L # (Ziziphus jujuba)Al#ij % (Vitis
vinifera) A8 LA 5 41 UG E FZ o5 BE 73 73 9 1.46% H11%
(K4). 22 LM, FiigEkunigenesf¥5 115 EH
HERATOR EE PR C

Sample Total reads Clean reads Clean bases (bp) Q20 (%) Q30 (%) GC (%)
EL-1 48828448 48366118 7082094566 97.91 94.00 46.93
EL-2 48824960 48402188 7082671186 98.15 94.62 46.91
EL-3 49736990 49260712 7195342035 97.99 94.22 46.61
LL-1 53283182 52878272 7745367825 97.94 93.97 46.67
LL-2 42061364 41646886 6093739383 98.15 94.59 46.44
LL-3 42642136 42257084 6189627068 98.03 94.25 46.66
PDL-1 41074490 40674184 5941654993 98.00 94.28 46.17
PDL-2 48135216 47776358 6984940329 98.14 94.54 46.90
PDL-3 45302458 44878188 6566856537 97.93 93.99 46.86

EL. LLAIPDLI[E2. EL, LL, and PDL are the same as shown in Figure 2.
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24 ERFTIEERESTH
F1| HI DESeq X} 374 i JE .48 B Bk I FF fh 2E 4T 1 4 LL
B, 4%, PDL_vs EL3t4A2 35541DEGs, H
A5 RIE B, 1 940N KL T,
PDL_vs_LLILf52 067/°DEGs, Hrh749/ 3K Fik
A, 1 318 R IA T iM; LL_vs_ELIL452 0014
DEGs, HH1397 /MK IE i, 1 6044 kK Fik
TR (EIBA). M 3AN b 2] 72 S 2 0k JE D B A S 1
k&, PDL_vs_ELAMZERRIEFEFN I, HiKH
PDL_vs_LL#4, LL_vs ELZH % 7 3 ik 5 K Hi e />,
Ut B A 2 1Y R B DN A SRR A S VR Y R
B R . P50 kI, 1001DEGsTE3
EL A 21 R 347 o0 A7 (KI5B), i B IX L DEGS/E 1145 &
B AR K R T R AT BT B AR A

B3N DEGsHHTKEGG & £ 40 #T, 451

1% 2.55%

1.46% | /
4.47% —

8.54%

W Morus notabilis
W Trema orientale
[ Parasponia andersonii
W Ziziphus jujuba
I Vitis vinifera
Other

81.98%

B4 48 ERkunigenes/F FI7ENrEHE B UL ECYF 43 Ai
Figure 4 Species distribution of unigenes sequences of Ficus
hirta against the Nr database

A JUp
2500 EE Down

[72]

(O]

L

9O 1500 1318

(o]

5]

g 1000 249

Z 500 415 ] 397

0 | . |

PDL_vs_EL PDL vs_LL

E5 ARG BEkERRILEE (DEGs RS T

LL vs_EL

%W, PDL_vs_EL. PDL_vs_LLRILL_vs_ELH:4:40
54614, 55041483/ DEGsTEKEGGiE 2 H i
ZEE, Kok e AR M a ER A A3
BN EDEGsHUE fix 2 (il . PDL_vs_EL.

PDL_vs_LLFILL_vs_ELfERRKAE ARG &R 4
& 497, 108F188/NDEGs, L& LML EEH
R E4T3. 6353 1DEGs. It4h, PDL_vs ELAI
PDL_vs_LLHH e XAERE =Y iEit s £ DEGs
W%, WA T2M534; LL_vs EL PR IE B iR 4%
= HEMDEGs®K £, A501. #—P5HrPDL_vs_
EL. PDL_vs_LLAILL vs ELtLHT BEA BEER
1 = AR R, RILEATMDEGs s Al % & L1
23. 18MI9s il . &IEPEHEF, PDL_vs_ELE ¥ &
LRI HT B 2% 18 8% 73 70l 2 B A2 ) & i (flavonoid  bio-
synthesis, P=1.02x107°). ZEP kL4 B (phenyl-
propanoid biosynthesis, P=6.47x107%). #4)-J &4k
#HH AF H (plant-pathogen interaction, P=1.561x107%),
iR EM & ki (diterpenoid biosynthesis, P=1.966x
107°)Flla- T FRE2 X i (alpha-linolenic acid metabol-
ism, P=3.249x107%) (KI6A); PDL_vs_LLE % & &
AT 525 30 1% 73 S R 2 P e 2R 045 R (P=6.059%107°)

KA A=) A B (P=9.283%107°). IS i Ik 48 1 2 (fatty
acid elongation, P=1.12x1072). & ¥} Al B 61
(starch and sucrose metabolism, P=1.18><10‘2)Lj£2
2 B A e s R AR AE Y & i (ubiquinone and other
terpenoid-quinone biosynthesis, P=3.39x107%) ([Xl6B);

LLvs EL / PDL_vs_EL

824
i

668

PDL_vs_LL

(A) & LLEMIDEGsSiit; (B) % L 4IDEGs4EEE. EL. LLAIPDLIH 2.

Figure 5 Numbers of differentially expressed genes (DEGs) among different leaf shapes of Ficus hirta
(A) Statistics of DEGs in different comparison groups; (B) Venn diagram of DEGs in different comparison groups. EL, LL, and

PDL are the same as shown in Figure 2.
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Figure 6 KEGG analysis of differentially expressed genes
(DEGs)

(A) PDL_vs_EL; (B) PDL_vs_LL; (C) LL_vs_EL. EL, LL, and
PDL are the same as shown in Figure 2.

LL_vs_EL {23 & £ 1 AT S 4% 10 5 73 7 A 4 -9 i A
ML AE I (P=2.574%x107°). ZKTke LM i (P=2.74%
107%), JEMAIRERE (R 19(P=6.886x107%), MK E(E
5% 5 (plant hormone signal transduction, P=7.507x
107%) L B KL A% 7 B2 1K ¥ (amino sugar and
nucleotide sugar metabolism, P=7.917x107%) (|&
6C). ZEA TR, X HM % 5 B 5 R Rk
WG A PUPE L KA PR DL RS 55 5 H 5.
ERERNZ, KNGED AR Tk FRERE

-5 AR AR EAE R R A& i P R
FIEE S R L (cysteine and methionine metabolism)
NS U I AT () 2.2 ' Sl i, T A0 SR AR A
B AR AR A 4 ¥ ' S DEGs B B i £ 1118
# (PDL_vs_EL % 36 /> DEGs: PDL_vs_LL 7% 35/}
DEGs; LL_vs_EL#H46/1-DEGs) (6).

25 SMEERMBFHAEES REXNERR
EYE RRER

e R = AN A N R JE T AR R, R
AV G S A AR PR IS e R A R A )
HRABEERR, ZIEF &I BRIE R B E
L2 B, T KEGGE £0 R, Kkt
WG RE K% 2 DEGs i i 3 & AR 1 % 2 — (1816), 45
Eo 3N IR 4L DEGs, K BL{E1%iE K FDEGsH
Lt T A, 4 A 2R 2 R il M (PAL) . Wik R
3-O-H R #2 i (caffeic acid 3-O-methyltransferase,
COMT). 4-F 5 RIHBFAIEH R (4CL). WHEREAHETA
O- H % %% 1% I (caffeoyl-CoA O-methyltransferase,
OMT). A7 Bt B (coniferyl-aldehyde dehydro-
genase, REF). ZFH [RO-¥ 5 A kE B 4% F2 i (shiki-
mate O-hydroxycinnamoyltransferase, HCT)Fl Al #:
Fi% i &0 (cinnamyl-alcohol dehydrogenase, CAD).
X LeDEGSTE & M 148 Bk o B A X KB K2
Z-score A — A Ab B, SR EIR, 4tSPAL. HCTHI
ACL%5 7 F funigenes 7E 4= & Y L F8 Bk AR+ (1) 4H
X Rk B (EIT).

26 EY-FEREEEEAERERFEIERSHN
DEFFIEHSTHT

AHEFE, R SR A A I B 4R I DEGs 3
B, HENZERT L ERAEE KK SR E
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Phenylalanine

PAL PAL g1419_i0

Cinnamic acid

COMT g16475_i0
COMT g17874_i0
COMT2 g28655_i0

C4H COMT g14824_i0
p-COUMANIC aCid ~ wesesses » Caffeic acid M Ferulic acid — 5-hydroxyferulic
HCT g3929_i0
— 4CL2 g8871_i0
SHT g17192_i0 4cL 4CL8 99675 10 Lignin biosynthesis |
HCT g6078_i0 ) oo REF1 g10863_i0
p-coumaroyl quinic acid ¢ '~ P-COUMBIOYl COA e » Caffeoyl CoA %Feruloyl CoA | REF g i

l

Flavonoid biosynthesis

2,4-dihydroxy (;nnamoyl CoA

v
2 Umblliferone

Furanocoumarins biosynthesis ¥ |

v
Psoralen

Bergapten

E7 TR R PTAY A poE H

Caffeyl alcohol

Caffeyl aldehyde — Coniferyl aldehyde

CAD CAD g7152_i0

Max m— Min

PAL: RN IRAEES, CAH: WEE4-F2LEE, COMT: WNHERR3-O-H L4758, ACL: 4-F & R HEFAIER:ES, OMT: mnnfiBEHEEA
O-H R H5 R, REF: MM AR, HCT: 3R IRO-BZ AL N B 55, CAD: WAEREM AR, LI LR RN TR, Bk =

Hi kR R ATREANIE— P B, EL. LLMIPDLIA &2,

Figure 7 Phenylpropanoid biosynthesis pathway in Ficus hirta

PAL: Phenylalanine ammonia-lyase; C4H: Cinnamic acid 4-hydroxylase; COMT: Caffeic acid 3-O-methyltransferase; 4CL:
4-coumarate-CoA ligase; OMT: Caffeoyl-CoA O-methyltransferase; REF: Coniferyl-aldehyde dehydrogenase; HCT: Shikimate
O-hydroxycinnamoyl transferase; CAD: Cinnamyl-alcohol dehydrogenase. Dashed single arrows indicate speculation steps;
Dashed three arrows indicate more than one step. EL, LL, and PDL are the same as shown in Figure 2.

FIANFREE AT EEAE . R, R HPTAE G
SSR, AR AEYI-9s JE AR FH ELAE F I % rp 22 7 R ik
BLR 50 TR R AT IE B b o I8 XS A [ T
& B ok 1 2L K 317 SSR A M, Lk B2 940 %
unigenes 73 fi 5 SSRAZ 55, AL E M A% R 31 /5 %
HIRIL6F G AL i 2R A . i — P HEBI R R E R
KEGGiE F¢DEGs 5 SSRA7 1t T [d] —unigene #', &
IO EE K 5 SSRIFAIES, ©A17 W K g i 12
#H2%%E 1 (disease resistance protein RPM1, RPM1;
disease resistance protein RFL1, RFL1). $ii/lEH
(probable disease resistance protein At1g15890, At-
1915890). 4 4 #i 1 2 1 ¥ 1 (calcium-dependent
protein kinase 19, CDPK19; CDPK15). £5if 2351l
5 H (calcium-binding protein CML37, CML37;
CML27) . 1 ¥ WP W% % 2 48 Ak 8 (respiratory  burst
oxidase homolog protein E, AtARBOHE)fIWRKY #%
kA F(WRKY transcription factor 22, WRKY22),

Hi, CDPK197E3N LU 45 5 SSRFTEEH X R,
CDPK15f1CML374#4 52/~ SSRsZE 4 (#4).

2.7 qRT-PCRIEIEERAMFLER

NT W SR HN  AE R, IRATHEALIE B 1240 RIE
Ak ] 2 W DEGsHETqRT-PCRAG M, 74
DEGs 5P A, 40 7l2g1845_i0 (JLALuk
R ThiEIE 85 ). 93326 i0 (LRR3ZAAZE L& IR/I75 A
Fi% T 1) . 96649 _i0 (H F B ERER) . g7900_i0 (AAA-
ATP1). g9650_i0 (¥ /& HA15). g14593_i0
(protein LURP-one-related 17). g9413_i0 (£5 &k #itt
HEAWE19). XUEEFKZSHMYEKKESE
YIIAEA Py e L. BN, BRI R S 5 Y
XA B RN B iE, TEARAEIIE T, B A
W5 5 R0 T B2 S AR T AL RE ), B SRAE XS
A=Y e () 52 VE (K 52 B0 55, 2025); LRRZZ/RK
22 R R R AR 1 e I B R AL e R A R A
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R®A M-I A ELAR HY S 7 2R 1k B (K (DE Gs ) 5 i A2 Fr 91 IE 8 0

Table 4 Linkage analysis between differentially expressed genes (DEGs) of the plant-pathogen interaction pathway and mi-

crosatellite sequences

Gene ID (name) KEGG term Comparison group Simple sequence repeats Logarithmic of expression
g4357_i0 (RPM1) K13457 LL_vs_EL (A)11 -1.19
g3815_i0 (RFL1) K13459 LL_vs_EL (AAG)s 1.23
g419_i0 (At1g15890) K13459 LL_vs_EL (GAAGAT), -1.56
g9413_i0 (CDPK19) K13412 PDL_vs_EL/PDL_vs_LL/LL_vs_EL (CAA), —9.24/-7.01/-2.22
g10804_i0 (CDPK15) K13412 PDL_vs_EL/PDL_vs_LL (CGA)g, (ACG); -8.61/-7.62
g12975_i0 (CML37) K13448 PDL_vs_EL/LL_vs_EL (TGC)s, (AAG); -2.67/-3.95
g11722_i0 (CML27) K13448 PDL_vs_LL/LL vs_EL (TG)1o 2.45/-3.17
g2878_i0 (AtRBOHE) K13447 LL_vs_EL (AT)12 -1.94
g11426_i0 (WRKY22) K13425 PDL_vs LL/LL_vs EL (ACC)s 2.52/-2.06

EL. LLMPDL[FK2. EL, LL, and PDL are the same as shown in Figure 2.

TN S @A, NTEREYINEKRE &
N 2 B4 (Zhao et al., 2023); & EHRREEE N —
T2 5 ABAME ‘5 I8 B 42 K1, FERE A WAk mg 7 o
KAFEEEH (Jung et al.,, 2020); AAA-ATPasesH:
IR K 7 — R AE AL AR WA IR AZ A b iz A2 AE HL
55 2 Bl 4l i % 30 < [ ATPase 2%, 1£ /K # (Oryza
sativa)H 1A OSAAA LT FEIE i FH [ WAl g 35 22 IR
H RGP, RIHOsAAALRE — B AT 1S HuME ) Hr
FL[K(Chen et al., 2017). H51DEGs NIKH KA
OB B SRR, 22 Ng1419_i0 RN R R
). g28655_i0 (N Mk iR 3-O- H Xk #% 2 1 2) |

g10863_i0 (fatamE & E1). 93929 _i0 (FFH KO-
PR EE P FEBE S B W) A1 g7152_i0 (PR A I i LB ) -

qRT-PCREG M 25 & 7x, XL /EPDL. LLATEL
TR Bk AR H k7K 5 RNA-seq 24 H1 41 2
T -0 3E A B 75 b (fragments per kilobase of
exon model per million mapped fragments){E 1254t
AR —F(EI8), KA A 45 R LT 5

3 ifig

31 FAKRRGEESHERERMBFHARE
Y& MFYIER

HAl, AXREBERNAERKRE . AR S R
S DL R uii & T LRI SR AR R A IR . BRARERSE
(2021a)%t FLfg BEMbAR  ZERI AT #E SR B 7, %o
H 164 5 WAL & W) A )& BRI 22 7 3Rk
FEIR o AR VR R AH T W e Bk i R AT R ST

KM AR K BEunigenesZ 5 25 80F iU V) AH K 1
AW e R (E 368 EE, 2023). A1, HETA KX TIEE
Mk = EEE M o B IS R A T N R AR S
SR MANE S . ZengflYu (2022) FHE AL EE 4R
EkJE, X HARIEAT R S AR B A o #r, KB
RN Bt W) -E O AR AE Tude Bk 820 ) i A o
RIFETEAEH . AR, MY hEGRED R
T RN G BOsR, K& RN 2R
A SR By kS, 2025), A FidE
ZEE T3 4 (PDL_vs_EL. PDL_vs_LLAl
LL_vs_EL)[JDEGs, #ill ffi5 B8k MR N =R 2
Wk R 3% 1) BEAR A & W <= T A6 9 B8 TR ot 7 v ]
REAAAE 2 AW S . B an, i T 4 oo A SR
(p-coumaric acid)n] & sMiHEER (caffeic acid), 7£
COMTEEHE (4E H T HE AR B R A& g4, A
Yy Ji X SR AHEEA (p-coumaroyl CoA)tH I fEHCT
HIVEF NIE o & B2 TR, AR5 i N B A
G B (BT o AT AE R A B A U I8 B E 4 5 B 1)
DEGsfi#EPAL. 4CL. COMTHIHCTZ55E K, {7 F-#b
BTN A R AR A o A B ) 8 B B S B
b, X R R ) Fk 5 e H BEARAL ST A N BRI
e S & SR G N R — 2 AECeEC8Ar B K
S R IR, 73T R B B BRI A . AE
MR X (Pastinaca sativa) % 5 )24 3 M L # 72
BEPT, HrhPsPT1 32 AE M T Co AL & i B IF T B
LR RURIG 7 TR, PsPT25 515 T-C8 47 B 1y I AR 1
B A AL IR 75 2% (Munakata et al., 2016). <=6
Mg A A Ce iy M R G, IKIRZEIIMSHIPS
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gRT-PCR —RNA-seq

A g1845_i0 B 93326_i0 c 96649 _i0
g 35 300 g 35 70 g 10 140
2 - 250 g 30 60 @ g 120
o 200 s o 25 50 s @ 100 s
3 < £ 20 40 & & 6 80 ¥
o 150 @ o o o
[0} [0} 15 30 w o 4 60 w
< i 50 © 5 s 10 3 20

PDL  LL EL PDL LL EL PDL  LL EL
D . E . F .
£ 12 g7900_i0 140 ¢ 28 g9650_i0 800 _ 25 g14593_i0 60
= - o
2 10 2 3 500 @ 20 50
2 8 2 30 400s 9 40 s
Q o
5 6 s 25 s0g £1° 30 ¥
o o 20 Tl 10 -
24 2 ]g 200 9 20
4 2 35 10 S 5 10
® o X 9 0 € g 0

PDL  LL EL PDL  LL EL PDL LL EL
G . H ) | .

g9413_i0

c 12 30 c 704 g1419_|0 - 250 < 2.0- g28655_|0 25
2 25 2 60- 7
A @ - 200 ] 20
e 20 s @ 501 s o s
% 15{ %40_ -150§ % 15 E
o 10r o 307 F100% @ 10
= 2 20- =
< 5 © - 50 s 5
q’ . e e a') 10_ m e e
[v4 300 - e 0 2 o 0 Iv4 R 0

PDL LL EL PDL PDL  LL EL
J 10863_i0 K 3929_i0 L 7152_i0

I I I

5 48 grHERe 100 g 20- 92925 120 ¢ 12 grioz - 1200
2 38 80 % T2+ 100 L 1000
30 60 S 5 F80 = L 800 s
x 25 X L X
3 o3 60 o L 600 o
[0) 20 40 b 4 I8 [TH
2 ]3 2 - 40 - 400
5 19 20 5 L 20 L 200
X 0 0 12 0 0

Fl8  FIqRT-PCRIGIE R 4145 R

(A) g1845_i0, e LAl h3LIZE A, (B) 93326_i0, LRRZZ 2 R/ 7 B IR & H W E, (C) 96649_i0, & HI#i LM, (D)
g7900_i0, AAA-ATPH1; (E) g9650_i0, ¥ & & F1A15; (F) g14593_i0, protein LURP-one-related 17; (G) g9413_i0, #5##iitk &
% EE19; (H) g1419_i0, KN R MM E BT, (1) 928655_i0, MIHFER3-O- AL 252, (J) g10863_i0, #AMImE L& 1; (K)
g3929_i0, FFHFRO-FZE:PIEDBIEEFEE; (L) 97152_i0, WHEREMIZME. EL. LLAIPDLFAE2. FPKM: 4 & F8FHlkE A B E it

Figure 8 Verification of transcriptome results through gqRT-PCR

(A) g1845_i0, inorganic phosphate transporter; (B) g3326_i0, LRR receptor-like serine/threonine-protein kinase; (C) g6649_i0,
protein phosphatase; (D) g7900_i0, AAA-ATPase 1; (E) g9650_i0, expansin-A15; (F) g14593_i0, protein LURP-one-related 17;
(G) g9413_i0, calcium-dependent protein kinase 19; (H) g1419_i0, phenylalanine ammonia-lyase; () g28655_i0, caffeic acid
3-O-methyltransferase 2; (J) g10863_i0, coniferyl-aldehyde dehydrogenase 1; (K) g3929 _i0, shikimate O-hydroxycinnamoyl
transferase; (L) g7152_i0, cinnamyl-alcohol dehydrogenase. EL, LL, and PDL are the same as shown in Figure 2. FPKM:
Fragments per kilobase of exon model per million mapped fragments

BACIE G kB e &=, 7 E 6 R (F. carica)+ & (Peucedanum praeuptorum) ' EiiF S PSS L BT
RIMS 2 2 B B FORTER R 5 A0 R 7 SR e T A P9 g A A R A6 RN B R 1SS (Jian et al., 2020).
f) 5% B2 B (Villard et al., 2021). f& H 1€ /¥ BB RAEAFBMERT, Tt —P 4 R e i
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BE. BTy FEMEE R AT ARSI R, (HRAR
W S il A ¥ 5 AE FH I8 AN i 28 (Bourgaud et al.,
2006). AHELIR AR BRACEHE K, WiEHE GRS ol
MV Z 4TS ER R 2. LRE TR, W
VIR AR B & 5 R BB & YT AE N
M, PR RN E IR R TR A B R, AR AR
WER, FEZ MM, 2 KERKREE, HEH
HIZE TLAR Bk i R WAH OCHRIE o AT 9T 55 58 BRI
LA % IDEGSYIN T & R BW AW G &
BRI LF, PAL. HCTRIOMTESJE K 7E &4 R (EL)
Fs B I FPKME Y & T TR iR R A (PDL) (&
7), QRT-PCR%Z: SR 3 i 5 FPKME A AL AH — 25 1)
% (Kl8), HLC-MSZ R B n b IR REEL TG B
e S EACTPDL, - FH N BRAE —F 2 G2 5
(%2)o L5 EIATHEN, —J7 HIA] RS T ek A% b AL A
PIFRIL S AN R R YA R, S EPDLALTE Bk
HIERE Z HIAME IR, 55— J5m, m A lEERA
S, ELTUIE Bk AME IR = AT Rep i b
il IR

32 #EY-RERFHEEFRESEERENGF
HABRRRPLEEENER

TN IE A, TR IR AR P /AR A 4 i JE 5 2
HE AL H 2 B LI (Du et al., 2024), A 5T it
34N H 4 (PDL_vs_EL. PDL_vs_LLFILL_vs_EL)
[IDEGsHTKEGG & S/ HT, K IAE Y- Ji 44 AH T
YEF B FIDEGsH E i %, W% e fuiE Bk
TN AN S ] RE R AR . AT ARSI I SSR
AET RA SRR A, Hrrge S FE Ee

FAHG, M SHIRITE A SE, v 2 HTHEYME
Fh A5 255 2 WE 9T (Wang et al., 2007; fi] 7S U 2%,
2019; A EsE, 2019, FEE%, 2021). Fik, &
W F itk — 0 454 SSRAM T, M AE -9 i 4 A0 H.AE
I % % e F19NDEGs 5 SSRAFTEIES K R, BAl]
RISy AR AR A DGR L B A S AR B 1
RPN A TR R AR S R 16
H(F4). HAFEBE NI, COPKI9EIA M L A iy 5
SSRAEH K KR, HAEIFMIE LR BT RILE
PR3 25, UAPDLAL IR Bk (10 3Rk & AR (B
8). B H M TR (I A AR I — B LRI R
MR OB, BMS5HEYNERESE, W2 EYE

RIS R i B A S T T BEIR AL R Ui
P B 7 Sk e B 3% 15 (Mittal et al., 2017). F
qRT-PCR %6 il % ¢ 41 45 &, B AL Pk ik 7 4 5 A
g1845_i0. g3326_i0. g6649_i0. g7900_i0. g9650_
i0. 914593 _i0#11g9413_i0, Wt KM EAISHHE
KR B AAEYEHEAY) By ia B (Chen et al.,
2017; Baig, 2018; Jung et al., 2020; Samalova et
al., 2022; Zhao et al., 2023; k¥55%, 2025), HIE
PDL To.fi B8k b 1) 2k B A I (1K18), W5 /<xPDL TR
ERPLT AL I AT BESS TELRILL. BF 7R, Widsfe
B ARG R, TR 2 BN BRI SR
A S ] S A BORE, 12l
FFh A RN AEE Pt i R (Katz et al., 1998; Ha-
gemeier et al., 1999), It & SHLL Ik & T
BN N —F G R HE Y PR R A LAY
(Beier and Oertli, 1983). [Aitt, FATHEMIX LT AH
KHE R 7EPDL T 45 Bk Hh AR 28 A FEFP AR E 1155
AN FR T A P B RO AR R DU N AN A,
V-9 JEL AR LA F I8 % W) REAE U5 3 T A8 Bk A B e
R TH AR A& RS R IR EAE .

3.3 MESHEERBFHABREMSRMAR
HBER AR

H- o7 P W I R AN — AR R P AR B K A B 0 1)
FEARE, R PR b o BRI T Y 1 A e ) A
H, HESEMEARNAESZA Tl L
i B 4h #3185 (Chitwood and Sinha, 2016). T.ig+
PeEA F 5 L 2R, ok R R AR JAR K (Lu
et al., 2022), {HI ML 2T 5 LM i &E A7 EAH
KNEEATERE . WHFERY, MY X 2586 5 A 5
M, N, 256 FHAEY)E 5 (Perilla frutescens) it
T & HAE 9 5 T FH ) B4 s ks, 25 R J5 i)
MR B, g REURR, g R
TR A D6 TCHE IR (Shen et al., 2020). At
FRW, AR A B R E S YR & B AT
%5, HPDLEfEEMIAME R SR EE® TEL
MLL; ELMPDLTLfE B HIBE PN BE S BERE & T
LL (#2), Zi& MR, PDLILIE BBk M I Z3 i
VIR . AW T4 RS IR 55 (2008) I AL 45
FHAL, AR TE i B ANE IR R S B E
S B 5T S (2018) B T 4 AN, K T RE
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EREM e P SRR ORI R S = A K. BR
B R 7 52w e B Ak A RO 1 AR B (BR R Bk 5
2022). F: T, FRATE VS SR A L A, DL
ANFIFFE RS . ASFSRAERS 8] R 22 1048 B A
&, Dt S MR RS T B2 T R A
K. WHARM, WA REERGARHEY) B2 ER
I J AR A5 3 DA B R R LA 401 13 0 58 A A 5 S5 A
A, HWHREL. LLFIPDLI 3 BIEA, KIMPDLIH
R BRI Y RN, B RRYRE i
(Fa#i%s, 2019). MR EERY T2 31 (5%
TRIPPDIT, R IR 22 BB 4 v AR A7) 0T A 355 3 (1)
Mif 5% 73, EL. LLAMIPDLM F il 2 R & & 2 3LL>
EL>PDLA#E%, H =% 0% 5%, FILLM
FI I IE BE J1 Bk (M2, 2019). MEy& R Al {EN
I A AR TE Fds Bk PUA AL RE T — AN 2
fabr, 2 HAMRGHIUEENE, ARMETIES
PR P Ty RN 22 B SR AL B ME S8 AN [R], PDLAAE &
BOAR  ZERIH S & 2 DA 2 Wy SE AL MRS (R T
EM (RS, 2021a). T AR B 2R 50 36 1,
PDLTLf8 BRIP4 55 TELRILL, 256 A0t 53 F
B R Bk R R T 2 R0 T b P S A e
(R 2) KB idi Al oG B R ) I /K- (K18), FRATTHEN
PDL g B AR E K B RS HE S DL
PO AH DG HE R R IA, 7T R 5 0 A=A o (4o
WERR)VNAEMERERBAMEBERR, HAR
TRYRE VLSS, 7B R ZAME I 2T A A B
DA SRR S RE, i A5 — P IE S

4 g

AT AFEIFEM 2GR WA AL ARIR A T
Ta BB TN G, B T AR A4 BARAR A kb
HREAMBTFH AR S EAEZES, K TR
R TR E AT IER S 25 m, 7(0.511 4+
0.068 4) mg-g™"; &4 T IE BT NS &
B, H(0.114 4£0.006 6) mg-g™'. 5 4HI F
MPDL_vs_EL. PDL_vs_LLFILL_vs_ ELL&:41 455
35132 355. 2 067H12 001/ % FRkF K. KRk
AL PSR B R 420 -9 D57 A A EL AR FH G B2 T REAE L
fE Bk EZE Y RN IR R A N BRI A A
MG R BAEEEH. BHRER R B AR

S AL R b R B PR T B B

{E& Ak A

JERI: WA I SE S, BRSSO, BRI
SERMCEE; WIE, b, i, BE: i, FR
Fro Bo0ess; =N L # BT
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Comparative Analysis of Psoralen and Bergapten Contents and
Transcriptome Characterization in Ficus hirta with
Different Leaf Shapes

Meiqiong Tang1, Chunying Liangz, Ying Hu', Yang Lin', Fan Wei', Ying Liang1, Linxuan Li", Gang Li"
'Guangxi Engineering Research Center of TCM Resource Intelligent Creation, Guangxi Key Laboratory of Medicinal Re-
sources Protection and Genetic Improvement, National Engineering Research Center for Southwest Endangered Medicinal
Materials Resources Development, National Center for TCM Inheritance and Innovation, Guangxi Botanical Garden of
Medicinal Plants, Nanning 530023, China; “College of Agriculture, Guangxi University, Nanning 530004, China

INTRODUCTION: Ficus hirta is a common Chinese herbal medicine and edible plant resource in the Lingnan area of
China. It contains coumarins, flavonoids and other chemical compounds, which have antioxidant, anti-inflammatory,
antibacterial, antiviral and antitumor effects. However, F. hirta exhibits significant morphological variation in leaf shapes
due to its high genetic diversity.

RATIONALE: To investigate the relationship between leaf shape differences and the contents of major active com-
pounds, LC-MS/MS was performed to determine the contents of psoralen and bergapten in F. hirta roots from three
different leaf shapes (entire leaf (EL), lobed leaf (LL), and palmately deeply lobed leaf (PDL)), and transcriptome se-
quencing was further employed to explore the potential molecular mechanisms underlying these content variations.

RESULTS: The results showed that PDL exhibited significantly higher psoralen content than EL and LL, while EL had
significantly higher bergapten content than LL, but no significant difference was observed between EL and PDL. A total
of 60.9 Gb clean reads were obtained, and 46 194 unigenes were assembled. F. hirta had the highest homology with
Morus notabilis, according to the homologous sequencing alignment. A total of 2 355, 2 067 and 2 001 differentially
expressed genes (DEGs) were screened from three comparison groups, PDL_vs_EL, PDL_vs_LL, and LL_vs_EL, re-
spectively. These DEGs were primarily enriched in pathways such as phenylpropanoid biosynthesis, starch and sucrose
metabolism, and plant-pathogen interactions.
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CONCLUSION: There were differences in the contents of psoralen and bergapten among the three leaf shapes of F.
hirta. The phenylpropanoid biosynthesis and plant-pathogen interaction pathways may play crucial roles in the biosyn-
thesis and accumulation of psoralen and bergapten in F. hirta. This study preliminarily revealed the correlation between
the leaf morphology and major active compounds of F. hirta and extended its public transcriptome database, which will
provide a reference for further utilizing different leaf shapes of F. hirta germplasm resources and quality breeding.
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Comparative analysis of psoralen and bergapten contents and transcriptome characterization in Ficus hirta with three
different leaf shapes (entire leaf (EL), lobed leaf (LL), and palmately deeply lobed leaf (PDL)). 2 355, 2 067 and 2 001
differentially expressed genes (DEGs) were identified from three comparison groups PDL_vs_EL, PDL_vs_LL, and LL_vs_EL,
respectively. The phenylpropanoid biosynthesis and plant-pathogen interaction pathway may play crucial roles in the biosyn-
thesis and accumulation of psoralen and bergapten in F. hirta.
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Tang MQ, Liang CY, Hu Y, Lin Y, Wei F, Liang Y, Li LX, Li G (2026). Comparative analysis of psoralen and bergapten
contents and transcriptome characterization in Ficus hirta with different leaf shapes. Chin Bull Bot 61, 223—-237.

* Authors for correspondence. E-mail: lilinxuan1125@163.com; Iggxu07 @hotmail.com

(FATHE: FIRIL)
ERAEERT

FAE, ERATALIT. TENFHRAEMKRE R
FR, WL, AR TERFHAMMAL TR RXFL. THEXARMLEL1R, T OHFLALEH
RIFRABAR, 7B 8 R EE2T,

© 0000 Chinese Bulletin of Botany





