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W E: NEFHIEEM (Ficus hirta Vahl ) ANFEFRAAME IR A 3 (psoralen synthetase, PS) FiE 54 EIEE
FRMLR, AU IR SR 56 E i PCR A= SO AH 35ROk A T PRI & L AE BAkR . 25, mHFng
S PSHELPH Y Fe ik it MAME IR R ik, ST A Fo4E BARFN BUR R0 PS SE B ik AR = W &S it 2E 7. 4R W
N PSEEET VEAMmE A BHAR . 25 MRS ha RE, HHRAERGHIUESMN, ERP YRS
miE (MAREFEMR), Rz (grtmFiznt ), ZEMPSLRRREWAL 6 SRR @Rk AR 79 F4m
BRI TP AE IR S RAAELES, 2 ANAHETHRR R TR, MR Sz, gt 25 Bhia g,
AR & B, 9K 3.206.2.947 mg/g, FMRIZ(2.136.0.419 mg/g ), B2 th iy & 543514 0.022.0.028 mg/g,
RSS9 0.069. 0.035 mg/g, 2£ (0.003. 0.003 mg/g ) FHSZ (0.002, 0.001 mg/g) FEHEE, HIET
Bk PSEEEF A SRR SR A MM, ZIFREE R AT PSIEE A FiHE BT IR R & i ik iR 5%
KR HAsEME; AMEFIEER; AMEIRERGNEE; BERERL; T2k, &8
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Expression of Psoralen Synthase Gene and Effect of Its Product Syn-
thesisin Different Parts of Ficus hirta Vanhl

YANG Lin', YANG Fan’, ZHANG Hangying', HUANG Bocheng', QIU Qinghua', ZHANG Juncheng'"

1. Fujian Provincial Medical Plant Exploitation and Utilization Engineering Research Center, Sanming University, Sanming, Fujian
365004, China; 2. School of Food Science, Fujian Agriculture and Forestry University, Fuzhou, Fujian 350000, China

Abstract: To explore the relationship between the expression of psoralen synthase gene (PS) and psoralen synthesis,
quantitative real-time PCR (qPCR) and high performance liquid chromatography (HPLC) were used to determine the
expression of PS and the content of psoralen in roots, stems, leaves and fruits of Ficus hirta Vahl (FH) from Guangxi
and Fujian. PS was expressed in roots, stems, leaves and fruits of Guangxi and Fujian FH, and the expression was tis-
sue-specific. The relative expression level in roots was the highest (expression in branch roots was higher than that in
principal roots), followed by leaves (expression in entire margined leaves were higher than that in incised leaves), and
the expression levels in stems and fruits were extremely low. The psoralen contents of FH had some differences from the
two producing areas. They were accumulated in the principal root, branch root, entire margined leaf, incised leaf, stem
and fruit from Guangxi and Fujian provinc FH, and the contents were the highest in branch roots, which was 3.206 mg/g
and 2.947 mg/g respectively, followed by principal root (2.136 mg/g and 0.419 mg/g). The content in incised leaves was
0.022 mg/g and 0.028 mg/g respectively, that in entire margined leaves was 0.069 mg/g and 0.035 mg/g. The psoralen
content of stem (0.003 mg/g and 0.003 mg/g) and fruit (0.002 mg/g and 0.001 mg/g) was lower than other parts. The
psoralen content was correlated with the expression of PS. The study would provide insights into understanding the role
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of PSin the psoralen metabolic in Ficus hirta Vahl.
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Fig. 1 Psoralen biosynthesis in plant
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K H] qPCR Al HPLC H AR 3 A [6] T ds Bk 5
ANFERAE CEAR . AR, szt gt 2£
TS )R R % A UL R psoralen synthetase,
PS) WA RILE SHMEIER &, WA R
o RN AL AR BARAN T IR R & w52,

1 MR 5FZE
1.1 ##

FAR AP 400k BT AR A (AT A
PRV HA8 BBk AR A4S BB ). e =B
W3EOH (117°14°E, 26°10'N, ¥k 300~400 m,
] BHE B b ) A 1 4R SR —3. K
PRI ATE B AR Bzt gt
MRS, ke, — W E TWAER, T
—70 CHRAE; 51 —HBr B THCT4 55 CHLT 2 1E
&, FTERUkIR, i 60 Hifis . 43l & =0
3ANEYEER
12 Ak
1.2.1 % RNA 234 cDNA 4% SHEfER
) RNA BG5S B tita, Jbat )Fl cDNA
Wi iR & (TaKaRa, Ki% ) Ui HRHUAS
FAREMM . 25 MHRIRSER cDNA, &H.
1.2.2 314kt BT IR EPE RNA-seq 45581,
SR LA Primer 5.0 % 1T H45 Bk PSHEEH qPCR 5|
¥ 5'-GGGACGGACACAACCTTCAT-3'/5'-TCTA
GGGACCAAGACCGGAG-3', ¥"'# H Bth 213 bp.
Ph Actind ZE K (514940518 5'-TTAGACGTTGTG
TAGCCAGCA-3'/5'-CTACTTGCGTTGTGATCCG
G-3') MM P E R 174 bp, T
YT (L) B A RARS .

123 #%k%2 % PCR HAGEHFMR . MR £,
gt Bz R cDNA BB R IR
—3, A 3 M EREE . qPCR NIK R Ny
10 uL, RN TR 95 CHIZSE 10 s, SR 515 94 C
P 10s, 58 CiEBk 20s, 72 CHEMf20s, FEf
SRR, 46 MEH; ZJE M 50 CTHA,
DI 0.5 CHSETHEZ 95 'C, MR RE
5 so B FH 27 B A RE B b PS 3 DR A AR X
Fikw, JFAT R EEST.

1.2.4 AME RS A 694 I BUALAE BACEE A,
DB LE (A ), $2HST (B) FHEHCGEE (C)
SRR A PRI, 15 000 r/min, 7E 4 C RE.L
15min J5, H 0.45 pm #fLAbpEdvvg, Bk
TR o DA 5OBAH g R ) 4B Bl 2 i o H

Wridr, %% 1 BOACFBRE, RS 1fE Bhkix
BRI Z)5, LA YRR TR B AR . U
ML BRZI | gt ZERCRSONAPRL, $RECH
IR, PAHEROR, & H.

x1 RIEERAIMBERRENEZRSKER
Tab. 1 Factors and levels of extraction process for
psoralen in F. hirta Vahl

% Factor

K — , ‘
Level A BRI B it C i)
Solid-liquid ratio/(g'mL™') Temperature/ °C  Time/min
1 1:10 30 15
2 1:15 40 30
3 1:20 50 45

125 ABREASZTAE AR THE%ER
Jr:, #H Eclipse XDB-C18 a4 (250 mmx
4.6 mm, 5 pm ), ViR LNE-7K (35 1 65, VIV),
WA 1.0 mL/min, #iEA 35 °C; #HFkEEEN
20 uL, KgAK 245 nm.

£ 10 mL 5 A 5.40 mg #ME IR E R
HES AR, IE W B TS, BB IR R r
WE VAR B . FRE 6 AMAHTEIAY 10 mL 2 H0
YEf W HORM B RE Z AR ME SR (0.20 0.4, 0.6,
0.8, 1.0, 1.2mL) E%A. T 0.45 um FHfLUEAS T
UEJE , e LRSI 0 AE, WIVERRAEZ

P Bk s 2k, WL 20 pm 05 AR FEARE
VA TR AT RO AR R S . LRI 6 IR,
HH A A AR bR ifE R 22 (RSD, %), HTIF
MRS S RS 2 5 B AT A

B3 fids BARAE AL, o3l 4 BROH: S fE
ZMEIARE S5 B B RN LG, SRS RS
PERCGHEATAGI o 1A 0 1 A S L RSD, X R
TSR R T R E o

Fo 2% W ] —FE S, R R AR,
SR 1. 2.0 4. 8, 12 h AR @30 E & &
WMIFS RN RS Z W TH AL H RSD, FHSEISIE 12 h AL
VA TR )RR T

K% PRI A8 BAAR T K, 4% B AR
S RIR L BN i, BB R, i Lk
IS AT SRR R R SR, FH
A0 BT Z AR I b bR o 2 1105 AR SR AR P Y
i, 783 1 mL FESE R 50MA 0.02,
0.33. 0.45 mg/mL #ME G R X IR A 1 mL, FIH
M P AER A 2 MR 1 1 (V) IRB AT
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FEE R (% ), [EDSER=(ZMAG5 R— R
S )RR UE i B 5> 100% 6
1.3 #HENIE

AW ESE 3 K, FridEdiRH Excel
2010 B fFEA T4 T Ab BRI ] . {1 SPSS v.18.0
ST 2E Tt AR Bk PS R A FAbE
2 At AT AT o

2 ZRESW
21 PSEREMEXRIEE

WL qRT-PCR A ) P4 Fifs & 14 Edk PS
SR AR R, g5RER, PSERETE 2 4"
M S BHER . 25 nPRIR SR RS K
PSEHAES P HIE Bk R R L EREN 1,
T PSEL AR b i, 45 R, T IR
Bk PS I PR LM AR 119 A X 2 35 1 i i L 430l 2
FH . et | Bzl 2K 20,20, 39.92,
57.87.64.74 . 66.44 15, 2= 5 ¥ Al B3 ( P<0.01,
K 2A ).t i T 48 Bk PS 3 AR DIAR v (AR X 2
e, (AR TP A AE B A AR %k
0.167, syl FA . gkt | BrZiny | ZEHERSL
) 5.50, 8.37. 10.78. 11.48. 11.68 %, 251y

2051 A *ok
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i I
ER R gt gin R
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FR PR e g ;—I gi
AIRIEBAL Different parts
A: JTVEILIE S B: AR T
HFREG ERER MR (P<0.01),

A: F. hirta Vahl from Guangxi; B: F. hirta Vahl from Fujian.

** indicates extremely significance difference between the
branch root (P<0.01).

B2 FIEEH PSEFEEREIBAAMHEINREE
Fig. 2 Relative expression level of PSin different
parts of F. hirta Vahl
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(P<0.01), %M. Szt ZEREsLH SP 3
BRIAR X Rk AR, 43008 1.26. 1,12, 1.07. 1.06
W, BRegGm R R REESNEE
(P<0.01) 4, HR¥WTREEES

22 HEERRRIZMRL

221 RIBARTFELER ST AIEEAEIRER
BUWERE L (A). $EBGEIE (B ). $EEUE (C)
HEAT =R KPR T (36 2). RPN
EARH: C>B>A, RISZ AR B ) 32 P AR UCH -
PEECE ] > P2 > #HE . MR A 1 k{E
FE R« ke>ko>ko, DRI HE DB i1 A 10 R H I L
Aso [FIERHAE F AR BUREE N By, e BB a]
H Cio Z5 BT IR ERALA AN AsBsCy, BIBR}
Feok 1:20 (g/mL), $2BGREN 50 °C, I}
[4]° 15 min,

x2 EXHBER

Tab. 2 Orthogonal experimental results

gy KHRIE i B S
No. Sohd-l'lquld Temperature Time Extraction a¥nount/
ratio (mg-g™)
1 1 1 1 2.6902
2 1 2 2 2.0859
3 1 3 3 2.6623
4 2 2 3 2.2198
5 2 3 1 2.6626
6 2 1 2 2.6177
7 3 3 2 2.5546
8 3 1 3 2.6774
9 3 2 1 2.6300
K, 7.4384 7.9853 7.9828
K, 7.5001 6.9357 7.2582
Ks 7.8620 7.8795 7.5595
ki 2.4795 2.6618 2.6609
ko 2.5000 2.3119 2.4194
ks 2.6207 2.6367 2.5198
R 0.0348 0.2229 0.0883

222 FESH X IESS SIS SR
T 2T AT A (3R 3), 45RERM, B
£ C LN EH BT B/ NTFiR2ZE BT,
Ul AR T R 6 45 SR TC R . 3 AN ) P
B3 5°h 0.717, 0.647. 0.284, P>0.05, [HiLik
SRR L . PRIBGE R . BRERET R = X AR R
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Tab. 3 Analysis of variance of orthogonal design

M2 = N
wx  BEVIRMO AmE D
Error square Free Mean P
Factor F-test
sum degree square
A 0.035 2 0.017 0.395 0.717
B 0.048 2 0.024 0.546 0.647
C 0.223 2 0.111 2.520 0.284
w2 0.088 2 0.044
it 0.394 8

g5 A IE ST 45 S RN 2550 A5 B 5 e 4 e
TEHR AsBsCy, BRI UE, *ME g
EHRN 2.6913 mg/g.

223 BARBRILHAIALEIE 455 1ERE
SERFN)T 0 W& R AT 255 % %, e e fEd
BT 2R 120 (g/mL), $EEUEE N
50 °C, $REUETEISA 15 min, FHAL T EMED
HIER T SN T A AT AT,

23 WEBEZEEENE

23.1 ARBEw&RGLE ERNEIIEIK 35
65 (V/V), Wi K 1.0 mL/min, ¥:i& K 35 °C, ik
FERN 20 uL, AP R 245 nm 44T,
PR R R AR UE 0 ik 5], RS [ 7E 6~7 min
Z M) ARUERR L B L B T B y=42 790+
35397 (r=0.9999 ). fi48 EMFESTE 6~7 min N
R — UG | SR TR ZE AR T S (A S ] —
£, WA T R BN IE R S
232 MEE. TAM. AR mAFEDEX
¥ RN E R R IR AR 6 IR, XA
HEMR2ZE (RSD) N 0.05%, PEBA AL 28 BA

WA e W N ER

1.27%
0.40%

0.10%

BAFIRE 2 o TRl —HER 3 O FE S 19 = RO £
T TR ARG A RSD H 0.26%, 26 WA 5 1 B 4%
WRyEE M, it 12 h 5 AN E] R RE AR
ERM, #EIERIEAE RSD /M 2%, X
WI7EIX 12 h N, $REUSW 09 +b B iR B R
MIFRE M o #ME IR AL Mk 3% RSD
1.78%, FHEA RAFHEITE,

233 FREAFRENRNFRAANVEIE F 220 £
I FH R0 50 AH 2 1 v A AN [R) 48 B BRI AN ]
EROLANE BE R i, )P s BNV IR R
EETmELEENR, TE2EEESHHN
0.002~3.206 mg/g 1 0.001~2.947 mg/g. H&AME NG
R OaHET N MR > FAR> 2G> gz >8>
WL, TP RIS B MIAR . EAR . 2% Gt
ZIn . ZERURSE R R B BR R Y A g R
58.96%. 39.28%. 1.27%. 0.40% . 0.06%7#11 0.04%.
i e EEMAR (kb BE R i S e T
FIEERE, H 85.83%, HEMRGMAMR TR L
F1(98.04% ) 5 Vi fidg Bk (98.24% ) 414 (1A
3)e ITPHHAE EREMIARANE AR R S RSN
3.206 mg/g, LR iR B (2.947 mg/g) =
0.259 mg/g ( & 4A ), ERPFTIERE FHIOKT
AR, PR AR Bk RN IE R S =
2391 2,136, 0.419 mg/g (1K 4B ), 2% b
HREE St T2, 7GR A Bk A
S B AN IR S R B 0.069.0.035 mg/g( 8]
4C ), HRZIMAENE IR R SR 2518 0.022,
0.028 mg/g ( & 4D ), 2 A>3 EBEFP 2L 14
JEZE A RAHML, %4 0.003 mg/g (K 4E), Hsz
TR AN IR R SRR, TV S Bk AN IR
ZoESEN 0.002mg/g, EETIEEMN N
0.001 mg/g ( & 4F ),

Pz R

A: TG HIEEM; B: fREILIREM.
A: F. hirta Vahl from Guangxi; B: F. hirta Vahl from Fujian.
3 AEREERMETARBUITEERIE LT

Fig. 3 Proportion of psoralen in different parts of F. hirta Vahl from different producing areas
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A: Branch roots; B: Principal roots; C: Entire margined leaves; D: Incised leaves; E: Stems; F: Fruits. * indicates significance difference
(P<0.05), ** indicates extremely significance difference (P<0.01).
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Fig. 4 Content of psoralen in different parts of F. hirta Vahl from different germplasms
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