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Identification of Ficus pandurata Hance and its related species
based on ITS2 sequences and HPLC fingerprint

ZHANG Sheng-yuan'? ,ZHUANG Yuan-bei'?*,
YANG Qiu-na', WEI Ai-hong' ,ZHANG Chao' , YANG Ya-li'"

' Guangdong Provincial Key Laboratory of Conservation and Precision Utilization of Characteristic Agricultural
Resources in Mountainous Areas ,Meizhou 514015 ,China;® Institute of Hakka Medicinal Bio-resources ,

Medical College, Jiaying University ,Meizhou 514031 ,China

Abstract : TS2 sequences and high-performance liquid chromatography ( HPLC) fingerprint method were established to pro-
vide reference for the quality control of F. pandurata. MEGAG6. 0 was used to analyse ITS2 sequences, calculate K2P genetic
distances, construct neighbor joining (NJ) phylogenetic tree. Secondary structure was analyzed by online ITS2 database.
HPLC was used to establish the fingerprint and determine the content of psoralen and bergapten. The length of ITS2 sequence
from F. pandurata is 210 BP and the average GC content is 62.37% . The length of ITS2 sequence of the related species
ranged from 218 to 232 BP,and the content of GC ranged from 60.25% to 64.03% . The average genetic distance of K2P
from F. pandurata was less than the interspecific genetic distance between F. pandurata and its related species. NJ tree
showed that ITS2 could distinguish F. pandurata and its related species,and there were significant differences in the number
of arms,arm length,number of stem rings on arms and the angle between arms in ITS2 secondary structure. The similarity of
HPLC fingerprints from F. pandurata in different habitats ranged from 0. 902-0.981 and the data showed 10 common peaks.

Peak 8 was identified as psoralen, peak 9 was bergapten, and the content of psoralen was 1. 01-4. 80 mg/g, bergapten was
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0.964. 88 mg/g. The similarity of the common pattern between the related species and F. pandurata was less than 0. 807.

The content of psoralen in F. pandurata var. holophylla, F. pandurata var. angustifolia, and F. hirta was 0. 38-0. 63, 1. 08-

1.32,2.45-14.73 mg/g,respectively. The content of bergapten in F. pandurata var. angustifolia was 0.25-0.34 and F. hirta

was 0.13-0. 74 mg/g. The content of bergapten was not detected in F. pandurata var. holophylla. The results showed that ITS2

sequences and HPLC fingerprint can be used for identification of F. panduraia and its related species. The established HPLC

fingerprint analysis method is simple, specificity and reproducibility , which provides a reference for the quality evaluation of

F. pandurata.

Key words: Ficus pandurata Hance ;1TS2 sequences ; high-performance liquid chromatography fingerprint ;related species

ZENAE N ZBWA B AEY) Ficus pandurata Hance,
MBRN I A1, EE A TR IL
[ N T =N/ I e | AN AN - R A N 2
i HECP R R L) (R 2 AR T R ]
FEAJIGTT )03, B LI (BB A2, PR IR
Tt T, RiE A @MIT S 55 SRR LR A
WD, TR R R T GE LY
W CULPY R ] R 25 50 77 ) 10 8 BE AR L 5 22 3 4,
/KA IR ATE 7 2 s SRR AR AERAEAR (R
B MR SORE S &, DA IARRR Y 0 53K
RAWHNZ AT TR R . T8 AR X, B0t
PR A2 I s AR BE AR B AR S , & 3 7
R0 20 i L K £ 7 2 0 R A ER B LR
PRI R, B o = 28 VI R R
2 RIS TR PE AT e O T A R LA T
iR U AR A R IR BT IA B BB P
PR BTS2 BE S A IE R B
Frgihs ARZ R BT MR AR BUR S 2HUE
W BB S B YUE B e, SR E 5
i, B AR IS PR L)

H H T8 SRR 2R VE i A 2% R
(F. pandurata var. holophylla) . M- ¥5 ( F. pandurata
var. angustifolia) F1F 45 ( F. hirta) 3 A
BRI R AR SR AR AR R, = IR it
Hb ZE AR LA P B LIR A2, 3 HA - 5 4
R, T3 LLRS 44 A AR R A S B Y o
ZRARFE, BRI TE R 2 T4
2G2S Al 2 A R 24 BRI R A T B
WA B A v ) AF 98 R WL . DNA S50 4 5
JEA ] — B HERY FHXT LY DNA J7 91 47 )
YN —Fh oy TR STk o O ETERE R
IR T A SR G A b 2 S AN A I =
AR P 25T 37 e 4 P R AN 2 X L I v )
IS 24y A AT R . HPLC $
TR T W SSORE B A T B A, i B T € 3 4

ARRAG T 244025 153 () €033 (R S5 B 1) 7
FLSPE VP T — PR A AR R Y R R T
B ARSI R 1TS2 J3 51 %t BE I R L3 2% o
TSy TR, 1~y HPLC $5 40 [R5 , I 5E 4B Ig
FHFH IR & i 25 5, X AN 5] 7 i 38 A B o
SRR IEAT S0, g B57 AR 24 R 1 o 42 o ST AN 2
BERLA R

1 RS

1.1 (42§

Alliance 2695 B4 280 AH (B35 A (52 1E Waters
A H]) 5 BS110s B AL 759 A1 K P ($8 15 Sartorius 2y
) ;Q-Gard A2 8 4l /KA (1 [ Millipore 23 1] ) ;
PHSJ-3F pH (A RMUERA R 7)) s NanoDrop
2000 @ik A6y i ( 32 E Thermo Scientific
)

1.2 ##

I WA R A R A BR 2 75 A Plant
Genomic DNA Kit(§lt5 :CW0553) ;4N IS X (LS.
H1528027 , i & 43 KU M 98. 0% ) . 1 T Mt 74 i (1t
5 H1616005 , Jii i 73 80Ch 98. 0% ) Xf B I 7 1
EBTRL T AR AR B BR A W) 5 VB % 4l H
RGN R sl S8 A [m] 7 2352 A S H =
JIT S AR R B J5 8 Ny PG TR (Ficus ) 2205 (F.
pandurata) FAR (55 Q-1 ~ Q-10) , FRHEIR 245
M#¥5 ( F. Pandurta var. holopjulla) AR (Zf%5 QY-1 ~
QY-3) . FZRWAJE &M ¥ (F. pandurata var. angustifo-
lia) AR (45 TY-1 ~ TY-3) SRR & AL A (F.
hirta) AR (45 CY-1 ~ CY-3) , FE4H{F R L% 1,
P RAH B AR P 28 IR K Ve IS U B, T 55 C
PRI ST AR LT 2 E R R, ) 80 H Ui,
#H.
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x1 HERER
Table 1  Sample information

EThe S KA %' IS KA
No. Type Collection location No. Type Collection location
Q1 o I T QY-1 il PR A
Q2 F. iﬂﬂﬁm AR Y2 F. pan(i%rf%%i:Tflolyulla L
03 F. iflz;rfam FRXT Y3 F. panﬁrﬁiifﬁf]oﬁulla IR
Q4 F. fiifiiim VAR -1 F. pandumf iﬁingmgbzm IR
0 F. igyfam A = F. pandumf Iltfé angustifolia AR
oo F. :iizzim L s F. pandumt%a% ?sz?angwtifolia R
o7 . ?&"Z*’;', JRIRE cY-1 i P AR
o F. f"fz%t JAIT] CY-2 i PR
09 b ot TP cy-3 i AR
Q-10 R AT - : _

F. pandurata

1.3 7%
1.3.1 ITS2 7% #5247

I ITS2 2578 1 % 0 e FH 245 44 90 38 B, D0 /)N
He, BT 2 mL B0, DL 50 Hz 59 45 R 0B Al 4
Ay, FRELZY 60 mg #y7K , & Fi] Plant Genomic DNA Kit
) & 4 B S DNA, 3 H IE m 519 S 57-AT-
GCGATACTTGGTGTGAAT-3', Jz [a] 5] ¥ K 5'-
GACGCTTCTCCAGACTACAAT-3 #4744 fk &
A2 x PCR Master Mix 25 plL .10 wmol/L fIE /2 I7]
1¥14 1 wL DNA B 70 ng ddH,0 #p 2 % 50 pl,
PIOFRT .94 °C WA 3 min, 94 °C A8 30 5,58 °C
B 30 5,72 CHEM 30 5,35 KA, 72 C ZEff1 10
min; PR E T MR AE YR BR 2 B 3547 1E 1)
WY o The ITS2 Database 7341, 2 BR Wi F7 51, 4845
ITS2 J¥41), I 1TS2 J¥ 51 (1) — 2 4544 ; F MEGA
(Version6. 0) A 53 i P 9K i, et GC & i, 1
FEABHE: (neighbor-joining , NJ) #4 8 R GE gE ALY, I
L) Kimura 2-parameter model fi§ 1 000 % 1] {5 & 43
Bt
1.3.2 HPLC # & B &% 5]
1.3.2.1 S &

N[5 7 b P 557 A B HL I G 245 1 T 1E IR SR

TR 55 CTH Bt i 80 Hifi, BUBIAR 1 g,
FEBEHRE , N 95% £, 30 mL, @ $#2HL(45 °C ,200
W,40 kHz,30 min) , &3 3§, # T8, 5% & > 1 H
RVt , B 10 mL 50 AT B 45, 2 0. 45 pm
LB, 48
1.3.2.2 S A i 4%

BN IR ZR BT PR X R, i PP B
fift, 23501 1 JC e JBE D 100 wg/mL 4 X I A 1
W o 3 IR 5 et A o) B A 3 VR o, R
R K 1.0.2.0.4.0.8.0.,16.0.32.0 pg/
mL TR A 0 IR S
1.3.2.3 @isi

{A3% # . XBridge Peptide BEH Cg (5 pum,4. 6
mm x 250 mm ) ; i BAH : HEE (A ) -pHS i R 2% th %S
W (B) EEEEVEML (0 ~ 50 min, 10% —60% A ;50 ~ 55
min,60% —10% A ;55 ~60 min, 10% A) ;i@ :1.0
mL/min, Kzl 3% K 330 nm, #3530 C, 10
plo
1.3.2.4 s

2 B - B Q-10 kg i i Wk, % S A
FE 6K, LA T Sk 2 I (S) TR A A
AEXT LR B8 B[] A 0 T AR Y RSD 81 &2 PR i 46
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KRG 1y Q-10 B, LL 7 S (ki h 2 i i
(S) , T3 2% F A e K Xof f B I [ | A X e T R £
RSD. FaE P15 - B Q-10 ftisih g, T 0.2 4,
8.12.24 h HFEFEME , DL 7 5 (kg S 2 BRI (S)
THAA LA G RH XoF (B I ) AH ) 0 T AR Y RSD
A T ARG R PRI 6 17 Q-10 At , 43331
RS I R b & Bk 24 B9 0B iR 2R A AT Y
i %o FR i, U0 e T AR, 1 SRF 3 DGR AT RSD
1.3.2.5 $R8UENE R T

UL 3.2 1R 5kl s e A, 1. 3. 2. 37
T AE P R N R 2 (0 3 45 S TS A AL R
W ARGE(2012 J) ™, LA Q-10 K f (3 [ o 2 IR K
B HEATZ SRR IE 5 Mark WEUCEC, Az BUSEMFA S
P Rooxof R % , b 247 W, JF SEATARBLBE DAY, 22
508 HE S PR B P 1) B2 BRSNS G X R A (e

1.3.2.6 SEE

11,3, 2.1 Tk A At S, 1. 3. 2. 27 T
il 85 A0 g AN b A PO TR X RE SR, 1. 3.2, 37
T e i S A T R, A5 B R R X ST AR Y LR
P SR A MR 540 B g Ak T A0 P R B
H o

2 HBRE5HM

2.1 ITS2 &R
2.1.1 ITS2 B3] 447

JFAN AP (ILER 2) , BEE A Y 1TS2 J7 5114
FE 210 bp, GC(G 51y, C h LW 0 ) & it
62.37% ;T LAY ITS2 JEHK BB MR K, Y
|9 218 ~232 bp, GC & HHGE K 60.25% ~64. 03% .
BEMAR SR SR 0 7 A0 K B A 22 I I, AT AR Ry
YOMFEPRZ — o

R2 BEMBEREIESE ITS2 FHI4HE

Table 2 ITS2 sequence characteristics of F. pandurata and its related species
s ITS2 JPHIK GC &t
Variety ITS2 sequence length(bp) GC content( % )
BEMH5 F. pandurata 210 62.37
LB FEIE F. pandurta var. holopjulla 232 60.25
S0 F. pandurata var. angustifolia 223 64.03
HLHHAE F. hirta 218 61.78

2.1.2 K2Pi4:¥E & 447

WAL B AT R (ULER 3) , BR b4 AP ) K2P
FEBAE IR R 0. 004 17, ¥/ F 52045 5 3 2 il
PRI T35 K2P 545 R 5 o H: rp 3R 45 Y 1) B
KL R ES (0. 004 36 ) /NFE 45 SR 44 22 8] 1Y
/AL ES (0. 004 43) 5 {H 32 5 P 9 45 K35t

LIS (0.004 36) KT H AR 5 B FF A SR
P55 2R IR o ] A /N A% B T, 3R K2 P g A4
5 T LAY SR 2 03 5 A SR A, T S B
WS BB KA B — 2 1R PR, 7 2
S5 HAR R T 1%

x3 BHBEREEZM ITS2 FFIH K2P EEES
Table 3 K2P genetic distance of ITS2 sequence of F. pandurata and its related species

TiH B/ K2P g R K2P JE 34 K2P B R
Item Minimum K2P distance Maximum K2P distance  Average K2P distance
EE 1
e - . 0.001 83 0.004 36 0.004 17
F. pandurata within species
2 BEN
%7% IR P . i . 0.003 05 0.004 88 0.004 27
F. pandurta var. holopjulla within species
B
AR I, . 0.006 10 0.006 10 0.006 10
F. pandurata var. angustifolia within species
1 -
*ﬂ fﬁﬁllﬂ . 0.004 88 0.006 72 0.005 69
F. hirta. within species
E 3 £ 3 It
RIS R AR 0.001 83 0.006 70 0.004 81

Interspecific between F. pandurata and F. pandurta var. holopjulla
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2:5% 3 ( Continued Tab. 3)

it H /N K2P B gg TR K2P R F-#4 K2P fEg
Ttem Minimum K2P distance Maximum K2P distance  Average K2P distance
SR AR AR ]
Interspecific between F. pandurata and F. pandurata var. angustifolia 0.002 44 0-008 54 0-006 03
2 [ ] R R
A S HL AR 1L 0.004 43 0.007 33 0.006 42

Interspecific between F. pandurata and F. hirta

2.1.3 NJHRENH RN — AR, W] NI B BERE B2 A S T 25 i ]
NI BEERZE T s (L ) 2R s oy RIXTT.
— 3¢ R A A G SR AT U IR 73 52, BE AR 3L

100 QYR-1
QYRS
Qyr-2
o QYR-8
QYR-4
QYR-7
CYR-1
100%
100fe CYR-2
o, CYR-3
Qvayr-3
100% QYQYR-2
i Qvayr-1
QYR-3
QYR8
TYR-
100% TYR-2
: I ! 1 |
0.0040 0.0030 0.0020 00010 0.0000

1 BT ITS2 o2 SRR IR &FE NJ &

Fig. 1 NJ tree based on ITS2 sequences among F. pandurata and its related species

2.1.4 ITS2 /3] =R 4 M7 FEFE R RR T 4 NS PR 25 5T AR 5 H A

%l The ITS2 Database [ Predict IJJHE X} #E 5 XAy g 1.1 I 22 18] i e fr /0N, BH 5
(1) ITS2 Jp o kAT — st il (LR 2) , 45 R 8 X T HAR MR, AT A Z mt s iy 115
IREM R KT R TTS2 J3 8 R4S B 2SR SHM A 1A, B F Ry 2234
— 2oL I 4 ~5 NVE BRIy B 3 A IR IVE ERYZEIREC T A, AR S
VIV VS, Kb 23 m i a A S AV, 806 A, BE IV 23R8 H TR SR 4s 5 H A i i
HHE VETGIE R — KOORS00 5 X0

l

e B

S b otz E2ugid e FM- b

F. pandurata F. pandurta var. holopjulla F. pandurta var. angustifolia F. hirta

2 EMBERHEESH ITS2 FI —HEH

Fig. 2 Secondary structures of ITS2 in F. pandurata and its related species
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25 b BRI LT R 1TS2 J3 51 R E5HE 1
BRH KR B EZEIRRH B S a
S 22 5, TR SR DX A3 B A SO R4 r o
2.2 HPLC 5L 5]

2.2.1 FEFHER

F241.3.2. 47 ik, 45 BN A AT IR T I
BB [A] 9 RSD < 0. 36% , AH X 0 i FX # RSD <
1.29% , FEPRA ARG 26 B R A 5 45 A DR AF GO B el
] B RSD <0. 18% , # X AL E RSD <2.26% , %
AH 7 B A2 1 R A 5 A% A WA X £ B8 B[] 7 RSD
<0.30% , AHXTUETAI AR A RSD <1.95% , F B 5
VAR 24 h NERRCE . JIEE NSRS A AR RO
¥R 99. 08% ,RSD {H R 2. 68% ; fh F-H N A
SR %A 101.12% ,RSD i 2.35% .

2.2.2 s BEigeEs

P 12,2017 TR J7 vk il A FE R R,
“1.2.2. 37 WUR ik R S A T 2 g 4
SUEIFE AR A 256 (2012 JR) 7, LA Q-10 # 4 £5
TEE S IR EE , #5172 SR GE 5 Mark W PCHL, 4=
BRI B 0 P (LR 3) Bkt BRI (LR 4)
et e 10 A I, FRHE A b 2 AN alsr, 8 S ik
AN IR R 9 Sk B A N R R &R Y

HPLC FRAF ] 1% 55 32 - o B8 P13 b 47 He o, & B0
B S I G R RS 0 FE R AR A B AR R B B
] T AR — o 22 5 (JLIEL S ) Hoh 34 43
B EH R HER HTES ~10.24 ~26 44 ~ 46 min
=AM B I R B S P = 2 BT B A (5
(2 SR 3 S WA Bl — XTS5 5 I 6 5 I A il —
X9 SN 10 Sl B — X ) 5 A2k B BRI
VAR E A PRAS A UL b TP A R RRAE 0 5 2R AR
TEVEEAY TSR A AR A% 22 8], A DL A%t 52 301
FRAE AR 06 5 pR OE R A, 358 A R HL I % R TR R AIE £
Tl HAT BH i 25 5 8 ST 1 HPLC H5RAF & 3% ]
Y BRI S R S Rl
2.2.3 A IRN

PR SR G R 25 M R SU RIS T A h 2
s SURITEAR R PEM R 48 (2012 Bit) 7,10 HiE 35
FAAE i 5 0k BRI Y ARRLEE 0. 902 ~0. 981 Z [i] 5
55 HPLC 48 805 A B L i, 5 B84
FBUEEZE 0. 698 ~0. 721, 2444 0. 785 ~0. 807,
K45 AH AL EE R 0. 762 ~ 0. 779, A L BE ¥ (X T
0. 807 , F B ZE #5300 G Ff (1) A BLRE 41K, vl 5%
AR 5 IR X T

0.00 6.00 12.00 18.00 24.00 30.00

36.00 42.00 48.00 54.00 60.00

4 1] Time (min)

B3 10 #BFMHEHE R HPLC B
Fig. 3 Superposition plot of HPLC fingerprint of 10 batches of F. pandurata

0.00 6.00 12.00 18.00 24.00

36.00 4200 4800  54.00  60.00

i} [A] Time (min)

B4 SREXRAMIBFHETTEREGT L E
Fig. 4 Contrast map of mixed reference substance and F. pandurata

T8N NEZ ;9-h T PN B ; a- IR A% BB s b-2EH#45 . Note :8-Psoralen ;9-Bergapten ; a-Mixed reference ; b-F. pandurata.
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0.00 6.00 12.00 18.00 24.00

30.00

36.00 42.00 48.00 54.00 60.00

i} [A] Time (min)

ES5 FZrigRELEMAE HPLC B
Fig. 5 HPLC fingerprint of F. pandurata and its related species

VE ra- S5 MR s b- 2 G B2 oML A5 5 d-2EH#5 . Note:a-F. pandurata var. angustifolia ;b-F. pandurta var. holopjulla ;c-F. hirta;d-F. pandurata.

2.2.4 AFMNE

1.2, 2.1 Tk A At R, 1. 2. 2. 27 T
il B A0 g AN b T A PR O RE SR, (1. 2.2, 37
T g S F R, A5 B R X SRR Y LR
WHRRE(WEL) , FMEFIER V=17 599 X-1 160.9,

R*=0.999 5, % W7E 2.00 ~32.00 pg/mL 3 [l P b
TR BE 5 W T AR R OC A R 5 b T AT R Y
=10 963 X-1 372.7,R* =0.999 9, £ MW7 2. 00 ~
32.00 pg/mL i Rl P9 AME S 3R B -5 e T AL 15
A RAF.

x4 HUEREFAEREXREY

Table 4  Linear regression equation and correlation coefficient

%y AN e LNV
Ingredient Equation of linear regression Linearity range ( wg/mL)
B B Z Psoralen Y =17 599X-1 160.9 0.999 5 2.00 ~32.00
35F-Hf Tk Bergapten Y =10 963X-1 372.7 0.999 9 2.00 ~32.00

ANTR] P B A N HE G R A B IR R LT
AP TR 2 R I 45 2R LR 5,10 HEAS [A] 7 b 1) Z2
WM AN IR R S 08 1. 01 ~ 4. 80 mg/g; il F-HH
MRS N 0.96 ~4. 88 mg/g. LI MARAYANE
HEZR F o 0. 38 ~ 0. 63 mg/g, Ik F 57 it o i £
IR E S SR A T ARSI Bl T P S 5 e ot
AT, A 2R Bl TR P B R DR R AR S 4

SGIERPRE I M IF. AR B I 2 4 1. 08
~1.32 mg/g; - FH AEE S8 M 0.25 ~0.34 mg/g,
T EE A, RO TR G & 1 R SR AR 5 2%
MRS DRI T B AR B9 Ab B IR R & o 2. 45 ~
14.73 mg/g; W F-H RS 0 0. 13 ~0.74 mg/g,
T Z20t 4, 2 I T M P R &5 i R 3 s 5o
A2 DX 3

x5 BEMBSESMPIBEESHFHABENSE(x £5,n = 3)

Table 5 Contents of psoralen and bergapten in F. panduraia and its related species( X £s,n = 3)

& Content(mg/g) 1 Content(mg/g)
FE . b N
Sample HEIRR A P Sample R R GRS
Psoralen Bergapten Psoralen Bergapten

Q-1 1.17 £0.01 1.03 £0.05 QY-1 0.55+0.01 -

Q-2 4.78 +0.03 4.88 +0.63 QY-2 0.63 +0.03 -

Q-3 4.02 +£0.1 4.81+0.2 QY-3 0.38 +0.04 -

Q4 1.21 £0.01 1.02 £0.03 TY-1 1.08 £0.07 0.31 £0.02
Q-5 1.09 £0.04 1.11 £0.09 TY-2 1.32+0.11 0.34 +0.03
Q-6 4.80+0.3 4.82+0.5 TY-3 1.16 +0.14 0.25+0.01
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2:5% 5( Continued Tab. 5)

& Content(mg/g)

% & Content(mg/g)

Feh FEf
Sample AMERER 9% FHE P TR Sample MR R 135 FHE TR
Psoralen Bergapten Psoralen Bergapten
Q-7 2.94+£0.04 2.44 £0.3 CY-1 14.73 £0.71 0.74 £0.03
Q-8 2.20 £0.1 1.65 £0.41 CY-=2 11.54 £0.52 0.36 £0.05
Q9 1.01 £0.04 0.96 £0.02 CY-3 2.45 £0.31 0.13 £0.01
Q-10 1.15+0.1 1.01 £0.05
- RN AR
Note :“-"indicates not detected.

3 e E%&R

TR X SR A I R AT 1TS2 J7 41 [ K2P
AL EE B NI BRI e R A5 34T 1 o0 #r,
NJ A4 BRSO Je — R 5 Ky S T ARG X 43 35 A I
FOR S (0 K2P Ffr g SR a] 1358 4% BE 25 %5 3 45 5]
B R G R B — o Jr IR, T 245 & ND A
RABIHT S Z PSR HATEE R

I EE T AN R R IBOR A A R G 4 A [
FEIR A FIGE SN AR F A [R]85 A 2 3 21, 45
B IRKH 95% £ EHEEL, XBridge Peptide BEH Cg
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