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Quality evaluation of Phylloporia lonicerae based on ITS sequence, HPLC
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Abstract: Objective Based on the method of ITS sequences, HPLC fingerprint, heavy metals quantitation and chemometric analysis,
the quality of Phylloporia lonicerae from different regions was evaluated to provide a basis for its further development and utilization.
Methods Genomic DNA was extracted from samples collected in four different regions, and ITS sequences were amplified and
sequenced to construct a phylogenetic tree. HPLC method was used with 0.1% glacial acetic acid-acetonitrile as mobile phase for
gradient elution. The column temperature was 30 “C, the flow rate was 0.8 mL/min, and the detection wavelength was 280 nm. The
fingerprint of 12 batches of P. lonicerae was established and the contents of five heavy metal elements including copper, arsenic,

cadmium, mercury and lead were determined. Chemometrics analysis of P. lonicerae was performed by hierarchical cluster analysis
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(HCA), principal component analysis (PCA) and orthogonal partial least squares-discriminant analysis (OPLS-DA). Results The
phylogenetic tree based on ITS sequence was constructed, and the 12 batches of P. lonicerae were belong to the same species. The
fingerprints of 12 batches of P. lonicerae were established. The similarity was 0.83—0.99, and a total of 15 common peaks were
calibrated, and five components were identified. The results of ICP-MS determination showed that there were significant differences
in the content of heavy metal elements in P. lonicerae from different regions. HCA analysis showed that 12 batches of P. lonicerae
were obviously divided into two categories. PCA obtained a cumulative variance contribution rate of 86.751% for four principal
components. OPLS-DA showed that copper and arsenic could be used as characteristic elements of P. lonicera. The common peaks 2,
3 and 13 (protocatechuic aldehyde) in P. lonicerae may be the difference markers that affect the quality of medicinal materials.
Conclusion The established HPLC fingerprint of P. lonicerae and the determination method of five heavy metal elements content
have strong specificity, and are accurate and reliable. Combined with chemometric method, it can be used for the identification and
quality control of P. lonicerae.
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BrlEs, 2 Myt TELAEmEsx
Lonicera japonica Thunb B ik b 1 E B 5 524K, {5
PR BRI T a2 R SR BARR
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K HE G IRERR B, R T E 2
MEHE . RTRETHIRZE RO, Z8m
TR WA EITIEAR S & R BCEPFO 7 R L
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T YRR F, 57 HPLC $88UEE, ICP-MS £
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1 #R
1.1 {2

MULTICUT #55 C) L. HI 1210 BLH R
Wy HLAT Tissue-TecVIP TM 5 Jr B4 [ Zh 4l 30
TFRREAXZIA PR A F], Tissue-Tec TECTM 5 HUZH 41
AL CH AV e S A 28k 202 41D, PCR-96 PCR
SN (BBD , G 508009 B s i 55 O bL

CETAMIEARATD , DYY-6C B i ki (b
HANIXEET ), FR9SO MR G R4 (LilgE
HRHZABR AT, 3730 XL I 4% (ABI, Foster,
CA, ZE[E, ZHEE 7900 B H B A 55 5 1 R i 1%
1 CEREZEERIEABRAF] ) ; Muitiwave PRO Y
T TE AR A (BRI 22 R BR A 7)) 5 Waters 2998
1 OB A GRFF AR IR A F]) 3 XSR 105
DU/A B+ 5y 2 — BT RKF R -FER] 22
FHAIRATD ; Milli-Q 1Q 7000 BY#E4l/K R4 (%
HEPEGRARD .

1.2 {5

Ezup #30E F N 41 DNA ikl & (dits
B518259) . SanPrep 30 DNA i [BSGAF & (Hit
5 B518131) ¥IWEATAMTREERAT; JFIL
25l (165 110810-202210, FES$=98%) . J&
JLAER (L5 110809-202207, JFREDE=98%) -
JRE (L5 110887-201803, FiE/04=98%) .
H IS 111977202202, RS $=98%) « IRtF

({5 110879-202204, Jii & 73 4(=98%) HItH
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fih (As) #t'5 228042-6. % (Cd) #L5 229019-3, 7k
(Hg) #it'5 220912-3. 4 (Pb) #t'5 22A020-3. 4
(Aw) fit5 236032-2. #% (Ge) #it'5 233026+ 4 (In)
it 2205059-2 Fglk (Bi) fits 225037-2 ¥ H E %X
g g B TR Bl Aty s ICPMS 178 if
AW (45 51-308CRY2) W H Agilent Technologies
ANFL, EAMESIBN 99.999% R4S k. HER
(#%5 20220118)  Fhilg (Ht'5 20211117) HWH
[ 255 141
1.3 Zh%

2022 - 7 HAEFREWLARAF 7 H 12 L4
RETHRERE, FraAMa KPR REKK
HHREENEEFRETHIRZE Phylloporia
lonicerae, FEREREWZE 1.

®1 DREBEFHREREGMREREES

Table 1 Source information of medicinal materials of P,

lonicerae
¥ g5 FEH K CRERA
S1 Ly AR e 3 EBS 2022-07
S2 I AR E gl = B 2022-07
S3 L 25 E AR B 2022-07
S4 L A 3% B3R I EES 2022-07
S5 W AR 2 B H EES 2022-07
S6 W AR BT EES 2022-07
S7 Ll AR 55 Fe 1 2 EBS 2022-07
S8 L1 ZR 5% R K B EBS 2022-07
S9 W ZRPF R L EES 2022-07
S10 LU AR ST & 4 35 B 2022-07
S11 W AT BRI H R 2022-07
S12 W 25 F B4 A EES 2022-07

2 FAEEHR

21 ETFITS FIIMDFEE

2.1.1 DNA 2E ) 10 g RXETHIRERE, %
F 75% B2 3E 50 s, F TSR KR 5 X,
% 3 min, JEARIR 7K 53, BUOE 5 A R AL R B
R JE, KA Ezup #: 20 H B 2K 240 DNA #ih
FERAI & (B518255) SR8 1542 HL DNA, F
SEIRE .

2.1.2 PCR¥ Y R ERF ITS @M 5% ITS1(5-
TCCGTAGGT-GAACCTGCGG-3>) #1 ITS4 (5-
TCCTCCGCTTATTGATATGC-3") X AL 11
RZTE DNA 3T PCR §#§. PCR RMNAK RN 25
ul, MR 94 CHIAEYE Smins 94 CAEYE 30
s, 57 CiB:k 30s, 72 CZEf# 90 s, 35 MG,
72 ‘CHEfH 10 min. PCR ¥ ¥E/=#% 1.5%58 i it
Jiz FELIRAST DTS

213 WFKREHELAE  PCR =ik Bilg AT
VI TREA R AR BEATINRE . K kA e e 41 3
\ NCBI #t## 247 BLAST test. KA MEGA7.0
B I ERGERKEW .

214 T ITS FAIMARGRKE I WL
Z A, R4 NCBI Blast #4417 51— Bt 4 i £
R, B NCBI &k HARZE & Phylloporia
ribis strain spzyc-01- Phylloporia lonicerae voucher
Dai 17900+ Phylloporia ephedrae 13690 Phylloporia
perangusta BJFC Dai 18139+ Phylloporia oreophila
Dai 8233, Phylloporia oreophila voucher Cui2219.
Phylloporia crataegi voucher Dail8133 F1 Phylloporia
chrysites voucher 13669 73172 M, i ] MEGA
A, AR (neighbor-joining, NI) #)&# R4k
B (Bl 1), Bootstrap {H1XE #IUH{H 1000 K. 45
REIR, AFEPHERGER 12 R ETHHRE R R
T[F—#, 5 Phylloporia ribis strain spzyc-01 [f1#H
BN 100%, 5 Phylloporia lonicerae voucher Dai
17900 93 Z Rl -

S3
P, ribis strain spzvc-01
S2
S1
S9
S8
1l S7
S12
S11
S10
S6
S5
S4

P, lonicerae voucher Dail 7900

P. ephedrae voucher 13690

P, erangusta BJFC Dail 8139

P, rattamicola voucher Daii 8233

P, oreophila voucher Cui 2219

P, cratoegi voucher Dail 8133

P, chrysites voucher 13669

0.02

1 ETFITS FIINARGZLERH
Fig. 1 Phylogenetic tree based on ITS sequence

2.2 HPLC B EEMNEMNL S 5

221 i+ Agilent Eclipse SB-Cis i (250
mmX4.6 mm, 5um) ; SN 0.1%KLEE (A) -
2 (B, BHEEWERAL (0~35min, 97%A; 35~50 min,
97%~82% A; 50~60 min, 82% A) ; AFIE 0.8
mL/min; FE 30 °C; #FFFE 10 pLs P54 280 nm.
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222 MHRSEWRH S WNEARETHRER
22 g, WEEMGE, BREKHRT, H%InARAK 20
mL, [FEFFEE 90 min, €L, BG4, FIHSKANE &
HE 50mL, £ 0.22 pm WAL g RIS .

223 AHEGIERIIHIRS IS RE . R
SR LZRBERR LR RN IR S &, WERE, BER
HH, N S%HREERRZIE, 5, 4 0.22 um 14
FLUEPEE I 15V & 0 BRI -

224 FEEERLE REFOER—H (SD Fi2g,
% “2.227 BUN ISR, 4% “2.2.17 I
NS RARESIN E 6 IR, LA LASEEI IR B I
[EJFHUETRIAR N Z R, 1 B AT WRRE o £ B IS [R] £
RSD /T 1.0%, AHXTIETIFT RSD #1/hF 3.0%.
225 FoEtEilEe  REEAOE R (S AR 2
g, % “2227 BUF i & A mis i, T =
T RTHCE 04 24 4. 6. 8. 12, 18, 24h, #% “22.17
TR G EE, DU JLAEE NS RIE, %%
A VAR o A B f TR RO AR S TR B, B3
WA HE O B INF ] () RSD /8T 1.0%,  AH I TR AR
] RSD ¥4/ T 3.0%

22.6 HEEMAE FERRE RSO 6 17,
B 2g, 1% “2.2.27 BUNTTEERI S AL RIEW, 1%
“2.2.17 WU EIEFARNE, VAE LI NS R,
07 % A VA X O B B TR R A G U TR AR . 2057
B I WA BE IS 1] () RSD /8T 0.5%, AR
AR RSD ¥/ T 5.0%.

2.2.7 fRGUERNE R AR AT SRR
O TEAR SRS AU WA R GE (2012 JRO ) BA0
12 #EAE i 1) HPLC BISRFAE W AH SC 8 24T 70 47
PLLP1 fa e Bty ddat, KA H A7 50 3 3L,
A AR SR, IR YR I AR /NN B FE, B E
12 #RE A A ARRMER 15 NI IR S RHAE 1%
(B 2> o 13 SR JLHE, PR e T AR A K T
Fase HAr B L, #uk$ 13 SNSRI (S,
THEH AR AR WA X T 13 5 06 (K RF GHR B 1sF 1
YN 0.095. 0.107. 0.113. 0.137. 0.142. 0.181.
0.258. 0.268. 0.297. 0.445. 0.580. 0.597. 1.000-.
1.448. 1.499, 1L 5 A% [ et Fg A LR
5 AN EEE, SRR ETHE (6 5ig) . RE (75
) | R (8 FUE) | JEILEER (12 58 FlE
JLAEE (13 508) , JRAXHHE & HPLC K LA 3.
12 HEEEF AL A 0.829~0.992, B 12 #HLAKXSE
BT IERZ R A 22 s PR A & 2 L BAR

30 40 50 60
t/min

B2 1n2#tXEFIHIREERER HPLC BmigsEiEfx
RisQEE (R)
Fig.2 HPLC superimposed fingerprint of 12 batches of P.

lonicerae and control fingerprint (R)

12
6 8
7
0 10 20 30 20 50 60
t/min
6-191F; 7-JRAF; S-MRAF; 12-JR)LASER; 13-JRJLAEE .

6-guanosine; 7-uridine; 8-adenosine; 12-protocatechuic acid; 13-

protocatechualdehyde.

E3 BRE&xEEE HPLC B

Fig. 3 HPLC chart of mixed reference substance

AR o ARALRE PR 25 SR W3R 2.

2.2.8 EENHr FIH SPSS 22.0 BAFHEAT E K
7M1 (principal component analysis, PCA) , H2HUH
3AMFHIEE R T 1 I ERRSr, HI7 ZTTREBERK IR
57.507%- 20.037%F1 12.990%, ZitJ7ZETTEE N
90.534%. X 3 FPERMDIRE | ALRE THHIRE
B 2 E o E B, B 15 MU R VR
W RFRBEAER 3 ANEREHR R, 35 BT B N 77 1
f o AT IR 2 T & A il i AR =
A SPSS 22.0 s, RAARBEE, LT
Wi PR BN FE B bR b T R (B 4) o 4K
FCHE B AT 20~25 I, 12 #ERE 5 B 308 2 K2k,

229 PCA M IE 52 f B /> = 3 i - # il 43 #r
( orthogonal partial least squares-discriminant
analysis, OPLS-DA) DA A AEE TR Z 3 %43
UGG RN &, FIA SIMCA 14.1 #8AF#EAT
PCA 43 #TF1 OPLS-DA 4 #71 (K 5-A F1B) .
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Table 2 Similarity evaluation results
ot AEABLEE
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 R
S1 1.000
S2 0.920 1.000
S3 0.939  0.989 1.000
S4 0.834 0.909 0.904 1.000
S5 0.920 0.965 0.969 0.858 1.000
S6 0936 0974 0987 0.880 0.972 1.000
S7 0.941 0964  0.983 0.884 0.969 0.985 1.000
S8 0934 0970 0986  0.885 0.977 0986  0.992 1.000
S9 0948 0.973 0980 0.898 0972 0976 0.985 0.991 1.000
S10  0.887  0.921 0.923 0934 0937 0904 0919 0929 0946 1.000
S11 0.897  0.931 0.939 0956 0930 0924 0930 0940 0947 0.988 1.000
S12 0.829 0939  0.901 0.872 0.927 0.894 0.878 0.906 0.923 0910 0.901 1.000
R 0.948  0.985 0.990 0.926 0.98 0.983 0.985 0989 0992 0.959 0967 0.930 1.000
1 SR04 (AR (il R ANt AREATH] A & A AN
R T BUIAE 1) 95.3%. BEUTHIRFY 5 AN Rl T bk
R AR 15 MR EE. &T PCA K%
S5 \ — N N e
- FIARHE SR (B 5-A) . FEAALIG B 1
S10 N N e
54 ' WL B T ARV ZE 0 PR R oy 22 SRR R, Heb e ot MR AEC
S I R RE A LIRS S CE R U B BLAT 2
89 GEr =t A (S7~S9) R M THE RN, ¥
B4 BRARPKE PR ER BRI AR HAE A (S1~S3. S4~
Fig. 4 Cluster tree diagram S6. S10~S12) | 2 IH8E 5 PR 434 HR-AE o
A I B |
ol 4
S7
os2 @5 — S9 S8
21 sl S8 . n
- @55 S7 S9 SR S10 S3 EF
=0 ! - ‘ Q PE
S10 W= g 053856 507051 L e
] o @ g: i s12 aggPs, @ ]
A= -2 =]
® ng Bre S11 mrE
_6 } . - - i . . | - - - . . . . i . . . . . -
-8 -6 -4 -2 0 2 4 6 -8 -6 4 -2 0 2 4 6
t[1] 1.002 47*[1]
c D
)
0.5 T 3
- =" o - = 2
: - i
o e O R I 1 ﬂ i
o3 I [ VIP[2+0-+0]
T 05 r = £ mﬁmmﬁﬁm@mmm
| >
-1.0| = u I -1
—-1.5+4 ‘ ‘ - 32135 8706 11 1101415 412
02 0 02 04 06 08 10 Var ID(Primary)

A-PCA; B-OPLS-DA; C-E#utaiF; D-VIP {HE.
A-PCA; B-OPLS-DA; C-permutation test plot; D-VIP plot.

5 WERD DM

Fig. 5 Chemical composition analysis
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TX 2 () 23 A A X 3R B % R 7 HURE AR P AL 2
RO R B A B R, N R R
KT HAth 3 A/=Hh. d3t—Didik OPLS-DA %K
W, 4 HF AR RIS A S, Horh 2 B
5557 &P Hb (PR A TE S5 25 8] ) R I AR T 43 A7
B, PERIX 2 AR R A7 AR A B RRAE

B R RE J1 S5 Ry RYy 3O0A
0.870.0.655, %1 KT 0.5, Tillge 1124 0* N 0.542,
FUERI A 45 R v EE . AP I A R
PRIVESS S, WE 2R Y AR R FENLHES 200 A%
BT, R2 AL Y HEEE N 0.177, O A1
LRAE Y A N—0.447, H 2 FRLY R ETFE,
VLI A RIS WA IR, o T i i
LA, IR 5-Co PARSARAR NI 164,
YPAEFRN VIP EER (B 5-D) , VIPEKT 11
AR 3. 2 /13 (JF)LRED , WX 3 Mt
BUERT 7 R DTRR BRI N B AR T IR
JZ B 15 AR ST B E A T A .

23 ELRETEICP-MS FEMNE

2.3.1 ICP-MS {(#Z4 FEMGIARE 50 s, &
SERFIA] 30's, dFBHEEFEE 0.50 r/s, PHYEET(A] 30 s,

LB RS AARARRE 15 Limin, HBIAMAE 1
L/min, Z46< 1 L/min, #ME/#FES4K 1 L/min,

FHERE2 C, REHERZRE3, D& Ge. In,
Bi % 1 pg/mL (1] ARV RAE LR SERT AR IE, He #E5K.
2.3.2  FREVRN BRI A%

(1) Wk =R 20mL, & 1000mL &
W, N Au BOGERARAERE R 150 uL, FHEEAl
IKFEREZRZIE, A,

(2) WARET: FERI Ge HIGHRARMERIR
50 uL In HLTEFRAEAWR 50 uL Bi FICE=AnER
50 uL, EIA— 50 mL &, AR REE
ZIRE, 151
233 A& FERR R, B2 05g, K
FE, BT RN OMEHEERIESY, AR
10 mL, R/ 1 mL, I35 % 5, HNBEH T+,
%R 3T HE. HRERE, BARER, BT
HLAAAR, DL 130 °C il 1R 22 el R AR &40 1 mL,

=3 RUORIHBREH

Table 3 Microwave digestion conditions

W/ C J€F}/min Y/ C {4 /min
=R 10 130 10
130 10 190 60

AH, FRRRBRRESE S0mL B, MRREZE,
A1, RS RVERIERA 2 (R
234 W72 B Cu FRAEBGRE Y 0.
50, 100. 200, 300. 500. 800ng/mL, As bR
BIKE N 0. 5. 10, 20, 30. 50. 80ng/mL, Cd 5
VRN 04 2.5, 5. 10+ 15, 25, 40ng/mL,
Hg AR EIRE A 04 0.5+ 1. 24 3. 5. 8ng/mL,
Pb FRUERUR IR E N 0. 12,50 25, 50, 75. 125,
200 ng/mL, DAETCRANREENREALSS (XD , DUAHRM
TR AR (V) , LeflbrdE iz e . &7t
BTN, Cu: Y=0.1032X41.668 X104, R*=
0.9995; As: Y=8.489X103X—2.616X107°, R?=
0999 6; Cd: Y=2.164X103X+3.372X 106X, R*=
0.9994; Hg: Y=2.061X103X+1.060X 106X, R?=
0.9993; Pb: Y=8289X103X+4.204X1075, R*=
0.999 1; FILR&MESIEHEBFFEIUEE K. Cu,
As. Cd. Hg. Pb MIZRMETEEI4 78 0~800.000
ng/mL. 0~80.000 ng/mL. 0~40.000 ng/mL. 0~
8.000 ng/mL. 0~200.000 ng/mL. Cu fJEER AN 5
mg/kg, As FIEEMR N 0.5 mgkg, Hg [FEERAN
0.05 mg/kg, Cd & &M M 0.25 mg/kg, #HIHER
FRN 1.25 mg/kg.

235 FaEtEile g “2.3.37 TR AR R
PER ST =R NCE, 5 TECHE 04 1. 2.
4. 6. 8. 10~ 12h HUFEIIE « &0 2R 1 & I ] mi ik
FEEAT O h AHEL AR LR IITE 96.40%~105.43%,
ULIAZE IR FE 12 h PR E .

2.3.6 R FEER “2.3.37 WA AT %
12 B35, 2 % 40 N TN [R) B A R — A
X E—AFE AT e E . GRERE RS R
(1) RSD $51/NF 3.7%. Ut B 2AE 25 R AT o

237 InFEECRIRL %I “2.3.37 TiT7EE5
FIEEHETREE 50%. 100%-. 150%INFRVETR, TH fRAE
JPAEE 3. RN 3 MR 9 i inbris i, &
TCE I INFR E R IILE 93.85%~110.03%, [HYi
(1) RSD ¥J/NTF 5.1%, U6 I AERAEE R AT

238 HAAKRETFHREHELSESES T
HE P AR A IE AR B vt SR P e B
. SMELSBITEE 2 #HENTHHSE LK 6,
F IR E SRR K= H AR [H] AN ] . Cds Hg P,
As 4 FiL RGBS (PEA-HAMEESRR
&) I1SO HPrbritt. Cd JoE, Erg /™ 1) & 20w =
(B 1.097 mg/kg) , B F A (A 0.226 mg/kg) ,
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Cd/(mg-kg™'y

Pb/(mg-kg™")
R s

S18283 S48S5 S6 S7 S8 89 S10 S11 Sl2

Hg/(mg'kg ")

0 S18283 S4 SS S6 S7 S8 89 S10 S11 S12

0SlS2S3 S4 S5 S6 S7S8S9 S10S11 S12

Elo SHESRIESEER

Fig. 6 Differences in content of five heavy metal elements

FE B 2. He Jo5, B 1L & &R
i (A% 0.025 mg/kg) , Wi “FEFMBFE 3 =H
2. Pb JLE, EBRMGREIHE MK (RAK
2364 mg/kg) , VBN HLE B (e 7.268
mg/kg) . As T, &= HEEHA He TTRMLL, B
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