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HPLC fingerprint and molecular identification of rbcL sequence of Polygala tenuifolia
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Abstract: Objective To establish HPLC fingerprints of 14 batches of Polygala tenuifolia from different habitats, evaluate their
quality by chemometric methods, and identify the species of P. tenuifolia by DNA molecular identification technology, so as to
prove a basis for the quality control of P. tenuifolia. Methods The analysis was performed on Agilent ZORBAX SB-Cis
chromatographic column (250 mm x 4.6 mm, 0.5 pm) with mobile phase consisted of acetonitrile-0.05% phosphoric acid solution
for gradient elution, with flow rate of 1.0 mL/min, column temperature of 30 C, detection wavelength of 316 nm, injection
volume of 10 pL. Similarity evaluation was performed by Traditional Chinese Medicine Chromatographic Fingerprint Similarity
Evaluation System (2012 edition) to confirm the common peaks. The clustering analysis (CA), principal component analysis
(PCA), and orthogonal partial least squares-discriminant analysis (OPLS-DA) method were carried out. The DNA of 14 batches
of P. tenuifolia, Cynanchum atratum and P. japonica was extracted for sequence analysis and species identification, and the
sequences of adulterants were downloaded from NCBI database. The genetic distance was calculated by MEGA-X and the
phylogenetic tree was constructed. Results The HPLC fingerprints of 14 batches of P. tenuifolia were established, 20 common

peaks were calibrated, their similarities were all greater than 0.918 and the 14 batches of P. tenuifolia were divided into three
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groups by chemometric analysis. The 14 batches of P. tenuifolia were identified by DNA molecular identification, and genetic

distance and NJ tree analysis could distinguish P. tenuifolia from adulterants. Conclusion The HPLC fingerprint established

in this paper is stable and reliable, which can provide reference for the quality evaluation of P. tenuifolia. The rbcL sequence

can distinguish P. tenuifolia and its adulterants, and can be used for the identification of P. tenuifolia.

Key words: Polygala tenuifolia Willd.; HPLC fingerprint; DNA molecular identification; rbcL sequence; sibiricose AS;

polygalaxanthone III; 3,6'-disinapoyl sucrose

wENEERMEYITE Polygala tenuifolia
Willd. 5 BRIz & P sibirica LT, HLZ AT
I, IRECT (RARREZR), B B, PSR
B, BAMmE . HSREMEIN, T2
AT OEAZ I RIIRIRZ 2 (2SR B
RN, AR R, maEh SR, . %
PEEE AL 22 g, B B RS . R )il
1 P2 E AR, IRRBHZ.

TR E T HRRAM, (HITF R E IR
FoREMIG M, HEFABERERD . BAr, RE
P S B AR PE . B, WAl RS,
DAL P8R B 7 Dy B 1, (L T A G
FEEAR. BN, Wi RIEGR. SJHR. B
FRZ . A NTFE. “MHEHEEEEEWHHT R
Mze AR, T E A A A T A 2 e A
170828 75 ) 45 0 DME SR MR 50 . A )
PSRy, AEAL G 500 4 i 5 B Bk A
LA TR, I B HERYE . AR, 24
ML S R 2 IR, SEm 2504 48 HERRPE . D4R,
DNA 431 %5E e R0BURH €3 S5 43 AR A 1208 S H 21
rhZG i B E O, AR AR HPLC $R 40
XRE 3 AN 14 f & 258 AT Fa SUE S
Fi, FiEt DNA 401 %@ BN 14 #him E 2454 &
iR ask. IR E&553HAT el J7 41 0450 it
F, IR RIS T AEY) A5 BA S &
It E LTI AR ) ST SR PR AR
1 #MRENEE
11w

14 HEZE E 20 NBRPE . 1L P8 REE, ORAF T 191
B R R ZGHIE T B b 25 B R LT, XS R
TR K E 14 R I FRE Y i ERHE P &
Polygala tenuifolia Willd.. 14 #LiE 28 r= 15 2
W 1. EAMK (9’5 202101, P2 R
T4 (g5 202201, F=HQVLPE) 28 X35 R 7T 5
S AR MY 5 N ERHEY B3k Cynanchum
atratum Bge. M1 E R HE YN ¥ & P japonica
Houtt.. iZEEX 2544 (HE5 120989-201107) 4 H

R1 4HTEHHREER
Table 1 Information of 14 batches of P. tenuifolia

Gt P i Pl

202001 BG4 H F A B S
202002 BG4 TH A B
202003 BG4 T F A B S
202004 B PG4 T FE A B S
202005 LLIPEE & T E R
202006 L1754 & T E R
202007 LLIPEE & T E R

202008 117544 & T E R
202009 117544 & T E R
202010 LLIPEH KA TTIOIEE
202011 LLHPEEKIATTIOUE
202012 LIPEH KA TTIOIEE
202013 LLIPEH KA TTIOIEE
202014 LLIPEH KA TTIOIE S

[ a2 S A E B LB . I RN 1T (RS
100298-201203, 1 [E £ dn 24 sk e W 7Ebe ). 3,6
THFFERRERERE (LS 100298-201203, HE AR
2y R EE AR . AR B RE AS (kS
107702-201801, EXG i & & X MR & E
T, BT R R EE KT 98%.

1.2 Y&

RO 4L (Agilent 1260 Infinity 1T, %
18D, XPE-105 M+ 2 — 1 RF (ke i)-
FER ZAX AR A PR A ), Quintix224-1CN #5532
—HF R (FZREREMBEEFRAAD,
GY-FS-06 AW #EHL VLV &%= & s AL FR A
A]), Multifuge X 1R B4R EOLAL (FEER KR}
HAM AT, Eppendorf AG 22331 Hamburg % %
A i B 2R REAX Cf [ S AR I 473 A \] ), Universal
Hood 1T BUAER BG4 CGROBUA S HAEIRHE A R
AFE]D, JY-SPCT BYHKAE (bt SR T Ik X
HHRAFD.

2 FEE%ER
2.1 HPLC 54 &L

2.1.1 Bk R Agilent ZORBAX SB-Cis {4,
WA (250 mm X 46 mm, 05 pum, SN:

USCL041482), iR 30 C; kK 316 nm; 3
FEi 10 uLs CLAE AR A, PL 0.05% VA Wi
NIRENAE By #2346 2 FEATRAFE VR, iiZ4T 10 min,

AR E 1.0 mL/min.
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®R2 RENBEEERRERF
Table 2 Gradient elution procedure of mobile phase

f/min ZIE (A /%  0.05%ERA (B) /%

0~10 10~12 90~88
10~25 12~15 88~85
25~37 15~19 85~81
37~55 19~25 81~75
55~75 25~30 75~170
75~80 30~37 70~63
80~91 37~42 63~58
91~105  42~47 58~53
212 PRl SRR AR 14 Hg B2

FER AR GEIUS9%) % 1.0 g, B 50 mL H#EFIH
FEZ NN 70% H EEC(10% 5 A A BN R BC D10 mL,
RO, #A (300 W. 40 kHz) 30 min, HUHIK
A, BIRERE, H 70%HE (10%E 85
Bei)D #hERCR IR, 3, BERER, (Eu Mt
AR AT R SRR X B2 MR R G Y5 93D
1.0 g, [R5 5 IR 25 M IR TR o

2.1.3 PR AR A OGS R PO R G R
A5, TCENNER 1. 3,6'- —FF FH R pEphE &, i
BV AR, WIS S PE AR ERE AS. 2 EnEE
M1, 3,6'- FF PRI EHEZ) 0.2 mg/mL (VRS TETR
VR VR A Xt 8 A VA

214 FEEERE W58 202004 HImEZ
FEdh, RA “2.1.27 BUR Gl geal s v, 1%
“2.1.17 TN AiS FHESLIRE 6 IR, idREIERE.
PRAE 20 MERAEWE, LS SU§ 3,6-JF TR bE
(S) KRG, THE IS 2 B A
o A4 B s 1) 5 R WS TR AL o 45 SR 20 AN A 0 AR 6
LR B 1] ) RSD AN 0.53%, AR U4 THI A7 ) RSD
AL 1.67%, FRIACEHREHE R I

215 EEWRE 45N 202004 B)imE 7y
MEES, SR “2.1.27 TUR 7 PATHI % 6 it
I, 1% “2.1.17 TR R SRR RE, ek
BB bR 20 NMEFIEEE, LS SIS 3,6'- 0%
TEELERE (S) NS EYE, HE MR EE S
Zx [V I AEGE O B ) ) S5 AR P i T AR . &5 2R 20
AN LA U () ARG OR B B 18] 19 RSD A IS 0.53%s
AR I T R AR RSD AR 1.45%, RIAATILE
HERLT.

2.1.6 FaEMREE W45 A 202004 AU EH

MFES, R “2.1.27 7k & 48 s s,
% “2.1.17 DU Z&AF, 20T 04 20 64 9. 22,
26, 33 h #EFE, o EIEE. BRE 20 DMRFEIE,
DL S SR 3,6'-0F FIEIE M (S) NS
U, AR A KR AIE e 55 2 IR A U 1 A X £ B I ()
LRI AR o S5 R R A, 20 NI WA R B
i} /8] RSD ANHEIE 0.66%, #H XTI TH #L RSD AN
it 1.68%, F B AE 33 h AR E LT .
2.1.7  FRSUEIE (S S ARRUE b RS B R
14 LB MFER R GIST % 1.0 g, #%
“2.1.27 TUR IR AR, % “2.1.17 TR
IR RERE, R OISR i SR A IR
WEEXT, FRINT 3 AN, ARl AR R 3 b
A5 (1 FW) . ZENER I (3 5§, 3,6-—FFF
TSR (5 506). HMlE SRR 14 #UzEZ546
HPLC EIEFANE KL MZE D 2miAmm “ ik
TREUERE AU VEAN R S8 (2012 FRD 7, HET 2 mifs
1E (20 /™ Marker &) FHZIULHL, PAPAIEGEAE
B BRFRSCEE (RO, B[R] 96 %08 0.1, 1%+ S1
RNBEEE, PLS S (3,6- I PR A
SR (S), FRE T 20 MFEE, il LK 1.
THE LA ARRAE I 5 2 B0 1R FEOS O B B ) 5
FEXF U THIAR , 54551 20 AN FLAT A AH X B B 18] £
RSD 7£ 1.05%VAN, AHXTUEEIFR[Y) RSD 7£ 18.97%
DAY, UiBAAS [P i 8 250 NS — € 2 .
THE B FE 5 48 SURNE 5 0 R 2504 Jont BE 4R SR
(R) [MAALE . S5 Ransk 3 fion, DAXTRRZGH 15
FEABLEE , 14 iz 25 AL 0.918~0.945, RSD
4 0.989 8%; LAXTHEFR A 1 T HAHALLEE N 0.997 ~
0.999, RSD A4 0.064 7%.
2.1.8 X B 14 Hum ERES 20 N ILHER
I T A YE SN SPSS 25.0 BAFHEAT /04T, R4
BB AN 7 R PR B8 1 50 AR SR AR B
HHE 2 w4, HERERE N 15 1, 14 #imEier™
Ay 3 28, A AR P bz A R A IR AT
fE—E M Z R
2.1.9 FERSr 5T (principal component analysis,
PCA) B 14 #LI EIRSURITE (1) 20 AN LA g )i
AR SN SIMCA 17 8, 57 PCA B, 15345
RURBEFE S H R2x=0.850, Filge s 0=
0.529, 3R B FEHUM) 32 553 T fRE 85.0% 1) JF 4G AF &,
PR T BE F18 52.9% . AR P2 iz i PCA 73
SEILE 3, AL 14 i EREREAS NI K, 5
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RRIEH
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—r— 200013] ||
T VS 202010
b - 202014 —
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B 202005
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17 202007
" ﬁs 202001 |
11 202003
1 7 19 | 3 920
2 6 1 Toll 13 15149 202004 —
Il | L. 202002
c — .
35 2 14 #iLiT75 HPLC S5 EIE B £ 404
1 3 Fig.2 Cluster analysis of 14 batches of P. fenuifolia
] \ ;
‘ “ \ 6 ©202002
Al i 4
0 10 20 30 40 50 60 70 80 90 100 5 2020015702003
S1-IEERTHRZGH, S2~S15-HKIK M & 24 202001—202014, -, 20201 % 202010 202008
1-PHE R AS, 3-ENE I, 53,6~ —3F TR, . 202014 292005 00 202009
Sl-reference medicinal materials of P tenuifolia, S2—S15-P. 6

tenuifolia 202001—202014, 1-sibiricose AS, 3-polygalaxanthone III,

5-3,6'-disinapoylsucrose.

1 AR~ HRESM (A). SRIELEE B) FUREXT

Fig. 1 P tenuifolia from different producing areas (A),

BmEE (©

reference fingerprint (B) and chromatogram of mixed

reference (C)

*3 EEAMBUEITFNER

Table 3 Similarity evaluation results of P. tenuifolia

e AR _
X B2 X R A0
202001 0.925 0.999
202002 0.925 0.999
202003 0.922 0.998
202004 0.928 0.999
202005 0.941 0.999
202006 0.938 0.999
202007 0.938 0.998
202008 0.945 0.999
202009 0.939 0.999
202010 0.918 0.997
202011 0.920 0.998
202012 0.923 0.998
202013 0.920 0.998
202014 0.923 0.998
RSD/% 0.989 8 0.064 7

10 8 6 -4 -2 0 2 4 6 8 10
t[1]
E 3 FE~HzE PCA 557 E
Fig.3 PCA score diagram of P. tenuifolia from different

producing areas

RROMTEE FAEAUE, DU AR Hhiz &
LM BT & B E—E N E R
2.1.10  1EA /> —3f-F151 7 Hr (orthogonal partial
least squares-discriminant analysis, OPLS-DA) At
—5 F FEAF P Mz S 20 18] 2 R AbREY, R
Fi OPLS-DA #AN} 14 #bize B 25 itk T T -
14 fbiz EFe SUE R 20 AN A IR TH SN
SIMCA 17 %ft, 757 OPLS-DA FiZ, EAMRRER
ZH R H Ry 7310 0.846 A1 0.953, BERLTHIAE
SR 0% N 0.881, TR & X (] iR fe 71N
84.6%, XALE Y WIRIRRERE /N 95.3%, BAUHFI
WIREST 9 88.1%, VLB IZEAEE . W4E. OPLS-DA
BRLZE S 4, 245 R 5 R0, PCA 45 —3,
BE— IR T T s R AT S

K FH G HEWT 7 1L o AT A ), KR AT
200 R EHATICHATION, 2R WK S s, 5%
S R*= (0, 0.324). 0*= (0, —0.605), FrffL
T R2 A QP AR T e e, H Q? /U
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£ MO2012 2020058202007

= 802009
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t[1]%1.000 18

4 AEF=#RE OPLS-DA 557 E
Fig. 4 OPLS-DA score diagram of P. tenuifolia from

different producing areas

' o R’
1.0 —I _________ A a0
0.5 =
o -
S 0.5 | B~
o b
-1.0 1 ]
-1.5+
=
2.0
-02 0 02 04 06 08 1 12

200 permutations 2 components

[El 5 OPLS-DA EE E#iGIG[E
Fig. 5 OPLS-DA model replacement test diagram

FHL S EEM CEMD T 0 LT, RFTE
SRR ML A IR, FTHT 14 fiti &2
MO A 5 b . B R E E M (variable
importance in projection, VIP) {H &0k 2 7 44k
AV E B bR, VIP {E#RE, T A 2= 5
(R 2 KT8, $2H 20 AN A0 VIP fH, DL VIP>1
NFRUED-10, G 10 S EE, TLE 6, % VIP
ER/NHEF 2> 38 1 (PR R SR AS). 15,
5 (3,6'- " FF FEEIEERE ). 14, 4. 19, 18, 3 (i
HMDEE D 174 13 50, HEErT L, X 10 Mg
XL AR 2 oy T RE AR T3 3 AR = bz A 24
MrtEE R EZEER

2.2 rbel FHINTEE

2.2.1 Ffih DNA #2080 256 75% Sl 264
R, ERIET, B4, WEERATE S
K, WEBOEYIEFH DNA $REGRH) & i i 58
1B, $EHURE LR 41 DNA.

222 PCR¥#E PCR XMNAKZ 25 pL: 2XPrime
STAR Max Premix 12.5 uL, 5/#): rbcLa F:

5’-ATGTCACCACAAACAGAGACTAAAGC-3’;

2.5
2.0 -

{1

VIP[2+1+0]

115514419183 17138207122 6109 1611
-5

6 AREIZHbITE OPLS-DA #J VIP {E[E]

Fig. 6 VIP value diagram of P. Tenuifolia from different
producing areas
tbcLa R: 5’-GTAAAATCAAGTCCACCRCG-3’ %
0.75 pL, DNA HEHR 1 pL, KEEKHNE S 25 ulo ™
WFER: 95 C. 4min; 94 C. 30s, 55 C. I min,
72 C. 1 min, 35 PME¥H; 72 'C. 10 min. il
1% REREREL, HLPKAI PCR 7247) 2 pL 45 5 LA
7, AF AR S HG S B, RS AR
ReR

2345678 91011121314151617 18 M,

2000 bp

1000 bp
750 bp
500 bp

250 bp
100 bp
M,-Marker, M,-Marker, 1-ZEEXHRZGHEE, 2~15-14 it EZ4Hf
FERL, 16-FATRFERL, 17-RF4&RE, 18-FITEXT .

M,-Marker, M,-Marker, 1-reference medicinal materials of P.

tenuifolia, 2—15-14 batches of P. tenuifolia, 16-Cynanchum atratum,
17-P. japonica, 18-blank.

7 rbeL [F51 PCR FE4 8k &
Fig. 7 Electrophoretogram of PCR products of rbcL
sequence

2.2.3 rtbel WWFHT  rbel AP A D B
AR A FI Y e P 45 5@ Id Seqman K
PEEAT P AIPHEERI N LRSI, 2B PHE S T 51N
Ui IR BT B X o P A 47t 56 [ [ SR AR DR
f& B # > (NCBI, https:/blast.ncbi.nlm.nih.gov/
Blast.cgi) #47 Blast X L4 5], HUBRIPE & & it
XgE R, R BN, 14 iz (95 202001~
202014) ] rbeL 51—, 5 NCBI Hds [ sh ¥
Polygala tenuifolia Willd (E3%*5: OK217278.1.

NC 050829.1) FIAHAIPERIIAR] 100%. Mk (45
202101) 5¥#F Cynanchum atratum Bge. (&35 :
GQ436511.1) MIMIMEIE 100%. KT & (s
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202201) 5¥Fk Polygala japonica Houtt. (&35 :
MN206278.1) FIAHLIER 100% .

73 M\ GenBank i 2 4 1z HIRIE M rbel
FFHIFE 7 %, FERERIE 4, KA MEGA-X # 4
THHBMEREE, FERGR AN . BHLHE SR

W 5, iz ER AN REBEIE RSN 0.000, ZE SR
WS AEEE A 0.006 4~0.741 7. S NJ 584
BT RAKEW, SRIE S, mEBELEN MK
>, o 14 iz B AT S NCBI Bl FE i & Ol
JPHNVERAN—3C, IR B B BN —3C.

®4 HRER

Table 4 Sample information

K i T4 KR BT
iZ&E (202001~202014) Polygala tenuifolia Willd. Beph. vy -
SE Cynanchum atratum Bge. th 25 -
JNF4 P. japonica Houtt. VL7 -
& P, tenuifolia Willd. NCBI %4 NC_050829.1
JRT4E P, japonica Houtt. NCBI ## MT384910.1
/N P, tatarinowii Regel. NCBI %4 MN192648.1
7 e & P. crotalarioides Buch.-Ham. ex DC. NCBI % NC 060367.1
=F Cynanchum atratum Bge. NCBI % GQ436511.1
IR Lysimachia insignis Hemsl. NCBI % JF942413.1
4 Liriope spicata (Thunb.) Lour. NCBI % AB113258.1
FX Ophiopogon japonicus (L. f.) Ker-Gawl. NCBI % AB125346.1

x5 BEEESSH A 202001
Table 5 Genetic distance analysis )gjf igiggi
v o A T HE 5 202004
_ T i BLEE L 202005
mEMH 0.000 0 HEE 202006
izt &
535 5 T b ) 0.006 4~0.006 6 97 1 ok
&5/ i KA [A] 0.0510 @ﬁ%%%
3t
RS Tiiil s spunny il )] 0.0191 i %5 202011
I 481 338 202012
mu%Eme 0.197 5 {5 202013
H=n 56/ 1T & 202014
655 = A R ] 0.1656 4l % NC 050829,
@E%M%kﬁ@ 0.7417 10|~ THFHIZE NC_060367.1
_ JRT-4x 202201
@j\L: bjikﬁ#lﬂj 0.2357 9,¢f| )‘[&%jz MT384910.1
LIV MN192648.1
3 g S JF942413.1

31 REERIZMMMi

AT TN R RS 75 R A 2 Fhoy kAT T
52, gh SRR Sk PR A TS I S 2
MBS T2 7, HIERIRAER TN, kiR 2
B A EE 7 e SHRBUAFIFEE. K. 70%H i
0% A EA AR HD HEATH 5, R 70% H
CLO% S AN IR BC D B -5 7KRE AR I P e v
RUETEIT . A B RO, W%, (H/KFELER]
I HMEPE, PR, PR RE 70% FHEE (10%
AN LD AE PR EUE 7 R BUE ] 70%
HEE (10%Z AN RIS ARHE 10, 20,
30 mL HHATH S, KA EXTEE 24 HPLC
KIS RS, o B TC I R, 25 RE 2 R

7 202101

100 "7 GQ436511.1
#X& AB125346.1

11 # % AB113258.1

—_—

0.050

E 8 ET rbeL FFHIER NI &

Fig. 8 NJ tree based on rbcL sequences
i, WARAEAMR, AR TGS RE, WUk
10 mL VE ISR & WP FRIUN (A #EAT 2542, K
FEEUETE] 20 30+ 40+ 50 min X3z & 244 HPLC K&
W HIER, BRI R, Y ORAERE S B
Se4%, 1R 30 min {EAFEEUE .
3.2 BIEFHMRL

KW FRAFRBEAH (ZJE-7K LIE-0.05%/
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TR L IE-01 %R AKIEWD AT T %%, K
LM BNAE N - /KIS JE DY 43 2 — B ) B P 1 6
G R AR, e BRI ZE . Z5-0.05%
BERR AN -0 1% IR 2 Fhifi sl AH 7 2 1) € a0 A
Bh, WO 2 E-0.05% BB A M AN AH o X Aar ik
K (210, 254, 316, 350 nm) BEAT 7 %8, 45R
RO KR 254 nm A1 350 nm i, JE=452—
I A B A (o i . 210 nm A1 316 nm K T )
TEEIARRL, 2 210 nm MR ImRI, 1 RAEL
&, AR Z A IR AR T 316 nm J K
NI S BRI, MOk 316 nm 1R A
MK .
33 EBYUEERUFEHEFERDHN

Rk — 25 AN [ izt 3 2 M AT T A
A FAE AL OISR T 14 HEARFE P iz &2
MHETH US4, 14 bz SR DA IR 24567 B
TR R TR SIS THEARLRE 438 0.918~0.945
F110.997~0.999, RSD 4351l 49 0.989 8% 0.064 7%,
ATDLE Y, DAAE S rfsxs R S il T SRR AL 45
B, A 14 #om B ML R, (H2 S X e
MG — & 2 5. RS RE T 20 MEHIE, 1R
INT 3D IH G E RS . RIEHTEE RN IR K
PEEA 15 BERDE 14 b S 2= R o 3 2%,
AR S PCA. OPLS-DA 455 —5, [FHE
OPLS-DA [1] VIP fifiie %43 2] VIP KT 1117 10 M,
HEDIX 10 AU R A0 7y 7T A2 5303 AN AN A
77 M7 R A R 2 S VAR Ry, TN
72 M I8 76 24 11 R R i R AR AR R R R R it S
% . o A ERE AT S M R AT A T
T E . W EE ML, O M AR
IR AL 58 1 T
34 rbeL FHDFEEERNR

TEREYNZ) 4 Ff DNA 2658 H 514 5 51,
ITS2 /7415 psbA-trnH 751 H Tz £ K DNA 41
YrE O RIED 1, H ET AR LSRR E matK R
FIAN tbeL J7 51 434 8 A R 9T o AHIE Uz A
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