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FEEE: BT R IE 24544 7 1 B 72 H 250 K TR vk, RIRRI B 206 (W) AEP= Ik AR E R . BILNZE
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DNA barcoding of Gentiana crassicaulis in Lijiang and evaluation of
root processing methods
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Abstract: The key factors for producing the best quality Chinese herbal medicines are high-quality germplasm,
suitable cultivation area and the proper processing methods for herbal raw materials. Gentiana crassicaulis in
Gentiana (Sect. Cruciata), Gentianaceae is one of the original plants of the Chinese herb Qinjiao (Gentianae
Macrophyllae Radix), and its type specimen was collected in Lijiang, Yunnan. There is a long planting history of
the herb in this area. In this study a sampling plot was designated in these traditional planting areas. G. crassicaulis
was planted and herbal raw materials were harvested from the plot. The raw materials were prepared locally and at

a pharmaceutical factory in Shanghai using processing methods such as "sweating" or "no sweating", "slicing" or

WioRs H 9: 2021-08-10; &A1 H 11:2021-09-08.
HEWH: [ER QAR ST RITH (82073959, 81173654); Fifg i TUAE fi FEZE 51 43 vh R 24 AR FIREHE QBT T H (ZYCC2019012).
LR — 1
*JB AE A Tel: 86-21-51322202, E-mail: zhilzhao@sohu.com;
Tel: 86-21-51322202, E-mail: nthtem@126.com
DOI: 10.16438/j.0513-4870.2021-1163



- 508 - 222224 Acta Pharmaceutica Sinica 2022, 57(2): 507 =513

"no slicing" (whole root), and "stoving" or "no stoving" (air drying). The quality of all processed samples was
evaluated. In addition, molecular markers were determined for identifying cultivated and wild samples from
Lijiang, Yunnan. The results are as follows: @) Samples from the sampling plot and the field are taxonomically
identified as Gentiana crassicaulis. @ A total of 270 sequences of #rnC-GCA-petN, atpB-rbcL, psbN, ndhB-rps7
and ycf1 were obtained, and three genotypes were determined from the cultivated samples; the type III was shared
by both cultivated and wild plants. Based on the molecular markers, a DNA barcoding method to identify
cultivated and wild samples of G. crassicaulis from Lijiang, Yunnan was established. 3) Total content of loganic
acid and gentiopicroside in all samples was > 2.5%, and above the Chinese Pharmacopoeia (2020) limit. @ In
HPLC fingerprinting, 9 common peaks were assigned and similarity between all samples was > 0.999; and ® In a
PCA score plot all slice samples were clustered, while whole root samples were scattered. Therefore, our studies
could provide basic data for optimizing the processing method, producing best quality Gentianae Macrophyllae
Radix, and evaluating the quality of different ecotype varieties and the multiple origin of herbal medicines.

Key words: Gentiana crassicaulis; Daodi Chinese herbal material; processing method; DNA barcoding;

HPLC fingerprinting
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Figure 1 A: A bird's eye view of sampling plot; B: Sampling plot; C: Plot sampling; D: Corolla with stamens and pistil (Zhao ZL, et al
2020YNO0O1, cultivated in Lijiang, scale bar = 1 mm); E: Habit (Zhao ZL, et al 2020YNO0O1); F: Habit (Zhao ZL, et al 2020YNOOS, alt.
3 090 m, yulong, Lijiang); G: Corolla with stamens and pistil (Zhao ZL, et al 2020YNO0OS5, scale bar = 1 mm)

Table 1 Voucher specimens from different populations of G. crassicaulis. —: Same as above; N: No

Pop. Vou.cher Locality GenBank Remark Pop. Vou.cher Locality GenBank Remark
1D specimens 1D 1D specimens 1D

ZP1 2020YNOO1  Lijiang, Yunnan N Cultivated XZ2 XZ201214  Dingqing, Tibet KY595458 Wild
ZP2  2020YNO003  Lijiang, Yunnan N - GS GS201601  Maqu, Gansu KY595459 -
YN1  2020YNOO5  Lijiang, Yunnan N Wild GZ GZ201601  Weining, Guizhou KY595460 -
ZpP YN201301 Lijiang, Yunnan KJ676538 Cultivated SCl1 SC201601 Kangding, Sichuan ~ KY595461 -
YN YN201601 Lijiang, Yunnan KY595463 Wild SC2 SC201602  Daofu, Sichuan KY595462 -
XZ1 2016XZ011  Changdu, Tibet KY595457 - QH QH201405  Banma, Qinghai KY606171 -

PR R ETI P G I . TR LR 2.
WL A= 2944 B DNA SRS oyt (R 301 A 10
HERA P S AT $R A 1, A8 22 2% U 7 DNA 2% T 05

(KRR f mFEWRLL M 2525 JUDNA % B4,
B © FETUIREA AT ORGSR 2RI E R i X
8 N s b AR B TN A 5 R AR b A ) P S A O TR 41

Table 2 Information of sample processing. —: Same as above; Y: Yes; N: No

Sample ID Processing base "Sweating" Whole root Slices Natural air drying Stoving Remark
A In the locality N Y N N Y Triennial
B - N N Y N Y -
C - N Y N Y N -
D - N N Y Y N -
E - N Y N N Y Biennial
F In factory in Shanghai N Y N N Y Triennial
G - N N Y N Y -
H - Y Y N Y N -
I - Y N Y Y N -
J - N Y N Y N -
K - N N Y Y N -
L - N N N Y N - (Rhizoma)
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9 % 5E %7 %1 (GenBank & 3¢5 W3R 1), i ik 47 F
trnC-GCA-pefN.atpB-rbcL\psbNndhB-rpsT K ycfl B
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WECH R SR L B E NV R B B B AR R S 2 4 (BT
WIC IR & HA A 140, At 3 4), T 347 56
iE, DUKIEE NN YT 7= 2544 (1 DNA & TEA5; 514 W& 3, kE
i S FH % 7 371 GenBank & 5% 525 1,36 1.2,

HEEIRT RS IRIETEE di5 Y3019Q66926).
AR TR (b5 K17S11B124207), B F 32 1F (5
Y25J10H91429). & 7F ¢ H (#t5 P25010F101344).6'-
O-pB-D-7] %) i 2 e IH 75 1F (41t 5 PO7D9S76867), Jii &
S HE > 98%, T g RS AR R A T, 2
AU IR A o 1 2, e Ad R0y 4 4l e B 1 245 45 4]
E IR AH .
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E SHE(REZ )R I A E AT fa bR
Ay 2 B E o

HPLC e B EME (Ll Vs i & & 41k
o I G = 5 0, A BRSO SR, % R
I3 MPPAT )4 3 A (A VAR . TR A 0T TR A R
i % PRI Sy B R R 1 | 6'-O-B-D-1 % il 5 Je iR
O P S ORI S S S AR IR OE &, 4000
PRV A o A5 MR b 3 ot R RO o=, o R el ol 25
LR TTIR 0.228 4 mg-mL' \ EJH % 11 0.642 4 mg-mL™" .
6'-O-f-D- % 7% B 3L 0 IH 75 45 0.123 6 mg-mL" & 2 32
i 0.091 2 mg-mL" Vf# F SE1H 0.020 04 mg-mL™" )R
AR ISR . A S5 IR A AT ) AR
e SUVEI G 53 BT - G 25 W EDCTR 6 6 R R 10 L, TN
AR EAL, BRANRE ST 2 YOI RERS I, PR RN
10 uLo 12548 S0 B8 A LR R G2 oA B4 (2012A)
XRE b ¥ HPLC a3 B 3R T 20 #T

FEW T T (PCA) KA FE i B LA 04 (1 AH
o W T AR A N AR 2 5 N SIMCA 14.1 48 it 3k 1 3E 4T
PCA EHE, BRI 2 /N DTHRZ BRI F 5oy, il 1
GREHE 119 80.4%, LA 2 ANH AR 6 FE S EAT 20 #T

Table 3 PCR primer sequence

#HR
1 R R E

AN VL & /) 2 1 36 R 1 8 K7 TR Ae i — B, 4R
2 858 m, Hb I AL FR N27°9.513', E99°29.055", T 14
450 m*; AR ZE R I ().
2 HMEREYSEFNE

2B PR AAR A V25 A 50 2K SCHR Rt 47 4y
FAE K E, ML E fa) 2 $ 56 R IR My Rk B A A7) S N
PR R EAR A RAALE : RIEF R HE Gentiana
% JL 4 Sect. Cruciata ¥l 2 %& U Gentiana crassicaulis
Duthie ex Burk.,
3 MRAE A S DNA F AR AE

43 B 4rnC-GCA-petN . atpB-rbcL psbN . ndhB-
rpsT e yefl MR JF 1 WRVL 50 FF Hh A~K % 254 1
wh, 2020YNOOS W VT B £ A5 ¥ (°F 4T 3 17), 36 41 180
s I E Va S DU )1 H R BN = B VL R R
i S B AR SR ZR U CPAT 2 60), 18 4 90 5% ; kit
270 % AHK P S5 & IR A RT3k R 22 &= 0 H
IR I3 X 8 ANFE bR AR K T VLR 5 R b A 1) Pt
A2 9 25 58 847 51] (GenBank & 55 L3 1) Bk, 45
RE R 6 MENVL = B A 2R R IOUREA, F A B —
., BATE atpB-rbcL B.— 11 bp KR AEMEBL R, 50
ZEZRIUo AT XA F At R AR B R AN [R5 36 AN VL R 25
ZOUREE A REAR, 73 3 AR Y, b I A 5 B A 7
W (R4, HILWEZMIL " HZERIT (HES
FHs ) [ DNA % TES (K2).
4 AREMIAGELENSEREEEE DHREKRSE

FHA SR L B IH w1 A B K RSD {H 14>
B < 3% FA RS LA B R FR ARV RS
WK S, G R EIR, SH DT IR I B S
BT (b [ 24 )L TE 1 2.5%; e 79 Sk i)
AR ERAR, (H 714 4.506%, Hh e IR A& 21X
N 0.410%; FLUON A RIRE i, B RN 7.32%, H
O E T ) B N T 5%, IR T A =R K
REER DS ELRT 8%, w11 EHTE 5%
DA b Frfr dlomlrh, S BRI T A (D).
57 U0 TR BE, RO TR R v R R AR
RS H L BR R K.

Locus Sequence (5'to 3") Locus Sequence (5' to 3")
trnC-GCA-petN GGCGGCATGGCCGAGTGGTAAGGC ndhB-rps7 GATCATCAGAAGAAGAATTAGGCC
TCCACTTCTTCCCCATACTACGA TGTCACGTCGAGGTACTGCAGAAG
atpB-rbcL TTTCCTAATAATTGCTGTACC vefl CGATGAGCCGAAGAACACC
ACAGTTGTCCATGTACCAGTAG GACGGGAATGAATGAGGAAATA
psbN GAATTAGATCGTGCTACTTTGAA AAGCATCGCCCCATCTCA

CATTGCGACACCCATCAAAGGA

GACAACTTTTTCTCGACCCAATAA
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Table 4 SNPs in plastid genomes of G. crassicaulis and genotypes in populations from Lijiang. ¥ GCTATTTAGAT; / del; ** locus. ZP:
Cultivated in Lijiang, Yunnan; YN: Lijiang, Yunnan; XZ1: Changdu, Tibet; XZ2: Dingqing, Tibet; GS: Maqu, Gansu; GZ: Weining, Guizhou;

SC1: Kangding, Sichuan; SC2: Daofu, Sichuan; QH: Banma, Qinghai

trnC-GCA-pefN atpB-rbcL psbN ndhB-rps7 yefl
Pop. ID Genotype
26798%* 52636 52748 71977 93653 119740 119900 120123 120801
ZP-1 C A C G A A 1(25/42)
ZP-II C I A C G A A 1T (4/42)
YN (ZP-I1I) C I A C G A A 111 (13/42)
XZ1 C * T A C G G A G]
XZ2 C * T A C G G A
GS C * T A C G G A
GZ * T A C G G A A
SC1 C * T G] C G G A A
SC2 C * T A C G A A
QH C * T A G G A A
—|th-GCA-petN|—#—l atpB-rbcL ]—/f—l psbN l—/f-lnth-rps?l—/f—I yefl I—
Genotype 1| C (GCTATTTAGAT) T A C G G A A
Genotype 11 | - / - - - - - -
Genotype ITI | - / - - = C = -
| | | | ] | | |
26798 52636 71977 93653 119740 119900 120123 120801
Figure 2 DNA barcoding for Yunnan populations of G. crassicaulis
Table 5 Content of loganic acid and gentiopicroside (%, n = 3)

Sample ID A B C D E F G H 1 J K L
Loganic acid 2.568 2.379 2.653 2.263 2.347 2.501 2.335 2.588 2.684 2.336 2.503 0.410
Gentiopicroside 5.665 5.777 5.496 5.783 4.976 5.572 6.26 5.787 6.263 6.132 6.173 4.096
Total 8.232 8.156 8.149 8.046 7.323 8.074 8.595 8.375 8.947 8.468 8.675 4.506

5 HPLCIEYEILESPCAENE

¥ % T 73 00 T N R 2 Fe S EE A AU E R G0 iT
P (2012A) BEAT 0 Hir, BF 1B) 2 58 B2 M 0.3 s, R 2
MR IE G #E4T H B ILRC, 3815 A~L H S RIRSEE,
T 25 20 2 IR 4R GU I AR R 3 B, B 9 AN 3t
AU (B 3)e 4 BT A Hdls FAH [R] 77 72 3R 15 B AR 2L A B
3, FIRERT e Z 9L A I . JE X B S E A7, 48N
Forp 2 5069 AR IR 4 5 W R A S 1 5 SN
6'-O-B-D-Hii %) B EL IR 1 L6 Sy IR 1 .7 5
g A g8 OF SR (1 3) 0 6 A5 U P R %o U i AR 3 AT AH
BLEEVEA, 45 40 P9 AHALLBE 35 KT 0.999; %415 HR FiR &t
Pl 5 g A B, 7Skl (L) M 0.973, —HEAEA
(E) 40.994, H R %4 > 0.997.
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SRVE TR € 77 HL IR 4 A OE S 2 M, i — 2B R R R A
TE MR N R, GV 2 AR

FARFEEY 2 ——MZEHE I G. crassicaulis,
WHETVEE APEIL N BR X . LR AEA
AR R 27 (HL ) ZROT M P s . A CHE
25 B VL RS o B AR A i AR ) 3R 8 o o B R A
b, 0 B R VLR 25 25 U TE M 25 0 18R T Sl AT A AT,
FLRREE o 3N R R A, AR T A S B AR SR R
FHE 0T 224 i 0T B A b B R B AL, R R B
b, FEBAE TS ST A3 — @M. T2, v A
[Fi) 25 [R] 28 Bt R 2 () 0 e s A 5 AR AL 2 S o b, R
o 7 T8 BB 24564 R 7 AR DL B AR e o e B AR BE R
B IIWUESE o« RIS, #F— B4 KR 5 &, BE L 58 35 [0
L= H 2542 00 (B9 28 5 38355 ) 19 DNA & 68 7 1%,
A5 L AEAZ 250 A2 7= L8 B I PR R FH H R HE LA T
YEH

T2 bE B RL MR 500 T, XTI R 24 R 3 25 ik
BIEHATME .. BT, 2020 FHCH E 25 ) 252
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Figure 3 HPLC fingerprints of 12 batches of samples, common modeling (R) and mixed reference substances. (2: Loganic acid; 4: Swer-

tiamarine; 5: 6'-O-f-D-Glucosylgentiopicroside gentiopicroside; 6: Gentiopicroside; 7: Swertiamarin)
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Figure 4 PCA score plot of samples
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