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Abstract: Objective To investigate the species discrimination power of the four universal plant DNA barcodes (trnH-psbA, matK,
rbcL and 1TS2) and corresponding multi-barcode combinations in Polygonatum, and to explore high-resolution molecular markers
suitable for Polygonatum. Methods Seventy-nine wild individuals from 12 species, representing all the four medicinal species of
Polygonatum (P. sibiricum, P. kingianum, P. cyrtonema, P. odoratum) included in the Chinese Pharmacopoeia (2020 Edition) and
their local commonly used substitutions and inauthentic adulterants, were sampled. The interspecific and intraspecific genetic
variation were estimated, tree-based and PWG-distance methods were applied to evaluate the species discrimination efficiency of
each barcode sequence and their combinations. Results The primers of trnH-psbA, matK and rbcL all showed good universality
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while most of the individuals failed to obtain 1TS2 sequence in PCR amplification. The interspecific genetic variation of the three
chloroplast sequences was matK>trnH-psbhA>rbcL, while their intraspecific genetic difference was not significant, and no obvious
Barcoding gap was detected. All these barcode sequences including their combinations only get limited species resolution. Among

which, the combination of trnH-psbA+matK+rbcL possessed the best species-resolving power of 25% in tree-based method,

trnH-psbA+rbcL showed the highest resolution degree of 50% in PWG-distance method. Conclusion None of the four barcode
sequences nor their combinations were ideal molecular markers to address the problems of medicinal Polygonatum species
authentication. Nonetheless, as the number of sequence increases, the degree of species resolution improves.

Key words: Polygonatum Mill.; DNA barcode; medicinal plant; species discrimination; Polygonatum sibiricum Red; Polygonatum
kingianum Coll. et Hemsl.; Polygonatum cyrtonema Hua; Polygonatum odoratum L.

# K5 J& Polygonatum Mill. 5 J& T K 11 & &}
(Asparagaceae) &> B A B L2 AT E 1)
AR . v E A A JE A 39 A, L
31 BRI NG, R 2 R B R
[ 25 ) 2020 4% fR W I OK 5% b 25 6 B RS
Polygonati Rhizoma #1 % 17 Polygonati Odorati
Rhizoma PoRIE T 5kG B 25 FIAE . Hd, BORSR
JETE RS P. kingianum Coll. et Hemsl.. #E# P.
sibiricum Red.E{Z £ 45 P. cyrtonema Hua )15
RZE, BAMVIFRR. MR, M. B2 &
PrISkJE-F EA4T P. odoratum (Mill.) Druce )T J54R
2%, AIFEBAIEEE. AR, 7E (GIRARTEZ) b
MBH Ry b, ERIEIRNH)Z . tAh, Bk E
YIS 2 0E, SRR mE . A2 FiE
By, BABUE. PrE. UM . BRI, i
JiE RS e S 2 HAE 28], fEZGWTT Rt
8 5 A

BORG JB WA — NFR 73 S e I FE P B R
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Tkl 3 %5 5 5 Fh R R G R G K R v K %2 215K
H. BT ZBEMAEEESREASZEN, HRE
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SRR S MRA G5 A F A AT HERG X 5
Hog 10, HET, RS JE A E 23 38 2 E 1) AT A
Rrigig. Mok, BT 2 UMAIRZEANL, A2k
AL, BHEI TG, B2 DO Rkt 17
HEf S T, EREAFE X, &HrEk P
cirrhifolium (Wall.) Royle . ] 1t & # P
zanlanscianense Pamp.. KAE K P. filipes Merr. ex
C. Jeffrey et McEwan. #&1 3k, P. verticillatum (L.)
All. HrEE#FS P. roseum (Ledeb.) Kunth 4522 FiE 1
adEEACH L IRAL RH, BRI S
FRAER T, 25 JE RIS Hh 204 1) FH 245 22 A A

PRIT Ry Kb it o
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Rl EH bR SR R AL B A Y) TAE4 (CBOL
Plant Working Group )it *t 7 /NMH-244 A Bt (rbel .
matk . rpoCl. rpoB. trnH-psbA. atpF-atpH
psbK-psbl) 8 AP CELAES 3 Th 2. 7 el |
AR FIPIFP A E SR G T iPAs,
£ rbeL+matK 2 -G n] 4F il i fE 4 %5 08 A% O
DNA A0S, JRd il 1ITS (4% 1TS2) M
trnH-psbA {ENAIBI AL . [ FE ) 25 TS i 5
1B\ (China Plant BOL Group) T %14 75
F} 141 J& 1757 Fh3k 6 286 MUFRAMAI 737 45 R 4R
HHE TS (BITS2) IAFh TS E HIRZ LR
FEh 041, [k B G A B 245 ALY B v 2514 A 5
FSL T LLITS2 FHINE. trnH-psbA 41 A I
DNA %71 5 e R RIS, IR SR TS k)
72 T2 A2 e o 2590 )& Bupleurum LIS, F
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S5 o1 S e i A 2022,

Hul, #k5E DNA KA 7 45 e i 7t
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R ) TS E T FUR I, ITS M ITS2 FP g 4
IHHEAL, trnH-psbA. matK & rbcL 541 i ] .
TN AR BN, PR A . Jiao S5 281H]
ITS2 A1 trnH-psbA % 39 43 A [F] 3 X SR p 24547 3%
R S IR %55 A T R B, ITS2 JF 41K Be bl %
Dy, trnH-psbA J7 51 B RE S 1 Hh 2464 SRS (1) 2k
SR 5 R 8 AR FP X 73k, {H B TR 5
FEAR S, o RN J o 1) 2201 1 23 R 2 OR A R

A SEBSAE AT NBE T HEAE b, PL ¢ E 2] 88) 2020
SRR R 2 SR . BT R AR A S A EA
[F) 1t X DL [ e 2 s Dy SR VRAE ) R X 5
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PGt S o R N NG 1 = == 2 o I i
DNA %6875 (trnH-psbA. matK. rbcL AT 1TS2)
S MEAT ML RN & 00, BT A (tree-based
method ) A1 PWG i 2572 (plant working group distance,
PWG-distance method) JFf&5r T4t 7t, BIEEh
AR S AR A IR S e e, miiE i T
TR R 2] YRR A RS 2 - TAmid, AnzEiE
WIAIR R 25 OTERF 4« FH 2422 A 2 FHAE D )R
Trd I R A SR BB KA .
1 #x

DL EZ5) 2020 hig H s 0 SR iR 24

VTR IR ZAEFRAMEAT, KOCikBE
Rh PO B L R LA Do d gk 12 SR
NBEFERS R, REF A B IR AR T 1 B
Fio AR 3 K B AR A e
AR A, RERBRIZE K T 1R R A7, HI T DNA
SEHL, [RIN KA FEUE bR A . AW FEILR AR 57
AREAE, FRAZEBR P4 P R 25 KA b A TR £ 4KV
PRSI IS, PRAE T BRE B2 25 K 2 Th 2 A
A AT 22 MR e 51 8cE i b E R
A AR s SR B AL, BRI 79 MAUERAMA
(£ D.

*x1 MRMER

Table 1 Voucher information of studied samples

Yk e RES KA Yk e XR&ES KA £
TR 4 cp 07 PG48 B T EX 16  BS77 BREFEE EX TR E
P. cirrhifolium cp23 BeVEE X H AR A S P. odoratum cpo9 R E =T JE B

cp24 BeVEE X H AR A S 202013 A KIS TS
cp25 Berig £ HRAE 2020 14  EEEHTSETE
Z ARG 4  BS64 B RN 2020 15  BRPERHT Z A
P. cyrtonema BS65 B RBWAT 2020 16  BRGERHTT = A
BS66 =R BT 2020 17  BRPEHRHT=RE
BS67 A RAT TR R 5 GBOWS14 Aif
KA A 3 GBOWS0lL i P. roseum GBOWS15 A
P. filipes GBOWS02 it GBOWS16 A3
GBOWS03 At GBOWS17 Aif
AR ZE RS 3 BS98 BeFEE XS R A& GBOWS18 Aif
P. gracile cp28 PR RN RAR [ERE 8  BS50 B EE T E &
cp29 BRFE EXOTT R A& P. sibiricum BS55 WP X T B
INEA 5  GBOWS04 A 2020 18  JAEHEHTS TR
P. humile GBOWS05  Aif 2020 19  JREEMHTIE TR
GBOWS06 A% 2020 20  VAEAEHTGTE
GBOWS07 A% 2020 21  VAEREHTSETE
GBOWS08 A3t cp_04 B 7 48 RRH T 7k A B
CRE N 5  GBOWS09 A GBOWS19 A
P. involucratum GBOWS10 AP A 20 GBOWS20 At

GBOWS11 Aif
GBOWS12 Fif

GBOWS13 Aif
IR 7 BS59 ~HE AT
P. kingianum BS60 = ME R
BS61 nHEE RN
BS62 A R
BS63 nHEE RN
DHJ2 VU 1148 22 i
DHJ3 VU 1148 T 22 i
AT 16 BS68 A R
P. odoratum BS69 PR )
BS70 ~HE RN
BS71 =AW
BS72 ~HE RN
BS73 BETES ER TR AR
BS74 Berig £ RAR
BS75 Berig £ RAR
BS76 BETES ER TR AR

P. verticillatum GBOWS21 A

GBOWS22 Fif

Lk 16 2020 22 A EMETETE
P. zanlanscianense 2020_23 AR EMHTTSE TR
2020 24  MEREMHTE TR
2020 25  VEEEMHTE TR
2020 26  VAEAIEFHTTIS TR
2020 27  EREMHTE TR
2020 28  VMEEEMHTIE TR
2020 29  VAEAIEFHTTIE TR
2020 30  VAEAIEFHTTIE TR
2020 49  BEFGE RIS TIFEKE
202050  BRAEARETEKE
2020 51 PEFGEFEEHEKE
202052  BRAEARIETHEKE

cpl? e 76 48 T % T AR K B
cp26 i EEE RN NS =)
cp27 PR TR A




- 238 ¢8 % 2023418 $54% B1H  Chinese Traditional and Herbal Drugs 2023 January Vol. 54 No. 1

2 FE
2.1 EFH DNA $2EL. PCR # &0+

KSR E) CTAB VA IUEE K 4H A4 DNA, TE
SRR AR, 1331 DNA W 1% B R Bl R
F ¥k Fl NanoDrop 2000 43¢5 1+ (Thermo Fisher
Scientific, Delaware, 3&E) il i & 5. PCR
P48 B fE GeneAmp PCR System 9700 thermal
cycle (Applied Biosystems, Foster City, CA, Z[E)
BT 5 B LR 2.PCR [ NAK 3254 50 L,
fI4% 2 X Taq Plus PCR MasterMix 25 i, 10 pmol/L
MIIE I 5194 2 b, 15t DNA 10 pL, ddH20
AT o AR ST E S5 S AT PSR 25 1, &k
FIff) PCR ¥ #4827 y: 94 CHilAE M 4 min, 94 C
At 30~45 s, 54.5~57.0 CiBk 30 s (%548
KIRFEVENE 2), 72 CIEfH 60's, EHE 35 MEIF,

72 CHLff 10 min, 455 4 CLRAF. HU5 pL ¥4
W, 1% BIRBE SR B PRI . BT S 1)
PCR P 34T XA« PCR 5144 BRI 24 i
A A TR (R R BR A R 7622 7338 58 i o
22 FHIHHE. LT REHESHT

TP R 46 45 5 A Sequencher - 3E4T 7 51 1
e, FERRPEI g XSS BT AR IE, PR BIIX
KA &2 7 51, K45 200 BTG I 5143 il AE
NCBI #{#5 )% sh 47 Blastn (https://blast.ncbi.nlm.
nih.gov/Blast.cgi) Lbx}, IGAEFFHIMERME. X5t
FAFBNW) TS J7 4R A 2 T B 5 /R ml R AT )
HMMer JERE T %5 Br s 5.8 S #1126 S X, 3RS
ITS2 A& X 7510120, T ITS2 A 1 i oh =45
1%, BASAFHI P FIEEACT SLI0 M S 401 50%,
PRI iAKW N 5 250 HT

&2 PCRYESIMER
Table 2 Primer pairs used for PCR amplification

EIEZ| EIEZEAN 5175 (5°-37) AR I )/ KL EE

ITS4 ITS5 GGAAGTAAAAGTCGTAACAAGG 30s. 545 C
ITS4 TCCTCCGCTTATTGATATGC

trnH-psbA?5-26] fwd GTTATGCATGAACGTAATGCTC 30s. 56 C
rev CGCGCATGGTGGATTCACAATCC

matK27] 3F_KIM CGTACAGTACTTTTGTGTTTACGAG 45s, 57 C
1R_KIM ACCCAGTCCATCTGGAAATCTTGGTTC

rbeL (28! rbcLa_f ATGTCACCACAAACAGAGACTAAAGC 30s. 55 C
rbcLa_r GTAAAATCAAGTCCACCRCG

AR RR 3 Atk F 5] (trnH-psbA.
matK. rbcl) 73 B4 EE £ 75U RE, FIH MAFFT
SE R FI LT, FELE Geneious B4 34T DA 1)
NTRBERIE. ¥ 3 4G4 7 51 4 5k <7 F0
W53 AN A AT 4T, B trnH-psbA . matK . rbcl .
trnH-psbA -+ matK. trnH-psbA-+rbcL . matK+rbcL
AT trnH-psbA-+matK+rbcL, 3t 7 %L F51.
XFT 3 AL SRS F 51, I MEGA 844 4e it
AF S fir 5 Cvariable sites ) 1 fdj 29 {5 B fir /4
(parsimony informative sites), Jfit&FhiE . Fh
K2P (kimura 2-parameter distance) 4% &5, F)
H1 IMB SPSS Statistics 25 317 Wilcoxon 5 #k &
5, A SR AN R R N 8L AR R 2 e
FEME . BA T, B 3 ST Al AR H A
AT RGO, A AR A B A O Can
2 ARG, FEAMMERE 1475 83 %
FABAR, FAMERA 1 %802 %75, ¥
EAMELE S 5B

2.3 PIMEES

HH MEGA B 73l tH 53R 7 A2 A Fr 3]
fRAIE] . AN K2P #E 8, FIH TaxonDNA 2554ttt
A RRp ] iy K2P BE 85 4 A A EE AT Gvh H 4
S O i T U N B o el I e
“Barcoding gap”.

R EMEA PWG FEEGVE 2 Mo ik vbel 7
KT DRl 2 8 Ay 2 o O T2, A
MEGA BT K2P #E s A0 MIFR (pair-deletion)
PR, ARG B (neighbor-joining tree,
NJ tree), FRGLK B W &7 30 R BETT SCRE R
(bootstrap values, BS) i#id 1T 1000 X H & EH L 7
P3RS . 4 [F — P Fr i i A MR E R G By —
MR, HSZERRE T 50%, WAL A ZP M4 E ik
T4 01, T PWG BEESE, FIH MEGA #4431
THEEYIMIRRE ML, SRt 53
A TR] A g /N B A% R B DR Tz A M AR TR )
ORIBAEER SN, R IZ IR E sl
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3 HR59%
3.1 PCRIi#. MFEREFIEFE

PCR #4745 3 1 %5 17 AR A B LR 3.
3 M ZRARZK TR 7 H1H, trnH-pshA 4 34 A 7
IR EIIEF] 100%; rbeL (918 i h v 100%,
A 2 AT e, BRI P LT3 97.5%; matK
(438 TN 88.6%, #3 R I MIANAR 43 i Th
WFF o 1TS2 X 41 ANFES Y 3G T, BI9 38 3
N 51.9%, o2 AR PR, NS E] 39
SFEH. IR I RE 2 R B I LA E G
K BEAGIY). R DNA &%) bk, 1)
RETMBIEH R B— 9 G =W

3 HM-ZRAR 7 B LR I K BE D 499~751 bp,
A AL S AUE B B 208 1.5% ~4.53%1
1.2%~1.86%, H:H matK FFAKEHRK, HAS R

&5 B S EY RS . ETA 9 MME (BS73~
75. BS77. 2020 _13~17) [f] trnH-psbA %I 7E 60~
67 bp & K4 8 bp WAL (GTTTTCAT—
ATGAAAAC),
3.2 Wilcoxon FFE##E18

Wilcoxon FF5tktEesi RN 4, 3 HMLRAFS
FRIATE] AR S EHOR B/ M)y matK™>tmH-psbA>rhbcL,
MAAZERALZ, B matK=tmH-psbA=rbcL.
3.3 Barcoding gap 148

Barcoding gap fuie 4 KWK 1, il 7 H%IE
T 7 F R b () b N Bt AR B S I AP — e FE R,
B[94 B & () Barcoding gap 177F . Fh A fE 2570 A i
A, EEAE 0~0.004, ]IS PE RS AT B HL,
FEZELE 0.003~0.01, JFFIELA 7B BIFRE] . Fh gt
R =Y i N o1 YA o

&3 PCRY¥IE. MEFLHRKEXE&EFFIFHE
Table 3 Results of PCR amplification, sequencing and characteristics of each aligned sequence

o PRI IERE AL IR AR BOSJRITS) RRAAE WAGEAAE FA K2PEEE i K2P BEE
(BRI I%) CRIHI%) KJEfbp (i E/%) (i E%) CPEERD CFIEERD)
ITS2 41 (519) 39 (9.1 / / / / /
trnH-pshA 79 (1000 79 (100) 533 8 (150) 7 (13D 0~0.003 2(0.000 7)0~0.009 8(0.005 0)
matk 70 (88.6) 70 (100) 751 34 (453) 14 (1.86) 0~0.0089(0.001 7)0.000 2 ~0.013 9
(0.0067)
rbel 79 (1000 77 (975) 499 9 (1.80) 6 (1.20) 0~0.002 1(0.000 4)0~0.008 8(0.002 4)

#F 4 TrnH-psbA. matK & rbcL FFFIRIFHE. AR Wilcoxon fFSTie%
Table 4 Wilcoxon signed-rank tests of interspecific and intraspecific divergences among trnH-psbA, matK and rbcL

AT IERE W Hifk W il — Nf& PH LR
IR W Bk W

] trnH-pshA rbcL 1619.00 272.00 66 <0.001 trnH-psbA>rbcL
matK rbcL 2042.00 169.00 66 <0.001 matK>rbcL
matK trnH-psbA 1709.00 502.00 66 <0.001 matK>trnH-psbA

A trnH-pshA rbcL 15.00 6.00 12 0.345 trnH-psbA=rbcL
matK rbcL 44.00 11.00 12 0.092 matK=rbcL
matK trnH-psbA 32.00 13.00 12 0.260 matK=trnH-psbA

34 YIMEE SR

PR B TR S SIA T E /R S yvely
PR ER 5. BRVEDHTEE R T, BT RIS AT
)5y %0y 8.33%~25.00%, MIN%EE 1~3 M
Fio Horb, trnH-psbA F1 matK /54153 5 B 74%F1
8% S FE R LRI N T A MET RN R, 5
HAR RN X 53 TFHR, rhel 73140 B &5 B3 K
TR A MR B B — AN R R, 5 HAR A A X

Al SCREFRY 94%. Weath, 2 N RRAA S
trnH-psbA+matK. trnH-psbA+rbcL /& matK-+rbcL
FRIN4E 5 VA 9 2 A, IR 73 ) T PR (3L
FE%N 51%) FIFERE (97%). KAHENS (95%) Fi
B (80%) JAKHEZERS (57%) FIEHS (88%),
HTE NI E N 16.66%. TKAEBRS . E A AT
3 ANYFd [EIN % trnH-psbA+matK+rbel 414 Bt
Y5, SCRFRIKIUCN 94%. 69%F1 96% (& 2).
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© O 0 9 Q@ 99 © o o © O o0 © ©@ 9 © © © o © © © © © o ©
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trnH-psbA-+matK+rbcL
¢ 60
SN
M 40 m Ay
A
ﬁzo )
OHHN(‘OQ‘LDLOI\DDO
o O O O ©O O O O o O
S 9 &8 8 & & g g g
© o oo o o o o o o
S L e R N A N
ZHHNW?L{)@I\W
O O O 0O O O O O o o
S 83858 g g g g g
© oo o o o o o o
IS
Kimura 2-parameter distances/%

1 BFEEBEFIIREAEHENMIE. FREEESSHE
Fig. 1 Percentage distribution of interspecific and intraspecific K2P distance of each barcode sequence and sequence
combination. Values in X-axis mean K2P distance, and in Y-axis correspond to percentage of occurrence

&5 ETEWEMPWG BEEZESITHEZIBFIIRETEHEWIMEE S PR
Table 5 Species resolution of each barcode sequence and sequence combination based on tree-based method and
PWG-distance method

igilkvey] HERE PWG F gik
FSIZ L . e N ,
VIRHECRE )33 1% B Rl BT SCREZeI%) iR 1% Tt 25 5 [ Rl
trnH-psbA 79/12 833 K (T4) 8.33  JHIRHE
matK 70/12 833 kK (85) 4167  ZAETRE. KEEHORS. VPR
WERIRE . BORS
rbcL 7712 833 KAHEKE (94 16.66  KAHEKE. JHFH
trnH-psbA+matK 7012  16.66  HIEAS (51). BK (97) 4167  BACIKE. KEERRS. RS,
BRI . RS
trnH-psbA+rbcL 77/12 1666  KHEEEKE (95). VAR (80)  50.00  ZIEHEKE. KMIEKE. AT,
THERS . TSRO . RO RS
matK-+rbcL 69/12 16.66  KAHEKE (57). HOKS (88) 41.67  ZACTRE. KRR, JHITR.

HEERRE . BOR
trnH-pshbA+matK+rbcL  69/12  25.00  KHEECKS (94). JEEKE (69). 4167 LIRS . KHIMORS. IR,
#HE (96) IR A
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cp25_concatenation of 3 sequences 1 M-k

cp29_concatenation of 3 sequences 1 iR #4
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BS62_concatenation of 3 sequences

GBOWS19_concatenation of 3 sequences
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GBOWS13_concatenation of 3 sequences 1 % #k#%
GBOWSI10_concatenation of 3 sequences 1 i #4#

GBOWSO09_concatenation of 3 sequences 7 41 # k%
0.001

2 TrnH-psbA. matK 0 rbcL FHIBEE SN MIERZ A B R
Fig. 2 Neighbor-joining phylogenetic tree constructed by joint analysis of trnH-psbA, matK and rbcL
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Y1) 753 J& 4800 Fh 6600 MR AMEN) > 45 R
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DR AR 1TS2 1 N 25 F A 20 1 % 5 (A 1
DNA I FEF1 . 4R, ITS/ITS2 78— Le ey
SRAFAEAE LA T4 BRI 1) 1) Y, 0 Je8 (i 2
XFE— R AR RN, ITS2 () PCR ¥
W R DR A T oA 3 NHHSRAR T, Xy 51.9%,
VAR 1 SN 2 A S AT AR B 2, 79 MM R 4
R Ihi P 3RA8 39 26741 . Jiao ZI23IN A ] P ok
J5 R ARG RE i S IR S 1 o S i AR
DTS2 FFHIASRERE S b 3 BT, W3 S 0050 o
K JE 25 FHAE D10 7 -1 %5 2 BF 9078 ¥ 15 H A AU 1) &5
o PCR 41425 I 32 5252 31| 5| W13 FH 14 R S 3644 el
AMEFPHE TR . BRI, R IR A% E
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RO SRR FE R ZH P ) 1TS 7 41(30.320, 3300 A fi v
TR B > %8 SR LR 1TS2 7 513K B i)
(1 — B .

HAET) DNA K TEAL P 5 Ff P 3844 2 125 57 B 2
/NFFRhiE], B EA B E A Barcoding gap, TMAHT 7T
B 7 TR 7 B a] . P b 3 4% BE 25 240477
—EfEEHEE, T 5 Barcoding gap. BtAh, fE
ERHE TS RS, trnH-psbA+matK+rbcl 414
% I Th et =, N 25%, EPETH 12 M)

PR A 3 AN RIS D) 48 5E 5 trnH-psbA+rbel
HELERE ST R 7 HF 2t N 50%, 1Y 6
A B B[R] I R D S e . U B R SR AR F B
trnH-psbA. matK. rbcL K IHHAHIHAETKEZ
FARE AN TR b 6] A KX Oy 25 58 K BLAR 7 FAm i R
B, MWAHFE BT Mr 45 R T LA A, Bl
HITVVEERIGIN, PP %€ 7 PR AR R 5
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JE PRI N 16.66% (2/12), trnH-psbA-+matk+-
rbcL =FEXEHT Fh 8 5E 7 R IR = 2 25%
(3/12) . PE B E 4 BT 25 5 b matK Sz 43 #r I pp 4y
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