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Application of DNA Molecular Identification
Technology in Polygonatum Mill.
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Abstract: The genus Polygonatum Mill. represents a wide geographical distribution, abundant resources,
complex taxa and a long cultivation history, and they are considered to be important with the medicinal,
economic, ornamental and cultural value. Under the background of the era of the concept of great health,
Polygonati Rhizoma as a traditional Chinese herbal medicine, its potential market and wide range of applications
are constantly being valued and explored. With the improvement and development of molecular biology research,
a variety of molecular identification techniques based on DNA level have emerged, which has accelerated the
related research field of Polygonatum and achieved many fruitful results. In this paper, we review the current
status and progress of the genus Polygonatum about DNA molecular identification techniques ( such as molecular
marker and DNA barcode ) in recent years, especially focusing on the research of genetic diversity, germplasm
identification, phylogeny, etc. The problems and prospects of molecular marker technology are discussed in the
application of Polygonatum. We hope to provide references and comparisons for future molecular marker research
of Polygonatum in related field and scientific references for efficient protection and utilization of plant resources.
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A = 22 %

202 AR A R B 5 0 R — 0 TR Y 1)
B Rt TR RIS AT i P By
A b A T B M T i FRAS B ML o 2R SRR R
RSB[R b 25 b HORS A B AT A R s 5 2
REL. BEE > THEW R ARB R R, SR T4
SERAR IR AT A5 55 | O E R E 2 R
BONTAER S 502k TR, %R T DNA F
BB AL S A e Bk A B
REAS ELHELE DNA J3 T /K A6 I A= 4y 1] ) 22 57
A W s A S R A M R e
P 0 AT REROR S B CEY R L%
REMERIFSE I B IRITAY 22 0C RS A e |
T PRI A A IV B B R4 A )2 R A,
I T AEGEAY 2 B RO R I, i 28 L IE 25
SEUSEA TR T,

AR 3CF M DNA 43758 5 H R 6% 8 191 P 41
IO ST PR FE J HEATPE 2 S 2, S TEHE S ks
SRR AR A 5 A BRI

1 SFRIERARERTRE RN A

TERY PRI E RBEKE e 2RI &
BREEGUL, TR C AR CA T Z IR A BN
EAMGE RN R IE S MGG F R T B A )5
Bl 5 #h 38, 1 HLE A B0 5T 5 5 2 5 5t A%
ZREE ST R BB S HOR o VR AR SR, %
ARG JBAEY) AR O N G A T 1 fR 2R
MESE (R,

1.1 RFLP #AR

1980 4, Botstein % * 1 < 42 H B 1 B K
i 2 35 P $2 R (RFLP, restriction fragment length
polymorphism ), ‘& 1f 4 i 5 5& T DNA 43+ 7K V- 1Y
FracHe AR, JH: Dt 2R Ao I 5 PR 20 7 FR i 4 9 D) it
(Restriction endonuclease ) Y] %5 ¥ i ¢ DNA F
B RN ZHARCH Iz N H TYIR S SRS
B T Uiy el Suid i 22 2 d il el SPS EXi R g b e
FEEAE 7T, {HJ2 RELP BOAREEZ FERTH MY
XoF 38 8 BR A P DI SR ™A%, T LG S B T
Py se s 5k AR — s fa 3, WO fE— & B |
SR T %R 5 & JB 0 T JE £ PCR JEl
S T PRI B B 2 AR Gl U ( PCR-
RFLP ) R, ATE—E R T2 HAR IR FR , (H2
K T NIRRT A SR A i TR

KT RFLP £ AR AE SO J& b (9 W I A 20
Wau 21" 5Z il PCR-RFLP 5 A F-Ee % Polygonatum

odoratum ( Mill. ) Druce 5 Polygonatum simizu Kitag.
I 2 A JE K 240 rnK R rpl 16 RS JE X - B iR AT L
8, et A HABIESE , X} Polygonatum simizu Kitag. F
RN B A C R AR Polygonatum
simizu Kitag. 3 J& T Polygonatum odoratum ( Mill. )
Druce &G HAY, N 2K Polygonatum simizu Kitag.
M Polygonatum odoratum ( Mill. ) Druce J 57. H} 3k,
St A o X R o 2 AN SRR L R
Bt (ernK Ml rpll6 ) i#F 17 PCR-RFLP 43 #7, 45 4 3%
B Bt @ R Ak A AR R ROCR, B A
MR R — B R S8 O A U SRR
S0 LU VEORS H R 24 J B SRS JB U WL A . Tamura
A IR BORE SR 17 P 1 AR K FERIHEAT PCR-
RFLP 4387, S H5 44 B8 J& 73 1 sect. Polygonatum Fl
sect. Verticillata Wi 2H , Hoor ¥ 93 K45 R 5 Z i i 48 4
R BB S AL 22 O B FEAS B 0 R 458 0 —
L M R TARCER , 1R R R
KEHRBREECEH T —ERENH.
1.2 RAPD #AR

1990 4, Williams %' >/ 7€ PCR i A& 1) F i -
A BEHLY 1 2 2514 DNA 43 Fhric 42K (RAPD,
random amplified polymorphic DNA ), & LA % /|~ 3
[KI2H DNA SRR 47 Z 8 MR, H At doR 2
T2z B TR S0 SRS O FR AT SR SRR 1Y
o b HALSURERAERTE, A Zhik s, Prag i i
DNA /b SRR, I HANTE 2 DNA JPFIME . 1
SR ARLETE ARG M, R RE X el G A 5 4
AR HEE e R 2 (IR O s 15 L )
) e, N S EGRIE IR et S B A

RAPD $ AR AE #0AG I i A 5% 32 2 AR I AE 5t 1%
ZREPEDTTE S P TR IR S 2 AN T . ARk
% JH RAPD 43 FARic J7 ¥, il i X BOkG & 6 Fl 24
PRI HAT 2R G 20007 Rl 1% i 7E R R
J& 2532 L RRERA S, (R NP D o A A AC SR
%, PREZES SR RAPD J5 i % 5 rh 265 4 AT 2
L[] A TR A it , IO 080 i 0 b ™ e AT 5 At
X BEATHEAT AT, HESL EAT RGO R A %
) UPGMA JIEE5 R I 2 Moy 2mE T — 2, nlis
[F) J AEL) E AT RS B I ML X 3 . 2002 4F, X1
BB A0 Xk A R R R HEAT T RAPD 43T,
GERRW], BAT UKL 22 7 W TEHLZGM EAT
FUHAt ™ H AT K AR 548 701k, R B RAPD iR
AR 2984 AT 0 50 DA S OSOh AT S AN
AR T H . LA BB R AT LUE HY RAPD 4
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RIE—ERE FREE D EmA JE 1R P G R U
RO ] 22 AT S0 (H R AR IR AN BRAR - 1
fif e BORG Ja N R G851 28 R
1.3 SSR #F#rid

faj P51 #42 ( SSR, simple sequence repeats ) X
FRCTLE (Microsatellite ) ), 248 12 AE7E T A% E
Py~ BER 20 v e ER R A A R IT ) B R
Hi Tautz (1989 ) & B>, %A SSR ¥4
A B H R Z AR K B B P A AR X
PRSFRREE , ISR A1 SSR T4 A 3l & 1

Ve HHET N i Z 0 Fhric iR Z —,
SSR 7 FAnicfE Bk B Y IR Z A W . R
L2 IRAE 60 5 HORS JRAEI AR, B SSR 4r T4
W7 AR ) 2 S BRI Tist G 25 SRR S5 A 1Y
ST, SRR B B Y B L 2 e R R
FETR, A A BRAR R ASORS , B A it R 42k it R
A YA 22 SR N BILGE ; VEHSHI IX 138 4% 24
PR At b X 57, TT RRETR [ HORS JR AR A U rh
Lo TR 2R 12 %1 SSR 51 ¥%F 32 4B 4
HOWFI SO RIS TR OG0 M & B, SSR SR 2L 45 L fig
i L RS AR SR OC R o BE T AR OCE Y
#%) DNA F8 80, 156 1 BT A Fh B A B e A5 2
R IX A3 Bt fe 3 1 AR i Je L R e AR
AR AT, i T2 Si 2H B0 AT A6 1 EST-SSR HURTEZ
AEBORE SSR AL AT Fic I & IR A8 45 T
0 A B IR S R, Wik B> 5
b X 22 48 HORE i ik 2H 0 P B R 2 5 e i R,
SR SSR AV S AR, R TR £
YRR, R B N FR R R Y 73 200 2 AR B
KL R SR R B B R R FBL
1.4 ISSR #F#rid

ISSR ( Inter-simple sequence repeat ) BJI fiij H. 8 &2
JEAN X (], ISR SRR K3 Zietkiewicz
5TV 1994 AR AR BT B M R N
I DR RS PCR FR W3R L 5% R
EA M, 7] RFLP 73 Fhrid BoR—HF , BA T it
o R FTI J , OAS AT AT 5 # A DR 1 e PR 5
Z R e e P 1R JQR BE R, BT
P AR BRI A 0 B PCR
SR A PF B R  JCIR X A i R A

F AT, ISSR H A ™32 1 FH T BOAE & b 5t ¢ 5
(S8 AR 2R JOR G O R A0 R BUEITE Y
o RE IR T ISSR A K 5 B 7 5 1
BOAEEAEY) : Z A0 S KRR, e X W AE

Vsl ZRE R TR IR & R R 2E
K, INH ISSR HE AR AT Sy HORG J A o 4 7 B BB i 5
WSS B, SRS 8 RS2 ISSR H
AT BAT AT N EAT RS B R
BRSO 5% e, M
T A FE R AT S Ak b SR AT 1% ISSR 4 AT H
BRI WA R B EAT A 2R T AR B AT
HO BRSO ] ) B AR A S ARG BT RGO R N
. B H T SC TR ST, 04 AR AR SR Bl
Z AT DR ) % R RE (S AR O T R AT ST 5
FIH.
1.5 SCoT %F#rid

2009 4F: Collard %7 $& [fl JF % — Fh 3 T 1.5
Y438 5N B R H AR bR IC R B ARG
BT 25 FHrie (SCoT, start codon targeted
polymorphism )., %+ K J&i# & DNA J¥ 41 th ATG
B LR 10 A 3R P PRSP T T s ), A A
fap /i A Ve SRR Mk 5 [ s e L
5 BB AR A RE B PR IC A

SCoT 4+ Fhric Ay — i B 4r FARic B R,
FE RS & 1) I R A, A OGS A D
XBRAG 4N L 19 By AR B0 ( Polygonatum
Mill. ) R A1, FIH SCoT 43 F A5 i 4 AR Xf b4 F} 2t
T3 A% ZREVERIFFT, 25 1 5 03I 07 28 1 A 15 4>
SCoT 5#y, —I4 14 1 500 45 DNA F B, Hir 498
RHA BN, 2B EN 99.6% , UK EORGFP T
[) Fry a8 A5 AR AL R B85 B A 0.5540~0.7340, BB AR [
Foft 5 9% U RS A 5 R s Z R, SCoT 4
TE AT LR BEORS 19 43 28 RS B A — e i K E . £R
BTN 85 4% SCoT B4y i 1 H 10 453 34580 %
1 REE S A YR B A TR R IR Y
PRICSEE . UPGMA RSB HT moR , s 78 I3
[E] B AR R BT R R 0.67~0.93 , HiZR 2y X mT
DI S0RG b R IR E AT 43 2 e, {0 558 5 ISSR
I FAMEIS R4S 22 TR,
1.6 SCAR #%ig2

1993 4, Paran %' 7E RAPD-PCR 4> F#1ic
FEhh 2z b I F SRR R B BE Y 1S X3 ( SCAR,
sequence charaeterizedm aplified region ) 43 FHric
AR, BMEIER S TP5C (RAPD, AFLP, ISSR
%) BIAKN DNA R B 79 s e 3 , AR 4k 751 i
Wi 19y, Bl % 3 DNA F- Be i #E47 PCR 4%
SRR, A 045 2] )P 5 R R X 5 ( SCARs ),
ZHARY L5 R — IR JGR R R, X O SR AN
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A = 22 %

U, — RN K B 280, At W Ebsid, A
AHERBU Y 1 7 Ben A TG, i i Ebsid. SCAR 43
FhRieBAR Oz 0 TR 7 B &P Fh
3 M T IR S B R R A A 45T TR I

ARy SCAR?FT}EE’J/\?*TIEL_WL_ s
WEGf %6 77 A] i3, DNA Bk 1 B Rk 5|9
ToE AR M 2385 k)5 PCR ikt —44-
HA B2 PCR =W 1) 22 25 ME T 2 55 I R AR 2= BR il 2
SCAR FRICH AR & A 2,

®1 SFREEEBERAREAEL R

-2 3 25 4 15 55 ISSR . SRAP-PCR 2 #1445
TEHE AN 22 A6 PR 5 KA FEORG MY S R 2 2R A 7 b ] 22
M, 3/75 DNA 225 F Br, &l iy ke it mi 5

Jﬁ?l_HJ. 3 Bl SRR PE i Ber 4 X3 ( SCAR )
F19), BERSAT LB IX 2 FhBORS S8 AR ) A T R T

A, HAPRE , BRI OC SCAR 514HE
Bk = AR SR TN R BE— LB 52

SCAR 73 THRICH AL BORS & H W AR IR i, B
ARERADITE S HI

Table 1 Application of molecular markers in research and use of Polygonatum Mill.

Ttk Pyl B L S5k
Methods Species Application Main results Reference
RFLP Polygonatum simizu BT HUUE: Polygonatum simizu )\ Polygonatum odoratum [11]
Polygonatum odoratum WA LIV
k)R 13 DY RREERR . S X A RO RCR AR MRS R [12]
BT OB EORS SRR
HRSE 17 NIFE 1A REE BT YRR R 2> I Sect. Polygonatum Fl [13]
A il Sect. Verticillata THAL WA,
RAPD TGS 6 DT PRER JRRZ RS HERHAE I 8., Jo AR IR 43 A7 38 X [17]
HOREE 10 A Fl T BT IR S E TR 590 AT B HR W i ) S L) RS 5 [18]
HHBZG B EATTE DNA 23 Tk BT ™ A T sl A8 5
FAT ZAETRT R HOR TR URAEE | WL, [19]
B RS TEHZGHF BT X AT A T g 0k
SSR HKE)E 6 IR 60 LR BORE RAE) AT 5 B A 2R [22]
Tl BTHE R G RFRLE U D A% 22 A T A X
O AETORT A TORT AL A RIS RERTME SRS IR R R R 5 [23]
*’AJ@.E’J DNA $ar BTG RE X R BRI T R X 48
EZiau FRICIF & FPARE) 12317 M A PERY SSR e, BERLBkIERY 50 X [26]
SSR 5[ ¥yt 29 X4 By A
ISSR ZAETNRG KA HORS T BRI E | ISSR SIHI% G PCR Y I L1 oy Thricd M T [32]
L Z RV ZALTOR SRRSO T4 1 Basi Al e 3 AT o
EAF NS RV A i SEMIH AT RO AT SOUE . [33]
ONERD) A7,
T NERT EAREYE WIS AT ORRAPRI ISR B14, B S S [34]
AHHORG 2 AETORT T AT X 23 SRS 25 AR
BN AR il BB IS G 2 > ISSR FIWIRER ™ A A I 2 AR [35]
B HH FHT 25 BRI ORI X3
EAT B Z RS WPk A AL 2RV TS SR [36]
RGRRIIHT AT AR S M A AR SR
SCoT ZALTORS VO | LA N [V B8 SEORS ol AT o 2 s AL 2 [38]
EN Y
HHG IR 6 AT TR IR E SN X BRSNS AT B0 I 4 fiE [39]
RIS S BRI A O BT
SCAR AT 2 AL BN TSI E 30 SCAR T IWIHE AT SRS RED M 45 ek 7 B [43]
WMIAEZ AL EORE hICE Y 1 R v BL.
SNP EAT FETRIRSE SIF BT RAD-seq #ARTHRAS SNP ARICAESS N AR L X E AT [46]

Tib BB R 020 55 M PR (IR e O P b 2 B 4 S
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1.7 SNP #Rig

1996 4F, Lander %" 41} T4 =X DNA 41
FRiCHAR AR Z A5 ( SNP, Single-Nucleotide
Polymorphism ), %A ZHE TR KL H Y
AR FRAE SHIBIL (BREE 5 Fid B A
45 ) M2 DNA JF97= sl Z2 250 58 78+
IR X AN RR ) 22 S A TR, TR 3 X 43
WY S H B, SNPARICHA M S e £ 5.
YA AR GRERRE S T A SRl 54t
TS, BRI AR SR 2 i 5E 5 .

Kim 25" JE T DNA 5% JE 145 AR %) 30k I it
4k DNA F Brrp SNP i S #7581 & B : rpoCl
rpoB2 . matK . psbA-trnH 4y SIAEAE 25.1.7.2 ) SNP
PR ARG B S 2 A, T B & B Py
Y SEAR MY T A W2 7 T AR 505 Bl Lee 251
183 SNP FRic XA [] b DX £ A7 R s o PR 17 43
BT TR SRIEA ) R G KT WK 27 0 BAT
FEAY S 3 RS, Mk F Wk i R L & 00
B ] R EATRE SN 30 4 4, 3K SNP v 5T
KRR BEAE S AT 5T 58 VR 1) 45 2 Rt i 2 e
Iy HT R BEES AR

#E HRIAHOCHRGE R E , & T SNP ARic e #okG s
24 FAAE Y A 7 T 1 . (R JET SNP HiARARZ Y
e85 DA BG4 BT TF- B A Bk 25, A4 SNP i
FARAE R S8 N BT R

2 DNA ZFEHAREEEENNA

DNA I %4 RAE A DNA 43 T2 A 5
TR, CFEsh¥ AP LAY HUAS T
FIAR MR T W T RERE 5
AR KR DNA SIEASTE B0 S8 ALY b =2
FATESY S RGHME SRR SR 2y
MG (£ 2 ),

21 %R DNA £HABEA ( Standard DNA barcodes )

2003 4F, 1 4 K 2% # Hebert 2547 3 Y 1y
DNA #ZIEH S, ERAARAZ MBS S AR
W BRS Wi AR S 25, 76 DNA 012 2 At vt v]
SER A AR AN 5 I RE 5 B A A BTk
R E e A2 PO IR AR B M — B
S T R E WA Y DNA FRIE B, %8 R 1EEh
YR ORI AS B2 N AR A i MR 3h
Y R AR A0 L 5 2% C AL 3L 1(COT) —FERY
Fn Ak HLE Y DNA SIE05 10, H i, -2 R B
matK , rbcL  trnH-psb VL S A% AR JE R K FLR% 57 ]

B X ITS/ATS2 e A AE YR IE DNA SIS
i RAE ) a8 1) B DA B oKSF B 585 XS T8 i
SRR A BRI RAT PR

H il DNA S8 A 78 HORS SR A i A 2
psbA-trnH [ ITS2 3% 2 25 )7 9 75 vEokG J& i ] 1 b A
WU, SRFEN 2RI ITS2  psbA-ornH 38 FI5 | 9%
ANTR] ™ B B0RG 5 22 A 30T DNA #EAT PCR 478 |
W, B 53 M7 A B ITS2 P 38 CR AR, 1 psbA-
ornH JP 958 F T 5808 vl 5 2 AR B0 M Hos e 2
FEVEII 3T Bl 2 I FE 5 | ) #K5 )s 8
AP FPRE SR R, AR (ITS2 FITS ) 741
P HGROCRAL, ANREHEAT S5 2250 Hr , T S AR A G
(rbcL matK  psbA-trnH ) J7- 51| 1) B Py 5 F ] 28
SN, AE T TR TYEE . Fdeiass
XA TR X Z2 A6 BEORG 19 1TS2 5 psbA-trnH J7 51 E
X5 AT R IR, 1TS2 JPHI RIS R X 435K 55 1
X Z A6 R AR BT UR T psbA-trnH ¥ N TE 2 46 8%
KBRS, R R 52 ABEIX 73 A [ b s 2
TEHRE . TRV T 4 NS R B (rbel,
trnK . psbA—trnH F1 trnC—petN ) #5545 i K &
ALK R R I: EHE IR N8 34 SRR & )
O3S — 43 SCALEE A3 A T 3K E VY R X R 4
BORG B AR AN — 43 3 2 A TR E AR b
X, DL 4 A i DX B RS 5 1 Polygonatum
sibiricum Redouté 4T LA [ 2 KA 210, A
KWFTRAKTE , o— F Bt DNA SIE 76 B0 & 1Y
N HAZ R, IR 2 RIEA S HOR I 7ELA
JE 5T H R 24 R FH DNA B AS 4 A s 1 i e 1
G PRSI
2.2 BREFEBBIA ( Ultra-barcoding )

2008 4, MU BESTERY)TCE S ( Botany
without borders ) 2318 4, 525 # 45 i AR Y it
LA BL P ATA FI Sh 1) COT e H AHTE 56 15 2.
O RIS DNA b B R AL, 5L 2 A
b, BA g5t BERIRST o F i/ (R AR
AR T,

Wi 5 0 B AR ) e LA R e AR 1 T 9, L
HZARMFH AR (NGS, next generation sequencing )
SR e AR I PR R, AR AR i g A 4 B [
AT EC IR BT BE P AR R R 2%
TS HEA TR S 7, sl FH S R 4 PR 20 T 2
R JE AR 5 (1) DNA SRIE S 2R L0 m e Y A sl f T
Sr B TEUERR S E SR — A D

H AT AP ST SR R AR b i AR 2L,
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A = 22 %

Lee %% Jin 251 J3 BRI AT T B AT 5 E O
(SRR I R 250 DL R R R B A, (HIR I %
BIIREATHE ST, Floden 2 53 %f 19 Fih
KB AGY) | 4 PP S RS SR AT S 1 R AT AR LR A
(18 5 e I S PR L DR A P 4 B Bk R 5 e kG I
SRR, N Z eI RS R R T
UE4R 303 s 4 W9 RS T Meng 451 56 T3
K& N Polygonatum sect. Sibirica . Polygonatum sect.

X2 DNAEHMBEEREMRMAEL KX

Polygonatum , Polygonatum sect. Verticillata & 4 43
ESIPUNSR S-S 2 R (S F PR o N £ o S - |
J& RGO R HER R R . A TR EE T
Vi I s B ARTE A S T7 TS, LA e il
AW B JE N AR DC R o BT Ak 4 Bt
DR 20 7 HAUAR A 0 R B R IR AR A
ORGSR A B BT IR E RE 2R S R
ST T EAT TR TR

Table 2 Application of DNA barcoding in research and use of Polygonatum Mill.

Jrik LY/E N FH L E = DTN
Methods Species Application Main results Reference
FrifE DNA £IE6 HORG AL HRG PP HE IS AE | psbA-trnH X 808G 5 Z AL HOR HAT — 2 %568 T 5 [52]
Standard DNA barcodes el ZARE M BT WO Z AL BRG] 25 5K T HA N 22 5
HOHTJE 8 A T O BEFER SIS (TS ITS2 ) 4738 K R R 22 5 [53]
H44R 751 ( psbA-trnH , matK | rbeL ) S ERCRK
ZAL RS B LRI ITS2 JPH Y RGER B RS [RIIX Y 25 6 [54]
ZAETERG TR 53l WK ISHE ; psbA-trnH JT AR
R G KB RIICEK A R M 2 A6 FORE PR IR X AT
HORGJE 21 MR R T P RZRI 1L KSR AT RN [55]
2. P. sibiricum
3. HAFpE
fE e SIAT INEAT EERG RERT IHr Wi JE R T RHEM B R
Ultra-barcoding R R ARG S HO Je ks e TR RO R B
HHGE 19 N Hp RGO Ay =4 1. sections Verticillat [61]

2. sections Polygonatum

3. section Sibirica

3 HESRE

TERRMI Y25 AR LR A SR YR , 0K
JoE o ) 2 b P R S R A T P S e R, R
AR B A EATAE TS AR R, Wb
AR SEBLG , B -E5 b 2 ] S BRAH A0 , Bl
TR PR ZR 0 4325 5 Rl 1 M s S L WA, A7 L,
SRMTLIAERNIR Sy B E AR L A I 5o
Y RTT A RERIE SRR ZE I 2 b 22 i T 5
Mo ML GERIAEY S ETTIE , 0 T E R R
55 FREAR AN aod Rt A K- AR I ], ] REAE HE DR K
SR N TEA BT, DU W 5 v 1 , R
ARG 25 55 T 18 (BRI E MERIREEE AL
Yo MERAL % ) I E AN TR AR TR T, H A
TR TR R G0 A b 2555
W TKF2ET 7RG T Bt R G e5%
75 RIS

B N TR 00 BN T ity Pl Rl 5 S AR B A
GEIR, R AR BRI 17 Ml (Y ] 1525 2 Ji S 24
Tl RS . SR R EEHEAT IOV E SO 24 5 ok
2 e BB T UONAE AR, A
T RFEATAERIRIY 25 O R AR A KRR
AL, SR AR E AR G S5 50 S 4 5 5
AR MK, SEZ A A2 B
TR Z AR TEEARN G, N4 BRI E0R
AL ICBU A= ARGk s PufetE iz
U555 SE TR L T DNA 79§98 58 BOR 19 4 ety A 1
T UL E R ke

#tH AT ROT TR , 70 FARCEORAE SR &
Pk 5 BRI DR S A B Y B RE R0
LS DRETE T hRiC BT, (1 el 2 SO 200 | i
P SR AR AR A RAEAR B DI RESE IR T 55
HN, o TARLT AR TEAE R L A, B0 T hmid
S e 8728 S AU R AT 24 DNA 728 53t ) — /NS
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A1 TR  BORS R ALY DNA J3 1458 BAR N 98 Ji

1215

43, VEHE 43 F-FRICAS G 76 5 M 2 38 ol v i 1 5 35k
iR SR 1 T R i i N i = < e ¥
O A 45 AR RAH R

& EYRL AR & 2, DNA I AR L
D37 i — Bk DB R AL A 203 K A 5%
A5, L5 DNA IS H AR T4 Fh 52 1) 5 Rk
R S M S ST R N R T A AR G Rl T B 7
BRRAE R BRI S R KR T
ol s 3l M S e 2, itk — 2 R AT )z T
FHAE 9 SSR . SNP ., SRAP K5 DI 2% 3 K 45 5t 4% b
TCPRAE T EERET B, AR s (G ZREEESE Rl
ERARBEWRBLETEETNSHEE. B
2R VE R L R A%, 75 B2 DGR 5 14 1) rDNA K
I IF FBE 2R 4% 1 cpDNA 75 3] By 45 5, 38 71 S5 ik
Py a] 8 AT 1], A D SEAR A I AR R
EIEA IR T SN

EFH NN (1) T4 5 A IR 10 7 % e
RN 12 AL AR I RETE AR
BlERGE G (2) S8 BT BORS 8 Rk R 40
N FEATZ AR SCAE B AT IR B IE . (3) 583%
FHOCATFEIR I AR R AT HORS @ A IR
TN 2 RGN B AR T
R A SE R L B 5

KEE B B Y L 2 IR
R F AR S5 S a5 £ B2, Ek e
Yo IR T SR RN W N, B S IR S R U
eI T TS 2 T 250 BT R 5 IR T
SEF AL, Hh 24 1 J5 R B U5 ] Rk ) R
P 2 o s i) S 0 FR U 25 & e Ak, U %
E B AR B B R BRSO R AR, T R A
BOREAH DGR O b 1 40 T2 8 HR 7 246 1 b
(R HE AR I, ST 0 50 A B B A A SE TR
PR, MUFEBEE /T 58 HR BRI o8 35 AIF 5T i
AR, B0 T8 FE 90 A D AT AT 5% 0 2000 SR 7 1)
R

S 23k

[1] Tang Y C. Flora reipublicae popularis sinicae Volume 15,
Liliaceae. Beijing: Science Press, 1978: 52-80

[2] Flora of China Editorial Committee. Flora of China. Beijing:
Science Press, 2000, 24 225-235

(3] MJE, B . 0N A R 20 SRR A A e . AR
T 5 90k, 2007, 21 (1): 18-21
Tian Q J, Zhao Z. Current situation of Polygonatum plant in
categories identification and resources distribution. Research
and Practice on Chinese Medicines, 2007, 21(1): 18-21

[4]

[5]

[7]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

XA, AR, J4L, PRAr ok, BRJS & L 98 2% . DNA 43 Th5id
BORTE AT e 50 b g 1 TR g PG % B4 4, 2017, 33
(2):9-13,31

Liu F, Zhao Q, Dai J, Chen C W, Chen N F, Han B X. The
research progress of molecular identification for Dendrobium
species. Journal of West Anhui University, 2017, 33(2):9-13,
31

EW, AR, A SR TR IC BORAE 25 AL Al
BEgE IR R . E AR ES, 2019, 21 (11) « 1435-
1444

Wang G, Cao P, Wei X M, Han J P. Applications of molecular
markers in study of germplasm resources of medicinal plants.
Modern Chinese Medicine, 2019, 21 ( 11 ): 1435-1444

FE R, eV, BT, /NGRS, 2R . DNA 43 FARic
HORTE P2 S A T S R . 2kt , 2015,38(1)
188-192

Cui Z H, Long P, Wang Y L, Bai X R, Yuan Y, Li M H.
Application and prospect of DNA molecular marker technology
in identification of Chinese patent medicine. Journal of Chinese
Medicinal Materials, 2015, 38 (1 ): 188-192.
R, FERE QR | P 2 AR RIS T iR iC S E DF T
AR B, 2010 (9 ): 56-60

Wu H, Jian L, Zhu L Q. Current status and advances in Chinese
orchids molecular markers research. Biotechnology Bulletin,
2010(9): 56-60

Botstein D, White R L, Skolnick M, Davis R W. Construction
of a genetic linkage map in man using restriction fragment
length polymorphisms. American Journal of Human Genetics,
1980, 32:314-331

Tharachand C, Immanuel S C, Mythili M N. Molecular markers
in characterization of medicinal plants: An overview. Research
in Plant Biology, 2012,2(2): 1-12

Biswas R, Biswas K, Kapoor A. Authentication of herbal
medicinal plant-Boerhavia diffusa L. using PCR-RFLP. Current
Trends in Biotechnology and Pharmacy, 2013, 7( 3 ): 725-731
Wu S A, Yang J, Rao G Y. Systematic position of Polygonatum
simizui ( Convallariaceae ) based on morphological, cytological
and chloroplast DNA sequence data. Botanical Journal of the
Linnean Society, 2001, 137:291-296

M2, RS UK, BT I, JUSREE, A, B L ik
DNA J1 Bty RELP 3 B 75 B8ORS 1 R e = 05 vh Bt ) . A
Py4r3eAl, 2000, 38 (2): 97-110

WuSA,LvHL, Yang J,Ra0 GY, YouR L, Ge S, Zhong Y.
Molecular systematic studies on the tribe Polygonateae ( s. 1. ) in
China based on RFLPs data of PCR-amplified chloroplast DNA
fragments. Journal of Systematics and Evolution, 2000, 38 (2 ):
97-110

Tamura M N, Schwarzbach A E, Kruse S, Reski R. Biosystematic
studies on the genus Polygonatum ( Convallariaceae ) IV :
Molecular phylogenetic analysis based on restriction site
mapping of the chloroplast gene #rnK. Feddes Repertorium,
1997, 108 (3-4): 159-168

Tamura M N. Biosystematic studies on the genus Polygonatum
(Liliaceae ) I : Morphology of staminal filaments and karyology
of eleven Eurasian species. Bot Jahrb Syst, 1993, 115( 1 ): 1-26
Williams J G K, Kubelik A R, Livak K J, Rafalski J A, Tingey
S V. DNA polymorphisms amplified by arbitrary primers are



1216

Seh
pUS

W f&

o
¥

Eild 22 %

[17]

[25]

useful as genetic markers. Nucleic Acids Research, 1990, 18
(22): 6531-6535

Demir K, Bakir M, Sarikami G, Acunalp S. Genetic diversity
of eggplant ( Solanum melongena ) germplasm from Turkey
assessed by SSR and RAPD markers. Genetics and Molecular
Research, 2010, 9( 3 ): 1568-1576

FeH, AT, 45 R, BRI . JE T RAPD i AR #0R IR
PR IR RGNS . P RSB, 2011,30(6) ¢
34-37

Zhu Y, Sun W, Qin M J, Zhang C F. Systematic position of
some medicinal plants from Polygonatum based on RAPD.
Chinese Wild Plant Resources, 2011, 30( 6 ): 34-37

MR ZE . RAPD BORTERT S 2561 £ AT %08 HRINIAT . Kb
IR R 2R, 2005

Lin L M. Implication of RAPD in identiflcation of the
merchandise drug Polygonatum odoratum. Changsha: Hunan
University of Chinese Medicine, 2005

XIS, 24, XA . F AT SR VA i RS 19 RAPD 4347 .
T2, 2002 (10 ): 16-18

Liu TS, Li Z, Liu C L. Analysis of Polygonatum odoratum and
its substitutes by RAPD. Chinese Pharmaceutical Journal, 2002
(10):16-18

Weber J L, May P E. Abundant class of human DNA
polymorphisms which can be typed using the polymerase chain
reaction. American Journal of Human Genetics, 1989, 44(3 ) :
388-396

Taut Z D. Hypervariability of simple sequences as a general
source for polymorphic DNA markers. Nucleic Acids Research,
1989, 17( 16 ): 6463-6471

AT, XB IR, SR UK, MG B3, BN AE SR3OS, M E W, B2
T.OHORE 6 PN SSR st L s o hT L h I h 2443,
2018, 43( 14): 2935-2943

Zhu Q, Deng X, Zhang S B, Mei S Y, Chen X J, Zhang J F,
Shao Q M, Li Y. Genetic diversity of 6 species in Polygonatum
by SSR marker. China Journal of Chinese Materia Medica,
2018, 43 (14 ): 2935-2943

FASR, E LA, XU, A 0, 1A, BRI, SRR,
Z . HET SSR FRIC IR iRl ( 3R ) DNA $8 80 EIHE PEf A .
SY TR, 2018, 16 (6 ): 1878-1887

Wang S Q, Wang L R, Liu S, NiuJ F, Feng S C, Liang X Y,
Qiang Y, Wang Z Z. Construction of DNA fingerprint database
based on SSR marker for Polygonatum varieties ( Lines ).
Molecular Plant Breeding, 2018, 16 (6 ): 1878-1887

BN, VEESY AL, ERE, B, B A
FEh e B s 20 SSR L mi A7 B4 AT B H AR ARG IT & . 4y
TAEMIE R, 2020, 18 (18 ): 6085-6092
HeRL,YinGF,LiCH,WangLH,MaYY,Wang MY,
Yan S H. Development of molecular markers and SSR loci
information analysis of transcriptome in Zartary Buckwheat seed
coat. Molecular Plant Breeding, 2020, 18 ( 18 ): 6085-6092
BLORAR B B, i ZER, AR, B A SR R R R, 20
U . ZALTOR IR L S T 5 R 2 A G AR G
R A . A P24k, 2020, 45 (7 ): 1648-1656

LiaoRJ, Yang Y, Ye BH,Li N, Chen Y W, Weng Y F, Du G
J, Li H B. Transcriptome analysis of rhizome of Polygonatum
cyrtonema and identification of candidate genes involved in

biosynthetic pathway of steroidal saponin. China Journal of

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Chinese Materia Medica, 2020, 45( 7 ): 1648-1656

WRAH: BRI AR I 2200, 25 . 2463
Kt s 2l SSR AV kAT B A FARICH & . 2y, 2020, 51
(1):182-189

Chen Y W, Liao R J, Ye B H, Song Q Y, Yang Y, Li N, Li
H B. Analysis on SSR loci in transcriptome and development
of molecular markers in Polygonatum cyrtonema. Chinese
Traditional and Herbal Drugs, 2020, 51 (1 ): 182-189
Zietkiewicz E, Rafalski A, Labuda D. Genome fingerprinting
by simple sequence repeat ( SSR ) -anchored polymerase chain
reaction amplification. Genonics, 1994, 20 (2 ): 176-183
AN, 2200 K B8R, FHAL . ISSR bRiciass 5 H . ARk
v Rl2#, 2007, 32(5) : 28-30

Piao H M, Li W L, Mu N, Yin H. Research and application
of ISSR markers. Journal of Northeast Agricultural Sciences,
2007, 32(5): 28-30

R REH, IKE MR, X7, S, SRR A | ISSR 45
O AR AE 25 RIAE Y 55 D5 v (Rt 5 R o T . A= B R
#2,2017,33(4): 63-69

Ren MY, Chen Y J, Zhang D, Du L S, Liu F, Guan X, Zhang
Y D. Application and research progress of inter-simple sequence
repeat ( ISSR ) marker in medicinal plants. Biotechnology
Bulletin, 2017, 33 (4 ): 63-69

XIBUR, R XA . B ZAEYIY ISSR 43 FARiciFgE
R ZRAEAR 24, 2012, 43 (4): 145-150

LiuS Q, WuF Z, Liu S W. Inter-simple sequence repeat and its
application in horticultural crop research. Journal of Northeast
Agricultural University, 2012, 43 (4 ): 145-150

FEN, i, 5 S Ay AR L B R A 25 AR R
BUg IR g R . E SRS, 2019, 21 (11) : 1435-
1444

Wang G, Cao P, Wei X M, Han J P. Applications of molecular
markers in study of germplasm resources of medicinal plants.
Modern Chinese Medicine, 2019, 21 ( 11 ): 1435-1444

IREE  ESAR , BRI S/NTT R B2, Ju ) BT
ISSR BRIC AR 48 22 46 WO 55 (AT SRS b BT 4 0l B st %
FEPEIHT . AR, 2017, 32(6): 619-624

XuH L, Wang Y J, Chen M, Fan X F, Zhuo F Y, Wei Y C,
Fan S M. Identification and genetic diversity of Polygonatum
cyrtonema Hua and P. filipes Merr. based on ISSR maker. Fujian
Journal of Agricultural Sciences, 2017, 32( 6 ): 619-624

JEIME, AR, 22l 2, SR, B R L ISSR IS 2 BT
ANEAT . PBEZGAR L 2006, 34(5): 7-9, 64

Zhou Y, Tang C, An S Z, Zhang G, Wang R L. Identification
of Polygonatum odoratum and P. humile by ISSR. Acta Chinese
Medicine and Pharmacology, 2006, 34 ( 5 ): 7-9, 64

JEIME R, TR, ZENE, IS . BEPLY 25 DMA £
ARG TR BT 9 B AR IS AR TR HORS 25 TR R 0
IG5 . B2 EBEREZ, 2008, 19(7): 1646-1647

Zhou Y, Tang C, Zhang G, Li P F, Wang R L. Studies on the
relationship of some species of Polygonatum by RAPD and
ISSR. Lishizhen Medicine and Materia Medica Research, 2008,
19(7): 1646-1647

I, RS B, E 2, R . ISSR IS th 2 HORT
B EORT . RIEERI R4, 2006, 12(2): 178-180, 189
Zhou Y, Wang R L, Tang C, An S Z, Yao Z. Identification of
Polygonatum sibiricum and P. cirrhifolium by ISSR. Journal of



54

AR5 HORRAEY) DNA J3F %08 BRI ST ik J

1217

Tianjin Medical University, 2006, 12 (2 ): 178-180, 189

N, A, 280 . ORI P M A AT RN R IR AR
FRER KA ISSR 70HT . HHREZY, 2012, 43 (9): 1824-1828
Bu J, Wang D M, Li D W. ISSR analysis on diversity
and genetic relationship in germplasm resources of wild
Polygonatum odoratum from different habitats. Chinese
Traditional and Herbal Drugs, 2012, 43 (9 ): 1824-1828
Collard B C Y, Mackill D J. Start codon targeted ( SCoT )
polymorphism: a simple, novel DNA marker technique for
generating gene-targeted markers in plants. Plant Molecular
Biology Reporter, 2008, 27 (1 ): 86-93

XUBRE , SR , T e , X Ul . BRSPS I8t % Z AR DT
5E . WA 224K , 2016, 33 (6): 1085-1091

Liu Y J, Zhang Y, Jiang Y F, Liu J J. Genetic diversity of
Polygonatum germplasm. Journal of Zhejiang A & F University,
2016, 33 (6 ): 1085-1091

S B R BTR RN . B PR R, 2018
Jiao J. A study on germplasm resources of Polygonati rhizoma.
Yangling: Northwest A & F University, 2018

Paran I, Michelmore R W. Development of reliable PCR-based
markers linked to downy mildew resistance inlettuce. Theor
Appl Genet, 1993, 859 ( 8 ): 985-993

ST . B AR MEIR Y AFLP Rl SCAR ARic 5T . & pK:
PRI R, 2007

Zhang F Q. Studies on AFLP and SCAR molecular markers for
Cucumber quality traits. Chongqing: Southwest University,
2007

EHTIS, R , 2R, GRS . SCAR Aric fEAB P s v o FH
MRFEEIR . Ak, 2017, 11(29): 85-86

Ma L N, Qian L, Li J, Liang X S. Research progress in
application of SCAR marker in plant quarantine. South China
Agriculture, 2017, 11 (29 ): 85-86

WS, Wi A A A R B R, F Kk AL R 4
e AR SCAR 201485 . hE 2522750, 2019, 54
(20): 1647-1652

Ye BH,Chen Y W,Hu CJ, Song QY, Liao RJ, Weng Y F,
Du G J, Li H B. SCAR molecular identification of Polygonatum
filipe. Chinese Pharmaceutical Journal, 2019, 54 (20 ) : 1647-
1652

Lander E S. The new genomics: global views of biology.
Science, 1996, 274 : 536-539

Kim J H, Seo J W, Byeon J H, Ahn Y S, Cha S W, Cho J H.
Morphological characteristics and phylogenetic analysis of
Polygonatum species based on chloroplast DNA sequences.
Korean Journal of Medicinal Crop Science, 2014, 22 (6 ) : 489-
496

Lee SY,Chen Z H, Chen Z M, Chen J R, Zhang X J,PanJ W,
Fan Q, Liao W B. Plastid genome sequencing, identification
of nuclear SNP markers, and quality assessment of medicinal
rhizomatous herb Polygonatum odoratum ( Asparagaceae )
cultivars. Ecology and evolution, 2021, 11 ( 12): 7660-7676
Hebert P D N, Cywinska A, Ball S L, Jeremy R. Biological
identifications through DNA barcodes. 2003, 270 ( 1512 ): 313-321
B Ju, WIS, 5k, X, i A, BRAESC . 25T
DNA S %58 W o i J . R4 4, 2017,35(3) :
452-464

CaiJ L, Xie S Q, Zhang G H, Liu T, Yang S C, Chen J W.

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

Current advances in DNA barcoding of medicinal plants. Plant
Science Journal, 2017, 35( 3 ): 452-464

KE =, I, B K . DNA FIER AR TE o 25 %58 T i
NEFHFER . ThE2, 2017, 48 (11): 2306-2312

Zhang C Y, Huang S S, Yan H F. Applications of DNA
barcoding in Chinese materia medica identification. Chinese
Traditional and Herbal Drugs, 2017, 48 ( 11 ): 2306-2312
Hollingsworth P M, Li D Z, Twyford A D, Bank M. Telling
plant species apart with DNA: From barcodes to genomes.
Philosophical Transactions of the Royal Society B, 2016, 371
(1702): 20150338

Hollingsworth P M, Graham S W, Little D P. Choosing and
using a plant DNA barcode. PLoS ONE, 2011, 6 (5 ): 19254
TR | HORS 5 ZAEHORE 1) DNA SIBMH5E . K10 e
PR R, 2013

Zhang J Z. The study on DNA barcoding of Polygonatum
sibiricum Red. and Polygonatum cyrtonema Hua. Changsha:
Hunan University of Chinese Medicine, 2013

Wk, L, 3 RAR B U, B b, WhovE . 0K I 25 A
) DNA ZIE S . A Ry, 2015, 10(8) - 1173-
1176

Yang P, Zhou H, Xin T Y, Ma S J, Duan B Z, Yao H.
Identification study of DNA barcode sequences in the medicinal
plants of Polygonatum. World Chinese Medicine, 2015,10( 8 ):
1173-1176

I SEIR B, R, BRFH L MK EE L R T DNA RIE Y
ZALUORE R G R B AVESRALR S HTIESE . 2y, 2020, 51
(15):4003-4010

Zhou X Z,Rao B R, Gao H, Chen Y, Lin Y S. Phylogenetic
and mutation point analysis of DNA barcoding sequences
in Polygonatum cyrtonema. Chinese Traditional and Herbal
Drugs, 2020, 51 (15 ): 4003-4010

FRR . BT 7RG E MUY ORI .
T H RS, 2016

Wang J J. Chromosomal evolution of the tribe Polygonateae
( Asparagaceae ) based on molecular phylogeny. Jishou: Jishou
University, 2016

Kane N C, Cronk Q. Botany without borders: barcoding in
focus. Molecular Ecology, 2008, 17 (24 ): 5175-5176
BRSO A R ELL, SR eR VL, B, EE ] L 44K DNA
FICTLERRA A BN R E T E S . A3 TAEY &, 2020,
18( 16 ): 5444-5452

Bi Y F, Wen X, Pan Y H, Cai H H, Zhong H, Wang A K.
Application and research progress of chloroplast DNA barcoding
in forest trees. Molecular Plant Breeding, 2020, 18 ( 16 ): 5444-
5452

PRk . ey 2R ORI ST . AR -
BEZGHARAL, 2017, 19( 3 ): 424-431

Chen S L. Advances and applications of frontier omics
technology of Chinese materia medica. Modernization of
Traditional Chinese Medicine and Materia Medica-World
Science and Technology, 2017, 19 ( 3 ): 424-431

Lee SY,ZouY L, Liao W B, Fan Q. The complete chloroplast
genome of a traditional medicinal and food plant, Polygonatum
humile ( Asparagaceae, Asparagales ) . Mitochondrial DNA Part
B, 2019,4(2):3184-3185

Jin J, Lao J, Zhong C, He W, Xie J, Hu G A, Liu H, Yan F



1218

Seh
pUS

W f&

o
¥

Eild 22 %

L, Zhang S H. Complete chloroplast genome of a medicinal
species Polygonatum kingianum in China ( Asparagaceae,
Asparagales ) . Mitochondrial DNA Part B, 2020, 5( 1) : 959-
960

Floden A, Schilling E E. Using phylogenomics to reconstruct
phylogenetic relationships within tribe Polygonateae
( Asparagaceae ) , with a special focus on Polygonatum.
Molecular Phylogenetics and Evolution, 2018, 129:202-213
Meng Y, Nie Z L, Deng T, Wen J. Phylogenetics and evolution
of phyllotaxy in the Solomon's seal genus Polygonatum
( Asparagaceae: Polygonateae ) . Botanical Journal of the
Linnean Society, 2014, 176: 435-451

Huang H, Shi C, Liu Y, Mao S Y, Gao L Z. Thirteen Camellia
chloroplast genome sequences determined by high-throughput
sequencing: genome structure and phylogenetic relationships.
BMC Evolutionary Biology, 2014, 14 (1): 151

Gao J H, Zhang D, Wang W, Peng C. Complete chloroplast
genome of medicinal plant Aconitum carmichaelii: genome
characterization and phylogenetic analysis. Mitochondrial DNA
Part B, 2016, 1( 1 ): 893-894.

Lin C P, Huang J P, Wu C S, Hsu C Y, Chaw S M.
Comparative chloroplast genomics reveals the evolution
of pinaceae genera and subfamilies. Genome Biology and
Evolution, 2010, 2( 1 ): 504-517

WAL IR, AR SRR . B0 e A §S A A 1 43T ik
P RHAL E 02 TS ZRHITSE , 2007 (5): 591-600
Yang C R, Zhang Y, Wang D, Zhang Y J. Molecular
evolution of steroidal saponins in the genus Polygonatum
( Convalleriaceae ) and their chemotaxonomical significance.
Plant Diversity, 2007 (5 ): 591-600

BRIGEA , SR, XU PCHR ST 0 . rP2G S s SHARTY
o = A A A R, 2018, 37 (4): 65-69

Wei X N,Hao T C, Liu Q H, Xie G Y. Research on
identification methods and techniques of traditional Chinese
medicine. Chinese Wild Plant Resources, 2018, 37( 4 ): 65-69
RS, Ve B, 2 A R XN, e T, vEE R . 25 HME
YRS AR AT S Ji MR ER i LA G B [ 5 M AR
%,2005(1): 85-86

Zhao Z,Pang Y X,Yuan Y,FuM X,Liu S Q,Cao D T, Xian F R.
Progress of cultivation study and some problems on medicinal

[69]

[70]

[71]

[72]

[73]

[74]

crop Polygonatum sibiricum. Guizhou Agricultural Sciences,
2005 (1): 85-86

LRI, ULV, RBAL . ORIV R SR AR AE (A IR 0 SREAIE Y
M52y, 2015, 46 (8 ): 1247-1250

Jiang C X, Hong T, Xiong W. Study on problems and
countermeasures in development of Polygonati Rhizoma
industry. Chinese Traditional and Herbal Drugs, 2015, 46 (8 ) :
1247-1250

IRSCH XK, P MR PR VDR, Xt i, 74 .
HEPb R S IR AT A il [ P4k, 2018,
43(13):2831-2835

SuW T,LiuY]J,Jiang Y F, Xie J Q,Pan X H, LiuJ J, Si J
P. Status of Polygonati Rhizome industry and suggestion for
its sustainable development. China Journal of Chinese Materia
Medica, 2018, 43 ( 13 ): 2831-2835

BB, R, 2R, SR T W R A, DR . JT S
WO S DNA G T AR 10 W JH#EJ& . 4> 7 1% & F: URL:
1-10[ 2020-11-20 1. http: //kns.cnki.net/kcms/detail/46.1068.
S.20200918.1551.011.html

Yan X L, Tang H,Li Y Y,Ma Y X, Han R X, Rao L Q.
Breeding status and application progress of DNA molecular
markers in Mustard. Molecular Plant Breeding: URL: 1-10
[2020-11-20 ]. http: //kns.cnki.net/kcms/detail/46.1068.
S.20200918.1551.011.html

Newmaster S G, Fazekas A J, Steeves R A D, Janovec J.
Testing candidate plant barcode regions in the Myristicaceae.
Molecular Ecology Resources, 2008, 8: 480-490

T, 5K, R TE . A% tDNA 1Y ITS JP3IEdE TR &
SEEHEITTE IR AR, 1999, 37 (4): 407416
Wang J B, Zhang W J, Chen J K. Application of /7S sequences
of nuclear rDNA in phylogenetic and evolutionary studies of
angiosperms. Journal of Systematics and Evolution, 1999, 37
(4):407-416

W T R, ARIBEHT, XU, W%, BRAI . 0RO i Y
T e R K™ b A Je oA . 1 v R 25 R 222441, 2020, 40
(7):853-859

Yang Z Y, Yang K, Zhu X X, Liu X M, Hu Q, Chen Y.
Development status and industry development analysis of
Polygonati Rhizoma health-care food. Journal of Hunan
University of Chinese Medicine, 2020, 40 ( 7 ): 853-859



