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TRMAL L. barbarum MAC L. chinense FUF§RMIAC L. dasystemum 5 A3 ZEBERRA S SLIGHFE N, I 52 254 5 I AZ M4 1TS
X, 24k mafK. rbeLs rpoCl. trnL(UAA)intron. psbA-trnH. atpB-rbcL. trnS(GCU)-trnG(UCC)~ rpl20-rps12. trnL(UAA)-
trnF(GAAYFRRLAR nadl 55 2 W& T nad5 3 4 WETFITH: WA RTT Gentiana lhassica HHNEEE, BT REZHT
SR HRIE 108 5751, ITS RARN sl AT ikl 6 M4tk DNA B 2 AMohifk DNA FE1ER %R 3 M
HIRTEHAERE P, SR 25N 2 B S DNA 4060, 4518 ITS X KFFIER 6 M4k DNA B BAYRNE
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DNA barcoding construction of medicinal plants in genus Lycium L. based on
multiple genomic segments

NI Liang-hong, ZHAO Zhi-li, LU Jia-ni
Department of Pharmacognosy, Shanghai University of Traditional Chinese Medicine, Shanghai 201203, China

Abstract: Objective To construct the DNA barcoding of medicinal plants in genus Lycium L. from China based on sequences of
ITS, nine chloroplast DNA segments, and two mitochondrial DNA segments. Methods Specimens and samples of Lycium
ruthenicum, L. barbarum var. auranticarpum, L. barbarum, L. chinense, and L. dasystemum were collected and nuclear DNA ITS,
chloroplast DNA matK, rbcL, rpoCl, trnL (UAA) intron, psbA-trnH, atpB-rbcL, trnS (GCU)-trnG (UCC), rpl20-rps12, trnL
(UAA)-trnF (GAA), and mitochondrial DNA nadl/b-c and nad5/d-e were sequenced from these samples. Gentiana lhassica was used
as the external group to make statistical analysis. Results One hundred and eight sequences were obtained. The mutation site of ITS
region was the most abundant; The six chloroplast DNA fragments were selected; Two mitochondrial DNA fragments could be used as
the bar code recommendation sequences of the three species from the genus, and the multiple genomic and multi fragment combination
DNA bar code of each species was constructed. Conclusion ITS region and the screening of six chloroplast DNA fragments have the
significance of species identification; The two mitochondrial DNA fragments have a certain significance. The study may provide the
reference for the species identification and genetic background of the plants in Lycium L. from China.
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Table 1 Samples and voucher specimens

YRR SEUEAR AR KA
BIMIAD Lycium ruthenicum NX2015001 7 B[R] Oy L) P
MIAC L. barbarum var. auranticarpum NX2015002 7 5[] Cr Bl ] P 4
TEMA-1 L. barbarum NX2015003-1 B [ B P4
T EAMIAC-2 L. barbarum NX2015003-2 TR B
Mikc-1 L. chinense SH2015001 g B 2 A T
MIAC-2 L. chinense SH2015002 b BE 2 ks T

HEEMIAC-1 L. dasystemum
HEEMIAC-2 L. dasystemum
A2 Z2I Gentiana lhassica (ANERE)

2015LZ001-1
2015LZ001-2
XZ7201303-1

H =2 M AL
H =2 M AL
PEBOK L LI T 1L

2 HE
2.1 5 DNA iEH

W BRI, WA O AR, SR
HIeg i CTAB £ RE1T 5 DNA $2HL.
2.2 PCR ¥ #5000 F

XIRZBEAR ITS X M24K matK rbeL. rpoCl.
trnL(UAA)intron. psbA-trnH. atpB-rbcL- trnS(GCU)-
trnG(UCC). rpl20-rps12. trnL(UAA)-trnF(GAA)
KKK nadl/b-c F nad5/d-e 35 12 AN BEATY
B, 514 B PCR [V 41 2% F 5 Sk U7 96157
TR & WL UK BN A TS I H 4 R % Bifg
AT AW R w24 I 7 CABI 3730x1 2430
JFAO
2.3 FHIEES

F B IEVE 2% GenBank HAHC T4
] MEGA 5.03 A1 ITS X 25 BB 2L 5, IF
THE OGS FEAE I (A7 s AR S e K2P I AR HE S o %
YR ITS [X . 4844 DNA F1ZEki{k DNA #5145
BN ClustalW Xf5%, 20 H748 547 i

3 ZER5%H
3.1 FHIeIERE

FLEW 7Lk 108 &35, Al bk 2
GenBank, JLIRTF 108 MEFRS (R 2). WFN %
FES ]800335
32 FAISh
3.2.1 ITS XFA00HT  ITS XJFH50 M o, MiAd
J& 5 FRFESL I ITS XK FEJE I 7E 611~630 bp, H
ITS1 KJ& 4 222~241 bp, 5.8 S X4 164 bp, ITS2
KN 220~225 bp. AT AT A LI, S A5
GO, AR BN 14~56; AN, SR
BT 5204 4 AR A BRI R SRR
Ml En A idseoh F5, 3 22 > K2P asifhil
BASSRIERE A 0.025~0.107, HrsEAAC 5 HAb A A
B AL IR AN A (3 3 FIER 4D,
322 WEAADNAJFHIT BT 44K DNA ¥4
Lext, SR atpB-rbeL. rpoC1 F rbeL 5143 i)
SEA—EL AR A Al 6 N BN A AR R
P AL, HARAR BAT SN AL (R 5. BT omL



+2330 - ¢ £ % Chinese Traditional and Herbal Drugs 3£ 47 % 25 13 8] 2016 E7 A

X2 JF% GenBank BES
Table 2 GenBank accession numbers

Y ITS matK 1poCl trL rbeL tnS-trnG - psbA-trnH  atpB-rbcL 1pl20-1ps12  traL-tmF  nadllo-c  nadS/d-e
AR KT906358 KT906308 KT906328 KT906333 KT906318 KT906343 KT906313 KT906303 KT906323 KT906338 KT906348 KT906353
FAMARL  KT906359 KT906309 KT906329 KT906334 KT906319 KT906344 KT906314 KT906304 KT906324 KT906339 KT906349 KT906354
TEMf-1 KT906360 KT906310 KT906330 KT906335 KT906320 KT906345 KT906315 KT906305 KT906325 KT906340 KT906350 KT906355
TEM-2 KU314470 KU314446 KU314458 KU314461 KU314452 KU314467 KU314449 KU314443 KU314455 KU314464 KU314473 KU314476
-1 KT906361 KT906311 KT906331 KT906336 KT906321 KT906346 KT906316 KT906306 KT906326 KT906341 KT906351 KT906356
fifc-2 KU314471 KU314447 KU314459 KU314462 KU314453 KU314468 KU314450 KU314444 KU314456 KU314465 KU314474 KU314477
BrEmiAd-1 KT906362 KT906312 KT906332 KT906337 KT906322 KT906347 KT906317 KT906307 KT906327 KT906342 KT906352 KT906357
FrEEmiAd-2 KU314472 KU314448 KU314460 KU314463 KU314454 KU314469 KU314451 KU314445 KU314457 KU314466 KU314475 KU314478
ARG KI9AT801  KJI947441  KI947631  KI947676 KI947541 KJ947766 KI947491 KI947394 KJ947586 KJ947721 KP718881 KRI84744

x3 ITSXFIER
Table 3 Basic information of ITS sequences

i E/% K /bp , .
BRI S
hk T C A G ITS1 588 ITS2 MK LA
U 19.31 32.57 18.49 29.62 222 164 225 611 7
A 19.42 32.04 18.93 29.61 229 164 225 618 5
T E AR 20.32 31.04 19.04 29.60 241 164 220 625 18
FAd 18.25 33.81 17.14 30.79 241 164 225 630 7
BRI AT 20.00 32.06 19.68 28.25 241 164 225 630 22

x4 ITS FHIMM LML AERE (E=/: RS T=f: K2PBEZES)

Table 4 Pairwise comparison on ITS sequences of point mutations (above diagonal) and K2P genetic distance (below diagonal)

YT ML MAC AL TE MR Hitd HERAAL
e K — 14 53 33 56
BAAL 0.025 — 48 34 55
T E MR 0.098 0.088 — 38 54
Mt 0.059 0.061 0.069 — 41
HiERAAL 0.107 0.102 0.100 0.075 —

x5 MEBREDNA FERERULER
Table S Variable sites of chloroplast DNA segments

Wyl matK/bp rplZO-rpf1 12/bp trnL/bp trnL-trnF/bbp trnS-trnG/bp psbA-trnH/bp
206 508 61° 208% 681 159* 381 31  306° 311 377 429° 10 220 313
BRME  C G C C T A c C A A A C — G G
MR C G C C T G cC C G A A C * G G
TEMKE A A A C C G T A A T T C — T T
Al A A C A C G T A A T A C — G T
FEpe A A C C C G T A A T T A — T T

a-SBIHUCS RIS bSO RIS - TR dHCS RIS eI SRS HERAMIATI 10 ANSESIRE
a-black fruit wolfberry loci identified b-cambogia wolfberry differential sites c-means Ningxia wolfberry differential sites d-lysergic wolfberry

differential sites EUI of L.barbarum differential sites psbA-trnH sequence cambogia medlar ten loci identified

(UAA)intron Ji B n] 550 B R M4 ernL(UAA)- trnS(GCU)-rnG(UCC) Jy B ] Bl FrgsyAc . 2 FMy
1nF(GAA) 1 psbA-trnH F BE¥ 1 S ) M A RSN ST =, HP amL(UAA)-tmF(GAA)
mpl20-rps12 v B nl % ) 1 My RS R My AT FBPE 1A, psbA-trnH R BEPAH 10 4~
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3.2.3 ZEKifRADNAJPAIHT K T-2ekifk DNA 7
HILERT, nadl/b-¢ rBEEAT 1 AL R4 R nad5/d-e
FBRAT 3 AN AL AL R 2 AN BenT S
TR AR (£ 6).

324 HWFZ ) BAULS DNA &BM)TY] 455
PLEA3#T, ITS X A0 th (1) 6 M 2g 4k DNA Bt
B HAT W Fh S ) s bk DNA 2 A BenT %931
Mifd s PRI MR B A AL, (EOANREIX Sl 1 S M AT
JOBTsEAIAC 2 NP, ¥R DNA SRS 1K SE
PERCATERAERE 3 ) A5 DR A S ST i B
IR BL e dl s, SRR DNA
KIBHEETFA] (K.

Fz 6 ZRIKDNA FETRMUAER
Table 6 Variable sites of mitochondrial DNA segments

nads/d-e ZZ 77 25 /bp  nadl/b-c A2 A

YyFp - -
597° 704 880 902
A T A A T
FARMIAT T A C T
T E A T C A G
Ffd G C A G
B AAC T C A G

a- MRS 1T b3 A AC S K
a-lysergic wolfberry differential sites EUI of L.barbarum

differential sites b-cambogia wolfberry differential sites

R7T HMIICRE 5 FEMYMETE DNA FHBEFFIIES
Table 7 Proposed DNA barcoding markers for five taxa of
Lycium L.

Wkh Fea A&

RIS ITS. #rnL(UAA)intron. nad5/d-e. nadl/b-c
LM ITS. psbA-trnH. nad5/d-e. nadl/b-c

T EAMIAL ITS.
Fd ITS.
sl ITS.

rpl20-rps12
rpl20-rps12. nadS/d-e. nadl/b-c
trnS(GCU)-trnG(UCC)

3.3 NJ &4

SRS REAN I ITS Xy 9 ANIF2RAAR 7 BERiT 2 4>
ARR T B, A2 00N ANERE, BTy
BRI NT R G0 (Kimura 2-parameter 127, bootstrap
1000 XERD. GRS, SR ESCHRAMIX )T
TR MR NUETSRMIAC SR — NS, MRS SR —

s BAMPACHISECRMIAC I3 (B D
4 g

BT DY P IARERL P R ) 2 FE L
Lo AR AL SN R LS, M AR ) DNA 4%

TEMA-1 (NX2015003-1)
FHEHMIF-2 (NX2015003-2)

{%ﬁ%%ifﬁ]fﬁﬂ-l (2015LZ001-1)

BrEmAIAC-2 (2015LZ001-2)

Eﬁﬂfﬂ-l (SH2015001)

-2 (SH2015002)

E%‘%ﬁﬂffﬂ-l (NX2015001)
EIRHIAC-2 (NX2015002)

SHEZEIT (XZ201303-1)

B 1 ETFE DNA FFIHIEH NI RSGH
Fig. 1 NJ phylogenetic tree based on all DNA sequences

TS — BRI B R S8 TAE o B R AL R B
A DNAITS XA Z# 1010, 541, dEb ik
A A AL E W SR AL WU AR
WL P51 HXIORE A, AAERGHLE, B
oy IR N S Wy A A AR St o TR T R
LEVR MR /K DNA 3504 HOR A% , ANMEAE) P58
H it HIF SRR . [, X SRUE TR
Pixt R 258 (R, MRZESR4E) s, 3R
LRIk DNA % {5 B Ay 470,

SR PP T 3 AN LA 12 4y B A AT
JEYIR SR RS BLEAR S BRI ITS X751 &%
JRiE i) 6 AN 44k DNA B Zebifd DNA 2 4
BT RIAMIAC . R MRS AT SR AR, (EANREX
59 7 S MIAC BB SEAAC 2 NIRRT DNA 4
TR IR S FIAE S T ER A, 20 T2 I 2% 5 TR 2 4031
Br o w R B, 3o e dl Ay, e T
PIFHK) DNA IR 55E 51, LISETTHIX L 5 IS
(ISP NI UME . RIS ASSE ] D MiAC it 15
S TR PIERE R o

i ChERE) d#, SORMAC ) 7 AL
—ARR, b IR DA T R, RS
wtn, FhriMN. ME Bk NI RSk, B
FCRERMIFC R 3, 5T Mo, 18
LKA ER7s T RER DR Wk E, $emiza
JET RN — L R ARMAC I GRS A . BRR =
AUV e TR/ INI TR AR, 4 SR ORI
o A T MR , HABGARACR B 7 &
SR N IR I AR L5 B R MIAC K R Gk
Fo AR DNA Bl SRy s RAAC A 2 — A
Pikt. %2 BRITRIZD RGN E LAY
PRIGEE— 2852 BRI T BURRATEY . B
FWTICRANTIT R ATYE R 34 o
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MAC IR A AR I S, TRk 7ﬁTI:J
fh Al (R, bl CGR) LT SR IRZHE,
2P 237 T BOdEA TR AL IX 7 ok — e ML, %%Uxe
ARG AR X ), R B IR AR,
JIZIHIEH Z DNA FBL JWMEeR BRI R
T L 3 512 PR Lt B e o
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