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RIZ5/\BERZH) DNA TR TS

24t 2GR, (MRS, BAMS, ksl ket Rt
(1. A B 2 Ko R B 245, i 611137,
2. SRR LG, S 611137;

3. A R 2R R A HOR B, S 611137)
HE: HI: S ITS. ITS2 I rbcL J7 51T 24 /NGE B2 AT DNA SRR E . i /b
BE Jz 2584 ) 4 Fh 323 S Fh CRIJZT Bk Berberis dictyophylla Franch. . H i /N5 Berberis kansuensis
Schneid.. i /NEE Berberis diaphana Maxim.. bI/NBE Berberis vernae Schneid.) A 8%
%R, PEMZMIFEFL DNA. F 1 PCR A AT, 3843 ITS. ITS2 A rbeL /741, it
o} FEFRFAE . AR A7 . WL RE S barcoding gap LA K R G HEALR K20, ik % 5 /N BE
SRR T 4. 2558 FrAFEAR IS RESEELE] DNA, DNA B Z7E 200~750 bp Z [A],
=FFHI PCR F AT RN 100%. FR4E rbel 241, DU S At BEAS 2 B 5 1 X 45 o
G510 BT rbel J7 51 DNA S5 TR H AR AT BT 1 DX il /NBE e R 1 4 Fh = b, B 45
TN/INBE R 2GR i AP S e AR T S KR .
KEIF: Zy; /NEES; DNA £EHE; MfhdE
FhESES: R282

Identification of Berberidis Cortex Using DNA barcoding

L1 Yan', LI Haijiao®, HE Yang®, LV Xiumei?®, LAl Xianrong*, ZHANG Yi*, FAN
Gang'
(1. College of Ethnic Medicine, Chengdu University of Traditional Chinese Medicine,Chendou
611137,
2. Pharmacy college, Chengdu University of Traditional Chinese Medicine, Chengdu 611137;
3. College of Medicine and Technology, Chengdu University of Traditional Chinese Medicine,
Chengdu 611137)
Abstract: Objective: To study the DNA barcode identification of Berberidis Cortex in ITS, ITS2 and
rbcL sequences. Methods: Four main species of Berberis (Berberis dictyophylla Franch., Berberis
kansuensis Schneid., Berberis diaphana Maxim., Berberis vernae Schneid.) were selected as the
research objects. The genomic DNAs were extracted from herbs, and the PCR sequences were
amplified and bidirectionally sequenced. By analyzing the sequence characteristics, mutation sites,
genetic distance, barcoding gap and phylogenetic tree, the best barcode sequence was identified.
Results: All the samples could be extracted into DNA, the DNA fragments were mostly between
200-750 bp. The sequencing success rate of all three sequences wasldentification of Berberidis Cortex
Using DNA barcoding 100%.According to rbcL sequence, four varieties can be clearly distinguished.
Conclusion: DNA barcoding based on rbcL sequence can distinguish four main varieties of Berberis,
and the results provide reference and evidence for the identification of Berberidis Cortex.
Key words: Tibetan medicine; Berberidis Cortex; DNA barcoding; Species identification

JERZG/NEE RO ST I 22 BE IR, RIRT/INEERPINBE R 2 A, FEBUTARE R R,
/INBE B JFAC B A 2 Rl g 2 MU A o /NEEECO R T BCR 28, AN 2 R B
T, IR A ICIE IS IR GBI A TR R 5 01, 10 240 SRR A v 7 2 R
HFERE fE IR A Ao . KUk, AFIT /NG E 2R [ A 42 EE 7T . DNA
SRR I HU R R A rp— BEA A AU DNA Fr B, W0 FPgEAT P - )

HEEWH: SS5%RE L ATIRTES GIrEinizd) Ba %I H (20135132120012)
EERET: 2 (1989-) , L, MULAFAA, FERFA I RIKZREH T
BEERAR A YN (1983-) 55, BIFTSE ft, FEATFTT M. R B E . E-mail: fangang1111@163.com
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RS E M T AR ARY, BARREERYE, RiTEREmE e i, Ba
i RasE . BROERTE. SEAVEIr SR B K/ R 2R S B R, AT
FLE I H B2 INAT ) DNA SRS 51E 7 510A% ITS. ITS2 v BeAiit&44 rbel R, /)
BE N7 4 Fh S SR AT T R S e B A . @ I e P e R AR S R R GER AR L, i A
5T /INBE R 2 R JE 1 B DNA SR TERD T A1, I b s e 4R Aoy 7 18

1. {56

EIER R OHL (CF-RX N/CF-RX #%1, Hirg#iiR LilgEEA S ARARD ; @
AKX FR % (ELGAPURELAB Ultra, i FAEPRRE 5B R AR AW
(SCIENTZ-48, TUHr Z MBI A IRAT) ; WD-9413A HE K& 2 #riX; DYY-8C
RIREPKAY; JRIRIRFFE (DW-25L262, Haier) .

519, Tris. EDTA (g4 LAY TR AF]): RIS DNA I (R4
BHZ AL AR AR ;. PCRmix. Taq BECRARAENRHAL G R A ); VEIEF IERE (b
THEAYIRFARAF) ; GoodViewTM (AL FEH BIENFEARFRAFD

AR 19 #HE/NBE R RE G, TFECRE T/ Hilfe. Hl X, KWREHEEN
JIZT 2k Berberis dictyophylla. H i /NBE Berberis kansuensis. 3% /N3¢ Berberis diaphana A1/t
IH-/]NBE Berberis vernae, FEUEFRAIRAE T RGHS - B2 25 K2 O EE 227 e, R B B LR 1.

1 /NEE R R
Tab. 1 Plant information of Berberidis Cortex
Frs I BIFAEY) F T4 KA
1 B.dictyophylla-1 il 4T B B. dictyophylla KA T TR B K
2 B. dictyophylla-2 DA B. dictyophylla = A A% BB BN A
3 B. dictyophylla-3 41 B B. dictyophylla = M B R B WIS
4 B. dictyophylla-4 41 B B. dictyophylla PR T T REHLAK 2
5 B. dictyophylla-5 41 B B. dictyophylla BT RR RN 2
6 B. kansuensis-1 Hifi/NBE  B. kansuensis HR A I 2 o
7 B. kansuensis-2 Hifi/NBE  B. kansuensis HilEIREE AR 2
8 B. kansuensis-3 Hifi/NBE  B. kansuensis Higs KEE
9 B. kansuensis-4 Hifi/NBE  B. kansuensis HigE KEEZ4T L
10  B. kansuensis-5 Hifi/NBE  B. kansuensis BRI R ET 2
11 B.kansuensis-6 Hifi/NBE  B. kansuensis BB REREEH S
12 B.kansuensis-7 Hifi/NBE  B. kansuensis VU NTH BN E 2 2
13 B.diaphana-1 fif ¥ /NBE  B. diaphana HilEarET
14  B.diaphana-2 fef ¥ /NBE  B. diaphana HilEseELEN
15  B.diaphana-3 ##/NEE  B. diaphana HHABREEEFE S
16  B.diaphana-4 3% /NBE  B. diaphana HIEE T NEEE) L
17 B.vernae-1 B /NEE B vernae HHARKBEEES
18  B.vernae-2 Bui/NBE B.vernae ok B A% R Y
19  B.vernae-3 B/ NEE B, vernae BB RERETIE S
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2. HiEEER

2.1 DNA #&EL. PCR ¥ 119l

HYUJ5/INBE R R ADRE Sh %) 50 mg, P v 3 B 41 UK BE A UL 50HZ A AT BE 120 s, fd %4>
BRI 3 U0, REK 800 uL, 2% i, BULHE. FORFARAI4S DNA SEEGR &5 2
5 DNA, #1E2BSH P, PCR KRR Z N 25 uL, 4§ 2xTag PCR Mix 12.5 pL, 1E
G414 1 uL, DNA BEAR 2-3 uL, HARAHILL dd H0 #h78. 45 AL PCR P 41HL
4uL, LL0.5 <TBE NHKZEMRIATER YK (120V, 20 min) , ¥ 3T~ H ABI
3730XL I PP ASCHEAT B Ie) P o

2.2 FpmAb

{8 F CodonCode Aligner v 3.7.1 il U B iE A7 o AN 590, I 2R IKE P51 &
SIIX, [FIR RN TR . X 1TS2 31, BHES ] —BUF 51 5 8 2L T R
Y SRARAL ) HMMer 3386712 B ¥ 5.8S il 28S [X BEakAs 1TS2 MIBgX /751", rbel J5
HIMHE GenBank Ly REAL . KT IR ITS, ITS2. rbeL FP %I MEGA v 6.0 #4757
I xt, FE3ET Kimura 2 parameter (K2P) R 7 b Py K i a] 38 4% #E 25 3647 20 # (Allign
by Muslce) , SR A P 3t 4% 0 B 1) 73 A A9 174 Barcoding Gap, FH4B#% neighbor-joining (NJ)
RN AEIIAL ) 412 unweighted pair-group method with arithmetic (UPGMA) 1512 245 5
KB, B A$ ] Bootstrap & 1000 KT HE L -

2.3 DNA R B3 R U P T2

/INEE B A i R AR 21K) DNA 22 PCR 93 J5 1EAT BrTR BRI FRLUK ARSI, 2% v T AT

DNA J Bt £ 200~750 bp 28], =Ff 551l A9 Fr D2 210 100%, W% 2.

= 2 NERFYEHE R A EE L RS
Tab. 2 Characteristics of the DNA barcodes of Berberidis Cortex

ITS ITS2 rbeL

7515 19 19 19
PCR/ANFF MEh R (%) 100/100 100/100 100/100

text e P FI B (bp) 610 253 651
T GC R (%) 52.15 55.90 44.07

A AV R 9 7 4

FAEA 7 7 4

Ty K2P BEEY CFI41E)D 0-0.0131 (0.0063)  0-0.0241 (0.0122) 0

Fhla] K2P BEEY CFI41E)D 0-0.0148 (0.0222> 0-0.0282 (0.0078) 0-0.0062 (0.0030)

2.4 7 FRFAEANF 3y B (8] BE 5347
A K EAE 200-750 bp Ju Y, b 1ITS2 %48, v 253bp, EbxtERIIILE 7
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ANARFAL S T PSR ITS A1 rbel AT, 405 616 bp A1 651 bp, ITS LEXT 5 &
PILE 9 MEFALAL 7 AR, rbel JEH 4 MEFALAL 4 PR, AP EIEE ok
EH, “MFEIE—E, ITS FITS2 KP4 GC & &I rbel & ITS + ITS2 1 rbcL 551
AT 250k P A E] K2P 5 2543731 4 0.0063(0-0.0131)/0.0222(0-0.0148),
0.0122(0-0.0241)/0.0078(0-0.0282), 0(0)/0.0030 (0-0.0062).

ZESRRI], T TS A H R /INEE T4 GC & BN /NEE . il 21 BRAN L H-/NBE 1)
FREEUK, H51.95%, 4 FFEIR N RORRE R K T EGE T R I EE RS . BT ITS2 7
B (A5 /INBE T34 GC & Befe i, N 56.13%, Hl/INEETH) GC A EARNT AR, N 55.73%;
T T BR AR I/ INBE P d5 KR pA) P 8 KT Foe /NP [ B 8, LR R P f) B K oA P 8 2 95 T e
AINFHIAIBEES . JEF rbel 8 IMIZLERT-44) GC & & fkim, N 44.33%, Hli/INBE S L /NEE
(1735 GC & &AHIE, 2y 43.93%, 4 FhAFh k) S R A R B35 /N T Be /NPl (] LS o

2.5 7L AT

LTS FPa s BT LR, DL R NBEAE S 17 51, RIZLERTE 6. 206. 506. 515.
541. 542. 590. 605 bp 4% 5H T—-C. T-»C. G-T. G—»A. A—C. T-»C. C—»G. C—G
(A S, e /NBELE 6. 206, 506, 541 F1 542 bp 4b4r A SR BRA M R AR S, Rl /NBE
7E 523 bp &b T—C MRS . BAREETE/NEERIH T /INBE 1) B 5 BN —Fo, (H S Ab IR G
SHRER AR, AT, TS FEAIARESCHL 4 Fl/INBE Rz B R k) %5 510

PAH R INBENE 9225 e S LB 1T S2 FR AR A8 B, R LRI ZEERAE 143, 152, 178, 179,
227. 242 bp 35 G-T. G—>A. A—>C. A—>C. C—G. C—G A5, BEH/NEELE 143,
178 F1 179 bp 4451 G—T. A—C. A—C [R5, BIH/NEETE 159 bp AbA T—C (AR,
LR, JETITS2 FP Al 4 Fh/NBE RO A T S S i, S F A REF BRI 1 X 43

LLE rbel P8 A AR LIS, AR S A AR e B AR A AL A, AT
YIRS RS EE R BN NS H T, HUEL rbcl FHITA A5, RO
ZLERTE 393 bp Kb T—C AR5, NRIZLER AR e AR A 2 HN/NBETE 253, 398, 609 bp
W55 G-T. TG, G-T AR, Hr, 398, 609 bp &b JyH il /NEERE AL A7 £
e /NBEAYAE 253 bp 4T G—T 9485, FHILRT UL, rbcl JPARESEIN 4 Fh/NGE R E it wh B
s, B bR a1 s e 78 BB R 22 57t DL KRG (38 S s B0 0 L i Bl s 3R 3 T S8 s
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B. dictyophylla

B. diaphana
B. vernae

B. kansuensis

B. dictyophylla
cc
cc
B. diaphana ccC

B. vernae

B. kansuensis

1 &T TS FHIEVEER 4 MERERAR

120 Figure.1 Variable sites and deletions for different species of Berberidis Cortex based on ITS sequences, the
specific variable sites and deletions are highlighted.
150 160 170 180
B. dictyophylla

B. diaphana
B. vernae

B. kansuensis

B. dictyophylla

B. diaphana
B. vernae

B. kansuensis

B2 &EF1TS2 FHIRY/NEER 4 MERNERMS
Figure.2 Variable sites and deletions for different species of Berberidis Cortex based on ITS2 sequences, the
125 specific variable sites and deletions are highlighted.

B. dictyophylla
B. kansuensis
B. diaphana

B. vernae

B. dictyophylla
B. kansuensis
B. diaphana

B. vernae

B. dictyophylla
B. kansuensis
B. diaphana

B. vernae

& 3 ET rbel FFHRY/NEER 4 FIERIERMI S
Figure.3 Variable sites and deletions for different species of Berberidis Cortex based on rbcL
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sequences, the specific variable sites and deletions are highlighted.
2.6 Barcoding Gap %

PHAE ) DNA Z 1 s Fof [B] 38 4% 740 S 7 B S K T B g A A8 57, I HLAE W & Z IRAEAE 25 5%
TR —A~ B B Ml BE X, BV barcoding gap. DA AR P BE B ARG AL bR, e/ NRl ] EE B A0 AL
PR, B EARRARFREE R, A7 1:1 28 LL 1 X 35k B 15 W 42 72 barcoding gap, 73
e 1:1 25 DL LR A X 38 L 8 B A barcoding gap. A&l 4 FTLAE H, 3T ITS F11TS2
FF 5 AR 21 B AN RE I/ NBE 43 SI7E no barcoding gap FIIX 3, HR/NBEREE 85/ NEESTE 101 28
b ZEBEREY, BT ITS AN ITS2 o4 (1 (a] 58 44 48 S5 5k st AL A8 R i A B I 22 s 1
T rbel FEFIM 4 Fi/NBE R R AISE L1 2k B [k, 5 1TS. ITS2 FEAUAHEL, rbeL
F7 51 LA AR e R 4 0 2R

03

m  ITS2
02 4 ¥ rbcL
* ITS

.01 1
N 1:1 line
Barcoding gap

0.00 1 L | * =]

Min. interspecific divergence

01 No barcoding gap

-02

T T T T
-02 -0 0.00 01 n 03

Max. intraspecific divergence

4 EF ITS, ITS2 #0 rbcL F51EJ barcoding gap
Figure.4 Barcoding gap between different species of Berberidis Cortex based on intra- and interspecific distances.

27 RAR BRI

AR B B (NI > 4 1% (UPGMA) MIEERGR B, KIAFE
JEHI3ET K2P BEES AR 1 RS HHMEN (UPGMA 7592 , 0] LAEE BOW I AN [R] 3 31 147
P SERIE DL . T8I XS b 3 M 41 A B rbel e A1) I H e v R M8 R0 4 Fv/INBE B2 20
Al CRIZEER. HOR/NGE. RLHNEERIEES/INGE) SRER H RN 30, ATRUR T e 4
SE o MM ITS. ITS2 FHI )55 %€ BCRFIR UK, ARESEINS 4 FUNGERZIIIRNSEE o AT L,
Fr31) rbcl RT3k 4 Fh/INBE K2 3 3 dh i 1 5 J5L 4551
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B. dictyophylla-1 B. diaphana-3
B. dictyophylla-2 B.disphanad g
B. dictyophylla-3 | :::z::::? B. digphana
B. dictyophylla-4 B.vamee
B. dictyophylla-5 B.vemas? Bt
B. diaphana-1 B.vemaed B. vernae
B. diaphana-2 B dictyophylla-1 1
B. diaphana-3 B. dictyophylla-2
B.diaphana-4 B dctyophylas | PETH
B.vernae-1 B. dictyophylas | oneRIe
B.vernae-2 ] B. dictyophylia-5 |
B.vernae-3 B. kansuensis-1
B. kansuensis-1 B. kansuensis-2
B. kansuensis-2 B. kansuensis-3 Hfvhgt
B. kansuensis-3 B. kansuensis-4 B. kansuensis
B. kansuensis-4 B. kansuensis-5
B. kansuensis-5 B. kensuersis §
B. kansuensis-6 B. kansuensis 7
B. kansuensis-7

A. FET rbel FRAIRT R GEREAL NI B. T rbcL FAHIHI RS UPGMA i
5 &TF rbcl FHIMTRIRGZ L ER
Figure.5 Different phylogenetic trees of Berberidis Cortex constructed using the rbcL region. The bootstrap scores (1000
replicates) are shown (>50%) for each branch

150 38

FRL /NG EAET G PO HON SR AR e A0 8, MEIAT e bk R h, YL
FEPERE. FHFSENE X DA RBITH GRZGFREE) A PER S, B n ES, ik
/INBE B A SRR 2 R/ NBE R IR B AR, A Oy PR AR AR AL, R G S 8 77V E T IR
Ve 22 o WhAl, /NBERZ R R N2t , AN LB 22 B B A s B, LR LR OR IS AR 4t
155 LU 4 ) T VR AT HE R A A
AW TR R H ) DNA R0 5%E 5751 (ITS. ITS2 A rbel) X /NEE R 4 Fof 3 97 b b
HHAT A Rh S5, BN AIRRAE . AR SR AN AR ES . barcoding gap PA K R GUiE AL 1) 43
B, I rbel JP AR BN B S8 20, 4 Fh TR I Al N oK K2P BR B 3/N T
Fhia)fe /)y K2P BEES B3R B I —30, BUFMSEIL T /NBE R F A 40 . BRI, ik
160 T rbel 551 ) DNA SF TS EE AR T AT R ST /N BE R 24504 1) 5 T 4 )
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