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Molecular identification of Atractylodes lancea and its closely related species
based on ITS2 sequence
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Abstract: Objective The aim of present study was to identify Afractylodes lancea and its closely related species (Atractylodes chinesis
and Atractylodes macrocephala) using the ITS2 barcode. Methods The total genomic DNAs were extracted from twenty-nine samples of
A. lancea and its closely related species from different habitats. The ITS2 sequences of these samples were amplified and bidirectional
sequenced by PCR. The obtained sequences were submitted to the GenBank and the ITS2 sequences of 45 samples belonging to ten
species were downloaded from the GenBank. Total 73 ITS2 sequences were aligned and the genetic distances were analyzed using the
MEGA 5.1. Identification analyses were performed using the BLAST1 and the nearest distance methods, and were presented intuitively by
constructing Neighbor-joining (NJ) tree. Results The lengths of all ITS2 sequences of 4. lancea were 229 bp presented as one haplotype
pattern. There was significant divergence between the interspecific and intraspecific genetic distances of the ITS2 sequences. The NJ tree
showed that 4. lancea could differed obviously from its closely related species, which showed high monophyly. The secondary structures
of ITS2 in the helical regions displayed clear differences in stem loop number, size, position, and screw angle among the medicinal plants
of Compositae. Conclusion As a DNA barcode, ITS2 sequences can stably and accurately distinguish A. lancea from its closely related
species and also provide a new technique to ensure the clinical safety in utilization of Chinese materia medica.
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Table 1 Habitats of samples used in present study and its ITS2 sequences

YT %4 PARREY ORI REbp  GC/%  K2P HBIRE GenBank &35 gt
1 FEA Al 229 69.0 0.000 0 KM222802 Mo =R L
2 FEA Al 229 69.0 0.000 0 KM222803 S ONINE
3 TR Al 229 69.0 0.000 0 KM222804 T e 45 FH
4 TR Al 229 69.0 0.000 0 KM222805 T RE {5 BH
5 TR Al 229 69.0 0.000 0 KM222806 MRINaIEE Al
6 FHAR Al 229 69.0 0.000 0 KM222807 M aIEE Al
7 FHAR Al 229 69.0 0.000 0 KM222808 GRORHNL
8 TR Al 229 69.0 0.000 0 KC573818 M aEE Il
9 TR Al 229 69.0 0.000 0 KM222809 WALE B
10 TR Al 229 69.0 0.000 0 KM222810 WAL L
11 EHA Al 229 69.0 0.000 0 KM222811 TR (5 0
12 TR Al 229 69.0 0.000 0 KM222812 B AR
13 TR Al 229 69.0 0.000 0 KM222813 T e 45 FH
14 FHAR Al 229 69.0 0.000 0 KM222814 MRINaIEE Al
15 FHAR Al 229 69.0 0.000 0 KM222815 WALE &
16 FHuAR Al 229 69.0 0.000 0 KM222816 R
17 FHAR Al 229 69.0 0.000 0 KM222817 WAETE L
18 FHAR Al 229 69.0 0.000 0 KM222818 S ONINE
19 JbEAR Bl 229 67.7 0.031 3 KM222801 REEYiN
20 B i N B2 229 69.0 0.017 7 KM222797 RESYiN
21 bR B2 229 69.0 0.017 7 KM222798 REEpiN
22 JbmA B3 229 68.5 0.0222 KM?222799 REEYiNLS
23 B 7 N B3 229 68.5 0.0222 KM?222800 REStriN 3
24 EEN Cl 229 69.4 0.026 7 KM222791 B AR
25 HAR Cl 229 69.4 0.026 7 KM222792 R ALK
26 EEN Cl 229 69.4 0.026 7 KM?222793 R LUk
27 HA Cl1 229 69.4 0.026 7 KM222794 IR
28 HAR Cl 229 69.4 0.026 7 KM222795 A ALK
29 HAR Cl 229 69.4 0.026 7 KM222796 AR

P PF] K2P BAL T B IR S DM LR 4. lancea (KM222802) Z[IH K2P 3% i
The K2P genetic distance in the table refers to K2P genetic distance between each species and A.lancea (KM222802)
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% 2 GenBank THFERMEY ITS2 55
Table 2 ITS2 sequences of species in family Compositae downloaded from GenBank
W) 44 GenBank #3%5 LRI Lo GenBank %35 HLf% Y

EFN AY925 164.1 C2 45 FJ440 321.1 D2
EFN AY548 206.1 C3 45 FJ440 324.1 D2
425 Arctium lappa F1440 325.1 DI 458 FJ440 301.1 D3
22 F1440 323.1 DI 45 FJ440 309.1 D4
22 FI440 303.1 DI 45 FJ440 311.1 D5
22 F1440 302.1 DI 45 FJ440 320.1 D5
35 FJ440 319.1 D1 [ Artemisia capillaris GQ434 538.1 El
22 F1440 318.1 DI PR JQ173 381.1 E2
L FJ440317.1 DI K55 Aster tataricus FJ539 125.1 F1
e FJ440 316.1 DI E ¥ GQ434 543.1 F2
e FJ440 315.1 DI E GQ434 542.1 F3
e FJ440 314.1 DI E ¥ HQ154 045.1 F4
438 FJ440 313.1 Dl KA Atractylodes japonica AF319107.1 Gl
a3 FJ440 312.1 D1 =% Eupatorium fortunei GQ434 513.1 H1
UEE FJ440 310.1 D1 = KF112 834.1 H1
URE FJ440 308.1 D1 = KF112 833.1 H1
2 FJ440 307.1 D1 i 2% KF112 832.1 H2
2 FJ440 306.1 D1 i >4 KF112 831.1 H3
|3 FJ440 305.1 DI i =% KF112 830.1 H3
R FJ440 304.1 DI (= KF112 829.1 H3
435 FJ440 300.1 D2 iEBEAE Inula japonica JF421 506.1 11

L FJ440 322.1 D2 A Y Taraxacum mongolicum AY548 210.1 J1

2 HE JUE P A g IR s A 2 T B B 2R ) AR A 1)

2.1 DNA {2EX. PCR ¥/ #8X& il F

T 70% SRR R, BOF AR Rk
GRZIM 2 0.01 g, KARED)IE R L] DNA $EHGR ]
& CRAEWHBEAT) #EUES DNA. EH 519
ITS2F: 5’-ATGCGATACTTGGTGTGAAT-3", J[f
51 ITS3R: 5°-GACGCTTCTCCAGACTACAAT-3’.
PCR X NARRA 50.0 uL, 4 F A7 MgCl, 4.0 uL (25
mmol/L), dNTP 4.0 uL (2.5 mmol/L), PCR ZE#ik
50uL (10X), 5I#4% 2.0 uL (2.5 pmol/L) (FEi
HILAT]), exTaq M 1.25 U, & DNA 5.0 uL (£
50ng). ¥HERET: 94 CAXME S ming 94 CAME 30
s, 54 CiR“K 30's, 72 ‘C ZEff 45 s (AT 40 MEIF);
72 ‘CHEH 10 mino W7t g6 75 AW iR
P28 W) 5 o
22 HuEALIE

W7 J5 B 19 0¢ K ] Codon Code  Aligner
V2.06 (Codon Code Co., USA) X Pte, F=R1K

HMM VERE 772, ZBRPHE 2 — BP0 1™ 5.8
S F128 S X B, Fhpghrifk 1TS2 (ARG X FF1. 6]
MEGA 5.1 THERl N 35138 S FRh ) 25132 53¢, 1
Wilcoxon XUAEARATH VAL, KA AR R
(BLAST1) Fl5 /N 2572 (Nearest Distance ) % %% ITS2
FRAN %5 2R, #4%E Neighber-jioning (NJ) #F
T BPRh 2 18126 ZE . M3 Koetschan 25! T (K
ITS2 ik e S FLW sl il 1TS2 2 45440

3 &R
3.1 FEARHEEZS#HZM PCR & E RN F
R INE

W AR S ILE GRS 1TS2 J7 4503
Br R B, FTAT S REA ) PCR 4748 K 5 il Bh R 1)
h100%, JPHIERTR CHRBUFFIEH]D 788 100%,
2B R EE I VK3 8] PCR 18 ik (& 1D,
PR, ST, WAHREIS, 1TS2 ¢
HILE 500 bp LA
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Fig. 1 Electrophoretogram of ITS2 sequences of samples

32 FEARRHEIEZHZM ITS2 FIIERHAR
SIS FE Al ITS2 P AR 229 bp, 1TS2 741
GC 14 67.7%~69.4%, 1 GC &4 69.00%. A
S P AR AL SR it 1TS2 P42 154 10
NS, P AR K2P JEES 4 0.000 0,
] K2P P54 0.017 7~0.031 3, “F#4 K2P Bk
0.024 7, F|H Wilcoxon 2 MEAR G TIAH:, 159
F| Z=-5.131, P<<0.001, ¥iHIZFLEAFRE K2P fH
BEPN KoP P S . SEIORE S Al
ITS2 7K. GC = KYFh K2P 5 3 W3k 1.
W S BOEA GenBank BUHE P T A 35 R} 24
MM G, KA R N ERFEAR LI

IEGRAR FIEOL, SREH, PRI S
(P AR S 5 P P A S 22 S B A, 1TS2 AT LKL X
I SAh, iAW EEGE, FAEARRIN K2P B2
5590, Fg—A s,

33 BAGMRHEFRHAGHT S S0

3.3.1 AR AFRIEAE SRR R
M AT RPERE D 23 A, 18 NMEEARF Y
KM222802 AH[Al, FPAIZRAL Al 2 NMEAFSS
KM222797 #lFl, FPHI2EAL B2; 2 NMEARITSIE
KM222800 AH[Fl, JFAI2EAL B3; 1 MEARTFSIE
KM222801 A [A] ¢ #1128 B1, 3L 7 AN S AFAEAR 52,
W 3.

®3 TARAMAEEIR ITS2 FHIFHEER ST

Table 3 Interspecific variable sites in ITS2 sequences of Atractylodis Rhizoma

GenBank &35 HfE Y ESA
18bp  29bp  48bp  82bp  125bp  212bp  219bp
KM222802 Al A C G T A G C
KM222801 Bl T T A C T A T
KM222797 B2 T C G C T A C
KM222800 B3 T C A C T A C

3.3.2 R4 BT Gobt 2y R AN AR = 0 B
XF 2 B 2 I AE )Rl o AN [R] B 2 D) AT b P AR
Gt o, BRAL ARG WK 4.0 JbtE
ARFAA 3 MRS, 3 NERALAG RN
A5 MRS, 5 ANRRA R WRERNE 2
NG, 1 ADNRRAL S BN 4 DA
B, 3ANARFAL AN 3 AN AR, 24
AR AT Ao
34 FEARRHEIEGMZAM ITS2 FIIEES
KA 4 2275 (BLAST1) Al i i 55
1% (nearest distance) X315 A 2y #f J Hoalr 2 Fh
BEAT BEEWEIL, 2 MpOTIE T A R R W] 1TS2
J7 5 n] LA B R 5 15 R 2 0 5 AR A X 53
o T S E MM R LS TSR, AR T

ITS2 AR T NI REHREN, WK 2. alLd
BHTFEARAGM BRI AR, ph—8, 5%
BHE A A E A BB AT, 555 B A 4 i
BB X I .
35 FEAREEEGERITS2 BRI ZREM
F 4 Koetschan 2548 37 1) TTS2 B3 22 K7 JH: k9 il
TR A A S AR G (1) 1TS2 — ity (K 3),
ATLAEH, B YR — REs /Y Ak (E
) e 4 AMEREX. (Helix) Rk, REAMERE E XA K
KAV BRZEDRZEIR (Loop) 4k, TBid ELR
AR KICELGF ITS2 MR, S FAE 4
AMZEX IR K/ A DA g e A H )
A S 2, I, s 1TS2 — 44, v
DAL HICKS 545 AR 5 4 BT 2 24 - IX 47
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4 BARGMHRHEEMARAENMAT RS0
Table 4 Intraspecific variable sites in ITS2 sequences of sibling species of medicinal plants in compositae
T4 GenBank &t LR A {755 /bp g

JemAR KM222801 B1 29, 48,219 TA, T
JeEAR KM222797 B2 29, 48,219 C,GC
bR KM?222800 B3 29, 48,219 C,A,C

|38 F1440 325.1 DIl 59, 152, 160, 195, 215 AAGT,T
2458 FI440 322.1 D2 59, 152, 160, 195, 215 A A AT, C
-5 FI440 301.1 D3 59, 152, 160, 195, 215 AA,GC, T
5% FJ440 309.1 D4 59, 152, 160, 195, 215 GGGTT
5% FJ440 311.1 D5 59, 152, 160, 195, 215 AAATT
PR GQ434 538.1 El 207 T

PR JQ173 381.1 E2 207 C

E ik FI539 125.1 Fl 86, 177, 200 G C,A

E ik GQ434 543.1 F2 86, 177, 200 G C,R

-y GQ434 542.1 F3 86, 177, 200 GC,G

g ¥ HQ154 045.1 F4 86, 177, 200 AA A

= KF112 833.1 HI 177,187 T, T
(= KF112 832.1 H2 177, 187 C,T
fi == KF112 829.1 H3 177,187 T, A

4 g

_|:jl:§7ti (KM222799)
JeEAR (KM222801)
JEEAR (KM222797)
FHEAR (KM222802)
HA (KM222792)
135 (FI440311.1)
435 (FJ440325.1)
435 (FJ440309.1)
3% (FJ440324.1)
3% (FJ440301.1)
THAZE (AY548210.1)
% (GQ434513.1)
2% (KF112832.1)
2% (KF112831.1)
B (GQ434538.1)
B (JQ173381.1)
Jie#ie (JF421506.1)
50 (FI539125.1)
%55 (HQ154045.1)
a5 (GQ434543.1)
256 (GQ434542.1)

L AT

bootstrap 1 000 X E
Percentage of replicate trees in which the associated taxa clustered

together in 1 000 bootstraps are shown next to the branches

2 ETITS2 FHMEZRF TR REILEM NJ &
Fig. 2 NJ tree based on ITS2 sequences from A. lancea and

its closely related species
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i VYL7n Wb RSS2l 4 D EE7 XS
TAR, W RIIACE B A% 5 ] TTS2 Fe 4145 5
SR B AT A S, TN [R] P H i 5 1 AR O
RFDLH AN A L R, R R, R
FERAF BRI EER . TN FERK
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B e B el 45 59 58 6 R R LA BHE S b 2548, 14
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Fig. 3 Secondary structures of ITS2 sequences in A. lancea and its closely related species
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