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[Abstract] Objective; The internal transcribed spacer (ITS) 2 region of ribosomal gene, a DNA

barcode, was employed to identify 12 medicinal Aconitum species and the genetic relationship among the species
was analyzed. Method: A total of 30 samples of the 12 species were collected. The DNA was extracted with spin
column plant genomic DNA kit and the universal primers of ITS2 sequence were used for polymerase chain
reaction (PCR) amplification, followed by electrophoresis detection and bi-directional sequencing. The yielded
sequences were aligned and spliced by CodonCode Aligner 17.0 and sequence variation was analyzed by MEGA
7.0. The secondary structure was predicted by ITS2 Database and the neighbor-joining (NJ) method was applied
to generate the phylogenetic tree. Result: The ITS2 sequences of the 12 species were 220-221 bp, with the
average guanine and cytosine (GC) content of 64.09%, 140 variable sites, 137 informative sites, and 81
conservative sites. The intraspecific genetic distance (K2P) was smaller than the interspecific genetic distance.
According to the secondary structures of ITS2 sequences and NIJ cluster analysis, 4. scaposum,
A. sinomontanum, and A. barbatum had close genetic relationship, while the rest nine showed close kinship,

particularly A. soongaricum and A. yinschanicum. Conclusion: ITS2 sequence is of great value for the molecular

identification and genetic relationship determination of Aconitum, which provides a new method for the study of

ethnomedicine.

[ Keywords] Aconitum; internal transcribed spacer (ITS) 2 sequence; secondary structure and neighbor-

joining (NJ) cluster analysis; DNA barcode; molecular identification
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Table 1 Statistics table of 12 Aconitum samples
No. FE G LT % 44 AR 2 4 T & /m Y B N KA
1 515 (1~11)Aconitum kusnezoffii WA FEINE X 45°127127 119°50' 16" 927  NZ W RIERE ML AR
2 112 (12~14)A4. carmichaelii IR ART =Y 31°10712"  102°55'07" 1905 LR RAE AL E AR
3 DK (15~17)4. coreanum LA T Uiy X 41°01702"  123°06'59" 506 LGP EE KRS ST
4 B3k (18~19)A. yinschanicum WS FEE L RRX 440117357 118°42731" 929 Py 58y B85 5 ROl Ja 1)
NG AR
5 AL 3:(20~21)4. soongaricum var. NS FEFE SRR IX 44°147127  118°46' 14" 930 PR 558 iy TR KA A R L
angustius IR
6 AAIE %3k (22) Aconitum sungpanense Bepi s KAy X 34°01739”  107°21709” 1839 By b [ 25 BT AR FE SR
7 E M 193K (23)4. carmichaelii var. PP R IARP X 34°037407  107°17706” 1810 PRV v = 25 K=l AR, 4%
pubescens
8 NI 153k (24~25)A. hemsleyanum WALE A ZEPTX 339997997 107°51727" 1976 Ak 20 285 Vi v 2 25 1B 0y
H] o R
9 BRI (26)A. scaposum WAL A AL YX 31°35715”  110°23'36” 1410 P RER 2078 R B
10 5 5k(27~28)A. sinomontanum WAL WAL X 31°03727"7  107°32732” 2140 W 22 2 i v R 2 0y 2
CIEURE €
11 1503k (29) 4. henryi WAL E MR AR PX. 31°267 157 110°26'29" 1 040 WAL 20 25 0 v = 25 TR 0y 2
] o R
12 VEARIE %3k (30)A. barbatum var.  BEVGEE K AIARPIX 34°03742"  107°17'57" 1806 BRVE B 2 KA S A HE L%

hispidum

{¥ (Labnet International Inc) , QUANTUM #¢ Jix il 1%
A5 (AL MR 7 vl ), BS224S R L 773 #7 K
(f# [ Sartorius 23 7 ) , SIGMA 3K 15 % i 3 ¥4 % &5
AL CIE 3 HM R J7 28 ] ), Midea M3-232B B fif %
PN SE A D) L HI-2 A B YR K 7S 55 T SR BEHBT
ZNE]) BIE-D BUEB A K HL( 1 BRI A ),
XH-D %I JiE ¥ 1R 21 2% ( L R 4: 4k 2 &) , BCD-
575WDBI # K 46 (75 & ¥ /K 23 W) ), Brand 4 7% K 2%
(i [ 8 22 N W] ) .

B R RURE M B D 2H DNA $2 BUR H) & (db st K
FAE BB A RN F) L L5 R6718) , Tag Master Mix
(Je st B e A= 8 w) L, HiE 5 33320) ,ITS2 )7 51 |
TSI (e 5t N & R B A AL S
170614 ) , TransSk DNA Marker(Jt 58 £ 4 4= ¥
Al S S7116) R M ( B 5 AL # AR S
R096780) , 2 RNA fig 7K (At 5t e 22 A= 9 4wl
fIt45-33120) , WAL 52 3 3l AL T ¥ VRRS TR, it 5
20200321) , JC K £ P A = G H e (A A4l , K el
K I A\ #5358 20200215.,20200409) .

2 Fik

2.1 DNA#H EHEGLI A K 2030 mg, A
76 43 BIF B T TR 1 700 WL 28 v GP1 B4
W, AE 65 °C K ¥ 20 min, S A = & H b

700 wL, &%), 12 000 remin”, B .02 42 20 em (R
[[), B0 5 min, FIERFERE E 1.5 mLEOF P, N
A 2%t GP2 700 wL, iR AT, 1R 50 W 5% 2 W A
CB3 &, I AZE vh ¥ GD 500 wL, 12 000 r-min" &
L 30 s, 7 B 0 W, i A BE i PW 600 pL,
12 000 r-min” & .0 30 s, FEH LW, X P BRER
20, W T AR, ULUE T4 30 min, P A PR B 22 v
Y TE 100 pL, Z & & 5 min Z J5 12 000 r-min' &
02 min, BI75 5 DNA I 4 F"

2.2 PCRYHGMEZR K448 ITS2 )7 519 3 I
We . & WE 5l W g A A 5'-ATGCGATACT
TGGTGTGAAT-3" . 5'-GACGCTTCTCCAGACTA
CAAT-3' . PCRY AR 50 pL, & A L. T lf
1945 2.0 wL(2.5 wmol- L"), K& 5 7 AR B 5 0% R
(Tag MasterMix )25 wL, B DNA 4.0 uL(2J 40 ng),
Jin 2 RNA B /K 17 pL. §7 88 F2 5 4 94 °C F A8 1
5 min; 94 °C7Z ¥ 1 min, 55 °CiB X 1 min, 72 °C 4E {ii
1.5 min(35 MEH) ;72 °CHEf 7 min'"7, FUH P 5 K
J& 450~500 bp.

2.3 ML JKKZI DNA FGfE i 1.5% 09 35 5 b e
Ji2 18] A H kR R R 30 min, FH RS TR R 4 I
B PCR 4738 7= #) 5.0 wL . Marker 2.0 pL, 7 120 V
LR FLUK 25 min, B CE BE R AR R G AT
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RHE R 2w BEAT I R PR N PCR Y AT RRAR I SR 406 R 151

Yy, ¥ HT PCR 4 34 77 ) 28 4l Ak B 08 45 0L 1) 0 )% 3 ERS5HW

FRAT R[] I i s e 9] e 5 B e L 3.1 DNA #2BURIDY B8R K 5 i o R4 0 1
2.5 Bl oab B WO T AR R R &G F 8 R HL DK R T 285 SR v, 0 ARt B — B L o 4 VR A )
CodonCode Aligner 17.0 8kt 174 & DR EER N, DNA JFi i 554, B B DNA $2BUR I 9 388 i o %k
e BRAR BT fE 0 T 8 K51 X, D 3 BT £ >20 S A 100% , UL & 1o XF4F A A5 1 () 7 51 76 NCBI L ¥k 45
WE . 3 6 E R AW S b (NCBD 1 BLAST - BLASTEZR LG43 #T 200, 45 SR W, Fir 4R 45 14 )% 91
P2 T2 XA 19 77 5 647 L X438, 2 FH 1T S2 78 F 53 JE 2 ITS2 )7 81, iy i 2% R 100%, )7
2 T HARMCITS2 [ BR X P 51, JF B0 e = g 254 . B3R 58 100%.

500 bp

MIM21 2 3 4 5 6 7 8 9 10111213 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30
TE ML FARIE Y Marker; M2. B4 BE 5 1~30. 506 [ £ AR
El1 EFITS2F % PCRY R
Fig. 1 Electropherogram of PCR amplification based on ITS2 sequence

3.2 BN FIRpE AR S4BT N ITS2 Database 78 K2P 4 0.000~4.463, F ¥ K2P 24 0.000~0.005, 3£ 3k
2 T EHAHT 30 M REAS I ITS2 JF 41, 45 5 GC &+ 9748 57 8 140 A A5 B AL 137 A R SE A AR
44.5%~64.6% ; % I MEGA 7.0 #4387 J5 15 31 4 8] 814, 25 L 2 FIlE 2,

R2 LXE12FZHITS2 F 51 E K2P
Table 2 Interspecific K2P table of ITS2 sequence of 12 species of Aconitum

No. HiT 1 2 3 4 5 6 7 8 9 10 11 12

1 Aconitum kusnezoffii

2 A. carmichaelii 0.005

3 A sinomontanum 4.463 4.443

4 A. hemsleyanum 0.010 0.010 4.463

5 A scaposum 4.392 4373 0.058 4.392

6  A. soongaricum var. angustius 0.026 0.020 4.443 0.031 4.373

7  A. coreanum 0.005 0.000 4.443 0.010 4.373 0.020

8  A. carmichaelii var.pubescens 0.005 0.000 4.443 0.010 4.373 0.020 0.000

9  A.sungpanense 0.005 0.000 4.443 0.010 4.373 0.020 0.000 0.000
10 A. barbatum var. hispidum 4.443 4424 0.015 4.443 0.041 4.424 4424 4424 4424

11 A. yinschanicum 0.026 0.020 4.443 0.031 4373 0.000 0.020 0.020 0.020 4.424
12 A. henryi 0.005 0.000 4.443 0.010 4373 0.020 0.000 0.000 0.000 4.424 0.020

3.3 WM ITS2 FPol Aty D3Jm 12 A AR ZEERBCE Dy 24 | R AR SEERECE O 30 Ay Rl
ITS2 /74 1 — R A5 AR T ARL, B i — DDA O R 2R3 8 34 AR 2R B S 24,
4R DA, e T VI VIV R SY XL PUAA RIS G i A 4 5 3k T 36 07 SK B 5 Al ) A A TR
B3 G sk B 53k T g kg b T XA o 3 UANES RS
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1 60
Aconitum kusnezoffii CACACAGCGTCGCACCCCGTCAACCACGTTGTCGGGGAGCGGAGATTGGCCCCCCGGGCC
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Fig.2 ITS2 sequence comparison of 12 species of Aconitum

CACACAGCGTCGCACCCCGTCAACCACGTTGTCGGGGAGCGGAGATTGGCCCCCCGGGCC
CACACAGCGTCGCACCCCGTCAACCACGTTGTCGGGGAGCGGAGATTGGCCCCCCGGGCC
CACACAGCGTCGCACCCCTCCAACAAGGTTTGTTGGGGAGCGGATATTGGCCCCCCGGGC
CACACAGCGTCGCACCCCGTCAACCACGTTGTCGGGGAGCGGAGATTGGCCCCCCGGGCC
CACACAGCGTCGCACCCCGTCAACCACGTTGTCGGGGAGCGGAGATTGGCCCCCCGGGCC
CACACAGCGTCGCACCCCGTCAACCAAGTTGTCGGGGAGCGGAGATTGGCCCCCCGGCCC
CACACAGCGTCGCACCCCTCCAACAAGGTTTGTTGGGGAGCGGATATTGGCCCCCCGGGC
CACACAGCGTCGCACCCCGTCAACCAAGTTGTCGGGGAGCGGAGATTGGCCCCCCGGCCC
CACACAGCGTCGCACCCCGCCAACAAGGTTTGTTGGGGAGCGGATATTGGCCCCCCGGGC
CACACAGCGTCGCACCCCGTCAACCACGTTGTTGGGGAGTGGAGATTGGCCCCCCGGGCC
CACACAGCGTCGCACCCCGTCAACCACGTTGTTGGGGAGTGGAGATTGGCCCCCCGGGCC

61 120

CCTGCGGGCACGGTCGGCACAAATGTTTGTCCCCGGCGGCGAGCGTCGCGGTCAGTGGTG
CCTGCGGGCACGGTCGGCACAAATGTTTGTCCCCGGCGGCGAGCGTCGCGGTCAGTGGTG
CCTGCGGGCACGGTCGGCACAAATGTTTGTCCCCGGCGGCGAGCGTCGCGGTCAGTGGTG
CCTTGCGGGCACGGTCGGCACAAATGTTGGTCCCCGACAACGAGCGTCGCGGTCAGTGGT
CCTGCGGGCACGGTCGGCACAAATGTTTGTCCCCGGCGGCGAGCGTCGCGGTCAGTGGTG
CCTGCGGGCACGGTCGGCACAAATGTTTGTCCCCGGCGGCGAGCGTCGCGGTCAGTGGTG
CCTGCGGGCACGGTCGGCACAAATGTTTGTCCCCGGCGGCGAGCGTCGCGGTCAGTGGTG
CCTTGCAGGCACGGTCGGCACAAATGTTGGTCCCCGACAACGAGCGTCGCGGTCAGTGGT
CCTGCGGGCACGGTCGGCACAAATGTTTGTCCCCGGCGGCGAGCGTCGCGGTCAGTGGTG
CCTTGCGGGCACGGTCGGCACAAATGTTGGTCCCCGGCGGCGAGCGTCGCGGTCAGTGGT
CCTGCGGGCACGGTCGGCACAAATGTTTGTCCCCGGCGGCGAGCGTCGCGGTCAGTGGTG
CCTGCGGGCACGGTCGGCACAAATGTTTGTCCCCGGCGGCGAGCGTCGCGGTCAGTGGTG

121 180

GTTGTATTTCTCATCCTCCAAAGACATCAAGACGCGTCGTCCTCGTTGCACGTTGGGACA
GTTGTATTTCTCATCCTCCAAAGACATCAAGACGCGTCGTCCTCGTTGCACGTTGGGACA
GTTGTATTTCTCATCCTCCAAAGACATCAAGACGCGTCGTCCTCGTTGCACGTTGGGACA
GGTTGTATTTCTCATCCTCCAAAGACATCAAGACGCGTCGTCCTCGTTGCTCGTTGGGAC
GTTGTATTTCTCATCCTCCAAAGACATCAAGACGCGTCGTCCTCGTTGCACGTTGGGACA
GTTGTATTTCTCATCCTCCAAAGACATCAAGACGCGTCGTCCTCGTTGCACGTTGGGACA
GTTGTATTTCTCATCCTCCAAAGACATCAAGACGCGTCGTCCTCGTTGCACGTTGGGACA
GGTTGTATTTCTCATCCTCCAAAGACATCAAGACGCGTCGTCCTCGTTGCTTGTTGGGAC
GTTGTATTTCTCATCCTCCAAAGACATCAAGACGCGTCGTCCTCGTTGCACGTTGGGACA
GGTTGTATTTCTCATCCTCCAAAGACATCAAGACGCGTCGTCCTCGTTGCTCGTTGGGAC
GTTGTATCTCTCATCCTCCAAAGACATCAAGACGCGTCGTCCTCGTTGCACGTTGGGACA
GTTGTATCTCTCATCCTCCAAAGACATCAAGACGCGTCGTCCTCGTTGCACGTTGGGACA

181 221

CATCGACCCCAAGGAGCCGCTTCGCGCGGCATTCACCCTG
CATCGACCCCAAGGAGCCGCTTCGCGCGGCATTCACCCTG
CATCGACCCCAAGGAGCCGCTTCGCGCGGCATTCACCCTG
GCATCCACCCTATGGAGCCGTTTTGTGCGGCATTCACCCTG
CATCGACCCCAAGGAGCCGCTTCGCGCGGCATTCACCCTG
CATCGACCCCAAGGAGCCGCTTCGCGCGGCATTCACCCTG
CATCGACCCCAAGGAGCCGCTTCGCGCGGCATTCACCCTG
GCATCCACCCTATGGAGCCGTTTTGCGCGGCATTCACCCTG
CATCGACCCCAAGGAGCCGCTTCGCGCGGCATTCACCCTG
GCATTCACCCTATGGAGCCACTTTATGCGGCATTCACCCTG
CATCGACCCCAAGGAGCCGTTTCGCGCGGCATTCACCCTG
CATCGACCCCAAGGAGCCGTTTCGCGCGGCATTCACCCTG

3.4 NIRTRAESHr BT ITS2 )7 4 #4 & 1Y NI 2R
Ko 30 M FEARBPL R AP R 73 3. 53k W& 57
K= . 54 mUIEN . ZLTIEFHAE D I
L Bk Rk Bk RSk Y
B3 At 53k B Sk b el B Sk R Ll
KBy — 34 & A AR Sk S Sk Ry
B AT 2 3k, Jf B b g 1678 5 L R Oy — 32,
ULE 4,
4 itig

5% 2 M S E AL G T B R LR S e R
YO U AL S A XA G S T Y
Beof R R ARG A REEEA R AL

TR T B Ber BRI A S 07 1 B B T
r A ZAREN T RJR Yyl a1 258 . RS
FOREGE LA H AR, — B AR IE#) %5 5 5 20
RIS E . L, L DNA T3 25 5 S W) Fh 55 5
B ZRENE MO GOR R O F R TR . BEE
P B AN BT U F R S, 7 DN A 4 % S5 £ AR
U S WY 5 TR T PR R

JE I TTS2 3 81 % 5 3K T 12 Fh 25 #1 BEAT 7 1 42
SE MR F OIS, by O X 50 1Y o A A A T
FEPE, LU REAS 30 03, 8 5 oy 7 4 e A B AR
B W Sk AP A 5 Sk 1 e K R
221 bp, Hoax 75 45 9 Bl 1 3k & 25 4 19 )5 91 K JEE
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Fig.3 Secondary structure of ITS2 sequence of 12 species of Aconitum
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Fig. 4 NJ trees of 12 species of Aconitum based on ITS2 sequences
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