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Abstract: Objective Based on the ITS1 and ITS2 sequences, we studied the genetic diversity and molecular identification of the
Nardostachys chinensis and N. jatamansi from different regions of Sichuan, Qinghai, Gansu and Tibet. Methods ITS1 and ITS2 sequences
of Nardostachys were obtained by PCR amplification; MEGA software was applied for multiple alignment; DNA EditSeq software was used
for cutting, splicing and statistical analysis; Kimura two-parameter (K2-P) model was used for genetic distance analysis; DNASTAR

software was used for homology and difference analysis; Neighbor joining (NJ) method was used to construct phylogenetic trees and DNAsp
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V5 was used to analysed genetic diversity. Results The ITS1 sequences ranged from 687 to 689 bp, with only 2 bp difference; the ITS2
sequences were highly conserved with 468 bp length, and the G/C content of both ITS1 andITS2 sequences reached over 66.00%.

Phylogenetic analysis revealed that the ITS sequences could divide the 20 samples of Nardostachys into two branches, N. chinensis and N.

Jatamansi, but they were closely related to each other. The genetic diversity analysis showed that the comprehensive genetic diversity index

of N. jatamansi was higher than that of N. chinensis. Conclusion According to the morphological and genetic analysis, the Nardostachys

should be divided into two species of N. chinensis and N. jatamansi, and the genetic diversity was low, and the intraspecific genetic variation

was relatively stable. The ITS sequences can be used to identify the species of Nardostachys. The results of the study can provide a

theoretical basis for the classification, evaluation, conservation and sustainable use of plant resources of the Nardostachys.
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‘H¥A Nardostachys chinensis Bat, X4 HIAE &
P, AENZRIEET CRERI) Mo TR DIFEAR &
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BATHR H 2, AT (Bifashie ) s
RO ALY (CTES) PRI, [k, i HAA T
oK, AIRRERI R, IR Rl YR
TER MG B 55 TAE R R EE,

TR TN, WeERE (Valerianaceae) H 2 &
Nardostachys LAEPIFEA 3 ¥, 43I HAS N. chinensis
Bet.. LIHFY N jatamansi DC. A KAEH ¥ N.
grandiflora DC., =F AT 5 ShiflL X, 73k
[ 3= B AT R A H AR AL 2 B, AT H I
VANl =/ PO H RS X 0, RAEH
N. grandiflora DC., Z453-Ai TEIE . JE1H/REEHPL,
—EYNERESIRESRENART . BRTKZ
BTNy, HA L RS . RAEH AL 2 R
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BHABOREB AN HiEE AN FEE
S Fa M HRA H U FE M. TaiEEia
X e TR H AR SR BEIEAEA 20 17, AR
N NG A (e S Y1 o N |2 B S
5, VUHBOEIE BRI 4 AR H s N.
Jjatamansi DC., HARMXFEARLINHIL N. chinensis
Bat, %E 45 R EAEASRIE LK 1.

1.2 FB&

1.2.1  REGAEHBESL T U p RO R 2 7 e e S
HE A BEE B Y (102°35'00"E, 32°50'07"N) JEJT
R, R 3 490 m. 2020 E4E TR
2.9 C, FEfF/KE 860.8 mm, - H &K %2 212.3 h,
SAETIEFER .

1.2.2  FEf5h DNA fO32EL. PCR ¥ 38 &l P fefl
PR HHT, 2 B S —8uat fr, E e
K, SR G IEARIR T IS BT R A B, K H
CTAB EIREURE 5 DNA. $2HUS XHRE S K DNA 3
AT SR EE IR I . ITST. ITS2 3191 B 5
Y1 &% PCR JRM4AE W2 2. Bt PCR ROBERFA
b ER AP EAERAAFE”N
I-5™2 X High-Fidelity Master Mix, ¥ 1.3%3Z5 g b5t
JRHLIK L — I By s e ik = A R
AR A R A R AT .

SR, FTAFEATEET DNA 7E 260, 280 nm [1)
WS LA Apeo/Aoso TE 1.8~2.0, Azeo/Aozo TE 1.8~2.3,
FrAFEA DNA SAEEARIRIIESR . FREUT) DNA JiifE
WRIELE 349~90 ng/ul, HAEHAFIESR, WH 1.
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Table 1 Samples information of Nardostachys

it W5

KM R

ZE (E) 4EF N) HH/m FEIE

i G0l
G2
G03
G04
G5
G06
GO7
G08
G09
G10
Gll
GI12
GI3
Gl4
Gl5
Gl6
RHHR S17
SI8
S19
$20

VY11 BT U S e B TR N R o B 102°39'22"  33°2747" 3383 e pieAl R it ias e LA

HilFE ErEE AR M EFETIRERE  101°39'54"  34°43728" 3440

firs Rtk

HURA KRR IO TRERE  101°56'11"  34°32'32" 3273
HRA KRR M T RERE 1020247 34°3120" 3367
HHRA KRR BT ZE TREGE  101°5647"  34°32'11" 3358
HURA IR O MITHZ R EIR R 101°56'11.36" 34°32'32" 3270

T8 T AR B i Ml £
VU114 BT SIRESE % e
FEE RBBR A R E
FlEE R B A R M AR R
FlEE REBR A R E
FlEE REBR A M AR R

102°1525"  34°20'50" 3343

g 223 102°57'34"  33°48'12" 3357

101°24'41.89"33°27'19.63" 3736
101°23'19.88"33°23'34.93" 3740
101°23'19.52"33°23'35.25" 3747
101°18'38.38"33°22'19.58" 3978

w8 H s BA M 2 101°56'25"  33°53'41" 3434

V1148 e 305 % 9 1 Y M BT 101°27'55.36" 33°09'46.11" 3200

5BV X e O 7l R 88°57'18"  27°4021" 3800

5B LV X e O ol 85°08'09"  28°52'53" 4530

VU114 H Hmice E i 2 99°54'09.37" 30°08'17.66" 4237 REE LA TERTER A 2 50R
V114t fieseiine 1 v R 2 100°15'30.33" 30°14'53.52" 4046 BEAC REE

V114t fieseiine 1 v R £ 99°55'19.28" 30°13'13.01" 4277

VU1t fioeine B ve M 2 i B 99°45'09.24" 28°57'26" 3997

&2 PCRYBSHEIEF

Table 2 PCR amplification and amplification procedures

AT 514 WA H (5°—3%) 1B KIREE/C
ITS1 IF TCCTCCGCTTATTGATATGC 55
IR GGAAGTAAAAGTCGTAACAAGG
ITS2 2F ATGCGATACTTGGTGTGAAT 52
2R GACGCTTCTCCAGACTACAAT

1 ITS1(A) F11TS2 (B) # &= #9355 HE R BT A& )

Fig. 1 Agarose gel electrophoresis of amplified products in

2 HIEALIE

I PP 45 5 DNA EditSeq #EETEI V). %
MG 4T, JEH MEGA7.0 8T 2 EIF 51
FeXt I AR $21%: (neighbor-joining, NJ) & R4t
REW, FEHEBEEER, FIH DNASP ver.5.0
FEXT H R BRI AL 2 R S BT U, A SR
P 18] 1 388 A% 2 4k R 2 ( genetic  differentiation

M-Marker, 1~10-ff4. coefficient, G, FHREA A BT 5 51 F W 2% AE 25

M-Marker, 1—10-samples.

Rk A

fiix Mfold #EAT 2R Z5 K4 73 H7 .
3 SRS
3.1 ITS F3IGIC BESKEZSHS R

ITS1 (A) and ITS2 (B) sequences SHTETEMEIE ITS1 1 ITS2 41 G+C & &
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KIL, 1TS1 G+C &8N 67.92%~68.46%, 1TS2 G+
C &8N 66.88%~67.09%, G+C & &R,

HRTE 66%LL L, ik 68.46% (S18). HL# %% ITSI
AITS2 o1, w WHKEARMAK, ITS1 JFAK

FETE Iy 687~689 bp, L 2bp %5, ITS2 FFAIK
FELLI—%R 468 bp. KL, MFH] G+C &&=
KEZEMRE, HiaEUJE ITS1 128 R4 1TS2
TR TR, (H RN RN, WK 3.

#3200 MHMBHA ITSI A ITS2 FIHKER G+C &
Table 3 ITS1 and ITS2 sequences length and G + C content in 20 samples of Nardostachys

e ITSI ITS2 BITS P4
K /bp G+C/% K /bp G+C/% K& /bp G+C/%

G01 688 68.02 468 67.09 1156 67.65
G02 688 68.02 468 67.09 1156 67.65
G03 688 68.02 468 67.09 1156 67.65
G04 688 68.02 468 67.09 1156 67.65
GO5 688 68.02 468 67.09 1156 67.65
G06 688 68.02 468 67.09 1156 67.65
G07 688 68.02 468 67.09 1156 67.65
Go8 688 68.02 468 67.09 1156 67.65
G09 688 68.02 468 67.09 1156 67.65
G10 688 68.02 468 67.09 1156 67.65
Gll1 688 68.02 468 67.09 1156 67.65
G12 688 68.02 468 67.09 1156 67.65
Gl13 687 67.98 468 67.09 1155 67.62
Gl4 688 68.02 468 67.09 1156 67.65
Gl5 688 68.02 468 67.09 1156 67.65
Gl16 689 67.92 468 66.88 1157 67.50
S17 688 6831 468 67.09 1156 67.82
S18 688 68.46 468 67.09 1156 6791
S19 688 6831 468 67.09 1156 67.82
S20 689 68.07 468 67.09 1157 67.68

3.2 FIHERIELEZ S

FIFH MEGA 3445 20 AN HFABFEA ITS1 Al
ITS2 FEAHEAT ST Lo iT, 45 3 W3R 4. 1TS1 741 L
XA 689 bp, 2B AN 15 4, 1% XA A5 )
21.8%, fAIZMEREAA 11 4, Hf 1 AMakE
G/C B{ A/T BFERIE . 10 M7 s KA GC/AT B,
B, 205 BAL SO S IRORIIAL AL, R
5, ITS2 FAI X EE N 468 bp, A2 R N
74, 5 15.0%, RIZEEM S 6 4, Hd 1 AMr
RURAE G/C B A/T Bl EE 5 5 M UK AE GC/AT
TRl P 48

FF 5 AR R G5 TR BH, ITS1 751 BAR A 55
BTS2 FAVERA S Z, HAA SR H AR ITSI
FITS2 P4 2 R AR, 22 57 IS S r AR 2
P —E R, BIERRE A A s, HAR S
HIBRIE R Z AR R AR = HAa 2 8] A= 1
(P RG I H A 2 (8] 78 S 351 580/

BT K2P RS S 06 A Rk HEAT I8 A% BE 24y
M, 53R (R 6) KM, HiMN-TFIEfLEE S
9 0.001 7, #ERFHAARE PS4 84% PR B 9 0.005 2,
T[] 2 AL BE B4 0.005 3, i~ 3484 P 5 /)N
TR A] P B AL R
33 RESREIEMSH

MWERNARGREN (B2 aEHH, 20 MHIAE
FEARTT 530 2 KB, Hp &AM X TH A (G1~G16)
BN, BHHER (S17~8200 FHRA—4H. ik
GER SRR 2 NSRRI 43 2845 SR —
B YL ITS AR T4 Hia SR HAL o Ak,
KT H AR AT 430 2 AN, HA s —NE
FEFE 14 ADMFPTERIE, 3 ARETUIIL 9 Ak HE .
2ASRE IR 52 ANTREFE 2 MR SRR E
Pjk. ITS FBRLER SP AL W EA—E
PIFRSGHE. FTIL, ITS 3 FAnicfE— e R b 1
HFA ST R A 2
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®4 ITS1 HAFERMAR
Table 4 Parsimony informative site of ITS1

iy {81294 B8 /bp
56 67 166 183 235 510 554 560 568 581 583
GO1 G A C C A T T T C A C
Gl4 * * * * * * % * * * *
Gl15 * * G T C * G * A * *
Gl6 * * G T C * G * A * *
S17 * G G T C C G * * G A
S18 T G G T C C G C * G A
S19 T G G T C C G * * G A
S20 T G G T C * G C * * *
F=5 ITS2 HAEERMA #z6 HWE 2 MHEAEMNSEEES
Table 5 Parsimony informative site of ITS2 Table 6 Genetic distances among two medicinal plants in
o 215 BAT S /bp Nardostachys
122 174 190 191 290 301 bt % PR P 22 T 38 A B S P 5 i B
Gol T G C G T C HHA 16 4N 1TS 51 0.000 0~0.0078  0.001 7
A A 4 A ITS 5] 0.001 7~0.009 5 0.005 2
Go4 * * * * * * HixE 0.0000~0.013 0 0.005 3
GOS * £ k * k * Gl13
Gl4
G06 * * * * * * G12
GO07 * * * * * * G10
G08
G08 * * * * * * G06
G09 * * * * * * 100f 50
GOl
G10 * * * * * * G03
G07
G] 3 * * * * * * Gl1
k k * 520
Gl15 G A C S18
* * % S17
Gl16 G A C 0.0010 S19
S17 G A A C C *
S18 G A * C C A B2 ETFITS FHMEERESEAR NI B2
S19 G A A C C * Fig. 2 NJ Phylogenetic trees of Nardostachys based on ITS
S20 G A * C C A sequences




° 254 -

FED 202418 $55% 1 Chinese Traditional and Herbal Drugs 2024 January Vol. 55 No. 1
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BRI B FHBEE LA X 5 H A X 5 H AL A
L, B2t P 5 BN AL, AT RS T R AR AL 5]

. et HE R (S17~S820) [FPEMELE 99.0%~
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100.0
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100.0
100.0
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100.0
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SPRPPPRO00000
WNWNONOOOO

99.8%, ZESFMELE 0.2%~1.0%, it B [A] H [X f) L
MH RIS P A — 2 Z R WERAKEE, B
5 R H Fa B [FEYREAE 98.5%~99.8%, 7 PEfE
0.7%~1.3%, HE-HH ITS 1T IHK
INER, R ZFHEL SRR,
3.4 ITS FHIZRLEM T

EHFAR 2 SRR ITS JER 43 ik
AR R B B 1) 2 AP, 1TST FFERH A GOl
A G16+ REM-HFA S17 A1 820, ITS2 FAIEZFH A
GO1 f1G16+ RLmH-H#A S17 #1818, K F RNAfold web
server TEZR R 2l — gk, WK 4. HA S REn
HHA ITS1 P21 Z R R R 2238 S N R 4

11
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

12
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

14
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

15
99.3
99.3
99.3
99.3

99.3

16
99.1
99.1
99.1

17
98.8
98.8
98.8

18
98.7
98.7
98.7

©O© OO
oo
OoO~NOUITRWNE

whwiho~Nooo
wihwihoo~Noo
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B3 20 MEHRBHEA ITS FHINELIRME R ESMH
Fig. 3 Homology and difference of ITS sequences among 20 samples of Nardostachys

1 2 3 4 5 6 7 8 9
1 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
2 00 100.0 100.0 100.0 100.0 100.0 100.0 100.0
3 00 00 100.0 100.0 100.0 100.0 100.0 100.0
4 00 00 00 100.0 100.0 100.0 100.0 100.0
5 00 00 00 00 100.0 100.0 100.0 100.0
6 00 00 00 00 00 100.0 100.0 100.0
. 7 00 00 00 00 00 00 100.0 100.0
EN 8 00 00 00 00 00 00 00 100.0
#H 9 00 00 00 00 00 00 00 00
g 10 00 00 00 00 00 00 00 00 00
4 11 00 00 00 00 00 00 00 00 00
12 00 00 00 00 00 00 00 00 00
13 00 00 00 00 00 00 00 00 00
14 00 00 00 00 00 00 00 00 00
5 o7 07 07 07 07 07 07 07 07
6 08 08 08 08 08 08 08 08 08
17 12 12 12 12 12 12 12 12 12
8 13 13 13 13 13 13 13 13 13
19 12 12 12 12 12 12 12 12 12
20 13 13 13 13 13 13 13 13 13
1 2 3 4 5 6 7 8 9
ITS1
ITS2

s

A EE /A

El 4 ET ITS FFHIHZH) rRNA Z R4

Fig. 4 rRNA secondary structure based on ITS sequences
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WA WRZES, T 1ITS2 P8 “REERZE U, X
5 ITS1 A1 ITS2 FPo g2 AR AR K, 45
RE P HIRE B —3K
3.5 HRERMHHEMNEES MR

M DNAsp #fxf Ha & 2 sk AT it 4% %
FEMEREAT 2387 798 RU07 21 (number of segregating
sites, S). HAEAEE (number of haplotypes,
Hh). 58I ZFEPE (haplotypes diversity, Hd)-.
PR %= 7 (average number of nucleotide

differences, k) Fl#% R £ #£ 4 (nucleotide
diversity, ©) ul#ATIFR, R WE 7 P,
HAFEED B AL S BN 9, S 3 ANEfERL, g
BZ RN 0242, “PIOEIR 2 558 1.992 Flix
TR Z N 0.001 725 REHHAA 73 B 07 i ECR
11, 34 Mgy, pERMEZEMEN 1.000, P
AR 2 51 6.000 A% 1 R 2 A£1% 4 0.005 19,
LR BE Z R AR BoR, HIA S 2
FEME/N TR H R (B 5).

®7 HORSRMEREEESHESE ST

Table 7 Statistics of genetic diversity parameters of N. chinensis and N. jatamansi

mff BEA S

SR RAE FIEH R R R

BHBRZHE  FHORHRER

A Hapl G1~Gl4 9 16
Hap2 GI15
Hap3 Gl6
Hap4 S17 11 4
Hap5 S18
Hap6 S19
Hap7 S20

LT

0.242 0.001 72 1.992

1.000 0.005 19 6.000

20 ) AR RN I AR
O A

LERESEN S
=

A etk

E5 HSRMEMMEE SR

Fig. 5 Comparison of genetic diversity between N.
chinensis and N. jatamansi
4 e
4.1 FEF

HARNE I P20 R RIRETH B SR HER 2
DRAE 2544 o B (R JE Al S o o LI ST O T 5
BT H R R A AR E H e 3 R, H
o, JRE S HARAIRL AL 2 AEEATTILAE R, Flora
of China ({1 EHEM)E) F3Chi) AR A — s,
PRI, e B H AL B BT AT 508, DONRIEH A
JE M IEAS = BN HAR R H AR 2 F, —FH A L
TRFHZER: (D HiartEIE R R, et
R RLFYEIR, (2) HRartsit, 2EBEHR, Mk
MR RATE, BRAR, (3) HRARIDER,
RO HAA RS, (4 HRATE S - RFI 04 EA

i, TR HFAF LB, (5 Hiafedn
MW TR, RHHRNEREE. DRSS 5k
PEEUINRIAIT 7T 25 R — B
42 ITS HFHricEEHREZIFERIE R4

ITS JFHIH %2 B IEHE /N, BB
WA S, MR R RIS E. 2
M LR %558 DAL 2 FEPE AR Y DNA 2%
AL F R0, 2 B %6 Aster souliei [ HiT W)
MU IS Spatholbi caulis J2 FAR AN S %5 € M
TR Tripterygium 135 AL 2R B RN F)
FITS AT S e . fEHIAET, SRR A
rbcL FPHIM ITS2 Fral 5ok % e Hia vt AHt
FUks ITS2 A1 ITS1 &54, FIFH MEGA #AF%f ITS
FPHHAT RARE i, ERERH, HiaserH
MmEAERA—FE, HE5EEFEEER -8, K
ITS "THFHRERENR > 5REESE, HRE
HAJE N A H ARG H A 2 Ff
43 HORBZEEREMIEELZHEESHIES

PR IR 2 RE M A O R B 2R, R E
FEVE 8T S e B PR A B B AR, P T B
[ Z FEVE BTt 9 H AT 2 AR TP AR T A B AR Al Je
VM B AERS, R TR ICIT T, BKR
PEOOK H Fa IS AT 5 o0, B 7 R B H
P 5 R H AR A 2E S, [FIR R A HPLC $84C
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I 73 B H A J8 B UR A 22 B 3, ANAE AL 205 T
N H A YRS e PR . b SC 3 K £ w24k H
rbeL JE AN H A J8 SR T 7508 . AW RITE
BHEEE ITS FHRGKE 570, IR HisE
PR AT R 57

T BHE 2 A1 S L HW B o AR Y A AR %
VIR, BRSAN) Z A B T m i A
Rt HI SRR A B KL,
53 AT AE B Iy A L Rk e A I L ik X I — e e R
IR DG o 2 X IR E R A ) RS A F
X, R AR IR A L A X R
M E ARG, BAEYMEEZ LT
R U200 M BE TR ZR AT T 00 9 A v SRR 23 AT e A A
IR, R = EAE YRR AL VKO 5 M A Ak .
H A SRR A 53 A JE A AT BE TR AR AT 22 AT AE
Rk e S5 R P G, AR TR . AR TR
PUH A B BRI AR 2 PR R AR RIS, X TR
I8 R AT TR AE SR R 22— o [RIB, ASHIFE R IR
HA B AR Z AR TR HAS, HETTRE R
Fa B AR ARG B A O T e HAa . HfEDU I, &
W CHOR S VU NI AR, iR H AN
EVUIE H Ao 8GN oA E . iR
R, AIRE T SRR SRR R . R AR
i, JEERIRN S5 2 TR T R T A 0E HAH BAFE
KFRo R IR MY BV, NI
FAEI B 2R R AT . B AAX R8N
fe i e LA, BRI TR R . TR A
I3 AT X BEA v S e L S 3 52 I R 2R UM 5
Wi, 45 HONIE BB AR i8R AR R 27, Eh AR
SRS TR I, ZRACHEY AL Ay 8% 2 R 2 I B
SO R ARG AR S o 2R BRI 5T R AN [F) SR
5 2 B S A Pinus tabulaeformis Carr. JEHE K15t
e Ve, RS TAEY, ARURBIALR Ak S E U
BHMRERESAMX, #t— P FIuE L.

ARG TR R, FIH ITS %IE64
FAR, WIC T E B AR A A X H R TR
L Z e, IR AT b, SRENH
0 1o J5 0 AT DR I H AR JB AR B 70 9 H A R L
mEH A 2 M, AR BRI SR A o R T Y
XAE.
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