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[ Abstract | Objective; To investigate the differences between main secondary metabolites and molecules
of Gentiana rigescens from different populations by the method of content determination and DNA barcoding
analysis. Method: An HPLC method was applied to determine the contents of gentiopicroside, swertiamarin,
sweroside and amarogentin in G. rigescens roots and rhizomes, stems, leases, and flowers, and the HPLC
fingerprint was established, the main secondary metabolites were evaluated by one-way ANOVA, and the DNA
barcoding technique was used to test ITS2 sequences of G. rigescens. Result; There were significant
differencedifferences in the contents of gentiopicroside, swertiamarin, sweroside and amarogentin (P <0.01) in
different parts. fractions. The results of ITS2 sequences showed that there was no significant difference in the
molecule of G. rigescens from different populations. Conclusion: There was differences in main secondary
metabolites of G. rigescens from different populations, but there was little difference of with less differences among
molecules and a close genetic relationship.

[ Key words ] Gentiana rigescens; HPLC; secondary metabolitesmetabolite; ITS2 sequencessequence;
DNA barcoding
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WPE R4, Hoh 3% 5 Je B 5 45 (gentiopicroside ) |, 4
ZESE T (swertiamarin ) |, 1% ZF 32 47 ( sweroside ) |, 75
T IR H (amarogentin) % % 73 % VI #1562 Ko g
JIBSE 5 60 2015 AR M [ 24 8) — R E Y T
R R bR A B S K IR e IE R TS
JCARIT FIBE Al B R R R G Th R Ak,
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BETUHE TR IS 47 A R 28 R AR Y

DNA Z50 A5 J2& 1) FH 56 X 21 A — B3l FH 9 b o
SR ISR TR A S 1Y T W R YRR B
AP I B AR S O A, T S A 4 A
Yeg M ITS fEAE TR S BE AN Ry TTST,
5.8 S FIITS2 ZH h , HLAG K B AR SF 1 R 1 TR e
AR SRR R TR [ 4 S B T I R G kA
WF5E , e H R B K 58 LR K SE g e
T R R 2% T8 B0 BE 5% 4 A 3 P B, AR )R ITS2
I B ITS2 B e BE R 25 A R 4 6 A&
MR TEAR D R, B H W T =/ A K EM
U e AR 25 6% 32 22 R R TR Hb 5 By 9 e IR AE &
PR A HPLC 52 % e IR AR AR 25 25 i fE P i
FE P AR Y e AR R 2SR A R
K e A e 2 i, #E s HoAR gr RS A A, R
PR 2Ty 22 43 B xt H: 3 2R AR AR P W kAT 22 SR
Yo 0025 BRI e RS [ 358 7 vh = 8 A AR =
25 5, 3F R H DNA 2% T8 % J5 ¥ X6 5 g AR i) 43 1
2 A AT A, E— A XS [] R 1 e A G A= W 3t
BRI SE 2 5 R AT LRSI 9, Ol 36 75 10 I 18 T i 4
30 HE R
1w

1200 Z 51 = R0 AH 4351 ( G1315A/B A DAD
K25 , 35 8 Agilent 28 7)), FY135 B 55 245 45 4L
(KRBT B RHLAS A RA ) ), AE240 B HL + KF
(Fig = H F¢ #)-FE R £ A w] ), SK5200H 7 75 I T
VA 1 g R 58 P A A BR2S w] ) , MMA400 # A 4Y)
AU EE A (F5 18] Retsh 22 H] ) , 1-14K %15 3018 R
BO AL (78 [E Sigma 24w ), DYY-8C AU H Jk X,
JY04S-3C T %8 A BE g AR 43 BT A (b 5t 75 — AL 4%
J7) ,Rotor-Gene® Q M4 i 5¢ ¥ i f PCR {3 ( £ [
Qiagen GmbH) , i & W %% (10,200,1 000 p L, 78 [
Tripette Brand 2y H) ) o

JE R 5 2F S A R 2R ST 9 e IR R
Xt B (i R A R A R AL S 4 e
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FHBRAF) , Type-it® HRMTM PCR Kit ( ¥L7s A= ¥ 4%
AA R A A, 5 206544 ) , DL2000 DNA marker
(Takara,USA) ,ITS2 5| ¥y ( b g A= T A= W) £ AR e 55
/A, IE W Bl 4 ITS 5F K 5'-GGAAGTAAAAGT
CGTAACAAGG-3', J% [4] 8] ¥ ITS 4R J 5'-TCCTC
CGCTTATTGATATGC-3") , H i Ay {6 3% 4li | 7K S i 4l
7K ,PVP-40 ,EDTA , Tris-HCI, NaCl, = % F b , 5 15 i
X oy Hr et

2014 47 10 J 76 5 g 0 25 b 32 22 JFURL R T =
T 48 BN 2 49 BT A B U0 A R BRI KT
R B HUE 5 A EOR AR TF A0 R g 10 (A6 1 A
[F] ) A i, 28 R 3L K 2 2% ¥ g 80 42 M5 0 Ry e IR R 1
JelH Gentiana rigescens () T AR M AR 25 25 it 4k,
SRR RIREE N4 40 C [HIRA TR EEE,
2 AEEHER
2.1 WRIJp AR KR ZE 2R ot e A
Wy e
2.1.1 o 1 % 14 Eclipse XDB-C,, f4 i f+
(4.6 mm x 250 mm,5 pm), it 3hAH Ay B EE-IK A
PeMi (0 ~15 min,15% ~35% B;15 ~60 min,35% ~
80% B) , Jo IH w5 1 K K 274 nm 5 2F S
ZFESEH R R AR A DU % 243 nm IR 25 C,
W 1.0 mL-min ' #EFERE 10 L,
2.1.2  XFMRS WAV EC T S iR 2 AR ECHe AE
F1.92 me, i 2 3E 3 1.01 me, fi £ 52 F 0. 50
mg, % g AHEEAF 0. 49 mg, 43 & T 1,2,10,10 mL
SO A, P A OT W ORE 2 B R AT, 4 il L
0.4,0.1,0.16,0.16 mL % F 1 mL &+, If 4 H
PBSA BE 20 B o O e IR AR 2 SR R AR
W e BB R H A BT & vk BE 43 A A 0.768 0,
0. 050 50,0. 008 160,0.007 840 g- L' X 18 5 1%
W 4 CokFatRAFR .
2.1.3 s Ee BRI & O k2 I
BRL15 T BB R EAE o i, ik 100 H i, R % K
Wi MB AR 0.1 g T 10 mL &I A, m A EE 2
mL, F 53 kHz,40 C# 5 b3 20 min, i 38, 38 H
HEE 2 mL #2 D PR E G A0 1 R, & IF 2 IREEHL
JEWE TS mL g P R A R E R, 0 RS R
ZIREIRAT A BV AL S I
2.1.4 FGg@ PR 7E2. L1 3SR,
SV EBORT Rt i ORI AL 3 T R R A 1 SR L
Kl ILE T,
2.1.5 ZRVEXRRFEE B e M w1 0k B AR R
A 1.536,1.152,0.768 0,0.384 0,0.307 2,0.153 6
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Fig.1 HPLC of Gentiana rigescens samples

ge L7105  2F 32 95 5 0 BRSOk B B 0. 101 0,
0.075 75,0.050 50,0.025 25,0.010 10,0.005 050
g- L1 B A 2F 3% FF X I8 S K UK T B 0. 008 160,
0. 004 080,0.001 632,0.000 816 0,0.000 408 0,
0.000 163 2 g« L~" ¥ 75 Jp I I 1 X6F FE 4 I i A
0.007 840, 0.003 920, 0.001 568, 0.000 784 0,
0. 000 392 0,0.000 156 8 g-L ™', 7F 2. 1.1 {a i 4 {4
TR ERE 10 L, W0 R IR R 2R S
ZESEAY R AR X R 0 1 B, P S DA R
HERE R (g) X 05 TET FR E AT S 1 Il 09, 22 ) A o i
2% 432 05 07 #2439k Y =800. 04X +40. 197 (r =
1.000 0),Y =1 700.8X —55.042(r =0.999 7),Y =
3080.5X —0.0934(r=0.999 6),Y =1854.8X —
1.497 2(r = 1.000 0), H 4> % 7£ 1.536 ~ 15.36,
0.050 50 ~ 1.010,0. 001 632 ~ 0. 081 60,0.001 568 ~
0.078 40 pg 2 RUFIILIELRR

2.1.6 AEHREIRE 2. 1.2 X IR W R
BE6 UK, 0 ST W T AL, 45 XoF H ol 43000 s 6 v L 2%
() RSD 0.4% ~ 1.3% , 3 BIK: % BF B4,

2.1.7 EEMERXE SRR I B XL 6
0y 4% 2. 1. 3 TR J7 v il A 5 e A [a) &8 467 £ 4k b
VW, A5 ERE 10 L 20 A7, 30 S 08 i L, 4% 3 B AR )
I 0 TET AR 25 S ) RSD 1.6% ~ 2.3% , R W J5 ik
EEMERL

2.1.8 FRoEtkE  BCEbE S TEE R R
A H1F0,2,4,6,8,10,12 h #ERE 10 wL 43 H7F, it 5%
U THT L, 4% B 43 I E 25 SR 1 RSD 0.4% ~ 2.9% , 3%
AL I WREE 24 h INERE .

2.1.9 AR RIRCR R RS B PRI 0 R
Je HAE S 9 £, 4 0.1 g, & T &I, % 80%,
100% ,120% R B2 43 SRS %% 0 A6 BRSS9
— I3y, A PR 10 pL 23 A, 18 s T A OF

PIm % 98.88% ~ 100.7% ,RSD 0.9% ~ 1.8% .
2.1.10  MRIpAAAR AR ZE 2R b fE T B R AR
WY AR E 2. 103 TR 7 s A IR e R
[7) 350 7 AR SV R, 0 i) A AR 0 e A R 2R S
A 2SR S e IR, T A EE T SPSS 17..0
GEH A AT IR R O 22 0 b, Wk 1, G5 R BOR .
R K MR =5 v R Y A e O R R
R E T HALERE (P <0.01), JKEE Jg 5
R RN D E S T HAMFERE (P <0.01), K
FHVE e JR e g IR TS 1 A W T A
(P <0.01) ;25 o 35 V5 i AR o g IR 0 2F S8
WO AR R E S T HAMERE (P <0.01) , A[FE
TR L s A 25 v A A ARG 000 HES 8 2 3 R R IR R
W R | e YRR IR vl IR A T
HAbJERE (P <0.01) , V5 A g 0 A 4 28 38 3 &
R E T HARSEHE (P <0.01), 3 by e JIH
s o A 2 (P <0.01) & T HAl 5 B, AN [ &
L s A b v 2 A A 0 B 2R ST s AR b T IR e
JIE rp O BE R AR S AR S R RS T
HABFERE(P <0.01) , 5 i e I8 rb v e I8 7R 8
U T HAE R (P <0.01) o BR T R e IH
25 A TR]JE AR R IR R MR =5 2K e R IR
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AL ¥ 48 0.991 DL -, 16 B R[] i #F 1 e 0
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R1 BZREREREZEMH. EPFETERERBFVRESBLLE (v £5,n=3)

Table 1 Comparison of contents of main secondary metabolites in roots, stems, leaves, flowers of Gentiana rigescens(x +s, n=3)
HB AL FE i AHALEE
Jo 8 5 S T 23k e IR A

MR AR 2R Sl 6.561 0 +0.036 7" 0.094 7 +0.003 2 0.002 9 +0.000 2" - 0.991
s2 8.009 1 +0.094 9" 0.127 9 +0.001 8*b - - 0.997

S3 7.862 7 0. 020 6 0.115 5 £0. 004 3" 0.011 1 £0. 000 6 0.006 0 +0.000 1** 0.993

S4 7.486 1 £0.036 6°° 0.120 7 £0. 004 3" 0.041 2 +0.000 1** - 0.992

S5 8.669 6 +0.078 4 0. 140 6 £0.007 9** 0.026 8 +0.008 4" 0.003 5 0. 000 25 0.997

E S1 1.256 3 +0.014 6" 0. 040 53 £0. 002 4* - - 0.963
S2 2.166 5 +0.036 6“° 0.016 1 +0.000 5% - - 0. 990

S3 3.306 9 +0.025 0" 0.062 0 £0. 005 0** - - 0.998

S4 3.181 1 £0.150 5% 0.046 5 £0.002 9" - - 0.998

S5 4.898 4 £0.019 4 0.070 9 £0. 004 6** - - 0.998

- S1 2.463 5 +0.012 4" 0.094 1 +0.001 7" - - 0. 990
s2 4.5342 £0.010 3% 0.098 8 +0.001 8" - - 0.999

S3 3.683 8 +0.046 7% 0.110 2 £0. 003 8"¢" - 0.017 4 +0.000 8" 0.995

sS4 7.547 0 £0. 108 8** 0.112 5 £0. 006 4" - 0.028 4 +0.004 0** 0.991

S5 7.669 9 +£0.030 9** 0.238 7 £0. 004 9** - - 0. 993

1t S1 2.171 9 £0.015 5% 0.064 3 +0.003 4" 0.015 5 £0.001 2 0.009 0 +0. 000 6 0.992
s2 6.3532 +0.091 9% 0.056 6 £0. 004 5" 0.033 1 £0.001 7" 0.010 3 £0.001 8“** 0.998

S3 5.614 7 0. 049 2" 0.076 2 +0.003 4° 0.031 4 £0.001 2" 0. 004 4 £0.000 6™ 0.991

S4 6.766 9 +0.061 0" 0.099 3 £0.003 5" 0.008 2 +0.005 4 0.020 4 +0.000 3** 0.998

S5 9.141 8 0. 187 5*° 0.141 7 £0.003 1** 0.049 9 £0.001 7** 0.014 7 £0. 001 8% 0.996

E: AR A,B,C,D,E RIRZEFMEE (P <0.01) ;40 a,b,c,d,e £/REFLF(P<0.05), S BIE e ;S2. ACF ¥ g S3. KM

TR 5S4, BRGHECE NS5, I IHE R
ZEIEAY,20 50 Sy e i JIE TR Y 0T 0 Y 0
2.3 RIJpH DNA T84 i
2.3.1 fHEaLE DNA SO PCR 4 58 Iy
HLY) M ok T RE B 25 4T 8, BUORE 30 mg, FHAE Y
A LU B ASCHE R ST B0 by, SR R AR AR ) Ak
ZH 4 W) & 4 BT A7 RE S DNAL g 2ot
JETEFAI DNA 6t J3 50 LA [a] ke 5 4 052 e JEAE: St
DNA J#iti i#i47 PCR ¥4, PCR K& 25 L,
f14%:2 x PCR Mix 12.5 pL, IE 5 [[ 5/ # (10 pmol -
L") 1 pL,#ifz DNA 1 pL, PCR § 3#FL/¥:94 C
WASYE S min, FR#EAT 30 EER (94 CZZE 1 min, 50
CiB & 1 min,72 CHEM 1.5 min) , iz J5 72 C HEH 7
min, PCR 4”349 2 4li4k J5 {f ] ABT 3730 XL il /7
i (Applied Biosystems Co. , USA) k47 X)) )7
2.3.2 F¥4#r f#iH CodonCode Aligner V 5. 1.5
(CodonCode Co. ,USA) H {4 Xf il Fy U &1 34 47 45 % 01
Fe 9Pk , 22 BRAR & e 51 e 51 W IXC, o0 P A AL P
%K ¥k ¥k 17 BLAST ( Basic Local Alignment Search
Tool) /¥ ¥ b Xt 43 #7, % ] MEGA 6. 05 ( Molecular
evolutionary genetics analysis) 31 % K2P ( Kimura 2-
parameter) igt 4 B B . 45 28 75 : BLAST ¥ 41 Lb X
I AE R R 99% I IRAEA Y ITS2 J7 41 1 &
FE k284 bp,GC &1l 57.0% ~ 61.0% ,3F-1) GC
.38 .

Ty 60.2% s W HA N S AAEAE] B K2P g
B 8/ A 0. 000 ~0. 013, F 44 K2P BEES Ry
0.008. Jy@3i Huxt A AE 26 bp (SS-H PR g i)
135 bp (S3-KELE I IH ) Ab A 748 57, A o7 5 349 41
(7], AL H A ) Jo 3 1 FIEL ) 2R B8 SR W A 93 52, S
= —2E 0
3 it

U e R T B AR ACE P & R A AR R
I Pl IR A 1 s JIEL =5 v e B REOR 1k B 2015
SRR E 2 ) — 38 1. 5% B AR SN, HA R A &
TR e AR S AR 25 (25 (i A8 e JIH e 5 4 0k
B AR v 5 A [a] Jie B I e R B R 25 A v g R e
A, R A, U R T R S A A ) e R
R W AR ) B 2 (0 25 ISR AR R A R, O
Fr A A 23 B, I 22 25 1) R s i, B R AR K
HREZE R FR BRI A7, [ o 6] 28 s i, e AR P R
L 2 SR R SR 2R v A R 1
ZF S AT REAE M P A MR R 3 AR AR
iz iy, 1 AR Iz s 2R R R I B R 2R
T, FUA TR AR SR ZERAE TR i 3, Bir LUSR 25 31
fiE AR S AR ZE FIAE b A BRI AR SR 5 3 e JIE I
AN F - F0AE bR e, T A
w5 R 1) 4E T iz i, 1) AR R AR 2K o
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| S A
(&% k]
_ B 2 " 4 € R [1] HEBFREEVUEYITRET. sy E 811 &
AT N\ - S5 s W N
T — [M]. b5t Bh2 A, 2000 556.
OL 870 1739 26.09 34.79 43.48: 52.1881 L2] Zimay, vk, oK5%, . A AR FOR A

C
22 3 R
i u S5
\ '
i S1

\
8.70 1739 26.09 3479 4348 5218

(=]

)
a7 wmand [y u ‘;.j 0 R

K ' S5

L S1
0 870 17.39 26.09 3479 4348 52.18
t/min

2. BEZFIEIEAT 3. B 519, AT 20, WORHER T ALB,
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B2 ZEERERZE.ZE M. FEP HPLC HELEXFEN

Fig.2  Mutual pattern of HPLC fingerprints of roots, stems,

leaves, and flowers of Gentiana rigescens
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