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[ Abstract | Objective: To provide an important scientific basis for Ferula ferulaeoides germplasm
resources and quality evaluation through the study on correlation between the volatile oil and the genetic diversity of
F. ferulaeoides. Method: The content of volatile oil of F. ferulaeoide from different origins was determined, and
the genetic diversity of 176 samples from 8 counties in Xinjiang was studied with inter-simple sequence repeat
(ISSR) molecular marker technique, and then the grey relational analysis ( GRA) was used to analyze the effect of
genetic diversity on the volatile oil content of F. ferulaecoides. Result: The ISSR analysis of the F. ferulaeoides
samples was carried out by using 15 primers, a total of 126 clear bands were amplified and 93 of them were
polymorphic. The highest level of genetic diversity among the 8 populations was in Yumin County [ percentage of
polymorphic bands (PPB) =29.37% , Shannon’s information index (1) =0. 164 3, Nei’s diversity index (H) =
0.110 4], and the lowest level was in Qinghe County (PPB =19.05% , H=0.0705, 1=0.1054). The genetic
distance of F. ferulaeoides was greatest Shawan County and Fuyun County in Xinjiang (0.219 9), with the lowest
genetic identity (0.802 6), indicating that these two areas had the farthest genetic relationship and great genetic

differences. The genetic diversity of F. ferulaeoides calculated with H, I and PPB showed a strong correlation to
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the total contents of ginsenol, camphor, 7y-eudesmol and volatile oils. Conclusion: The genetic variation was
63.08% in F. ferulaeoides between different populations, and 36.92% within the same population. The
geographic distribution of F. ferulaeoides was significantly correlated with its genetic diversity, and the Nei’s

diversity index among the three factors had a greater impact on the volatile composition and content of

F. ferulaeoide.
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Table 1 Collecting information of Ferula ferulaeoides samples

s 7 H FE it 2 5 Wk /m
A AR 2504 W) o B Al i R B 302 — , I 38t I et 1~6 2287 ~3 294
788 5 1 B B35 4 A 2 DM B A 4 R L A I A 713 3287 -3 878
[ P9 76 H 25 6 DNA 40 7K b (9 BT 72 U8 T i 3 gfi tﬂ; 22%?2

N 7|<l—|,—-ﬂ/c[14: e — 72% b Gl 18 ~ 1 5~35
ZAHIE, W EﬁhTK‘Iﬂ\Fiﬂﬁjmﬁb \ A BER S 20 ~24 1965 ~2 018
HE R IK KPS 5 b o BRUR Z )Y 5 &, T - —_— 25 20 | 893 -2 306
F3 R PSR B AR 252 SmAACT, SmCMK JE A Vi WRA 30 ~36 1906 ~3 622
et (L R T i S e 3 I N s < W s 37 ~42 2651 ~2 999

B B-AS HEFH LA 22 5 U R Kk H 2% 5 AT g
SO B M T R R R 2 R A
X R KT 108 % 2 REVE 5 26 b B R AT 4 A O
i, 9 B K T 2 5 % U5 B A0 B b o 4
HERE AR AR . PR, A B8 R ISSR AR 40 5 A X
R[5 7= b 22 < ] B 95 U5 B 3k 4 2 RE P TR AT 40, A

R WIRE S R B 7= M AL R B 22 Rk RE , BBk
Bl AL R 42 H 4 ot 8 T rE A b R B TR RS
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. N . N Table 2 Sources information of Ferula ferulaeoides samples for
DNA yA N A by e J |
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FH R A8 S B BE A3 A AR DTt A% 2 REPE R 8 S g & —
S N e AL - n J SR e 2354
S X, S 5 4 43 B R T s 853 7 X 50 18 i : ,
O RV B AL P % L R M 4 0k FY o 2B 47 06. 427 88 37. 659
i—tg*lﬁlﬁjéﬂu\ (/\ NpUS ) > HA fd PI-OT e 2% QH %ﬁﬁj% 46 36. 862" 89 43. 881"
Bl F AR ML A% B 44 16. 923 90 14. 462’
1 ## QT RN 44 11.972' 89 58. 304’
1.1 Y28 Agilent 7890A-5975C S AH {5 1% i i B n A B A B 44 14.637' 89 21. 989’
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Table 3 Content of volatile oils in Ferula ferulaeoides from different origins (x £s, x10 ) mL-g

XS n - TR B T A YA LR e i B B4 WM
I 6 0.05 +£0.02 0.06 £0.02 0.58 +£0.26 0.27 +0. 10 0.41 +0.18 0.09 +£0.02
I 7 0.08 +0. 04 0.04 +£0.02 0.32 +0.12 0.06 +0.01 0.25 +0. 10 0.72 +0. 14
I 4 0.19 £0. 09 0.18 0. 09 0.40 0. 19 0.32 +0.17 0.95 +0.32 0.60 +0. 19
v 2 0.32 +£0.03 0.40 £0.01 0.91 £0. 54 1.18 +1.08 2.34 £0. 13 1.04 £0. 39
A% 5 0.13 £0.05 0.15+0.05 0.45 +0. 19 1.08 +0.51 2.01 £0.65 0.72 £0. 12
M 5 0.07 +0.03 0.08 +0.03 0.25 +0.12 0.18 +0.03 0.45 +0.22 0.20 +0. 04
Vi 7 0.33 +0.13 0.34 £0.08 1.18 0. 23 0.27 £0.02 0.76 £0.28 0.24 £0. 10
VI 6 0.30 0. 06 0.34 £0. 10 1.09 £0. 35 1.06 £0. 44 1.15+£0.33 0.22 0. 11
X n NS Iy AL AL A A B oy - il S AR A B ELEN
I 6 0.25+0.03 0.20 £0. 04 8.60 £1.00 0.22 +0.03 0.30 +0. 11 0.17 £0. 08
I 7 0.18 +0.02 0.97 £0.24 6.93 +0. 81 0.21 +0.02 0.23 0. 06 0.13 +£0.05
] 4 0.22 +0. 04 0.83 +0.24 5.34+1.13 0.22 +0.02 0.12 +0.02 0.12 +0. 04
v 2 0.05 +£0.00 1.39 £0. 06 2.52 £1.67 0.08 £0.01 0.06 £0.02 0.07 £0.03
\% 5 0.09 +£0.03 1.17 £0.30 5.19+£0.79 0.08 £0.02 0.06 +0.01 0.08 £0.02
Al 5 0.20 +0.03 0.92 +0.22 8.16 £0.37 0.26 +0.05 0.19 +£0.03 0.12 £0. 05
Vi 7 0.10 £0. 00 0.48 0. 15 4.40 £0.53 0.12 +0. 01 0.07 £0.01 0.14 £0.02
VI 6 0.10 +£0.02 0.48 £0. 16 4.52 +1.06 0.09 +£0.02 0.06 0. 01 0.08 £0. 04
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3.2.1 R[EJEH#EZ A8 ISSR 1% Z R i

J o e M 15 % 51 Wy 8 4 il S 57-TCTC
TCTCTCTCTCTCA-3', 5'-TCTCTCTCTCTCTCTCG-3",
5'-AGAGAGAGAGAGAGAGYT-3", 5'-AGAGAGAGA
GAGAGAGYA-3",5-GAGAGAGAGAGAGAGAYT-3",
5'-CTCTCTCTCTCTCTCTRG-3', 5'-TCTCTCTCTCTC
TCTCRA-3", 5'-TCTCTCTCTCTCTCTCRT-3", 5'-TGT
GTGTGTGTGTGTGRA-3", 5'-CTCCTCCTCCTCCTCC-
3, 5-GTTGTTGTTGTTGTTGTT-3", 5'-GATAGATA
GATAGATA-3',5'-GGGGTGGGGGTGGGGGTG-3",5 -
TAGATCTGATATCTGAATTCCC-3', 5'-AGAGTTGG
TAGCTCTTGATC-3", X} Z <= ] 2 8 4~ Hf A= J3i Bf 3k
176 {3 #E 4T ISSR 430, 247 14 11 126 4531 M 1Y
Sy, Hoh Z BT 4 93 A, ZBER A R
73.8% o VEEAGI WY G I A0S ECh 8.4 5%,
PR Z BN SN 6.2 5, BA S 2 S
HEHS%E N 42.9% ~100.0% , 0.3 4,

Table 4 Amplification and genetic diversity analysis of Ferula

ferulaenides by ISSR

" Tm BE SEMH Lt
/% K & /%
UBC822 49 5 3 60. 0
UBC824 51 8 7 87.5
UBC834 50 9 6 66. 7
UBC836 50 6 3 50.0
UBC840 50 7 3 42.9
UBC845 52 4 3 75.0
UBC852 50 9 6 66. 7
UBC853 50 9 9 100.0
UBC860 50 9 8 88.9
UBC866 58 7 4 57.1
UBC869 45 12 10 83.3
UBC872 35 11 9 81.8
UBC881 55 10 8 80.0
UBC892 51 8 5 62.5
UBC895 51 12 9 75.0

FEYFP K b, Z B2 Nei” s it {4 £ B 1k 35
¥ (H) N 0.216 7, Shannon’ s [ B35 % (1) K
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0.331 5. 7Ef@#E/KF L, H 384808 0.091 9,1 $5 40
0.136 4, HEAM ST /HR N 19.05% ~29.37% .
ot % ZRE K e R BED YM 2 38 M a5
T /% (PPB =29.37% ,H =0.110 4,1 =0. 164 3) ,
ARG FERES QH(PPB =19.05% ,H =0.070 5,1 =
0.1054), )% 5,

RS LM R ISSRIEESHY

Table 5 Genetic diversity of of Ferula ferulaenides from 8

populations by ISSR

®6 SCMHSANHFERHBEE—HE(INALUL) fiEEHE
E(DXALUT)
Table 6 Genetic identity ( above diagonal I) and genetic distance

(below diagonal D) of Ferula ferulaenides from 8 populations

JE M TL I SW ML QT QH FY

YM - 0.87 0.8 0.84 0.84 0.87 0.82 0.83
TL 0.14 - 0.87 0.85 0.84 0.83 0.85 0.82
JI 0.15 0.14 - 0.85 0.86 0.87 0.84 0.83
SW 0.17 0.17 0.16 = 0.84 0.82 0.81 0.80
ML 0.17 0.17 0.16 0.17 - 0.83 0.81 0.81
QT 0.14 0.18 0.14 0.20 0.18 - 0.82 0.85
QH 0.20 0.16 0.17 0.21 0.20 0.20 - 0.90

FY 0.18 0.20 0.19 0.22 0.21 0.17 0.11 -

JiE R H I PPB/ %
FY 0.084 5 0.125 4 22.22
QH 0.070 5 0.105 4 19. 05
ML 0.092 6 0.140 6 26. 49
QT 0.085 1 0.1249 21.43
I 0.096 2 0.141 6 24. 60
SW 0.091 4 0.134 0 23.02
Y™ 0.110 4 0.164 3 29.37
TL 0.104 8 0.154 6 26.98
S B 0.0919 0.136 4 24.15
Wy b K - 0.216 7 0.3315 73. 80

3.2.2 RFJEBE 2R s Lk BEREA

A% Z FE 1 (Hs ) LY 358 N 2 FE PR (Hu) |, 150 3 B
[ 35 % 2 S 76 SsAE A8 S P BIn o 1 BB (Gst) |, AT LA
J2 e JE TR ) st AL e AR FR B . AT AR R, 24
B 25 1T £E JB A9 Hs F1 He 55124 0. 080 4 F10.217 7,
A RREM Y Nei” s 36 PR 8t % 5 Ak #8 4[ Gst = (Hi-
Hs)/Ht]} 0. 630 8, FBHA 63. 08% )ik {545 F 47
FE TR BEIR] 1 36.92% WAL A8 SF AR TR BEN .
Vi B B AL AR S R EAAAE TR AR o S R A] 1 R 3
WAL ZAEPEFR B (Nm) 2 0. 292 7 < 1, SR W] Jm ¥ 1] 1Y
B HAREA R,
3.2.3 R[] JE 2 e ] 20 1 o BT R SR 4% G &
T AL A AL 2R BB a0 A% BE B O A o B (8] 35t 1% oy
PR B2 1) fie T B4 b, 8 AN T B ] 22 < B B35 4% B
BB L —BUE AT R W3 6, Nei” s 8L — 8%
(1)240.8026 ~0.900 1,5 = (D) #0.1053 ~
0.2199, Hro s B 5 28 B 09 it % IE B 5 K
(0.2199) , —F st fE — B 5L (0. 802 6) , X
B 5 22 B 2R 2% O R i, AR 22 e K.
B5E 80 2 A0 A 5 B R0 a8 1L B B 0 D
(0.105 3) , — & My 1t A% — B0 5055 (0. 900 1) ,iX 3R
BH T 5 22 B 1 55 250G R IR, G 22 /D

F NTSYS-PC # {4 %F 8 /4N [ B A= Jat B 1) £ <
BIEBLEAT R T (1) o SRR e L i
0.15 ab¥e 8 B BE I 2P EL R K T 4 KIFK, H
L2, YMO#RE) AT TLCRE R B ) 58 T4 I R
.44 .
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Fig.1 ISSR cluster analysis of Ferula ferulaenides based on Nei’ s

genetic distance
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5 3 AL S AN T Nei’ s 280 145 4,
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KBS AT
Table 7 GRA between genetic diversity by ISSR and volatile oil

content of Ferula ferulaeoides by different populations

K B S B Yu Y1 Yren
Y, 0.513 4 0.520 2 0.505 6
Y, 0.6333 0.629 8 0.621 4
Y, 0.507 6 0.505 2 0.499 9
Y, 0.800 7 0.796 7 0.786 8
Ys 0.619 4 0.616 6 0.6100
Y 0.637 0 0.640 4 0.650 8
Y, 0.820 7 0.824 9 0.838 2
Y 0.539 1 0.540 7 0.518 5
Y, 0.599 3 0.594 2 0.584 8
Y 0.7255 0.7315 0.749 8
Y, 0.639 5 0.636 3 0.628 8
Yy, 0.5957 0.607 0 0.589 4
Y 0.746 7 0.727 7 0.686 4

TE SRR y B8 o i v, vees 23 0ANR 2 A B 8L ISSR 33t f%
ZREPED T Nei” s ZREPEF5 %0, Shannon” s {5 BLIE M 2 B MM A H
O3 FAF 3 A~ ISSR gt Z R M IR 7 15 A0 N2 T 43 i Y DR ER B
B (Yy) M mBIAREE (Y, )7 DarmE,3 AT
MISCHR T B A Ry, (Nei’ s ZHMIRE) = v,
(Shannon’ s 1§ B ) =y (Z &ML 5 T 4
)R T ASHWEE(Y,), B-& 8 WM (V) il y-
FEMFIHEE (Y0) 3 DTS Yo =y =y 0 T a-
PRI (Y, REALAUEE (Y ) RSB WU (Y, ) 3 Aoy
M Y=y =Yoo H, GEHE SRR T CHRE
ORI JE NS il B (y, =0.820 7,9, =0.824 9,
Yors =8 382), H ¥k M e i (v, = 0.800 7, y, =
0.796 9,y ppy =7 868) , HE UK I 2 <= Bl B 4% & Iih J 73
M (y, =0.746 7,y, =7 277,y =6 864) , f /N
(2 A7 BEFT 05 (yy = 0.507 6,7y, =0.505 2,7y, =
0.499 9), ULH 3 P istfL R Nei” s ZHE M98 £
Xof 2 S B B4R A 1 L o3 AT AR R A S
4 iFig
4.1 ZEKEE 2 i ISSR 4 Fhrid
XF 2 Sl B 8 AN B AR A A IR AL Z R T, 28
LR E SN 73.8% o TEWFKF L, Histfe Z 4
PEAE T8 8 KT, U B 22 < BT B0 T 0 8 1R 2 A
e X A58 A8 A 14 355 10, BB 7 3 5, i RE R % o R BE
SINVESRUSLBUE So 3\ Rach NI EP I T IR ) &
(352 1% Z AR PR X 84K, FEF- 2 PPB Oy 24.15% ,H
J70.091 9,14 0.136 4, JEHAIfg2 2 mm, A~
[vi) Jo Ff 22 T) A AN A 5 ) BEL R o A DR BT F 5 1 22
- BT 2 ¢ 5L 1 2 A v I 28 R Vb T R B o D
T30 % Mb DX 3 A, I v K T AR K 2 4. 88 11

TAH, BN R R AR IA R
50 CLL L, AFREFERREEIK -40 CLLIT K
& S A A S B — V) B A S e B TG B, AR
Y Sl A A (A A ) 2R 2R R, 2 S BT A
FEREA R R S R AR KT RS i R+ K 4
b, MR E A K, & ~2 A, R WA
25 N AR B ARIRRES SR AR A5 R4k 8 178 3 4
Ko ARBEE, HEIMM KT R, A Lk
AR R RS LT, HAMF AR
0 & R, I 2 R B SR B A 7 AR K, X B
BT JE T8 A5 2 RE MR AR . T O, 22 A Bl 2
FEM 545 Z R AR Rl B B A 2 R e, &
NHF AREZ IR AERMLE R

4.2 ZBEMEAL ik L TR Gst =
0. 630 8, BLBHFE Y PP KT L, 4 63. 08% )it 4 48 5
FEAE TR BEN], T 36. 92% (1 i 45 45 S A7 4 T J& B
P o W HEBER) & AR T R KRR B Wi ok . 7
5 M AR ) 0 IR 10 382 4% 23 Ak i B 28 b, 6 O Nim
WA R AR L S Tk F R EZ — B
A A PR DR A0 4 ol A 1R I S LA I R TR 3 Y
Wy RhA R 8 5 2. Wright (1951) & i,
FEER] Nm > 1, 00 58 & ¥ 3 BAL /R s Nm < 1, )
H T 300 A4 VR T 0 R V) BRS04 ast % o Ak, R
DR BN BB A RN Y R RN 2
SRR, 7E 5 B P9 e nl s B R A A R AL . A
FAFH Z B Nm =0.421 9 5E/h T 1, 34K
FE PR T 22 A BT AL R 18] 9 35 4% 534k o

4.3 ZAWBRAAIE R SR KR AURY
T, Z AL M B o A s A A
KF, B TH W EEEAMELSEE, ie i
B B —BUE R N 90% o [RIRE, SR T 41 . 3%
KR FTFEMARZEMA .V HIVH AR
FE AL R I AR A R . A RERRIE T it i
BEESERIT, R O RMIE . ]2, AL I B, o
4.4 ZABUELIE R0 & i S ISSR st E 2 RN
MR A A AT IR R G e R R 2 AR T
AT 1980 AEAR WA IF & i Bis . — eI Ol
TEHWH RGP EERNREMRERNER, iz H
{7 B AR O 43 A U514 B R 2 o 40 W S A A T 1k
TRIZ R IR L Z A FE T+ 75 B K 1 B0l s R AR 20
I DA o R ARE 2 53 A, 4% DR 3 B 5 R G R AR AR
P 2 ] 2 M 56 R HLA I R Ik T8 56 5 1 H oK
Al RE AR S RS E T RO, A
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