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Grey Correlation Analysis on Rate of Embryo, Endogenous Hormone and

Enzyme Activity of Acanthopanax senticosus Seeds
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University, Guangzhou 510000, China;
4. Postdoctoral Programme of Heilongjiang Zbd Pharmaceutical Co. Lid. , Harbin 150040, China)
[ Abstract | Objective; To study the correlation between endogenous hormone content, related enzyme
activity and embryogenesis during the stratification of Acanthopanax senticosus seeds, and to provide theoretical
basis for application of endogenous hormones and related physiological indicators in regulating germination of
A. senticosus seeds in production and scientific research. Method: Endophytic fungi as well as different
concentrations of nitric oxide and hydrogen peroxide solution were used for soaking the seeds of A. seniicosus, and
then thermophilic stratification was conducted for the seeds. The content of endogenous hormones such as
gibberellin (GA,), abscisic acid (ABA), indole acetic acid (IAA), indole butyric acid (IBA) and salicylic
acid (SA) in seeds of A. senticosus were tested by high performance liquid chromatography ( HPLC), and the
activity change of enzymes in vivo such as catalase (CAT), superoxide dismutase ( SOD), peroxidase (POD),
and malondialdehyde (MDA) were tested. The correlation hetween the embryo rate and the hormones and their
enzyme activities in the seeds of A. senticosus was studied by the grey correlation method. Result: The embryo rate
was significantly positively correlated with IAA, GA,, and CAT, with correlation coefficient of 1. 086, 0. 935 and
1. 067, respectively. There was a significant positive correlation between TAA, GA,, CAT, IBA, and SA, but
with a significant negative correlation with ABA, MDA, and POD. The correlation degree was as follows: IAA >
CAT > GA; > IBA > SA > SOD > ABA > POD > MDA. Conclusion: IAA, GA, and CAT have significant
promoting effects on embryo rate, and there is a significant correlation between hormone content and enzyme
activity, which provides a basis for exploring the seed germination mechanism of A. senticosus.
[ Key words ] Acanthopanax senticosus seeds; hormone content; enzyme activity; GRA analysis;
correlation analysis
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D) P S I o R N Ei I A N Rl TN
F P& H #4755 W N Acanthopanax senticosus 1Y
T =F P £F 55 0 T 1 4500 T DR AE 5 TR R S 3 0
R ZERI 43 B 45 2 i N AR L

£2695 A w5y &4 W AR 4 3% A ( Waterse 23 ] ),
AE240 B 1/10 J3 43 B K (18 [ A 4 8 -4 0 2 1=
FRA FR A7), KM-822C i 7 31 15 vk 45 (480 W,
40 kHz, )" M i BRI AR A A o
2 Ak
2.1 ) TR B AR B Fr) T vk
2.1.1 fFmF 5N ERREIA 12 B
N A EE (CWI-1 ~ CWJ-12) #:F F PDB 1A K
FHER YRR 25 CREER IR 1 JA o RS % BRI I
FINANF 50 g, 1 B S5 R ] A0 O R
120 v-min " B H R IR T A, B R UE AT )2
ghpptol
2.1.2 SNPIZFpALHEE 4 ) FOm Ah 5 AR B R
1,5,10,20 mmol- L ™"y #h i NO ft{& ffiZ g 24 h,
R 25 C U R HE TR B 2
2.1.3 SME H,0, BRI R ad S Ak SR IR
U3 %00.01% ,0.1% ,1.0% ,3.0% ,5. 0% (%,

SR FHAR196 19 3R 1 b 5~ 4% 50 R 3R 7 i 4R Ak S0 R
B, T 25 CREF 12 h, K5 R G 8RB 4,
BO 5 AT IR AR BE

M FRENE TR L, HERETER
b B

ke R M PR R T IA A L, 10% R R
25 CAbBH 24 h, JEAT 2L,
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TG BBV b, 7 5 R Y AR 12 TR AT,
AT em x 17 em RAEF PAEATIRID)Z BURE S fR
R 50% ~70% , HARJZBURFILE 1.

®1 FEMMHFEEEREMH

Table 1 Sedimentary conditions of Acanthopanax senticosus seeds

Wi Bt i B/ C I ]/ JH] EH SR 4/
o 20 ~25 10 1

E il 10 ~ 15 6 2-~3
o 0~5 9 >7

2.3 RERME  AE)JZEE 0,25,50,75,100,
125 d, AR 43 31 30 K0 1, v H A IR e
DR 2, 7 SR i ) B 0 e B AR R L R R B K
B, ORI AR B I R, kR = Ik KR FL
K x100%
2.4 BEMEFNE ORI HPLC 35 5E 3 17 ik %
0 F A 0 N AR N R IR A R R (GAS),
Mt 75 1R (ABA) W3]k £ 2 (TAA) , W% T /2 (IBA) J&
KA R (SA) F1 SR FH R o i b 3 7910 6 72 00 2 A O il
i A AL S (CAT) | 48 A AL W) AL (SOD) |, it % 4k
Yl (POD) , N . (MDA ) & &, B4R 5 i & IR
A A Tk
2.5 B4EALHE SCH B vk Excel 2003 4T 4y
Br, FIF SPSS 20. 0 #4740 CHE 43 #T .
3 #R59W
3.1 K F R BUE R R W E LR AR
JEBUE AR b R TR R AR AL K 2R R R A
) L3 2, WR R AT L Y, bR AR K % 5 2 R
Vi) 52 T AH G, R 3 [t 25 J22 AR T 1) S8 4 3 7 48 K
3.2 GRA 4 #7
3.2.1  KEAL R T AR X IR AR BE = A AT L
AT H B, B AT 45 A i AT O B AN AR o B, AR 5T
K A AR L, B E RS & T Y E Bk
22.233,0.097,0.135,0.156,0.111,0. 155, 2. 306,
37.375,0.425,10.384, FF A 4b B 41 ¥ {8 1k B {&
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F2 MEMMFEEERPEEMEFRENETL (2 £5,0=30)

Table 2 Mbryo ratio and germination rate during fluctuating temperature stratification of Acanthopanax senticosus seeds(x +s,n =30) %

KEd

bR KRR
30 50 80 100 130
CWJ-1 1.85 +0.041 4.15 +0.122 9.67 £0.812 28.96 +1.061 46.00 +2.449 12.80 +0. 002
CWJ-2 1.90 £0.016 4.56 +0. 141 10.23 +0.816 29.80 +0.189 49.00 +0.816 19.20 +0.010
CWJ-3 1.40 £0.041" 4.03 £0.037" 9.38 +0.245 27.46 £0.816 45.30 +0.816 12.00 =0.008%
CWJ4 12.13 +0.008 34.00 +3.266 36.00 +2.940 43.00 +2.494 74.00 £0.816"  49.20 £0.002"
CWJ-5 1.80 +0.082 4.23 £0.081 10.13 +0.748 29.24 +0.081 48.00 +0.408 14.80 +0.001
CWJ-6 18.18 £0.816 50.00 4. 109 55.56 +0.653% 66.67 £2.494"  100.00 0" 62.80 £0.023"
CWJ-7 10.15 +0. 147 33.00 £0.245 35.00 £0.081 42.00 +0.329 68.00 +0.082 47.40 £0.011%
CWJ-8 1.13 £0.016" 3.60 £0.245 8.36 +0.816 25.52 £0.833 40.56 +0.081 8.00 +0.029
CWJ-9 0.90 +0.707 3.00 +2.449 7.24 +1.632 20.42 £1.633 39.24 £0.816 42.80 £0.019
CWJ-10 15.15 +0.931 38.00 +3.266 42.00 +4.320 51.00 +3.266 82.00 +1.6337  58.60 £0.016>
CWJ-11 1.20 +0.081 3.90 +0.163 9.15 +0.779 26.54 £0.779 41.24 £0.816 11.00 £0.016
CWJ-12 13.14 +£0.816 36.00 +1.633"  38.00 +1.633 42.00 +1.886 61.00 £2.160 56.20 +0.003%
GA, 12.34 +0.726 35.20 £2.870 37.65 +0.379 40.20 +0.983 59.00 £2.378 38.40 +0.004
CK 2.00 +0.041 5.00 +£0.489 10.00 +0.408 30.00 +1.633 50.00 = 1.633 25.60 +0.009
SNP 5 mmol-L ! 10.04 +0.975 30.33 £0.757 34.47 £0.751 37.23 £0.473 43.27 +0.802 32.33 +0.015
SNP 20 mmol-L ! 12.20 £0.917 33.40 +0.954 37.57 £0.971 39.30 +0.458 60.37 £1.106 38.17 £0.009
SNP 1 mmol-L ™! 2.63 +0.493 6.37 £0.586 11.50 +0.900 33.50 +1.053 53.50 £0.700 30.20 £0.010
SNP 10 mmol-L ™! 2.63 £0.551 6.60 +0.529 10.63 +0.737 30.50 £0.818 49.57 +1.436 25.53 +0.019
H,0,3.0% 10.47 +0.833 30.23 +1.320 35.63 +1.150 37.43 +0.834 54.93 £2.274 33.20 £0.009
H,0,2.0% 3.23 +£0.153 6.67 £0.153 16.50 + 1. 808 37.53 +0.801 46.36 =1.626 28.07 £0.003
H,0,1.0% 3.13 0. 643 5.20 £0.265 13.60 +1.114 28.00 +1.153 43.63 +0.751 25.33 £0.008
H,0,0.01% 2.46 +0.416 5.03 £0.208 13.43 +1.150 26.70 +0.436 44.60 +1.200 25.93 £0.004
H,0,5.0% 2.53 +0.451 4.73 £0.416 1.00 £0.578 28.63 £0.751 44.53 +0.901 25.40 £0.002

"V P<0.05,2P<0.01,

GERILFE 3,
3.2.2 &XMEFA) R A ECE 240 T 4 i Ak Ak 3
A, R A ABS (v —x,) THE IR P51 5 HoAl
JULH 3 55 B AR 56 e 51) 46 3o 22 {8 80 Hi , B 35 7 A
FOINARF 2B ) 4 R A AR A S iR 5, T
A A A 2 X HE T A 0 ARG R W3 4
3.2.3 KOXBKABMIIE £ LREh R, 4
XE 22 )7 9 Z M AF AR 3R B i e =z 1Al i 22 7=, (i
AMER O, e RMH 2 ~3) , TIE AT 455 1A, 10 75 iE
TT— LR, B EaR g5 RARA B A p e
(0,17, ZEASHESE HHL 0. 4, 75 3 454 K 2 19 K 8, ¢
HR AR B &, I0 0 454 2 B ) 1) K £8 DG BK R R & 1T
BHBEHCEHME yo A AHEA, A R 4L, SNP
4, o EAA R AN KO B R E FICHREE vy (65
BOVP40E ) i BARSE R WK 5,
3.2.4 FCBEEEMHLES GRA Z5 530, % y K
FN/NHERF y B, Fm H P 25 0 56 100 A A OGP
5,2 MR R R 285 R A e M 55 . AN R [A
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AT, #E 0,25,50,75,100,125 d [ /8 4 B 4,
SNP 4, 3o Ak S0 41 19 AH I A9 0 3R & 1 RN G 35 ) A5
FH I 73 HT



55 26 57 4 HESEAFFERE Vol. 26, No. 4
mese journal o xperimenta raditiona edilica. ormulae en. ,
2020 42 H Chi J 1 of Experi I Traditional Medical F 1 Feb. ,2020
x3 REMMFERIEPALEBHAYELEFT
Table 3 Group mean sequence processed during stratification of Acanthopanax senticosus seed
JZ R ) /d iR GA, IAA ABA IBA SA MDA SOD CAT POD
0 0. 000 0. 020 0. 020 0. 305 0. 033 0. 000 6. 905 48. 675 0. 001 28. 147
25 6.200 0. 068 0. 056 0. 154 0. 069 0. 004 3.960 39.017 0. 030 17. 643
50 16. 836 0.114 0. 126 0.137 0.128 0. 009 1.742 17. 048 0. 181 7.143
75 21.420 0.121 0. 143 0.131 0.138 0.115 0. 839 29. 141 0.230 4.560
100 34. 852 0.124 0.178 0.123 0. 141 0.225 0. 309 39.068 0.353 3.100
125 54.091 0.133 0.288 0. 087 0. 156 0.576 0. 084 51.302 1.756 1.711
F4 BT MAF R A B A5 4 4 X4 1A 5
Table 4 Absolute value sequence of group processed during stratification of Acanthopanax senticosus seed
JE2 R E]/d AGA, ATAA AABA AIBA ASA AMDA ASOD ACAT APOD
0 0.207 0. 148 1.954 0. 300 0. 000 2.994 1.302 0. 002 2.711
25 0. 425 0. 136 0.709 0. 340 0.254 1.438 0. 765 0.208 1. 420
50 0.418 0.173 0.120 0.399 0. 698 0. 002 0.301 0.331 0. 069
75 0.286 0.097 0.127 0.278 0.220 0. 600 0.184 0.423 0.524
100 0.279 0.251 0.782 0.292 0.112 1.434 0.522 0.737 1.269
125 1. 057 0.302 1. 874 1. 025 1.284 2.397 1. 060 1. 697 2.268
x5 REMMFERIBPALEBHAREXBKRE £
Table 5 Grey correlation coefficient of group treated by seed stratification process of Acanthopanax senticosus
JZ R ) /d GA; TIAA ABA IBA SA MDA SOD CAT POD
0 1.981 2.195 0.509 1.716 1. 000 0.353 0.704 2.995 0.385
25 0.738 0. 898 0. 628 0.779 0. 825 0. 454 0.610 0. 852 0. 457
50 0.741 0.874 0. 909 0.750 0. 632 0.998 0.799 0.783 0. 945
75 0. 807 0.925 0. 904 0.812 0. 845 0. 666 0. 867 0.739 0. 696
100 0.811 0.827 0. 605 0. 804 0.914 0. 455 0. 696 0.619 0.486
125 0.531 0.798 0.390 0.539 0.483 0.333 0.530 0.414 0. 346
y 0.935 1. 086 0. 658 0. 900 0.783 0.543 0.701 1. 067 0.552
£6 WEMMTFERRITRZFHENBE GRA H47 i AR R B B b, RS (R I N e A
Table 6 GRA analysis of hormones and enzymes durin = M fI = o Y T 7 Y
Y Y & B RN A CAREE Y TE M A OC, B I
stratification of Acanthopanax senticosus seeds N — _ N
(AR DG, HUR [ A B A 25 R BEA AR, IR R 5
B WA R TEHA SNP 4 FUR R o s >
% A TN AF G Tl R A DGR AP BT 45 R L3R 7 ~ 9, Hirp LU
4 a4 4 g A . 3 y
Y 4 Y 4 WAEFL A i), GA, 5 TAA, CAT # | 3% 1A ¢
GA . . 792 2 77 1 . 1 S
bt em ; o PESIAA 55 IBA, CAT 5 5 3 19 IE HI G 1E; ABA 5
TAA 1. 086 1 0.942 1 . 284 2 0.761 3 MDA,POD %*&E%?ﬁ‘ﬁ*ﬁ%@,ABAlﬁ IBA,SA
ABA - 0.658 7 0.675 7 201447 0.597 7 M AR OCHE s TBA 5 SA 52 BUAK 18 3 Y 1EAH
IBA 0.900 4 0.791 4 0357 4 0.683 4 X4 IBA 5 MDA, POD 2 B 55 2 11 M 56 P 5 SA
SA 0.783 5 0.762 5 L4235 0.683 4 5 MDA ,POD £ ¥ 8 & 1) 71 48 56 1, MDA 5 POD
MDA  0.543 9  0.570 9 .007 9 0.473 9 I A IEAE M
SOD  0.701 6 0.729 6 207 6 0.645 6 4 i
CAT  1.067 2 0.792 2 3.833 3 0.779 2 b7 A A B 2 4% Fb A BTS00 98 1T 3R AT Y,
POD  0.552 8 0.582 8 1682 8 0.510 8 R AR A, WA RERKRITREAKRT
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7T NEEHARNEMMHFERIERBERBHEXNE

Table 7 Correlation between hormones and enzymes in process of eucalyptus chinensis seed stratification
5ES GA, IAA ABA IBA SA MDA SOD CAT POD
GA; 1 0.961% -0.630 0.636 0. 608 -0.486 0.711 0.983% -0.548
IAA 1 -0.794 0.817" 0.796 -0. 689 0. 507 0. 940 -0.746
ABA 1 -0.933% -0.971% 0.978% -0.052 -0.599 0. 966
IBA 1 0.990% -0.943% -0.026 0.594 -0.981%
SA 1 -0.978% - 0. 046 0.572 -0.994%
MDA 1 0.123 -0. 444 0.988%
SOD 1 0. 668 0. 085
CAT 1 -0.499
POD 1

F:"P<0.05,2P<0.01(£8,9),

#8 SNPAMAMMFEREERHEREBHHERXME

Table 8 Correlation between hormones and enzymes in SNP group of Acanthopanax senticosus seed stratification
ES GA, IAA ABA IBA SA MDA SOD CAT POD
GA, 1 0.877" -0.564 0. 677 0.613 -0.692 0.357 0.954% -0. 662
IAA 1 -0.813" 0.945% 0.910" -0.943% -0.127 0.827" -0.933%
ABA 1 -0.878" -0.915" 0.881" 0. 445 -0.533 0.908"
IBA 1 0.993% -0.995% -0.419 0.611 -0.996%
SA 1 -0.990% -0.484 0.542 -0.998%
MDA 1 0.372 -0.600 0.997%
SOD 1 0. 309 0.424
CAT 1 -0.585
POD 1

9 H,0, AREMMHFERIERHERBIHERXNE

Table 9 Correlation of hormones and enzymes in the seed stratification of Acanthopanax senticosus in H, O, group
SES GA, IAA ABA IBA SA MDA SOD CAT POD
GA, 1 0.877" -0.564 0.678 0.617 -0.712 0. 364 0.970% -0. 669
IAA 1 -0.815Y 0.945% 0.911" -0.946% -0.121 0.859" -0.938%
ABA 1 -0.871" -0.916" 0. 880" 0.436 -0.563 0.882"
IBA 1 0.991% -0.990% -0. 409 0. 648 -0.999%
SA 1 -0.986% -0. 470 0.584 -0.995%
MDA 1 0.328 -0.655 0.994%
SOD 1 0. 300 0.410
CAT 1 -0.631
POD 1

BB BRI R WSS N T R BRRR IR R (PP R4 ) rh i bR B PR IR 14 SRk ik

Yo h 7 A B

BN E " MR T

REA 1 W 4 A&l B 0 I P T R AE R TR g B RS RRUR AT

PR R T A SN AT MITALYEES 51

- 150 -

Bl AR A B, BT A R BR A 5 DL B

B 5 R T 0, 5 366 58 3905 R S 52 Wi YR 4% (1 A O



A

55 26 5 4 W PESXEAFFERE Vol. 26, No. 4
2020 42 A Chinese Journal of Experimental Traditional Medical Formulae Feb. ,2020

PR X R A 85 A B Y 9 AN R R B
AT T E G B, a5 SRRV, CHCE R/N LA R
IAA > CAT > GA; > IBA > SA > SOD > ABA > POD >
MDA ,IAA,CAT, GA, X IR ) S 1K BE B i & T HoAth
%, = FH WA R R B R . Ml 7E i
FE =R TR S 2B Beny N TR R AR e S
GA, TAA Xf HFf - 81 ke 21 0] 8 i 12 i A . 9%
i 22 2O RIR S - M — A B B T B R R [ I A
AN IR R A fL i k30 TAA 5 iR 3047 g 2 17 A
Sk, BBBEE RIS T RAMEE GA, kb BAE
AP AT FL P CAT 1% Pk 38, b A= iy ) A8 5
HREE IR G AR EAR —F, GA;, TAA, CAT X Fif
T RIAH W50, CAT,GA3 5 TAA XJ F IR A4
KA IE e AR R

)R - v R R TG ) A A = [E] A
E—E A M TAA, GA, ,CAT,IBA , SA 2 [H] £ 7F
W F W IEA G, 5 ABA, MDA ,POD Z[i] H A U] i
A G . B Pl R B, 455 8 GA, ,TAA T
B SR GA, TAA B TF, GA, Wk B = T HoAfh 41
AU IAA FEREEEFEALMIL T, CA, 5 1AA
e R RE T P s RE R AR K R R T
FEJ5 B CAT 3& PRGN, 3 26 48 fh AR W] g H AR HIR 22
AR B i B A0 4 5 | 2 G Al A A T 7 A B 4 2R
ABA AE R & 3 i B 7 0 & 4 RR KR, 1 A2 & & R T
IR AR B Ok AR IR . BEE Y TAA AR PR
15 38 B R O M B BUBME , ABA TE R AR #E M
B G R I RO, MDA 5401 N &
Az N T 5| A A5, 5 A0 I R 4 4 A7 B IR, AN
RESEATFI T8 & , 5 ABA R IEA X, SOD,POD J&
YR BRI B, EEZWERIKN Z R TEER
K HoAth i A0 B fR 2 8 R S O A 2 L R
L, SOD (G M 5 H A & 22 (8] G i I AE DG
AHIF 5 A S B AR 7 R R AR R R AR B
J5z )V ML ] 2 A3 S8 IR, Ay e ok i P A 95 98 3R R
2 A2 B 5Tk 8 B AR B ) 00 AR R B Y SR AL
T HIRARYE
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