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Flavonoids Contents and Flavonoids Synthetic Key Enzyme Activities
in Alfalfa under Drought Stress
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Abstract: Drought stress was simulated with different concentrations (0, 5%, 10%, 15%, 20%, 25%) of
PEG-6000 solution. We used three cultivars of alfalfa (Medicago sativa) to clarify the effects of drought
stress on the activities of three key enzymes as well as the accumulation of flavonoids. Results revealed
that: (1) with the increase of PEG-6000 simulated drought stress concentration, the activities of PAL

5 B #5:2020-05-27 ;& B Fs W 2 B #7 : 2020-07-30

EETH HFK A RBEIES (315703700 s Wi VT HL T KA RIS 812 4x (17052059-Y)

EZ BN 21994 —) & FE AR W98 28 BF ST 7 [ A AR Be A 0% . E-mail: 1398596371@qq. com
AV A T, B W SO, B S A B 5 M 5T . E-mail: hanrl@nwsuaf. edu. cn



8 1 ZFHPY A T B0 0 SR AL TE SR 2R A A W B i B A A AR O S I T Y 5 T 1381

(phenylalanine ammonia lyase) , C4H (cinnamic acid-4-hydroxylase) and 4CL (4-coumaric acid coenzyme A
ligase) in the three alfalfa cultivar leaves increased first and then decreased but there were differences
among different enzymes. PAL reached the maximum under 10% PEG stress, whereas, C4H and 4CL
reached the maximum under 15% PEG stress and significantly higher than the corresponding control. (2)
Compared with the control, with the increase of PEG-6000 simulated drought stress concentration, the
content of flavonoids in three cultivars of alfalfa increased first and then decreased. and the content of fla-
vonoids was the highest under the stress of 10% to 15% PEG-6000 and significantly higher than the corre-
sponding control. (3) The activities of three key enzymes in the upstream synthesis of flavonoids in alfalfa
leaves are closely related to the content of flavonoids and the content of flavonoids in the leaves of three al-
falfa cultivars are related to their key enzyme activities to varying degrees. The results showed that differ-
ent degrees of drought stress can increase the synthesis of flavonoids in alfalfa plants by promoting the ac-

cumulation of key enzyme activities upstream of flavonoids in alfalfa and moderate drought stress can sig-

nificantly increase the related enzyme activities to promote the content of flavonoids.
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Table 1 Standard curve of 8 reference components of alfalfa

WA O GEEAR &b .
Ingredient Linear regression equation Linear range/pg

FEALFF Polydatin y = 4215296 x + 11890 0.05~5 0.9979
151 3-O-25F BlitF Kaempferol 3-rutinoside y = 1038700 x + 15655 0.05~5 0.9165
H # 2 Liquiritigenin y = 991 045 x + 12919 0.05~5 0.9832
A E K Luteolin y = 3902762 x — 73074 0.05~5 0.9970
7'4- " FH B 7' 4-dihydroxyflavone y = 1627 784 x + 8780 0.05~5 0.9968
Yokl K ZE Genistein y = 998 247 x — 101681 0.05~5 0.9978

3£ & Apigenin y = 2832 547 x + 13550 0.05~5 0. 9981
F 45 # Tricin y = 2372132 x — 66255 0.05~5 0. 9989
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min,19%~20% ;60~100 min,20% ~32% ;100 ~
115 min, 32% ~5%); A& :30 C; i #:1 mL -
min ' RGP 340 nm; HERE R 30 pl,
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K T C T 4 B TR S R B VR R 10 A L R R
WEN 20 pL 15 pL 5 L 2 L i B 100 45, 3F
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WAl Bh O AR UL HER AR B 0. 1 g 23 Ab H Y 4%
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mL 70% M LB, FEIRE N 60 C A TR Ny 180
W ) S8 75 20 30 min, WEEE W, JEEE
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ALNO,),; F25] # 1F 5 min, B4 3 A 1 mol «
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0. 05 level; the same as below
Fig.1 The PAL, 4CL and C4H activities in leaves of

three alfalfa cultivars under different PEG concentrations
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Fig. 2 The total flavonoid content in plants of three

alfalfa cultivars under different PEG concentrations
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Fig.3 The contents of polydatin and kaempferol 3-rutinoside in plants of three alfalfa
cultivars under different PEG concentrations
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Fig.4 The contents of liquiritigenin and 7'4-dihydroxyflavone in plants of three alfalfa

cultivars under different PEG concentrations
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) 5 o A LB 43 SR A B X BRI 1. 59 £ 1. 91 £%
F12.50 1%, FEAHF AL BT, 24 PEG Wi i R 0
~ 15 VOB AH MR H R S RN A 8067
FERT R ERE M HIAwZ B PEG ik
JEN 2096 ~25 Yo Bt dh R ] 22 5 OR
A, i 4, B Al Al 785 B AR . 3 A4 i A
LUH T B 7' 4- R ILWER S B E R B
(P>0.05), 7EZFNBT W8 5.3 L ETE
R 7 A TR LR A S A OR AR R R R
b SXTHRMLL, SAEETE 3 A MANK 7425
LR & AR 5% ~20% PEG-6000 ¥ J& I 2 i 3
PR L MAE 25% PEG-6000 ¥ B i} A8 AL R B %5 bl
T 5 a0 R B A 30, 45 5 Rl B 7T
FLE T F R R e TS e IR R R
&7 F 15% PEG-6000 ¥ & T 1 % fie i, 5 H Xt 8
AHEE WG T 2. 21 A%, R #8067 FN ¢y A e
Z B WITE PEG-6000 ¥R Bl 20 V6 Bif 16 28 e K. 5 40
I XoF RECRH BG4 ) S 25 38 0 1 3. 04 A5 R0 3. 16 5. S
i1 AH AL, A PEG-6000 & i R 20 0 B, 4 4K
8067 FI B ik vz BN 7/ 4- TR ELEER A
TFAREE T (P<C0. 05) , Hi Ay kb 3y R & A ]
RN BE,
2.2.4 KEEZMERAKZEE WK 5. A BT
IR TEXS BT W 3 A S0 A A Ml b A R R
HESTRLBEZER. £ TR2MAEMHT.3 %
A6 B A b Bl R R R 2R i AR AR R AR TR] A v
ZERIRERT REEE MR 8067 ; i
PEG-6000 #48) 1 5 Wy 38 ¥k B2 A9 34 . 5646 & 45 3
AR N R R R B Y B SE T R R AR Y

P Hop L CRE E AR R AR 8067 M Bk Hh K R
o T 10% PEG-6000 ¥ B F 14 % 5 KA. 541
7 Xt B AR L 43 ) S I T 40. 16 %6 A 47. 01 % (P
<<0.05), 1 “FHik s Z B W AE 15% PEG-6000 b
BT B4 2 i (H AR R B R i R XTI 2. 02 4%,

W, B 5.8 WoR, FEXT B4 .3 A S b &
AEETE L e bR £ & it 22 5 1 3 (P<C0. 05),
FELLRBBO6 YRR R B it e, & HiA X
B 2 . R RGA R 3 A KK A R
DA R 3R 1 A TR 3 VR 0 1 hn SR R 4 S T
5 J5 BRI AE fb B 35, F ¥ 7E 10 % PEG-6000 ¥ &
N e L 43 B B R X R R S R T 1. 20
£ 1. 94 f% A1 5. 97 £ (P<C0.05), SXFHEAH I . &
A RS AE A M YRR R /R 2520 PEG-
6000 e & 4b B A1 34 5 25 386
2.2.5 AEZEMEBESE AXMEEMHTF.3 4
i AL EAE AR N TSR R MBS R S L&
25 (E 6) . ME 6, A Al AL 76T R Wria &4 F .3
AL ETE RN TR R SRR E B E S T
X AR, H BB E PEG-6000 ¥ B2 Y 3 i 52 91 i 5
TR EEMEES . P RERE AR RS
7E 10% PEG-6000 ¥ Bf T 3% % 5 &5 {6 (Ch % B8 1
2. 724%) Sl A< #8067 Il < Ik e 2 B 7R AR U AE
15% PEG-6000 ¥k & T 3% &8 f% = {H . 43 51 o IR i
EWINT 7017 A5 9. 75 £5 (P<C0.05), £ TR
LR 8067 FN TR A X B AHBEN T SRR Y
AR R TR AE

[ i 6,8 FroR, 76X B4R, S E 1
SMMMNERE S EEZR AR E(P>0.05) .,
TREMHAZT 3 AR EENEE RS R
25% PEG-6000 ¥ Ji 4b ¥ A1 K 2t 25 8 40 I AR

O BD B NM B LDK
3r a 0.020 a
~ A ~ B b
w\‘ ol ©0 0.015
e b b il
2 def e ¢
m% efgefgcd cd | o de N zg 0.0101 " cd de e N
BE= | ijeh g -l fehi ijYnj =3 h o gh® ¢ ghe
g ! %E ooost i R il
] “ Il Ta
0 0 1 1 1 1 1
0 5 10 15 20 25 0 5 10 15 20 25
PEG-6000% Ji PEG-6000% J&
PEG-6000 concentration/% PEG-6000 concentration/%
K 5 PEG-6000 4l 5 Wl Xt AL E 15 3 A dh FP A B B 2R Lol R 5 510 &2 g

Fig. 5

5 Effects of different PEG concentrations on contents of luteolin and genistein of three alfalfa cultivars
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Fig. 6 Effects of different PEG concentrations on contents of apigenin and tricin of three alfalfa cultivars
R2 EUEEEMELEYEESHXERBIENMEXES N
Table 2 Correlation analysis between the flavonoids content and its key enzyme activities of alfalfa
P Wi 251k & W) & & Flavonoids content
B i s WEBSO s TR
Cultivar enz Y “Total AL SR AR JiE 3 il AN S UV 3 rEFR EEES
yme otal Polydati K ferol quul{ltl 74 dihyd ~ Luteoli Genistel Api : Trie:
olyaatin aemplero 1Nydroxy- ~uteolin aenistein pigenin ricin
activity flavonoid - Lo genin
3-rutinoside flavone
PAL 0.632"" 0.614"" 0.311 0.268 0. 244 0.903" " 0.802"° 0.778" " 0. 376
%%ﬁf 41CL 0.544" " 0. 145 0.628" " 0.849"" 0.744"" 0.258 0. 456 0. 366 0.794""
aoding
C4H —0. 144 0. 357 0.828" " 0.761" 0.675"" 0. 045 0.177 0. 283 0.564"
PAL 0.739"" 0.722" 0.576" " 0.375 0.239 0.478" 0.854"" 0.428 0.691""
NZEW 806 4CL 0.648°°  0.846°°  0.835 0.926° 0.774" 0.838 0.545 0.953" 0.917" "
ongmu 806
C4H 0.427 0.771" 0.886"" 0.965" " 0.715 0.712"" 0. 327 0. 866" 0.821""
PAL 0.648" " 0. 827" 0.443 0.576" 0. 206 0.418 0. 877 0.452 0. 448
ﬁétﬁ?z; 4CL 0.21 0.929"" 0.960" " 0.933"" 0.726° 0.903" " 0.699"" 0.912" " 0.928" "
adarke
C4H 0. 065 0.725" 0.965"" 0.937"" 0.763" 0.982" " 0. 345 0.985"" 0.925

Hoex Ml % APHIFARLE 0.05 F 0. 01 /K 52 4H 6 CUE)

Note:

% and % % stand for the significant correlation at 0. 01 and 0.

05 levels. respectively (two tails)
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