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Effects of Salicylic Acid on Biochemical Indexes and Contents
of Medicinal Components in Adventitious Roots of
Panax quinquefolius under Drought Stress
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Abstract. In this study. the response mechanism to drought stress and the effect of exogenous salicylic acid
(SA) on the drought resistance of Panax quinquefolius L. adventitious roots were explored. The simula-
ted drought stress was pretreated with 10% PEG-6000, and then exogenous SA at different concentrations
(0, 10, 40, 80 pmol/L) were added to treat for 2, 4, 6 and 8 days, respectively. Then, the activity of an-
tioxidant enzymes, the content of osmotic regulators, the accumulation of total flavonoids, total saponins,
monomer saponins Rb1l and Re, expression of related synthesis and regulatory genes in the ginsenoside bi-

osynthesis pathway were detected. The results showed that: (1) The activities of catalase (CAT) and per-
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oxidase (POD) in adventitious roots both peaked when 80 pmol/L. SA treated for 4 days. The content of
free proline reached the peak at 4 days after 80 pmol/LL SA treatment, and the content of malondialdehyde
(MDA) reached the peak at 4 days after 40 pmol/L SA treatment. (2) The content of total flavonoids in
adventitious roots reached the maximum value when 80 pmol/L SA treated for 6 days, and the content of
total saponins and monomeric saponins Re reached the maximum value when treated with 40 pmol/L SA
for 8 days, the content of monomeric saponin Rb1 reached the maximum value at the 6 days of 80 pmol/L
SA treatment. (3) The expression levels of P¢g-HMGR and Pq-DS genes were increased by more than 3
times on the second day after 40 pmol/L SA treatment, and the gene expressions levels of P¢-CYP6H ,
Pq-DI2H, Pq-3-O -UGTI1 and Pq-bHLH?25 were more than doubled after 40 pmol/L. SA treatment.
These experimental results showed that the appropriate concentration of exogenous SA could effectively
improve the physiological and biochemical indicators of adventitious roots of P. quinquefolius under
drought stress, and increase the expression of related genes, thereby increasing its drought resistance and
the content of medicinal components.

Key words: Panax quinquefolius L. ; drought stress; salicylic acid; biochemical index; medicinal ingredi-

ent;gene expression
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Table 1

Primers used for this experiment

L IE

Gene name

Genbank ¥R 5

Genbank number

Primer used for qRT-PCR(5'—3")

B i1 B/
Product size/bp

qRT-PCR ¥ #4514

GAPDH-F:GCTATCAAGGAGGAGTCGGAGGG

GAPDH MF614039. 1 GAPDH R:CTGGACAGATGCCATGTGAACAA 234
Pq-HMGR FI755158. 2 U HMOR R, ANTGATCTCCTCOTCTTCGTCTA 286
e bHLIZS OK396652 Pq-bHLH25 F: ACCCTAACAGTAGCACTACCACAA vl

Pq-0HLH25-R: TCTTCTTCACGAACCCTAATCAC
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Fig. 1 Effects of exogenous SA treatment on the
activities of antioxidant enzymes in adventitious roots

of P. quinquefolius under PFG-6000 stress
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Fig. 2 Effects of exogenous SA treatment on the MDA
and proline contents in adventitious roots of

P. quinquefolius under PFG-6000 stress
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g.3 Effects of exogenous SA treatment on the contents of flavonoids and ginsenosides in adventitious

roots of P. quinque folius under PFG-6000 stress
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MGy S, T %25, UWHE & RIS E SA
REfEHE = VUV E S AR Rbl BT AW & g &
AIRE R E 0 . MAESE 8 KA. S,, AbHAE R AY
A EAF Rbl & (23, 44 mg/@) I L5 6 KE B
BEA, XTATRER T Rbl B 4k4: 5 505



1300 [T - 7/ B S 43 4

HoAt Ji N 2 s AL B R Y AR AR R TR AN
RERFLL AL 2 Rb1 SR 2 4F . A EAR P RR 21 Re
EEAE S, BB 6~8 KW Em TR S, fk
fb AL B, 7E 2 8 KB 35 B f KAMH (10. 62 mg/g) 5 Sy
AEFRAESS 4~6 REF 3 & T S, (P<C0.05), 11 S,
WHIRA S S, T #2255 (E 3.D).

2.4 45MNE SA 3t PFG-6000 BB THEFES A ERH
EEREHEXEERRIENZME

FIR A 33N 23 ] GAPDH .6 NG S
NS B A MR R KB (Pg-3-0 -UGT2 ,
Pq-3-O -UGTI . Pq-DI2H . Pq-HMGR . Pq-DS .
Pq-CYP6H) 1l 2 V472 bHLH # % A+ (Pg-
bHLH24 M Pq-bHLH25) BT 5 352 4E # 4T qRT-
PCR ¥ ¥4, S5RFW 938 B A 100~300 bp Z
], HGl 4 s 4 Sk BT I Sy, b 38 Bk 4 1Y
G5 L HEAT R R WL UK A I, F UK A5 R R & B Y
PHIROR BT S50 SR — T M (& D),

2 BN, 3-FRIE-3- AL TR R A 8 5
(HMGR) 21 Y1 N i 2516 & 90 A= 90 & il #&
F1%) R B O B 1T 3OS B 0 A B (DS) S 45 il A
ZREFHRE LB, Pq-HMGR 3 [H A X 3 3k
HIE S, AP 2,4 RPAK S, F Sy, AbFRES 2 KAR
S, 415 % 5, IR e S, B 2 Kk Bk
.2 S, 4l 3. 11 4% . H 5 H Ay b B8 41 Fn 4b B 1)
e 22 5 (P <C0.05), Pq-DS 3[R M XF % ik
HAE S, ABREE 2 KA K S, AbBES 2.4 KAERLE S,
4TI Sy WS 2 Rk B e KAE , 24T
MREE 1Y 3. 74 % H 5 FE A Ak 2 20 0 Ab 3 (1) 47 7tk
#F#£ 5 (P<<0.05), HMGR F1 DS H:H &k &1y
2T U BRI A B L e i TS
HBAFEY A . [, Pg-CYP6H Fl Pg-DI12H
J& CYPASO JE IR 52 1 4 il 38 Jk Ak B I 19 0% Bt il 5%
. Pqg-CYP6H R:HAHXFRIBEETE S, Fl Sy L2
B2 RIS, hBREE 2 KARLL S, 4 & T+, oF
TE Sy WIS 2 RIKF| R KME, 2 S, 4/ 1.55 %
Pq-DI12H FEHFRIFFAAE S, AHEE 2 REBLL S,
B ET R AR 1. 78 4%, #5 HAL 4 A
b B ] AEAE B 25 5 (P <<0.05), 934k, B 3L
Bl Pg-3-O -UGT1 H 5 KA Sy .Sy Hl
Sy AbBREE 2 KARLL S, 4 8 3% T . e Sy b B
BN 2 REF LB 5 KAE, & S, Ay 1. 64 %5, vt W]
Pq-3-O -UGT1 FH UL 3] SA {5 5 i 17 78 b & 5
M 5 17 Pg-3-O -UGT2 & H 7852 5] SA FIFLHT, I K
FEH B G 1 B SR KO T

M. DL2000 4> FRtAi#is1. Pg-bHLH24 ;2. Pq-bHLH25
3. Pq-3-O-UGT2;4. Pq-3-O -UGTI1 ;5. Pq-DI12H ;
6. Pq-HMGR ;7. Pq-DS;8. Pq-CYP6H ;9. GAPDH ,
K4 Sy ARHEAYR qRT-PCR ¥4 4% 5 o 3k 1K1
M. DL2000 maker; 1. Pg-bHLH24; 2. Pg-bHLH25 ;
3. Pq-3-O -UGT2; 4. Pq-3-O -UGT1; 5. Pq-DI2H ;
6. Pq-HMGR; 7. Pq-DS; 8. Pq-CYP6H ; 9. GAPDH.
Fig. 4 Electrophoresis results of single qRT-PCR

amplification results in Sy, treatment group

AR SRR E N SA J5 L 7% 5k N F Pg-bHLH25
AEAE S N 78 Sy TS,y AL FHIE & 245 2 Kmf ik
Pl ES A 1715, BEm T HALIA
B AL FRIHE] 5 17 Pg-0HLH24 FE[H 5 5% K P B SR A1E
S, AFRFEF RN 2 KRETA e KAE AR IF RN i 35
(P>0.05), PY¥EZ A E MR i 1 AR A OC 56 A 3
RETEARTAN SA £ F (SHRL LB E A, ]
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WL PGS A E AR P AR AR Gk ) Pg- HMGR |
Pq-DS. Pq-CYP6H , Pq-DI12H , Pq-3-O -UGTI1 Pgq-
bHLH25 FXf ik 5 KR ZEFMR 40 pmol/L SA 4b

FHES 2 RETIR B e KAE, B8 = T H AR B4 & Ab 3
i} 8], Pg-3-O -UGT2 . Pq-bHLH24 33k W 8%

2.

F2 MESALEINANAXREHERM 2N EREFERARZENZMI

Table 2 Effects of exogenous SA treatment on the expression of 6 key enzyme genes and 2 transcription factor genes

HH 4 Gene name

Ab 3 PN
Treatment  Days/d Pq-HMGR Pq-DS Pq-CYP6H Pg-D12H Pq-3-O -UGT1 Pq-3-O-UGT2 Pq-bHLH24  Pq-bHLH25
0 7.0440.08a  5.2240.2la 7.1740.0la  4.1340.16a  6.16+0.2da  4.5740.22a  4.4540.2la 5.82+0.23a
2 7.8540.07a  6.1740.14a 7.47+0.0la  4.224+0.16a  5.92+0.34a  5.2440.35a  4.65+0.26a 5.6540.22a
Se 4 8.3340.09a 4.7740.19a 8.3340.0la  5.43+0.2la  6.3940.37a  5.1440.40a  5.3740.29a  6.06+0. 24a
6 7.9740.11a  5.3140.21a 8.4540.0la  6.0840.24a  6.1240.48a  4.9440.44a  5.6540.34a 5.1140.20a
8 8.2240.08a 5.1840.2la 8.6640.02a 5.2740.2la  7.3240.45a  5.0440.45a  4.9240.31a  5.9540.23a
0 7.1240.08b  5.2240.18b  7.22#0.01b  4.25+0.17a  5.9140.23b  4.2540.2la  5.75%0.23a  5.16%0. 20b
2 18.53+1.38a 17.39+1.45a  9.5941.05a  6.05+0.24a  7.7340.84a  4.7140.18a  7.754+0.6la  9.52740.93a
Si 4 10.024+1.06a  8.9140.43b  8.5940.06b 4.8240.19a  6.5940.26b  5.37+0.41a  5.86+0.43a  8.82=+0.47b
6 7.4940.17b  6.2440.36b  7.4740.09b  3.18+0.12a  5.46+0.61b  5.6140.53a  5.1940.16a  4.65%0.18b
8 7.6740.11b  4.4240.17b  7.8540.03b  2.3540.09a  6.9840.35b  5.6940.33a  6.6840.14a  4.7120.18b
0 7.8440.07b  5.2240.18c  7.31£0.01b  3.78%40.15b  5.8840.23b  3.9740.19a  5.1320.20a  5.4240.21b
2 24.4442.47a 23.1142.52a 11.59+1.45a  9.68+1.38a  9.414+1.09a  5.934+0.19a  8.72-40.50a  9.7440.86a
S 4 12.2141.48b 14.26+1.33b  8.6240.02a  8.36+0.33b  6.4540.13b  4.7140.23a  5.58+0.53a  7.8140.59b
6 8.6440.34b  8.7140.26c 7.60+0.02b 4.82%+0.19b  5.9940.39b  5.4140.32a  4.4740.13a  5.62%0.22b
8 7.4240.09b  6.6940.26c 7.27-+0.13b  2.16+0.08b  6.0340.40b  5.5640.32a  5.0440.12a  3.9240.15b
0 7.0140.08b  5.2240.19a 7.2040.01b  3.45+0.13a  6.0640.24b  4.5540.22a  5.3940.2la  5.7740.23a
2 13.9041.55a 10.63%1.42a  9.5940.95a  7.5340.38a  9.7320.94a 4.3140.21a  6.3240.17a  8.7440.58a
Seo 1 8.2240.45b  8.8340.27a 7.4840.05a 7.69+0.30a  6.8240.52b  5.64740.28a  5.7940.39a  7.2140.46a
6 7.2140.21b  6.4140.25a 7.74£0.02b  5.25+0.21a  5.78+0.51b  5.3240.46a  5.86%0.6la  5.1940.44a
8 8.14+0.16b 4.5140.18a 6.44-+0.09b 3.59+0.06a  6.0240.72b  5.6240.43a  6.25+0.49a  4.28+0.17a

TE : R B0AS [ /N5 57 R 2 7 5 58 DY A [R] — 4k 3 4H AS ] RF 11 ) 3 08 4 A J 38 1k 28 5% (P <€0. 05) .

Note: Different lowercase letters in the same column indicate significant difference in the expression of a gene among different time points at 0. 05 levels in

the same treatment group (P<C0.05).
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