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Abstract: [Objective] This study focused on the effects of composite planting patterns of blue honeysuckle
(Lonicera caerulea), pigeonpea (Cajanus cajan), and scutellaria (Scutellaria baicalensis) on the resistance of
understory plants to low-temperature stress. The study also analyzed the roles of glutathione (GSH) and its
metabolic pathway-related genes in antioxidant defense. We analyzed the role of glutathione and its
metabolic pathway-related genes in antioxidant defense. [Method] We used intercropping and individual
planting to determine changes in H,O, and GSH contents, as well as the activity of antioxidant enzymes
(CAT, APX, GST and POD) under normal (25 °C) and low temperature (0 °C) stress. We further verified the
mechanism of GSH and GS72 in antioxidant defense by spraying GSH exogenously, as well as by
constructing a vector for overexpression of glutathione transferase 2 (GS72) gene and transiently
transforming it into pigeonpea plants via vacuum infiltration. [Result] Intercropping significantly increased
GSH content and antioxidant enzyme activities in understory plants. After low-temperature stress, H,O,
content decreased by 16.04%, 38.98% and 10.10%; GSH content increased by 7.63%, 13.4% and 8.85%;
and GST activity increased by 1.81, 5.37 and 3.13 fold, respectively in the intercropping of blue
honeysuckle, pigeonpea and scutellaria. Exogenous GSH spraying enhanced pigeonpeas cold resistance by
decreasing H,O, content by 19.89%, and increasing CAT, APX, and GST enzyme activities by 14.81%,
24.18% and 14.24%, respectively, as well as increasing GSH content by 37.48%. The H,0, and MDA
contents of pigeonpea overexpressing GST2 decreased by 10.10% and 14.73%, respectively. The GSH
content increased by 10.68%. The activities of APX, SOD and POD enzymes were significantly enhanced
under low-temperature stress. [Conclusion] Intercropping activates the glutathione-ascorbate (GSH-ASA)
pathway by increasing GSH content, which synergistically scavenges reactive oxygen species (ROS).
Overexpression of GST2 gene enhances the antioxidant efficacy of this pathway. Together, they enhance the
cold resistance of understory plants. This study establishes the theoretical basis for applying intercropping
pattern to cold-resistant cultivation.

Key words: intercropping; glutathione; reactive oxygen species (ROS); cold resistance; understory plants;
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Errbr, AR R TCA VA 1 mL X 45 28 #E47
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Tl 2 2k 2% vh W (pH = 7.0) K& 5 8 Y6 R 17 1) 2 mL
1 mol/L WA VAR & o
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IS E AR, FRELEE ST  0.05 g, g Y
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RS B 22 8 AR U %, Bl Sk R &2
2mL B OE . Bt E 2 mL 0.25% WK TBA KR
INELEN, P EERR 2N EPRE . 7T
B0 T BTN KB H B £ 30 min.
NG G, R B0 R B UK I AT A
H, DU IR RN . Frd e, # 08 B TR
10 000 g fI &5 0 /3 264 T B0 10 min. ff FH 4360
FETHLE 532, 600 nm T I8 & B0 RO FE
1.7 MENKEFRENE

T e B R R UK, BE /74 100 mL PBS(pH =
7.0) + 1 g PVP + 0.007 44 ¢ EDTANa. % T K2 H
A H B FREL 0.15 g ARG F, BIRE e H B
TR P, 8 I RS I N A 7 o B Ak R
Ko B KM AR ERE 2 mL BOE S, I 1.5 mL
B P2, FAR WA T IR &35 5) . E 4 C 615 °F,
P 15000 g &0 20 min, 5885, F FIE R 28
)2 mL B0EH, IRIELE 4 °C VKT H
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W e FEARL A2 4k
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1.9 RT-qPCR

RNA $2 Bl F i 8 s 24 AL 7= i A TR A
F$E L) Eastep®Super 1555 & 117, $EHUK RNA F
Fl All-in-One First-Strand Synthesis MasterMix Jx ¥%
%4 % DNA. f# H] NanoDrop 8000( Thermo Fisher
Scientific) K ¥ fli cDNA i & . i | MagicSYBR i&
A (CWBIO, F[E 1k 57 QuantStudio(TM)6 Flex
# 4t (BioRad, CA, USA{Y #% 1T RT-qPCR L4 .
PLTEES ACTIN(F: GATTCTGAGGATTGCCAGATGG
R: CCTCCAATCCAGACACTGTACTT)3E K Ny A 2
B AR 3 ANMEYSEE, T 270 Sk
TR, Fra 2 RT-qPCR 51015 1 Fis.
1.10  FHEHaE R BEREN

TEIERA SR, FEIARE GST2(LOC109792184)
) CDS J7 %1, £ vh ME % 5] 415 v X 36 Chttps://crm.
vazyme.com/cetool/simple.htmD) & 71 5| 4, H K6 2% 4F
SV R S o R BT AF B 51 8 B R R A
SI1VFE 5 WA 2.
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Tab. 1 Scutellaria baicalensis primers for RT-qPCR

FEA FWESI(5—3D TGP —5")

GST2 GATCTGCGTCAAGGCTGCTA TTAAGTCTGAGTGCCACGCC

GST3 GGAACGTGGTCTTGCCCATA TGAAGTCCTGCCAGCTTCTG

GST5 GCCCTAGAAATGGCCCAAAT ACGAAATAGCATTTGAACATAGCA
GST6 GGCCTCAACACTTACAGTTCC ACACAAGTACGACACGATCTTCT
APX2 CAGTGACGAGTATCAGCGGG TCGGAGAGCTTCAAGTGAGC
APX3 CAGTGGCCCAGCATCTACAA GCTCCTCTTGGAAGCTTCGT

APX4 GCAAGCTCATGGTGCAAACA CTCTCTGCCAGGGTGAAAGG
DHAR?2 GATCTGCGTCAAGGCTGCTA TTAAGTCTGAGTGCCACGCC

®2 GST2H) CDS B354
Tab. 2 Cloning primers for CDS sequence of GST2

519 FF31
GST2-F ATGGCTCTCGAGGTTGCTGTC
GST2-R TCAAGCATTCACCTTAGGGGC

NT SRR RIE B IEREY, A5 H
() 35 R 9 [ 31| pPCAMBIA2300 44 o 4 55 41 5k
HALF] GV3101 Bk . 75 10 mL 574 20 mg/L Fl4E
“F-A1 50 mg/L R85 Z 1) YEP(yeast extract peptone)
WARER IR B (YRKO B 37 7 & A H 1) 5 [ 2 k A
AR GV3101 4 . 2R )5, EA117E 28 € F LA
180 r/min ¥4 & $2 3 4 4 13~15 h. 7E ODgq 15 5
202 )5, ¥R B YRK 4 5% 5% % (100 mL),
7t 28 °C T LA 180 r/min HJ1E € &3 E K 6~8 ho £¥
ODgoo 1L F 2.0 J5, F s BS LWL B, WA B T
) BRI RS 9% 2 he R GANETON T B
1, 0.5 MPa E4%12i% 5 min. FICHE /KM ¥E, 3£
KGRI TR TH K 43, ARG L sE £ 2~3 d 5,
R LR Rk 5
111 SitAE

A BRFE R R IL BT R, E R BEMS
MR TTEST #6536, Fiit 2 5 W PRI A e Ar v :
p>0.05 KRAEE; 001 <p <005 KREE, 5
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Fig. 8 Glutathione (GSH) and GST2 genes promoting clearance of ROS to enhance cold resistance of understory plants
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