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Abstract: The regulatory effects of exogenous homogentisic acid (HGA) on plant growth, anthocyanin synthesis, and
the antioxidant system at phenotypic, physiological and gene expression levels using one-leaf seedlings of
Wushansimiao (R534) were studied to explore the role of HGA in rice salt stress response. The results showed that un-
der 140 mmol/L NaCl stress and treatment with 0.25 mmol/L HGA significantly improved the salt tolerance of rice
seedlings. On the 3" day after treatment, plant height, root length, fresh weight and dry weight increased by 43.95%,
60.00%, 41.86% and 76.38%, respectively, compared to the control without HGA. After 7 days of treatment and 7 days
of rewatering, the survival rate of seedlings increased by 56.69%. RT-qPCR analysis revealed that HGA significantly
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upregulated the key genes involved in anthocyanin biosynthesis in leaves, including OsPAL3, OsCHSS, OsCHI, OsF3H,
OsDFR6, OsANS1 and OsUF3GT. Anthocyanin content increased by 15.18%, 24.58% and 39.56% on the 3", 5" and 7"
day, respectively. On the 3" day, the accumulation of reactive oxygen species (H,O, and O,) and malondialdehyde
(MDA) content decreased, while the activities of antioxidant enzymes SOD, POD and CAT significantly increased. This

study preliminarily clarified that HGA could activate the anthocyanin biosynthesis pathway under salt stress to enhance
antioxidant capacity, laying a foundation for further understanding the physiological role of HGA.
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Mz (homogentisic acid, HGA ) 1 &2 2 [ it
RO R, AMUE AR S AT H S
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AR PRIBIR AR R AR B E YL S R N AR
AR AR U2 SR, HGA 7Ei%ad 2 b iy Bk
e SEMEESIIAE R, ik, A5 st

Ut HGA ALBE, 7 Hr HAEER DA T XK Fi 4l
AR RS b M AL R AW & O i
IR, HRAGAIR HGA T 30 AR BEHL
il 2 A IR Bt

1 MR5RFE
1.1 #7#l

KAE AR L 227 (R534) =317 = it
EROK R B AR AN PO R AL JKFEE IR 1000%
AHF B (pH 5.5~5.8) g H Jb 5t EER R A FRA
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97%, WA i3 se kAL RHE A BR AR, 4 hE
RUFEY) RNA $2HUAR] & DNase I (CW2598S ) 1t
FI R Ry 20 A BB e A A BR AN R 5 3809 SR S g
A& (CW3371) 4 H R o v e BE A W) R i
AR AFE; HPIEE T (anthocyanin, FAETT
) FEEMKH A& (APKLO2IM ) Iy [ IL e &
T TR ARA R ; NBT 4L (i (SL1806 ) Al
DAB %ty (SL1805) Wy [ JbE sk 1AL Hi f
R N (MDA) & &7 & ( BC0025 ) |
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1.2.1 3 T R B R E R BBR AL T xF 4h v A K
a%ee R KR REAR L B SR 3t K A 4l
XAV E HGA AR N R . R/ N—
B, BRI () BRI FP 48 h, 35 CAEEE
24 h, ¥ R ZFH BB NG FFHEFT 96 LGP
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M F2 W (CK) . 140 mmol/L NaCl (S) .
140 mmol/L NaCl+0.01 mmol/L HGA (0.01H) .
140 mmol/L NaCl+0.05 mmol/L HGA ( 0.05H) .
140 mmol/L NaCl+0.25 mmol/L HGA (0.25H) .
140 mmol/L NaCl+1.00 mmol/L HGA ( 1.00H ) ,
K 3 RER (BYEMRCY 1 REE, | A&
B 60 MRE ) o IR AM: GEWmER
594 umol/(m*-s), 28 ‘C FIGMANGSE 12 h, HRGE;
F% 12 h, MIXHEE A 80%, AbFE 3 d J5 e #,
T 2H H A BEPLE 10 BRI - bk & | BT i T
Frfe, FRAREERTRCONZAM SRR DR, hab
7dJE, HAWKEARK 7 d, BB L
RAEG , BAHEEE, ITRAEE R, A R=1FT5
I EU AL T B < 100%
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5 qPCR AR o FI FH SEH 2% 22 1 PCR ( real-time
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W R PAL3 . CHSS. CHI. F3H FIF i 5L
DFR6. ANSI. UF3GT WRikg, EE 3 Ik, X
A 278N g S g Feak i . qRT-PCR §7 3411
SR Z . cDNA 47 200 ng, SYBR Green Master
5 uL, EFWESI94 0.4 uL, JH ddH,0 #MERE
10 uL. PCR 51¥FHI WL 1. VAP : 95 CHHl
AP 10 min 95 “CARE 155,62 ‘CiHk 205,72 C
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123 #HMida T HGA st A ed 48 ¥Hh
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SAEMRAE) 435 E 530 nm Al 700 nm P

&1 gPCRHIZIMER
Tab. 1 Primer sequences for real-time PCR
S Em5IY (5-3") K514 (5-3")
Gene Forward primer (5'-3") Reverse primer (5'-3")

OsActin - TCTCTCTGTATGCCA TTCATAGTCCAGGGCG

GTGGTCG ATGTAGG

OsPAL3 CCGCTCCTACCCACT GAGACACTCAAGCAG
GTACC CGGAT

OsCHS8 AGGAGGTTAGGAGG AGCTTTCACACATCCT
ATGCAAAG CTGGAAC

OsCHI  CGCAGGTTTGTTTGT CGGATCGATCAAACCA
GTTTGC GCAAG

OsF3H CGTGCTGTCGTCAAC AGCAGTGTTCTTGGTC
TCTGA GAGG

OsDFR6 GACTGCGGCTGTTCA CCTCAGGATTGGTGGG
AGG TC

OsANS1 CACCTCAAGATCAAC GTCGACGATGAAGGAG
TACTAC AG

OsUF3GT CACGAGTTGCAGCC CGACGAACTTGGCCAA
GAAG GT

KA EEEAE . B8 R & 2R R0 & v
BRIty 96 FLARIN & A X BT, AR
3,

1.2.4  #Hphia F HGA 2 atet B 8 AL B #3547
#%eh B CK. S. 0.25H ZbF/KAE4LH, b
KBNS 3 K, BUKRELH M A8 744k
N AR I, A A 3

(1) 39 P AR A ol i e i Sk U
e (NBT) il 2 528 (DAB) Je a7 sl
KRG R AR B T H AL (07) it E LA

(H,0,) MR ZIE0 ", NBT Jeait, Jois
M B TAA NBT Qi iy 2 mL R4, s
AbFE 30 min, fF NBT Y s 2R AN A5,
HULff 12 ho DAB YL o), ¥t 7 & T34 DAB
P 2 mL R, BESABE 1h, RIGHE
37 CRFRAETP YLt 24 ho BHJS , Kr g Ao RE S E
95% L BE AW L L BRI R, IR B T oKUE
W2, WMEIFHARE.

(2) A8 (MDA ) & & filp A AL BTG 1 1Y
WE . 0.1 g M HIMAZ 2 mL BRFESE S, T
A 1 mL 10% =% Z W& (trichloroacetic acid, TCA )
VEWOREEEBR , 7 o i o 4 2OV A8 L v iR A 7 A
BE (35 Hz, 60 s) ; 8 000xg 4 ‘C&.> 10 min,
MDA i, SOD., POD Fll CAT i 434 FR 5
S UL B T
1.3 #iELAE

fli/ SPSS 27.0 b #AT S & 7 22 00 it

( One-way ANOVA ) , LSD /Lt frZE K, B
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MK P<0.05,
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Fig. 1 Effects of exogenous HGA on growth and survival of rice seedlings under salt stress
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LN OsPAL3 . OsCHSS. OsCHI. OsF3H Hi
TR OsDFR6 . OsANSI . OsUF3GT 458 %7+
AR, REZHE 12 h R5EHE, B
0.25H Ab 3 (E 530 3 = T S b3 (& 2) o

XPFAETE R AR L, PR B E
Y F 52 B0 4 B ) A AP . OsPAL3 AE 12 h Bij 0.25H
HF A BEEST S, f£3. 6. 9. 12h i
SR 80.95% . 97.98%. 60.56%F1 25.60%;
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Fig. 2 Effect of HGA on relative expression levels of anthocyanin biosynthetic genes
in rice seedlings under salt stress
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Fig. 3 Exogenous HGA regulating dynamics of anthocya-
nin accumulation in rice seedlings under salt stress
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Fig. 4 Effect of HGA on oxidative damage in rice seedlings under salt stress
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R T FEVS SR A Y38 1 3 R, A AL SR
SHEPEBT AL R SR SR T
PR BEFR A L FE AL W FL ) HPT ) mRNA /K
S B E T, R AR B A R K Ik 18
T AR SRR R, SR Bk R TR R
T FLFERS W FE N HVHGGT Al S0 2k 5l &
BT 4 4%, JF B IR 7 SR T SRR
EPENS et TR SE TR BERACHHE R PR
AR B A v ) B A

Bk B A BT AL A, R R R A R
SR AT R I UK D A A B R LD 2 AR
WY FRIRT- Ml . AP R, UMY HGO 57%
R FREBRBER, FECRN A YA GE i
HE 42 AL B3 T, $E8 HGA LR AT RE
FLA T 4 R R T B AR O 24 0K sl vk A R &
B AN AR UESE, FEAKRE— i — O A
I 0.25 mmol/L HGA, MY AE R A R b 2% it
R B30 % &) A AR C S 2 AR T AR AR
i . T M AEE R ), W B AEHE T IE R
KRR, SRR R, HGA R E K AL T
EAMME TR E R BRI, U
0.25 mmol/L ZUR F AR , 1M 3 /&5 ik BE( 1.00 mmol/L )
WIHCERAE . ARWFIEHENGE IR HGA 1A
RS AL TT R A U K LGSR BT ; 1 HGA
DPAT RE s A0 i ) A R g e T, B 1) o
PRI A5 HoAth 7y 3B AR 0 SF0 vl , SEE R REA
(i) 7= 1y 4 R SR 5 | & s A4y i) sl e 1 1 4 R 2

WHRZE N EENPUEMT, HAEERSE
HH ) R B R HE ) G i BRI A P ) S B SR . T
TR, BT REMT, ST RAKR(PC)
AR 1 A 7 LA O v AR 5 K i . o Al
ROWIHERES ST LA E R SR 3
ST W O RS TR AR S U . STy I
IbMYBI W) 55 5 1675 R G UAH S 55 R
CHS. DFR. ANS ik b, #HERZH S =T,
oL e BT RE SR R0 IR Tt 2
KA R TR vwMYBAG 4R T AT
WHE R AEY A IR BRI, vk 2]
PN AR AR £ R AR TR
WEHE . 7EERRA T, AMNE HGA ABEAR{UEKAE
MR R T R R R T RS R (5 3.5,
7 RN 15.18% . 24.58%7F1 39.56% ) , B
B, BRSO T AT R A NG
R (A OsCHSS . OsCHI) 5 Rk (4

OsANSI1. OsUF3GT) . X—ZBZgEs, 5
JERTFE SR T AR B ) R R IRIE R AL R
B HAWEN (PAL. CHS. DFR. UF3GT
&) B REEY SR,

ARG E— £ T HGA N SHTEIL
il o HGA VTG 6T 26 BUW [FIET, i b 2 15
THA Y IE LR (SOD) | i 4ELYEE (POD )
Lt A AL EE (CAT) B9 ME, MIIE & T HE i
2 (#HFZX) S5WE (SOD., POD, CAT) WH
Ui Be IR o X — P AL ] 2 st B 45 - i
()8 LA R o AT ABIFSE &I, SR AR H iR
S SO TAE BTG AETT B A Y R, o £
B SOD . POD % S 547 S A0 i I 1k 1 1 98242
DCRR 20 SO O SR A ) T A A 2
AL RS 1 s . Wi AR, SRR A
R —FA OO AR (5, RgE ) K
IR TR KRR AL T 2R A BGE I P R) 3 5 AR
PrEfL RS, M m . XN
TRAL T X R BT AE A 4 A2 3 A ARl S
PUawimi B R OV E RO B, R i AR TR e
FIFHYIAL ™ ek B AR A 1 R
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