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Abstract: [ Objective ] Early rice seedlings are prone to low—temperature stress. This study explores the
regulation of the physiological characteristics and molecular mechanisms of rice seedlings under low—
temperature stress by the broad—spectrum chemical inducer B—aminobutyric acid(BABA).[ Method ] Two—day—
old rice seedlings at the panicle differentiation stage 11 were treated with 0.04—1 mmol/LL. BABA via root
irrigation , with water treatment as the control (CK).The seedlings were subjected to cold stress(8 °C)for 7 days,
and the seedling growth was assessed after 7 days of recovery at normal temperature. Changes in antioxidant—
related enzyme activities and resistance—related substance contents from 0 to 6 days of cold stress were
measured, and transcriptome sequencing was performed. [ Result ] Compared with CK, 0.2 mmol/L. BABA can
significantly promote the recovery growth of rice seedlings after cold damage, increase the activities of SOD,
CAT,APX,GR,and DHAR one day after cold stress,reduce the contents of H,0,,MDA,and Pro,and increase the
contents of AsA and GSH.Comparing the transcriptomes of BABA treatment and CK under cold stress for 6 hours,
3 days, and 6 days, a total of 2 616 differentially expressed genes were identified, of which 1 053 genes were
upregulated and 1 563 genes were downregulated. GO biological process analysis showed that the differentially
expressed genes were enriched in stress response, diterpenoid biosynthesis, carbohydrate metabolism, oxidative
stress response, and other categories. KEGG pathway analysis revealed that the differentially expressed genes
were significantly enriched in secondary metabolite biosynthesis, phenylpropanoid biosynthesis, plant hormone
signal transduction, and MAPK pathways. Further analysis of hormone-related differentially expressed genes
showed that under cold stress, BABA can transcriptionally activate ABA signaling while inhibiting JA and SA
signaling.[ Conclusion |BABA can enhance the antioxidant capacity of seedlings under cold stress, and regulate
the expression of genes related to stress response, hormone signaling, and secondary metabolite synthesis
pathways, thereby improving the cold tolerance of rice seedlings.
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Tab.1 Effects of BABA treatment on growth characteristics of rice seedlings

AbFH/(mmol - L") ¥R /em Hb I 6 F /mg T fif # /mg # T H/mg N T H/mg
Treatment Plant height Shoot fresh weight Root fresh Shoot dry weight Root dry weight
0(CK) 20.38+1.580 59+8.4 22+5 26+2.9 15+1.7
0.04 20.51+2.060 60+14.7 27+6 29+5.7 17£2.7°
0.20 20.95+1.580 78+17.5 41+8" 34+5.17 25+6.1"
1.00 20.56+1.300 69+10.3 33+4" 30+3.1 21+2.5

*FR [ 5 CKXTEE P<0.05 KR it 35 25 5, o+ R [ U 55 CK X EE P<0.01 K R i i 38 22 5%
* indicates a significant difference at the P<0.05 level compared with CK in the same group, and ** indicates an extremely

significant difference at the P<0.01 level compared with CK in the same group.
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Fig.2 Changes in the content of defense-related substances in rice leaves after irrigation with BABA

2.4 %E%&a‘iﬁﬁéﬁ

V& 5 KRG AN B AT S 2R Y, 2 AN R 3A TR, 48 i N 6 h i, 25 55 3k L IR i B ke
%7711/\,&43 248 Fl, 463 4T U5 ¥R JHE O 3 d I, 22 SRR SR B B o 1 6181, Horb 6554
VH, 963 AT R a6 d B, 25 5 R IR B B Ry 287 A, Hrb 1504 LA L 137 A4S TRl it
— A Ve W T BABA P45 K A 4l 1 v A B Rk O =0, K 3B AT, GO 5 G1 A 134 A [ ik
K, G15 G247 97 MHRIFEA , G0 5 G247 36 MHIFIFEE N, GO G1.G2 A7 14 456 K 28 SUAHA] o



16 - RN AN I 3 4 48

A 1800 B G2
1600 f— LS18
L All
1400 - Up 168
ﬁ »n B (100)
=B 1200 - Down
g i
oo 1000 — 963
58 T
®G 800
2 - 655
@a 600
400 -
200 | 150 137
: 1 ' 1 I I ]

CKVSBABA(6h) CKVSBABA(3d) CKVSBABA(6d)
AR Pp3E IS Ta)/d

Duration of cold stress

A DY G LR R D K A% R D AT B 28 5 TR Venn 81, GO 2 CK_6h vs BA_6h, G127 CK_3d vs BA_3d, G2y CK_
6d vs BA_6d,

A shows the up-regulated and down-regulated genes after cold damage and sum of genes in each group ; B shows the Venn di-
agram after cold damage , GO is CK_6hvsBA_6h,G1 is CK_3dvsBA_3d,and G2 is CK_6dvsBA_6d.

K3 ¥ IE KRR A i 22 5 A AL K B
Fig.3 Analysis of differential expression genes in rice seedlings after colol damage
2.5 BABAREFEEZEFZREEREMINEERLRME(GO) ST
Nt — 24578 BABA AL PR 22 S IR I N IR , 0 18 3 5 I PP BE AR A 7 1 B (16 4) 8 B0 2R i

T (biological process) . GO & 44T B, BABA A B 22 7 5L AR A Wi B2 0 S Hh A 139 GO Rk e

Response to stress - .
Diterpenoid biosynthetic process{ @
Carbohydrate metabolic process 4 .
Reductive pentose—phosphate cycleq4 ®
Response to ethyleneq4 © —logio(P value)
Response to cadmium ion4 @ :
Response to oxidative stress - . 4
Cell wall macromolecule catabolic process4© 3
Mismatch repair4 @
Hydrogen peroxide catabolic process - ) 2
Photorespiration 4 @
count
Systemic acquired resistance 4 ® & it
Protein refolding4 @
Chitin catabolic process 4@ : jg
Response to water deprivation - (@] . 40
Fatty acid biosynthetic process - D . 50
Protein complex oligomerization 4 @
Abscisic acid—activated signaling pathway &
Lignin catabolic process { @
Response to salt stress - &
001 002 003 004

Rich factor
K4 GO R
Fig.4 GO Enrichment Analysis



5513 Wi oy A 20 T 2 R 7 5 SR L AT B T R T K R Al i P 1 < 17 -

FEAE(P<0.01) ;i — Lot AE W b B2 B AR R IE I E 900C R Rl AL, (IRIR B T BABA {2 #E 7K A5 4 1
AR T A e N G AR YA R R KA S A AR R 2 B SO AR I SRR S A AR
X R AEARIR NG T KL T 1 0 B A 0 A i B DA AR IR R 28 4 B i (IR A B % Al
K .
2.6 BABARERFERFRIEEELEYIERKEGG S
i ot KEGG s 2 0t 22 5 32 18 56 D [ AT B (181 5) W B e A 122 Jkal i, F 28 48 TR
R E 8 (ko01110, 150 4) N R AW 88 (ko00940, 414 ) FHI E A5 514 F (ko04075,35 1) |
MAPK {5 51 % (ko04016, 24 1~) . a— W R R L (ko00592,8 1) o ZiA GO 5 KEGG 2 Hr 45 5, M
T AE K AE L PR HLE I D FE R G B, 2 — 2D XS AR ) R 3 % L (ABA (JA \ETH .BR . SA ) AH 3¢ 38 [H] i
1T BAR S HT o
Biosynthesis of secondary metabolites
Metabolic pathways
Phenylpropanoid biosynthesis
Plant hormone signal transduction

Cutin, suberine and wax biosynthesis

MAPK signaling pathway - plant

Flavonoid biosynthesis | 10 P value
Diterpenoid biosynthesis b 0.04
Fatty acid elongation . 0.03
Protein processing in endoplasmic reticulum 2 0.02
Amino sugar and nucleotide sugar metabolism [ o 0.02
Brassinosteroid biosynthesis |+ . 0.01
Biosynthesis of secondary metabolites - unclassified |+ 0.00
Cysteine and methionine metabolism .
Carotenoid biosynthesis I

alpha-Linolenic acid metabolism [1s
Monoterpenoid biosynthesis b
Nitrogen metabolism s
DNA replication [l
Ubiquinone and other terpenoid-quinone biosynthesis [l

0 20 40 60 80 100120140160
Number of genes

K5 KEGG &4

Fig.5 KEGG enrichment analysis

27 HBERESESHH

2 BABA VS EALFR IS , N TR (ABA JA (ETH \BR \SA) [ A B A F , 3 [ 48 = /K A8 4 i o v 1k
(F2), ABAEPET, OsPYL 5 PP2C K15 K (0sPP108 . 0sPP2C09) i 3 T K iU 136 -4 , PP2C )
S ABA 15 5 t7 45 B T 3 2ok i PR VR R 54 60 ABA B 7 30 AT IS ABA W TC A b S SR T
ek COR FEH ik o ARG M (LOX) /2 JA A=Wy iy A2 i il , LA D] 52 b i 3, i ad il 48 JA 5 A,
B BURERE JA R AR 5 KRR L i 7 AR AL B AR, (RIS OsJAZ8 3% LA 254 OsMYC2 11 F i, & I
B T JAfE S R ORI 2 T O JA A 0 A K S R AT . ETH I B, 0sACS2 , 0sACO1 46
A KR i OsERFS7 KL [H () F 1 , ] fig 42 BABA #H] 1 i5 Wk JF ETH, S5 BOUK R Az (K30 ) F: F- 2%
fbo 52 MR, BRIE MR EJHBSE, OsDWARF , 0sCPD2 554 8 5 N 764 35 I 1) 8 2% O, i it
BRALZEIF SR 715 5155, SATEIT, OsPAL ,OsPRIa FE R 52 25 AL 0k , (BT 40 i 1) % 905 55
e, ok 2> Aty 1 AH G S T RE L B B URAR TP N XV B o 4 b, BABA B i R A R gAY SR
WS ABA BRAG5 , #H ETH JA 55, 0 SA (55, JE N IR R U [R5 4 , DA 5K A 407 15 V8
TN g



18 - RN AN I 3 4 48

R2 HMEBEBSW

Tab.2 Hormone pathway analysis

#F SHBR EARS log(B6W/C6h)  loga(B3 d/C3 ) loga(B6 d/C6 d)
Hormones 1D Gene symbol
i 74 R (ABA) 050720282300 05404 0543524247 | 1354368518 |  0.364474401
05070281700 05403 ~0.158918438 | 1.264462648 | 0.674794779
050320297600 0sPYL 0456543315 -0.695332866  -0.049229458
050320268600 0sPP2C30 ~0.053598987  -0.572142391  -0.610678493
050920325700 0sPP108 ~0.095359899 | —1.281944879  -0.7990597

050120846300 0sPP2C09 0313501693 -0.596511948  -0.66966709
FATRA) 05030700700 0sLOX1 0.042113808  -0.526606216  —0.067950533
050820509100 0sLOXS ~0.827087728 0.164768714 0.188566471
051240559200 0sLOX11 0.529933975 0.123282522  -0.070154029
050720615200 0sJAZ7 0220135257  -0.645315736  —0.244946903
05090439200 osjazs [N 1i353240858 | -0.243248182 0.701135789
050320181100 0sJAZ10 0112369494  -1.058392591  -0.207281865
051020392400 0sJAZ12 0.169565017  —0.686543808  -0.059347126
051020575000 0sMYC2 0103511989  -0.659549142  -0.040415377
2% (ETH) 050420578000 0sACS2 1123830935  -1.290043196  -0.112791059
050920451400 0sACO1 -0.135264812  ~1.032055008 0.140318292
050320700800 OsEIN 0.294906978 0.919879184 0.350835045
050720685700 OsEIL2 0.195064254  -0.657213843  -0.263646193
050920572000 OsERFS7 ~1.116391937 | =1.747250432  -0.876333669

SRR KB (BR) 0s01g0388000 CYP734A6 -0.465237214 -0.301693177 -0.9834755

050320602300 OsDWARF ~0.019193356 0.377966161 0.690592121
051250139300 0sCPD2 ~0.375874915 0.248720125 0.633872246
050920293500 0sBRLI 1.110287659 0.837843325 | -0.017873169
HKAARR(SA) 050220626100 0sPALI -1.234971233  -0.1491995 0.493822686
050220626600 0sPAL3 -0.649708864  -0.181193473 0.374173186

050420518400 0sPAL6 0375851521  —1.090839422 0.19237626
051220520200 0sPAL9 0204314620 | -1.373547075  -0.926114621
050120382400 OsPRIc ~1.062279267  -0.68133703 ~0.413170833
050720129200 osPria_ |NNCOMMBOTMBOINN  -0.608562764  -0.080382998

FARPARLL N B AR EE R N, AR R/, B6 h/C6 h /<12 188 6 h i BABA 4bHIL 5 CK A& K 1k 7KF
Z M, B3 d/C3 d R R A 3 d i BABA ZbEE 5 CK AL R IA/KF-Z L, B6 d/C6 d /R iR A 6 d i BABA A5 CK
FEFRIBAKZ 1.

In the table, the red—marked items indicate an increase, while the blue-marked ones indicate a decrease.The color gradation
represents the ratio size.B6 h/C6 h represents the ratio of gene expression levels between BABA treatment and CK at 6 hours of

cold stress, B3 d/C3 d represents the ratio at 3 days of cold stress,and B6 d/C6 d represents the ratio at 6 days of cold stress.
3 i i
3.1 BABAKREE/KFELSEHEEMMNTH

AR IR 38 J5 K A e B AR A AT P4 S WK AR Al e 40 A A B HEUR A 20 5 A MDA (H,0, 0 ARER 1 4
A= BRFE AR , MDA S NG b Ak 71 , s e 200 6 J5E 52 A A A0 P PR B2, MDA 5 5 2 e T A4 L P 45 g R 5 3
AN D RE LR, 7E 0~6 d I, BABA 23S i MDA 5 H,0, & & X% T[R4 CK, i W] BABA 35 i 4K
TR R G0, N H,0, 75 B , P H,0, U5 Sk 7= A2 [ DL Pro A 3R A5 5 I/ 5 I 2K F IR CK, ti5i B
BABA "] LI AL BT IR A , $2 R K R 4l B BUvR RE 0. GSH 5 ASA TEAE B fT A ML RGUE O AR
H RPN A S PIEPTEAL R TS BR T i ROS, R R G G H RG AL 0,
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SOD JEHU ARG R GL 2R — BB Lk , 11 DT I BRI B ™ A i 40 ) Pl 2, 0 Pk AR Ak B WA ) 32 Tk 1 2
B R 2 I, Ab 2R ) T IR CK, BARE 38 22 5, UEWTTEAR BABA W LUBUR KRG 401 i 76V 35 1
() A IR EE 1. CAT APX BTG PELE 1 dINHE T CK, U AbFRZH A BABA 48275 T B8 L fE f1 , 7275 4
it i H,0, IR ] — @ /E ™, 5 ARMER BABA 1Y CK A HE , 330 J LA BG4 0948 fh 2 R B 38 K i 3, 1 i
BABA 7E 34 5 A P BT AR 18 7 1 A — 2 3UR . GRS DHAR VMREIWE T, 2 S Rebi S0 19 B 2L il
GR 5 DHAR #1557 [RIH CK, e [F) PR 47 /KR &Iy i -S4 0 32 20 M AL At 5 . 2 1 o o B Ak T [l
W1 CK, iU BABA 5 T n s M 26 (B A AL 22, B0 0 5 1 BTG MR AERFRE T o AT & B POD K
AR 8 T = A2 9 1,0, 43 H,0 A1 O, 38 AR5 47 , O i i, TR] i 2 5 ik A AR i A
ART R BRGS0 5m 40 e HURR B, 32 R K AR Qi B M . PALAE AR DI e A i) S s il , L9 1
A S VEYI PR 2 UIAE G, AR50 PAL SAK T [F CK, 3X 53ER s S AR L, K B BABA ] fig 38 2o ]
Y B YR AL , ke YR A BERE , A rh YR N X IR MM AE | DT B e 400 e BE i AL
32 BABAREBEKBLHEERATH

L SEAUVEE T e T L kAR 2 616 P22 AR LN W AT on KRS 25 Sk
KR 2 6 SR TE ik 254 W) & A (diterpenoid biosynthetic process) . MAPK {55 5 i i (MAPK signaling
pathway ) . a—JF RIR {1} (alpha—linolenic acid metabolism) AHY)#4 Z 15 5 1% F (plant hormone signal trans-
duction ) 55 51 2L % I

TR A R K R A TR e OGR4 Ve F S, S AR W) B i B OsKOL4 A5
DL B 25 S, T 5 R R X 20T, BABA - S i 26 AR W U R ELAE L R RT3 s K AR 4l B A
BE. OsKOL4 St 40 il (0 PASO BN A CYP76M7 AL ent— I FEAZH6 C—19 R R Ak, 2B il i 251k
B, HAEAL =it — 2 25 OsCycl Zit () [R] [l fof LI AR BE TR 5 1, 25 T AL Z RS2 E] (momilactones )
A B HIFE R YA, 2T il momilactonesA/B Z5 B BEARAR 2, 30 H AR 40 MO IR R B B AT LT
TEPUV SL R A 2Rk A2, DI R) 45 v ARG 4 1 el M, S /KRS o X1 305 W 30 Fhy o0 82 < R YR B A J ™
£ MAPKG# % T, OsEIL2 /5 2R 22 3453 A6 8 1 U0 (MKKK-MKK-MAPK ) ) SC 845 550 B8 7 A
(W) BEAS S A0 A A 24155 3805 WRKY \bZIP 2556 5 7 42 1 COR & X 5 Bt 4801 il 6 DX i) 26
Ko o= R I3 VE S 45 BN B8 98 5515 5 o AR R SCBE AR, 2P R I, oo W BRI AR 143
A CIEIN OsLOX7 . 0sOPRI Z5 2L B B3 22 5 . W OsLOX7 i IR S8 A i (LOX) , iz il v] Ak 1 4201k
Ak — A AL TN S OsOPRI W 2 9wt 1248 — A8 M) — IR TR 5 G , B S0 JA 5 S 1L 51
YRR, T JAVE A EZL R R |, BERS BOE T URPTA L I 3235, TR K Ra 4l i 0 B A8 s 1, e 4S8 R 1
S35 D B BRI RN

TERYIS R 5 5% S s b, IR Z R P R A, L RA B P i 45 . ABA S I, 05403 3
PRIAE 3~6 d B 9] 3k R R, AR 05 7K R &) v Sl A A, 9 /D /K R &)y i R 3 SR 82 403, 1 OsPYL
55 0sPP2C 4 F WL PR 235, BRORTIE 335 55 0 17 i 8l , SOkt S B2 SE0TG ABA L S KR4 i B AR K. JA
R, OsLOXTT IR BT 4 30 JA B IS B AR 2R, 1T OsJAZ SR I 53 J-E P DL 98 =, Dy
TP AR R A AR B AR M | S R BB, B COK AR A AR R IE R A K . ETH
i [ 3E 2 R I OsACS2 R N FF- OsERFS7 35 H Y 2235, /0 I ETH 2 B B 52 3 350 A6 K45 i, [l
OsACOT J5 ¥ LR, 22 T 4ERF L A5 5, i IR R Z 5 518 5, ROV IR 30 . BR 38 i AR 5
OsDWARF 1 OsCPD2 J5 1] 1 ) J& Kl 32 35 SR G 5 I = 3R N TR 6 B, S M v 3 XA K py 4] . SA @ g,
OsPAL ZGEFE A 2430 323k, 33X 5 a0 SO A A BEAIL T AR AT , 82 T 08 56 DA, 4 40 R 9 U050, DA 38 s B X
RIERE ] o IR PN R A S A BB, 7608 R R B B AL [RIA A T 8 B AL

ARHFFE I AT H AR AR R BRAR AR L SR 4L B 3 BT IE S AR, IR 45 SR LA AT, 5 CK A L,
BABA il o 5 bk i L E T A X, W EL R B BABA 42 FH KRG LB 1 5 R s b 4L
RGBT . S5 R B AT, BABA £33 55 3 BR(OsDWARF .CYP90A4) 4 7% ABA
(0sA03) , 10 JA(OsJAZ10 ,0sMYC2) %5 T7 =, B B RN 0 e B4 o A0 — SN g 2 Ath . — %A
FREZIRE , JEAT 7 B 5 RV SR T RIS s — R0 20 BABA ERR S IR Rk i
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4 %

=R

IR 3 8 2 P R K R LE AR (HE e AR BABA REA AR Sk R4 it P A L BES E , PR I8 05
AT 5T Pro (195 L B S /P - i 5, AP L 0.2 mmol/L BABA 4k BUSCR fre A7 2004 5
KBS e AEARUR R T RO v, IRl i R AR5 (ABA JJA) U5 h30 25 1 LA R B2 1 6 A, i 262 3
A3 FAL L I P AL A, T LADSUR v 35 06 K AR 4l ) AR AR, fe R R gl i e & R IR AR R . A
WFFERI A7 175558 BABA M58 K R A v 1 , WFFT A5 R al K RS v v i Al 7 S 4R SIS AR I .
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