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Abstract: Seed germination is a critical physiological stage in plant growth and development, with significant implications

for agricultural production. Tomato (Solanum Ilycopersicum), as a globally important vegetable crop, elucidating the
regulatory mechanisms governing its seed dormancy and germination not only enhances tomato industry efficiency but also
provides new perspectives and references for understanding the molecular basis of seed germination in plants. This study
utilizes cultivated tomato varieties and mutants in jasmonic acid (JA) biosynthesis and signaling pathways as experimental
materials to investigate the effects of JA and far-red light (FR) on seed germination. Experimental results demonstrate that
exogenous application of low-concentration JA (1 uM) promotes tomato seed germination, whereas higher concentrations (5-
100 pM) significantly inhibit it. Genetic evidence from JA biosynthesis and signaling mutants reveal that both pathways
exert inhibitory effects on seed germination. Far-red light suppresses tomato seed germination through downregulation of JA
biosynthesis, which subsequently elevates abscisic acid (ABA) accumulation, ultimately regulating germination. Further
experiments show that this regulatory process depends on MYC2, a core transcription factor in JA signaling. In MYC2-RNAi
seeds, the differential ABA content between far-red light treatment and dark conditions disappear, accompanied by the
elimination of far-red light-induced upregulation of key genes including SIDOGI (a tomato delayed germination protein
gene), SINCEDI (a pivotal ABA biosynthesis gene), and SIGA/ (a gibberellin-insensitive gene). This study uncovers that the
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photoregulation of tomato seed germination is mediated through JA signaling pathway-dependent modulation of ABA

biosynthesis, providing a theoretical foundation for crop genetic improvement and seed treatment technologies.

Keywords: Tomato; seed germination; far-red light; jasmonic acid
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Table 2 Germination of tomato seeds under different washing methods

#i1d #2d #3d ¥ad #5d ¥6d Bt
B B B KB B B B KR B B B AR B A B Wk ok
Abp /i KL /Hi 1R /i IR i SR A
Treatment Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Total EIGI ’ GRO
germination  germination  germination  germination  germination ~ germination  germination
number number number number number number number
0 13 8 3 0 2 26
H,0 0 8 10 4 3 1 26 0.696 88
0 10 10 4 3 1 27
0 17 0 0 0 27
HCI 0 16 4 3 3 0 26 0.796 89
0 16 10 1 0 0 27
0 7 4 2 2 15
HCI+
0 9 3 1 1 15 0329 51
Na,HPO,
0 10 3 2 1 16
TG 30,
Note: The total number of seeds is 30.
A b 4T AL T8 R TE R O R TR Y TA
10 = 1007 L AT & OPDA [ 7K F- X 2 B 1K (& 4B-C) , Tl
%038 | g 804 ABA 7K ) 25 38 T (] 4D) , 3= B 20641
ﬁ'gof,_ ﬁg 60 - ) A o B SRR R 5 B, T (2 2E ABA 5 B
S SR B 33K 1 W28 4106 T RS RIS JA KT 2
5 T g ABA WFK T IR T 0 ABELIA 102 i
12, ABA & & AE 3 il R 3 R bk B Ok B
v " 1
* «2»0\ QOD‘ A \29 ‘MQOD‘ o-|+-H— £ f== A = -
& o 25 FFARBESEEESESTAAFIERIPT
N W% HoIt g
B 1 RRSEAT R BER T R R RN R o U
Fig. 1 Germination index of tomato seeds under EREREY, KHEIEE TS 5@t
different washing methods AT R B AR H BARLR A . N
I AT i ; ; RTESN \ N N
g R 00 AR IS B TR, AR DL A AR
Note: Student test, *P value < 0.05; **P value < 0.01; %EP MS82 %E?ﬁiﬁgxﬂ' ﬁﬁ ’ Wﬁ%%ﬁ@?ﬁ %%*Z'D Uﬁ ?ﬁﬁ‘l
" P value <0.001. T MYC2 [ RNAI YUBRBR 3, 065 2 4t b

(U P A D A ROR (E 4A) . SR Rt AR B IR RIS A Py YRR ABA 5 i
50 UM FI MeJA 2T th 2 B T g ame e 3T TI00E, 45 R s Rl 6 . WAL,
FH , T 45 B8 12, [RS8 00 50 uML [ MeJA flie B EZLOG S 3] 1 By 48 BB B9 &, (H3 T
ST 56 kb TR, BT R SR 0 M0 AR E g BRI MYC2-RNA R T (A 208 2 B (B 5AD
(E4A) , B EFIR SR SR Fag k. RUIMYC2 TS , I 06X M B A (i 2%
I FR H O] BEAELE VR R IR - b IGO0 N N 1, 51 i T 2 2

KT BRI R T R A, ARG M82 M MYC2-RNAi P15 BB WG A 21 6 4644 1
W& T I e 46 PRI ERE 6 E FH R 1-5d i BRI 1) SINCEDI 22 () 35 K, 45 R BoR
FlF, RESE TR AR T 14 OPDA MIABA 25N MYC2-RNAi Ff 7 b SINCED1 3£ [N %5 /K- 5.2
BSFEIATIE . SEBAMF TR RAME, & TEARESB), 528 &5 thiz 2 6k
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Fig. 2 Effects of jasmonic acid on seed germination

VAL RN TEAN R BE ST R FH AL PR BT R FE . BT R F L RIE 35S PSIIHTR AR CARFIER G RASAK jI1 (¥
RIEE. EALLO nMOAXHIRHEAT £ B a b e Bom PAE<0.05. BB I C N LIS H#E4T 2 7 3B /04 P<0.05; ** P{<0.01;
% P{E<0.001.

Note: A. Germination index of tomato seeds treated with methyl jasmonate. B. and C. Germination index of 35S::PS and j/I. Fig A
used 0 uM as the control for multiple comparisons, with letters a, b, ¢ indicating P values <0.05. Fig B and C used student test for
significance analysis: * P value <0.05; ** P value <0.01; *** P value <0.001.
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Fig. 3 Germination index of seeds when jasmonic acid signal receptor mutants and transcription factors are silenced
A, B, CHM BN TA ZARTAE jail , JA S TR E 5 KT MYC2-RNAi , JA2L-anti ANEF AR W HTRIGHL. IR IE T2 7 B
ST, * PAE<0.05; ** P{E<0.01; *** P{g<0.001,
Note: A, B and C are the germination index of jail, MYC2-RNAi, JA2L-anti and WT, respectively. Student test, * P value <0.05;
** P value <0.01; *** P value <0.001.
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Fig. 4 Jasmonic acid and far red light have synergistic effects on regulating seed germination
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GG AT 25 5 B 3E AT, * PAE<0.05; ** P{}<0.01; *** P{}<0.001.
Note: A. The germination index of tomato seeds in FR or MeJA condition. B., C. and D. the JA,OPDA , ABA content in tomato seeds

in 1-5 days after far-infrared treatment. Student test, * P value <0.05; ** P value <0.01; *** P value <0.001.
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Fig. 5 The inhibition of tomato seed germination by far red light is dependent on jasmonic acid signaling pathway
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* PAE<0.05; ** P{E<0.01; *** P{<0.001,
Note: A. The germination index of MYC2-RNAi and M82 with FR or dark. B. The expression of NCED/ in MYC2-RNAi and M82 with

FR or dark treatment. C. Content of ABA in MYC2-RNAi and M82 seeds under far-red light treatment and dark conditions.Student test, ns
P value >0.05;* P value <0.05; ** P value <0.01; *** P value <0.001.
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* PAE<0.05; ** P{E<0.01; *** P{H<0.001,

Note: A and B the expression of GAI and DOG in MYC2-RNAi and M82 in FR or dark condition. Student test, ns P value >0.05;

* Pvalue < 0.05; ** P value < 0.01; *** P value < 0.001.
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