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The effect of overexpression of 7C1A4 gene with MATH domains

on plant drought tolerance

SHI Han'3, ZHU Wenjun'3, XIAO Mu?3, RUAN Ying'?2, LIU Chunlin'23"*

(1. Key Laboratory of Crop Epigenetic Regulation and Development, Changsha, Hunan 410128, China; 2. Yuelushan
Laboratory, Changsha, Hunan 410128, China; 3. College of Agronomy, Hunan Agricultural University, Changsha, Hunan
410128, China)

Abstract: Using wild-type Arabidopsis thaliana(Col-0), TC1A-GUS, TC1A-GFP reporter lines, and two independent
overexpression lines(OE-TCI1A#1 and OE-TCIA#2) as experimental materials, we first characterized the expression
pattern and subcellular localization of 7C/4—a previously uncharacterized MATH domain gene in Arabidopsis. We then
performed integrated phenotypic, physiological, transcriptomic, and hormonal analyses on wild-type and
TCl1A4-overexpressing plants to elucidate the role of T7C/A4 in mediating drought tolerance. Subcellular localization
revealed that the TC1A protein localizes to the plasma membrane and nucleus. Transcriptomic analysis indicated that
genes differentially expressed between TCIA4-overexpressed plants and wild-type (Col-0) plants were predominantly
enriched in stress response and hormone signaling pathways. The transcriptional level of T7CI4 was up-regulated under
drought stress, and overexpression of the 7C1A4 gene significantly improved the drought tolerance of Arabidopsis plants.
Hormonal profiling revealed no significant difference in ABA content between overexpressed plants and wild-type plants.
However, the level of intermediate product 12-oxo-phytodienoic acid(OPDA) in the jasmonic acid synthesis process was

significantly increased in 7CI/A4 overexpression plants, suggesting that 7C/A regulates drought tolerance via OPDA

i HHE: 2025-01-13 1&EIAHA: 2025-10-16
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signaling rather than ABA signaling.

Keywords: Arabidopsis thaliana; MATH domain; 12-oxo-phytodienoic acid(OPDA); drought resistance; 7CI14 gene

MATH %5#438(meprin and TRAF-C homology
domain) & % IR B [ F1 M8 YR AE IR 732 1R 56 IR 7
(TNF-receptor associated factors, TRAF)ILA A 4544
B, HINSCPTRIpAT S A, EMATHEZS
HERAZS SENEEREZ R, &5 Rk,
A KMATHE IR FEE TS, e
2 5REEMEAR . RS, i A
Y IhRestsis . SRR, ZMHEY)
F IR 40 v 359 A7 A MATH [ J5 3% IR, 491 4 481 g 5
(Arabidopsis thaliana). 3TN (Brassica rapa) .
H1& (Medicago sativa)F17KFE(Oryza sativa) 35101,
E3VZ ZiEH: M BPM/E—FIMATH-BTBZE [, ‘B RENS
Y E372 & % $ i 41 43 Cullin3a(CUL3a) 1 Cullin3b
(CUL3b)Z B TE MIRBX I G4, I8t MATHE, 4
AR (02, BPMZK (il i MATHZS sl 5
g A S PR A HE AR EAE T, DTS i B
HEE RT3, MABL2—F HAAMATH-BTB
LEMPIREH, TEEK(Zea mays) A FEAME R FI
NGRS RIS, PRI R 5 CUL3ald K
&3] 8 A KatanindE FEP60 & AE A HAEF, FHAEN
#4785 1 (adaptor protein) & FEZALL T A SR 4043
L8 ¥ £ MEL-26 [ /E FI04 . ZE LB o b,
MATH-BTB/POZ & & ¥ 7] /v 3 E3 2 R % % Ii§
CULLIN3 5 %% 5% [H -7 AP2/ERF(APETALA2/ethylene
responsive factor)[A]AH EAEF, M7 2L 1 BT AHR:
SVEREfETRERR IR & g intS), I4h, MATH-BTB
H IR BB & mAE T ATHB6®!,

TEALRE T RIS I HE R 4, MATHHER 0%
AL 6T, o — W (D) B AT Ml AR A 45
i, HAHERE B bt 21 FP AU 440 BRI B 2 UMATH
SERI, TG A R AR S0 FE R T
Wi, AtTCIA(AT2G25330) )& TMATHZ % (1 55 1L
W, ABERIINE P AR 5 i A= )27 Hi e H A T
AT KB, AITCIAMRIEFER 2 5 o7
() S e S ApgE s, X T 2R
IKTCIARERRIHA TRAY ST | A PSRRI R K
SRR AR SRR 3, BRI MATHES

FIIEN TC LATER TR T2 VR, VR 52
MRS

1 #MRIEREE
1.1 ¥

B4 R FE ST (Col-0) . TC1A-GUS. TC1A-GFP
it ik bk ROE-TCIA#I . OE-TCIA#23 RG4S
VeI TG s 5 &k B B S e = et DA A
IR FT Col-0 %5 HEAA L
1.2 &
1.2.1 35HEM8

WA F T 5 . J2 LR = K Y
3R, 7E120 pmol/(m?-s™), (22 £2)°C. 16 hEHE/
8 hEmE A K E iR K,
4 & it S T 69 CUSLE LR AL 3 4 & Fn
GFP % & I 4m JoL % A=

EIEHFARKZMET, HATCIA-GUSEKIAE
MEEILDR A R4 (12 d). M. AEFRIEHEFTGUS
HEUbgefa, TAHSHRE SR TGUSHK
i, LSS SR S AR, T37°C IR R
w, D24 hig, H70% L, BRI B
BMODELC-BD230(Nikon, H A%)E47i£18-20]
B4 A 35S )8 3 73K 3l (1 TC 1 A-GFP 22 SR HE 1) A T
T SR A FC AR (Nicotiana benthamiana)M i,
P EHIBRR A48 hm, MIBURET H eI R A
TR (LSMS80, Zeiss™, fliE) T i 4 a2,

1.2.2

1.2.3 RNARBFe 520 52 562 2 PCR

R FHRNA IR & (98 22 M5 2B 7 A BR A
A, RN R ST 4 BRNA, RNAZ RevertAid
First Strand cDNA Synthesis Kit(BX#{Fermantas/\ )
) & S S ieDNA . {#FICFX96 Real-Time PCR
System  C1000 Touch Thermal Cycler(Bio-
RADSingapore)#ISYBR Green Master mix (Applied
Biosystems, Z€[E )47 3LA}E #PCRY 1, B
AR E L . 95 °CHZEME10 min; 95 °CAEHELS s,



38 W RS A K2 2= i (B 2R B i) http://xb.hunau.edu.cn

2025 410 H

60 °Cil k15 s, 72 °CHEAH30 s, TLAO DGR, FH2-24¢
R AR XT kK, DIGAPDH ANZ:, 3IKE
52, PSSR DS EEPR R 22 (SD)FR s o

FF i if 4L B2 e Ak BE A8 AT BB E MR
(ROS) #9R 22405 4 &

F2WHALLTE . fFOE-TCIA#IFOE-TCIA#25:t
FIRME R 5 Col-OM R 25 ~ 6 B, 14 dARBE
K, 14 dJEHEKL dEHARE,

A FRFEARINAE « SRR3R 2 vl (iR s Asni]
b, EAERE . N T EE(MDA) . N ERER AR
i, ZMAGAERW L, HEE#DDS-3075
FL A 58 SN S AR X FL S8

P E(ROS) LUk F e (524, e F s 3§
IR A= PR PR w0 A 0 8 4 B 8 G £ )
(G1023-100ML), 38 3:F NBT Y (2,75 46 8 4 5 1
(O K5 e a4 R AR BB AT B wl A
Wit EAL AL K (G1022-100ML), i DABYL (A,
PR A A (H202) i
1.2.5 A E N

PR L 2, B AR AL R T A X HE 2 Col
4, OE-TCIA#1FIOE-TCIA#233 3¢ 5%k 2 M ik 56
W, ZROCERR2SIM T IR BUE YR . e TE
R A S T U AR, FRE200 mg, JIA
0.9 mLEAAKER | 4R REROL R NI (N
PRy e B 10 ng/mL) A9 HEBCER vl (RN I
K ERRRIVIATI N2 < 12 0.002), 7E4 °C N4
F£30 minf&, [EHFEHIIA09 mL &AL,
1E4 °C FHEHE30 min5 LL13 000 r/mingS.0>5 min, HX
1 mL MR ERART, MA120 pLHEEH
80 pLARZHACK TR IC i, FRiEresh, &
K FHLC-MSXF 5|k £ B2 S AT AW . W TR . 5
HZ . OPDA. KR . REEHR . KRG ZHE
PIEE A TR, AR AR SR AS L0 uLiE AC s i
¥, i I ExionLC/Triple Quad/Fii{%(AB SCIEX,
4500) #1534, B M TTMEE R A RHEA TRA R 5EAL
M

1.2.4

1.2.6  #53KLAM F Ao g B 57
KA 3SR AR I B 42 B Col-0MIOE-TC 1A
I FRIRR R RSy, mAtH AR YR

PR I FEA T3 s P S 7 (RNA-Seq) . HAKMY
AR ANE . i ] Agilent Bioanalyzer 2100 % 4t
(Agilent Technologies, CA)AJRNA Nano6000 Assay
KitXfRNAZEREPERET PP, DIHIARNA B S
WL EOR . BT pgh S RNAYE N
RNAKE ff ] 45 1) i A8 o 2 % i FINEBNext®
Ultra TM RNA Library Prep Kit for Illuminai5f| &,
K I lumina F- 5 XA EE4F A9 SCRESEATINRE , I 045
AFEREINER S S LIRS FIIFHDESeq2 41 /:
AT 22 S AR DR 3k 3BT, %8 7 40 B O B A B AT
OE-TCIAGI FIAMR R I 22 SR Ik, i 1S4k
HP<0.01, F:F Nr(NCBIZ [1 5 ¥ 51 503 %)
NeNCBUZ AT R TSI EH 1) . Plam(8E 115 5L
P& %) . KOG(eukaryotic orthologous groups) . COG([#]
VB FIRRE R GE) . Swiss-Prot(7H i i 2 1 P41
BOER) . KOG R S RETE BB 1) HI GO (R A
OSSR, X 22 5 AR BEH (DEGs) #4711 RN
ST o 8 FHRIE 5 4 fGOseq X DEGs i1 TGO'& £
GyHTR0, AR AR AL AR R 4 B B 15(KEGG)
TR 45 R, KOBAS(KEGG  orthology-based
annotation system)iJF1 118 1 & 52 27281

12,7 HIE5HTHLE
K HExcel 2021420 FR%)E, ) GraphPad Prism
SOUE T E T . At AL, SR A5 kit

Fr2em e E T .

2 FHR59H
21 TCTIAREREMFIEER 2

E TEPCRAIN LA K4 RGN A T M504
RE A% 55 hy B b 2 Bt 1 35 PR A AR ) AN [] A= 1 B8
BTSN FRA LSRR AR . BT, &
HHEE T TCIARE N A 3 F IR s i GUSHL A R 48
IR AR AR R IT, AL ey
B I GUSH A 6 R ZE AR TR L8 DA S 4640 T 1 3R
Ko FEIEHFMT, b #h2k, RIE. hEa s
TR E(E 1(a). E1(b). El1(c). K1(d)), BEBIMATH
FRICIEIR TCIATEARRR B . AEFRIEh#A KB,
FERIM T A KR B AR . T RAbH
T, HEEHEE (), TCIARERZEL FTHEIL®).



551858 S W

A% MATH 25 WIS TCIA b 305 % AE it S 04 5% i 39

AR 0L, T5HA eSS R TCIAFEINRIL, IR

(@ (b) © (d

»
irk ¥ £ t;.\ v ‘l

2 mm

TCIAFEN AT RES: 5 MR A A W00 ) 5 A

(e ) 257 .
S BEZH L L

i 20
\ |

& ﬁL&
+ =

) 2 1Oof
e I

: Vi 205

0
XA T

ok R 2 ) 22 S i 3 (P<0.001)
(@) MA; (b) 41Z5; (o) I (d) 1 () WHAKMF FIIGUSYt; (f) TCIAFEH AR Feik it

1

TCIARRERIEERNDIER

Fig.1 Analysis of TC1A gene expression pattern
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Fig.3 Phenotypes of Col-0 and overexpressing 7C1A lines under different growth conditions
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Fig.5 Detection result of reactive oxygen species in the leaves of wild-type and overexpressed 7C1A strains
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Fig. 6 KEGG and GO functional annotations for significantly differentially expressed genes
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Fig. 7 Hormone content in wild-type and 7C1A4-overexpressing Arabidopsis plants
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