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MfERF053 enhances drought resistance of Arabidopsis thaliana by improving
reactive oxygen species scavenging capacity and promoting expression of stress-

resistance-related genes
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Abstract: Drought stress restricts plant growth and agricultural production, and mining drought-tolerannce genes and
analyzing their mechanisms are crucial for molecular breeding. Medicago falcata MfERF053 belongs to the AP2/
ERF transcription factor family. Previous studies have shown that its expression is upregulated under drought stress,
and Arabidopsis thaliana overexpressing this gene exhibits a drought-tolerant phenotype. However, the underlying

mechanism remains unclear. In this study, A. thaliana Col-0 wild type (Col) and MfERF053-overexpressing lines
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(#19, #20, #33) were used as materials. After natural drought stress treatment, plant phenotypic, physiological,
and molecular indicators were determined to clarify the drought-tolerance mechanism of MfERF053. The results
showed that under drought stress: the overexpressing lines exhibited delayed leaf wilting and better recovery ability
after rehydration; their relative water content (RWC) was significantly higher than that of Col (P<C0.05), while
their relative electrical conductivity (REC) and malondialdehyde (MDA) content were significantly lower than those
of Col (P<C0.05) ; the function of photosystem I (PS [l ) was more stable, with the maximum photochemical
efficiency (F,/F,,) and electron transport rate (ETR) significantly higher than those of Col (P<C0.05) ; the degree of
nitroblue tetrazolium (NBT) [for superoxide anion ( -O. ) localization] and 3, 3'-diaminobenzidine (DAB) [ for
hydrogen peroxide (H:O3:) localization] staining in leaves of the overexpressing lines was significantly lighter than
that in Col, indicating reduced accumulation of +O:~ and Hz0., and the activities of catalase (CAT) and peroxidase
(POD) were significantly higher than those in Col (P<C0.05). At the molecular level, under drought stress, the
expression levels of stress-tolerance-related genes in MfERF053-overexpressing lines, including reactive oxygen
species (ROS) -scavenging-related genes (A/CATI1, AtPOD3, AtSOD4) , drought-responsive genes (A/RD22,
AtRD29A) , cold/drought cross-responsive genes (AtCORI5A, AtCOR47) , potassium ion transport gene (AtHAKS) ,
and abscisic acid (ABA) signaling pathway gene (AzABI5) , were all significantly up-regulated (P<C0.05). Most of
these genes exhibited significantly higher expression levels in overexpressing lines than in Col (P<C0.05) , except
that AtRD29A and AtABI5 in individual overexpressing lines showed no significant difference compared with Col. In
conclusion, MfEREF053 was found to enhance ROS scavenging capacity, upregulate the expression of stress-tolerant-
related genes, and synergistically improve the physiological homeostasis and molecular response of A. thaliana
under drought, ultimately improving its drought tolerance. This study provides important genetic resources and a
theoretical basis for the molecular breeding of drought-tolerant crops/forages.

Key words: MfERF053; Arabidopsis thaliana; drought resistance; reactive oxygen species scavenging; stress-
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& S 45 B 7% TR (abscisic acid, ABA) | {m%?ﬁ\]@a(bragimogtermd BR) & Z 4 (ethylene) i@ % , W $ §5 I%
(Arabidopsis thaliana) TINY 38 £ 9 ] BR {55 5 38 #% v BIN2 3 A% 5% 158 10 15 M | Ak I H T~ 57 o iy 5 PRI Ay 41 o 4
FH, A 300G ABA A O HEEIE R NCEDS D2 i ABA FUZR e &R S AL L s 4 W (Populus spp. ) PalERF2
W3 2S5l A SR LN PalRD20 5 PalSAG113 1363k K Fi (Oryza sativa) OsERF 48 Wi i 45
15 5l B JH 5 OsCML 16 1 23k , MG AR R & & DA T K A WOl sE F0 . 7 S04k 1y 38 Bl 48 22 187, ERF W] 3l 5
R T S A T PR R R B O S O R T 5 B BB 03 M 4 (reactive oxygen species, ROS), U1 K
(Zea mays) ZmEREBPG60 i1 £ ik #k & mhid S8 4k ¥ B (peroxidase, POD) % ¥ & 25 F+ & , 5 20d A bk & (hydrogen
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peroxide, H,0,) 5 N —# (malondialdehyde, MDA ) & it AL s B 6 ERF 194 3 328 - i S0 Ak 3 J5t it 3k DA 1Y) 235
38 5t 8 %0 B 2 7 (superoxide anion, -O, )G FRBES R T 2 S BUW A B G . BB 5 R AERE T
T, ERF W] 4 2 i 2 2 7] ¥ MM 25 18 38 8 19 ) s MAE Tl R A 1, i K 52 (Glycine max ) GmERF 3 328 35 7] 1
4 R e 5L R RE (Nicotiana tabacum) M R Il 208 5 AT MR K L & ) B R SR (Malus domestica)
MJERF38il it 5 MAMYB1 2 (A EAE  fE AL T R G ARG 5 T i 2 P 0 7E 6B BN R4 5 S ALAT R 4%
SR, ERE A] 3 o 4E #5506 R G Fa i vk M s e A 35 S ABA WM /A 0 8% 10 S AL is 3h AR BE T R A T ks
B WK R OsERF83 i 3¢ 3k ¥k 7 76 T 5 W38 T 475 O F5 48 w1 19 6 Ak 22 50% 3F i (Solanum lycopersicum)
TSRE1 533501 18K R G4 A DGR R i 2235 SR I TIN'Y (% il SIERF 84 43 5l if ABA 58 #3193 ABA
OB A SE LI A RO A K A3 28 B2 e Ah B IF AtRAP2. 438 ] 3 3 BTG 2% B W A R A BRI 2R 1S
ORI AL LR M R AR, # 7R T EREF XS ALIET 566 Ry b RAE ™.

BAE H A5 (Medicago falcata) & T RME 1E & 22 4F A LAY , BAG oo 19 T 5 52 14 5 B 3o 3 7 P, 2 42 4
P 3 DRL A A S5 AR S B R A T 5 Al e B SR A e M R B, B AL B T AP2/ERF R L M/ERF053 78 T 5
it R ek B VR g il A R Y MERE 053 & R %5 AL 481 55 3+ ( Columbia-0 4: 25 %1, Col) , #8151
i # 35 #k & (overexpression line, OE) A% F B 4 %l (Columbia-0, Col) F 8 AR R & & 850 ( AR AR K ) 4R 134
Z) BT R T R A SRR [ AR B R A R0 AR S A AL R AT . AR B S L)L R OF
B A7 (Col) Jo bR MERF053 15 2254k R (OE) N A1 kL, il 43 B 8 T 5 W kb 3, 25 5 Ak 28 B0 48 Tk oy A=
PR AR N B S R OGRS U A OGS PR R IE BN A8, B M/ERE 053 P45 400 g I Bt 5 1Pk 1% SC B 1, i 1]
AR HBLE] , Ay iz R AR it 5250 3 R eb % o FH 3 e S 4
1 MH5FE
1.1 XA

i 8L R 7+ A 25 A Columbia-0( Col) 1 R iR 50 A4 e, 3 3o 46 17 4= G 15700 3 46 4 h 1 MYERF 053 3 H 5% 4k,
BRI . R HZ A DT 2 AT 25 MR L PR T 415 bR & L 38 i 2¢O E it PCR(qRT-PCR) £l 45 1k &
9 M/ERF 053 & K 33A &, i 28 1 34> i R AB bk R (A 44 B 519 . #20 . #33) ™ T 5 SEHT i v 43 #7
1.2 &Ko

ZI AR T 2025 4F 3— 8 H Bt Rk R A= P i T B OR B X R W SAE S HF W E AL E IR,
5 A= 7 (Col ) FlG JE P B 7 Fh 7 75% £ T 3% 5 min, 5% YR SR BV MR 1 5 min, J6 & K 15 4k 3~4 W5 , 3
SIHER T 1/2 MS B SR B (R ERHCA R A A dent  h D) B Ff SRS FRILE T 4 COkFEE 3 d, M5 5%
B N TAREEFRAA T 12 16 hOGIR/8 h BB IWE (22 “CAAF N R Fr o Fpfh 7l A K 70 (29 7 d) B 4 78 Ak 22 2%
ARk L Aa=3: 1IRGEEMEED . BIRREEINEYFEL(RIOF) , HAFME IR, & TH
FABE S AF M 16 hoB IR /8 h BEIE (22 °C, -3 FR 58 & 400 pmol-m s o W8] 2R F & ) 08 7K O 20 4 5 3 T 18
M, 84 dB— oK. RRRERR AL 2 30 d W7 4f W3 A BE, X BB 21 9 22455 4 d 58 7K — YR Y & B0 I8 5 A B 4 0 452 1
N LARK, S0t H AR T 5138, Fr 2 WA MRS, BB il 4 2 B0 b v fh 3R A0, I Ip I SR Al R R A 8 4k, JF
TR T E SL A8 AR I E .
1.3 M EI|ARB T ik
1.3.1 A% /K 2 (relative water content, RWC) TET 8 55 8 K, 43 51 W 48 %) e 21 Ak B 20 D1 R K/
ALY it W fF 5T i (fresh weight, W) S KA & TR NS HE P AZEBKPRIE AN AGES CT i
R, U H 0 £ R0 BT A (turgid weight, W) o BfE S EREMEHESO CT R 2 ERHE (K72 h) , XHM N T
Rt (dry weight, W), ## L FARITE RWC=(W,— W) /(W,— W) K AEL 5K,
1.3.2 AXFH 5 R (relative electrical conductivity, REC) TET 2 W30 58 8 KA, 43 T e £ X B 4 A Ak B 41 2
RIS I 7 B0, 1T g 2 2% I RE & A 25 mL 348 i A 285 77K 20 mL K e iR %, 8 & 3 h, &
SRR 30 min k% — K. 7E 20~25 ‘CHHIRE T HH X (DDS-307, 1A B 08 R A R A |, i,
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H ) I RE FE R C 1T 100 COR MR 10 min, B B0 20 2 %0, 76 20~25 “CaE i~ M 20w B 3
Coo #LLF AR REC(20)=(C\/C,) X100™" , B R EE 5K,

1.3.3 MR K A 96 A 2 AU & R 58 PlantExplorer XS[ 2 i B 8 (Jb 50 BHEE A IR A AL db s,
T A 2t 28 28O S 00 B v 2 SR AR R ) B T R BR R S N 30 min, DL AR G R 4 1T (photosystem
I, PS L) B Bz vt 58 4 TR T80 I Bk 17 391 0% BROG 22 605 5 i T 40, Bl FS 1 58 00 6 O R385 5 01 i st die /N 9l 7
(minimum fluorescence yield, F,) , o 6 F1 ik of (28 1 PS 11 5z A0 B 4% 388 ) J5 I 22 fie K91 7 it (maximum
fluorescence yield, F,,), 13 M- 4¢ 2 0] 28 ¢ ¢ (variable fluorescence yield, F,)=F,—F,, JK 3 i KA F RN
A (maximum photochemical efficiency, F,/F,)=(F,—F,)/F, & PS [ it K& F /=% (S MOG A R G AR e iber
TR ) 5 IG5 3 17 2 00 7 58 LR B i T RO OB Z T R R 5 min DLk B O AR S, HEE iR A ik v i A AR
AL (steady-state fluorescence yield, F,) 5 /i W F fz K 2¢ 7% & (maximum fluorescence yield under light
adaptation, F,' ), %3 MK 35 2> 2000 52 JE J6 4k 22 3 K (non-photochemical quenching, NPQ)=(F/F,")— (F./F.),
SR I R R B O R DL OR AP OE B R G RE T, [ 20 S L T L 3 R0K (electron transport rate, ETR) (F1E PS
11 15 07 H o0 B A% 338 33 R ) 5 56 BE R FH R0% (light use efficiency, Alpha) (BRI F X6 68 B 16 5 #5360 ) 5 4%
HRELE 21K,

1.3.4 B4R i E AL & B (catalase, CAT) (i S ALY B (peroxidase, POD) | # & kL ¥ 15 1k B (superoxide
dismutase, SOD) & ¥, H . (malondialdehyde, MDA ) & = , & AL filf % PU 2k ¥ (nitroblue tetrazolium chloride,
NBT) H F # % BH 8 F (superoxide anion, - O, ) ENL Jeh, 3, 3" - & FEBE KM (3, 3" -diaminobenzidine, DAB) [
F i S Ak A (hydrogen perox1de HoO2) 5 A7 G 8, Y (o B 08 S W3 1 %8 (reactive oxygen species, ROS) 2
KA B8 R AR A4 3R] & R AT A (R BRI BR AR P E b0 3 E A .

1.3.5 RNA MM RT-qPCRZM#F  #i )1 TRIzol

RA & A TAEY TR RMARAE, i, d #£1 PCR3|#

B4R AR A BE A 09 B RNA, i ] & A gDNase (1) Table 1 PCR primers

FastQuant RT i 7 £ [ K AR 2 46 B (b 50) 47 B2 i SR B

Primer Forward primer/reverse primer (5’ —3')
AL AL T A S — # cDNA. RT-qPCR RN #E gAtactin-F CGCCATCCAAGCTGTTCTC
ABT 7500 PR 55 i PCR R e 47 (B0 A9 A 5, A gAtactinR TCACGTCCAGCAAGGTCAAG
Wk IR AR JE e SE D ] 2xSG Fast qPCR & AICATIF GTCCTGGGATTCAGACAGGC
RBRAEETAYTE(EE) RMARAAE, LE, | AtCATI-R GGCTCACGTTAAGACGAGT
I o 519 ff A Primer 5.0 % ¥ i1, 4 NCBI AtPOD3-F CCAATCCAGAAACGGAAGTG
BLAST B 345 5k (32 1) M52 2 - A/CAT1 (4 AtPOD3-R TCTGACGCTTCTGACGACAC
HAML . 25 ROSTER ) APOD3( Gt Gk AtSOD4-F GAAGAACCTTGCTCCTTCCAG
WG . % 15 ROS S5 I)  ASOD( 4 b it 5 1k 1) 1k ASOD4-R GATTGGCAGTTGTGTCAACAAC
W %5 ROS ) ARD22) ARD2IA(T E 1 K 3 AtRD22-F ACTTGGTAAATATCACGTCAGGCT

ARD22-R CTGAGGTGTTCTTGTGGCATACC

B HT RS ) ACORISA/ACOR4T AtRD29A-F GATATCGACAAGGATGTGCCG
/T 5 5 SU B e D 5 G R ) (ACHAKS AtRD29A-R GTATCCAGGTCTTCCCTTCGC
(P 7 ¥z S, U fp 4 MU 2 3 T ) L ACABIS AtCORA7-F GCTTCGTCGTCGTTTCTCT
(ABA {5 538 B OC B SL DA, A Hoasi m i ), 98 31k AtCOR47-R CCAATGTATCTGCGGTTTGA
HA L ik PR 4 O RS T T IR S Y B a5 g OC AtHAK5-F TGCATCACTGGGACGGAGGCA
SRR B M LB T B (ROS TE IR . T RE 245 AtHAK5-R GTACGCAGCCTGCCCGCAAT
¥ 1 TR 45 1526 ) 5 MIERF 053 4r 5 (40 5 45 Jy 1] %2 AtABI5-F AGAGGGATAGCGAACGAGTCTAGTC

IJH:T’EU”' j\] MfERF053 E]/J‘F/ﬁp(#‘fﬁﬁﬁl AtABI5-R GTTCGGTTTGGATTAGGTTTAGG
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1.4 HIEH 2

F F Microsoft Excel 2010 %k £ % B Bir 45 %04 5 I F SPSS 27. 0 %k 48 i 47 48 140 L 2R B IR 26 7 22 4 i
(one-way ANOVA) %54 Duncan £ 8 L K AN R BR R (B A2 B 5 0 A bR R ) R AR R AL B (X I/ T 22 T iy
25BN CRHMST A R R R REN RS TR TS BEE(P<0.058ERBE);H
GraphPad Prism 9. 5. 1417 KB 224 .
2 #REHW
2.1 FFmhia Fid Rk M/ERF053 iE %) 9832 ok dy I 64 & F

Joly 361 b B B A (Col) 5 MfERF053 33 ik #k & (#19 . 820 #33) A KR E - R /&R A
Flfeg LB RMER (K1) . AR TR0 8K, Col M i JF i B MZE # , nh ZEmg i ih 5 i ik bk &
19220 #33 I PRFFBAF AIHE SRS ATk R T A i R EE R KGR R . A SR 12 K, Col 255 72 B2 W] il
P i R T AR A i ELBO AR IR 5 R AR R BT ZE S ER R AR AU A e R . B R A 16K,
Colmt 8 & ZEE  H R # b i AR ROUD R e EHEE, LR — &K E. Wi
55 20 K, Col M MR HE AR A 25, i A 8 Ak 1 KA bR R BB I (B4 A D st 4 de st . BKG
B19 . H20 #33 bk R (0 25 55 0 FEA KA 7 R L bR AL B WK A2 DE R 5 T Col A BORE FE v R m A KA jti{S/\ﬂJrH
hh FHEZERAS, BRI E K (E 1),

SR % S ISEEAVER
Before stress ay 8 SS Day 12 of stress

Col #19 #20 #33 ) ‘ 33 Col #19 #20

< 20 RKEHSR
IDEVATY of stress Day 20 of stress Day 5 after rehydration
E1 BATEDETHARMNTREMERFIS3HEFHRE
Fig. 1 Phenotypes of wild-type and MfERF053-overexpressing A. thaliana under natural drought stress
Col: T4 # Wild type; #19 .#20.%33: MfERF053 i F ik 1) 34~ 7. #k %& 3 independent MfERF 053-overexpressing lines; T [i] The same below.

T 50 F AR BR A AR S K (RWC) AN G5 (REC) & 8 (MDA ) £ 2 5 e /K 230k 0 55 40 i s
SEEEVEM R D bR . XTHR4L, Col 5 it ik #E R 1 RWC \REC & MDA & #3703 25 5% (P=>0.05) , Hf RWC
IHEFRFE 0. 90 LA I, RECE T 10% , MDA 7 i &b F B AR K (I F 10 nmol-g ), & B 4 4R BE w0 4R A BIR S —
(K 2); B4R FR T S0 b B 4] 5 Ho B4 A0 He , RWC 3 FE K . REC 5 MDA & & 8 % 715 (P<<0.05) .
TR 5 8 K, Col 5 it ik Mk & (519 520 . #33) 1Y 7K 43 A5 B K BT 495 AH OC 46 b 5t b 35 22 55 (181 2) : Col i RWC
TREZE 0,56, 1 & R IKMK R F19.520 . #3319 RWC 20l 4E R348 0. 75.0. 85.0. 84, 5t 3 & F Col(P<<0. 05) ; Col 1y
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REC Jh 1 % 53. 76 %, 1 i F ik ¥k & A9 REC LR 21. 91%~34.13% , . F K T Col(P<C0. 05) ; Col i) MDA & it
EFFE 41,69 nmol-g ', i Rk Bk R ) MDA & {0~ 17. 20~20. 75 nmol-g ', B F K T Col(P<C0.05) . ZEH
FA 5 PAE bR (B VRN 2) v A, 3 323K MYERF 053 BEAE S 40 I 1 45405 0 2, [0 Bl 44 e o vy 1) 35 /K i L A1
FECABY 47, B JHG L 4% T 1] 814 400 B O T 114 i

I %t B Control  HEEM T 5 Drought

L . =60 * 50
& 7 a2 & S *
= 2
g 0.8 :g
=]
1 S 55 40
% B 0.6 o §
s e s
= = =S
X2 04t 2=
*8 Egzm
Q (]
~ 0.2 °
g
£ 0 0
Col #19 #20#33  Col #19 #20 #33 Col #19 #20#33  Col #19 #20 #33 Col #19 #20 #33  Col #19 #20 #33

¥}k % Plant line
B2 FEBMETHARMTREMERFOS3HETHEANSKEBNESERR_BESEXL
Fig. 2 Comparison of relative water content, relative electrical conductivity, and malondialdehyde content between wild-type
and MfERF053-overexpressing A. thaliana under drought stress
#7I [] — Wk 22 7600 IR 5 T S 30 1) 22 5 1 35 (P<<0.05) , AN Rl /NG 5 R 28 R 78 08 IR A H 4% Wk 3 =2 1) 22 5 1 35 (P<C0.05) , ALK S - BE R R 7E T 7
Jolp 36 2 v 45 bk R 2 0] 22 53 8.3 (P<C0.05), T [A]. * indicate a significant difference (P<C0.05) between the control and drought stress group for the same
line. Different lowercase letters indicate significant differences (P<C0.05) among different plant lines in the control group, while different uppercase letters

indicate significant differences (P<C0.05) among different plant lines in the drought stress group, the same below.

2.2 FRia Tk ik MERF053 3 5t #ndg 7 vt 4 & 98 6 A 2

M2 RS BT A MG R G0 11 (PS I ) 19 T B R A KO A Z8 400 308 355 (038 B8 J1 . X IR 4L, Col 5 i
F kbR R R SO SR (FL/F,) ARE b 2 K (NPQ) VL T2 820K (ETR) J2 6 RE I FH AR (Alpha) ¥ 7E
B XER(P>0.05), i F/F, 4R 16 0. 75~0. 77, RS ARG REV RS ER (K 3); BS kR T
A ab B S X A L F/F, ETR (Alpha % 2 FEAR (£20 19 Alpha FEAR A B ) ,NPQ & T 5 (P<
0.05), TRMEs 12K, Col SiF Rk R (£19.520 #33) KM S 0SB 8.2 F (E 3) :Col (W F./F,
TR ZE 0. 58, 1M id ik Bk R#19.520 #3310 F./F, 3 B 4E 576 0. 69.0. 70.0. 69, 2 % = F Col(P<<0. 05) ;Col 1)
NPQTF% 0. 99, 1 i FRIKHR R B NPQ A 0. 35~0. 41, 2 F X T Col(P<<0.05) ; Col W) ETR T & % 36. 93, 1 i %
KR RN ETR 4E 4578 49. 78~52. 95, . #F & F Col(P<C0. 05) ; Col Y Alpha FREZE 0. 79, 1Mt # KBk R 1Y Alpha
HEFFLE 0. 85~0. 87, i #F & T Col(P<C0.05) . £¢ EAIHI, i %35 M/ERF 053 Be s> T 52X PS 11 iYW 4 5 1
FALBBHOR SRR R HRE 1 A AR IR I S R RE
2.3 TR Tt Rk MERF053# % #hd 4 A B 7 P VL 38 3% ROS i b Ak

T 5 a2 Y RN E AN E T (-0, ) i AR (HO,) FH A (ROS) KR NBT R4 (-0, &
1) 5 DAB % 8 (H,O, 58 i) 7] BV Bt ROS FUR R (Pl 2, & it ik ) o i BT AA BT, % IR 4L, Col 5
M/ERF053 13 2 ih R & ($19 #20 #33) M i B AUR MG A, - O, 5 HO, & SR HIEW 822 5 TR s 12X,
Col M A& NBT Je o IR 20, DAB P (4 2 IR M 5, KW - O, 5 HO, K i BUER i ik 3¢ 35 Bk & AL ik B3 i 2
Ui (0 B, e (0 R AR B 3k MYERFO053 W M TR T -0, 5 HO, B R |, FRALE L 1
fi o [E ALY B AL (SOD) (it E AL i (POD) (i &4k S0 (CAT) J& 7 bk ROS WY #% .0 P E AL, i &
AC~E "I A, X B Y CAT \POD & PE R I, Col 55 &8 73 3 K 3h #k & (19 #33) fF 1 ik 3% 22 7% (P<<0.05) , {2
SOD G 78 Col Haid Kk VR R M L B H 2 F (P>0.05) . TRPBAIEL T, 5% AL, 44k &R 3 Fh g 1 2
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