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Table 1 RT-qRCR primer

EIE7RA2 N

Primer name
ZmDIR11-RT-qPCR-F TCGCACTCGCATCCTCAAGCAAGC
ZmDIR11-RT-qPCR-R TCCCATCCAGAGGCAGCCCGAACT
ZmACTINEI-RT-qPCR-F ATGTTTCCTCCCATTGCCGAT
ZmACTINEI-RT-qPCR-R CCAGTTTCGTCATACTCTCCCTTG
ZmCATI-RT-qPCR-F GGAACAACAACTCTGCCCTCACCG
ZmCATI-RT-qPCR-R CAAAGAAACCCTTGGCACTGGCTC
ZmCAT3-RT-qPCR-F GCGTTGAAACCTAACCCGAAAA
ZmCAT3-RT-qPCR-R AAACCCTCCATGTGCCTGTAATCTT
ZmSOD1-RT-qPCR-F GGTCGCTGGGGTCATTCACTTCTT
ZmSOD1-RT-qPCR-R GCCCAAATGTCGTTCGTCGTCAAA
ZmPODI1-RT-qPCR-F CCCATCAAGGAGGAGTTCCCAATC
ZmPODI1-RT-qPCR-R ATCTGCTTGCCAAAAACTTGCCTC
ZmSOS1-RT-qPCR-F TCATCATCCTCACAATGGCTCTAA
ZmSOS1-RT-gPCR-R ACCAACTTGCGTGGGACAACTTTA
ZmSOS2-RT-qPCR-F ATGGCTGGTTACCTTCCCTTTGAG
ZmSOS2-RT-qPCR-R TACAGTCTTGGCTGGCTTTCTTGA
ZmNHX1-RT-qPCR-F TAGAGAAGTGGAAGATTGTCGG
ZmNHX1-RT-qPCR-R CTAGGTTGTTGAGTATGGCCTG
ZmHAK4-RT-qPCR-F ATCACTACCATCCTGCTCTCCC
ZmHAK4-RT-qPCR-R GCCATCTCGTACTCTGCCTTGC
ZmHKT1-RT-qPCR-F GTACTTCCTTTTGATCTCCGTTTT
ZmHKT1-RT-qPCR-R TGAGGTGTTTCTCTCTTGTTTCTG
ZmHKT1;2-RT-qPCR'F  GTTTGAAGAGGATTCCAAAAGGG
ZmHKT1;2-RT-qPCR-R  TTCGACAACAATGCTGAGTACGT
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SR B W F.ZmDIR11 8 (1 BRI 28 B, 21 (03678 B TARE L, 1 @SR I AR T s G. ZmDIR 11 3¢ F biological process [
GO & %43 #7. A.ZmDIR11 protein contains a dirigent domain; B.Protein structure prediction model of ZmDIR11; C. Schematic diagram of

abiotic stress-related promoter element analysis in the promoter region of ZmDIR11; D.Sequence alignment results of ZmDIR11 and some
maize DIR proteins; E.DIR phylogenetic analysis of maize (ZmDIRs) and Arabidopsis (A¢DIRs) , rice (OsDIRs) , and sugarcane (ScDIRs) ;

F.Interaction network prediction of ZmDIR11 protein, red represents direct interaction and white represents indirect interaction; G.GO enrich-

ment analysis of ZmDIR 11 on biological process.
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Fig.1 Basic information about ZmDIR11
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12.18.24.,36 .48 h) Zb i 12 H % 1987 4= B B73 4h T, ZmActin] fE 3 i, C.ZmDIR1L (M2 T I ik . filf 2k 4 ZmDIR11-
GFP AtH2B-RFP LI & AtWAK-HDEL-RFP 7E40 50 5 s #635 . A. Tissue expression pattern of ZmDIR11; B.Inducible expression pat-
tern of ZmDIR 11 in maize leaves at different time points under salt stress. Wild-type B73 seedlings about 12 days old were treated with 200
mmol/L. NaCl at different times (0, 1, 6, 12, 18, 24, 36, and 48 h). ZmActinl was used as an internal control. Error bars represent +SD
(n=3). C.ZmDIRI11 protein is expressed in the endoplasmic reticulum. Fusion vectors ZmDIR11-GFP, AtH2B-RFP, and AtWAK-HDEL-

RFP were transiently expressed in tobacco leaves.

B2 ZmDIR11EREEREXRPHRIEER
Fig.2 Expression pattern of ZmDIR11 in maize
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Fig.3 The salt tolerance of maize between CK and salt stress treatments
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Fig.4 The antioxidant capacity of maize plants between CK and salt stress treatments
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Fig.5 The accumulation of resistant metabolites between CK and salt stress treatments

2.6 ZmDIR113t#E#k Nat K ERIELXBEFR
EEAEERIENZMT

RARE ZmDIR 11 J& 458 3 520 Nat 5 K% &
KA EOR A E M, D T ok B iy Nat fT K
i SRR, ZmDIR 11 98 28 A L0 B A B AR bk 78
EhRE A E LM Na TR . X HE 2 7 A 7 A e
M Nat & &8 K 2.57 mg/g, ZmDIR11"™" | Zm-
DIR 11?228 (A i Nat & 7051l 2.61 1 2.49
mg/g, 2R AR E . A S ZmDIR1I™ ! |
ZmDIR 1177 5 A8 R i Fr 1) Na't & 5 43 3l % Jin £
46.43 F151.51 mg/g, AHHL T-4b B 5 1Y BF A= HUAE PR I
A Nat &4 (31.73 mg/g) , S878 K 5 5 £ RIAE £
36 Kb B 25 S0 2 (R 6A) o ZmDIR11 5828 {&
B BB A 7R MR E R 38 T A K 2 A (181 6B) .
Xof HEZH B A2 RUFN ZmDIR 11" ZmDIR 1177 528 {K
R K& 4051k 48.37 .46.88 150.66 mg/g, 1fii
FEER ol 30 A BRS | B AR RURE RO H A A K 2 AR
) 35.16, ZmDIR11* " | ZmDIR 117" 2 7z A it J- ]
Ay SFEARE) 27.14 F125.14 mg/g, AT 2 728 1K 55 B A=
RIKT &SR )G 22 5B %, ZmDIR1I %
AP T RARR F ORI AR N 9 Nat 7 i F K 5 i
(B 6C)

ZmSOS1'%) | ZmS0S2'% | ZmNHX1"%' | Zm-
HAK4™ ZmHKTI1""F ZmHKTI ; 2"V & — 251 4
i Na ™ KT8 B 755328 1 55 | A 5L R RT-
qQPCR 43 #1733 2 35 [R] 76 ot B8 20 (R folpaes Ak B3 ) AR
301 Ak B A R G R PR 3R 3k K, R B IR Zim-
SOS1.ZmSOS2 . ZmNHX1.ZmHKTI1.ZmHKTI; 2

1 ZmHAKA W AR 63k i A TC 25 55 i A 46 e
Ab PR, 5 A8 AR i 5 B AR R R I R e ) % ik TR
FRXF A e 25 S i 2 (R D-1) o X 6 ZmDIR 11
Z 5 T B T %12 J7 SOk B A P xt £ e )
Ptk
3 i i

DIRs HE AR = AW 6 R R r B2 A5,
Hfit— S AESF Y Dirigent 8 . H T, DIRs B 9 & 3
FAET 2R, —# 5 DIRs f& g R B LU S
5 (4)HT1 ((+)-gssypol) P2 & LA K 9L G HE
(asparianstrip) I, 55— 340 ) 32 32 5 5 A )
Xof A 4 K AN A b 5 e g ) A B R . AR N BLAE
PO A e 52 1Y 22 4> DIRs M, 3 HL i 1 5256 & 30
Btk S Bl o CIDIRS F1 CIDIRS K& PR e 43 1K 906 1
Ja IR FEEUIE FF, RWYX 24> DIRs B A ] fig =
5T PERABTR LAY . 1%k GmDIR22 RES 7
1o K LA R AR N R i 36 100 S, D1 58 K R X 5 5
I, 6 K B DIRs 3[Rt BE 4% ZE 41K PT 2L W s
o & VRS AE X RE B 9 DIRs & I % o 17
GWAS %5 FF AR S HT I A I, 2280 57 bl 22 4%
W J5 . OsiDIR13. OsjDIR15 . OsjDIR21 ., OsjDIR29 .
OsjDIR35 , OsjDIR36 Fl OsjDIR37 (1) 3 1k 52 3 . %
i . I H OsiDIR35 . OsiDIR36 1 OsjiDIR37 2 £f
CE A2 BE R, X B R B AT AR T K RS BT SOkt O
] AT BE & 4 B EVE TS X 2 AR 3R AR i 29
A~ DIRs 5 R #EAT W98 28 3 , & 91 BrDIR2 BEf% % K
PR AR, I EL R B B 114> BrDIRs %7K ¥ b



166 ol K %44 %
. 60F .
g 1 Control *?* 7 2 100 R Control 2.5 mm*} g Control
£ sopibmn == 3 (£ 3] b —e
gﬁ.g Salt stress Q'; 801 Salt stress = 20r Salt stress s
\g‘g 401 EC; ns ’z
A e 30k < < 95
po = - B < c 2
O ook &1z . 1.0
s & 20 g Z
=8 ns M g =~
< 10k b5 = 0.5
] ns 2 z
= oL w e MR & 0.0
& > 2 S 0 2 I S o> 2
£ &8 &¢ ¢
RPN RPN
F§  §§ SIS
NN NN S 89
N A NN & A AN
Hikk Plants R Plants itk Plants
Z I =
S 157w Control & 15 1wt Control S 200wt Control
g (i FN 3] 2 it Z | s
MJE'H o 12F Salt stress ks i N Salt stress EE“ N Salt stress
43 ok R
D 5o g £
m £ = = F &2
5 £ E Z 2 = £ 10
20 - o @ =@
SE ¢ g1 =
S ns g & =z & 5
N : S = -
d.; 3_ N 5] IQ o
g 1 2 2
] = Z o

itk Plants
~ — )
iz 18 T Control = 15
T sk s =
i N Salt stress st I 8
Xz 12F =" I 10+
KT ® 2
6 2= HOE
=B R
S S K
:é = ns § z
R ¢ 3F S
Z v
#= ~

Hitk Plants

Fikk Plants Hitk Plants

15
[ TR Control st X Control s
R ihin sk i )7 S
Salt stress Salt stress

ZmHAKAFIR 215 bt
Relative expression level of ZmHAK4

Pk Plants Hitk Plants

FH 200 mmol/L NaClAb3 F K418 6 d, MU 2 F B 145 I Nat K& i, 7EAATR) 400 A & NaCl 98 FR b B 2l i VE R
M, ANat i BKISE;CNaT S RS KSR, D-L B P8 M6 E A LN ZmDIR 1™ Kitk 22 5 %3k . Corn seedlings

were treated with 200 mmol/L NaCl for 6 days, and the Na' and K' contents were measured after drying the second true leaf. Seedlings

treated with nutrient solution without NaCl under the same conditions served as controls. A.Content of Na* ; B.Content of K ;C.Na'/K".

D~—1L.Ion transport-related protein genes are differentially expressed in ZmDIR11°™ plants.
6 X B8 28 70 £ BiniB 40 22 46 T SR AE#K Na* 71 K+ B FH#E IS8 K845
Fig.6 Related indicators of Na" and K" ion transport in maize between CK and alt stress treatments
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Mechanism of ZmDIR11 regulating resistance to salt stress in maize
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Abstract The ZmDIR11 gene, a member of the DIR gene family, was cloned from maize and its se-
quence of gene and structures of protein were predicted to mine key genes involved in regulating the resis-
tance to salt stress in maize. The patterns of gene expression were analyzed to further investigate the regula-
tory mode of ZmDIRI11 in salt stress tolerance in maize B73-EMS mutants. The results showed that Zm-
DIRI11 encoded a peptide containing the Dirigent domain, and its promoter region contained structural ele-
ments including ARE, MYB, MYC, STRE, LTR, and MBS, all associated with the regulation of abi-
otic stress. ZmDIR11 was predominantly expressed in maize roots and upregulated under salt stress, with
subcellular localization in the endoplasmic reticulum. It was found that the growth and material accumula-
tion of mutant maize plants after salt stress treatment were significantly lower than those of wild-type B73,
and the regulation pathway of oxidative metabolism, the accumulation of proline, the synthesis of chloro-
phyll, the accumulation of lignin, and the transport pathway of Na"/K" were inhibited. Relevant metabolic
indexes of mutant maize plants were significantly lower than those of wild-type B73. It is indicated that Zm-
DIR11 positively regulates the metabolic pathway of salt tolerance in maize, and its mutation reduces the
salt tolerance in maize.
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