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Abstract: Drought is an important factor affecting the growth and development of maize. Therefore, identifying
drought-resistant genes is vital for the genetic improvement of drought resistance in maize. In this study, the leaf rolling
mutant swl5 (sensitive to water loss 5) was selected from the mutant library of EMS-mutagenized inbred line RP125. swi5
mutant exhibited a distinct leaf wilting and rolling phenotype under drought stress in the field. Map-based cloning revealed
that the candidate gene was localized to a physical region of 280 kb on chromosome 5, which contains 9 coding genes. In
this interval, a C-T mutation occurred at the 748th nucleotide of the GRMZM2G002260 gene, resulting in a premature stop
codon. GRMZM2G002260 encodes the endo-1,4-xylanase gene ZmWI5. To further verify the gene function, the mutant wi5
of ZmWI5 was obtained. The F1 plant derived from the cross of swi5 and wi5 mutant displayed the same leaf wilting and
rolling phenotype as swl5 and wi5, indicating that swl5 is a new allele mutant of ZmWI5. Under drought stress, the swl5
mutant showed a significant drought sensitive phenotype, with photosynthetic rate, stomatal conductance, and transpiration
rate significantly reduced compared to wild type (WT), while leaf temperature significantly increased, and the content of
H202 and Oz were notably elevated. The expression of genes involved in cellulose synthesis (CESA5) and xylan synthesis
(DUF579, GT47, IRX9, IRX9H-1, IRX9H-2, GUX1, TBL33) was significantly down-regulated in the swl5 under both
well-watered and drought stress. In summary, it is indicated that Swl5 encodes the ZmWI5 gene. The swl5 mutant exhibits a
drought sensitive phenotype, and the expression of genes related to xylan synthesis is significantly reduced in the mutant.
Key words: maize; rolled-leaf mutant; gene mapping; drought
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Tablel Primers for gene mapping and cloning

BlE/EA L5 (5-3) TSI (5-3)

Primer name Forward primer (5°-3*) Reverse primer (5°-3’)
SSR19 CCTCGATCTTTGGGTACTGC GTATGTGCATATGCGGGTGT
Ins27 CCAATTCCATCCAACCATTC TTTGTGGCTATTTTAGATCCACT
Del3 CTGCTGTCCTGCTCGTGTC GAAGGCGCTTCCTAGGAGTT
Del19 CAAGGTGCGGTTAGTCCAAT GTATCACGGGACCGAGACTG
Ins59 CTCCTAAATGGTCCCCGTTC GCATAGTTTCCACAGGTGGTG
Ins100 GATCAGCGTTTTCCCTTTTG CAGCCTCTCCCTCTCCTCAC
Del70 TCCATGCGGTCTCTCTCTCT CTGGGCAATGAACGAACC
Ins85 GTAGTGACTAGTGAGTGACCCGTCT CCGAGCCTCACACACGAA
Del69 GACTATCCGAGGGTGTCGAA TGGCTAGTGACGAGACAAACTT
Ins84 ACGCCCAGCAGTTATCAAAT CCCAGATCAACGGCACTTAT
GRMZM2G002260 GTCAAGGCGAAACGAAACCGA CAGAAGTTGCTGGTGTTCAGACAAT

e A A 5 37 X 8] RSB R R 1Y) EMS SRAZIARERE, SR 5 3R A5 RASURMRL H I3 R ) 2R AT 9 Aa
(RIBARE, P H A R R R REAT R R s TR SE N2 aa (AR 5 swiS 28 A HEAT S AL IS, 3RAS
Fo A B T FH ) W 52 LR T
1.2.2 TEMEIE HEHATH TP e, wEBRTREHE, MR =17, 7K 35m, &7



15 ko ATHHIERBEK, 3PS 51 d 3EATHKAREE, AT 5 5d G MEE AR WT 5 RARK swib T 5
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WA T Ra b E . WE AR T R, BaM =tk ERLEEAWLEN L1 BTHIERERK,
FEFPJG 35 d, T RAMATEKGE, XBAEFFEK, T4 3 d 5 WET AR WT 5 R4 swis 1+
BihpiaRA., SHLHEEE - MY¥EE.

1.2.3 RESENE EHKH—SURRE, 81 Li-6400 %2064 E 1 (LI-COR) JI5E WT 1 swis
A EE (Pn, pmol m?st) . KALGE (Gs, mmol m2st) | Z&EHE (Tr, mmol m?2st) HHj
WA (Lt, °C) , MR ZEAIE 10 #k.

1.2.4 EEFIERN iﬁﬁl&f}*ﬁzE‘Jﬁiiﬂ%ﬁﬂ%ﬁ%ﬂ%iﬁ, BRI Y I (R R T R T
G, FIFRFIENE HO, & (BHEAY), Cat#H.0,-1-Y) M O, & & (BHEAY), CatiSA-1-G) .
ML B =AY EL, /\Msy% DT B LR A5

1.2.5 RNA {£Hl5 qRT-PCR &r#fr iEHUK 3 —Fu B A AN AR RL S =4k, JREUE Y2 RNA
(TIANGEN, Cat#DP452) , FfLPL2 NHH [ #45% cDNA (43:4:, Cat#tAT311) . K] qRT-PCR J7iZ:ill
5 YN EE A RS B AR AR DS IE R ) R IE TS L, qRT-PCR [ Si{& &4 20 uL: 2<TB Green Premix Ex Taq II Fast
gPCR (TaKaRa, Cat#CN830A) 10 pL, 1E&IA 5% 0.4 uL, cDNA Bt 2 pL, ddH20 7.2 uL: NVAEF?:
95°CTiIAEE 30 s, 95°CAETE 10 s, 60°CHEfH 30 s, 40 NMEHR. ALK EE = NEW¥EL ., RRKLE
KU BT 5140 2,

% 2 gPCR RIS
Table2 Primers for gPCR

ElE/EA S L5 (5°-3) TSI (5-3)

Primer name Forward primer (5°-3”) Reverse primer (5°-3")

CESA5 TGCACTGCTCCCGTGTACAAAC TGTTCCACTGGCAGATGCACATTC
DUF579 AGGTGTACGAGACCGAGTGG CATATCGCGGCCATCCT
GT47 AAGCCTTGGTAGCATCGTACG ATTGGCTTGTTGTCAGCAGTGT
IRX9 GTTCGTCCAGCAAGTGGTTC TGCCATACCATGACCTCTGA
IRX9H-1 GCATCGACGCCATTGTCTAT ACCACACCAACACCATCCTT
IRX9H-2 ATCCACGGCCTCGTCTACTT CCAGGTGCCAAAACTCCTTA
GUX1 TGCTGCGTTTCTAACACTCCT TCCCATATCCACCCATTGAC
TBL33 CCCAGCTTCAATGCAACTCT GCCCACGGTTCAGAGAATC
Tubulin GTGTCCTGTCCACCCACTCTCT GGAACTCGTTCACATCAACGTTC

2 ERE5 7R
2.1 ZREEK swi5 R B R AN ER

B RAL I swis i FZE 5 RP125 (WT) £ EMS AR AR S35, 2R B 56 R E s,
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A AT WT A1 swis REBRIRAY: B: RTH) WT Ml swis M7 198 C: ST WT 5 swis 1§06 &3d %, D: ST WT 5 swis i1 4LS
FE: E: RWHIWT 55 swib FUZ8E A, F: 100 WT 55 swis (R, **F£R7E P<0.01 /KF AR B3 % 7

A: Phenotypes of WT and swl5 plants at the elongation stage; B: Phenotypes of leaves of WT and swi5 at the elongation stage; C: The photosynthetic rate of
WT and swi5 at the elongation stage; D: The stomatal conductance of WT and swl5 at the elongation stage; E: The transpiration rate of WT and swi5 at the

elongation stage; F: The leaf temperature of WT and swi5 at the elongation stage, **indicating that there was an extremely significant difference at the P < 0.01
level

1 28854k swis M FE)REEE
Fig.1 The phenotype of swI5 mutant in the field
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FRiCAL 73 BRI B fe /> A e ek, 1E— 25K Swis JERSE A7 T Chr.5 13.8~14.1 Mb, X[H] N 9 AMikik 5[]

(K 2B~C) .
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Table3 The segregation ratio of the phenotypes in F2 generaion population

Hxd Hefk IEF R A HMRE TG L) ~J7 P {H
Position Population Normal phenotype Rolling phenotype Ratio of theory b P-value
HraE .

- (Zh58>swlI5) F, 146 49 31 0.002 0.967
Xinjiang
Y
X ) (Zh58>swlI5) F, 206 55 31 1.943 0.163
Shunyi
Jigt S

. (Zh58>swlI5) F, 267 76 31 1.330 0.249
Shunyi
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A: SNP linkage probability distribution; B: The genetic map of the candidate gene by fine mapping; C: The structure of the swi5 candidate gene; D:
Sequence comparison of WT and swi5 at the mutation site; E: Alignment of the amino acid sequence between WT and swi5, the red boxes is the mutation site of
the mutant

2 swi5 RITFHFEEE L
Fig.2 Gene-mapping of the swi5

R TR IRUE AL R ZmWIS Zwht ZmSwils, FRATCEE TR 4HE AL X (A 9 Mk FE K 1) EMS RAZARH
Bl BRI EIRTT O DNRASMRL H BB R I R B2 Aa SRR, Bl T RS ER AL, RAVE E4h IR
B, 9 MNRAR G HA wis RAKRIE S swis —8EmtRA, HEAGH RN EREER Y E aa,
B PRI AL AAJAa (B 3A~C) , IEFWHRMREEM BRSBTS 31 (R4 5 ¥ swis 5 wib R
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& swls ) ZhREFE R ZmSwl5.



KA P AR T
A: The mutation information of wi5 mutant; B: The sequencing peak map of the normal plant and wi5 mutant, the red boxes indicate the mutation site; C:
The phenotype of the normal plant and wi5 mutant; D: The phenotype of the F; plant derived from the cross of swl5 and wi5 mutant

3 wib BREE (KA A 1B R BY % R K SFALN A
Fig.3 The phenotype of wi5 mutant in the field and allele test

+® 4 wib REGRESEEFR 5t
Table4 The phenotype and genotype of the wi5 mutant

IEH B B bk
Normal plant Rolling plant
E-Y7SREs SEREL g LAl 77 P1A
Gene ID Total number Ratio of theory ha P-value
A FEH T HE - 3spit]

Number Genotype Number Genotype

GRMZM2G002260 22 17 AA/Aa 5 aa 31 0 1

2.3 sws AT RERBLE
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M MR A, RS HWANR (B 4A) o R EOG SRR T 0T, EIEERKELE T, swis 5 WT
FEeEEE, SILTE. A ERBAERAR 3%, BHEZER; MAETEXMLT, swis FELEEE,
SALGRE . AR R RS, R BB R T (B 4B~E) , 31X 57 30 a) Bl B 2
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A: T WT A swi5 76 1E 5 5K R b BN REAR & A 3R AL B: T WT A swiS [ e &, C: W WT il swis 195 fLSJ%; D:
T WT F1 swi5 FIZEIEHER: E: W WT R swls (- HHERE: Fo B8 WT R swi5 B9 H0, &t G: Bl WT Rl swl5 1 Oy & . *R/R1E P<0.05
KFP FHIEREER: **RKRTE P<0.01 /KF FAATEM 3 % R

A: The plants and leaves phenotype of WT and swi5 mutants under well-watered and drought stress at the seedling stage; B: The photosynthetic rate of WT
and swi5 at the seedling stage; C: The stomatal conductance of WT and swl5 at the seedling stage; D: The transpiration rate of WT and swl5 at the seedling stage;
E: The leaf temperature of WT and swi5 at the seedling stage; F: The H,0, content of WT and swi5 at the seedling stage; G: The O, content of WT and swi5 at
the seedling stage. *indicating that there was a significant difference at the P < 0.05 level; **indicating that there was an extremely significant difference at the P
<0.01 level

& 4 swis REFEHFRRREE
Fig.4 The phenotype of swl5 mutant under drought stress
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*RIRAE P<0.05 /KF EAFERF LR **RKIRAE P<0.01 /KF LAFAERREELER
* indicating that there was a significant difference at the P < 0.05 level; **indicating that there was an extremely significant difference at the P < 0.01 level

5 swi5 3RZE kAR R IE X B E I REE

Fig.5 The expression level of genes related to cell walls in swl5 mutant
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