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- BRI -

IKFEOSWAK 16EB T AT InRILEREM
AiEfh e EE

M, ", A, ER, e IR, EERT
BRI K S A R B, KD 410081 HEMAN B BHIRBIH S A AR A E Ak, Kb 410081

WE AR E AR (WAK) %R ik 2 KRB (Oryza sativa) 3 K 24H d EER 7 K 2130 MWAKSE R, BT KR4
K% B AN SEISe R b R HE AR 00T T KRB WAK6-RLK ) 2 A 2 [ OsWAK 163 7K FE T35 3 FlHi 4k i 7116
AR AR FINLA . 45 R, OSWAKLGR R RAZAR [P35 JJTEFPF RSN T2 A 2K B 35 2 24 T 17 A= L
F, S RERT S B T AR R, Ui OsWAKLGIE Rl 3% I Mbi ik he 1. FINE, AHELEAERRh T R
ZUFN T 212K I OSWAK L6 B 2748 b 7 o T 1 & 7 DL R IR i il 5 3R 8 1 0, HUssU by v ) 38 R
B, S RIE R A ARG AR S . BEAh, BFAET . OsSWAKL6ZR AT KA R 72N TS, OSWAKL6[) 2 7 KA
5| #2OsPER1A. OsbZIP23. OsPIMT1. OsSdr4. OsMSRB5M0OsHSP18.2%: i -1-if% Sy M N Rk I th A1k . BRIk, HE
MOSWAKL6 T ft 5 F e F 73l JyAH S HE BH W FIAE L, A7 05 MR f s M A Thae, AN VR4 R 738 st 2 1bae

%W OSWAK16, FiFifi/i, ATEM, W8, Hih
e, X, FBHE, FiF, BE, FEHE, 225 (2025). KFEOSWAKLEH 1T i 1 Hi S A6 B & PR 75 Fh T 5 # 4L ig

Y] 60, 17-32.

JKFE(Oryza sativa)/& 4Bk EE I RIEY 2 —,
AL E AN PREK Y E ' . B X T
TR & 2% 4= % 55 H % (Chen et al., 2022). fhFiF% 71
R EM T RENEEATERRZ . G IRTR
TERESTVE, S ri v, AR R ELF 0 H (AR
W RE AN B = (77 &8 71(Quin et al., 2007; He et
al., 2019). ZAT, KRR 7E I 2 o 2 B 2 Ak B
AL N, 75 5 X R mR A R, =
P TBOE 581 4 S 7K ARG P13 0 2 FR R R I 46 1
I70% AT, 38 B BT B YR AN AL 28 540 {8 1 3 K4
& (Chen et al., 2022). F1i% LR, SFF415
A P AR B A A AR A B DDA O, I DNASE 48 1
Ky WIRBCERAA . A TR 2 A0 B 1 PRI A
(Koornneef et al., 2002).

Fh 737 ¥ T LS 3K (electrical conductivity,
EC)nI Jx W4 i s 45 74 1 76 BV (X145 5%, 2016). EC

Wodke H 391: 2024-03-09; £252 H#1: 2024-07-14

A, R RIS IR R 2, A S A
H, M R (i 3 A, 2023). N, #ide
(Gossypium spp.). K& (Glycine max)F1H i (Bra-
ssica oleracea) 1Y) 12 TR I EC I [ 122
RE BE I R T b TE (IR s, 2018; i 5 M 4
2019; B4, 2019). fEM T2t fE s, M rhig
P4 (reactive oxygen species, ROS)/& &1 i, &
JiE RN =3 A1 ISR SN S /iS4
(malondialdehyde, MDA)®] i3t — 5 i 3K & 4 i A%
FREFAEMI R 73 T IG5, T35 A MR 25 A Ay e, A
T B AP35 70 (2%, 2012; i 305, 2015).
21 ¥ (Pinus koraiensis). 7K & LA J& B A (Capsicum
annuum) 775 N TE A FE 24, MDAE &%
W TR, 4 M S AR B R M (B R A
2005; FAYFE%E, 2018; Kim and Han, 2018). 84111
PrEE g R e I L A B (catalase, CAT). %

HEEWH: FRARREHE S (No.32072125) I B 4 & T £ W2 T A% 537 7 & W[5 6137 h 0 (N0.20134486)

t SLFES—EE
* JEIfE# . E-mail: jxclc@hunnu.edu.cn
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1) 1k i (superoxide dismutase, SOD)Flid &1k
Yl (peroxidase, POD)%%, REAG R M4t il oy 7= 4E
IROS, M\ T 96k 4 4 i JE DR 4840 97 J8ass R 1) 452 47
(Koornneef et al., 2002).

4 L BEFH 2% 2 3 (cell wall-associated kina-
ses, WAKSs )& T M — — b B 4220 122 40 A B 0
JIE% 1) 5% A BE £ A I (receptor-like kinases, RLKS)
(Yan et al., 2023), R {4 RE 1 B0 4H i BE S5 14 1)
Ak, FEAE S B 40 A 1E S e T R AN B A R
(Shiu and Bleecker, 2001). WAKsAX i #4141
JfifiK:(de Oliveira et al., 2014), B2 5%t 4h 795 5
A Wi, B ALE A ) N U N (He et al.,
1996; Wagner and Kohorn, 2001; Han et al., 2023).
HEAN, CRINPEITHAEE27TMWAKSs R, 1E
W I AEK K B KRR, ¥4 s
KRGS DURNE A E &R 2 %55 (He et
al., 1998; Lally et al., 2001; Han et al., 2003; Osa-
kabe et al., 2005).

1EKFEH LR IL130 M WAKSHE R o HR 8 45 5
HE R ZE R0 43 52 gnfil [ 2 A M4 REGF 45
R A0 B Y B R I WAK-RLK S K] 9wt A i 9
ity 35 T WAK-RLCK I A 4 4 )R B AT g 4P R EGF 45
HIWAK-RLPIE [ 4t JE 45 #0382 T-3001 2 2k
PR Bk B IO WAKET /NEE R DL R 2 i X rp 0, 25 2% 1k 3%
0t B & 2B # 5 1¥ OSWAK {14 % [X (Osakab et al.,
2005). WAKsH H A KR A KRB itk
EEEMEM. Flin, OSWAKLERIA TS HBUKFEE
BN, TERTE T K (Kanneganti and Gupta, 2011).
OsWAK1. OsWAK14. OsWAK91HIOsWAK92IE iff]
K FERIER LM, 1T OSWAKL12d 471 1 2 7K FE ARSI
it (Delteil et al., 2016; Tripathi et al., 2021).
OSWAK25 it 2 15 2% 7K A 5ok 4 B LA B 30 B S A 1)
Pk, £ &P A MR F B8 71 (Harkenrider et al.,
2016). Rl OSWAKLL2x B AR /KA o Cu®* i 52 1k
(Xia et al., 2018). #Rif1, HHIxTWAKsEE K%K
faM & bR T FAT B R Bk

IR G S5 58 2% At A ) T KM g i, (X
B 2% 11 <2 I AN A 7 RSAS 5 v (B 7K TR VE g g
2004). Rk, 38 e DGR, d gk
THE M mKFE M TN I sE M, 0T RE K FE AT
WML EEN NS BT R, K

OSWAKI16 7 #h i - X 38 R A 3 Bk ik 2%, 3 U
2 R T A ArghR &L, 5l KFEF T 912 1k Rk
FIBEAR . ASHIF FE 8 1 B /K FE OSWAK 165 (3 Fl it %
REEIE R R, ATOSWAKL6H Iz K FEfh Tt &1k B
JI TR HEATBRAE, & ILOSWAKL6 AT 8 1T i 15 5t
AL BGTE T FIROS & Sl = /K B 736 S F P 2 4k

2k
Ae/Jo

1 MR5ERE

1.1 EPHREKEYS

Wk R R AEKasalath (Oryza sativa subsp. Xian
L.) S H.OSWAK 163 5 it ik bk R T KFEA
K& A E N112°96'E.28°19'N, BERIEE N
(3045)°C/(2445)°C, J&:JH BN 14/Nef YL RE/10/N ) R
%, AHXTVEE (relative humidity, RH)485% .

12 SEWFHE

121 MFEUSHESZH

W ZARAR (R 7K R b 756 FH 75% Ll KA 3438, 15
3% IR PNVE MUK 1573 B, SR )5 FHddH, O M+
#. Z ML BUES(2023) ) BRI A iE e, #EAT A
T EAb B . AR £ M BOR TR
A5 LZEIRIK, FEBROKT 1773 emAbTE A2 4L
BEAR, 30k E A BRI I K R A TN B e AR
(7 cmx7 cm), RN EERIAS E TR E, SRR
I T Mg A T 2 B TN AR IR AR, ££42°CL 80%
RHZEA N EAT Z AL AL B 22 BE e R 8. M1 1 A oA
(30£1)°C. 85% RH; HEAFIEHEEHLIZISORL i HE
WA T, BT B N9 omBs IR L i 8
A E, IS mLZIRIK, WiRALEITR, WA &b
IKCLORFFIEARRIE . WSIAEMFER . FRILFM
TREFNEDL, SRR 7K 2 Kz 17200 1K
FERMRRRTHE A o My BE AR B RS S A AR K
#EANZE(2022) 17 VLS8 1

1.2.2 OsWAKI16M4EIEBEDH

M S KR8 B A o0 (https://lwww.ricedata.cn/gene)
3543 OsSWAK16 /77 41 ; i@ i GSGD2.0 (https://gsds.
gao-lab.org) £ £ il OsSWAK 16 /1) 45 #J; il id Expasy
(https://web.expasy.org/protparam) #f Il & 1% 7= 47 ,
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I E I 525 45 (isoelectric point, p) A2y T F

A TMHMM-2.0 (https://services.healthtech.dtu.dk/

services/TMHMM-2.0) 73 #t OsWAK16 & 1 15 JIi 45 14

1; RHSMART (https://smart.embl.de)’ #1555 45

Fyss s S ik, R MEGA11 EL X WAKs 2 [ 7 471,
SR R A

1.2.3 qRT-PCR&#T

K HQRT-PCR4M T H (¥ 5L K] (1) %14 & . i F TransZol
Plantil ) & (4304, 650 SRR AL A (1) 2 RNA,
181 B HiScript® 1l RT SuperMix for qPCRI % £
(Vazyme, F§u0)#kAT ¥k, 3K#3cDNA. gqRT-PCR
7E QuantStudio5 5L i & 4t (Thermo Fisher, 3% [H )+
AR B UL B, DUKFRBACtnlfE A S5
W3R EE . qRT-PCREIMF 5 LE1.

1.2.4 FRIEREE

%: T CRISPR/CAS9 £ & J5i ¥, {fi F| CRISPR-GE
(http://skl.scau.edu.cn)fE4k T H, EHUA T OSWAK16
EANFEAN NG T ERI2ANSEA S A, B R
FEAL RS, SR PCRAE 51 #gRT1#10sU6aT1 .
gRT2M10sUBbT2; %5 2% PCRA# FH Al S 48 £7 1 45
% 5| ¥ OsSWAK16-cas9-F1/R1 (I fir & 1) 1 Os-
WAK16-cas9-F2/R2 (Hf/ s12), X L5447 Bsal

OsWAK16 cDNAJFE#: EpHB#E A . K EHEIAFA
EHA105 K ¥ #, A T K1, WEEH
pYLCRISPR/Cas9#i /& FfPHBE: /A 1 51 #1541 L1 .

1.2.5 KiGIEEEL

LU RS Kasalath 5 5 i AT K g A% ek . % 1
Tamzil%(2021) K 7 VE IR IS IE 2. # 2& 7e IK A
b~ 3 Ak B S 42 P 31 55 37 LA Y N D [ 4 15 77 5%
b, A OEE O, 25-28°CHE 5%, WM M7 K
WA, KB AHHLN . BEHRRTFEIIASEH
200 pymol-L™' 2.t T % i 1IAAM (Acetate-Agmatine-
Mediated Medium)#& ¥ H, 30°CHEIKE: 7% 2 W K
ODeoo /1 T-0.1-0.2:2 [i]; FHUAE K R 4T (1 8475 4 243K

AW H, BMES5-808, LW, HEma
DAL T IR AR LB 10-155 580, BERFILR5 984 I
RIAA BT A& B AAME: 72 0 TC B 4R |, 25°C
W Br 73K, B A K A E FHERIE A+, HRH
KBV T, IMANE400 pg-mL B85, T
FRIK 1180 rrmin YR 1570 8. W G A S EBET
B YR AR E T, B SRR R 0 kB R AR B BE R
15-30°K; ¥ H 18T i R 4 22 o A B R 2k
k., #EE25°C. JHEFRA 4120 umol-m2sT 4 {1
TSGR BEK A RIFR @ H A 2 4
MG TR 3L b, i 45 v 0 AR K & 0 i
g, MR KORFFRIE, W3R, ¥ HE w# %
ZESHENE . fFHEKARCEE, R AR
RNA, HETHIERMEMR M S 2 . H & &2 E K H S
AL BB, WM H T e 855 .

1.2.6 OSWAKL16BEIF-GUSHE D

GUS Gt 77 VLK H5 Zhang %5 (2011) 1 77 ¥4 5 i i1z
M. LLOSWAK16/24: % i+ Fii2 kb DNAJF FI 1T
A5 B 1AL 5 Neol AT Hind T 5] #)OsWAK16-1301-
FIR (1), ¥ ¥OsWAKL6ZE K a3+ ¢ 51, ¥ H
E R pCAMBIAT301 84 . 1% H81.2.5%T 1 53R 1R
AR . BYHOT i T GUS R (I B T
GUS M, fE37°CH 740 s b ¥ 12/ ), H
75% LWL ()5, TEARRE S s T ER), I i BH 1
FE MR I B ) R R A . Wk, B
B R G R AR AE IR . 250 mh. 5. JERIARSE
AR AL T GUS AL £

1.2.7 MDARMIROSEEBIARMALEGFEMENIE
MDA il 52 % Fl Zhang % (2020) i) i AR 2 bL 2 2
. SOD. CATHIPODIE Il 5E X H Yadav
Parihar (2013)(#) 7772 . HoO, 10, & & 52 A ik 771
& (Solarbio, dtxt), EAREAE WU . Fdk e
WIRAEYFEL .

1.2.8 HXBEIFRAE

FEX A5 26300 5 4% B Kumari® (2015) (¥ 77 1 - RS 1F
BB B K REAE A 1O i B A1, &5¢
JETIATF#RIRE , A0 mLEE 7K, 55
MR AP 48 3 Rat, Rk lERE T
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Table 1 The primers used in the experiments

Primer name

Sequence (5-3')

Purpose

gRT1

OsU6aT1

gRT2

OsU6bT2

PB-L

PB-R
OsWAK16-cas9-F1
OsWAK16-cas9-R1
OsWAK16-cas9-F2
OsWAK16-cas9-R2
OsWAK16-pHB-F
OsWAK16-pHB-R
OsWAK16-1301-F
OsWAK16-1301-R
OsActinl-F
OsActinl-R
qRT-OsWAK16-F
gRT-OsWAK16-R
OsPER1A-F
OsPER1A-R
OsbzIP23-F
OsbZIP23-R
OsPIMT1-F
OsPIMT1-R
OsSdr4-F
OsSdr4-R
OsMSRB5-F
OsMSRB5-R
OsHSP18.2-F
OsHSP18.2-R

CCGTTACAAGGCCCTTCTGT
ACAGAAGGGCCTTGTAACGGC
ATTACAACTGGTATTAGTTG
CAACTAATACCAGTTGTAATC
GCGCGCGGTCTCGCTCGACTAGTATGG
GCGCGCGGTCTCTACCGACGCGTATCC
GCCAGGTACTGATACCTAC
CTCAAGAAAAGATCAGTCGC
TTTACATGCACTAGTTGCCC
GCGCTTTCATCTGAGATTAG
ATGAGGTCGAGCTTTGTGGC
CTAGCGTGGCAAACTGACTGAG
CCAATGAGTACATTTCTGCTATAGACAG
CTTTGCGCCAGCCGAGAC
CAATGTGCCAGCTATGTATGTCGCC
TTCCCGTTCAGCAGTGGTAGTGAAG
GATGGCAACTTTACTACAA
TGTGATAATACTCTGGGTC
GACCCGGACGAGAAGGATTC
ACCACCTCATCCATGTTCCG
CTGGGAAATGGGCTGGTCT
CCATCTTGCCGAAGCCATT
CACCGACTGTGGTCAAGC
AGCACCAGGAGGCACAAA
AAGACGGCGGAGGAGGTGGA
CATGGACGGATGACCACTTGC
GCCATAAACCGAACACCG
GCTCATCAGTAGGCGTCTTG
GCTCAAGTCCTCCGACATCAAG
TCCGCAGGTACTTGCACGAC

CRISPR/Cas9 vector construction

Overexpression vector construction

GUS vector construction

Quantitative internal control

OsWAK16 expression analysis

Gene expression analysis

25°CHE IR 5 7R A6 h 8/ p, 45 i a2, MK AE
JRAA00°CHE/K TP 21307081, BUHY R Al = =, 4b
K210 mL, MG F3a3. WY EE

Tt 7 2 W AH X B F 2 (%)=(a2—-a1)x100/
(a3-at).

1.2.9 it

1 I Excel 8 14 3k 47 $u s 70 #r; FH 27849k 1 41
OsSWAKL6 S M 11 77 FH 5 Fk ER]  AH X 3294 & (Livak
and Schmittgen, 2001); 4 GraphPad Prism 8.0.2

Zx B, KR H 58 3R AT 22 e B 3E PE A AT (¢ P<0.05, **
P<0.01).

2 HR55H

2.1 OsWAKI16HI4E s B HFHE

OsWAK16f. T/KFEH 25 Ye ik, SH4MHME T A
3PN E T, 4K3202bp (K1A). Hrb, FFUREAE
K2 760 bp, #fi%—1920 aalsz/KMEE AR, MHXF
4y FJiiE102.75 kDa, #igplh5.83. it TMHMM-



L4 7K 8 OSWAK6 JiHid i 19 HT s (LB VR 42 F 1 JiE AL e

2.07M, KZIMOsWAK16JE T (1, HA2/1 %
fiE g sk, 4y W T Phe®—Ala? #1Gly*°—Ala® 4t ;
J A X 38 A 24N 318 1) 2K 3R B AR K ] 7 (epidermal
growth factor-like, EGF-like) = & ¥ 41, 4 54T
Ala***-GIu*® 1 GIu**"-val®® 4, I & 4 17 5F 11 Cys
(E1B) (Li et al., 2009). Bt4h, ECHEA £ NSer/Thr
WA AL 5, NiMet'-Ala" y — B Fiil i
5T K. XL 45 F KRR 2R ] OsSWAK16 2 — MEGF-
likeSZ Ak -

W BUE I NCBIA I BLAST 5 ) 75 73 e i ) 144
OsWAK16 CDS A 7 51 i) g Rguib it 4553
7%, OSWAK16 (LOC 0s02g42190.1)50sWAK15
(LOC 0s02942160.1) [R5 MR, 54K F i (K
1C), $&/RPiE AT REAFTETIRETUAR -

2.2 OsWAKI6HRZERIFERFEER

% Fl qRT-PCR /3 #1 /K # Kasalath £ 4= % (wild type,
WT)Fh 1 IR CA SR EHOAR . 25, 1y 5. BRI E
HTOSWAKL6 1 ik, 4R K W OsWAKL6TEKFEE
IRy B A A B A AU RIA (KI2A) . o, 758
FRAE MR REE RS, WK, AR T
Tk B, HUCNIEF . GUSHLtadt— B 16 1E & I,
OsSWAK16 7E F -1 1 & -1 1 2 i A o (&1 2B-a),

21

JACTARIAR . - FOAR 384 58 2 A GUS T 14 (K1 2B-b,
c, d). TERCEAFR TR A GUSHEME, 1M 7EMFLH
KA (EI2B-e).

BeAh, AT AL A FEAS [ R (0. 4. 8. 124
16 /120K ) ) Kasalath (WT)F ¥ 87 & 2 F1OsWA-
K16 A ik B s, WTHR % 71 5 0sWAK16/1]
FikEaHAE, BT (B 2C, D), %8 Os-
WAKL61) ik & 5 15 71 8] B IEA G

2.3 OsWAK1e6¥:EFEHREHE

IR FEKFERFZ A I FE A OSWAK L6 A4E ) 2 T fig
S AR FHALEI, F-AT5 BB T OsSWAKL6m bk 5848
1A oswak16-1. oswak16-2 (& 3A) kit % ik Pk &
OE-1. OE-2#I0E-3 (&I3B).

2.4 OsWAKI16HFRIEHE FI T4 #ral 1 5@ Kk Fafh
FiENFINELEES

Fh T 1 & 256 ATOSWAK16 £ 5 & [qRT-PCR 4 #r
LERKY, OE-1MIOE-2F T LI ENE T, M1
RIGHHIHEKAMK SWTHEELEHEZS,;
oswak16-1floswak16-2k R Z 12K R 1 & )
IH K B AWTHI57.9%F144.4%, R 5 5
NWT165.5%F161.0%, H% 7 5% (K4A-C); W

C OsWAK32 LOC Os04g24220.1
OsWAK16 OsWAK35a LOC 0s04g24300.1
5'- —— e -3 OsWAK112d LOC Os10g10130.1
. . L T OsWAK36 LOC Os04g24510.1
0bp 3202 bp OsWAK33 LOC 0s04g21820.1
== Exon = Intron OsWAK38 LOC 0s04929680.1
OsWAK37 LOC Os04929580.1
OsWAK28 LOC 0s03g62430.1
B 5-27 aa Tra5r11 Sr;5e?n7b?:ne OsWAK29 LOC Os04g03830.1
Transmembrane 424463 2 domain OsWAK56 LOC Os05g04460.1
domain EGF-like OsWAK14 LOC 0s02g42150.1
1aa A A 920 aa OsWAK15 LOC 0s02g42160.1
NH,— || |_| | | | | —COOH OsWAK16 LOC 0s02942190.1
T o7 OsWAK22 LOC 0s02956400.1
1> Signal 467-504 aa 0
' ' peptide EGF-like

Bl OsWAKL6HIAEME BT

(A) OSWAK16IEHZ:H; (B) OsWAK16E [A45H; (C) OSWAKL6 57K FEH T WAK [R5 L [ /5 51 44 1 1) 28 45 AL (U5 2 44

OSWAK16).

Figure 1 Bioinformatics analysis of OSWAK16

(A) OsWAK16 gene structure; (B) OsWAK16 protein structure; (C) Phylogenetic tree of OsWAK16 and its homologous genes

from Oryza sativa (OsWAK16 is highlighted in blue).
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B2 OsWAKL67EKFEA ML A FHE F3Hh 7 Hh i 2R IR

(A) OsWAK167EKasalath (WT) AR R L FRIEKT; (B) OSWAKL6JHZFIREN IGUSEKIE M (a: 4hifi; b: #8; ¢ i d: Al
e: i F); (C) ZALH RN MWTHFIH K%K, (D) ZHAIA RN MWTHFHOsWAKL6/%KIEKT. (B) Bars in a-d=1
cm; bar in e=0.1 cm. $UE N FIE bR E (n=3). RS5HTHLZ 2T B35 A) R R ZUR T 52U R E R LR F 2 1
[ 2 5 % 2 1% (C, D) Student’s t-testit 5.(* P<0.05, ** P<0.01).

Figure 2 Expression patterns of OsWAK16 in different tissues and seeds of rice with different vigor

(A) Expression level of OsWAK16 in different tissues of Kasalath (WT); (B) Analysis of OsWAK16 promoter-driven GUS ex-
pression (a: Seedling; b: Root; c: Leaf; d: Spikelet; e: Seed); (C) Germination rate of WT seeds at different time of artificial
aging; (D) Expression of OsWAK16 in WT seeds at different time of artificial aging. (B) Bars in a—d=1 cm; bar in e=0.1 cm. Data
represent meanstSD (n=3). Significant differences between root and other tissues (A), and significant differences between
unaged seeds and seeds artificially aged for different days (C, D) were determined using Student’s t-test (* P<0.05, ** P<0.01).

A Target site 1 for knockout: ACAGAAGGGCCTTGTAACGG B 2500+ ”
Target site 2 for knockout: ATTACAACTGGTATTAGTTG 5 2000 T
5 3 3 1500
§ 1000
§ 500
Target site 2 E 2
2 ()
[
=
k] 1
m =1 == Untranslated region &
oswak1‘é\{11— VSR( EGFCNGKGC == Knockout site
Rl Y SRCOGEXY E TR === Exon region 0

B3 OsWAKL6%% I KK FE 2 4

(A) CRISPR/Cas9ft]OsWAK164E A7 & (FEAL £ 1 FIFLAL 25 2) K 285 ficoswak 16-1 Flloswak 16-2 (5% 5 /7 71 Rt B 1) 42 25 R 7 31 728
tk; (B) BFAAN(WT)MOsWAK163T % iktk 2 OE-1. OE-2HOE-3I Ji 1 OsWAK16 A ik &, HfE N V- I8 45 v 7 (n=3),
WT 55 ik ¥k & 181 22 57 8 2% 1 I Student’s t-testit 5 (** P<0.01).
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Figure 3 Construction of transgenic rice lines of OSWAK16

(A) Target sites (target site 1 and target site 2) selected by CRISPR/Cas9 and changes of the nucleotide sequences as well as
the corresponding amino acid sequences of mutants oswak16-1 and oswak16-2; (B) Relative expression levels of OsSWAK16 in
leaves of wild type (WT) and overexpression lines OE-1, OE-2, and OE-3, data represent means+SD (n=3), significant differ-
ences between WT and overexpression lines were determined using Student’s t-test (** P<0.01).

AN RAZEIR R AR EAFI T R RIEAR(HT R Z . B R
A R P A0 FIOSWAKL6 K IA 1) B E K TWT; Fh+
ANTZM12K )5 2 5 ¥ B3, 1MOE-1FOE-2#k & Ff
TFAEEAHT G X LA R AR SWT AR, B3
FTWT (Bl4D-G). %455 EKH, OSWAKL6RAL
IKFERN 75 73, — 77 TH AR Z A0 AR FE ) oswak16-2F 1
B R N86.7%, WEALTWT (Fh 185Kk % N97.8%),
i OE-2F 18 & %(99.0%) 5WTE % A8 ¥, 5 —
JiTH, ZH12KEIWT. oswak16-2f10E-2F i &
Ko Rtk Z AL FT R T 15.6%. 34.5%F17.0%,
KB OSWAKL6R A I 7K FEMFHig e I T
B DRI, OSWAKL6TE/KFEF TP & fh bl v Rk 4%
BUEH, Foid A v DAGERF AR R At A
VAR ors = N ] o e S R AR I X S

2.5 OsWAK16RZESH/KEMTHAERIRES
ZEEHGE

SRR BT 2 A0 R T I 2 5 R (Gao et al,
2016). P R R I A AR S PR, T R
A= Wi 2 B0 FEFE (McDonald, 1999). 5kt fh
TAILE, EANTZLF12K )5, WT. OsWAK16H
4 5¢ 45 1A oswak16-1 fl oswak16-2 LA % it % ik #k &
OE-1MOE-2% ¥ MDA % & MECH 2 L a4,
X W Ak b R Hp b 10 20 S 2 4 52 3045340 (L
FIER R P FHIMDA S &= AECHE ZALRT 5 YK T 5k
BEMLTWT, RABMEFF MDA & MEC 3%
BN s TWT (EI5A, B), £HOsSWAK16%4s &
FOKFER T 1 240 B 5 50 BE VA 2 A S R 25 5 2 4,
R FiE SR A RE T T B

2.6 OsWAK16ZETE/KFEHFHIM A LEE ST T &

YR 7 — RPN PLALEF(WSOD. PODAICAT)
A BRH20. 10, 2:ROS, LAy 42 41 H i) S0 B 3 5
F, 0 4 RE IR A AR R AR S (Xu et al,
2014), XFTHAMEEFROSHIM & 45 R ER, EEik
QLT HT J5, oswak16-1 1 oswak16-2 fif 1 f{) SOD .

PODFICAT & & i & 3% Ik T WT, 1fij OE-1f10E-2
Rl FHISOD. PODMCATH M 5WT I I & 2 5 8l 2
ZETWT (KI6A-C). N T.Z1kil)5, oswak16-171
oswak16-2f - HHH,0, f10, F & B i 3 = TWT; 1M
OE1HIOE2F -+ 1 H,0, M0, 7 5t i K T 8L 5WT
FrF(KI6D, E). R4 K], OSWAKL6FR A 2%
K FER T P E A B E M, S B ROSHITERR fe
IR T AL 7 3K T B 4 R ol 5 S AL B
XTROSHITE bk 8 1 58

2.7 OsWAKIlexmEEHTFENHEXEENFE

IR FTOSWAKL6 /2 15 5 Ho e Bl 13 7 #H R B R A7 7
MHAEH, RATEWT. OsWAK 167 [ A A F it %
ERR R AT N T2 FERT JE, RN X6 Rl 7%
JI K F K OSPERLIA. OsbZIP23. OsPIMT1.
OsSdr4. OsMSRB5MIOsHSP18.2/1 K iAHEAT T
qRT-PCRZi#r. CAHBIFEY], OSPERIAMIY 25
ABA(E 55 S A4 O M 1% 71(Wang et al.,
2022); OsbzZIP23. OsPIMT1. OsMSRB5#i
OsHSP18.2n] il # 7 HROSHIF R, TR B 4EFE
AN B E B RIAR E, A BT KA i ) A A
(Kaur et al., 2015; Petla et al., 2016; Hazra et al.,
2022; Wang et al., 2022); OsSdr4 /& /K5 #f 1Ak IR A1
Ytk IA T E [ (Zhao et al., 2022). AFRFEMH, 5
KRG ENWABR R FHIEL, ZAAFE12K R T 5
ANFE[R(OsPER1A. OsbZIP23. OsPIMT1. OsSdr4
FIOSMSRB5) R IA A (K 7A-E)¥ KA T
OsWAK16 WA (E2D), BIFTA 120 b 21
JE X5 FE R ) Rk B RCE A AL FEHT Y R R, HoGiR
AT G, TR PR Ix Ll B [R] {304 B 48 2 251K
TWT, Rk fhrrh Rk &0 s T sl 5 WTHF. 1M
OsHSP18.27EF T &4k Ja B i N IR FE A
B X5, WS REEMAEMFFA L, WTH
OsWAKL16# b AL Fp 1 OsHSP18. 2 K ik &
W B, R AR T, BT
J&, ¥IHOSWAK16RAAAFH T H1OsHSP18.2 1) 31k
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Figure 4 Seed germination phenotypes and the related indexes of rice Kasalath (WT), oswak16 mutants and OsWAK16 overex-
pression lines
(A) Germination phenotypes of unaged seeds and seeds with 12 days of artificial aging (bar=1 cm); (B) Seedling shoot length;
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(C) Seedling root length; (D) Germination rate; (E) Germination potential; (F) Germination index; (G) The relative expression
level of OsWAK16. Data represent means+SD (n=3), significant differences between WT and other genotypes were determined
using Student’s t-test (* P<0.05, ** P<0.01).
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Figure 5 Comparison of malondialdehyde (MDA) content (A) and relative conductivity (EC) (B) of seeds of Kasalath (WT),
oswak16 mutants and OsWAK16 overexpression lines before and after artificial aging

Data represent means+SD (n=3); significant differences between WT and other genotypes were determined using Student’'s
t-test (* P<0.05, ** P<0.01).

A B Cc
E 800+ E :;: 500
T» 600- b T, 4007
2 2 2 300
> 400
8 200- 8 8 100-
S S =
0 0
n 12 o (&)
Artificial aging time (d) Avrtificial aging time (d) Artificial aging time (d)
D E
=~ 0.8~ T e
o ~ 2 . = WT
_g 0.6+ g % O oswak16-1
2 b % % oswak16-2
= 0.4 c / / em OE-1
5 g / /
£ £ % % = OE-2
5 2 _ 0
12 12
Artificial aging time (d) Artificial aging time (d)
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Figure 6 Comparison of antioxidase activities and H,O, and O, contents in seeds before and after artificial aging of Kasalath
(WT), oswak16 mutants and OsWAK16 overexpression lines

(A) Superoxide dismutase (SOD); (B) Peroxidase (POD); (C) Catalase (CAT); (D) Oz ; (E) H2O,. Data represent means+SD
(n=3); significant differences between WT and other genotypes were determined using Student’s t-test (* P<0.05, ** P<0.01).
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Figure 7 Analysis of seed vigor-related genes expression in seeds before and after artificial aging of Kasalath (WT), oswak16

mutants and OsWAK16 overexpression lines

(A) OSPER1A; (B) OsbzIP23; (C) OsPIMT1; (D) OsSdr4; (E) OsSMSRB5; (F) OsHSP18.2. Data represent means+SD (n=3),
significant differences between WT and other genotypes were determined using Student’s t-test (* P<0.05, ** P<0.01).

HEFLTWT, dREMFHOsHSP18.2(1 KA &
I TWT (B7F). RS REH, OSWAKL6 T fig 5ixX
s B Ry [ Y 2 Fob 135 1 kbt 24k e

3 itig

KFEFPFAE N BT FE Py s A B A6 25 L R 4 A
SER A0 BP0 70 R B, BN 5 AR BCE AL
(Huang et al., 2014). Fi7JE 5 R Hlbkai 0 ek
58 2% AL AN B S5 BRI e 51 R Bl 1) AR B 45 4% (MeDo-
nald, 1999). Wi MELEF T b — B &% K3k, I
K, T2 IR R TP E AL IR, B E
G IR, U R SRR R, BN R TR R
FEHEE £ (Zhang et al., 2022). WAKs& —Z45 5k i1
K ARE H B (RLKs) . BF 7€M, KFEFH1304
WAKZ R R AR R KRB - SRPU0E AR

Jolp A v 7398 R 2 {6 (Osakabe et al., 2005). 40,
OSWAKILL 1E 1 45 7K A% Wi 82 85 A4 i 38 (Hu et al.,
2014); T RIEOSWAKL24F/KFgxth. EL 8K
Vi1 (salicylic acid, SA)FIHTPEE 5% (Yin and Hou,
2017); it FRiXOSWAKLHE 58 1 7K R X Fg S ovs ) Pt 1tk
(Gao et al., 2016). AHFFE W], OSWAKL6L Fik K
ek R M T Hi i re M B, 1OSWAKL6HFR
RAARKR R 105 70T B (B 2) Wt 50 45 R 9 iRl
TEIPRAE T F AR IRE, A BT e sk
B R Pl U 98K 1 7K R T el
FFig 12— A a R, SR FIR. B
AR, DLEF TR R S, B RE
A AP Ag R AE KRN 77 i (Zhao et al., 2021). AHF 7T
F B, OSWAKL6 4 T AR R I Fh 1A A2 HH K
L ST R R BUTE 2 AL AT R 8 B R T WT, i
OsWAK 163 %32 ) T B B 481k (I2) . AT 1EAE A1
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FErh 25 G & A e, PrELEe I A T B8, ROS
AR, =B L AR ThAe, AT AT
% JI A% i (Sattler et al., 2004). — /71, MDA
ROS 5| i 5 i i S84 A F AR B 74, vl S Ak
VIR IR 22 FEEE (Sun et al., 2007); % —J51H, Ff¥
R EC AR At AT LL S e - 400 i 5 ) 5 4
(Osakabe et al., 2005). 7EAH 7t H, OSWAK L6 b
RAZEFNFAEN L ENFMDAS & MECE & & T
WTHIiE 235 71 (K3), & W OsWAKL6 K AL 1) 7K
772 A I 1R v R I R Ui AL RE T FRAIG, A
T MDA R340, $a5 1 MR se B v, AT
BRI 20T B o RO T2 FE T ROS 5 S )
A, YR 2 A PR g, Hod, $t
FALEFSOD. PODMICATSE s, % TiEFRROS
TR A 5 241 5 50 1 R 4% DR B8 (Goel and Sheo-
ran, 2003; Li et al., 2009; Pérez-Rodriguez et al.,
2023). filtn, #F#&E(Toona sinensis)fh 1B It 5k i 8]
K MDA S N, F IR ERECT =, SOD.
PODHMICATIE 1 Tt = (K i 5%, 2019). SOD. POD
FICAT % M = 1) i 3% (Brassica napus)f v, HFht
% /1t B2 5 5 (Ghassemi-Golezani et al., 2009).
FHEEWT, i RIANNMT2aR NNMT3 (1 % 3 R 1 55 7
(Arabidopsis thaliana)ff v N L4472/ i J&, SOD
TR, U AR 1 9R(Zhou et al., 2012).
AWEFEH, —J5 A L2 AHT S 1 OsWAK16:1E % ik
¥ SOD. PODFICATHH M &% /@ TWTE 5WT
A 24, 1 oswak16-1 fil oswak16-2 7€ 25 1A Ff 1 1]
SOD. PODFICATE & F K TWT; 5 —J7 i,

N T ZAHT )5 I OSWAKL6 3T 14 Fi 7 H,0, 10,

& EALTWT, 1 oswak16-1F1oswak16-2 58 4% {4 Fih
T-H 0. M0, 7 i i 3 = TWT (K16). & B OsSWAK16
RAS G BT E A B PG, R T 5 FRROS I BE
71T B, M FEAR PR 736 71 . th4h, OsPER1A.
OsbZIP23. OsPIMT1. OsSdr4. OsMSRBS5#10s-
HSP18.2%5 Fh-1-¥& /1A ¢ 5 K 5 OSWAK16 fEWT .
OSWAKI165 [ 22 AR ANt R ik b 12 AL BT 5 R IA
P — B A A oM (7)), RS 7ROsWAKL6 7] fE 5
X e ol 9 AF G R DR A ELAE DA 5 K RE B Ak
CEVAR

YA EEVE R L A 2 SR, AR
7 B Un ] s e F 3% JJME A %0 . WAKSTESH fif B 4E

o A v B G E A M (5 (Ma et al., 2024).

WAK-GFP/r#13& ], WAKS & & R = &Y &
IR FEAAR P R AE ST I, R M 4T B () e R, AT 1
2 4 {1 K (Kohorn et al., 2006). i@itDex & 4% S
7R B WAK I &5 ) 450 e L WAK S RNA 2 3 3
WAKE /K FR#50%, 51 &4 R <14/ (Kohorn
and Kohorn, 2012). WAKsAMY I i 52 1 41 f B 1 52
BN EH BRI 7, R IE R 2 RS RS S
B R0 R A (Lim et al., 2013). B4k, 7RI
fii fAelf18 1 4)#4 F, EFR (elongation factor receptor)
(1) B 471 45 W 5 AT O WAK U, AT 51 R M 2 (Ni-
cotiana tabacum)i F FFH,0. 81 B . Y N TR /K
ST Tt vy DA [ il e [ A 5% 35 [R] (1) a8 42 46 (Brutus - et
al., 2010).

Tl (1038 2 AP AGRE 7152 P9 A0 R 2R S ) 3
OsWAKL6 41 i 5 F & -3 7740 56 35k R B3[R4
AT S5 W 4 L B £ 225 ) B G20 AR A, DR R 1 4t
BT AL IS P DL 4R FEROSAR 7 1, M i % A
TR IMPLEARE )1, o FHLEVE R RN 5T

{E& Bk A A

RIFER L SRS, 28, MR #E
WIXHIN; Bl S 58dE0 0 A8 AT
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OsWAK16 Regulates Seed Anti-aging Ability by Modulating
Antioxidant Enzyme Activity in Rice

Jianhong Tian'", Yan Liu™", Mengqi Yin', Jing Wang1, Ting Chen’, Yan Wang1, Xiaocheng Jiang”*

School of Life Sciences, Hunan Normal University, Changsha 410081, China; Hunan Province Key Laboratory of Crop
Sterile Germplasm Resource Innovation and Application, Changsha 410081, China

INTRODUCTION: The cell wall-associated kinase (WAK) family has annotated approximately 130 WAK genes in the
genome of rice (Oryza sativa), which play an important role in rice growth and development and stress responses.

RATIONALE: Here, we investigated the regulation and physiological mechanism of OsWAK16, an encoding gene of the
cell wall-associated kinase WAK16-RLK, on rice seed vigor and anti-aging ability.

RESULTS: The results showed that before and after artificial aging, the seed vigor of OsWAK16 knock out mutants and
overexpression lines was significantly lower and higher than that of wild-type seeds, respectively, indicating that Os-
WAK16 positively regulates the anti-aging ability of seeds. Physiological and biochemical analyses indicated that com-
pared with wild-type seeds before and after artificial aging treatment, malondialdehyde (MDA) content and electrical
conductivity (EC) of seed soaking solution of OsWAK16 knock out mutant seeds were significantly increased, while anti-
oxidant enzyme activity was significantly decreased. The reverse was true in overexpression seeds. In addition, the dif-
ferential expression of OsWAK16 in three types of seeds, whether artificially aged or not, also caused synergistic changes
in the expression of other seed vigor-related genes OsSPER1A, OsbZIP23, OsPIMT1, OsSdr4, OsMSRB5 and
OsHSP18.2.

CONCLUSION: Therefore, it is speculated that OsWAK16 may work synergistically with other seed vigor-related genes to
clear reactive oxygen species in cells, thereby regulating seed vigor and anti-aging capacity.
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Phenotypic differences in seed germination of Kasalath (WT), oswak16 mutant and OsWAK16 overexpression lines
and OsWAK16-mediated regulation network of seed vigor. The germination phenotypes of unaged seeds and seeds with
12 days of artificial aging were used to determine the changes of seed vigor.
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