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TOKFERL A Z R AR AE P aa P R ARk, (3) R & 35S JH 8l T 192k 3R ik A& il CRISPR/ Cas9 % H 45
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Abstract; C2H2 zinc finger proteins are an important category of transcription factors in eukaryotes, which play
important roles in plant growth and development and in response to abiotic stresses. 0sZAT12, a C2H2 zinc finger protein
in rice, which cloned in our previous study, was only expressed in rice roots and was localized in the nucleus.
Overexpressing OsZAT12 in Arabidopsis thaliana exhibited dwarf phenotype. To further investigate the function of
OsZAT12 in rice, qRT-PCR was used to analyze the response patterns of OsZAT12 under abiotic stresses and
phytohormones treatment. The results were as follows: (1) OsZAT12 contained two typical C2H2 zinc finger domains
and one EAR motif, and has transcriptional repressive activity. The promoter of the OsZAT12 contained elements related
to abiotic stresses and phytohormones. (2) The results of abiotic stresses and phytohormones treatment in rice also
revealed that low temperature stress (4 “C) and phytohormone abscisic acid ( ABA) treatment significantly down-
regulated OsZAT12 expression, while osmotic stress (20% PEG 6 000) , phytohormone brassinosteroid (BR) or indole-
3-acetic acid (TAA) treatment significantly up-regulated the expression of OsZAT12. These results showed that OsZAT12
involved in the changes in response to abiotic stresses and phytohormones in rice. (3) Homozygous OsZAT12
overexpression plants and OsZAT12 knockout plants were obtained using overexpression vector with 35S promoter and
CRISPR/Cas9 gene editing technology, respectively. (4) Observation of the phenotype of OsZAT12 overexpression rice
showed that compared with the wild type, the plant height of OsZAT12 overexpression plants was significantly shorter at
tillering stage, heading stage and maturity stage. The plant height of OsZAT12 knockout plants did not change
significantly compared with the wild type, while the panicle number and seed-setting rate of them were significantly lower
than those of the wild type. These results indicated that OsZAT12 affected the establishment of agronomic traits such as
rice plant type, panicle type and seed-setting rate. (5) The results in this study further showed that overexpression of
0sZAT12 reduced the sensitivity of rice to exogenous ABA, while the opposite phenotype was observed in OsZAT12
knockout plants. Therefore, it is speculated that the effect of OsZAT12 on plant growth and development may be related
to the regulation of this gene in response to abiotic stresses and hormonal signals, and this study provides an experimental
basis of using OsZAT12 for molecular design breeding of stress-tolerant and stable yield in rice.
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PR R MR AR — B iz R W
s 500 AR P e 22 (C) A 2R (H) 5%
FE B H AL E ] H4r y C2H2 \C2HC  C2C2
C2C2C2C2 %55 ( Laity et al., 2001), C2H2 #I
PR RS E AR W2, iR 2 A
WHR AR DL AR B9 A K R B R EE A W 3 i
HEH £ L HEEAYYEH (Ballerini et al., 2020; Yin et
al., 2020; Rodas et al., 2021; Zhang et al.,
2021) , HAT, EKREME T B & &Ml
189 /NI 176 4~ C2H2 RIFHE  H , iz E H W B
REEHBEA CX, ,CX,FX,LX, HX, JH(C H2FRE
AR, F HAEANAR, H VHEAR, L MR, X
WAL A KRR ) FRAEF 5] ( Englbrecht et al., 2004 ;
Agarwal et al., 2007) , MIEFHEEAEEH ¥
IFHED O 2, R IF 176 4~ C2H2 BlAEHE & Al
43 M Set A Set B Fll Set C, Horhfu & 24~ H B # Y
BEFR 45 F B () — 22 U5 Set C( Pabo et al., 2001;

Englbrecht et al., 2004; Cifici-Yilmaz & Mittler,
2008) . ARHEEFE R P A 2 A2 S R Z [R] Y
B, Set C AT BE—00 2 C1.,C2 A1 €3, C1
FIEATHE— 4157 R C1-1i,C1-2i C1-3i ,C1-4i il
C1-5i( Englbrecht et al., 2004) ., £ & C1 KKK
58 EBEEPLE C1-1i Ml C1-2i WK% ( Englbrecht et
al., 2004 ; Ciftci-Yilmaz & Mittler, 2008)

X AR R T C2H2 TUAEE R Y C1-2i
W 5 15 A #5 ZATS ~ 7, ZAT10 ~ 12, ZATI8 #i
AZF1~3 %5 ZWHKE G 2 DR 4510, BrAR R
fEF A 2 AN AR Z Bl 22 R H 3 A, K
RO B A A% E AL AE 5 I EAR motif ( ethylene-
responsive element binding factor-associated amphiphilic
repression motif) , 3 B 2 5 4% Fl A= W A1k A W 38
M3 )7 ( Lippuner et al., 1996; Meissner et al., 1997;
Englbrecht et al., 2004; Sakamoto et al., 2004;
Mittler et al., 2006; Liu et al., 2013; Shi et al.,
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2014; Yin et al., 2017) , 7ESURI T, AIAZF2 %)
EIN | SN i) B St < A R BT U VA 2 B
AtAZF3 ) RIXRTAE A P8 (R T 5 A1) /i
NEEES , R AtAZF2 GEW 8 ABA (abscisic acid) 175
XA BEE T AAZF2 3BT & ABA Wi
JGH: ( Sakamoto et al., 2004) . i ik AtZAT18 1]
DL 5 FOU R I A0 I S, TG 28 AR ArZAT18 W 5 3k
FE P 538 T 32 HEBE AR ( Yin et al., 2017) .
N F IR ALZAT10 A 55 35 0 g o AE K2 %)
PO, T AR R R S i W i T A7 4
i, [ B2 T ROS RS AH G L, 4 AiAPX 1 Al
AtAPX2 1) %% 5 ( Sakamoto et al., 2004; Mittler et
al., 2006) , A8, ALZAT10 FE R o 5 A Bk A
RNAG T ¥ H Bk 3% B0 XF 6 F195 3 il 30 9 i 32
PEXE N, R IR LG H HT M A 2 (Mitder et al.,
2006) , BRPIRGIF AL, Hofth X A 4 ot A5 % T
C2H2 ¥ FHFHiE ., Bis St ( Stipules reduced )
S PR 308 1 5 1 400 e S R A B O s S LG
MK /N Moreau et al., 2018) . FHhnZEHE H( hair)
it C2H2 RIBHR 1, o RkIZHER 5 it i B AR
PRECHE 2 3% 0 (Chang et al., 2018), B 15
MtSUP ( SUPERMAN) 52 C2H2 48 E 1, FTEAE 4y
AR MRS O B G AT R IR TEE AE TR
AL R AR J5 5 e G 4% B R MBS SR Sk
H (Rodas et al., 2021) ,

RABIAGY) 45 2 71 h (1) ZjZFN1 ) 4 i
C2H2 BVBER AR, H AR IR Z #h Whia ¥ T ABA 155
TR T T SRR R AR ZiZFNT BB %
T L 3 T AR B BR R T 3 e 1 TR )
SR, B2 40 T X R 38 A9 BT (Teng et al.,
2018) ., TR0k F/NE TaZFP1B B33k,
iF 33K TaZFP1B #4255 T 5 W i o ik i 2
B4 ( Cheuk et al., 2020) . /KA & T C2H2 4F
R8BI A — 2 Uk ik 3, W0 ZFP182 | ZFP36
ZFP179 ZFP245 il ZFP252 %5, it % ik ZFP182
e $& = A B X ER W 38 1Y Tt 32 % ( Zhang et al.,
2012), L3RIk ZFP36 fE % £ & bt S Ak i 14 7
P, IF 38 SR K R T 5 30 R AR AR B A Y i 32
A2, ZFP36 1) RNAL ¥Rk o4t S84k il 0 1 4
A%, 01 52 38 AR B 38 5T U ( Zhang et al.
2014) , iF3K ZFP179 RENE 4 B K A B9 i 3 1
It HEFE R 40 X /MR ABA B N4URE (Sun et al. |
2010) , 3K ZFP252 FIFEREXT £ A 508 1Y

it 27 P 34 0, AE L A R a3, i &k
ZFP252 #itkh OsDREB1A OsP5CS F OsProT %:4F
A=W AR DG R Y 3R 3K & i T EP AR U ZFP252
UMK 2R, Ui OsDREB1A ,OsP5CS F1 OsProT W] fiE
J& ZFP252 [ S (Xu et al., 2008)

OsZAT12 J& T C2H2 B H H ) C1-21 WHK
S AV Z AR 7 DA S P i A K R
AR A W B 3 B R Pl & G E A E H
(Ballerini et al., 2020; Yin et al., 2020; Zhang et
al., 2021; Rodas et al., 2021) , A 525525 A (R
A 2019) TEFE T OsZAT12 H:H 1% 5 P AE K
FEAR vy S 3R 0K, O T 40 M %, S R 0 Rk
OsZAT12 $L g IF A BRI /0 iR AE Kz Bl . K
FONEZ AR EED, £ Y/HE 2 Y e FE Y 3%
KRG MR AR & F OROE 25 A, 2F 100 5 i e
SR, VB A6 A W AR 4 & & TR A= W e v T g
EEE BN 0sZAT12 FE KRR K & T LARAE
Yol 30 A g VR ORI L B, AR SO T T
OsZAT12 W) 8 F oA F G S as k| I R qRT-
PCR HAR ST 0sZAT12 FE3E AWy il ies FAE P i R
ARFRR A e AR S, DTSR i — 2B BE Y 0sZAT12
Z 5 R0 aa 24 1) 4y AL TS 5 ABA
5 IR AR A P B e

1 #HEF&*

1.1 #F 44

KRG hAE 117 (WT) , S50 = FAF, Mot E
& pCAMBIA1301 3k [ 4 5Z 55 %, CRISPR i 45 Af]
* # & pYLCRISPR/Cas9Pubi-H, pYLgRNA-
OsU6ba/LacZ, pYLgRNA-OsU6ba, pYLgRNA-OsU3/
LacZ ,pYLsgRNA-OsU3 Hi A8 pg 4l oK 2% X1 O 52
By B KIHFT I DHSa J8S2 25 B A AR 98 R FT
W EHA105 J857 A5 AP i AR S 06 28 (R AT
1.2 OsZAT12 R H B iR & E B4R 57 & HiE 5

£ NCBI 1 TAIR %48 2 b £ $ 400 g 7 Fl K A3
T C1-2i MR AL B, I 5 13X 6 5 PR 110 8 B R
Fe3 . R ClusatlX 1.83 #4722 5 51 L X,
i F4F DNAMAN 6.0 % i B8 R, ABF9E o, 647
Z T G A O AtAZFL ((At5g67450) |
AIAZF2 ( At3g19580) | AIAZF3 ( At5g43170 ) | AtZATS
( A2g28200 ). AtZAT6 ( At5g04340 ). AtZATT
( At3g46090 ) . AtZATI0 ( Atlg27730 ). AtZAT11
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( A2g37430 ). AtZAT12 ( At5g59820 ). AtZAT18
(At3g53600) . OsZFP252 ( AAO46041. 1) | OsZFP245
(AAQ95583) 0sZFP182( NP001051718.1) .0sZFP179
(AAL76091.1) .0sZFP36( AAP51130.1) .
1.3 OSZATI12 B FiE S

WO S EEE YO S
(fivefly luciferase , LUC ) A& 1l 2 45 1 B 26 )t &K 1l
(renilla luciferase, REN) #5348 09 4 &, # H ok
IY MG SR DR e s i ML AR R 5T o8 P 40U R O R
A R BRI 2 38 2R GE AT WD S 5, o
PURE 7 AR AR A B2 LS %5 Wu 45 (2009) (19
%, ¢ G O TG M G A AR P Promega 2\ H)
Dual-Luciferase Reporter Assay System & 7] &
(Cat. No. E1910) 4 5t B 45 45 4, I3 o 3155
LUC/REN (¥ FL B 20 M OsZAT12 (5% S5 3005 / 30 461
WEPE
1.4 OsZAT12 BEHFHH

PIKAE O0sZAT12 FEH B AL 1R % 1+ (ATG) -
li£2 000 bp 1E MRS, R HFEL A 3+ 534 T
H PLACE ( http : //www.dna.affrc.go.jp/PLACE/ )
PlantCARE ( http;//bioinformatics. psb. ugent. be/
webtools/plantcare/html/) , %} OsZAT12 §YJ3 8 F ¢
H AT PR ST A T A4
1.5 OsZAT12 ERFEIE £ B FE Y M R 40 12
THREDH
1.5.1 REGHFF i F AL G KIEF % K2
FEIRTIA 50 mL B0 T N 75% CBER T H 1
min, F 2.5% A TR B4 TH 7 50 min, O @ KR TE 5
WOBAFET 172 MS BARRE SRR H DL
3% 5 d MG B 2 96 fL PCR SR (837 4%
JiE) HEAT /KBS (16 h JEHE/8 h BARE | 1K 28 C/ M
24 °C) ,KFEE R 7 S 08 [ bRk R o2 K f
EEFRW B, 5~6 d Hr— WK IEW .
1.5.2 E A it 432 5k U IR 14 d A9 K HG
L AR EAT AR AR Y i aa Ab 3, BRI R A
TEIRE KRR CE T 4 CHBEFRM (16 h
JGHE/8 b RS B K OKRES E T
# 20% PEG ( polyethylene glycol) 6 000 7K 5
Wb A e R OK S S TS A 20 pmol -
L 3L 2285 ( methyl viologen, MV ) Y 7K #5535 W
s BRI E A B CFOKFESD B T 5 A 100 mmol -
L' NaCl /K Fd B F2 Wb 43 Bl b 22 0.,0.5
1.3.6.12.24 48 h [(YEERR& T, oK Ab 3 A 7] B

HOREAE S 0 B 20, BT A A i T A R J5 - 80 C
PR . SR AL A B A1, JHC Ath 360 A B 35 7 A
Y355 (16 h JEIR/8 h BB | K 28 C/ A1 24
C) #HAT,

1.5.3 M ZF A2 x B 14 d fKFELD
HIE AR, AT H Y PR A PR, R3S 3R W 4y
A 100 pmol  + L™ i ¥ BR ( abscisic acid,
ABA),1 pmol - L' 2, 4-RZEHE XN (2, 4-
epibrassinolide, 2,4-eBL), 1 pmol - L'F[HE-3-2,
JiZ ((indole-3-acetic acid, IAA) ,AbFH 0.1.24 .48 h
S SO (RS RR I 8 ) |, A b BB R[] s SR A Sy
X HRAE, I A3 it T VR A VR JR - 80 C IR A7, I
RALBE M BB AR Y B 92 %= (16 h JEHE/8 h
B PR 28 C/KIG 24 C)

1.5.4 K45 RNA 89 3 IR & cDNA % — &4 09 &
A% RNA $& BRI 48 B0 8 PR AU A ) RNA 48
X £ (Cat. No. 0416-50) UL B B 17, =M
Toyobo J % 51X 7 £ ( Cat. No. FSQ-301) 13611 45k
1T cDNA 55— 5B G .

1.5.5 OsZAT12 3 B # qRT-PCR ( quantitative real-
time PCR) & AR5 Y qRT-PCR R SYBR
Ykl 7 (GenStar 2 X RealStar Green Fast Mixture,
Cat. No. A301-10), LL/KFE eEF-1a 3£ R N =
(qPCR-eEF-1a-F; 5'-GCACGCTCTTCTTGCTTTC-3';
qPCR-eEF-1a-R: 5'-AGGGAATCTTGTCAGGGTTG-3') ,
K H 27°° 5 31 & (Livak & Schmitigen, 2001 )
OsZAT12 FEDR By AH R} 2 15 4 (gPCR-0sZAT12-F: 5'-
GACCTGAACCATCCACCCTG-3"; qPCR-OsZATI12-R;
5"-CGGTATCCAAGAACTGGTGGAA-3")

1.6 OsZAT12 & [H i = 1% # & 1 CRISPR/Cas9
HErE

T OsZAT12 FE K RE AR ke 5 323k (WRSE#T
85.2019) , R DLBF A= RUKFEAR B cDNA AR, F)
5149 OsZAT12-F: 5'-CGGGATCCATGAAGAGGTT
TGCA-3' ( i Y] fii &5 BamHI), OsZATI2-R: 5'-
AACTGCAGCTAGTAGCCGACGCA-3" ( fif§ ¥ i
Pst]) 9738 0sZAT12 F& B, F| SR 1) 7 #4) 43 5
pCAMBIAI301 # & b, 15 %] i % & 8 &
pCAMBIA1301: ;35S : OsZAT12,

FI AR RS A Ml IR 27 X 6 52 56 % 38 T 9 I 35
CRISPR-GE ( hitp : //skl.scau.edu.cn/ ) %11 0sZAT12
BRI A Ryt R R AR SR B AR AR 1 3R
W&, DL OsZAT12 B R it 2 A8 i, b i o5 57
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CATGAGGCGCCACCGCGCCA-3'L) U6 M5 sh 1, 4
1 5'-TGCGACGACATGAGCATCAG-3' LA U3 M5 3h
F, BARE A H S % Ma %5 (2015) IR,
1.7 OsZAT12 BEFEBEEH N KB R EEEEREE
H 1.6 kg b Y EE 2 AR (O 3R Ak AR A
CRISPR/Cas9 A& ) % 1k 2 # 9 & 4T 1§ EHA105
RS, SRR A T 108 4L 5% AL o4
AR KRS Al 8h BR S %22 1)
AP (2003)  EEEEEE(2011) B,
HEILRFE R Y S8 52 R PCR D7k, BYHC T, AR
L2 em KM A FIFH TPS %9 (100 mmol -
L" Tris-HCI, pH 8.0; 10 mmol - L' EDTA-Na,, pH
8.0; 1 mol « L' KCl)#EH DNA, i 3&ik 0sZAT12
() % AR bR R B 1k O R AR 90 2R B Hpedl
( hygromycin phosphotransferase 11) % i1 5| ¥
Hyg-F: 5'- GATGTTGGCGACCTCGTATT-3", Hyg-R:
5'-TCGTTATGTTTATCGGCACTTT-3", L1 DNA 4 #%
Btk 47 PCR ¥ 3 45 I, CRISPR ## #% >k H 51 9
CRISPR-F; 5'-TCAGACAACAGAGAGGTTGGT-3' #l
CRISPR-R: 5-TAGTAGCCGACGCAGTCAAC-3' " 1%
OsZAT12 ALFEREAT 5 AE N R B, 2 Y 5 A 2
A AT,
1.8 FHERF KB EXF5ME ABA BB B H T
IR A= 1 283K OsZAT12 FIRE OsZAT12 #
PRIAD -, 2 R H B S A0 T & A R 2 ABA
(0.1.5.10 pmol « L") 1/2 MS 523k | A4k
RIEAIR] ABA VB 1G53 5 L REFP 30 Rifp+ FEAH
YIREFR (16 h EHE/8 h RIS, K 28 C/K I 24
C)HFE 10 d JFHAMIFG TR S AR K
1.9 BB
FI AT SER AT 3 IR F R BIREE T
RAFEMIRE 3 M ARES , BRGI I E
Frifefw2s, F %4 SPSS Statistics H1 (1) B[R 7
22 BT AT B ) B 2 M B ( + P<0.05; %% P<
0.01)

2 HEREAH

2.1 #FEF OsZATI2 RFEHIBA S
OsZAT12( 0s05g0114400 ) F& [K 45 i [X 4= K 597
bp , ZIER RSN T, g% 198 S IERR (5585
%.2019) , AiE—L 5T OsZATI12 25 H 45/ 5k 1
PRAFE B SRR A5, X RS I FIK AR C1-21 5K

T B Ay B DL R AT 2 R A He X, a5 SR AR 1 T
7, OsZAT12 W45+ 18 5 3 R T Rk e o (9 [m] 5 2
H—2, ¥ EA 2 M QALGGH 157751 i E s
gE Ry 3 L K 1 4~ EAR motif ( ethylene-responsive
element binding factor-associated amphiphilic repression
motif) , &[4 C KA EAR motif 38 % WA M HA
04135 M (Meissner & Michael, 1997 ; Englbrecht et
al., 2004; Ciftci-Yilmaz & Mittler, 2008) . L) 4%
RULH], OsZAT12 J& — > B0 ALy C2H2 HY B 45 4R
H L8 T C1-2i WA, AT REEA e s Am il i %
2.2 BREF OsZATI2 HERFES T

KX R M A R Ge kil OsZAT12 1Y %%
SRTETE ¥4 0sZAT12 547 GAL4 DNA 455 451
3, ( GAL4 DNA binding domain, GALBD ) Ft %% 7 %%,
RmhG (B 2. A) , [A] B 55 48l 28 28 g I IR A9 41
BRI [F] e A AU R I D AR T A G T X 2 A
S A (1) K H 7 S 2R I M RN B O R T
PEIF B A X LUC/REN F B, 52 56 4 09 A X
LUC/REN FUAE W E (K T X 4L (& 2.B) , i IH %%
SR OsZAT12 EA T i is vk
2.3 OsZAT12 BEhFRIF SIS 47

PIIKFE 0sZAT12 FEIA R IH % /5 F (ATG) -
JiF 2 000 bp R AFFEXT G, (8 FH I 2175 4k 55 17
uhi Xt OsZAT12 Ji 8l F A7 P84 S 30, 25 21 4
TN, OsZAT12 JR shF LR e £ 5 B T 3%
A B K% 0 3 3 F e (TATA box Fil CAAT box JG
1) LAAh iZ B e 51 g B R AR W W 38 FR A
R AE e, o, 5 4E A Y 38 A0 ¢ 1)
24 MYB ¥ st T 2456 oo s S E M LT
A4S 3 4> GA w4 3 A~ ABA Wi i T |2
A Auxin W RGN 1A JA R e SE (B 3) .
LA, OsZAT12 J PR B 2 3K 0 8 32 HE A= 9
2R
2.4 EEYMBAIET OsZAT12 HRIES

PR IT ZAT12 TETE A UL AR A D i aa 15
&S pie F 2 AE H ( Davletova et al., 2005) , 7K
5 OsZAT12 J5 8l & A JE A W i 368 48 G 09 Jo 14
(P 3) i wT g o IR AR e, BRLE, i —
AR T K FE L B AERIR (4 °C) (B EME (20%
PEG 6 000) A ALHHE (20 wmol - L' MV) FlE:
(100 mmol - L™ NaCl) &b ¥ N 0sZAT12 ik,
WE 4. A B RIRACFE 48 h N, 0sZAT12 ik
KR T IHES, Hoh A3 12 h B, 0sZAT12 3%
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AtZAT10 VSNSEGAGSTSHVSSS.......covvunn. HRGFD.LNIPPIPEFSMVN...... GDDEVMSPMPAKKPRFDFPVKLQL. ... . 227
AtZAT11 VEPSFISPMIPSMP.........cvovuunn VLKRCGSSKRILSLDLNLTP..... LENDLEYIFGKTFVPKIDMKFVL....... 178
AtZAT12 AGGALVTRALLPEP.........u... TVITLKKSSSGKRVACLDLSLG. ... .. MVDNLNLKLELGRTVY....ovvuvnnnn. 162
AtZAT18 TEQBIVPSVVYSRP. . v ctveveneennnn VFNRCSSSKEIL. .DLNLTP..... LENDLVLIFGKNLVPQIDLKFVN....... 175
OsZFP252 IGSAAGAGASKPAAKTIV. . .AVAASRGED.LNLPALPDVAAAADQRCAAEDDEVLSPLAFKKPRLMIPA. .. ...... 250
OSZFP245 EGGSVKEKNVVKTKVTG......... ALKLVLKDEDLNVPVVATMVG.......... DEAESSHSEAKARMMTLP.......... 226
OsZFP182 AAGCHGSSADD: 16 110 55 i5 00 16 1654 15 18 78 1958 5 8 48 10 5 TWVERCEEARP . ¢ o o 000 0 500 010 010 EGIAAEPPVLLELFA.....covuvunn. 170
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EAR motif
B0 R R ML = 100% , B A8 40 F R HUBPETE 75% ~ 100% Z 18] (A L35 100% ) , #0350 R R M TR 50% ~75% 22 1A

(RAUFE T5%) , 5 (0 5B o Fe R M IETE 33% ~ 50% 2 18] (A5G 50% ) , A A R AR T 33%

Black parts indicate similarities = 100%, pink parts indicate similarities between 75% and 100% ( excluding 100% ) , blue parts indicate similarities

between 50% and 75% ( excluding 75%) , yellow parts indicate similarities between 33% and 50% ( excluding 50%), the white parts indicate

similarities <33%.

K1
Fig. 1

N RN AR, 2 5 WG R, 7E 85 W aE b B
T,0sZAT12 Rk RBIE TG LI, 3
h FFF—Ei % 48 h, 0sZAT12 ik 8k B R 40 3

IKAEAURE I8 7> C2H2 RUBHR 8 IR 7 51 i) 22 LX)

Multiple alignment of amino acid sequences of partial C2H2 zinc finger proteins in Oryza sativa and Arabidopsis thaliana
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Reporter vectors 35S promotor

WK RBCSKILT
Renilla luciferase RBCS terminitor

GALA%ifATefk . 35SminifFHZ)F  __HAKMIOE#E_RBCSEILT
GALBE 35S mini promotor Firefly luciferase RBCS terminitor

ﬁﬂﬁﬁ: MMVIE3F __GAL4 DNAZAHIME __ oszaT1y —RBCSKIET
Effector vector MMV promotor GALBD RBCS terminitor
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Control group
A WG R S W AR R K, Horh GALBE J2& GALA
#5561, GALBD 2 GALA DNA 454 454918, 35S mini J3 3
FIEH B 46 bp 19 35S JAshF; B. SUOLE MR REK
I OsZAT12 F % SRS P | 3Rt 8 AR ZI0E 2 4 A 1 A %o iR
A BIRAEG 0sZAT12 ROV BARAE Ny S5 2, 52
B RO 3 WL B W B e bR o I 22 . AT IR 2 B
LUC/REN HUABBEN 1, w0 375 5 %] M2 AH L ik 31 2 3 oK
- (P<0.01)
A. Schematic structures of plasmids used in dual-luciferase assay,
GALBE is GALA binding element, GALBD is GAL4A DNA binding

domain, and 35S mini promoter indicates that 35S promoter only

R

Experiment group

contains 46 bp; B. Dual luciferase reporter system detects the
transcriptional activity of OsZAT12, the reporter and effector
vectors serve as control group, the reporter vectors and the
effector vector with OsZAT12 are used as the experimental group,
values are x+ s from three biological replicates. The LUC/REN
ratio of control group is defined as 1, #* indicates significant

difference compared with control group (P<0.01).

Bl 2 OsZATI2 B%E G P HT
Fig. 2 Transcriptional activity analysis of OsZAT12

4.C,D), VL gL, 0sZAT12 e F 1) 23K 10
N ZZ Tl AR W Tk 38, i B 300 ) ) A K HE R Gk
IR R AR fE ka3
2.5 AEEMHELIET OsZAT12 IRIED
YR AE ALY WIS 5 T, fE Y R
KEFBABRTEAEZMEH, 0sZAT12 )G 3
i EA Z AR A GO (B 3) | 400 H AT RE M
N IER K B AE Ak, A W I 3% A B S O 4 AR SR
HH, it ABA %3 R E OsZAT12 () 33k, AbBR 1
h B} OsZAT12 By R IR B H T %, 78 24 h [ 3
1%, 2 A %I 1/10,48 h BFIA TH (K 5:A)
A, ZhJifi 1 wmol - L' ) 2, 4-eBL, 7 1 h B
OsZAT12 FRikFFIH L, — HRFZ2 5] 48 h H ik F)

e, IR 12 5 (K 5.B) . BLAh, TAA Ab 3
WHE LR 0sZAT12 9 3R55 , HFRIA B 7F 24 h iK%
Hemn, — ELFFEER 48 h( K 5.C) , DL &SRR,
OsZAT12 XA FAE D M R B N 4 5, il fig = 5
NIRRT X KA K LB,
2.6 OsZAT12 £ EFEHRHKE
2.6.1 OsZAT12 SrkAik ey Gkl RS RIS
) ( CRISPR-F #i1 CRISPR-R) 5%} OsZAT12 Rt
FRAYFEK 2] DNA #E4T PCR 9734 | FEXH 75 5] A4 2 —
PCR R B =W b A7 7, 45 RS2 T 3 1 mi b
OsZAT12 IEEA R R, H 0szat12-12-3 Fil oszat12-
8-15 BE R I Ky BHs FE4di A | T 0szat12-10-10 #f 7
NSk —BP sl (KL 6) .
2.6.2 OsZAT12 ik sk Hikey £ix 4w 3R15 4
LR 0sZAT12 4B ¥R R, IF 50l 4 0 OES |
OE3 ,OE9 il OE5, qRT-PCR 458 (K 7) W, 5
B AERUAR H 2 Rk R R OE8 \OE3 11 OES By ik
I E P, OE9 [ 3Rk & i A P = (0 5 B 4R
AR E 25, Wik, ABFFEEE OES F1 OE3 H
FIa &5t
2.7 OsZAT12 HEFEKFEXT ABA MBS
ABA 1E R IME R, 2 A Y AR /AR A
J 38 B9 B B P $2 ¥~ ( Chen et al., 2020; Bharath
et al., 2021), OsZAT12 R & 75 H €& 3 4>
ABA MR o (Bl 3) , I H ABA i 0sZAT12
FRIEWER (B 5:A) o TE3RTS R IK 0sZAT12 Fil
R OsZAT12 [ARERR G , 2E— 20 K0 FEXF ABA (1)
TR S5 I, ABA 46 T RFAE BURT 0sZAT12
EFRIRA AR, IFBESE ABA MR EE A9 T = 10
FEREHK 1T OsZAT12 33 FiR 0k R W Bk s AR AT
BEETE AR (K 8), OsZAT12 b FE bk 1) kR
fFES wmol -+ L' ABA AbH T B E AL F R AR 7
A EE ABA(1 pmol - L) HF HBRK B EH
TP A R AHE 3 R e ABA (10 wmol - L) 4b
RN RESTAM TR EES (K 8), L4
R KA 0sZAT12 LFERKREXT ABA (145
M T REBR OsZAT12 WIFE G35 ) ABA ¥R T4
ZrHATE K FENT ABA YRR |
2.8 OsZAT12 HERFBEKERRZHERHUNR S 51t
RZNERMGETT o3 W &8 SRR W, 78 7 BE 0] il
FEHA B X 3 AN A, 0sZAT12 33 3 38 K F
)k 1o 340 38 S AR T S A Y T OsZAT12 il B A Bk
WS EF AR 225 (81 9:A,B,D,F); K
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Fig. 3 Bioinformatics analysis of OsZAT12 promoter
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A. OsZATI2 75 4 CHMBALIE T BFIE ST ; B. 0sZAT12 15 20% PEG WAL I T AL 5475 C. 0sZAT12 7E 20 pmol - L
MV [P3e b B8R 9 263545307 D. OsZAT12 £F 100 mmol + L™ NaCl Wit Ab R (9 3K 1400, BELLAR I O h A9 AF 0k 363k 43 )
BN 1, TR, RAR5X 0 h HGkF] 82K F (P<0.05) .

A. Expression level of OsZAT12 under 4 °C treatment; B. Expression level of 0OsZAT12 under 20% PEG treatment; C. Expression level of
OsZAT12 under 20 pumol - L' MV treatment; D. Expression level of OsZAT12 under 100 mmol + 1" NaCl treatment. The relative expression

level of O h after each treatment is defined as 1, the same below. #* indicates significant differences compared with 0 h (P<0.05).
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Fig. 4 Expression levels of OsZAT12 under different abiotic stresses

M BERX 2 A48 FR, 0B & OsZATI12 3 F ik ik G) o OsZAT12 @ BEAR AR B B AR RO 25 S0 R 1 g
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3 100 ol L™ B #48 B prmoc sagesnamm T B | rumorL mmam %
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Ab3E B[] Processing time (h)

AbFRR ] Processing time (h)

AbFE B} [A] Processing time (h)

A. OsZAT12 1E 100 pmol -+ L ABA AP F AU K E 0T ; B. OsZATI2 7E 1 pmol - L™ 24-eBL ZbFE R U F AR 04T, C. 0sZAT12 1E 1
pmol « L™ TAA ZEBEF fYZRIKIE M, o I s FIR5 0 h AHLIKRE] B 2E K ( + P<0.05, #+ P<0.01)

A. Expression level of OsZAT12 under 100 wmol - L' ABA treatment; B. Expression level of OsZAT12 under 1 pmol - L' 24-eBL treatment;
C. Expression level of OsZAT12 under 1 pmol - L' TAA treatment. * and s* indicate significant differences compared with the 0 h ( * P<

0.05, =x P<0.01).
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Fig. 5 Expression levels of OsZAT12 under different phytohormones treatments

Alignments of Allelel, Allele2, and reference sequence:
Allelel:

oszatl2-12-3 Allele2-

Alignments of Allelel, Allele2, and reference sequence:
Allelel:

-8-15
oszatl2-8-1 Allele2:

Alignments of Allelel, Allele2, and reference sequence:

CAGGCTCTCGGCGGCCACATTGAGGCGCCACCGCGC (insertion)
CAGGCTCTCGGCGGCCACATTGAGGCGCCACCGCGC (insertion)
Reference: CAGGCTCTCGGCGGCCACAT—-GAGGCGCCACCGCGC

GTGCTGATGCTCATGTCGTCAGCACGGGCAGCAGGA (insertion)
GTGCTGATGCTCATGTCGTCAGCACGGGCAGCAGGA (insertion)
Reference: GTGCTGATGCTCATGTCGTC—GCACGGGCAGCAGGA

Allelel:  GCGCGTGCTGATGCTCATGT

oszatl2-10-10 \yi1er.  GOGCGTGCTGATGCTCATGT

GGCTCTGCCGGTGCC (deletion)

Reference: GCGCGTGCTGATGCTCATGTCGTCGCACGGGCAGCAGGAGCAGGCGCTGGCTCTGCCGGTGCC

GGCTCTGCCGGTGCC (deletion)

K 6

ANTF) OsZAT12 TR AR 2 00 I Fr 45 21

Fig. 6 Sequencing results of different OsZAT12 knockout lines

WJE W E 2SS (K 9 H, 1), DL B4R R,
OsZAT12 2T KRS BB 7 R RRBE BRI 45 50 %

3 W54 ®

BEFR R R HAZ R YR N — 2 5 S
500, Horp C2H2 BUBETS B AR BRe R WL —
% (Takatsuji, 1999) . C2H2 BIEF45 8 130 H A0&
1~6 MEEFR S5 1, I TERETR 25 1Y o8 e T
A QALGGH f& 57 J¥ %1 ( Sakamoto et al., 2000;
Englbrecht et al., 2004; Ciftci-Yilmaz & Mittler,
2008; Wang et al., 2019), A& #f 58 % B, /K 4
OsZAT12 HA 2 A HAIf C2H2 BFFE &5 H A 1 4
EAR motif, I 5 IR IF ZAT12 A #5 i i R P | 36
B 0sZAT12 J& T /K F§ C2H2 BE48 8 1 R AL Bt
KEFETH EAR motif [ 5EFE B #0280 #5 5%

% P (Ohta et al., 2001) , WIEZE L ZPT2-3 )
Wik Ao & 3K 43 ¢ B ELEE 25 B8 W 19 76 HH ( Sugano et
al., 2003), 1 % A EAR motif like [ 8l Fd I
ZAT12  AETR S 38 i m] BEAE N AtCBF 5% 5% 1
A6 2 VE FH ( Vogel et al., 2005) , A58 45
TR, IKFE OsZAT12 B 1 EAT % il o | 2
— AT T RE e s A A 1

R C2H2 BUBEAE R 1A O — 2 H B A 4% o
W7, 2 HEF R B A RA RN — KRR, &%
eI s R T AEAR ) AR A R A v AE AR W i
B I EAE F (Sakamoto et al., 2004 ; Davletova
et al., 2005; Mittler et al., 2006; Rossel et al., 2007;
Xie et al., 2012; Shi et al., 2014; Chen et al., 2016;
Yin et al., 2017; Ballerini et al., 2020; Yin et al.,
2020; Zhang et al., 2021; Rodas et al., 2021) . jH3%
BnLATE (LATE FLOWERING ) i i B2 i ith 3 £ 21
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Relative expression level of OsZAT12 in WT is defined as 1. *
indicates significant differences compared with WT ( P<0.05).

&l 7  qRT-PCR FrHrie B AR bR 0sZAT12 3Rk i
Fig. 7 qRT-PCR analysis of OsZAT12 expression

in transgenic plants

R R R A D AR B (Tao et al.,
2017) , /KHE NSG1 HE[H 4 i C2H2 RIBF$5 2 1,
58 F IF SUP ( SUPERMAN) . JAG ( JAGGED ) Hil
NUB( NUBBIN) J /K& SL1 ( STAMENLESS1) H)3J)
REE L, 2 5 M KR 4L & B (Dinneny et al.,
2004 ; Ohno et al., 2004 ; Xiao et al., 2009 ; Zhuang
etal., 2020) , ANAL S RIK AZAT10 B
BT 2 B o8 A K BH A ( Sakamoto et al., 2004;
Mittler et al., 2006) , =55 % /i #0758 ( B o B
55,2019) K B, S 3R 0sZAT12 1013 ST A8 bk
AN R R B, 55 R AL 0sZAT12 /Y
PRI R BARRL, IS R Bl 3R 38 0sZAT12
K REAEL AR T 3 B 300 | ol A8 00 R0 ol s 30 ) ok v 24 S
F AR, R RBIERI A T 40 g T K R A5 A Ak
18 30 5 B 2R K 8 AH O HE % KT 4 DREB1
BRI 6 B (Kasuga et al., 1999) , i H] 0sZAT12
AIRESN B AH G EE

FE X8 AE A= 9y 38 A i 52 P 32 S T
TR R TN 55 38 RH OC 19 23 45 0 2% A0 45 15
SRR E MR T SRR SRR T
FLN Y #1855 (Dansana et al., 2014; Lima et al.,
2015) o ¥ [Hr3f 2o R A 3 AR 40, 1 B AT A
YIFET-(Wang et al., 2017) , C2H2 BFE & 1l 18
ok B VR T v JBIh A8 AR DG B PR R S 5 A ) 1Y BT
FEfEJI (Han et al., 2020) ., #ifi SICZFP1 i
i$15 'S COR( cold-regulated ) ol ¥ i 7 A 3¢ JE A 1Y

20 R 3 | 1 o B 3R DR 0L A T N KR T T S 1
(Zhang et al., 2011), K& GmzZF1 i i 45 &
CORG6.6 Ji 8l X I I 18 12 K A4 e 3k, 0177 5 3
PRI ULRE 7 X ¥ 38 B9 B0 ( Yu et al., 2014), 7E
FEET 5 FRIk MaC2H2-2 Fl MaC2H2-3 ' 3 10
MalCE1 (inducer of CBF expression, ¥ {5 5 1% § &
PR — DB T ) e s, I, MaC2H2s
Al BB D6 MalCE1 1 5% 55 ok 14 38 B £5 1 Pi €
% (Han & Fu, 2019), {K & &b 3 I 94 480 p J7
ZAT12 f)3 35 ( Davletova et al., 2005) , i £ iK%
FEH MR & CBF( C-repeat/DRE Binding Factor) &
DB Zeik , A ZAT12 G845 3005 7% % v Jik 30 A
& W ( Vogel et al., 2005) . A#F5E R 4 CF I
OsZAT12 I35, UL ZAT12 1L EE 77 Fl K &
AV T o 360 1% o) 7 A5 AN ) % 7R R 3 B D R
REANE . VFZAEAE Y IbE (ngh BT 5 T
KAV =43 M0 (Han et al., 2020) . B %W
HFEGEY AT R B A E R AR K
4 ( Yamaguchi-Shinozaki & Shinozaki, 2006 ) ,
PAREIT ZAT10 7535 3% W30 A0 5 3k 0 3 A,
JEHRAEM R i 23k ZAT10 IR 57 A zar10 R
AR A FE BN HH X5 37 1 3 1 T 37 M 1 5 ( Mittler et
al., 2006) , FEFAREIT Y, ZAT10 EIA K235 8 W
3E 4 E R R F R 52 MAP 0 1Y 98 45 ( Nguyen et
al., 2016) . B#H % H 16 4> C1-2i W5 % Ak
L HYP 6 MRS T BB (Gourcilleau et
al., 2011) , FEHARE T SR FRIA R GmZATS,
ZIE AT 5 ABA i 4% $2  PL g ST X 209% PEG
6 000 fiif 3 1 (Sun et al., 2019) ., fE/K A+,
20% PEG 6 0004b ¥ J5 RZF71 /335 B & LA,
FHZIE AR B B Whaa S g ke ¥ 5 2R H (Guo
et al., 2007) , SR IF ZAT10 F/KFE RZFT1 Y
FIRRLAR A, AR BF5E KB, 7E 20% PEG 6 0001
B AL T TR T 0sZAT12 B35 56 F [, B
JEB W AR B, A UL R g SRR,
OsZAT12 WK 22 B AR A W i 38 (A0 IR 2508 i3
Jil3e ) B R DR AN 0sZAT12 25 1 /K A i 1o
e Wy iraE L

AWFFEXT KRS OsZAT12 J3 81430 & 3 Hivp
BB E M IO, 0sZAT12 B FIAAE 2, 4-eBL,
TAA Zb PR IS B HED 0sZAT12 25 7 KRR E
55 % ., ABA WAL Yhia rh— A~ E 2
PR FHTZ A TR 8% SR, S
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