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AT11 5 GS3 HAE /KGN it

MR, TZE, Eikk, FaEE I, S2%-F, hk, KL
GRFARN K KFEHE IR, TLFH 110866

WE: KL ETZNRREY, ABAERKGZETHEN I RIELDMEOZ —, RG KGO H L a8K-F 3w KA
A BRI o B A R R AN E R, AT RARSSAER (WT) 69y HEFFREREF 2] — /A ataiit £
FTHEMRER, FALAELERFBREAR AL 11 FHREARP2F P32 A —H 87.7 kb 69X MK, %KM AEAH 9AF
I %EAE (ORF) , Bkt KILR BARA ORF 49 = AR F4H 4 Atk toshk, @A REFRATALE, HbHm
ORF9 A at sk Ak 0912 2t L B, 4 % H Alkaline Tolerance 11 (AT11) . AT11 % —/A~"T Ak 09 % k42 & & (PTR, peptide
transporter) o 4% B 5235 X 3L AT11 49 CRISPR/Cas9 &% K T ARAT kbR 55, Mo fLid &k R Ataite B F 3%, ATIL AKAEE
MBTFHA A, ERFEAERD. BEARER - —BIiEREA LA LR LI ATIL TUERGHF=ZFIK G EA
y B4 GS3 Bk, MHpFHEALANERLE RN ATIL 5 GS3 £ /A LB, 4 F il F £ I WT 5 AT11 # CRISPR/Cas9
HERERFT R ZEZRAREIRACE LS, LOMERAMX LB EEEE. £ PH=0.0 &9 K| K44 TR0 > KA, ATLL £
RAMMTARERS =€, AW ATU SRS KGELR LA Z ), BRBELRFTIERATF.

XHEIR): AKAG; ATaRME; & AT1L: GS3

AT11 Regulates Alkaline Tolerance through the Interaction with GS3
in RICE

CHEN Hao, YU Zhiwen, WANG Xiaoche, LU Jiahao, SUN Qi, GAO Jiping, XU Quan, ZHANG Wenzhong
(Rice Research Institute of Shenyang Agricultural University, Shenyang 110866)

Abstract: Rice is a significant staple crop, with salinity being a primary abiotic stress leading to reduced yields. Improving rice
alkaline tolerance to expand cultivation areas is vital for boosting total production and securing food supply. In this study, a mutant
with significantly reduced alkaline tolerance was identified from the y-ray induced mutation library of the Geng/japonica rice variety
Sasanishiki (WT). The target gene was located in an 87.7 kb region between P2 and P3 on chromosome 11, containing nine open
reading frames (ORFs) through map-based cloning. Sequence comparison revealed a deletion of four bases in the third exon of ORF9
in the mutant, leading to premature termination of the gene. Therefore, ORF9 is hypothesized to be the candidate gene responsible for
reduced alkaline tolerance and has been named Alkaline Tolerance 11 (AT11). AT11 encodes a putative peptide transporter (PTR).
Transgenic experiments showed that CRISPR/Cas9 knockout lines of AT11 weakens alkaline tolerance, whereas its overexpression
significantly enhances alkaline tolerance. AT11 is expressed in all tissues of rice, with the highest expression in the panicle. Yeast
two-hybrid and Immunoprecipitation assays revealed that AT11 can interact with GS3, the heterotrimeric G-protein y subunit in rice.
Bimolecular fluorescence complementation experiments show that AT11 and GS3 interact on the plasma membrane. Transcriptome
sequencing revealed that the differentially expressed genes between WT and AT11 knockout lines were significant enriched in pigment
binding and photosynthesis. Yield testing under field conditions at pH 9.0 showed that overexpressing AT11 significantly increases

yield, demonstrating that AT11 can enhance the productivity of rice on saline-alkaline soils, with potential salt alkaline resistance broad
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breeding application prospects.
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AR AN A P2 I Y T TR, A BRARIE PR 7K SRR PP TG IE R, A
DK SR B35 7E HEBE X R T RO B I Z 50%. R ik - 398 ER B Ak 7T B R S i AR A A KRR A i 4
BRYE) R I X 26 #h 57 L g AT VR A 7= R R B 2 R A RO T . LR & 3 2 it ShiAEY) =& Al
Az 7 AR A TR 1)

R G ERELARWHLWH R, 2kA T 10 142 B & 52 20 5 5 1 09 5
(https://www.fao.0rg/3/i5199e/i5199e.pdf) , ERHEHE AR 55 138 b B &5 1A R 4 R e (BL NaCl 25+
PEER ) FBEE (BL NaCOs F1 NaHCO3 N E) , —HIWRERHEYE SIS E AR 735, A5
IKFBIIER KR E, (AHE R T BAAH S pHE, KREE 25 FE pH EXER, FEERLES
3t 5 Ay P SR A, I EL KR RS R b (R WL At A7 2 S O ] P A A K e i b e 7 S AR v A
R IE,  GHERE T AKREAA A s SATLER A ML AR SR X R, R SRR R A v B RN h RE o0 B R AT
. B S A I A (H202) KSF, JE S RE E 5. IR DNA 805, A
SEEE TR, KILE R (Agquaporing) & Az T-40MME B U, RN A pkefLiE”, AT
AR AL /N SR AE A B b (X ig . (EREA R, KILEAS S SRR N, HBRR L7 i isin
ke B RO, AR FE R KRS G | y WAL GS3 n] LGB i KB IE & A BRI, LAYV I
A (ROS) /K, MIMZERFE Ho0, FIFads, HEmAf KRBk iE . JE i #hs a5 A N GS3 ot R /K F
Tk FRAS T A BARE T 4 20%~30% [ 7 E A AEY) B, Ak, ALTL 4% SNF2 Stk 4 4 )5 & % ATP
B —AMZ 0SS, @ B AR, SR KRR AR, OsLOLS 7EmMNE %M F 25 T &,
I I O M SR R TR AR TR KRR I TR R P, OsCu/zn-SOD 3t A3 it 14 5 HT B AL B A R 46 2 5l 0K
FEMR A DR, OsPPa6 g fith B B fK72E TR 1T M 1, & 3 S /K RE IR Bk P 6 75 PR R TR, HL SR8 1k B 25 BRI T 1%
CEHRFEASAL T, IR 7 R A 2R & &, (R E e i~ B &S MDA, BiEH
I Na KLU E, FE T kR g R,

At eI I BT v B R ) 5 8 B — NI B PR TE TR B DR AT1L, AT 5 E 4 s B iR K FE A ZE 4] Short
panicle 1 (SP1) H W&Efy SE A2, (H i A DL R F KRR IR Bk (400 . AT 90 R I AT1L W] LS /KFE G &
Fy WA GS3 HAE /KRG G, K H SRI0 3R W3 I AT1L f) 3R 05 5T DUA 2405 /KRG it P 7 2R s Hh 1)
FERRIL, A TN PR A 2 4 P SR Hh 255 R RS B A4t 1 6 IR B IR AR 5 U

1 R57HEE

1.1 KB R R TR S E

KRG A N BT AR AR (WTD . M23 A y SR IR WT R 3RA5 A8t . T TR AVFAl 1
bR AE A — I SOOI AE A R S5 AR S AR A, 7ETEIN 75 mmol/L {5 i b2 (NaHCOs: Na,COs
JEIRELN 5:1) 14 RIS, I0RAFIERIE MR
1.2 BEREMREAHE

R RARE M23 5 WT 2858, 3R43 Folabk, FoEbR ARG R fiffR. EE WT. M23. FifERRAT Fo



PRI B AT B A b SN T ORAIEXCE 2 A1 R 2451, [FRf S R B K E IR HARTER 5, 3%
M23 R P = B A SR P T REAR . EAR B AN LN 239 JR A H . FAREEE R KA N H
PRHERARER 2 LB AR TR S 1, AT BT . F CTAB 3R BUKRELN T I i DNA, Primer 5.0 ¥
HEALEI Y. PCR K iEMERS 2X Rapid Taq Master, PCR N {k%: 25 uL2 X Rapid Tag Master Mix, -
W19 2 uL, RS2 uL, DNA iR 1 uL, ddH20 20 uL. PCR ¥ #4#2/%: 95°C 3 min, (95°C 15s,
60°C 15's, 72°C 25's) 3L 32 MEIR, 72°C 5 min. AL o B H br ik K91 E £E 51 %) P2 A1 P3 2 [A]— Bt 87.7 kb
XA . 51775 L& 1.

i Ff} CRISPR/Cas9 %: [ 4w+ AR (http://crispr.hzau.edu.cn/CRISPR2/) #4%d AT11 1 GS3 (KA 1K, #
AT11 1 GS3 (1) 20 bp sgRNA # [X #fi N B A Bsal fi7 s 1) pGREB32 # 4 . i BP Fl LR F /3 [ Invitrogen
Gateway R4t (1) 35S Ix3lj, K AT11 ()41 CDS wf% %] pPCAMBIA2300-35S-3>FLAG # A, Mgt kit
B, B RAT T 5 3 R L UK AR 4

& 13519505
Table 1 List of primers

ElEvE Liggi (53 TSI (5-37) 1EH
Primer name Forward primer (5°-3”) Reverse primer (5°-3*) Function
P1 GGCTGAATTATGGGTTTCAAATGC AAATGAACTTATGTGAAAAAGTTGTCA R 5E AL

GAGCTCTCAATCATCTCGTTGCCGTTCC

P2 AAATGTAGCACTTCTCCCGAA FEPH AL
ATTTGT
P3 GTGCAACTTTGTTGTAAAGTGCA AAGAAGACCCAATCCAATGGT B YiSpeivA
P4 AGCACAAGATGTTCTAGCGGT ATATCAGCACATGGGCCAGC FEH e fr
P5 CCTTCAGACGGCGATGGC AGTCCCATAGAATTAAACAAGGCCT FER B AL
Actin ACCATTGGTGCTGAGCGTTT CGCAGCTTCCATTCCTATGAA RT-gPCR
RT-AT11 ACTACCCGCTGTCAAAGTCG TCGACGAAGCCGAAGATGAG RT-gPCR
GGGGACAAGTTTGTACAAAAAAGCAGGCTT  GGGGACCACTTTGTACAAGAAAGCTGG RIE
pCAMBIA2300-35S-AT11
AATGGATGTTGAGTCAAGGCAAGG GTTGTGACCCATGTTGACCTCGTCA Over-expression
AT11-pBT3-N CCTGCAAGATGGATGTTGAGTCAAGGCAAG CCGCGGTCAGTGACCCATGTTGACCT P RS 22 R
AGTCCGGAGCTAGCTCTAGAATGGCAATGG  GCGGCCGCTGTACAGGATCCCAAGCAG pARE S TR AW
GS3-GFP
CGGCGGCG GGGGGGCAGCAAC Co-IP
GATTTGAATGGCTCCGGTACATGGATGTTG CAGAGCTAGTTACAGGCGCGTCAGTGA G LRI
AT11-MYC
AGTCAAGGCAAGGCC CCCATGTTGACCTCGTC Co-IP
MIL2 ACGACGACTGCCTCCTCAAC GAGGCGTAGCAAATGGTGAG RT-gPCR
OsABCB14 TTTTACCTGGGCAAAGTTGG TACGGTGCGTTGACATGATT RT-gPCR

CTB4a CGCCGGATCATATGGCTACATC CACGTCGCTCTTCTCCGTTA RT-gqPCR




1.3 RNA BJ$2EUK qRT-PCR

f#i Ff| FastPure Complex Tissue/Cell Total RNA Isolation Kit (Vazyme,Cat. RC113-01) MZEEHA K /K fg4h
DA R K AEAR 22 3B RNA. SO 557 & 64T cDNA &% (Thermo Fisher Scientific,Cat. 4374966) 41
331 cDNA FF gRT-PCR. Actin Fi{fENZ, f#if Fast SYBR™ Green Master Mix (Thermo Fisher
Scientific,Cat. 4385612) Biosystems QuantStudio 3 system (Thermo Fisher Scientific, USA) il &% X FiA &,
1A% 20 uL, FastSYBR Mixture 10 pl., ROX 0.4 L, A4 514145 0.4 pL, ddH20 6.8 uL, E3%74) 2 uL.
PIFEF: 95°C 3min, (95°C 15, 60°C 155, 72°C 25s) 3t 32 MEIR, 72°C 5 min, IEMFE T BT AL -
95°CF 155, 60°CF 605s, 95°CF 155, 60°C K 15s. SLIGHHT =AY FEEM = IKEAREL .

1.4 EEHEERE

P REXU 20 ik 6. A FERE A4 2C 248 (Clontech) ik AT11 I EAEER H. # AT11 14 CDS wi%
F#E A& pBT3-N 1, H¥5 GS3 )41 CDS w2 # Ak pPR3-N . 4 pBT3-N-AT11 I pPR3-N-GS3 % A £
B RS2 A5 40 M NMY51  (WEIDI,Cat.YC1040M) Hi. 7E SD/-Leu/-Trp FI SD/-Leu/-Trp/-His/-Ade 15773
EEEFRAEK

Ko F 9 e HAMRL: (BIFC) : R BP A1 LR B/ 11 Invitrogen Gateway R 40K AT11 F1 GS3 (1) CDS
Tl 4 /& pEGOEP-35S ™Y, #J% pEGOEP-35S- AT11-nYFP 1 pEGOEP-34S-GS3-CYFP. K A4 & AR 44 Jii
KRS BRFT B AR (GV3101) H, K597 2 R G BIAC IO =, AL B AE B (Zeiss, Cat.LSM780)
MEE

G IEUTIEREE (Co-IP) « K AT11 A1 GS3 ) CDS 455w fEs] pBWA (V) H2STMVQ-MYC Al
PANS80-GFP #fA . i G A A ORI AL B AT B B AR (GV3101) H, FFEGt BIAR IRIERL . 723
BB IR IE L. RINEAST®—ERE, RES5HHKRES. BOHEFRESIEEDE
W FiEW . @it SDS-PAGE 43 S (15, JFF Buiik 4 o
1.5 ¥RENFF

R TR RR KA 3 I, BURERR B 4L43. FIFH TRIzol VEFREL RNA, J it BEkr O I RNA 3K i
91000 ng-pLt, H ODEATT 1.8 - 2.0, % 3 NMAEWHESL, FEiIE R BT BERHA IR A 73T SCFEM
EEA . EBRFHI RS KT Q20 ) Reads, ] DESeq2 QT ZREE ST AL ETHA
agriGO v2 #E4T GO {ERAIE &0 47, 4 clusterProfiler B4 f1.4 1] KEGG i@ % & 4 & .
1.6 Geit o

& Excel Y&, FHR AR /A t K56, SUREAS S 7 ZE R AT S Ve 22 57 70 T o {87 GraphPad #%
A B EEAT B A B A A AT

2 RS 7h

2.1 TR TIATFEFEEERE AT11 BEL = E

YRR K AT B (4030 B DRI o5, a6 i 307 S ZRORE RS R AP AR (W) 1AL 51 ) 28 A8 1A e,
MTEAG R FE A FEHLAEER 100 AN 5848 &, 17 2 o p HHUEE T FOAEE 2 . K I M23 ZETRME T 4775 %N 54.33%
+551%, BT WT EE FTIEEE 73.77% +£3.51% (& 1A f11B) . ¥ M23 5 WT 22583545 Fo



PR, FoiER B EIRTG P B . BPME R FBERRAAE RS WT AL, 8T M23 (B 1C) . ke
N Fo BEURTR AR 7Y 3:1 4389, UiBH M23 [t 52 Fadk I S (1D o N THRIERGE Z A 2
A, [FI sy B A R B TR HARPER 70 55, SEIR I U E AR i Bl = 5 R 8 MR SR A, AR R
YR 239 AL E R, Hm s SR, HREST M23 (B 1B) . M23 SR M A R R 2R AR
Foifidk, FofEdk E SRS A 1344 AN SRR 10 8 AL BEIR . IR A ARG S T 56 F —ARK B K3 1) v S AR
FEZ B NA, KOs Eammamt, o M S mA R, B - HERAER A FBON
P, HERHABRHNRAEEE N2, LIRS 2376 ML R, HHf 680 MMM R K
B R, 579 MNEEHIEAR TR BARAN (B 1E) o S TIX B8k Fr BUi AN B 8T 51 kAT 810
Mo JEILEBU TR H AR NBUESE 11 S Y tfk P2 F1 P3 2 [ —B 87.7 Kb FIIXIA] PN . it Bod % b X

X E A 9 MFRUREHE (ORF) , LEXTIX 9 4 ORF fE4845 5 M23 2 [al (/75 2 5 R L, X% HAa #E
ORF9 hHAfFfEZE R, b M23 £ ORF9 28 =M A0 4 MR BE (B 1F) o 3X 4 DMREE I Bk 2R
i AR R SE AT 280, I IRATTHED ORF9 Jy M23 T Bl it PR ik e 2 K], JFAim 44y Alkaline Tolerance 11
(AT11) . AT11 4w — T REMIZIKIEIZ R (peptide transporter, PTR) , 5 CU ki /K Fa K 1 SP1
H AL, SPL 55 = ANAME - 1) 31 bp 2k 5] R A U2, (R G SR 0 LR 4 2K R R il 14 P 0

A: BFAERIFD M23 RAZRRMNA TR, B: BFAERL, M23 RAKFAFEMBPNA TAAEE; C: B ATUR Fy F1 M23 Tl E T IUFEE2; D: M23 fllF:
HRIARAC P BEARTRIME TR0 B BPARRURIEAR 2 MR SR R Fe AL X ) Y ORF TLWAN 41 Lkt s ANE/NG 5k %78 P<<0.05
KPS RE
A: The phenotype of WT and M23 under alkaline stress; B: Statistical analysis of the relative survival rates of WT, M23 and Toyonishiki under alkaline stress; C;
Statistical analysis of the relative survival rates of WT, Fy, and M23 uner alkaline stress; D: The distribution of length of seedling of the F, population; D: The

genome structure variation between WT and Toyonishiki; F: The sequence difference of ORFs in the candidate region; Different lowercase letters indicate

significant differences in the level of P<0.05
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Fig.1 Phenotype of mutant and map-based cloning

2.2 AT11 B EF MR 547

N T BAE AT1L iR ascE it B ARSER], SEG R CRISPR/Cas9 i (Rl 4w+ RAE AT1L (28— /MM
TR AT, fE WT 68 S N E AT JERIR R RS . 78 T O B BE R R AT I 77, 4808 B
NS TRA R, BWT AL T-orl SR DUATIIE, T-cr2 A — M A G (B 2A) o SEIb RN 2 1 P
AN ATIL S RIAR R, SRIAKAS ATIL FRAEEE S THAL (K 2B) . AR ERK RN RIE
PRA RN TRIE RKIL, AT1L MibRbk &R T-orl Al T-cr2 B AR B HRYMNE FAETE R B3 NI, g RIA %
T-ox1 fl T-ox2 Bgi il FAAE R B4 m (B 2C M1 2D) . 48 BATR, AT11 A Sl R4 H iR
RIEXT AT fEKRES AL RIEBIATIE, ERER ATIL KBS A RIE, HpEfRiE
e (E2B) &

A: AT11 ) CRISPR/Cas9 #: I miFr RAL MM ; B:  AT11 fid Tk bk RARIABATN; C: BFAR, ATLL BiBR SAL AN IS FIA MR R IE T B 7705 5
D: ¥PAERL, AT11 FFRISAR R RIAVE R BN IE TR, E: ATIL AR ALPINRER; ARG TREER P<0.05 K FEREE

A: The gene editing of AT11 using CRISPR/Cas9 gene editing technology; B: The relative expression level of AT11 in WT and AT11 overexpression lines; C: B:

Statistical analysis of the relative survival rates of WT, AT11 knockout lines, and AT11 overexpression lines under alkaline stress; D: The phenotype of WT, AT11

knockout lines, and AT11 overexpression lines under alkaline stress; E: The expression pattern of AT11; Different lowercase letters indicate significant differences

in the level of P<0.05

2 AT11 WER B E T ge M IERRIKE R 40
Fig. 2 Functional verification of AT11 by transgenic experiments and expression pattern analysis
23ATII 5 GEBy L& GS3 EfE
T IR ATIL VS KA B ) 7 FALEE,  SCBGEAT | R BERURAS IR R SR, 429 AT11 ) B
e H. gtk s) 28 Mrafge s AT1L BAEMER, Hhad—NMEERBE G EH v Wi GS3. N 1



—PINIE AT11 R GS3 AR, SEER#HAT T IFBEXURAE (Y2H) —Xf —IREJHESE L BAE (B 3A) . fujEdt
DUVESEIGE— DI UE GS3 W LS AT11 HAE (K 3B) . XW4o Tt H %M (Bimolecular fluorescence
complementation, BiFC) SZIRZ: R ULEH AT11 5 GS3 7Ei i FHAE (& 3C) . GS3 Mif#E/KAERLIE I £
SELAIS), 3T BARE 7 K B GS3 b 2 K RGN #A I 4 11) . (B A39E Rt GS3 AL AR EE R ATL fE /KRS AN i i
MR 1 2 R P BRI, O T HE— P I0AE GS3 & IAF KRR BRI, FIF CRISPR/Cas9 K 4
HAR, 18 GS3 M — MR FRB LA, A5 TG GS3 MR RE R, Hr T-GS3-crl 7E#E s
VB 4 ML, T-GS3-cr2 Bk 2 Mgt (K 3E) . WA GS3 Rl IR AR (M Bl i B, HE W ms i
MEEREF R TEAR (BI3FM3G) . i Lk, AT11 AfiEd 5 GS3 HAR R /KA M Bk -

A: BEREXUAS; B: B ILUTIE: C: XU T90 6 EH AN, D: BF/ERM T-crl o GS3 HIMIXTRiLE; E: GS3 ) CRISPR/Cas9 Ft Ak [k A A M HE; F-
A R GS3 R bR RIS N RIAFIE R G: PRI GS3 bR R ATMRB A T R ANF/NE FRERIR P<0.05 /K2 7 53



A: Yeast two-hybrid assay; B: Co-Immunoprecipitation assay; C: Bimolecular fluorescence complementation (BiFC) assay; D: The relative expression level of
GS3in WT and T-crl; E: The gene editing of GS3 using CRISPR/Cas9 gene editing technology; F: Statistical analysis of the relative survival rates of WT and
GS3 knockout mutants under alkaline stress; G: The phenotype of WT and GS3 knockout mutants under alkaline stress; Different lowercase letters indicate

significant differences in the level of P<0.05

& 3 AT11 5 GS3 EfEiEiEKiamimiE

Fig.3 AT11 regulates the alkaline tolerance through the interaction with GS3

2.4 AT11 BO%EREB ST 1R

T AEE ATLL PRI RN, 70 IR U AR AT AT 1L m bR A4 T-crl IUAR RNA, BT
AP Bl R I T-orl th3EA 1133 MR RE R B, 369 MEERFFARETIH (Kl 4A) . B
UL 3 N EFFEAT RT-gPCR fill, 25 Bon5HSHM T ARG (B 4B-4D) o X2 F Rk R kT
GO B, KINERFEEREORG S, LEEH LEZEESE (B 4E) . KEGG @i En, %
FRLEERENC AR RERS R A G g = (K4F)

A: HEBHRIEZE R K E; B: MIL2 AR &1L ; C: OsABCB14 RN %Kik H; D: CTB4a fAHXIRIEHE; E: GO B & LIAEHUIE; F: KEGG
B EREIREHUN
A: Volcano plots representing the fold change in DEGs; B: The relative expression level of MIL2; C: The relative expression level of OSABCB14; D: The relative

expression level of CTB4a; E: The top10 GO enrichment; F: The top 10 KEGG enrichment

[& 4 AT11 BOEE KA



Fig.4 The RNA-seq of AT11

2.5 AT11 B K EHINRELGIE

T PEAL ATLL 7E7K ARG ER B & P o B S BT 5, SES0e UL 748 ShsH R FH AR 78 B sl F 3R AT K HE R
Folse, ol HoNREEEIA L, PH (A 8.9-9.1, {ERAJHHEE AA . AT1L MEFRIEALAR T-crl i AT11 i
FILR R T-ox1 = R 38, 45 R T-crl BUHT A BUBRECR 250 I, TR0 S RN A RO B0 25 PRI,
PRF=E T 31.40%. 1 T-ox1 BUEFA: BIFRECR kb, (FU TR AN AR B E 10, Sabk™= &1
12.89% (E5) . & LA, $2m AT11 ERIA 8] DUA R Sk RS b PP /e Ehmth L = 2 2= 0 .

A: BPAERL AT @R RN RIA MR RAE SR LR R AL B BPAAL, ATLL iR BRI Ak REE S LB, C: WAERL, ATLL BBRTRAE
PR R IER RAEE BT TRIE; D: BFAERY. AT1D SRR RASARANE AR R AL SRt b PR G B B ARTY . ATLL PR RAR AN Rkt RAEER
Bt kR, ARG FREOR P<0.05 K TFZREH

A: The phenotype of WT, AT11 knockout lines, and AT11 overexpression lines under alkaline field ; B: The panicle number of WT, AT11 knockout lines, and
AT11 overexpression lines under alkaline field; C: The 1,000 grain weight of WT, AT11 knockout lines, and AT11 overexpression lines under alkaline field; D:
The grain number per panicle of WT, AT11 knockout lines, and AT11 overexpression lines under alkaline field; E: The Grain yield per clump of WT, AT11

knockout lines, and AT11 overexpression lines under alkaline field; Different lowercase letters indicate significant differences in the level of P<0.05
B 5 FFAER, AT11 BiFRRITIAM AT1L T RIEVRERE PH=9.0 KA~EXRN
Fig.5 The yield performance of WT, AT11 knockout lines, and AT11 overexpression lines from the alkali field (PH=9.0)

31Tt

AW FE ORI ATLL A KRR Bl PE /) o 4 36 K, AT J& THE%) NPF (Nitrate transporterl/ Peptide
transporter Family) JEF K, ZFEMRAEEAZ BIGEZ L, B TENHSEMEKEEEA, &
AT ZMIRY) (NOs CI AKER. MER. HAER. KA. BT MR IS
S5 2R S A Y ia T8 KRR R R 4 AL S 93 AN NPF FIREE N, Hp T4 16 AN
A REMIRIE, Hd OsNPF2.41° OsNPF5.162%, OsNPF6.1[2%, OsNPF6.3[221, OsNPF6.5[2%1, OsNPF7.1[241,
OsNPF7.2[%1, OsNPF7.424H1 OsNPF7.712612: 55 NOs WIS 72, H OsNPF5.16 5 CUflili NFP7 SIF 5K AR 57t
OsNPF7.1. OsNPF7.2. OsNPF7.3. OsNPF7.4 #ll OsNPF7.7 2 5/KFEEE IR T, &K E 0Bk .



OsNPF4 [ SR RARRAR B M2 M, AR EUE 2 P8, B AT A SEIEEE ] 2 52 5 NOs
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AW KDL AT1L 7T LIS GS3 B AR R /KRNI ME. GS3 N/KREF =Rk G A y WM, F=H4%K
G EALERZAEY P AA R, B4 G EH o WH (Gu) « pILE (GB) My I (Gy) , AWK
AR, AR RIS AR R 2 A D e, M EEE KRR S RN G EH vy
3, XBEIEAEE SIS R NIRRT T & A AR A REY TS G & y T
FEFEHIKRE . FK AN SR TR EE AR EVII BRI ) 2 0GR K -, Hodd 52 /K@ 1E & H PIP2
MIBERRAGRIETT HoO2 M0 A, HEIM4ERE ROS FadS IR EIR b E SHEM M3 E N . AR T IE 3 — 55 T
ATLL F PRD0f KRG £ ER B b B (52, 72 PH=9.0 B K BT ARG, Al ik AT1L AT LA de
IKAEP R 12.89%. (A, WY AT1L 2 55 KRB E ) 70 7 HLEE, Rk P T2 5 v e SR
B B R, KRR A O 22 A S HLAT AR VA R0 K i RO R s L AR LB 1R 4R 5. T AR AL
RPLATIL BRI, BRI ATIL RSO0, GS3 MR K FERIE o i T i Bk
PE SCER R 10 12 1630 R Ik AT11 55 GS3 FLAE & & . MR PG 2 M E sk Z IR, ik AT1L A
GS3 ML AE AL R AL, RouR A w7 B SR dh i3 B SE Al AL R B
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