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HE: KBEARHRLTRET L KGMIPAZF AT R T AR EEER, CREGKBEREELERE T
BlAey ERAEER T L. KR B ARIRE T KAGE) —FpART Lk R T 4K plsl (panicle and leaf spot 1), K =r=t#°t R
Fas B AR e, MAFHEY K, AV RIAEREET, HUERE KRB LB R TARTE 492 plsl w486 AFRALAL
Foff B AR ERBE, RBPBRTH, PEPRSE, RAFEAVG KB LR, B ik LR0AT05F
R plsl REARZAT 173403 bp 9 K K Busk, FRTIANMABSEFIANALBD RS Tk, LARAFRANf3 B ELR R
K FHEIE SR PLSL %wA5 & J 5-7 1088 (0s1290268000) . plsl K K k=t A F 1 & H202.OFR F 2 A R fe dL A & 440 X 85 SOD.,
POD. APX. CAT #u GR &M%, KA MIALR R THrt AKIER, ERELGRD . REZ AED M FREZEA,

—F RS RIN, R PLSL & B F 4 KA T4k L FE S mtaX8A R OsTDC1, OsTDC3, OsSNAT1, OsASMTL #=
OsCOMT 9% &, #mF R plsl R LKA LM T, 42 L, &t LR R TR plsl 2 —AP3F 2R 6 KA L mpe R TR, B
A RKAG KRB AR GG R AR, ARG OB T T Sk 5- BB I AL, AR E WAL R T Aewt

PRI R T HALA .

Ra): KA et ELmBr; plsl; REZ & At

Gene Cloning and Functional Analysis of a New Type of Panicle and

Leaf Spot Mutant plsl in Rice
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Abstract: Rice lesion mimic mutants play a crucial role in studying programmed cell death and broad-spectrum disease

resistance in rice. In this study, we first report a novel panicle and leaf spotl mutant (panicle and leaf spot 1, plsl), which develops
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reddish-brown spots on leaves starting from the three-leaf stage, expanding with plant growth and affecting other organs. Unlike
previously reported rice lesion mimic mutants, plsl exhibits reddish-brown lesions on the panicle branches and glumes after heading,
and the panicles dry up at maturity, severely affecting yield. This represents a new type of rice lesion mimic. The combination of
map-cloning and whole genome resequencing revealed that the pls1 mutant produced a large deletion of 173403 bp, resulting in 7 gene
deletions and 1 gene promoter deletion. Gene function prediction and gene expression data in database confirm that PLS1 encodes
tryptamine 5-hydroxylase (0s129g0268000).The plsl mutant leads to excessive accumulation of reactive oxygen species (ROS),
programmed cell death, and chloroplast degradation, reducing photosynthetic capacity. Melatonin plays an important role in plant salt
tolerance. Further functional analysis showed that the loss of PLS1 significantly inhibits the expression of melatonin synthesis related
enzyme genes OsTDC1, OsTDC3, OsSNAT1, OsASMT1, and OsCOMT in rice, resulting in decreased salt tolerance of the plsl mutant.
In summary, the panicle and leaf spot mutant plsl is a new type of rice lesion mimic mutant, providing new germplasm for studying
the mechanisms related to rice lesion mimics. The analysis of salt tolerance reveals a new function of tryptamine 5-hydroxylase,

offering a new perspective for studying its mechanisms in programmed cell death and salt tolerance.
Key words: rice; panicle and leaf spot; plsl; melanin; salt tolerance

FIRPE (LM, lesion mimic) SETEERA AW EAREYIMHEREL T, AR _E 5 k™A, i
FEFFESET: (PCD, programmed cell death) 5172 () & AR B . AR AEPCDAIREAIHIHLE], LM NHIE (3
R RUFIH M, KRR, R BRERAE A (LMM, lesion mimic mutant) 38 % 4 AR A BE £ (spl, spotted
leaf) RAHK, HAHERTEM LB RAER R, [ 19604 A A HTE KRG TR 18 7 35— AN S0 B T AL ¢
sekiguchi lesion (s> LIk, BFFARCEAETK KFE DNERIEITEDF F e T — KFILMME 34,

A NIEKFE T DA E 702 A LMM,  Hoh—SURE P O b, X SR IER £ 22 SR FEDR
P e AR B A SR KR R A e BRI LMEE R /2 SPLT (spotted leaf 7), . FLfis B (1 28 A2 5]
BT ERARINREM SR, FRA SEEE RO, FEKRG - HIAPIPSRIABEHE 5 &ZPCD, F=ALM&E A
B, RLIN1 Crice lesion initiation 1) Zwfi%Z: 5 PURLRE A=) 45 USRI FERM R NN AL B, rlinl AR R I
LM, K FE 8 7 B2 i AU 5L [K10sSS12- (suppressor of salicylate insensitivity 2) 2748, A% T 44 P il R /K
P, BN T RERRER K, SFELMER AR, 44 [10sLSD1 (lesion simulating disease 1) *fPCDit f# H
AHEEGUEM, fIH0sLSDIFKIE L AALMERL, I HALR AR CFE R ik Bl T Bkl isigiesh,
KFELMEE LA 2 5 MY 5 T s ANEE2ROS (reactive oxygen species) %%i. ROSHIAN NIEMYI K
BHORERENEEH, CMASSEWEKMRENEZEESS T, WA ARENA R sl pl
PRROS™ AL i Ik 2 A1 P AT 2 3 BB AR R, NI R S4BT 245 5 9 S BPCD, iy 2ELM D4, oK
PE R FEFISPLS (spotted leaf 5) %48, SBUIR Rid & 10 AN & 7 A A, R A ILME RS,
K FESPLAE I AP J1 & & IROSTR R, EM Fr 523 R F L 2L/E 10, JKFRESIZ SRRl A (FISPL1L



(spotted leaf 11), 7 iAFTPCD, %3k K 548 SEIL s (=42 11,

PV T 4550 7K A LM R AL A1) PR s T 0 JE AT T A IR SR 4, L BT 50 RS RE L 30
BT R T, A 7T T — R AL KR LM M ——RE I [F] B H B2 BE ) 5848 A plsL (panicle and
leaf spot 1), XFHEEHS. 45 /e A E tH LM RAAR WARIE . FH A1 A 1 pls1 AR (A R Z AR I 20
I8 I P A7 o o A A BE TR 2B P 1R 7 VR 3RS T B i MR K B I PLS L, B JS SUA0 AT T PLS L= A= LML
AL PRI TIRE . IXLeRE FEE5 K BT SRR LM BERT AT RLRET LA -

1 MR 5R#E
1.1 RIEMRFREIFE

RIGA R FE T A4E B H ARHS (Nipponbare, NIP) . 2RIFBEIRARAK plsl 28 5 A &Pk 527 CHIFE), AKX
NIP X pls1 FIZj ik 527 X plsl (1] F1. Fo BE4A, o plsl i NIP @il O 4@ 5t 3k43 . B ARk R T i 4
KRN v B AR MY R E R B X, BT T A BB, 7S T T A B AR ORI, BREE 13 em, 17 EE 30 em,
BAT 12 %, HFPAY NIP A plsl RARMEEF 10 17, WHKHAKEEEL, T+ H hask.

XTEFAERL NIP HI plsl RASM AL B WINLEE, 10K ISIRPEH B (8], A7 EARNEE . FERGAM, BEbLik
S A= R NIP AT pls RASARFIELAL B} 0 Ar B % 15 BREMGEAT I, WEtkm . AR Bes. S5 MT
AT /TS

1.2 EEENMN

FIFH S o3 A0 e 12 SKFE Gt qg E1 InDel 514 (ARS2E8 = 0RAF) A1 712 Bk Fo ZORBERE R IEAT LA 2
BLo HIEHA H AR IERITE QL A B S, TEAE I DX B Y E— B TR RORT I InDel A5icd, JFEATRER 2 L. 13
2X CTAB VEMFE i SR UL R 2H DNA, FE44 57844 plsl (5L K1 2H DNA IE A KRB R (IR IR Tk DR
HIRAFEL I, A ED 3T 43 KL N 7 . AS25 F ) PCR N AR &4 10 pL: 2xEasyTaq® PCR SuperMix
(Transgen, Cat. No. AS111) 5 uL, Z£i514)% 0.5 uL, itk DNA Jy 0.5uL, JGW/K 3.5uL. PCRFEF: i
At 95°C 5 min, AZ1% 95°C 30's, 1B:K 55°C 30s, FEAH 72°C30s, HAEfH 72°C 5 min, FEMHHZ 1 kb/min
THE, 16°CE R TR, AVE-IR K-ZEN 32 M . FrA kS 4iE M bridiy s TR 1 4.
1 AAFBMAENMER InDel 5 FHRIEK qRT-PCR 547

Table 1 InDel molecular markers and qRT-PCR primers used for fine mapping in this study.

EL S EM3IYIFES) (5 -3 ) SIAFIFS] (5 37 )
Names Forward primer sequence (5 ‘-3’ ) Reverse primer sequence (5 ‘-3” )
1D05256 TTCTGACCTTCGACTTGTTT GCCAGTTGAAGTGAATTGAT
1D05387 TTTTTAGGCATTGGCATATT GTATGTTGTTTCTTCTCGCC
1D05487 CAGTTGCAGTAGTGTTGGTG AATTTTCTGTGGCATTTTGT

ID05578 GTCATTAACTCGGTGGAGC TTAATCACGTGCTAATGGAC



ID05634 TAGGACATACTCCCTTCGTC GGTGTTAAAGCGTGAGTGAT
ID05700 CAGCATCTAGCAACCATTCT AAAAGGGCACTAATCAAGTT
ID05975 CGGAGGGAGAATTTTACATA GTTCTGTGATTATTTGGCCT
1D06001 AGGACACGGTCTTCAAAAA CCCTCCGGACTGATAATACT
1D06050 CTTTCTAGCTAAACATCCCG CCGCCATTTATGTCTTATTT
1D06078 CTTTGCCAAAATGTAGCTGT ACCCGTCGACAGTATGTTAC
ID06115 GGCATGATTTTGTGATGTAA CTTATTGATTTCACGCCAA
1D06192 TTCACGGATTTAGTTTCCAC GGCCTCTCTATATATGGTGC
OsTDC3 CAAGACCGGAAAGGCTTACGTG CTACTTGTCTTCTCCGGCGTCG
OsTDC1 AACAAGACCGGCAAGGCGTACG CAGGAAGAGCATCACGTGCGGA
OsTDC2 GTGCCTCCCACTTCTGACCATG CGTGTCGCTCCTCTGTAAGTGG
OsT5H GCCAGCTTGCTCTACCACTTCG TCTTCCTGACGGCGACGAAGAG
OsSNAT1 GAACCTTTGCCCGAGGAACTAG CCTTGTCGCATAAAGCTTGGAG
OsASMT1 CGGTGCAAGGAGGCAATCTCAG TTGATCGAACACCCAGCACCGG
OsCOMT GCTCAAGAACTGCTACGACGCG GGCGAGCATGATCATGTCGACG
OsbZIP18 GAGGTGAAGGTGAAGGACTTGG TTGACCCTCTCCACTAGCAGTG
OsActin GGAAGTACAGTGTCTGGATTGGAG TCTTGGCTTAGCATTCTTGGGT
PLS1 GACCGAGCCAAATTAGCCACG CCAGAACACTGCTAATGGCCTG

13MZERZEMMHERILSHENE

FEFFARIA, B3 5 BRAKIE JUARXT 3 S A A BRI R AR, BT S HEAT M 4R 3 & & /. FREX 0.1 g
IR, RILAE 25 mL 1 101 SR PIEVA T o AP A REAL I 3 A FL L BEATIG SN 24 /NI, H4 A 1%
EhIR A1 F 43 Y Y6 FE I B 663 nm. 645 nm A1 470 nm LRI EE AR, T EDE A R & &, FFEid Student
T RIS HEAT G 43T o [EIRE I B AT 70 A0S 3505 A B A BRURN SEASAA (1) 81| i BEAT SR 3R OO S HON &, B
BEAT 30 min W ALHE, DALRIESG R G0 1D S B H 0 38 43 R IBORN 5 8254 56 2 0 & (e R 1tk o K Ap il ot [
SELERY DG BSR4 (Heinz Walz GmbH, Imaging-PAM, Germany). &F/MEF AL T-EEH22 2. 4.

6. 8 F1 10 cm &b, 4rRHIiksE 5 AMINRIXE, F THERESRIE (ImagingWin v2.0 m, Walz) id3%.
1.4 LA ZE N4

IERFIE (MBI R E R AR, R, A ED #U B8 L ANIPAIpls1 &1 HH 4 H H
3 (OFR). H - (MDA). HOx& = HENAYEALE (SOD). %Yl (POD). Pudk LRt /L
Vil (APX). AR (CAT) FIABHGEERE (GR) 31k, 1] & Wi Ye k6 M PCD,

15 EFEMEUE

B8 390 NIP A pls1 AELAR A8, IR 3% IR AR I 2 . BEJS, KRR [ EAE 1% DU E1L
e, DUARTE B EE RBUBK, 7E Epox 812 HRIE 4 /N, SRR, Y1y RV gt D) A



HERATIT1E], HOBREBEAAT SR G, FHE N BT 2% (Hitachi, H-6001V, Japan) W41 )
Fro

1.6 RNA REAEFEFRIE S

PRI B LA, ] TRIzol 37 CInvitrogen, Carlsbad, CA, USA) $2HX 7 i3] NIP Al plsl 583844
HF 5 RNA, SR 5 0 % 58§ (Promega, Madison, W1, USA) #EATidi%45% . qRT-PCR 3 [K%5 744 5] 4151
T3 1o G =AEY BRI E AR L 45 R . ARSI R A PCR A& N 10 uL: 2>SYBR Green
PCR Master Mix (TOYOBO, Cat. No. QPK-201) 5 uL, A 451414 0.5 uL, 58 cDNA 1 uL, JCH7K 3 uL.
FAFEMMESE =K. qRT-PCR FEFUNR: TiAPE 95°C 1 min, AFE 95°C 20's, iE-K 60°C 1 min, Z&PE-iB -k

N A0 ANMIEFR, ] 27° 1 CT Dyt AR DR A X ik Ak PR,
1.7 BB

IKFEFIF4 10% NaClO JH BRI G 56 42 28°C N TSI R MM 2E 2 d. FhFRAR G, REUE A —50
FhF, B AR AR A S T B R BT 96 FLIR b, AEKARIEAN 28°C, 12 /N RIR/L2 AN RS, I B
J 30000 Lux; #HFHG 14 KREAEIFRBINFE 4 R, U2 KRBAEFRBINFR 4 K, HAKRBAeE RN
14 K, XOKFELIGREATEIE, SRR 7 K, RSN IER KRBAERMKE R 7% 9 KRGS0 14
WIAE R A EER 16 81, 3KEHE . FTHIXT NIP Fl plsl ZA54A#E4T T 150 A1 200 mmol/L NaCl (%
A ER IR 3l Kb FE L5, 150 mmol/L NaCl A 5525 [X 73 NIP 1 pls1 9845 A £h Uk & AL, AHF 78 K A 150mmol/L

NaCl LT £t 57«
2 ERE D

2.1 plsl SR {AFRBFE

AT FEE IS B SR A S AENIP, SRAF T — AW B KRG BT AR A, 5 AT R 1 /K g i 20
PR, ZIARRM . BB AR BB IR BE, K oy 4 R JEm BE R A 1R L (pls,
panicle and leaf spot 1). KHHE KI, pls1TEARALE =M IR FZ G I ta Bt s (E1A, B).
BEERMRAEKKRE, FRBWy R, BEERA B A, RN RENE, ShEEERE . Bz
BlkE e, Rl B REARE AET, SEORAMIRERET AL, T E R R (B1C-G). SEFATINIPAILL,
PISLIS AR It 52, Hobk sy 45 SR TR S PRAK, (B JBECA Z 5 (B 1H-K).



A: =HHEANIPHIpIs1ZSZE 484k, scale=2 cm; B: =MERSSHEBIATH, scale=1 cm; C: NIPHIpls1ZS 2SI HAME MK, scale=8 cm; D: ERHASSHTIM H,
scale=1.5 cm; E: NIPFpls1Z8 (A B K AEMRRE; F-G: EREANIPFIpIsIZE TR RITESIAE (F) FIFiE (G) F|AINTLE; H-K: NIPFIpls13 KRR
BHEIRS(H). ERE(). BHIERO)ITHREK), **FRRP<0.01

A: NIP and pls1 mutant plant at the three leaf stage, scale=2 cm; B: Lesion mimic leaf at three-leaf stage, scale=1 cm; C: NIP and pls1 mutant plant during grain
filling stage, scale=8 cm; D: Lesion mimic leaf at grain filling stage, scale=1.5 cm; E: Field Phenotype of NIP and plsl mutant during grain filling stage; F-G:
Comparison of the panicle branches and glume phenotypes between NIP (F) and plsl mutant (G) during grain filling stage; H-K: plant height (H), seed setting
rate (1), effective tiller number (J), and 1000-grain weight (K) at maturity stage. **indicating P < 0.01 level

E1 pls1REAFMRBEMRZEME RS

Fig. 1 Analysis of phenotypic and agronomic traits of plslmutant
2.2 plsl SREKIZE DTS EE T E

NBIESE plsl BB AERAEAI e IZFL D, ¥ plsl RAMRT 55 NIP MK 527 BEAT A A Fo A R BE
o PIANARACH Fo RIS L HH TE 3 Jr AOFE AR, VA tH BB . pIsT>ANIP Y Fo 4R IE 3 RIS B A b
SEHCA 3 1L (F=0.75), XN plsl FAE AL hf M R IE IR AL 5 -

N RAE EIREVR R Bk ] DNA (2 254k, FIF pls1>&) 1K 527 Z2 387 A= (1] Fo BEAASRT H ARJE IR AT B A7
TR, RPN pls B RIAE 12 54tk by THRIC 1D04573 A1 ID07520 2 [7] (J& 2A). B J KK

258 ALK B A X 8] 46 /N BIFRIC 1D05700 A1 1D05975 22 7] fY) 538.48 kb [X 15, {HICIE IR H LI/ THrid,



BT AENIZE 1D05700 A1 1D05975 WM IC Al AAAE K Bk 2k o Bifi f5 0 plsl RASAAR AT 1 AR H Y,
5 NIP BRI AT X LG, KIW plsl RAZARLEEE 12 et ik 9567382~9740896 2 [H] A= | 173403 bp 2k (K&
2B), BHJEBTE T BB X4 356 bp Jr BURESFYIES1Y, 4 PCR &Y. MIFIRIE 71X —45 3 (|8 2C,D).
HE— DR B B R R AT A T R I X L A 8 AN T ORF. 173403 bp Jr Btk 551
0s12g0267900 . 0s12g0267950 . 0s12g0268000 . 0s12g0268100 . 0s12g0269100 . 0s12g0269200 #1I
051290269600 iX 7 3[R 4 #fdh 2k, 55 8 N3 [H 051290269700 2k 1 #4507 (K 2D). RAP-DB M
i A R D RE TN 278 051290269100, 0s1290269200 1 0s1290269600 F1 0s12g0269700 PYANH [K] ) 4 i it
W, 051290267900 2 s Th A AN 4% 46 25 11, 051290267950 AT HE A KK AE4m i #4 4%, 051290268000
G i 5-F2 MG, 0s1290268100 #ufidfi e iU, PRl {#EHE K 7E 051290268000, Os1290267900.
051290267950 1 0s12g0268100 2 . CL4RkiE 0s12g0268000 # i 44 A OsSL(Sekiguchi lesion)/ELL1(Early
lesion leaf 1)/OsT5H(Tryptamine 5-hydroxylase), €48 LA LS plsl AR PRI 2 BE—FE R Y, (HEA
PSR PEA2, 10X 4 ANERIFE plsl RARA R, ToIEFRI %6 E & PCR BRI EATIHE plsl AL
R R R, TREW T 2K BHERREEEE, K 051290267950 7EHHE FE %A Rk Hd, 1
051290267900 #11 051290268100 71 My FIFE R IA B, A 01290268000 7L M- FFEfH R H A 2% B
FimmFREE BRRER), HILHIL PLSL & 0s1290268000, Jf HRIL T Os1290268000 3T ke,
Fh AL 1 T I H IS0 B A1 5 BSOS At I B

A plsIREFERNEERBMAEN . BFREZREE, B: plsIREMRENFRE XIGRE; C: pls1 I fAERLL XigH ik 53 4; D: pls1ZRIE AR =RITux



B I
A: Fine mapping of the target gene of pls1 mutant. The number represents the exchange of individual plants; B: pls1 mutation Re-sequencing mutation region
pattern map; C: Electrophoretic analysis of deletion regions in pls1 mutant; D: Sequencing chromatograms of pls1 mutant with missing mutation sites
2 PLS1 EF 7%

Fig. 2 The Positional cloning of PLS1
2.3 PLS1 RYERKE R K FEH ROS B2 R

AT ABFER D, ROSHIEM R SLMMIIPCOR AR R FY], TMH0.M0% &ROSHI L E 7. K1t
I3 HT T NIPAIpIs1 SR AR A M- Ao (I H0 /148 F15EOFR (oxygen free radical) & &, 455 EoRpls1 282844 1)
H20 AOFR & S B R E N (EI3A, B), X R Wpls1ZRAAAM 5 HROSILET AR R E L . WA 1
ROSE IS, AN PUA KGR RS PEH & R AE AL . DTRG0 1 2 2 S A ) A
fizSOD (SOD, superoxide dismutase). it % L¥)EEPOD (POD, peroxidase). Fi¥h Ifil iRt EALEFAPX  (APX,
ascorbate peroxidase). T4 LEHFCAT (CAT, catalase) A H KSR EEGR (GR, gluathione reductase) )
DIREETHRRROS, Bk A ani . o B A4 R Mpls1 R A& J Hh T L HESOD . POD. APX. CATAHIGR
AT T R, 5 BT A RAH e pls LA A4 (1R X S AN B VS PR35 B35 18 (EI3C-G). i T A pls1 AR
PR R AR S AERR PSR, BT T B G, S5 R BORAEPIsTRA R Fr th S B KR
Y EPE A, MIENIPH LA RIS et (EIBHD, RUpIsLIAR R Fy o i AR KB I 4 1
HE— A 5 0 B A AR A 48 AR 9 MDA (MDA, malondialdehyde) /K, 455 5 Rpls1 9848k MDA
BREWMN (E3D. PALESEREY], PLSIEURIE UK ROSIEEM R T 7PCD, Ji%T T ROSHALL
RO E LR BN .



A-B: NIPFIpIs1ZRZE (AR FH,0, (A)FIOFR (B)& &; C-G: NIPFpIs13¥ {4+ SOD (C). POD (D). APX (E). CAT (F)FAGR (G)i& M 43 #r; H: NIPFaplsl
LRI B BRI R 1 NIPHIpISIZRE (AT FMDAR 8. *FRinP<0.05; **3R/RP<0.01
A-B: The content of H,0, (A) and OFR (B) in NIP and pls1 mutant leaves; C-G: Analysis of SOD (C), POD (D), APX (E), CAT (F), and GR (G) activities in NIP
and pls1 mutant leaves; H: Trypan blue staining of NIP and pls1 mutant leaves; I: The content of MDA in NIP and pls1 mutnat leaves. *indicating t P < 0.05 level;
**indicating P < 0.01 level
&3 NIPFpls1ZR A RIROSTA R A & LB E 14 4R

Fig. 3 ROS accumulation and antioxidant enzyme activity analysis of NIP and plslmutant

2.4 PLS1 SR FEUKFEM R IRFERER & BESIRES

B Fpls1 oA f it b IR BE, PR Gl & 7 pls1 o8 AR PR RN BT A= RUNIPAE AR I P IR R B . &5
R, pIsLRAR PSR, bRIKIAY MRS EREITNIP (K4A-C). PCDIEH SR 4G A 5.
AHIE T IE I B T T R W S A A, AILSNIPAHEL, plsTRARAR S id i IR, WA
I, JER BRI D> (KAD) . XS5 RN, SRR AR 5 PLSIH K SIS PR A 5.



A-C: NIPFIpIs1Z235 KM Bit43Ea (A), b (B)FIZEHEE NE(C)EE; D: NIPFHIpIs1ZSIAMH R ESTEE FRMEME, scale=2 pm. **FR7xP<0.01
A-C: The content of chlorophyll a (A), b (B), and carotenoid (C) in NIP and pls mutant leaves; D: Observation of NIP and pls1 mutant chloroplasts. scale=2 um
**indicating P < 0.01 level
[El4 NIPFIpIs1ZR TR & H A BN FIATERIENER
Fig. 4 Analysis of pigment content and observation of chloroplasts in NIP and pls1 mutant

BETpls1 AR AR I PLIEE R i 2R AR B A, AW TR T DG AR IR R G20 7 NIPAIpls1 € 22 44
THAEHISI 2R RIS H. GRR W], plsIRARR BA IR J (pls1-M) B ARG &R (Fu/Fm)
FISEFRAA R (Dpsi) XS TNIPH F Flpls1 AR R IE R (plsl-ND AR FEL (KI5A-D), R
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A-B: NIPHIpls1ZEZS KM B F /Fn 5341, C-D: NIPFApls1ZR 1AM Ops 534; E-F: NIPRIpIs1ZRZS KR B Y(NPQ) 43 #7; G-H: NIPFipls1Z3RZE ARt K Y(NO) %
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A-B: Analysis of Fv/Fm in NIP and pls1 mutant leaves; C-D: NIP and pls1 mutant leaf ® PSII analysis; E-F: NIP and pls1 mutant leaf Y (NPQ) analysis; G-H:
Analysis of Y (NO) in NIP and pls1 mutant leaves; I-J: gp analysis of NIP and pls1 mutant leaves
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Fig. 5 Photosynthesis analysis of NIP and pls1 mutant
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A-F: Relative expression analysis of OsTDC1 (A), OsTDC3 (B), OsSNAT1 (C), OsASMT1 (D), OsCOMT (E), and OsbZIP18 (F) in NIP and pls1 mutants. G: Salt



tolerance analysis of NIP and pls1 mutants. scale=5 cm; H: Comparison of survival rates between NIP and pls1 mutant after salt stress. *indicating P < 0.05 level;
**indicating P < 0.01 level
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Fig. 6 Expression level analysis of melatonin related synthase genes and salt tolerance analysis of pls1 mutant
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