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AtJAR]1 EFFEME IR A ThRE S

(LT ARAMOR 2 BURACE B, BT B 3113005 2. @ VLA 2 Ml S5 AR M EoR 2 B, #77T B
3113005 3. tZARE AR AFEBE RAEWFIBBHRBIFET, 114K 55/ 250100)

WE: [ B8] XA Ba Lk 4 545 B (jasmonoyl amino acid conjugate synthase, JAR1) ¥ vAME AL 3K #) B2 (jasmonic
acid, JA) 7 M K #) 82 64 E B X K A 82 % & KL 8 £ 4K (jasmonic acid-isoleucine, JA-Ile), M i & JA 12 5 &%,
JAZ 5 R ZENFHED BB P EETEHER, A, IR AJAR] MG M T At THR JA 55 %42
Yot e uh B A E 2R, [ Ak ] 58 CRISPR/Cas9 A R %4 K, €& T 2 MRE 4 B& I drabidopsis
thaliana AtJARL A& B R EA4k, FFa4iX 2 AN R TARSAT I L3R AW F 05t 5 A1 Fe JAAS AR AR 9 R E 547, AR
AUJAR] AR Zhtbshk . 25, ILE SR B R E LA F LA B (ABA) L3 jarl B R R AF 35 K A= 4h & R 4%
ey, WA ALJAR] A B s i at e Ree, G, @RS ELENEF AR T TRGFETFT K) FHET
(Na") BB BRI, ARG FERA K5 E G LE AtHAKS 9538 TAHE L, WFIRT AJAR] 3L B LD dI~at bk
Bk, [£R])IABTHRIRAR AVSPl A= AtVSP2 69 Rk XM T, AU AUJARI AH k&%, 5 ERE 40
jarl-1 REARREL, Z2AMAEERERIAA 3 AL Kb, ZERHBEHFBATH EBENWERA, B, AUARL &
LTV R il Fe ABA *TAFF 3 A AAR & A K= A0 H4E R . suoh, AT AJAR1 B K T ATt AtHAKS #9%&
Aotk AT KRB, [ 4 ] JA E 5 &2 TiiEL S ABA X ZAE R Hrh AtHAKS $ R k8, AT MR 4 5
K a9 Bl dEia , st K aafe i KY/Na T4, mA&Hemldat ., B8 &2 % 52
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Functional analysis of AZJAR1 gene in salt tolerance of Arabidopsis thaliana
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Abstract: [Objective] Jasmonal amino acid conjugate synthase (JARI) can catalyze jasmonic acid (JA) to
form jasmonic acid-soleucine (JA-Ile), an active form of jasmonic acid, and activate the JA signal pathway. JA
signaling pathway plays an important role in mediating the response of plants to salt stress. This study aims to
explore the function of 42JAR1 in plant salt tolerance, which plays an important role in studying the mechanism
of JA signal pathway affecting plant salt tolerance. [Method] CRISPR/cas9 gene editing technology was used
to create two different Arabidopsis thaliana AtJAR1 gene mutants. The aboveground biomass of the two
mutants and the expression of JA signal marker gene were analyzed to determine the loss of A#JAR1 gene

function. Then, the effects of different concentrations of NaCl and ABA treatment on seed germination and
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seedling establishment of jarl mutants were observed and analyzed to clarify the effect of AzJAR1 gene on salt
tolerance of A. thaliana. Finally, the role of AtJAR1 gene in salt tolerance of 4. thaliana was investigated by
comparing the content of potassium and sodium ions in wild type and mutants before and after salt treatment, as
well as the expression of AtHAKS, a high affinity potassium ion transporter gene. [Result] The expression of
JA signal marker genes AtVSP1 and AtVSP2 decreased significantly, indicating the loss of AtJAR1 gene
function. Different from the jarl-1 mutant produced by point mutation, the growth of the two mutants
accelerated in the first three weeks, then gradually slowed down and the leaves wilted. At the same time,
AtJAR1 mutation can alleviate the inhibition of salt stress and ABA on seed germination and root growth. In
addition, AtJAR1 mutation can promote the expression of AtHAKS and the absorption and transport of
potassium ions in roots under salt stress. [Conclusion] JA signaling pathway may affect the expression of
AtHAKS5 through interaction with ABA, so as to regulate the absorption and transport of K* by plant roots,
change the intracellular K'/Na" balance, and finally affect plant salt tolerance. [Ch, 8 fig. 2 tab. 52 ref.]

Key words: Arabidopsis thaliana; CRISPR/Cas9; jasmonal amino acid conjugate synthase; salt tolerance;
K'/Na" balance
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A PNG YR, WS | SRR IS RN S0 55 ok 4 R p 40 2 3 A 7, andh e s, SRR Malus
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B 30 S B ER AR VR AR A T AR T T A R . TR AT Oryza sativa &FP VIR R AR &
S T AR UG R, AR SRR R P g A P BB AS B = K RS 4 i I SR M IR S Glycine max Wi £ A
FUPECS ) ERA TR, K JA (S-SR 0sJ429 5 OsbHLHO062 TAFA 5 B Fa 725 B o) i b 46
AERETT, DTG IS ERHE BT S22 NIRRT R i 4 A A NG P R A i i B it R
2, HEXRT JA(ES WHar s 45 A8 4 i o 6 VE AT 6 G 1B . SR ATIE 2 LR 45 5 1) & U (jasmonoy]
amino acid conjugate synthase, JAR1) fiifk JA JE R JA-Tle, AtJAR1 3R & A RAF 5 v S BUIA 5 548
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Wr. K, At58i8 H CRISPR/Cas9 A 4R AR QARG I+ Arabidopsis thaliana AtJAR1 KR AE A
IEH LRI ARRXTER T ABA b3 T 007 & AR R AE Ksgm, DA SCER I T 28 A8 (A KA W itz 3z
AtHAKS SRR FSE0, TTARAT JA 155 18 B AR o R 1 b 4 T BB A AL

WS

1.1  AtJAR1 EERTEHEMHE
1.1.1 CRISPR/Cas9 # 4k ¢4 # 3 & b &) Ik 89 i 45 4544 CRISPR/Cas9 #0751 (1) BE 11 Al 2 A 1 4y 2 2 1R
WANG 50U R A AEC (77 o DIBIRI ST R R I 2 IR ZE & W6 iU AtJART B EED RS Igins
FRRLBEE B ity . AR S MERIR Y 2 D OCHE R BefE TS, ARAR B AN CRISPR/Cas9 K gt 2k, LA
FHE L B AR RS RS T B, i HAKT R Agrobacterium tumefaciens 12 Y AT Pl p ¥ it AL AL,
112 RHE4RM ik  CRISPR/Cas9 4 # 1k B mCherry W6 ARG FE, ik, AW S % A0
AR Tk, PRk T AR BHPERR -, SR HU 55 D BH PR AR R i 2 R 2 DNA, 78 B A 2 A 7 571
2 W TG AT PCR 3735 (29 200 bp), FIFH BTV FE 8% MYAEAEME RV IG BEREEERS (PAGE, TN/ MERK
55 B ORI M B 1) 5 R 292 1) X PCR P24 b4 7 =2
1.2 i EEEHENE

RS 21 d AR L3, PROLEETE . BRRE S M EY¥ES, HRREIT 200
Xk 2R [B) A 22 5 B B PR T 40T -
1.3 FFHEEIRE
13.1 #F#HF 1 mLRRSECH 75% CBEAWIEYE 3 min, 5 ZEEMA 1 mL ARFUECH 35% WIS H
IKFARF S E0R 0.05% i 20 R AIE, BRRPESRIRA) S min, FIRGEM; BJEMA 1 mL KB4
K, WEESK, BT 4 CEEEML24d,
1.3.2  F A4l (NaCl) fe L35 B2 (ABA) 32 7c ke Bed]  7F 1/2 MS HEPIRE SR LI R NaCl, 4351
B 0. 75, 100, 125 mmol-L™' NaCl 1 1/2 MS /Y5525 . ABA I TR E0Ch 70% 1 LB,
Bt B A% 25 mmol- L' fRE, £% STASWICK 45 ik B . FREL BN 70% (1) L BEA TR R, 20
BoAi# 0. 025, 0.50, 1.00, 5.00. 10.00, 20.00 umol-L'ABA ) 1/2 MS FH# 15773 .
133 #FHAFELT PHHEE N5 S FERINA AR E NaCl(0, 75, 100, 125 mmol-L™) Fl
ABA (0. 1. 5. 10, 20 umol-L™") ) 1/2 MS A $5 573 I, BT 22 °C. 14 h YGIE/10 h SBEE IR E T 1
Fo W24 h Gt 1 IRBIARR, EZ:6d, DU ITIRZEEM BRI ER & . BIWESREE 3 K. B
K AR=RGGHT ] (d) AW & Fp 7 S g AR 5 80: 100% .
1.4 #hETE RN ABA it =2 1453 #7

R RS MR RS T 12 MS MY EIE R A b, T 22 °C. 16 h G/ h JEWE 451 T %
B 5dIE, BARERMARWE NaCl(0, 50, 100 mmol-L™") 1 ABA(0. 0.25. 0.50. 1.00 umol-L™)
) 1/2 MS A B R AL b, AR R 7d, DARKSRITAT e T A KOR B
1.5 AL K Na' REBE/RIRERNNE
1.5.1 %83 m s ¥ 12 MS YRR LAEK 7d 40, B ZEHA 1/5 Hoagland K5 #5115 (4
e (B W& 1), Ki3% 14 d Ja X R PE 2R 2 AT 5R AL RN X REAL Bk Ab B 45 AR YR A i 50
mmol- L™'NaCl (3552, 7EALHE 0 Fl 24 h i, J3 i BCE Ak 28 ) AR FAE ol P 77 66 IR 5 1ef 3R 3K 1 I
Mo AFE 2 d I, FRERER ML AR FIARR A 25 B KV J5 43 5 A pric i 5 B, BAER
60 °C A LML 6 h U F T AT .
1.52  #ouil MBAMBR IR H & WAFIFE S AT, FRE 50 mg 224 FF il FHAR I 40 2 34 TR0
THARE T, BAEEARRE 3 AEYS¥ES, RKKINA 7 mL WRERR . 1 mL Fis 50k 30% Bl 80
KW, ZIRCE 2 h, BJSAGOBIE A ACH . A SRR T 190 °C T2 A MK E 2 mL /&
fio BHERKRBEEABCEN, HBAKE VR ER 2 15 mL,
1.53 KRR AT ARAA R B ERR LR ISR AN 0 SR o BRI PR T e . B R B e VR
FEEE R 0, 0.2, 04, 0.6, 0.8, 1.2, 1.6, 2.0 mg-L™". | FJEF WU 6 3% 32 0 78 KA Na'fé) Jifi 5 B /R
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% 1 1/5 Hoagland /K355 % B /7

Table 1 1/5 Hoagland formula for hydroponic culture solution
4k BREGVE  BERASIME KRR 4k BB, BRRESIME KERR T
(mol-L™y  BYmL-L™")  J/(mmol-L™") (mol-L™")  BY(mL-L™")  J&F/(mmol-L™")
KNO, 1.0 1.25 125 KH,PO, 0.5 1.00 0.50
Ca(NO;)-4H,0 1.0 1.00 1.00 FedhV 1.00
MgSO,* 7TH,0 0.4 1.00 0.40 TR 0.10

P . (D1 000F5 2L B AT B . FRENS.56 LKA TR TP 48 (FeSO,» THLO)A 100 mLESHRH, dulimAhsicdk; 4%7.50 ¢ —/K&2
I LR —4HN(EDTA- 2Na- 2H)0) AT LEEF K Z8h, ZH8 I AFeSOLBM, T M4 thZ92 min; #EOGHA60 CHE
M2 DL b FIREVE, BHEEAZRIL, BUAWIE 20 mmol- L AIRRA . IR 00015 . @10 00014 e T & FHK Y
Bl : FREUH;BO; 6.18 g; MnCly-4H,0 0.99 g; CuSO,4 SH,O 1.25 g; ZnSO,4- 7TH,0 1.44 g; H,Mo0O, 0.08 g; NaCl 0.20 gl f#
Tk, BEFERZEL L. MHRHR10 000

W
154 MHpARF Kf NaR2ERREGIHL BAEHELSKXWT: C=[(C, -C) x 0.015/
(Mx107)/me Hrf: CH 1 g TR TIZE F YRS (umol-g™); C, A HE S IH A W i 2+
(IR (mg-L); O %S U BRI AR VR P B T IO VR B (mge L7Y); MO FREIN G2 B AH X o i
(g-mol™)e m JHEEHI T B R (2)o
1.6 HEXEEMRIESHT

K HH Trizol 15 32 B JF AR HhEL RNA, Z 5 AT 5L 41 DNA 19 KBr . &%, VIR SEE
cDNA WA T S92 56 %E f: PCR (QRT-PCR) Kl 6 PR B AH G ek B . MBI RE TR B B IR 2E h 28 4k LU
A HA R I LB R ) Actin2 NS BB, MR8 O HIBY ArVSPL1 . AtVSP2 Fl AtHAKS A (Gene ID:
AT5G24780. AT5G24770 Fl AT4G13420) J¥41, ¥t qRT-PCR 5|4 (% 2). REL2-2ACk T3 15 I FE A
(AR Rk

®2 HEX3IMFT

Table 2 Sequence of related primers

FH IES (53" THEEII(5'—3)
AtActin2 GTCGTACAACCGGTATTGTGCT TGTCTCTTACAATTTCCCGCTCT
AtVSP1 TGGATCTTTGACCTAGACGACA GAGTTCCAAGAGGTTTTCGTA
AtVSP2 TGACCTAGATGATACCCTCCTCTC CAATCCCGAGCTCTATGATGTT
AtHAKS TCTGCATCACTGGGACGGAG CAGTATAACGGATCAGGGATTGA

2 HRGH

2.1 AtJAR1 EERTEMRERRESH

2.1.1 AUARI AR R ZHRAR A o F 52 ERBIMIEREDReE T, R BHEFTFB, g
FER A, AR RG], AT AR ik 2 A28, SR, XA 7 U i R AR
R QA HARSE R R A Ay, R EMRsR I kA fh, FEHEThae R U e, fln, A k.
fifi FH R LR R 2. B8R (EMS) 15578 B ATS1 SER AR R AAAE T E I L S B A P, [k, ABFRE A
CRISPR/Cas9 5: K g 5 RHJHE AtJART DG oe e R R Atk . 2k e, Wi HE R
BT 2 aiE R, AT N jarl-3-5 Fl jarl-6-2 XF A S T RS AT I R A0, 4 Rk
Wl jar1-3-5 Fl jar1-6-2 &7 AATESE 2 AL, RISE 3R T4k, 200k 4R T 16 111 bp BB
(), FEESGITS] (CDS) KA TN AR, FEERITH L AR RAE, iR fiEd T,
Jarl-3-5 W5 1IN A MR 2 ZAMRREL N F AR 1), IFEMSHRME 2R
(SGTSQGRPKFIP-KAVQSLFLSLMN) J&, SIAZIE%ST UAA, $ERTZOEBITE; jarl-6-2 1955 113 (A
IR R IL HE R A MRS R R, e AR5 i% Bk 8 & IL R (TSQGRPKF-PSKVYSFH) J&, 3] A%
1E% T UGA, FERTZERIRE. Htt, gy o828 ] Wk D) 58 4 R R AR A
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5’UTR 3'UTR

AtJAR1 gDNA

gRNA CCAGAAACAAACTTTGAAAGAGA————————... 233 bp. . .—————————ATCAGCTCTGGAACTAGTCAAGG
AtJAR1  TCATCAAGTCCAGAAACAAACTTTGAAAGAGATTCTTCTCAAGAA. . . 233 bp. .. GTGTTTTTGATCATCAGCTCTGGAACTAGTCAAGGCCGTCCAA

TCATCAACTCCACAAACAAACTT TCAAACACATTCTTCTCAACAA GTGTGTTTTT GATCATCAGCTCTGCAACTACTCAACCCCCTCCAA

iy~ Wl

jar1-3-5  TCATCAAGTCCAGAAACAAACTTTGAAAGAGATTCTTCTCAAGAA ... 233 bp. .. GTGTTTTTGATCATCAE—————————JAGGCCGTCCAA —16 bp

TCATCAAGTCCAGCAAACAAACTTTGAAAGAGATTCTTCTCAAGAA GTGTTTTTGATCATCA AGGCCGTCCAA

Jjar1-6-2  TCATCAAGTCCAGAAACAAACTTTGAAAGAGATTCTTCTCAAGAA ... 233 bp.. . GTGTTTTTGATCATCAGCTOE—————JAAGGCCGTCCAA —11 bp

(TCATCAAGTCCAGAAACAAACTT TG AAAGACATTCTTCTCAAGAA GTGTGTTTTTGATCATCAGCTC AAGGCCGTCCAA

A1 jarl-3-5 F2 jarl-6-2 % 55142 &
Figure 1 ~ Sequence information of jar1-3-5 and jar1-6-2 mutants

2.12 AUJARI R R R TARKE 54 HTEEM ALK (arl-3-5 Fl jar1-6-2) FIEF AL SRl 5 BEATREFR, 1E
AERKATMEOIE LI R A T 5 R SR JT 21 d i, SORMRRIRR AT DIER B K, HEHH B3
B R TR, dE— XA K 21 d R R A B T S e R AR IR B (P<
0.001) f= TEFA A (K] 2A). Z U5, WA RURIZRAR MR Z 0] B A4 K 25 S s/, I Hfe A K 32 d i 2878
LNiEEy Ui CRIEIE SV

A, AtJARL O] LIAEAL JA TE AL JA-lle, 3406 JA 15 SiR 18, AJAR KL H 58 28 25 52 Wl bl ) 44 PN 2 i
MRis SR E . I, XERFTRAS SAnic 3N 4eVSP1 il AtVSP2 FEATFRIA B M B8 . AtJAR1 K75,
AtVSP1 Fll AtVSP2 K NAEM P )6k B2 (P<<0.000 1) s/, i ArvSP1 ik FFET 60% 2 hi
(K1 2B), AtVSP2 Rk TR T 80% 224y (K1 2C) . FHIFAZIIX 2 AT AR MR SR FT IR (555 5 B I 0855 o

140 - A 1.2 B 1.4 rC
% 120 e L o 12 |
£ 9 X
g 100 ® 08 R 10
R 80 = 0.6 = 038
ﬂ 60 z v = 0.6
=2 = 02 BN
= 20 3 3 0.2
0 0
PR jarl-3-5 jarl-6-2 WPAEM jar1-3-5 jarl-6-2 WA jarl-3-5 jarl-6-2
iELYS IER/S LR

A FEMSEE 21 R EFEER R (n=5); B. /KIB 5 21 K AtVSP1 FERIAIXT ik i C. /KIB 4 21 K ArVSP2 FRIAxT %
IE R, R Rk SRR HIFA R LEAE P<<0.001. P<<0.000 1 /K7 =57 E%

B2 AtJARI AR R ThREF ARG LA £ 7
Figure 2 Phenotypic differences between AzJAR1 gene mutants and wild type
2.2 HEMEX AtJAR1 BEERTENFFIELZEMGHEEB N
221 %S AJARI AR R TR L R W Hoa PR RER MR BN EERE ., EAWRE
BY: Ehha geUS M IAE AT &, TRIE, JA VR EE S A0 R 00 45 R AR R s A e M T R A
EEVERP, SR JA 1550 B AR ER W38 T B R 7 Rl B vh B ¥ TR VE FE v R B AR, P,
ERWhae T B AR AN S AR R AT R R (8] 3) AT ST AT eI A s ERE NaCl AR T, 28 1 REAR
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Ab PR [R]/d b HR R A]/d
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*owx A RSORGEF AR E P<0.05. P<0.01 KF EZEREF. A, B. C. D40 R 0.
75. 100, 125 mmol-L'NaCl 4#b#f

B3 FRELRETHMEIFTERFE

Figure 3  Germination rate of 4. thaliana seeds under different salt concentrations
PRFRF (8 R W 8 (P<<0.01) 5 THFAERY 45 2 KEF &bk RIEA LI &, "ABELEN, AR
W NaCl AFR,  FRARZSAR PR AR A 7 f 2R e IR BB A0 T IEH A KA TR &R, (HJEik
B K & AR A A ARBE 2 NaCl Ab BEHk BE BN i, HLo A ey LT BF A Y #eAb FRAGHT 3
d P AR AR & R R NaCl AbBRMR B (3 A BT R, RS FRFA R, I HBE#E NaCl b3k i
(RGN, RPN B . R AJART SR TR %, RRAK T SRS ALl B R i o R i et
222 AT AJAR] AR R BARAR R A KW ¥h O EREMENELER S P EEREB, —
LA AR Folr 38 X6 S B R R A TR S W 2 —, Bk, AT H A T R SR Mt A0 T T

A AU SR G B AR AR A 0 (] 4) o K AE IE o 85 10 g®4eR @ jarl-3-5 B jarl-62
FrAEEAERKSHIBWOEE®S 2506 AR WKE 8

NaCl 018 TR0 1 ARSERE 3R 7 d R, B BAEA 5 6l -
NaCl 4 PF R, A8 T AR Ke 5 A4 A G b 4l

25, B NaClVRFEIORII, PRI ( EAR K B AR ol

Z R, (B, RAAN ERKEZ KT8 E 0

A1, 7F 100 mmol- L™ NaCl ZbFHI, A8 (AR FARK 0 50 100

BF (P<<0.05) KA, EKW] AJART R7ALFEAR NaCl #%/(mmol - L )

T AL TR X R AR * o N RIFROR SEPAE R LA P<0.05. P<
2.3 ABA BNEXT AtJARI B E R FF L R 001 KF E2F 05

4 E R B B4 HWabstjarl BEKIARKGHH

Figure 4 Effect of salt stress on the main root length of jar]l mutant

2.3.1 ABA #f AUJAR] AR RITRFH L FHm  ABA
PR TR B MR R . 5 FLAb IR — R R PR ke 0 3 B B B 25 R, (LR, E RO AR o
IA 55415 ABA S AR FIILRIR BRI AL . ABTION jarl ZEEHALE ABA It F B9 7
IR FIET T Y0 (B 5). G5RKWT: BEH ABA WRIE MO, A= RURNGE A (A7 5 o 0 1 4
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100 100 B 100 C o REE
80 80 80
S S5 S
g 60 W 60 g 60
& g0 40 g0 |
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20 20 20
0 1 2 3 4 5 6 7 0 1 2 3 45 6 7 0 1 2 3 456 7
Aib 35 B ) /d A B N ) /d AbFRET [A)/d
100 D 100 -E s
< 80 r < 80 1 —o— I/ —m— jarl-3-5 —A— jarl-6-2
g 0T 5 00 *,rx G BIFIR S Col-0 MILLTE P<0.05 |
&g b K40 P<001 K %578 %. A. B. C. D. E%
= 2 = " WFER 0. 1004 5.00+ 10.00. 20.00 pmol-L™
- ABA 4b3
0 1 2 3 4 5 6 7 0 1 2 3 45 6 7
A B [ /d LB R)/d
B 5 RE ABA RE T W Ah T o9 85 & &
Figure 5 Germination rate of A. thaliana seeds under different ABA concentrations
R, BERMZ R, (H AR & i A 34 5 o DEER @ jarl3S m jarl6
. O e I 10 -
RUFEF AR, B R R B (P<0.05) @ TR "
= e sk
R, R AJAR] RAZGRfR T ABA X F1 & B 8 -
TR 5 6l
- N Al
232 ABA M AUAR] A B AL R A K8 H % = L0
ABA N T A 25 R 5 A VR 40y F AR 4 2 AR 1 o
NN 2k
Kl 6, BIERIGEFRE LA S HIRIH BB RS AH A

Al ABA f ' BT SR 2 1 4RSERTR 7 d Ja K 0=
TEAR T ABA 4b PRI 58 A8 (A i AR 5 5 A2 AR 1L
TRFES, HE, HHSWE ABA 4B, %

0 0.25 0.50 1.00
ABA &% /(umol - L)
kR e RN SR AE R LU AE P<<0.05. P<

A EARK B B (P<0.01) K TEAEM, £ 0.01 K FZEREE
W1 AARY GEZEREAT T 1R SFAROAT ABA ISR . B 6 ABA *f jarl &% EARK 3T ol
2.4 AtJAR1 E ?&QW%?E%}%RW%%#& Figure 6 Effect of ABA on the main root length of jarl mutant

ERJE N Na "R R, BN M KO B AR VR R AR o Ry ke v R A R AR A i b B 3R
BL, HEFF KRROE W, AR 20 M 2 v B ARl A AR FRAIK Na™ L 85 KBV BEZKOFPY, IRk, g
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