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FEFTRR W8 T T AR WA ) 2 T HLR AR 2, I8l B I (Arabidopsis thaliana) {1 EFEE R coil- 22 coil -
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COI1 is involved in jasmonate-induced indolic glucosinolate biosynthesis in

Arabidopsis thaliana

SHI Lu, LI Mengsha, WANG Lihua, YU Ping, LI Nan, GUO Jing, YAN Xiufeng "
College of Life and Environmental Science, Wenzhou University, Wenzhou 325035, China

Abstract; Glucosinolates are a group of sulphur-rich thioglucosides known to play an important role in plant defense. The
accumulation of indolic glucosinolates (1GS) is strong induced by jasmonate ( JA). Many studies have demonstrated that
coronatine-insensitive 1 ( COI1) is important in JA signaling, and is involved in almost all the JA-responsive pathways.
However, the underlying molecular mechanisms for JA-induced IGS accumulation remain partially understood. In this
study, the coil-22 and coil-23 mutants and wild-type (WT) Arabidopsis thaliana plants were used to investigate the role of
COI1 in MeJA-induced IGS metabolism.

The effect of MeJA treatment on IGS contents in coil-22 and coil-23 plants was analyzed. The results showed that the
contents of IGS were significantly increased in MeJA-treated WT plants compared with the control, while the IGS levels were
not changed notably in MeJA-treated coil-22 and coil-23 plants, indicating that the accumulation of IGS is insensitive to
MeJA treatment in the mutants. Thus, coil-22 and coil-23 are good materials for studying the mechanisms of JA-induced
IGS biosynthesis. Transcription factors are important regulators on the expression of genes. The R2ZR3-MYB transcription

factors ATR1/MYB34 and HIG1/MYBS51 have been reported to act as the direct biosynthetic transcriptional activators for
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IGS, and they regulate many IGS biosynthetic genes and the tryptophan (IGS precursor) biosynthetic genes. The expression
levels of MYB34 and MYB51 in MeJA-treated coil-22, coil-23 and WT plants were analyzed. The results showed that in
WT plants, the expression levels of MYB34 and MYB51 were significantly higher in MeJA-treated plants than the control
after 3 h MeJA-treatment, while it is not the case in coil-22 and coil-23 plants, indicating that the loss of function of COI1
blocks the MeJA-induced MYB34 and MYB51 expression. Furthermore, it is interesting to find that the expression levels of
MYB34 in co0il-22 and coil-23 mutants were significantly higher than in the control plants, suggesting that another signal
pathway other than COIl might be involved in JA-regulated MYB34 expression. Moreover, the expression levels of
tryptophan biosynthetic genes ASA1, TSAl and TSB1 and IGS biosynthetic genes CYP79B2, CYP79B3 and CYP83B1 were
further analyzed. The results showed that the induced expression of ASAl, TSAl, TSB1, CYP79B2, CYP79B3 and
CYP83B1 was substantially attenuated in two coil mutants after 3 h of MeJA treatment, indicating that the loss of function of
COI1 blocks the MeJA-induced tryptophan biosynthetic genes and 1GS biosynthetic genes expression, and the expression of
ASAL1, TSA1, TSB1, CYP79B2, CYP79B3 and CYP83BI1 might be regulated by COIl via MYB34 and MYB51. Lastly, the
expression levels of ASAl, TSAl and TSB1 in coil- 22 and coil- 23 mutants after 6 h of MeJA treatment and those of
CYP79B2 and CYPT9B3 in coil-22 and/or coil-23 after 24 h of MeJA treatment were significantly higher than in the control
plants, suggesting that another signal pathway other than COIl might also be involved in the JA-regulated expression of
them.

In conclusion, COIl is involved in JA-regulated biosynthesis of indolic glucosinolates in A. thaliana. JA induces the
expression of tryptophan biosynthetic genes ASAl, TSA1 and TSB1 and IGS biosynthetic genes CYP79B2, CYP79B3 and
CYP83B1 through MYB34 and MYBS51 via COIl. In addition, another pathway might exist in JA-induced IGS biosynthesis

when COIl is not functional.
Key Words: jasmonic acid; COIl; indolic glucosinolate ; Arabidopsis thaliana

Il (glucosinolate ) J&—2 & A & B A WAL H , FE A0 T+ FAERHEY . I7 T
HRfg = A 2R A R ERY SR Z R AR, B S T AT 248 AT
XTI T I AE Y & I E 28 T HONEW IR, & BGRAR T 091F 2 G HERERE N & SO R 48 0E 1 20
B o AR S B 0 R UE AT K I I 2 DA i e D A M AN [ i 3 2K, v ms | R I
AR IR T OEIR . A WFFERIT SMESRHTRN I 1l 1 & R A SR LA SR T, JC - Mo 7
HAF

K F IR (jasmonic acid,JA) K FR H HE ( methyl jasmonate , MeJA ) DA K HAMSEFTRR AT A= W G FR N K FITR IS
B W) (jasmonates, JAs) WENHPIER FE S LG WTERY A K & F R 0l J2 H0E A= ¥ Ak A e 8 25 2E
Yyt B mEMVER Y VFZF5E R W, COTI (coronatine- insensitive 1) 2 & AR AR 5 5 ik 12 19 5
IR, TIZ S 5 LT IO e AT R 1 AR R AR SRR R A S ik A R O PR A R
It coil TIREHIICZEAR A | IR ST -1 1 14 & A Z R AR 22 R CON 76 R TR A 42 s | W e I
T AP G R AT e EEEAENT B CONl 2 51 B iy 2 F LG AT A

AR YL R TT (Arabidopsis thaliana) e coil TIREERISZEAMA N BAAL , ALK MeJA AbHLXT 5|
W 5T TN A 5 URE DR S 45 B DR TR R 520, 23 BT COTL A 5 0 R I 4 s e J e -l A= 1 5 1t
HRPER
1 #RF7E=E
1.1 HW B R KR

B A= R I Columbia-0( Col-0) A5 coil 1) T-DNA i A 2875k SALK_095916 Fl SALK_045434 11
Fis A= Arabidopsis Biological Resource Center( ABRC) , T R AG 19 25 R AR R B 45 44 M coil-22 F coil -
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23, SUEE P SEARARAEARIRIN COI FEPR (R 33K 1 43 3 29 Ry B L RUAE BRI 40% F1 50% , HL 4717 X0 ST R 11
R E IR, 0T IVE N coil Z87EURMORME

Pl 728 75% WkG 1575 10 min J&5 , FHICH K 09k 3—5 W, IE T 4 CROLAIF T AN 3 d 5B R TIA
BT SEAREY (R 1:2) BERE P BN TSR E R RR (IE 22 °C, ATOLIE 8 /16 D LTIl it %
FEZ1 150 wmol/m/s , 25 S AHNHEE 65% )
1.2 MeJA 403

Z:H8 Anderson B ik B AR K 4—S JE AR T 4 i B T A SR G, AL BRAUI AR B B K
0.5% MeJA [ LB, (8 A2 TP MeJA FUAHIE N 0.1 pmol/Ls X AR HIAF 1K 99. 5% L Bk # it
AL 3,
1.3 Frralii e

I B I E $% B8 Pang A O yiRr
1.4 JEImE R PCR

FI FH TRIzol i35 ( Invitrogen, USA ) #2HUE RNA , ffi f DNAase ( TaKaRa Inc. , China) X} RNA H1F7&JR &=
FEH 4 DNA J#E177H L, % #8 PrimeScript RT reagent Kit( TaKaRa Inc. , China) UiBH 455 i cDNA 2f—4% , 5
TOKHMFE 10 A5 S22 E Bt PCR AR

DG ELHT E B PCR i SYBR Green Master mix ( TaKaRa Inc. , China) , VA ACTIN2 3ERAE NS 7E ABI
7500 Applied Biosystems Inc. . USA) SR 6 ik PCR (01617580, 45 AREh 3 Yo, 46 3P f10 45 52
SIIFIIT .

ACTIN2 (At3¢18780) 5'-ATTCAGATGCCCAGAAGTCTTGTTCC-3'.5'-ACCACCGATCCAGACACTGTACTTCC-3';

ASA1 (AT5g05730) 5'-CGAATTCCTCAGTCATGGT-3’.5'-ATGTCTAGCGTTGGTCGTT-3’;

CON (A2g39940) 5'-TCGCGACGGTTGATGATGT-3".5'-CGACACACCAAAGAAGCCGA-3';

CYP79B2 (AT4¢39950) 5'-GTAACTTCGGAGCATTCGT-3".5'-TCGCCGGATATCACATCC-3';

CYP79B3 (AT2¢22330) 5'-AGTCACTTCCGAACACTCA-3".5'-TCGCAGGTTACCATATTCC-3';

CYP83B1 (AT4¢31500) 5'-TCACGCCATATCTACCAGC-3'.5'-TGGACGTCATGACTGGAC-3'";

MYB34 (AT5g60890) 5'-GTTTAGTCCTGAAGAAGACGACACT-3".5'-CCTTTTTGCTTCAACCGCT-3'";

MYB51 (Atlgl8570) 5'-CGAATCTTCTCTGCCATGG-3".5'-TTCAGAAATGTGGAGAACCC-3';

TSA1 (At3g54640) 5'-CGATCATCTGTAAGCGGAAA-3" 5'-ATGCTCCGGCTTTGATATTC-3";

TSB1 (AT5g54810) 5'-CGTCTCGCTCCAAGTCAT-3".5"-CCAAACCGACCGAACGAA-3',
2 HBRESWH
2.1 WSIBCREIT T S X MeJA F A L

EAFIER, PRI CON FEFZAE G , WM IT Tl 1B R X R RA IR T coil-22
coil - 23 HANGEA BRI GE AR A S o3 AT W S8 AR AR e I | DR S Il 25 B X MeJ A BRI

XF MeJA PRI coil 5878 1A K AR N B A= BUAE Rt ms| R T4~ 1 2 B A I g 45 2R 7R L 7E 3 h 6 h 24
h, MeJA A2b FH 9 B A= BUAE Rt 05| R I5T T30 1 179 3% 1 50 BRI AH L 2 R 2B 42 85 (P < 0..05) o TIAE coil - 22 Al
coil - 23 A5 SZBARAEAR P MeJ A A HH A AR v W1 W I3 730 19 23 6 5 o BRI A L i R Ak (P >
0.05) , H. coil-22 I coil - 23 25 SRR IR A S| R e T -1 1 A & S X I TP AR AR (1 1) o DL B &52R
FW coil-22 Fl coil - 23 PP A5 IT - H (AR BT MeJA M BUBHE AR, PRI X T b 28 A8 A m]
FHT I AR F IR P2 3| W T 5~ A= 3 g L]
2.2 WIS ST I T R X MeJ A YR i

s A TR R P i R P P O HEVE T . MY B MGG s K7~ A 51 MYB34 1 MYBS1 2 15| D i 57 131
ARG U T 1) V85 PR, 3R 22 s RIS AR ) I TR B M| A I S BT A —— B R
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PRV A R R B IA T S A BT COTL 7R KA R 3

0.35
Y b —H- N N . . WT CK
FEMIWHEST - S B R o VR A A coil 030l WG
E coil -
GEAS R FNEF A B E IF v MYB34 MYB51 323541 MeJA 025 ORIRs o
0.20 - B coil -23 MeJA

A I ] 25 57

FH T IR T Il & S AE MeJA ZbBE 3 h 5t T
B 1 ST, PRI 1 3% B 5 70 AT MeJ A AR B 3 h B 19 3 005 = :
IR TEOL, M 2 ME5 R LIE 1, MeJA 40P 3 h 3 6 24
J& T MYB34 ¥ 2 MYBS1 3P | 76 1 /= %0 A b b M T/t
(PR TR 2 T IR (2 MeJA ADFRAY ) MR, 450 B 1 MeJA AMEERHEIFEIMMAI FitH & RO B TP H {1
S MYBS1 3R 03235 18 150 265, ML, coil- 1) o
2 -0 PRSI MO RIS [0 T R e e
PR AR K 55X R R e A7 225, 3R W) MYB34 I MYBS1 WT . ¥f A= wild-type CK: Xf B8 control MeJA ; 2 #1 2 F B methyl
KRB FRIRTE coil-22 Fl coil-23 IR AR T R Z  jasmonate
MeJA HUES RS COIL TRl LI T 2R FI R (5 S
175 MYB34 F1 MYB51 JEHFE097EH

{HAS TR 2 MYB34 RE AR IRTE M . 76 MeJA ZbFE 6 h B, coil-22 il coil -23 PRI IR MYB34 H&
PRI A 8 35 10 5 i T X BB MR (161 2) , X R A SR AR5 5 AN i 1k CON VERT , 1 AT BB 2 38 Ao A5 3 K75
ST MYB34 JER YL,

0.15 +
0.10 +

48 Content/(umol/g BET)

200 50
5 MYBS1 B WT MYB34
= O coil-22 40 -
E 150 - [ coil-23
= 30
£ 100
& 20 -
i L
g 50 ol
® 1 1 J o L P ozo; I I J
3 6 24 3 6 24
B} [E] Time/h

2 MeJA SSIESHE I MYB51 1 MYB34 2 E & MM (T E A7)
Fig.2 The effect of MeJA treatment on the expression of MYB51 and MYB34 genes in Arabidopsis thaliana ( Mean+SD)

2.3 OEIRAEY G BRI RIEXT MeJA 00 L

ORI IT I A A B R, 2 e T Tl A A s IR R 7. R RSz &
FAE R R (AS) ol 3 ASAL (A28 4 U (TS) ol 5 TSAT FIBIEHE TSB1 S5k | 4 il 3 S i 14 ik
R Bk A2 e S MYB34 R MYBS1 V"™ FLaEF A= IR coil €78 A ik BE JE [ (4 SRR X MeJ A i)
N 2E 5 AT LA B A3 BT COLL 78 S R VA 42 W | W ST Il A= 5 Lt B v PR

MIE 3 s MeJA AbFH 3 h Y45 SR LAE L TE coil -22 il coil -23 S875 K H ASA1 [ TSA1 1 TSB1 R Ay ik
BAME L MeJA BYALFR B COLL THEEHIAR SN | A FI MR A4 ASAL [ TSA1 F1 TSB1 A F IR miszmm 1 (42
PR A W B ) 38 %, O L ASAL  TSA1 Fil TSB1 JE R AG W] BE 2 38 3k &% 5% R 1 MYB34 F MYB51 #:3Z COIl
FE

M MeJA 403 6 h UL AT LLE L 7E coil- 22 Fl coil - 23 SRR ASAL ([ TSA1 F TSB1 H& X At 26 15 %)
MeJA Ab 35 me 3 32 $ 25 v TR AR RUAE PR (8] 3) , R K ATIR (55 X ASAL [ TSA1 F TSB1 K& [H 3R ik i 4 ik
T (8 R R TR T REASAVA 228 th COTL B{ AR, HAt 5 S R LA Pl REAE i 25 R 464 T .
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E3 MeJA REXMEFEEBRENSHERRZNIWCFYELPREE)
Fig.3 The effect of MeJA treatment on the expression of Trp biosynthesis genes in Arabidopsis thaliana ( Mean+SD)

2.4 WS|WEEIT I A G L R AT MeJA Y i i

FH (8 SRR TE USRI 3 B A% O B AR SR I TG M A B U B R X — i R Al e 3R
P450 i ( Cytochrome P450 proteins, CYP)CYPT9B2 .CYPT9B3 .CYP83B1 Ak se i+ ') |

UL HE IR coil - 22 coil - 23 SRAZIARE KR 3 M5 IT 1l A2 9 & & [N CYPT9B2 . CYPT9B3 Fil
CYP83B1 ik 225 (&l 4) Al 1, COIl TIREGR RSN T A AT 45 CYPT9B2 .CYPT9B3 Hl CYP83B1 KE[H 3
IR T S e | S I A i B, O B CYPT9B2 . CYP79B3 H1 CYP83B1 JE A4 A 2 1i ot 7 7 K 1
MYB34 Fl MYB51 $23 COIl W1,
3 #Zit5iTie

EL A B 5% 2 W 2R AT R (-5 T s W 00 9 b R 0 S | Wl I i i AR 4 A 0T, AT i cotl
FEHRFRARG SR BMESIE, 25 2R AR Y R AL s 02 R LR IT coil
Ty BB 275 A W e T I 1 AN 2 SR AT R 5 T IO i 5 ISR COT 7 54 1 18 T 42 1 | e e I - 9il
YA RGP RS R EZEH ,H conl 25t B A FHLH AR,

I AUl R ST B AR R coil AR MRARLAR w5 I I 2B W G iR I | IR € 20 A 6 S TR
DA KBt s PR - DRGSR IR MeJ A B MR 137 22 5, af DLFE Y SR FTIR (S o Wi COLL 2 42 M| W o - aih
VAR (ES5) o WASE MeJA Kb 3 h 5B TT 10 1 & A AL FAR DG A ) 6 iR R B SRR 7 358
ARAG LA R T AR MYB34 MYBS1 %5 S A A W0 A pLFE R 1 R i RS MW, SR AR (5 5l it 5
FHK CON B FIEH T sk T MYB34 MYBS1 , 1 )8 42 5| W ik I+ i 15 & LR CYPT9B2 . CYPT9B3 |
CYP83B1 FITA (A 2R i A iU Fl ASAL | TSA1 | TSB1,

T MeJA REBREY coil ZEASMMINEH , MYB34 ZENTEALBE 6 h Ab bk 534 IR (K 2) A TR
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40 - 40 -
CYP79B2 CYP79B3

30 |- 30 |

20 | 20 |-
M
S 10t 10 |
<
o]
i 0 0 | m— | eSO
B 3 6 24 3 6 24
g
g Or CYP83B1
B
®
f{‘é 30 |

B vt
20 | X coit-22
[ coil-23
10
0
3 6 24

El4 MeJA AEITHURITHBIREIT FiMEEY S R EERER M P HLbRERE)

Fig.4 The effect of MeJA treatment on the expression of indolic glucosinolates biosynthesis genes in Arabidopsis thaliana ( Mean+SD)

—> | con —> | MYB51 —_— ASA1, TSA1, TSB1 —_—
%fﬁ fﬁ \ IR TR i
e HE A
-------------- > | MYB3 | —> CYP79B2, CYPT9B3, CYP83B1 —

B 5 RABRMZEEREFFHEEYMSRNESER, BEERTRANER

Fig.5 JA signal transduction pathway mediating indolic glucosinolates biosynthesis, the broken line represents the unknown pathway

TR R ASAL | TSAL TSB1 FNW|WE T il B A=) & i EL K CYPT9B2 (CYPT9B3 L1 35 i (1A
3. 4), XN CON 455 , RAMRAE 55 SR hAFTE AR AR T S 3 15 4% 1% 1 SR 18 BE % %
% CONl BRR IS MYB34 BTk TR T WA Y06 R, HAE COIL DIRESRR 175 5 T , MYB34 {E
SRy L R R e R AT R S HLS S T i (&R AE W A UL PR | W I 0 3l AR B L R i 33k
WHRIYIE , 7€ coil -22 Fl coil-23 PIANANTE AR BRI TR RAE AR Y, MeJA AbBE 24 h J5 W[5 T 53 1 19 A BT
A BEYEIN, M coil-22 Fl coil -23 HY MYB34 V5 1T Uie 3 PR (1) 38 38 - A % g [ W I I - 1 1) 3 il ™= A A
o X5 T 2 AR AR RN CON AN TE 4 584845 G, T I 1) 1 42 DR 7 8 4 a3 A2 A 15 1R 58 4 ik
RGN AR 53 FHE ) 2= 58 i — PR
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