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Abstract

Powdery mildew is a plant pathogen with a wide range of hosts, which causes great loss in agricul-
tural production. Plant defense against powdery mildew is well known to be salicylic acid
(SA)-dependent. However, activation of SA pathway is often accompanied by growth defect and yield
penalty. Here we have an Arabidopsis mutant pmr5, which shows a perfect SA-independent powdery
mildew resistant phenotype. To figure out the molecular mechanism of this defense and to find the
key regulators in this pathway, we isolated a pmr5 suppressor, pmr5; ps8, in which a mutation in ps8
fully suppresses pmr5 resistance. By combining traditional map-based cloning and modern map-
ping-by-sequencing approaches, we found a mutation in ADT2 (Arogenate Dehydratase 2) is respon-
sible for the pmr5; ps8 susceptible phenotype. ADT2, as a key regulator of phenoalanin biosynthesis,
is reported to be involved in salt stress response and anthocyanin accumulation. This is the first re-
port of ADT2 involvement in pathogen defense. The finding of key regulators of SA-independent de-
fense pathways can facilitate breeding of powdery mildew-resistant crops without yield loss. ADT2
also provides a possibility for breeding multiple-resistant crops.
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BEfRR—MERT ZEENRS, SESRLAFERERRE. EYX BRI EE R KGR
BRNT, TAKBBRISE KBS ™ B A KRG RAERTE . BT pmr5 B ER — AN AT
KEGREBZKT AR, pmr5, ps8HHEIEREE, RIABRHRRE. NT BEFTpmrsRE K
PomLE, FETURBER, RITRAESE A &S 45 R AN P B ) B A v k& 1 7 ¥ 5 & ps8
REAB, RI—ATT BN /KEFADT2 (Arogenate Dehydratase 2) ) FZE1E AR T pmr5;ps8HIBRREL, |l
ANIREADT2/E AR W AR S B — AN EERF , i EY Sham MAER RNREZZ NN D
ERE. FHFEERKAADT2HS 550R RE. REAKB T KGREZ WP AR BER, F8T
BEAMB T KBRERHKPURIEY, HFETIRETR TR&EDR, RNEEZHEY.

XK ia
B, SEFNANTFRBIKEARE, FZREKE, Hie

Copyright © 2018 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

FUORY A — i W T, O SR B (01 R AL /N2 R AR, RS TSR, AT BN
TG EE M ATARY), BESL A G E RIR 1] AR TE 2 — MR b e S s A0 R, R
RYIEARTEI I R SR, BT M ICE 77, S0 A AR PUR R AR ROE, ZE R E S AK
JE 2],

MLO (MILDEW LOCUS O)}: R 9mtt, —RmB A&, @A THMMEE L, TS5 mm
IR N K MLO FERIXTRZZ oy et B i, X Fh i ol e S5k N I find 72 A ¢
[3]o /NFE MLO & EATEDT AN LIRS K FMORNARA[4] . FE sl T &R [ IEIE R CmMIo2, FER I
ZEE R RIS B FUORRAZ G, TR Mlo2 IR BEDRIAI TN B A 5T Eoky i R AY[5]. Beah, L
FFAACEAEY), FTEE R HURME R AR B AL, NI IA B H0R &7 H . anfE AR SR BE = AT LR
RGBT R0 AL (6] T R Iy ARGy Ak FE 8 T ARG 8 T F R 8 (R L [ 7] 8]

Col-0 X ¥ 1H(G. cichoracearum)BR G+ 73 GUK[9]o FUBY RE — S0l VE s 48 FR AW I 1, FHA)
RN B SIRIBAE N T T XX — KB W I 10]. SRTI KRR IEAR IO, 0% FERE & A AR BRI
HAEIET. . FEERRSERS, TER BB T AE GAE MY B R ks . AEYx 5 i
R ANEIRIERE, KB T KR AR U SRR A o R A B 7N G2 0L R I 98 AR Ak gk
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TR, BT —RINPURRZER . —IZ LA edr (enhanced disease resistance) R ¥ R AT, B
P PR S K IRIE R, A=Atk 11]. 55 —2KLL pmr (powdery mildew resistance) Z 5| FAF AR
2, HPtHEAK 5K MR IS5 - 1IX — Rl M K28 e F) 73 #% 1) Shauna Somerville SE56G % 3R 15
TN Col-0 AT EMS 5748, 3R45 T — RIIAME T /KBRS P R SRR AR[12]. HA—R
AARA pmrS, FXEERR A PUEA MR T K IRIER, FIR AR T 75— R PR SRR AR
[OIFERE . B, pmrS 75 T —ANHPURIEE[13]. N T ENTX AN &L, 87 Shauna Somerville (3%
SIS EXT pmrS AT T IR EMS 5738, 3RS T —RYIEIE R, BN ps (pmrS suppressor) A8, X
Lo A 5 RAFR R T EF AR Col-0 X M I URGR Y, HLIRIRS BA AN RAE, — N pmrS A8, 5—
MRARHIN ps AT . XL ps RAFTRESEFEM pmrS PUIERISCHE . TUPEIXLL ps RAF, T RER B HE pmrS
HRS R PP E AL OB E FH IR IR, AT AT IX — PUm B s 42

ps RAK ps8, KIL—AB] R KEE ADT2 (Arogenate Dehydratase 2)RIRAE, 1#15 pmrS; ps8 £I
XA B R Y, B — AN IEH TIREM) ADT2 & pmrs SRR R IPUR R A Z XM, Kk ADT2
AP AR IR AR — AR EREE T . ZarE #HE KPR N ER & 12 o s 2L
(14 RAEE RGN EERFT(15], ADT2 W25 YN EMHE R, —A ad2-D SRR IE R T HE
ViRt ER B R PTE[16]. BRI, ps8 FIFARKLLI pmrS; ps8 X FARRERRT Eh i BUEK, 1IX L ps8
BE—A ad2 WRERA, HaE R 50 NHGERT CLEAENIE. 28 ERTiR, ADT2 fEN— Pt kiiigs
FIEVEE R T, R s a i B E T, T UAE N Z P EY & M EIE R A
2. HRHS S
2.1. KR

S5 BT U RS IF B A2 T RARAR A P AE Y Col-0 A BNL Te % 7Y Ler. 582K pmrS, pmrs; ps8,
padd-1 (CS3806)F1 adr2 (CS853046). ATEMEEFFHIAEK T 21°C, 16 /INEEHE 8 /NI S (1385 . {d FEN
4 FHRKAEMRGERE 250 mM NaCl /KIETR A T #HAbF . B A Golovinomyces cichoracearum, 154K 244
AHEMERE B A KRR, £ 4 K Col-0 8% padd-1 W LAK, B —IK,
22. BB ERE

AR BETE 4 A R/MERER Col-0 BU# padd-1 fEIE AR 7~10 RIEA, 1E N IFEA 5 2RI 1) 4
KA. 30U, GORF, Al DAFL BRI 1 BRI BB R I/, 710 T
SRR, PURRM . BHRBEEESN, WPEAFERRERBTE L 1.2 KRR, FWRANLE IR
P IR BN F RN, BE 30 BRI
2.3. FIFAEFE BN FFrYE (L 5epE Mapping by sequencing (MBS)

iz A 73 41 HT(BSA, bulk segregant analysis) [ J5 38, XV &1 168 #k AL b B R ARE S S LR 2
[RI4H DNA, #ATEFERANTFX), MFPEREE Col-0 FEFAX L, RIEHME/REMEEHE, 1T BSA
0T, REISHRREEEB I RARXIR, FEXFTEEAN IR R SRR pmrs T, LEUAFET
pmrS; ps8 AHAAFAET pmrS IR 5, AENRIETRAL . e RAS H 7E B R g 0 (X HL 3 i IR R AR
A AR B S AR R AR N IR IR SR K, TS SRR .
24. BRTERE

Rt SOk B 5 RIGHIM A, DN S IR S, WK 2 %, =iRERE 30 28 e Bl amn, H
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AR KERSE 2~3 Ko BITTKa, IIAKE S GRSt 12 /N, A8 A ZKEE0E 3 4k, TN 50%
HMIR B A, R T BB R B R OE B AT

WLt G Fr, M B R, R TS, it 12 AULES R TR AR T AR
AT D 3 AN E A .

3. ER5118
3.1. pmrs BB E TR pmrs; ps8

pmr5 HAX EOR AR BUrE, HA AR, RIOAMEMRE/N13]. TN R0 v R 2 KL
Shauna Somerville ZUIZRBH NS pmrs AT T EMS —IKIFEAL, HE— K5 HE Rk, Hph—
Fatk [l 52 RAAK pmr5; ps8 AMAN 8l &1 % Eobr o OBRURR,  BLIRII (152 T pmrs SRAZAR B A= A R 1,
HAKBETEIT Col-0 BFAEM(KE 1), JFRIAIES T ps8 BRALK, FExdH—IFdiT R AN . HT
W2 PR AR 25 T HideEybbg, R RATIAR 72 a8 e . 5 ik Kk
PLH R R A B R o). FAT120 50 150 mM. 200 mM AT 250 mM SAL VAL BRAEBR, R ps8 FIl pmrs;
ps8 RALAH RIFURFRAL, DL 250 mM SV BER AN R . T 250 mM &L R BRRE IR, 4
KIGRITTWLEE R ps8 HLTASARFN pmrS; ps8 HBXS Eh I iE AEH BUK, ps8 FRALARI Fr HURALEL, 1T pmrs;
ps8 DAL FIRFRATEIN pmrs XF EE A GO, HEMGE AR 8, K BURE A e
K H T ps8 HEIRA(1H 2).

Figure 1. Growth morphology of the mutants
L BT EKRE

Control

Figure 2. Salt stress test
2. ERpEMIK
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3.2. B eI FI9E

A4 1) pmrS; ps8 RAAR(Col-0 T 5Y), BIH G Ler 2458, F2 JG/CUREL DNA, %N pmrs 44T
FIFERE 90 ¥k, HEASE AT F3 ACHME, 8B rp AR K R ARzl 7 AR R AR AR IS 168 Bk, RS ok 1 P i
K, RIS AR EEUE, FIbiX 168 HEME RN pmrS; pm8 XUFRAEA, v F+ B % .

3.3. R B RS S S EEENFHEE R E

FIHIX 168 PREA st FEREA, FRATIXT pmrS; ps8 RAZRIAT TG E AL fE . BSA (bulk segregant
analysis) 7> BT R WL RAL AL T =5 G (KB o 7 0 X300 IOAS [R] 1) 22 25 PR AR 10 HEAT 2R I ARSAG I, K
ps8 AL SHIG E AL T GAPC Fl ngal26 2 [A](F 3).

1z IR G731 4H5) BT (BSA, bulk segregant analysis) ¥ J5 2, BEALIZEHL 150 Pk B AL b FEFEAARE i g e gk
KIZH DNA, ZEAT 4R 200 Fr (P30 IR BE 30X), MIFPE5 R 55 Col-0 JERIZIX L, AR AR F /R 8
JEHE, AT BSA 7, #EISMREEIEV RS, S~E5EM wEMSXEE 235K 3), H
AR 45 T %X ST AT RE 1) RARAT A
3.4, fEIEELER

T pmrs RARWAKIE T EMS 548, HAG RS H REN T RRAL N, ZXETRRAE L, WE
FEAFAET pmrS; ps8 SURARMA N o FE pmr5 BLTEALR PG XS T A 1R AL s BEAT I P AR, 3 A7
FET pmr5; ps8 RANKTIAAELET pmr5 BTEALAR NI TRAL flo 5L RAL s A AR R DR B [X HLIE J 2 IR

RAS . AR BIY)ERAS W EE I E Ny Sk ik B 8, TR 2RIiiE . Hdh — MRS R I R ST

ngal72 GAPC SNP140 ngal26
Chr3
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Figure 3. Mapping of ps8 mutation
[& 3. ps8 BB bE
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Figure 4. Complementation test

& 4. BAMSLIGIUEEIEERE ADT2 By PSS

A

ADT2 FER S X, ¥ 257 AL EEMR H N AR R AW A TR(E 4A). 4 ADT2 HEFHLE] pfam B 5
Mr, |EASMRERINE 4A. pfam Wil ADT2 & A —> PDT (Prephenate dehydratase)4h f3 (/5] 4A 2§
YY), LLRARTE ps8 THIRASAL AL, AL TR, PIREMIR 7453 i) I Thfe, & T RE
%o CARBINZERMHI RN, ad2-D RAR(—ADIREH s A RAZAR) e pi b i, 5 ps8 RALIK(—
DI R RAB M) R I . KR ADT2 5124 ps8 FIEIEHR . HHT IEH 1 ps8 FEF DIRERIZAE pmrS
FRAGAAR B BB R I 1) S, A pmrS; ps8 SURAGAAR 5 BRI R AL . Wi ADT2 s ps8, W4 pmrS; adi2
K GEARAAR A N 1% B IR R AL . AT J7E ABRC (Arabidopsis Biological Resource Center)4SE T adr2 345,
5 pmr5 2838, 343 pmrS; ad2 SEEXRANE, ERMERS T KRG, S HHETEME R0, 4R ERER
4B tho Bl R B T4, pmrs; adi2 2085 WRAAR BIgGR R (K 4B). PILUESE ADT2 R ps8.

g bRTIR, BATERE T —A pmrS IR E R ps8, Jlis ADT2 WIFERITE IL RAZA b R B RAE, ¥
pmrS PP R [ &R R B A TR B R B . ADT2 22— NPT Z R KEE, AEFF NS —MIES%
B[R 2 5 o e .

ADT2 Z5FAEMRMCRN ARG, RUHEDER LK K ENEE . ADT2 R Z5k4
RAEH R B, MAET ZAEN—FhHUEA R, EREYINE & FhbbE i E 2R . AR, B
DIReAF T RABANE ad2-D SIPUEERY, D) EeH e RAZAE N 2 ABURRE, W ZERNS S THE
Y SR AR N o ASEIE ST E IESE ADT2 2RI T /KR BT R R A 1 — A R R . [
I, ADT2 ATUME A R IR, ki, SiEhi 2 HiEY.

B

JRT 3 BN K 22413 5 R 43 12 Shauna Somerville A FEHERT pmrS 1 pmrS; ps8 FEALAFN ¥ B
R Bt 1 4% 5 8 AR5 F i R S R 9 01 ER A AH IS 3% 1Y) 3 8 1R R (Golovinomyces cichoracearum) .
£ E&WA

B 5K [ AR 3 S - 100 H $RE T R EoR o B A G R ) S R S TR 4 e (U H 4R 5 3127039)
HT™ 7348 N A ) 7 E R S5 3 T TR (AB2018028) o
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