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BHE FEHFIHURHERL—MNEETY BRIER, ZCGHE B B IT- K G % H H (Arabidopsis thaliana-Phytophthora sojae)
EHERMERSE, MESKEEBEBRRIMBE T RE S, ATTAEIIRENIES THREEAN G EREAM. UK
PR RN T A B T T-DNAFRA R R . MR R 12 000 ST 5tk bk 2 940 000K ToACT-DNARE A IR I
SRR IR — RPN K BB W R 5 . b SR AR R 581-5 1 B toR R IR, BRI W ES RN I RN

ARBORIABE, 4-5KJarE RN TH/RA TR MR FRERIE LR RABTB K. SouthernZe A B LT 4 R &
B, 581-51 R EH 4N T-DNAFE A S4F, RO PEIR AT 88 Bk SR R P2l

KEIR MM, A EPURYE, IV, KOAEH, T-DNAFRA R K
XIRKRE, Bk, SRS, DR, WA, WEF, LR (2010). S5 REEBHEM AR EHIMER MR REEM

BARHT. YR 45, 548-555.

YRS PR R — M G AE, £
P — AP I BT A PR B o IS B TR AR A
BRBURME, R 2 BT RE LLERE A R
(Heath, 2000). & 3= A8 9 1 25 R0 B AP0 1 — 2
TRt F N KE R P, EEd EANTUER)
B PR T 2 B ) 2 VU0 Eh 7 R A G 7 R TR 4 T ) K
M & H 3K Sz 3§ (Flor, 1971; Jones and Dangt,
2006). Y% SR A (13X 22 Bh P A A TR
BB (117K 7 _F(Heath, 2000), X537 £ sl & K F
WU A A AR E FPUR M. MR EIEE
Pom R KW M E sh B TR BN (Hammond-
Kosack and Jones, 1996), A/ 7EFE Y5 I% R
FIRAIHATT .

X FAE R ERER U T A Ryt e, HaEv
S AE Y 3E FF 3 P LS &0 2 £ /> (Heath, 2000;
Mysore and Ryu, 2004). H#3E% T 50w M REfE

WHE H B9: 2009-09-23; B H . 2009-12-23

HEREEATMER, OH MRS AR H A
¥, #ltn, #IEIF(Arabidopsis thaliana)*i R &
B T A B AR AT 1 3K 5 B0 & M (Pseudomonas
syringae pv. phaseolicola). ¥ K I% HE (P. sy-
ringae pv. tabaci)F175¢ o LML (P. fluorescens)it]
e THHFBENHOT(Lu et al., 2001)4iF4— AN H
¥ # (Kang et al., 2003); #ARIFPENT. PEN2FI
PEN3% 5% EHUR AR ERE LS 5 RER
FIT R MM, mded FRREREZORE
(Blumeria graminis f. sp. hordei)%}E2F LA Hl/E
T3 S 40 L 1 5 3& B ) (Thordal-Christensen, 2003;
Collins et al., 2003; Stein et al., 2006). It4h, JEF
FHURMEHIA N 2 H 2 AREFRFNRA 2K E
99 JR A 1R B R R [ B OR 1 7 A2 1 (Jones and
Dangl, 2006).
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b5 B4 B A R A A B AR SR A 2R ) (Kumar
and Rzhetsky, 1996; Baldauf et al., 2000), %4\
PR T T AT K (Tyler et al., 2006). HA
X 5% % B (Phytophthora sojae) 18U % & B (P.
infestans)il T H A EEME, CABEESE. T8
VB, B R AFEEARFETTRITR T KER
TAE, Bk SRB B 2 A A Y S B Rl (Tyler,
2002; Tyler et al., 2006; Jiang et al., 2008; Haas et
al., 2009). IS 1E N EERAEY), Bx T H7E20004 51
ESERAREE AN FAh, ERBET R, TERHR
77 65 LA BRI 38 AR R 2 R 4 % U (Meinke et
al., 2008). HWEFH AR MR IT, BHAREX
F AP TR, a8 AT BT O B R Ik
(Vleeshouwers et al., 2000). fE/E HH b4 B3| £
i R AR E A B RN UK T (Ricei et al.,
1989; Niirnberger et al., 1994; Yu, 1995; Kamoun et
al., 1993, 1998). [Fth, FLrgFFHH ] Refe e T xT &
FHEARF FPURERTUREER, DEEYTE T
IR M K E R A MR, T HESIXHEY) 5 0P
B SR W AR A7 3 AR g AR R K A IR

KRR GEBEWSI TN E G, &
SR EIT- R I EERIES T EEGR, BE—
AL 12 0004 20 57 B AL MR R 1AL 3 35 5 O
(LexA-VP16-ER) Bl B§ I+ T-DNATE A R 2 A% % (Zuo
et al, 2000; 3K & %, 2005), LL # 3k 19 & %
KA, e W R AT B0 B A 3R AT B M Y 8 4%
iR

1 MR5HZE
11 BEAEBE

I 5 JF (Arabidopsis thaliana L.) Columbia-04: 7574
BA 6 E R A7, IGDB-XVESAS A o [ 2 et
o 55 KB YT BT A AR 90 b T . SR AR
TR T4k, 3512 000 ML EILER R, 75
BRI 5T R L 0 7 140 000 MRk, KEEEM
(Phytophthora sojae)P6497 i % J& H4 5 K 4 3
A X B & (Tyler et al., 2006); FAEBEEHE
(P. parasitica)H1111 5 R(ATCC MYA-141)5 & H
HRRL, HOCH) I E 57 K % Adrienne Hardham #(#%7

g,

1.2 PIEETFRME R FE

121 #BIETFRRE

PRI R FE4°CHRRE, BEEMN THFET(STR
w. BAMBHRES)D, HESHEEZIITIL, BT
TR &AM THIR: 23°C, HAXRE25%, 16/hR B
I18/NE BRGNS B E 6 000 Ix. 3R titH, 8
EIREEE, 1HB 1K E FR(0.005 mol-L™ KNO;,
0.002 5 mol-L™' KH,PO,, 0.004 mol-L™' MgSO,
7H,0, 0.002 mol-L™" Ca(NO;),-4H,0). K EEE R
B CABSFRE (BB MEFREL), A A5%(VIv)
fI#A% . 0.1 gL~ CaCO4f120 mg-L™" B-4 &5 8.

122 XKERBERHIEFHORE

EYEAEC A 1 LK A2 mLES % (10 mmol-L™
Na,EDTA, 10 mmol-L™' FeSO,7H,0). 5 mLEL ¥
A(2 mol-L™" Ca(NOs),, 1 mol-L™' KNO3)F15 mL %
7B(0.8 mol-L™' MgS0,).

KT BHP64TH R A FKCAK 41, M
T3R5 mm x 5 mmpg/ g, SE105E AT
ANEFRILE, WAAREFRIR, FKE R AKEL LIS
R, RIGIMANERH M, 25°CHEFR. MFFR3/MTE#R1K
B, —RILFHHAR, REBESE, BRI
FRVEK, 4°CAbEE304r %, 25°CHUE4-6/I, BERUE
BT &H

1.2.3 XEEEEERH
BRI B URISTE G 30-35K, FEHMEY
RTHHT K SR B HE NI T &2 & my
BB AR R, F ISR RS AR, AR
i EFEBKRERIER . AT K E TR,
PIIERVRXIHR, 43 BALT EBPIN, K43 mm. &4
15 LUEH10 L. K500/ 57 T (089 . 4> 5
KL AL BB VR B MR B MR B o B
JE B LA R 5 R, T25°C. MIXHBRER
60% M5 7748 N BEF RS IR, RIGHAN16/0BT
HR/8/N I RGBS IR, R MESER, FrE4-5K.
TR X T B R A I R R
%, P TR, EKL25K R, EHk BRI
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Yy3—4 0T (N T LR RIEA), 3T
S ERE Py o PRI LA 1 A PR,
LSRG

1.2.4 REEXBTHE

UG — BRI GS, FB A F E TRV 1 U P T
AR, ES1UEM R, 5 pmol-L #17-B-
W WA R TF, 6/ S SR 20K B, LA RE
[ 7 B WSS . LR T A5 12 000N e A ik
ZIMIUT40 000K N NG T2 4 o A4 IR H ok ) vl e i
95 (1SS A PR R R BB (R B 92 8 b, 4R35 77 I
T JEARH IR INERAE, HETAR. AKX
A A WAL 35 B 48 T 11%) 4 BRSO

1.3 &f&EH R BHF R E

JHI K 7 92 B T W0 2 71 1 3 A gk 1 SRR g R AR 4 3 A i
Fe, Ay BIAERERD S 51 RSS2 K8 iy b AT & i ==
et ST S B AR R RE S Bl . AR TA
4-5K J5, M T % 3%NaOH & M54 #h, B
A 22 G A0 7 R/ B A T B P AR . AR RAE TS
v 2 2 3 T S 56 T i (Weigel and Glazebrook,
2002).

1.4 $F$Hi&it R SouthernZ+ 3

T-DNAFKKJEZ) 4 500 bp, HRHAFET-DNAJT I H
P 7 6 1 T ) ) 0 9 o Dl AR BT L, O et g
) (Forward, 5-CCATGGAGCACCCGTTGTCACT-
3" Reverse, 5-ATCTCGTGATGGCAGGTTGGGC-
3'). HICTABILFEHUILRE SR AR ALK 4IDNA, JF
1 AR B2 T-DNAX Be. 20 pL PCRIZ N A& R H
£04513.3 pL ddH,O. 2 pL 10x [ JWZErPif. 1.6 pL
dNTPs (2.5 mmol-L™"). 2 pL75|#)(ForwardflIReverse
514951 pL) (10 pmol-L™"). 0.1 pL ExTag-DNAZ i
(TaKaRaZ #)(5 U-uL™")F11 pLiib(50 ng-uL™). 418
PAF RN FE-Y48: 95°CTiAE 25041, 94°CA:1E30%,
64°CiB k45F, 72°CIEMH1404h, 35AMFHR; 72°CLEfh
10504, SKHI1.2% M B iabE B LUk AT IIPCR Y 14
Wy, BRI 38 P (R AR 2 =) BRI IRl k) ) 71 o6
&% . 4> H BamHIFI EcoRVid 1 il 1) 55 (X1 4 DNA,
SRIGHERE . Bt RET & LA R AT AR 5V
(Sambrook and Russell, 2001).

1.5 BEREZ

Fi WL 7F T F (Weigel and Glazebrook, 2002) 1]
D, 4 LAGR 1 3 (1) S 58 A8 44 (581-51) h ALA
FOREAC b5 B 20 ARG TR AT AR AT, WK A%
AR, AT K SR R LR, WEHF AT
SRR E L, 2 S AR AR SRR I R Ra . UK
(IRRT, B 4 B REAR I U o B, T AR P
LB HE, R AR AR S R SR D R

2 ZRE5iTE

21 KEHEBEHSHEHERUBEFNEE

W5k 5 P B TR B T (500—1 0004 )il 475 422 ol i 2=
7 48, 15 7+ (Columbia-0 fll Lansberg-0 4= 2 7Y ) 25 44 It
Fr, 8585 MIvER R, BRI, Ay Ak
5V HIATAE UL R E RO, I S KUK
BE(E1). RUIEANF T4 N R R A REAE
R R T EAR YA, HEAERRE TIRRM

22 BEFRRRTEFERERE
E SR UL T K 55 5 B AN A e B AR U R T, S
IR KB AR A BRI . TR R AR

B A 0L T A G R A A R i R G I N
P ks B A4 A48 R 7 (Columbia A2 45 ) 26 AR Fr #2 A1 29500
AT IR ISR G RNV 1, 2 FARHE,; 30 K
GIERE, 4 B

Figure 1 Infection of Arabidopsis thaliana by Phytophthora
parasitica and P. sojae

The detached leaves of wild-type Arabidopsis thaliana (eco-
type Columbia) were inoculated with 500 zoospores and
incubated for 3 days. 1, 2: Phytophthora parasitica; 3: P.
sojae; 4: Inoculation of detached leaves by water control
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RARARPR, — M AE B2 18 5 148 /NI 2o A B a] = A
SR BE, T E G EL R T N BV 2 R B AR
FEIE IR A AT N, 1 WA T R R e 1
BT

JH K 5298 85 T i 20 -1 ) 497 9 e 404 e I 8 A
H, MA & 2512 0004 T-DNA I A %8 48 14 1) it
40 000/ Hfkrh, ZR1G— R FUAE K 5% 55 o B0 19
PAEg IR AR, b BB Thag B kA A SRAF AL
— bk 45 41581-51 (1) Uy R ik 2 B 58 AR 1A, s Pk
W 5, Ta—Tef CRE R I AR i LI « 581-5158 A8 {4 55
PRI Fy 5 K 57 9% B3 B U 3 10 1 B Fh 24 /N i) DY S8 W
SAVIER; 48/ G, M H ARSI A s AR BUIR
WBE, JF BARhERe i Ab; B T72/0m i, AR,
IKTCRIE BES JE AT 4 R AEA - H o $£ 1424487/
I A )00 B 2% (T . $E A5 K G, 15 R
P ERE WU 30 K ) O L RO B o ARSI P 4 1
TT RS AR L . B AR TR R B SR WA 4R
AR N GE, BAARMRIIER « X A 1
581-51 M\ Ta-TelE LA, 455, BowtbiR1
53R g (82).
P B T L5 PL R 7 581-51 58 AR 1A (1) BLAF RE i B SR R,
HE—2L Al T 581-51 AL AR Bps R o FE A 599 Jit

B2 UL IR 5 PR581-5 1k K R 1 5 1 g MR e BB

(A)—(D) 53 ARAA 1 71 5 4 4681-51 (I To—Tef Ut bk, FE4110
54 O B AR R T (ColumbiaE 25 )% I, H4vd H oy 58
BB AR

Figure 2 Arabidopsis thaliana mutant 581-51 showed the
stable disease susceptibility to the infection of Phytophthora
sojae

(A)-(D) represent Ts—Ts progeny of Arabidopsis thaliana
mutant 581-51, respectively. The first leaf in each group was
the wild-type A. thaliana (ecotype Columbia) control and the
remaining four were detached leaves of mutant.

PR IR AE 25 £ P PEAE AR A 0 L eh 2 Bk D PR 1
R, BRI LR BRI AE Rl XK SRR R R
PUPE I g T+ AR R s DR AT, 8 B3l i SRAR 1A
B HRAR S ERDBURTER RN, ARG TCR AN
5 B R IE 27 T HTEALELZ FTAT

2.3 BRI {KR581-51 80 F R EE R

Kt — 2 B IF S AR 4K 581-51 [ B Mk, K H 9
B VR U B 701 56 SL R VR AR AT T 2. 45
PR 3), FEra8/ NI i BT AR B A R I
ATAA] IR, T 58 44581-51 1 F R #, I H IR A
SR ECRIREE; BERET72/0 0 G, RARA581-51 %k
AR, AR IR AL, AR B e T R A
SR R, Aidr IR EE B .

24 XERBHEHERERTKR581-51TEHME
e

FH K 5293 5 W 3 3l 0 1 5 P 58 AR 1A 581-51 B4R -
1-2KJi, 822028 1 T B (EI4A), H A I o3 A
BN . PER3~5K 5 L5 YL 20 2 N T L R AR
" (F4B), 7EGuim 2R =4 1 7 3 (4C).

2.5 ZRT{K581-5189SouthernZ 3z 534

R T-DNALX B BRI P 1) 0 0 15 o 4

48 h 72 h
post-inoculation

post-inoculation

Wild-type

Mutant 581-51

B3 ORI+ R AR RE81-51 [ Mk K &7 52 5 1 2% 1T AR

Figure 3 Whole plant inoculation of the Arabidopsis thaliana
mutant 581-51 by Phytophthora sojae zoospores
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B4 P R A YA S SR 1R 581-51 iad i ) 41 Hf - WL ¢

(A) HERh KRR WU AR F1-2 K5, Fm AL ™ A4
W B R LE R (I KT R); (B) HERh K SR Wi sh il ARG
s AL T I SRR T (55 ST R); (C) Bk W 5 i iy )
T AR S GO AL 2 bR ) £ 7 2 (35 ki as) . Bar=50 um

Figure 4 Microscopic characterization of Arabidopsis
thaliana mutant 581-51 inoculated with Phytophthora sojae

(A) Haustoria-like structures (arrows) formed in the infested
plant tissues 1-2 d post inoculation with P. sojae zoospores;
(B) Oospore (arrow) formed in the diseased tissues 4 d post
inoculation with P. sojae zoospores; (C) Sporangium (arrow)
formed in the diseased tissues 4 d after inoculation with P.
sojae zoospores. Bar=50 ym

E5 JULE A5 14A581-51(¢ Southern 2% A8 7 #r

(A) RA1A581-513L K4 DNAMARAC 5 K 1-4F15-84) 7 4
BamHIHIEcoRVE 1), H:KZIDNAM 45 k4. 3.5, 3.5513
ug; ik s A 44577, (B) AR ZEE U)K 40 g -k R 41
DNA 1: 5¢48{4581-51; 2: Bj/EAU 4Ll 77 (Columbia’t: 2 71Y)

Figure 5 Southern blot analysis of Arabidopsis thaliana
mutant 581-51

(A) Genomic DNA of mutant 581-51 (4, 3.5, 3.5 and 3 ug)
was digested with BamHI (lanes 1-4) and EcoRV (lanes
5-8), respectively. Arrows indicated the four hybridizing
bands; (B) Undigested Arabidopsis genomic DNA, 1: Mutant
581-51; 2: Wild type (ecotype Columbia)

J##1(621 bp), HBamHIfE U]l r 7 58 48 £581-511
H: P 41DNA, ifil it Southern 24 42 1] #ffi 52 T-DNAH A
(¥ VUKL, 11 EcoRVEG VI FIEREF 24 A 41 A5 NV i% e 14

Mo A B 1E U R 56 A T SRR B A 2 A 4 AR HH O,
KA [l [ S AR AR JE K ] DNAREAT B D) AL HE . 284845
R (E5), BamHIMED) 5 A HREHAL & R4 5%
A2, 1 EcoRVEEY) i (¥ A4 A 45 R AR B 47, I
SE 3 T S DR 2 Bl DDAV G, O HLBERAR (R 5 A b4
# DL T-DNATE A .

2.6 ZTI{K581-5189 25 S

V458 A5 1K 581-51 5 BF AL R P pg IF 4448, JL3R1G80KE
FACRN T K S Wl h A Ik, ik
BT (EIBA), % W581-51) T a1k 4 o i 5k [ 58
A, — LRI T AFAREEAR, J3 55k E AN [E] A F 4G
B, PURPEIREZI S B (K6B). A & — A

A

B6 0Ly IO P A 1 R AR A 581-51 R84 23 BT

(A) B A R0 1 7 5 5 AR 1A 581-51 4 A8 F A 1) 2 1 Il ik 45 2R
1: PP 7+ (Columbia =4 Y); 2, 3: ARAZ{A581-51%
BEARMIFAR; 4, 5 DLEFAERURGIF A BEARIF 4R, (B) HFAEHY
PRI 5 R AR A581-51 A4 A FAR I R B MR 5 R 10 B
LB IR (ColumbiaEAAY); 2, 3: FofUrh R B kIKE; 4, 5:
Fof b L4090 (1 R A

Figure 6 Genetic analysis of Arabidopsis thaliana mutant
581-51 susceptible to Phytophthora sojae infection

(A) The infection assay of F4 progeny derived from cross
between the wild-type A. thaliana and mutant 581-51 by in-
oculation with P. sojae zoospores. 1: Wild-type A. thaliana
(ecotype Columbia); 2, 3: Fy progeny derived from the cross
between wild-type pollen and 581-51 carpel; 4, 5: F1 progeny
derived from the cross between 581-51 pollen and wild-type
carpel; (B) The infection assay of F2 progeny derived from
cross between the wild-type A. thaliana and mutant 581-51 by
inoculation with P. sojae zoospores. 1: Wild-type A. thaliana
(ecotype Columbia); 2, 3: F, progeny susceptible to P. sojae;
4, 5: F, progeny resistant to P. sojae
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F1 BEITRTHES1-51 5B LRI A KRG AEREW
BB EER

Table 1 Segregation of resistance and susceptibility of F»
populations derived from the cross between wild-type Arabi-
dopsis thaliana and mutant 581-51 to Phytophthora sojae
infection

F, population  Total R S X value
1 78 54 24 1.384 6
2 87 64 23 0.0958
3 84 62 22 0.0635
4 79 57 22 0.3418

R: HURHREL S0 BORMREL RS B, 7B 5/KF 40.050,
XAEER AT xP0.05(3.84), 4NFoARBERHIPURR S B8 LLAR KA (R S
THHE(3:1).

R: The number of resistant plants; S: The nhumber of suscep-
tible plants; Chi-square value showed that the observed re-
sistance-to-susceptibility ratios of the four F, populations did
not deviate significantly from the expected ratio (3:1) because
all the values were smaller than the x% s value (3.84).

BtE SRR, IS4 FARBIBUR 5 2 i AR LB A 4 311,
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Nonhost Interaction of Phytophthora sojae and Arabidopsis
thaliana and Genetic Analysis of a Susceptible Mutant

Qiuping Liu"*, Hua Cao?*, Maojin Yao®*, Ying Ma**, Binsheng Deng® *, Junli Quan*, Weixing Shan"*
College of Plant Protection, Northwest A & F University, Yangling 712100, China; 2College of Life Sciences, Northwest A & F
University, Yangling 712100, China; *College of Agronomy, Northwest A & F University, Yangling 712100, China; *Shaanxi
Key Laboratory of Molecular Biology for Agriculture, Northwest A & F University, Yangling 712100, China

Abstract Phytophthora sojae and Arabidopsis thaliana were used in this study as a nonhost plant-oomycete interaction
system to investigate the genetic basis of nonhost resistance against oomycete pathogens in plants. A collection of more
than 40 000 T3 A. thaliana T-DNA mutant plants representing 12 000 independent insertion lines were screened by in-
oculating detached leaves with P. sojae zoospores, and the susceptible mutant was re-confirmed by pathogen inoculation
and cytological characterization. A number of P. sojae-susceptible A. thaliana mutants were successfully obtained, and
one of them, mutant 581-51, was shown to be stably susceptible to P. sojae infection. Water-soaked lesions formed on
the detached leaves within 3 days, as did oospores and sporangia 4-5 days after inoculation with P. sojae zoospores.
Cytological characterization revealed the formation of haustoria-like structures. Southern analysis showed the presence of
four T-DNA insertion events in the mutant. Genetic analysis indicated that the susceptibility to infection by the nonhost
pathogen P. sojae in the mutant 581-51 was likely controlied by a single recessive gene.

Key words Arabidopsis thaliana, nonhost disease resistance, oomycetes, Phyfophthora sojae, T-DNA insertional mu-
tants
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