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XERBEN EMS LFFEE
vl WP IE OWEA 4IRS

Wb KA K FHM IR F 5 BB RS TFAMFEFSELEET Hk 712100

5 E: DIFIEER LS (ethylmethane sulfonate, EMS) AR5, it X} K G B FEH Phytophthora sojae YR 1EFREG K 1)
S, RS BRI T, L T 640 ANHENI T RIVIAARE, AT 50%10 AL 1 R AERE
FRPEAIRAE AT R AL TR AL, WVETESZRE, RILM B S oA i, JEFE SN ~UER 2R, AR
Btk RO TR, 8. 13%MI B R AN, 20.41% M BRI, 27.82% ) B A D EE A AL TR, 43.64%
T RO T e m I AR A . DURRE S T R 8 &R PsPMAI (plasma membrane H+-ATPase 1) M X§4:, #id TILLING
FR, M 320 KGR R SRAE TR 9 NSARE, WP T EMS X KSR M RSN, I BAYE EMS XK
BT W VAR 2 2 B 115kb KA METFIRAS 5 o B A £ (10 SRAR A2 O O e K G B 3903 T 14 D REFE DRI LT 9 B0 T 38t
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EMS mutagenesis analysis of Phytophthora sojae
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Abstract: The commonly used chemical mutagen EMS (ethylmethane sulfonate) was employed to create a mutant collection by
treating the encysted zoospores of Phytophthora sojae and the spore germination was used to optimize the mutagenesis condition. A
total of 640 single-oospore mutant lines were acquired, among which 50% of them showed a wide range of morphological changes.
As to the production of oospores, 8.13% mutants produced more, 20.41% less, and 27.82% very few or no oospores as compared
with the wild type, respectively, and 43.64% were similar to the wild type. The quality of the mutant collection was further confirmed
by successful identification of 9 mutations in PsPMA1 (Plasma Membrane H+-ATPase 1) gene from 320 P. sojae mutants. Thus, the
estimated maximum frequency of EMS induced mutation is 1 per 115kb of sequence. The created P. sojae mutant collection will be
useful for functional genomic analysis of P. sojae.

Key words: Oomycota, oospore, chemical mutagenesis, mutant collection

FHETH: BR 863 T RIL MRS (No. 2008AA02Z110); HBE B LM FH AASZF1ER] (No. NCET-05-0856)
"Corresponding author. E-mail: wxshan@nwsuaf.edu.cn
ek H 31: 2009-04-16, 52 H #1: 2009-06-08



Vol.29 No.2

223

KNI R Phytophthora sojae 51301 K52
P BRI 2 fE P S K TR SR H L —, 1
NG S AT R T R A S DL TR BUR 4
W, P A o LK T AR
AR TR EAA B AN E &S, Car KEA
PERECT PR I B LSRR AR EZ AL 19915 R
PRASE 1999; FHEMSEE 2001). hT KR8 W
G E N, B A, JER4]
2P KA TR (Tyler et al. 2006) “5A1 I
ROLTFRIRZ, BN VR EAL 22 A AP 240t
G AT . DARAR A R A BT BE DR D e )
WE9T, RN RILAE R DR 2Tk . K%
B AR R e () e Jl, A AR FH 2 BRI 20 7 1) 15
AR KT F; AR (Targeting Induced Local Lesions IN
Genomes, TILLING) it % HARIER I RAR SR
B, TR S I i AL 2T 5T W RE

G AR BT Z F T8 M 5B U ) B i R
WY SWEYE R, Hrp ISR 40 (EMS)
PR A AR A 27 548 T HE R AT EE B A 1
AN LBE S MM Sy kL, FERE N RAR A g™
YRR AR, TRz T AR AN E T o

(Henikoff & Comai 2003; McCallum et al. 2000).
EMS &% FIEetb 281548 70, i3 I AR BEAL >
TR AL, A g B AR e R ) R AR

(Lightner & Caspar 1998 ). J [AI 21 27 1 4= J K 41 ]
JP G R JE, BRI T O IR R R 7 S
K HEBD T ML BRI 51 2 D e R B o g A 27 1)
R o LA AR T 3 e 58 AR e DRIR W Ay it 1)
TILLING BRI B A 43 A ) L e 5 DX 4L F 5
(M EEJ77k2 — (Colbert et al. 2001; McCallum et
al. 2000),

AL EMS A5 AR FRE K 5 9% 25 R AR Bt gt
ITHARRLEE, JEIL 0 HT EMS X KT % m iR -1
W R S AR A 2 RN R 52, 1€ EMS AR EL
e 5 A OB AR A, b AL BRI R
e 5 o AR, R B 1) 3 A% o i B 23 By K
R 5 I SRR D e SR i T AR DR B

1 MK S 7%

1.1 XEESERAEEFRAE
KT FEFS W P649T T ot K B 57 e 436 R 4

WP HFIbRHER R (Tyler et al. 2006), 2 AT}
FOR B R R 5% byt R Rkt
[CA: carrot agar, 5%#H% Mit, 0.002% (w/v) g-
A HEE, 0.01% (w/v) CaCOs, 1% (wiv) Biflg,
H 10mol/L NaOH il pH {54 6.5], 7t 25°C M4
PER R TR G KR T )i 74 o 7%
76 16°C oA T ISR 17 - EMS. RRHN DL A HoAth ik
2R H Sigma 2~ H] (Sigma-Aldrich Inc., USA)
I Amresco 2y H] (Amresco Inc., USA).
1.2 HEhfaFH&

K P649T I RAECARG 7 bk FHigR5—6d)n, #
B BV 300 S () T 0 T 22 J T8 D Vi A B R O
th, E25°C AR TR FR2—3d, H4C /KT
Ve2 =3, TR KRR A 2mol/L
Ca(NO3);, 1mol/L KNO3; % #iiB: 0.8mol/L MgSOy;
AW 0.01mol/L NayEDTA, 0.01mol/L FeSO+7H,0,
PiFt24h, WIERRE, 4CLRAF. FRhE: BTHKH
M2mLE G, SmLEREWA, SmLEREWB), 4%
LEAE25°C MER BRI IR, 3—8hifkh— IR ERV K,
MBS BT KR TR, KRR 4 C L
WK, 25°C 44T N IEE B 5 — 6hnl 3K4397 5h# 1
o
1.3 LHFFT

HY 900uL P6497 B & i8Nl &7 (>50
/L) BT 2mL BT, 2,200r/min iR
v 10—15s, VAEIFEhf 152 2Rk, A 100l
WREA 1mol/L BRI M (pH 7.00, fIR§IR
LR IE S 0.1mol/L, JRAIJG A 10uL EMS iR
%, 400uL (1] 0.1mol/L EMS %5, 100pL ] 0.1mol/L
EMS ¥, AFH TAEWR B 28 0 2 0.1mol/L .
0.04mol/L. 0.01mol/L. EMS 4t¥H 20min JiF, 1,000 x g
B0 3min, #E RIEWIEH EMS M EIEHH
8% (w/v) NapS,03 AbERJ5 E57], MIAIE 4G 1A
KB 2—3 WJa M 500ul [ EE K, &% 7870
BT KL AR A B AR B AR S TS MR
B FREE S RS (G MY IZIRIE R 2.5%),
TRATJEH 100pl T4 b, B TR IR R Ry
F%, 2—5h AR TR E . DUfE A i
TR S /G AR LA K s . AR ERA S
ANES, ARSI MBS R, LG

WAR
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K AR g Xof B, S A R AR 1 R R ST
RANHIZ, BRIE G PR = hE R T
R ZIAH R AR R 2D % 100%.
1.4 LFRTIREIH &

Y22 EMS b3 K 50 55 AR L s iR i
T CA ¥5973E I, 25°C RIE R 9% 35d J5 WAL IR FE 7,
Z I ORI 1) /7725 (Shan er al. 2004) . ¥4 3597 T 35d
Ao B AR FR PRI BN CE TR, IniE =T
RAKHTEE 2Rk, 200 H 20l ig, 732 on 1
FHEER . B LE 800 x g B0 15min, % L,
IO SmL GHZK. 3 &FE, A 1% KMnOy
{§i15 KMnO, ZE h 0.4%, Ei Nk s 20min J&,
800xg #L» 15min, 72 b3, HEE/KRZ&iF
FHEVEDOEE, HRVEN KMnO, i, 735431
Ja SRR 1 BT . K IR T RIFIE T 25°C, O
IAS 597 3—5d Jo ML i K . AWK,
DU IR AR T VR B, e Tul 7 2—4 4,
76 1/2 CA B 7R3k L AkE (29 1 ANGA 1—2 400
B, BAILEE N, LRI, 4k
SRR FR 3—5d, VR IEIGES 2 CA Ji R L.
B —RJG, WSS TSR ERE, )5
JE BRSO 7 RS Do KR TR IR DR
KA R 2 CA WAL, A5 v 7 a R R 2
Kifg, HARMEAL, 16°CHRAFEH.
1.5 BMERIEE S RTIRTFE

AT EMS AR, PPN S AR TR,
TRATL 2 25 B h S5 R (1) — > PMA TR B 1
HERH) JEK (Shan et al. 2006) Hf—B: 540bp
AR ST e A RIS 5 CRAED TRECKIE) A PR A
A G SERRE T : F, 5'-(6-FAM)-AGCACGG
GCGTGGAGAAC-3"; R, 5'-(6-FAM)-AGCACACCC
TCCTTGCGC-3"), ifiid TILLING #AR#iE EMS
FAAE ., F 96 FLAH R PRs HE IR 54 R L R 401
DNA, i 8 NIARMAIR A 2 Jil— 4> DNA b, /£ PCR
Job R AT DL 2 Y A A S AR T BT TR R T S A
BEAZIR oy 1, e e MU D R T S (1 R R
WU CELIL BY Y] 55 X0EE DNA 41 (Oleykowski
et al. 1998). M T PCR 35| Mhsic 5 9¢ %
(FAM), ik 286 H 45 (9806 52 5K I A
FLA7000, FUJIFILM, Fuji Photo Film Co. Ltd.) M
VIr=, AriRe B DI40, B e S 4.

http://journals.im.ac.cn/jwxtcn

2 BRS040

2.1 EMS M XK EREBREIKNLLEBEAZ AR

WL R (& 1), EMS WJEh 0.1mol/L
I, AR IE S W R AN 20%, FETZHREL
B WRIER 0.04mol/L 5 0.01mol/L i}, EMS [f
AL AT PR . 75 RE B 5 A8 A e N 75 5 %
oA, FRATR I BIERBCRA T 3 AN
(1) EMS HEAT AR Ab B, DLHH SR AT 155 A8 3R AN A 1)
SEARAA, SR G 15 7 A SRR A T L A T (1) 58
AR PE
1 OEMS SRIEX K BIE B E K AL T HE & A0 £ 00
Table 1 Effect of ethylmethane sulfonate (EMS) on the germination of

encysted zoospores of Phytophthora sojae

EMS &/% (mol/L) FEIEEHITETHAFE (%)

Concentration of EMS (mol/L) Corrected germinating rate of zoospores (%)

0.10 18.68
0.04 56.58
0.01 75.90
0.00 100.00

e RH KSR P6497 18 R, EMS ALK 1AM (]2 20min.
Note: The mutagenesis was done by treating the encysted zoospores of

Phytophthora sojae P6497 with EMS for 20min.

22 EMS B LRBEST RS HHRTIK

WL ISR LN AL R, P IR AT K S R TR
P6497 T Z& 1) 640 LN &R, HP 244 50%(1)
AR B 2R 5 W A S LU A R R PR IR R R TR T S
MR AT R (B 1), B4R P6497 1H RAE
CA FAKRL, 5—7d BIAJK 90mm K510,
WIEEALIATE, A, BSESTHAES, 95
WK E1-A, B 2-B). RABEKREEESZAE, ER
TEEAFIN, B 22 RIS A AR 2L
PR R R AN Rk, AR KO A g ek . G 10-57
WA AERKENE, WiEER, TAERLARIL,
Wi PRI, WKL EESTIE A (K 1-B);
10-53 AAKHEERNE, WML, WY2InE
BGAETE (] 1-C); 4-121 B KHEER, Wi
EERY, P ZKE (B 1-D). eI T R GR
2) R T AT, V2 SRR R R B B 2
e (B 2), 2974 8.13%MHE R U1 7= B8,
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B XERSERTREEMSHERER A KOEmmyr
ER (P6497); B-D: Wk LARAEAINGAL: 10-57 (B), 10-53 (O,
and 4-121 (D) . FIA R RIE CA Higidk b 25°C 4 T B E 37 7d.

Fig. 1 Phytophthora sojae mutants with colony morphological changes.
A: The wild type (P6497); B-D: Colony morphological changes of different
mutants, B for mutated isolate 10-57, C for 10-53 and D for 4-121. All

cultures were grown on carrot agar (CA) plates at 25°C in the dark for 7d.

®2 KERSHRTHRERNIIAF==THIER
Table 2 Variation in oospores production among Phytophthora sojae

mutants

I Tt B IFHIR IR R P (%)
EMS J&/Z (mol/L)
Proportion of mutants altered with the
EMS concentration (mol/L)
production of oospores (%)

WA ROEAER R bR

Increased Unchanged Decreased Few

0.10 5.62 37.08 25.84 31.46
0.04 10.21 49.41 14.01 26.37
0.01 8.55 44.44 21.37 25.64
ATt Total 8.13 43.64 20.41 27.82

FE: i SPSS BEAT I 2Ep TR, EMS AbFRJE FTT A BUK T A
B (P=0.05) D,
Note: ANOVA analysis by SPSS indicated that the number of mutants

similar to the wild type of Phytophthora sojae decreased significantly (P

=0.05). EMS, ethylmethane sulfonate.

L O :
Aty 2B 2
gt sook
1% S

E2 XEESERTARINBFETENTRIERL A WHRT - RNMREK (4-158); B: B/ERKTERSE (P6497); C: GITH/L

IRAA (4-121) . JTHHERALE CA B335 F 25°C 4N B R 55 20d.

Fig. 2 Phytophthora sojae mutants altered with oospore production. A: Mutant 4-158 with increased amount of oospores; B: Wild type (P6497); C: Mutant

4-121 with aggregated distribution of oospores. All cultures were grown on carrot agar (CA) plates at 25°C in the dark for 20d.

20.41% B b, 27.82% 110 1 F Ak /D ol A O
=, A 43.64%IM B R I T = R T AR
FUL I 157 NV e Sk 5 A 1 R 1 I o P2
(B 2-A); ISR 80K, Ty Hoefgr= 4z
(K] 2-C).
23 RERERHRREETRER PsPHAT RTIK
o opil]

PsPMA1 DK G — A 25 e MR 10 oI &1 2 1
FEH (PMA), HiPfEfEifrom s —N4 155
ANFEEERRIRIE . EECE AR PMA R A 2k

(R, I HLA A i 40 S — (Shan et
al. 2006) . FATLAEAEIX 155 DN ILERILIEIF) 540bp
() DNA JE5 A% %, it TILLING B, M
320 AN KRR P SRR PRI R 9 ARk, KR
R HT R, PsPMAI 75K G55 B N AL 17
76 3 AN e FE AR5 UL, Horh 2 AN 84— (Shan
et al. 2006), b EMS #5748 - 238 il AL IR 1K A2
S, I KGR e AR A, AT
EMS K 598 55 18 IR 75 AR A6 42 2 4F 115kb KA —
MEH R

WAR
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2.4 MR RTIRBH—T

e PEON A P BRI R AR A 4-158 5 vk
A K R R I R AR AR 10-57 BEATRE— 25 04T,
DA o 5 A8 A4 AR S R 19 B 1k B mT de I MR
YeE N T A R IR . 4-158 AR =K £
ey, MH BB 2 27 Aoy
7. BEEEFR 20d AR & O AR B, K
L5 EF AR P649T R AR AR AN A 17
A 54158 SRR —BH B BB 2 WA
8 A, MmNl TF R A 24, T R
REIH B8, RN ZAFEHZS 5001
FrE MR .

FABAE 10-57, W BAZJEAT B2 10 4
BRI R . Sd 5 SR B T A KO SRR A
10-57 ML SRS, Wk EHARY 10-57 A4 R
P6497 FHELEL AT 73 R PUK: /NT 10-57. FKALL 10-57.
KT 10-57 1Mi/hT P6497 FIZEALL P6497, BEiAAK
BEEMPR BRI B0, RHZANERS Y
K 85 IR AE AR

3 Zib5itih

KG9 8 o T 8B AL A 7w
R AL AL DL R R G 5 K LA s A
G, CUCh I I8 A 2 R 1 A ) E L AR
e BT 58 BB PR P6497 14 KL DR 41 I 1)
(Tyler et al. 2006), HITIE5E MK T ARE T4 —3E
LAY P7064 B B 1) 4 5 LA 7, 3k A R A
TILLING $iAR I I 488 H ARk DA 1) 58 A2 S Y TF i
SR B AL TS T g« Lamour et al. (2006) Al
FHEAR 7 R 3 WA FE IR (Ethylnitrosourea, ENU)D,
1 I Ak P ) A0 1 A T OR SR A AN
PORARRIE, JF HAH s &) TILLING 2K,
i 12643 315 %5 TR 57 OB D (phospholipase D)
FE[K PsPXTM-PLD (Meijer et al. 2005) LK 40 i3k
BEi% 54K 19 (necrosis-inducing protein) F&[K PsojNIP
(Qutob et al. 2002) [MZRARMR, UESE Tl A1
AR FF J P R 1R I I B A 2 AT I

AW AED R A ) 2T EMS
BAH], W8T KO R WAL . KR
TEH ARG LAGR P A 2 PR 22 0] B i)

http://journals.im.ac.cn/jwxtcn

e, o UG TEPER BRI S . AR AR A
B B IR B AR T AR, LA BT AR O Z AL
GRF0L 7 e ARG, AR MESR A S (1 R 20 A5
Wesh 7 T B R R IE R B A Re i &, B
FECATESh L 1EAT W R 2, AR MESR 1 = A e 1)
DA 148 Ik 5 AR L (130 20 7 0 S 56 44
FRIAFIE 100% M E R E . Bk, 7RSS &
R, FRATLAMR IR AR K], @i EMS
XK T % B W AR L T R R, 3T EMS X
PRAEFRL AR (R E D 2E 0N, 8 A A 22 5 A8 4%
o R BRSO TR, i onf
RINEYAE, DA EMS (L0

KGR AR A, IR EMS
WG, BT RE AR, AN R R,
HRAE CA B3t i i e UM 2 &5 Lok
AR SR SEAR AR . KN 9% B 1 A MR AR Bk R SR T
&, KB EMS 4B E, T CA B53edk
MR TR, SAMWAR A, LA A7
RURAEAT, BRIV R m e
GUFRT, — 7] DL ESR R R AR R AR
A, g5 T AT ok e AR S R AR IS L, A
EMS KB . EMS MMAEAR], " KEiH
FRERA P BAPERAR, PR E g, £
ik 50% R RR LS BINAR s, RFAE SR
FERITE AR

LL PsPMAI LR 1) 540bp () DNA J¥51 04
Mxt5, wnk TILLING HAR, M 320 N KEEE
PSRRI B 9 ANEARA, HE— DAk T EMS
X K7 9% B T (5 AR RO R RIS AR PR I e i, I HL
il EMS WK 55 0 IR 2 24 115kb
RAE—AMHRE . M KEEFRK EMS 548
Wi % 5 OENU M ik, J5 & 4 A B 104kb
(PsPXTM-PLD) % 181kb (PsojNIP) K'E—/
HIRAE S+ (Lamour ef al. 2006) . ;IR PRI IR 1
TR GTRR M — SR, XLk
15 HAS JEARH R I B o ANBIF SR S 1R K 95 5 TR
EMS 4027 58 A8 {4 Sy F Ji 95 3 W1 1) S ) et A% 2 T
BLE T R R
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