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Pathogenic Functions of MoDock1 and MoElmol in Magnaporthe oryzae
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(1. Industry and University Research Cooperation Demonstration Base of Science and Technology Agency in Fujian Province,
College of Biological Science and Technology, Ningde Normal University, Ningde, Fujian 352100, China;
2. Key Laboratory of Biopesticide and Chemical Biology, Ministry of Education, Fujian Agriculture and
Forestry University, Fuzhou, Fujian 350002, China)

Abstract: [Objective] Roles of the genes associated with MoDock1 and MoElmol proteins in Magnaporthe oryzae played
in rice blast disease were studied. [ Methods] Homologies of Dock180 and ELMO in M. oryzae were identified by
bioinformatics method, and the coding genes knocked out to create mutants for determinations of phenotype and interactions
between the two proteins by a co-immunoprecipitation test. [ Results] MoDOCKI and MoELMOI were identified in M.
oryzae and deleted to obtain the mutants that were almost identical in phenotype. Absence of the two proteins in the mutants
significantly affected the conidial adhesion resulting in long bud tubes with septum and delayed the appressoria formation.
Since the defective appressoria formation could be repaired by the addition of 8-Br-cAMP or IBMX, it suggested that
MoDock! and MoEImo1l might be involved in the cAMP-PKA signaling pathway. To test that hypothesis, onion epidermis was
infected with the mutants to show a declined infectious ability, and on a rice plant, a lowered pathogenicity. Furthermore, the
co-immunoprecipitation experiment confirmed the MoDock1-MoElmol interaction as well. [ Conclusion] MoDockl1 and
MoElmol in M. oryzae provided the conidia adhesion and appressoria formation essential for the pathogenicity of the pathogen
on rice.
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(52 2 LY KAE (Oryza sativa L.) VE B8RPk
KHREEY, X P AKEFSEE. hRUERE
( Magnaporthe oryzae ) 5| #2 i R 5 98 /™ B 52 Ml T 5
W24y, SARBA In E% E K A p
eI 70 TR B T 5 R K R R L IR RE SR T IR
MU, WAME R YN E S RARE Y. R
o T W S o Pl 4 5 IR 4 0 A 0 BT, K
WL S R M E Y EAE RS @ T
G ARG PR DD RE LR, A AT e D TR B0 4 LR,
A B FPE 0 e 25 R bR, R Y B 4R LA
BN, [T A#FsE )2 Rho KK & 4 & —J/h
GTP iy, 122K E 3 P 3l 3 4045 Rhol~Rho4 45 4 4~
Rho & [T J2 45 1 4~ Racl 1 Cded2 & 1. Rho & [
HA GTP 454 B35 S M GDP 45 & iR 16 4%, B1F
iz 22 # [N F ( GEF) {2 #F Rho % [1 M GDP 45 & & 5%
Bl GTP 45425, 0% Rho & M ayis ¢, 7EM L
P4, Dock180 & 1 fig 5 ELMO & [ 4H B 1E
FoR 754 GEF M fafa, 1fifk Rac. Cded2, 541
(9ER% . TR R IT IR AL SR A i B
Dock180 H A 7E Fl ELMO %% & 4 I iz 4 BE 1% 1L Rac,
B Y Dock 180 BV it 3 ikt AN BEAC S ELMO 1Y £
@™ TER YRR EE P, B AR Rho & K
W5, AH X AE 995 I BT Rho 2 F1 B JiF 4 4% oo 1
GEF [ WF 98 iR 1R 2> o 78 R 4% 9k J1 B ( Fusarium
graminearum ) ', FgRhol J& B Bk 4 17 r b 75 19 5
FgRacl Fl FgCde42 45 25 95 It 18T A A M 2B 4 . Pk
KHMBURME; FeRhod 35 % ¥4 B bk B T A8 A0 20
A% 53 %45 FgRho2, FgRho3 W43 51| 5% % Ak K A
21 B AR A G A X T X Rho 2 1 R 5
FIWFSE, H R & B FgBud3 iX — GEF % 12 5 %f
FgRho4 iy ¥ # ", 76 %% # % W 7', MoRho3.
MoCdc42 F1 MoRacl ¥ 5 %% J5t 14 19 BU M AH ¢,
1, MoRacl i# #+f Chm1 1 Nox 18 & 3 4 5l 8 425 T6 4
LEMBUEIE T, A aSERE ( Candida albicans )
H1, Dock180 [A] 5 4K 1 Dck1/f 4 Racl By GEF, 8%
B OSRE A K" IARTFRIIA L]
HAT, BAMREETREERFEIELHE M, H
74 LT REJELR B VB E Rho GEF FUMIFSE . ZEMfFL 3k
Preft, Dock180 15 ELMO HRIFE LA AL Rac Z& 1™,
T FE R 7 1] BE A7 7F Dock180 Fll ELMO Y [w] i 5
F1 FL X MoRac 5 1A 145 5K S 5 R 11 1) 3
AR . DL e %) S e ) S0 ] A IF 5 X6 R S s PR
Ht Dock180 H1 ELMO [A] I8 ¥ #1770 4, K98 —F Ak
9o B TR A KR RSB0 R T B DL ROR S Y

MoRacl & [1 GEF W0, LA h #% B A s 1 0%
o3 AL PR A

1 HH#57*

1.1 R

TE 95 6 B B Bk 4ku80. AModockl-3. AModockl-
10. AMoelmol-10 F1 AMoelmol-34 H & 8 K bR K 2
YR G E Y B E W E SR SR W
Ji TR B2 3 56 T FH K R R R 'CO39'. CM R 55 3k
SYM 5 37 He FI e & B 2 4 (50 gL 4, 20 gL
REWE, 20 gL BIRKY ) BARIERE, e,
1.2 REHE
1.2.1 MoDockl 5 MoElmol # £ 8 5 7| %135 %
B 2E MR T

F & N (Homo sapiens ) Dock180 #1 Elmol ¢
QIR T Y, FE R TR 3 D A B 2 R AT LT DA
IR A RIRE . A Pfam., InterPro 344 1%
X LTS I A
1.2.2 MoDOCKI 5 MoELMOI # B & L%

1 MoDOCKI H: H LI v Bt , H Hind TN
EcoR 1 BUBFVIJG 46 A pCX62 #1411 75 Z WM i
ML (HYG) Life; §78Twe B, H BamH 1/
Xba 1 WEGVIEHHA HYG T, MMk MoDOCKI
FEH SRR (£ 1), ANFETHESHREEL R
BER R AR B 5 e, MoELMOT FE R4 #il 5 5% F il
4 PCR Iy 2R AR 4 v Br AHY FIYGB (% 1),
R EAR A B LA AkuS0 JFEA: AR

J AR SRR 1 ) 45 S e A0S B He 510 ik, R
W E F R AL T, SRHU (L TS R 24 DNA 1
A, FIFH 4 A A OF/OR fil UA/H853 iX 2 X
S A, i PCR ik 5 Ak i H i J A dile 2
RASAK, FIFH OF/OR 514y, 83T & %% 5 PCR (RT-
PCR) # I T bk 7 s v J2& 5 & A B 3k DL
Southern 2432 K #E— BN 2848 1R (£ 1),
123 ARHK R THRGEA ST

S L B0, MHRAE SYM B JR3E Ak
K 10d MEEER, I 10 H IR R 3 L5y
AR T IR AL . S8 Bae 5 O, KA
TR N AE B K L, e AR TR ) SR K ek ) e
PTRE R, 28 LSS W5k, WEE KA
Asf 1) 5 A B35 BT B 1% O o 38 3% Il Calcofluor %%
W, ffi Calcofluor Z¥RJE K 0.005%, F2¢76 W HMEE T
WLEEBR B . Jn A 8-Br-cAMP 1, IBMX WL %% [ff %5 it 1
AT, e B4R 5 mmol-L fl 2.5 mmol- L', &
0 Xu 25 1 7 v AT P 2 3 B AR R 0 WL I
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Table 1 Primers applied
514 FH (57-3") A&
Primers Sequences (5" - 3") Application
dockAF GCGAAGCTTGAGCACATCCATGCGGTAG
Y H¥MoDOCK F-3 i B
dockAR GCGAATTCGCAATCGGGACTGTAGGC
dockBF GCGGGATCCCGTTGAGAAGAGGGTGCT
¥ HMoDOCKI i 1 B
dockBR AGCTCTAGAACCGAAAGCGGCCTGAAA
dockOF GEAGTCCTTCACTAGCGTT " 4MoDOCKI ORF. fiiisMoDOCK 1§45
dockOR AGGAATTGGCCTTCAACGT RN
dockUA TGTCCTGTTACTTGTCTGG
1% MoDOCK 15 FRAF K
H853 GACAGACGTCGCGGTGAGTT
dockRTF GCGAGTACCACAGCCGATTC
MoDOCK I 5: TRAFARRT-PCREGHIF
dockRTR GCCAGACATTTCTTGCGTTTT
dockPF GGTACGACTTTAGACCAAATA T #MoDOCK It 5875, Southern %2 I
dockPR TTCGAGAGGTCTGTGTGA MESTIEARE
elmoAF TCTGCGCCGACTGATTGCA
Y ¥ MoELMOI Fii 1 BL
elmoAR TTGACCTCCACTAGCTCCAGCCAAGCCAGTAGGCGAGGGTGTTGC
elmoBF GAATAGAGTAGATGCCGACCGCGGGTTCAAGGACGTGCTAGAGGTTG
YW MoELMOI R it i BX
elmoBR ATTGTGATCTTGGTGGTCG
elmoOF GCTCATCATGACCACTGGT ¥ WIMoELMOI ORE. i3 MoELMOT K 5¢
elmoOR AACCATGCTGACGGCAAAGCT RN
elmoUA GTCCTGTGCAGTGGGCAACAA e MoELMO 1 5% 5835 {4
elmoRTF TGGAAGGAGGTCCGTGTCG
MoELMOI#k R TRAEART-PCRE IE
elmoRTR GTGCTCGTAAAGAACCATGCTGA
clmoAF2 CAGTATGGGATGAGCACC I IMOELMOI K Sk, Southern 22
clmoAR2 CAGAGTCGCCGAGTCTTA LSS PRE
dockFIgF CAGATCTTGGCTTTCGTAGGAACCCAATCTTCAATGCCCTGGCACCCTTTGCC
HyE#pDOCK FLAG#k {4
dockFIgR CTTTATAATCACCGTCATGGTCTTTGTAGTCTTCCTCATCGACGCTTCCCATG
elmoGF CAGATCTTGGCTTTCGTAGGAACCCAATCTTCAATGGACCAGGCCGACATAC

¥ pELMO:GFP# {4

elmoGR CACCACCCCGGTGAACAGCTCCTCGCCCTTGCTCACGACCTCGTAGTAGTAATTCTCATCCAG

JL 6% 28 5 68 00, JF e g5 HE D = it — 0 B Y K R
5d WS KA L
124 S9g 20U K

FIH B Y elmoGF/GR ¥ 34 th 2 /5 A B )i 8 )%
A& A 2 1L 05 15 51 ) MoELMOI 1 ORF J7 41
HEFE AR pDL2 19 GFP JER 1Y 37, #EEH pELMO:
GFP [Fiki; FFH514 dockFIgF/FlgR ¥ 14 A A 1 &
Ja s TP 90K & 21k % 1 1 )7 51 1) MoDOCKI 1
ORF ¥4 A4k pFL7 ) FLAG 3£ i e, #4 4k
ity pDOCK:FLAG JBikL, # b3k 2 i BokE [A] i 5% fL A

Aku80 J& A= [ AR R, 38 5 PCR B v R B A
MOoELMO1:GFP 1 MoDOCK 1:FLAG JF 41 i) 5% 4k 7 5
¥k DF+EG. £ DF+EG M EBEH, T &F
GFP HUR (9 B S M 2k 7L R0 & . R 0 e 2k - WG o
1 & 15 4T Western 2452, 43 %1 ] FLAG 1 GFP
A ARG I

2 ZRE5oH

2.1 FBERRE MoDockl 5 MoElmol & B 4EH#1H 4 #
i 5 [ PR H X $R 2 MoDOCKT (MGG _03275.7)
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5 MoELMOI (MGG _09944.7 ), MoDOCKI %#t% 2050
AN, MoELMOI %% 14 7454~ & K W . 45
¥ 353 B % PR, MoDockl N i & A SH3 4% 4 3 1
DHRI1 25 ¥4 3 , C %f W] J& DHR2 45 #43% ; MoElmol
[ N ¥ FH ARM repeat 2H 1%, 1 BORIZ KR W hs E bk
ELMO #5938 (& 1),

SH3 DHR1 DHR2
MoDock1 [I || [ |

| 2150 aa

ARM repeat ELMO
vorimol [N W] 5w

1 MoDockl 5 MoEImol & B 454915 53 75
Fig. 1 Distribution of domains of MoDock1 and MoEImol

2.2 MoDOCKI 5 MoELMOI 8955 &

B DR B e AR IR AIE , L MoDOCKT (T
B, e ia s T R E RPN,
514 %} dockOF/OR 1 dockUA/H853 43 1) #:47 PCR 4™
Ha %k 3K 15 MoDOCKI (1) 5t 2% 58 Z5 K AModockl-
3H AModockl-10. P J5 i i RT-PCR, 5o JE
AModockl-3 #1 AModockl-10 B Ak I kP A& H
MoDOCKI %% 5 7= ¥ . i — i & Southern 252,
¥k AModockI-3 FI AModockl-10 2% 38 45 % v & 4 i
W23 kb Y554, X BT dku80 Y 3.0 kb F5 7
WER AModock1-3 F1 AModockI-10 S 1EH§ ) MoDOCKI

O
&
§
AN o)
<

SSRGS
b@o @0 {O&QQ@ &

&
L&
WS

3375UA
/H853

R AR T AR (1 2), il R RERY 3 Fh Gk Jr
2, 193] MoELMOI Wik 58 2 AR Wi ¥k AMoelmol-10
Ml AMoelmol-34 (& 3).
2.3 MoDOCKI. MoELMOI BIEk 5%k 3t FEE R E & 7F
a8 N0

T 5 M MoDOCKI, MoELMOI Hy Bt 5% %t F¢
SRR R E SR AR, 7E SYM Ki SR 5L B T
KR, EK 10 dJ5 U5 B8 VR OB & R I 4 S Y B
7, g8 (%2) W, MET 4kus80, AModockl-
3. AModockl-10. AMoelmol-10. AMoelmol-34 1) 4
KR P s, HREEEEER (E4),
2.4 MoDOCKI. MoELMOI RYEREN DR TFIE
R

V5 TR PR 42 b 7 e 2 B 2R 3 1 10 d R IEE e AR A
FHEITTME . 45RER AModockl-3 . AMoelmol-
10 4 77 76 850 B 20 Y Aku80 AW B IX B (£ 2),
Mk — 2 WL oy 1 61 7E B K B L 0 K 3 17 100 & B
FAATFHEMBE KR EA 20N, dModockl-3.
AMoelmol-10 [/ K & R K T 20%, it /T 8 4= 7Y
Aku80 60% KK E H . BEE ALK, 7E04 T
TR BB KL 1 4 h, 5878 TR S A AL (ARG 4 R 8
A BT, 8 58 AR R R B AR B KRR i 6 B ) i
IEF X IR Akus0 (] 5) . X5 KB MoDockl |
MoEImo 5 FEIis ik 147 73 A= 16 - (14 6 B BB 1 AHOC

UATpobe 5 ESR S
MoDOCK1
8= 2 kb
hph

Aku80 AModockl-3 AModockI-10

3.0kb

2.3 kb v e W

A: MoDOCKI J [R5k SR AL 7 (] PCR 31l ; B: MoDOCKI H [H R B 98 A2 fK i) RT-PCR B 1E; C: MoDOCKI J [X ik A1 Southern 2 28 3
W&, S A Sac 15 D: MoDOCKI J K i i ¢ A8 ¥ 1] Southern 2% 38 4 1IF o
A: verification of MoDOCK -deleted mutants by PCR; B: verification of MoDOCK-deleted mutants by RT-PCR; C: strategy of MoDOCK] deletion and
Southern blot; S: Sac [ ; D: verification of MoDOCKI-deleted mutants by Southern blot.
2 MoDOCKI £ F & oI R H 3 iE
Fig.2 Verification of MoDOCK]I-deleted mutants
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A: MoELMOI % R ml b B AR If) PCR 3R HIE; B: MoELMOI FE IR 28 M4 (1) RT-PCR 30 1iE: C: MoELMOI 3 R % Al Southern 7% 22 3
M5, HAUE Hind Il; D: MoELMOI 3[R b 978 /K [¥] Southern % 22 B8 1IF

A: Verification of MoELMOI-deleted mutants by PCR; B: verification of MoELMO1-deleted mutants by RT-PCR; C: strategy of MoELMO] deletion and
Southern blot; H: Hind I1I; D: verification of MoELMO-deleted mutants by Southern blot.

B3 MoELMO1 EFE R ARE AR IE
Fig. 3 Verification of MoELMOI-deleted mutants
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Table 2 Colony diameter and conidiation of different strains

P #k Strain 7% B 4% Colony diameter /cm F=F R Conidiation /(X 10*/1L)
Aku80 6.294+0.07 a 167.6+244a
AModockl-3 5.04%0.14 ¢ 163.3+373a
AModockl1-10 5.07£0.06 ¢ 174.0+36.7 a
AMoelmol-10 5.25+0.08 b 17324300 a
AMoelmol-34 5.20%0.13b 158.6+259a

RISV E 5 A RS FREROR 0.05 KF 2R B35

Data with different lowercase letters on same column indicate significant difference at 0.05 level.

B

AModocklI-10 AMoelmol-10 AMoelmol-34

B4 EEEKES

Fig. 4 Colony morphology of different strains
2.5 MoDockl. MoElmol X}Mi& % B BIIAE F| 50%; 24 hiF, AT Akus0 $UT 100% 11 B 25 A
RFF A SRS 2 SR R, MoDOCKI . MoELMO! R Z, AModockl-3. AMoelmol-10{{ 45 70% 745 .
M it Ok S B B M A BT £ (Bl 6A-C). 4 h AN, MoDOCKI ., MoELMOIW o S BEFEAE

WF, Aku80 () B & JLE iU 24 50%, il AModockl-3 K (Kl 6D, E).
AMoelmol-10 EAFE] 20%; 8 h I, Aku80 B & MIE CAMP-PKA 155 5 18 B% V& 45 2 A 500 1 B 325 e 1)
B 5KGE 90%, T AModockl-3 . AMoelmol-10 i A~ RE, i AMNETR I cCAMP 2581 Hy BE % 3 40 R 5
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Fig. 5 Conidia adhesion rate of different strains
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A-C: appressorium formation rates of different strains with or without 8-Br-cAMP or IBMX; D: appressorium morphology of different strains; E:

AMoelmol-10

AModockl1-3+

AMoelmol-10+

T Jp S O e DR 2K i i Y B A AR L A
B P42 SE s A cAMP 244, 5 mmol-L'8-Br-
cAMP & 2.5 mmol'L"' IBMX % % J5 , AModockl-3.
AMoelmo1-10 %€ 75 1 1) B & M T B % B W 42 7+
(I 6A-C ), XL EH], MoDockl. MoElmol
A BEFERVR N I cAMP-PKA 5 5% Z3E1EH .

TE & MU eI, 288 500 4R B A5 i A
SRR, AR E RN E RS, MERS
SR A2 b TR b B R e s B
AModockI-3. AMoelmol-10 V) 248 T8 i K IR |55 5
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&% 100
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2o 80
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Aku80

AModockl-3

Aku80+
8-Br-cAMP

8-Br-cAMP

8-Br-cAMP

E: ANFEEARLETE T 6 h )5 K& i

appressorium morphology and stained bud tube septum of different strains after inducing for 6 h. Arrow indicates septum. Bar = 20 pm.
6 MEREBRESKES

Fig. 6 Appressorium formation rate and appressorium morphology
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A: penetration rates of onions infected by different strains after 24 h; B: penetration rates of onions infected by different strains after 48 h. White part of

column represents proportion of appressorium invaded a cell without entering neighboring cells; and grey part, that of appressorium extended invasion into

neighboring cells.
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Fig. 7 Penetration rates of onions infected by different strains

2.7 MoDOCKI ¥ MoELMO! BYR 5 X F& 5.9 B 5T 2
BRI RA R0

TR 55 3 i 56 (7R, MoDOCKI, MoELMOI
Bk g8 AR PR AE K ARG I B B AK SR R TE B B L fE Y™
B, EE BRI N PR 2 Akus0 A BT s (1F 8) ., X
BgE BRI, MoDOCKI Hl MoELMOI [ 2 X ARG 98
93 DA 114 56 B B0 PE A 07 TET S )

~N
QO
>
~
§ > N
() \\'
L é“so
F D F
SN SR
< D DN

8 TREIEMREIBR ML S
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