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Ml EFREEEMBRERPIEANMHAR
B R ENE, R BN, EY, A INE L, KD
AT R R AR S B, T R 1 B 471023 ; 7 e AR MY AR B R S SRR 7T, 81450009

WE: Mlott A FRAAM AR P — R EE0 RAER T, Xid st 3] ) (Vitis vinifera) VvMlo3k B Rk 49 354K
4R, RASM., FEREE. BOEMIATON, 461l CARE a9l KA MIo K BV M E Z it fbmt, 5 H)
EILRAEI ALK G MIoI B . 5 VAL R B B (V. davidii)se Tt R ) #0943 Fo 7 5] 8 (V. vinifera)stt 2 LR H AL, 5
MR M AMIo 3 B 09 R A&, HRAFT 6 8 B & 708 £.°F 3E i (Phanerochaete chrysosporium)A o6 L t9Mlo B . 4R R +:
Fa IR R I Mo B (AtMIo2. AtMIo6. AtMlol2). Z#a(Solanum lycopersicum) SIMlo 135 B vA R %) £ Mo B (VvMlo3.

VYwMlo6. VvMlo9.1. VvMiol3.1. VyMlol3.2. VyMlol7)RAEHIVEL, FHIVELF 69 k) ) 210943 Fa EALG Mlok B fe 4+
OB EA AR M. e, G B AR AT, VI WMIolSH R X ER R & FVdMlols, BAERANEE s+
VWwMlol53F & J& AR A L, VdMIol 53t @ JE 8 LT Rra i, VwMloISH KR %H# . Za%#. »TRE. FLi &%

JELE M S A4E 5 B IV 69 VoMlo 2k R 4F & BARML. 4243, VdMlol S B8 8 /7 @ -T - H T2 A.

EGEF: R F H 0943 Mlo kR Rok, AWM &%, ABH

1% (Vitis vinifera) )& T % % FH(Vitaceae) 7 4]
J&, NEZFERRREEEY), & —MRFMER
BARBR AR . SR, Bl A 2 )
K&, HiEnHE O E TR PRI %
R — MO E B R R . A O A
T HRLIA302 M, o 3 A ™ G T
AP R —, Rt L T, B
[RIZ 95 1% Al 7 B 4 K 20%~50%, 7% H A 47y 1A 3]
80% LA b (KK 451999) PRIk, e 45 v 4 4
S BuIva 1 I A8 ) AE 7 ik T AR R ) )

T 55998 S 4 FAE 1 T A% A B T AR L
I BRI AR FE R (TR /K 25 1999) . St ]l i 7E
R Py BRI AR 5% 2K 1 (pathogenesis-related proteins)
DARO BLRR AP 8 B S5 AR I AR B MLk
Wi s . fEid 2 204F 1, S YIPT
Jos FAJE 70 5 A B T PR AL B 29 . H A, 2
M FEP) R TR 2702 NP £ K (resistance
gene, RFE[R]), H APNBS-LRRISHE [K] & RFE K] o ¢
K —A K08, LRRAZ & H A BAE ) —Fh g g
25§ (Chisholm%£2006; MartinZ:2003). ‘& fEMEH
0K B B IG B95 JF 4 (avirulence pathogen, Avr)ff]
FER =), 5id 8 N (hypersensitive reaction, HR)
FHES & 51 A5 32 20 1R 7 080 s 87, g s 440 L P A
7 FE T (JonesFlDangl 2006; BariflJones 2006) .

JB 3L [H] (susceptible gene, SFHE[R) iR 42 HIHE H
(Engler552005) Bl 78 1 1o L5088 T #F 7238 RN 5, JF
RPUE B R T B . SR B A AR K

2 HUm JE AR 22 R E AT A7 3 L — Bl BAEA AL,
IS 59 IR A 2 1R BAEAR 3 H A% F (van SchiefHl
Takken 2014), P, Hor—#873 15 32 3% RIS
JR A A AT A1) o 5, B AR A S HE DR i S
BRI R B E MR B BT 20, B ] LAt
AT 0 R TR R R AN IR, A 3 B A T
BT J5 A ) AR A 225 4 2 2 224 H (van. Schie
Takken 2014). SHE[ALE B 84% 2 H BRI
BRI, I HeDhfRek sk, SEERIRAR S, Y3k
RS PR M, 12 R A A R ) IS LR
K (Pavan%$2010; Eckardt 2002; Panstrugafll
Schulze-Lefert 2003),

Milo (mildew resistance locus o)FEN & —J5H
KFEFTAFNHISEIN . Mo (MY F A 1 &
M, &4 7/ E 45 Ry 18 (transmembrane domain, TM)
AT Co R85 18 £ 11 45 458 (calmodulin-binding
domain, CaMBD) (DevitoZ52003; ElliottZ£2005).
FreislebenflLein (1942)if i XU £k 17540 kb K 52
(Hordeum vulgare) i Fi‘Haisa’, K3 T 2 — APk
& B AR ARG K2R B (Blumeria graminis) ()
FA M mlo. 19974F, MloFERI1E K2 Hh LT i b,

ks 2017-03-16  f&&E  2017-08-01
#BE EFRAAREESEFEIES(31201599). HEHEHA
FEML AR R0 H (CARS-30) 7 [EL A b A 2 B 1) TRE 5 H
(CAAS-ASTIP-2015-ZFRI). HF S BRI Bt it 56 AR
4 3L T1(1610192016202) F1“+ — F [ Z FHE LR
P (2013BAD01B04-20),
* JHA{ER (E-mail: zhangying05@caas.cn).
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W BRI, B MEYREA R EE, W
2 2 Fham AU It R, 1 R DR AR T R g O ME R
WG, WOEE bR R I MIo KL, T4
H A0 A JE % 1K BE /1 (BiischgesZ$1997; Panstruga
2005). MINFEGIF(Arabidopsis thaliana) %2 FhxL1-
YA INZZ (Triticum aestivum) 7KFE(Oryza sativa)
G R BB T MloZ REE R, IFAER
# . Fhn(Solanum lycopersicum)FHLFE 7T HIE 5L
MloBE H 2 5 F i AH G I BaMES JE (K, HOK#
HvMIo B K I 5=AF A, i SIMIo 13 K i =RAZ Ak,
MR TFAtMlo2 AtMlo6. AtMlol23E R ) =975
A LL K i 5. (Pisum sativum) PsMLO1XT AR AR K
FR B AT i B (2 LEE2005; Nsonni%$2006;
Pavan%$2011),

Ak, BN AMIETTN G ISR I R R S JE (]
XTEEPURHLER TR T2 0. KBS (2013)
WEFC R BN, %6 %0943 R NBS6 FINB 7% R EE [K]
TERE LA JE R T A —ERER . Qiud§(2015)
TEB 5% (V. rotundifolia)+ jx LRENFIRUNW A
PLEAMRRIEE K K . FeechanZ5(2009) M\ ‘& 2 Wi’
%) % H S BRRAR R IMlo SEER . RGEK
BRI, 6% WMIoFE K (VWMlo3 VvMlod.
VwMlo6. VvMlo9. VvMlol3F1VvMlol7) R4\ 5+
AtMlo2. AtMIo6. AtMlo12 FF&HiSIMIo 1FE R F
[A]— 73 3, 1XJLAN LR T EUE AR B G 0k 0 1S
JE K (Feechan$2009; Dry4£2009). K/ (2015)
FIH By W 1R G B 2R %1 (V. pseudoreticulata) 5 K
I, VpMlo6F1VpMio7XE R [R5 4 B i (1) i
P B0k B A= gy ) AERIIR fa, KILVvCMIo3
VwCMlo6. VvCMlo7. VvCMlo8. VvCMloll .
YWwCMlo 13342 N B R R IEH K, Hh
VwCMlo6. VvCMlo7. VvCMloll%:R B 552 1] 1
A TR R 4% (2 752016)

H AT, 7R & BUB LR A, A OCE P A
JE3 90 FI A FE AR B/, Ferb T B TR S 2k (R R A 7
B A i o A 50 3 I X A %) Mo Jik IR 5K i
B R S5 R BEAT A0 AT, TR 4 A AR CL Rk
HIHTW A R MloFE R R i R G it A, 1t — 22 DLgit
I v P < ) ] 25 0943 FUECR i FE <32 N T A,
T8 e S 2L T 53 AT AS TR A R A Mo 55 IR 5K T 1)
Fik. W DL ESERBEAT LR G S B, SRV E A A
P R R IEAE FH Mo R, DL ik —25

FEU A A B A R K SEMIo R R LS H & U A
Firf BB AR -

MR57EE

1 BEMIoERRERANEREE
LA s 2H 504 v B DN £ 76 %) (Vitis vinifera L.)
Moy H\ A, M e %) 25 PR 2H 250 2 (http://plants.
ensembl.org/Vitis_vinifera/Info/Index)H $% |
#H 175 VvMIotE H 741, B 5 A % & i VvMIlo
HEANK R T, 1% gk T Blastpf &,
HIRIG 154 5 052 1 VvMIlo g [ [R1VE 30,/ I+
[Arabidopsis thaliana (L.) Heynh.] Mlo# H(AtMlol~
15)F 5. LAk, DUEEFIVVMIoE K R 7 41,
MNCBIH Blastp 3k 15 5 HAH 5% 1) K 22 (Hordeum
vulgare L.). /N (Triticum aestivum L.)VL &
(Solanum lycopersicum L.)F]Mlots H 7 51(HvMlo.
TaMlol~3. SIMlol). F|FH7EZL T H.Conserved Domain
Search (https://www.ncbi.nlm.nih.gov/Structure/cdd/
wrpsb.cgi) % K15 11 58] ) Mo 784 I3 PR 5 i R R 1 2 2
&7 B HEAT 2558, Rarill 2 75 &5 Mlo R~ S5 K 4
K H SMARTE 2 43 ¥ ¥ £ (http://smart.embl-
heidelberg.de/) 73 M7 25 F 1 4584 (LetunicZ5$2004), K
FTMHMM Server v. 2.0 {f(http://www.cbs.dtu.
dk/services/TMHMM/) 73 H £ [ 5 45 #4 35k, %
518 2 H H #8007 (http:/calcium.uhnres.utoronto.
ca/ctdb/pub_pages/search/index.htm)%} % %j 1] f¢ [
P Al Mo g [t AT CaMah & g5 M3 i, >R H
ExPASy (http://www.expasy.ch/tools/pi_tppl.thml)it
AT H B 531 o &R 5 R B T
2 EEMIoR RN B AREMAEELELEI 7
M %) B DR KA 122 A 2174 oMo B R A
etk EE R, Ik FIMap Inspect 42 il 7€ fir
Bl DR ) s DR AH K080 P22 1 8078 &1 Vv Mo B R Y
TN G20 A B I SO, ) A 4 2 R 45
¥ {278 22 88(GSDS 2.0, http://gsds.cbi.pku.edu.cn/)
et R S s .
3 BEMIoEE KRR R G U R IDE
) FH 6 2] Mo 5 DR 50 B O DL R A R 040
BTt TR FEMIo R W A P A i R 4R
B, LA BT MIoBE R R IO i G R B
Jefdi HHMEGA 7.0%K {1 1#1 Clustal F 7 X & 24 1R 7 51
HEAT 2 5 7 51 BEIC, K5 Clustal 22 7 71 BCHC 1) 25 SR 4
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tH FIMEGA 7.08 14, FIFIMEGA 70814 1 <8 4%
R R GHEACRE, IR Fbootstrapik A1 0007
XX LS A AT BAS AT
4 BEIMIoEE ik L 406 E L KR S R 451 T
M5

K HAE L34 WoLF PSORT (http://www.gen-
script.com/wolf-psort.html) X 1 74~ VvMlo & K 34T
AR E AL o3 B o SRAFES K AFGOR 4 (https:/
npsa-prabi.ibep.fr/cgi-bin/npsa_automat.pl?page=npsa
gord htm!) T & [ 0254
5 BEEMBREEMo RERIEN T

N T R AR 25 B 40 M SRR T 7 e ] 5K R A
oo 08 | 7] 757 [P ESC U 1 4 (V. vimifera) i FP3E N

B AU I 4 [ Vitis davidii (Rom. Caill.) Foex]

ar < 2610943 i A B, 43 il BBl R T
W )5 B P 22 (Phanerochaete chrysosporium Burd-
sall), 720 (0 h). #1RF(12 ) 1RPIE(E6 h ="
ISR, i B s I, 3 A AN [E]IRE S A
FAN Rl MloJ R (2R 0 o e e Bt A8 Bh AL 5
R BOR A YE SR IR 2 =) B vy a2 P~
8. AXNPEEWNMEDFES.

SLINEER

1 BEMIoEREZKER RVEE R EFTHFHES T

V17 ) FE R A b 1726 Mo 5 5 BEAT SE 3t 20
(G, 171MloE:H 11914 7 %1 (coding sequence,
CDS) K JE 4341 N1 290~2 504 bp, HrhvvMlol7()
CDS#H5H(1 290 bp), V'vMlol3.11#]CDSHK-(2 504
bp). VvMlofE K E1E349 aa (VwMlo17)5699 aa
(VwMlol3. 1) 8], HESTHE. FHEER
oK R4 IR EM39 953.99 Da (VwMlol7.1)%
78 395.69 Da (VvMlol3.1), B it %5 i 55 )W 6.87
(VWMo 17.1)%29.68 (VvMlo12), U171 VvMlo®&
H 2R R E R . X174 VMo
DR ) 2 5 2 1 5 A 3R AT 29 A R, X EEMITo £
BIEA — MIofR 7S5 158, B85 2 NI,
PB4 (VWMlol7.1) 229 (WMlol3.1)K, Ferh
INEARETANERLE M . BRI, Mlofk /2
— R LE S 1, HA5 CaMBD, 1fif HCaMBD#ETS
P EMIo R [ & PE(Kim252002), Pk, S FH A5
A H bR B B 8 Mo R [ T CaM 45 & 45
P T : 17456 % Mlo & [ 394 15 85 1 45 & [X

1 HE A TR LMo R Z 6 1 3 R B A RHAIE

Table 1 Basic characteristics of Mlo gene family in the whole genome of grapevine

A Fily CDSK:fE/bp HEEKE/aa  SFHsS r T iiE/Da BIEL5 I BT X
VMol VIT_0050227g00140 1687 482 8.98 55256.97 7 VERFLHFLGKYLKKK .
GLVGWAQKA
VvMio3 VIT 0850040202170 1687 482 8.98 67 264.04 7 IITKMGLRIQERG
VvMlo4 VIT 1250035202190 1354 446 8.47 51456.54 7 HWRKSAIVSWM
VWMlo6 VIT 1850122200930 1 641 546 8.51 58 871.35 7 KRRRSLIHA
VwMlo9.1 VIT 1250028202970 1434 472 9.18 44 802.12 6 VFTERVAKGLRHWHSA
VvMlo9.2 VIT 0750031202240 1934 563 9.09 63971.94 7 KVLHRVGKWFTERR
VwMlol2 VIT 0650004203120 1527 461 9.68 45 046.74 5 VARMALK LKDKN
VwMlol3.1 VIT 0650004203100 2504 699 9.67 78 395.69 9 TKMGLRIQERG
VwMlo13.2 VIT 1350019204070 1905 545 8.02 62 689.01 7 GSWLARRNKRALYEAL
VwMlol4 VIT 1950014202980 1961 563 9.07 64 610.06 8 FRQFGRSVV
wMlol5 VIT 0550094201570 1009 506 9.17 57 882.62 7 LGAERILHYAGKYLKK.
IFGGAKIRQWKHW,
YRGVGKIGNLRGWVR
VwMlol6 VIT 1250035200260 1707 568 8.65 65 185.56 5 IFSMWFVVQW LKK
wMlol7 VIT 0450023203610 1290 349 9.04 62 124.79 7 GSWLKGRHRRA
WMlo17.1 VIT 1350019204060 1743 539 6.87 39953.99 4 IKIYSWRRW
VwMilo-likel VIT 185012200910 1598 528 7.15 60 005.55 7 KVLHLVGELFQRRR,
YSAITMALGRLKTRAW
VvMlo-like2 VIT 0850040202180 1922 517 9.38 60 001.49 7 VLTMALGRLKMRRWS
VvMlo-like3 VIT 185012200930 1 641 546 9.27 61 549.49 7 RWIVAF FRQFFA
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TP L PR

5, HrR Ml S35 5 1456 X3, VvMloIFI
VvMlo-like 145 A5 B 145 & X 3, HAth (Mot
HEH— M4 A X
2 EEMOERRERRELEE LRSS

] 2] M 1o % DR] 27 1% B 03 76 8 6 1 19 2% Gt ik
ERpERL T E LR, 125 gtk B oA
%%, BFEVvMlo4. VvMIo9.1. VvMlol6=" 3k
B 6. 8. 13, 185 Gtk & M MIoFE K, 6
SR EAR N VWMIo13.1. VvMlol2, 85 4k
AR oA N VwMIo3. VvMlo-like2, 135 Jetifk
AR A VYMI013.2. VvMlol7, 185 G thfk b4y

1 (R VvMio-likel . VvMio-like3; 4. 5+ 7. 105
Yetr AR WS — AN MloFE R, KK A VVMIo17.1
VwMlol5. VvMIio9.2. VvMlo6; VvMloI{F19%& Jx1h,
NS R
3 BEMIoERRIEHEE B LEM D

X i A MIo B IR 251 (1 oy i 45 SRR B, Bk b
174N VvMIo % R R A1 8. 7 75 BE A S PR 45 4 2 AT
BN BUELRT 5 BRI, AME AN O (M-
lo17.1)&16 (VvMlo-like2. VvMIo9.2)AN4%, ZH N
14~154, 405 124 B R (E12) . 5 VMo LA (1)
ARG S A R, BEIRANFR VMo R 1) 4

Chr4 Chr5 Chr6 Chr7 Chr8 Chr10
g l vvMios |}
VwMlol3.1
VvMiol2
VvMio3
VvMlo-like2
VvMlo9.2
VwMlol17.1
25 VvMlol15
cM
8 Chr12 Chr13 Chr18 Chr19 Chr-Un
VvMio-likel
VvMio9.1 VvMlo-like3 VvMlo14
VvMlol17
VvMilol3.2
VwMlol
VvMlo16
VvMlo4
25
cM

BI1 # % MIo B RITE et A 1Y) 43 A
Fig.1 Chromosome location of Mlo genes in grapevine
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Vv MI013. ] w5~
VvMI013.2 e—"— -
VM1 ws ——— ==~
VIMI03 we = =~ i —imi i = mimi

Vv MIO6 e ===t ——r"~
Vv MI09. | e~ — ===
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VwMlol2
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Y 1L R ——— i

VwMlol6

VwMlol7.1

VvMlo4 —

VyMI09.) emm————— i — s —

5"

CDS == upstream/downstream — intron
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B2 1Mot [H 4y
Fig.2 The structures of J'vMlo genes
CDS (¥ fh): ZifisIX; upstream (5 7): FJ7IE4MASIX; dowmstream (W5 €0): FUFIEGMASIX; intron (A ): & T X35,

BFHANETRKERZR, HERNFES KRB
Ik, AT R A R AR A0, B Gn Vv Mo 17
VwMlo13. 248 & 154N B 1 HAREMMNE FIK
AR B LT 56 4 A0 ] o
4 EEMIOEREZRER RN RGHNKLRT

7 2 Mo TR S8R AR 53 2 ) R E A R &R
I 5 HAh CURIMIoHE R ) 9% &, AT 5T 5 FIMEGA
7.0 {) Clustal X6} & VvMlo 1~17 5§ 7+ 3 A
YA MloFR i (AtMIo1~15). KZFEHvMlo. /N
TaMlo1~3 VL J% 3 HiSIMlo13£374 5 K i 4 i 2 1
HHATZ HFHIELXE, JEFIMEGA 7.0% (#4224t
HBEARAR, 2R BH AR T 4 Mo 2 IR 5% % 17 43 N
ANEIA-VI) (E3). HABIVEFRIWMIo3. VvM-
lo6. VvMlo9.1. VvMlol3.1. VvMlol3.2. VvM-
Lo 1 7ANRAL- M- AE 4 B 77 LA S & it b A B e B
LRl AtMIo2. AtMIo6. AtMlol2. SIMlol 3 1E
—id. IR, VvMlo-like3[F R AFHEY) TR
K PO FE K (HvM1o) RN 2 111 BT 3 K s 2k A
(TaMlo1~3)TRAE—jk2 . DRk, mT DAHEN, SEISRANE
IVEATRE R AEIMIoST ARYR BRI EE . Mlo3.
VwMlo6. VvMlo9.1. VvMlol3.1. VvMlol3.2.
VvMlo 1 7R VvMlo-like2 ] RE1E 4 ) I HLR 12 b
RIEVER
5 BEMIoEE I 40 E LT

X174 MloFE R HEAT 41 H0 52 A2 T, A5
THIL(AIER2) R I T R ) 2k 3B A 22 AR K

HrryvMlol. VvMlo4. VvMlo9.1. VvMlol3.2.
VvMlo1 STEAH M5 I8 1945 73 B =, Ui IX A
FER AT BEAE 40 B R R 30k VwMlol7. VvMlol4.
VvMlo-like 13X =/ BE PR v] REAE I FR 31K, VvMlo3
VvMlol3.1. VvMlol6. VvMlo-like2. VvMlo-like3
X HAN RS s RIE T REMERK; Mio6.
VwMlol12. VvMlIol7. 13X = AN R fE 4N i % =ik
(R AT REPESRR PvMlo 14E 40 i SR B (1 Hh ik 1Y)
1350 MR, BB VWMo 147E P& 5 A ReRIA .
6 BEMIEERERSREMTH

FHER3 A, VvMlo S 1 32 22 DL ool e A1 78 :0 )
L. EREE AT . HHvvMiol .
VvMlol2, VvMlol4. VvMlo-likel 5 [ o2 Jiig 45
M 2, HONTER A 4544, ZE {3 45 1)
A > . HAR13F vMlo B B TR A5
BB B H e %, HUON B BE 45/, 1B H
b
7 B ER @RI E 0943 F AR SR E A
HIMloFRIEER

R H0 55 ot ol 30 37 25 0943 F1EGG i e 26 A
B Rl AR B R A [F B AR OA & 4 ) # R (E
4). MEIF AT LA 1, FEVIR GB B, RIAIZ G
(FEHATO h) R W Ge(Fe T Ja 1 2h)d F v, <o) )
0943 F1°ZE N$& " IMlol . Milo-like2. Milol3.1(F)
FIEREFN T, WiEMlol 4335 & RN _Fif;
VvMlol12. VvMlol13.2. VvMlol7.1{ 15k & Fif,
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e stmr013
AtMLOI15
b VI
= VvMLOI15
72 AtMLOI

P13 61 2] AU R I+ Mo KR S0 1 03 I FoAth 2 R0 D e Mo B BRI 1Y) R HEAL G &R o i
Fig.3 The unrooted neighbor-joining phylogenetic tree of Mlo genes in grapevine, 4. thaliana and other plants

HEAA h AR 45 s _E BB R 2R bootstrap B L T 000K HEAT S FE M W3 BN AR B . Ar AT, Hv: K22 SE Al Ta: /N2 P

A AR R AR AU LAY R Mo ZE K] ) AT~ VIR 4L,

VdMlol2. VdMlol3.2. VdMlol7.1{)3ik 8 Fif;
VvMIo6 1133k & /Mg T 1, VdMIlo611)3RIE & /Mg
B VwMlo3 ) Feik B /NE TR, VdMIo3H )Rk &
JUTFANE; VwMlo 15135 8 JLF AN, VdMlo15()
Lk gE/E ER. BGOSR F, B G
(FEHHTO h)BNR GL )5 (FE B 536 h) 34 40943 F1

“ENfg T Milol. Mlo3. Mlo6. Mlol2, Mlol3.1.
Mlol7. Mlo-like2 # 5 4k 2 T &%, Mlo9.2F1
Mlol 4#HEAR 2 RS VdMlol 7. 14K 2
A, VWMlol7. AR R B3 VdMlol3. 2544k
BN, WMlol3.2 ) EAAS; VdMIol5 L FA
AZ, VvMlo1 SHEAR 2R
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2 ] MoKk PR 7. 240 ffa 5 57 T

Table 2 Subcellular location prediction of V'vMlo genes

He [ T JE i 5T 2Rk % ARSI LRI
VwMlol 6 3 2.5 2.5 — — — —
VwMlo3 2 2.5 1 1 4 1 1 —
VvMlo4 4 3 3 2 1 — — —
VvMlo6 2 2 — — — 10 — —
VvMlo9.1 8 1 — — 1 3 — —
VvMlo9.2 — 4 — — 3 4 1 1
VwMlo12 — 3 — — — 6 — 3.5
VwMlol13.1 — 3 3 — 4 3 — —
VvMlol3.2 4 3 — 2 1 1 — —
VwMlol4 4 4 — — 1 2 — 2
VwMlol5 4 3 1.5 3.5 1 — — —
VvMlol6 4 3 1 — 5 — — —
VwMlol7 1 7 2 2 1 — — —
VwMlol7.1 2 2.5 — — — 8 — —
VvMlo-likel 4 5 — 1.5 — 1 — —
VvMlo-like2 2 3 — — 7 1 — —
VvMlo-like3 1 1 2 — 5 2 — —

R AR MIoBE K AEZ AL 1] RERIE KI5 5 00, (8 o 2 s 7 B A R IE R ] e MR

W3 % Mok % — A5 H HL (%)
Table 3 Proportion (%) of secondary structures in V'vMlo genes

BN o i SEAE FERLI A i HE A ol i SEE TERNE ih
VwMlol 40.25 25.31 34.44 VvMlo14 40.50 20.25 39.25
VwMlo3 30.19 21.44 48.37 VwMlol5 34.19 2391 41.90
VvMlo4 36.77 26.01 37.22 VvMlol6 31.69 26.58 41.73
VwMlo6 3235 21.37 46.27 VvMlol7 30.24 20.41 49.35
VvMlo9.1 30.67 29.38 39.95 VwMlol7.1 31.23 17.19 51.58
VvMlo9.2 33.04 21.67 45.29 VvMlo-likel 40.91 18.37 40.72
VwMlo12 41.24 19.85 38.92 VvMlo-like2 31.91 26.11 41.97
VvMlol3.1 33.05 20.74 46.21 VvMlo-like3 36.26 17.58 46.15
VwMlol13.2 27.34 23.30 49.21

15 ® 75 1Y B9 I oA A B EEAS FRL R (A lternaria tenuissima)

Mo F 2 YRR B E, G874 P
IR C- AR A W R 45538, 25T REA
K953 998 S5 BRT AR e, DR At AR AR 4 o G At s
R IZ 4 ML (Islam A Yun 2016). BF 5 £, Mio
BRI K 22 5 AR S ELAE AR R 2 AN 1,
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PR SRR M, AE G BB A 27 A2 (1 R8I o 18 (Mag-
naporthe grisea) /N3 12 5575 B ~F- 5 i 481 B (Bipo-
laris sorokiniana)[112 Y2 B H o B L 2 R IR 42
(JaroschZ£1999). AR, mloZ< AR A%t [F] 42 J&5 AE

(R 1 38 5 (2 B2 452009) 0 ASHIF 538 3 6 B
st P 2 250943 B R S8 N FR B S T
J e A B Mo BE DR (1) 3B G B HEAT 20 i, 3K
1550 68 T A W S A Mo L[] o 3 o) 4 A Mo
DR 1 D3 I B A A0 . R DR 45 ) . e o fh for
B EASWEAT oM, 58I T BIRRE A 4
REMREIT. BT KE. DNEIURMIoFER
o e RARG G, HEWT oA AT R BT e R A K
HFIMIoFER . HEFE(2012)FF 58 K I, &Sty & s
JEL 25 ¥ 38 A~8 4, (B K ZHCAT AN S LS f 3. %)
B 48] Mo 55 TR 5 i B R 2 T8) 1R B RS AE 38R AT 40 BT
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Fig.4 Different expression patterns of ‘Vitis davidii 0943’ and ‘Manicure Finger’ Mlo genes under white-rot fungi inoculation
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FLRI S MR AR L. S AR I SR R 2 R A
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KMFEHSIMIoRAEFETIVE, tvvMlo3. VvMlo6.
VwMlol3.1. VvMlol13.2, VvMlol7. T HiX A
Mok [R] 1) % JEL 45 IR A AE TN BTN LA B, 73
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(Panstrugaf1Schulze-Lefert 2003). F&AT5 8T %
HIMIoFE 35 & A X 5, Hh s #MIo 158 H &

H3INMEE T 56 Xk, T2 (2016)i8 i f 5 XY
ARG, WOAE | AR &) I -35-1 VpMlo 7%
HE5CaME A EAE, Fik, ¥ FREAMNBS@EL
TAGLIE R D) Re Sk 55— R8T BOREHIE VdMlol 5
P& P E T AR

SR

Bari R, Jones JDG (2009). Role of plant hormones in plant defense
responses. Plant Mol Biol, 69: 473-488

Biischges R, Hollricher K, Panstruga R, Simons G, Wolter M, Frijters
A, van Daelen R, van der Lee T, Diergaarde P, Groenendijk J, et
al (1997). The barley Mlo gene: a novel control element of plant
pathogen resistance. Cell, 88 (5): 695-705

Chisholm ST, Coaker G, Day B, Staskawicz (2006). Host-microbe in-
teractions: shaping the evolution of the plant immune response.
Cell, 124 (4), 803-814

Consonni C, Humphry ME, Hartmann HA, Livaja M, Durner J, West-
phal L, Vogel J, Lipka V, Kemmerling B, Schulze-Lefert P, et al
(2006). Conserved requirement for a plant host cell protein in
powdery mildew pathogenesis. Nat Genet, 38 (6): 716-720

Devito A, Hartmann HA, Piffanellil P, Elliott C, Simmons C,
Taramino G, Goh CS, Cohen FE, Emerson BC, Schulze-Le-
fert P, et al (2003). Molecular phylogeny and evolution of the
plant-specific seven-transmembrane MLO family. J] Mol Evol,
56: 77-88

Dry IB, Feechan A, Anderson C, Jermakow AM, Bouquet A, Ad-
am-Blondon AF, Thomas MR (2010). Molecular strategies to

enhance the genetic resistance of grapevines to powdery mildew.




eI AR H T A 1657

Aust J Grape Wine Res, 16: 94-105

Eckardt NA (2002). Plant disease susceptibility genes? Plant Cell, 14
(9): 1983-1986

Elliott C, Miiller J, Miklis M, Bhat RA, Schulze-Lefert P, Panstruga
(2005). Conserved extracellular cysteine residues and cytoplas-
mic loop—loop interplay are required for functionality of the
heptahelical MLO protein. Biochem J, 385: 243-254

Engler JA, Favery B, Engler G, Abad P (2005). Loss of susceptibility
as an alternative for nematode resistance. Curr Opin Biotech, 16
(2): 112117

Feechan A, Jermakow AM, Torregrosa L, Panstruga R, Dry IB (2009).
Identification of grapevine MLO gene candidates involved in
susceptibility to powdery mildew. Funct Plant Biol, 35 (12):
1255-1266

Freisleben R, Lein A (1942). Uber die Auffindung einer mehltauresis-
tenten Mutante nach Rontgenbestrahlung einer anfilligen reinen
Linie von Sommergerste. Naturwissenschaften, 30 (40): 608

Islam MZ, Yun HK (2016). Characterization of nine Mlo family genes
and analysis of their expression against pathogen infections in
Vitis flexuosa. Euphytica, 211 (3): 379-394

Jarosch B, Kogel KH, Schaffrath U (1999). The ambivalence of the
barley Mlo locus: mutations conferring resistance against pow-
dery mildew (Blumeria graminis f. sp. hordei) enhance suscep-
tibility to the rice blast fungus Magnaporthe grisea. Mol Plant
Microbe In, 12 (6): 508-514

Jones JDG, Dangl JL (2006). The plant immune system. Nature, 444
(7117): 323-329

Kim MC, Lee SH, Kim JK, Chun HJ, Choi MS, Chung WS, Moon
BC, Kang CH, Park CY, Yoo JH, et al (2002). Mlo, a modulator
of plant defense and cell death, is a novel calmodulin-binding
protein. Isolation and characterization of a rice Mlo homologue.
J Biol Chem, 277 (22): 19304-19314

Letunic I, Copley RR, Schmidt S, Ciccarelli FD, Doerks T, Schultz J,
Ponting C, Bork P (2004). SMART 4.0: towards genomic data
integration. Nucleic Acids Res, 32: D142-D144

Li F, Hu DW, Chen F, Cui XF (2005). Prokaryotic expression, anti-
body preparation and cell chemical analysis of 7aMlo3 in Wheat.
Acta Biol Exp Sin, 38 (6): 550-554 (in Chinese with English
abstract) [25 JL, HI4<4E, [4HE, FEBEIE(2005). /N TaMlo % K
M EAZRIE DU 88 S 4 AL 22 53 BT SRa AR 41, 38
(6): 550-554]

Liu C, Zhao K, Wang K, Bai J (1999). Redesignation of the causal
agent of grape white rot in China. Acta Phytopathol Sin, 29 (2):
174-176 (in Chinese with English abstract) [z, X245k, I
e, 4 (1999). FRIE AT E 5 B 43 S M ) ST A o
FC. AEPIR LR, 29 (2): 174-176]

Luo Z, Zhang JZ, Hu DW (2009). Cytological examination on inter-
actions between Mlo near-isogenic lines of barley and their leaf

blight pathogen, Alternaria tenuissima. Acta Phytopathol Sin, 39
(1): 36-42 (in Chinese with English abstract) [/ 5%, 5Kk, #H
AR 4E(2009). K FMloilr 45 5 K] 2 L5 Al B L AE 10 48 o 27 B
Fo. HPDR AL, 39 (1): 36-42]

Martin GB, Bogdanove AJ, Sessa G (2003). Understanding the func-
tions of plant disease resistance proteins. Annu Rev Plant Biol,
54:23-61

Nsonni C, Humphry ME, Hartmann HA, Livaja M, Durner J, West-
phal L, Vogel J, Lipka V, Kemmerling B, Schulze-Lefert P, et al
(2006). Conserved requirement for a plant host cell protein in
powdery mildew pathogenesis. Nat Genet, 38 (6): 716-720

Panstruga R (2005). Serpentine plant MLO proteins as entry portals
for powdery mildew fungi. Biochem Soc Trans, 33: 389-392

Panstruga R, Schulze-Lefert P (2003). Corruption of host seven-trans-
membrane proteins by pathogenic microbes: a common in ani-
mals and plants? Microbes Infect, 5: 429-437

Pavan S, Jacobsen E, Visser RGF, Bai Y (2010). Loss of susceptibility
as a novel breeding strategy for durable and broad-spectrum re-
sistance. Mol Breeding, 25: 1-12

Pavan S, Schiavulli A, Appiano M, Marcotrigiano AR, Cillo F,
Visser RGF, Bai YL, Lotti C, Ricciardi L (2011). Pea powdery
mildew er/ resistance is associated to loss-of-function muta-
tions at a MLO homologous locus. Theor Appl Genet, 123 (8):
1425-1431

Qiu W, Feechan A, Dry I (2015). Current understanding of grapevine
defense mechanisms against the biotrophic fungus (Erysiphe
necator), the causal agent of powdery mildew disease. Hortic
Res, 2: 41-46

van Schie CCN, Takken FLW (2014). Susceptibility genes 101: how
to be a good host. Annu Rev Phytopathol, 52: 306-307

Wang Y (2016). Cloning and function analysis Mlo gene related
to powdery mildew resistance in grapevine (Master’s thesis).
Yangling: Northwest A&F University (in Chinese with English
abstract) [ 127 (2016). 4 &) Pt AR A L Mlo i) 7 4 5
hREw T (W18 50). Mk PEABRMRRHECR %)

Zhang X (2015). Cloning and expression analysis of powdery mildew
resistance-related gene Mlo and yVPE in Chinese wild Vitis
pseudoreticulata (Master’s thesis). Yangling: Northwest A&F
University (in Chinese with English abstract) [7K/N%£(2015). H
| BT A AR A 2T L DB 9 A G2 K Mo Ay VPE R B e 5 3R 0E
AT S0). Bk B RMRHECR 2

Zhang Y, Li F, Liu CH, Fan XC, Sun HS, Jiang JF, Zhang GH (2013).
Isolation and Identification of NBS-LRR resistance gene analogs
sequences from Vitis davidii. Sci Agr Sin, 46 (4): 780-789 (in
Chinese with English abstract) [5K i, 2=U&, X528, 5555, fi)
AR, AR, TEEE2013). Fb AR R A BT A R R NBS-
LRREHU 5 K 76 Fr 51 10 2 1B 5 4. RO RLHE, 46
(4): 780-789]




1658 T A P )

Study on the function of resistance to white rot of Mlo genes in grapevine

JIA Yun-Fei'?, ZHANG Guo-Hai', LIU Chong-Huai’, FAN Xiu-Cai’, JIANG Jian-Fu’, SUN Hai-Sheng’, ZHANG Ying™"
'College of Forestry, Henan University of Science and Technology, Luoyang, Henan 471023, China; *Zhengzhou Fruit Research
Institute, Chinese Academy of Agricultural Sciences, Zhengzhou 450009, China

Abstract: Mlo transcription factor is an important negative regulator of plant disease resistance. Through the
analysis of the basic characteristics, genetic structure, chromosome location and putative protein structure of the
family members of grapevine (Vitis vinifera) VvMlo genes and the reported Mlo genes related to the disease re-
sistance, this study aims at establishing a phylogenetic tree and inferring Mlo genes which relates to grapevine
resistance mechanism. In addition, this experiment analyzed the expression of Mlo in resistant cultivar Vitis
davidii 0943’ and susceptible cultivar ‘Manicure Finger’, and through this the wanted Mlo genes were obtained,
which can respond to Phanerochaete chrysosporium. The results show that 6 VvMlo genes (VvMlo3, VvMIio6,
VvMlo9.1, VvMlo13.1, VvMlo13.2 and VvMlol7) were grouped into the group IV which contains Mlo genes of
known function in disease resistance, such as Arabidopsis thaliana Mlo genes (AtMlo2, AtMlo6 and AtMlol2)
and Solanum lycopersicum SIMlol gene. Mlo genes of “Vitis davidii 0943’ and ‘Manicure Finger’ in the group
IV had different responses to white rot. Furthermore, the expression of VvMlol5 was significantly higher than
VdMlol5 during the infection of white rot. In the whole process of fungal infection, VvMlol5 had strong re-
sponse to white rot infection, while VdMlol5 had a little. The characteristics of the genetic structure, protein
structure, molecular mass, isoelectric point and transmembrane structure of VvMlol5 are more similar to those
of vMlo genes in group IV. It can be speculated that VdMlo15 plays an important role in the resistance to white
rot of grape.
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