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Abstract Powdery mildew (Podosphaera xanthii) commonly
occurs in cultivated fields of melon (Cucumis melo L.). It
inflicts a lot of damages. Therefore, breeding resistant lines
is essential. Development of a resistant line by integrating
resistance gene takes a long time. In addition, break down of
developed resistance by generating new virulent fungus
strains increases disease susceptibility. This phenomenon
was related to races of powdery mildew. Therefore, it is
important to develop a DNA marker to genetically analyze
race-specific resistance genes of melon powdery mildew to
breed resistant lines. To date, a total of 28 races of
Podosphaera xanthii have been reported in the literature. In
Japan, 10 races have been reported in the Ibaraki region. We
developed a system to characterize the races of Podosphaera
xanthii and confirmed eight out of those 10 races in the
Ibaraki region. In Korea, only one race has been characterized
to date. However, some different races were detected. Through
genetic analysis of resistant lines and susceptible lines of
powdery mildew, resistance genes of racel (Pm-X, PXB, and
Pm-R 1), race N1 (PXA), race 2 (Pm-w and Pm-R 2), race 3
(Pm-X3), and race 5 (Pm-X5 and Pm-R5) were identified in
melon. These related genes of race 1, 3, N1, 5, and race 1, 2,
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5 were located at linkage group II and V, respectively. In race
1, resistance gene was located in the linkage group XII. In
addition, each race-specific marker related to specific resistance
gene was developed. Using race information and race selection
system obtained in this study, resistant line can be bred to
develop resistant cultivar for several areas. Furthermore, this
will make it more easily and economically to breed resistant
lines by using selected markers.

Keywords Powdery mildew, Race, Resistant line, DNA
marker, Melon (Cucumis melo L.)
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B4 Ase olgsto] F4T Al FFol Al 571l
A AeistE ede UEtlle B97h 2Ask T o

49| race £3}7} 2 A Hojstal Qlth(Hosoya et al. 1999;
2000). g TEO] SHHE B AT AFS A
517] 9Jali A= ARl race®} raceo] et A FHAF
AT} vz Aol ojg AA 07
= I Q 3} th(Kuzuya et al. 2004; Fukino et
al. 2008). WalA E AT W 872w Aary E£E
4<% AVFEHFY race w31 9 A A A
B BAT e A7EYe Avno,

U2 S712HO| race =3t L XA SO 4

WEol} 20] 5 LA ALY e AT
O 2 Podosphaera xanthii (syn. Sphaerotheca fuliginea) %
Golovinomyces cichoracearum (syn. Erysiphe cichoracearum)
of % $2o] Aol KU gon, £ 29| Aol
wol ko] e, fibrosinA| 2] G2 783 4 9\ckBallantyne
B. 1963). Golovinomyces cichoracearum+= 3Egf 9 4=cho]
A Loz BIEcH(Molot and Lecoq 1986; Epinat et
al. 1993; Mohammed et al. 1995). 2131} 1970 ) HE =
Podosphaera xanthii®] 2rAJo] Wo]l RIE AT ZH &=
2t (Epinat et al. 1993)& 3 3}5} o] u|=H(McCright et al.
1987), o] A2}l (Cohen et al. 1984), ¥ E(Hosoya et al. 1999;
2000; Kuzuya et al. 2003; 2006) 5 A|A] Z=o| A 3712
ol %t HHFor HAuEI Qi oA WAy
o= W2 V2 A JA] Podosphaera xanthiiz? 1l
&3l QItH(Han et al. 2014). A/ 5714 WE S7tF5 A%
A EFESTE 6 o FAAEe] A AL W) E]
AUTh 19359 vj=mo| A= 7R A Als PMR4S
2 SA35F9 th(Jagger and Scott 1937). 134, A 34 A
& PMR 455 o3} A7]= 2L o] HilEglon
PMR 450f 2232 = 2 race 1, PMR 459 Ay 5}
= 7= race 28} H Y 31 ¥ th(Jagger et al. 1938). 1946
race 137} race 20] A3FAS 2= PMR 5, PMR 67} 24l &
Sl th(Pryor et al. 1946). L& L}, PMR 5& o|H3} Al7|&=
o] HAYE o o] F race 30|kl YL, race 1,
2, 39 37} ] raceE TH3L7] ¢3l 371 (Hale's Best Jumbo,
PMR45, PMR6)2] race HH A E 0] A|QtE ¢ tHThomas et
al. 1978). Bardin 5(1999)2 57§ 9] race (1, 2, 3, 4, 5)& &
H317] I3l 8702 race WEASS AT o, PI 124112
A&ol race 1, 2, 4, 5o thsto] A UEtlH o] A
o= 3 A FAATE Bojdhs AS B

FAEE ol Zro], 28] 7R A FFolA A
P FAALE ol &3 AP AT 4 2 MEL
race E& 0 O3t A AT o]E3rt vHEE = dA

o Jos

2 YEMY A th(Kuzuya et al. 2004). McCreight (2006)°f wh
2y, 29 s7tR o Wedto] #3fsto] AAH R
2879] race7} EATTRIL HusIANE ZF e E
race WA thFoHA o]&sto] Wt AytEo|t)
weba] okt races AAISHA 75171 A= EH
A3t raceEs WHET 5= = BEA Y AgH ol5 H
MASE ol §tel HEHet race THo| 7= oo} 3 A
o1},

U2 o A= Hosoya 5(1999)0] ofule}7] & of| A Ayt
HE 7R ES 297H1997~1998) 3 sko] 679
w2 7 E(Fuyu 3, PMR 45, WMR 29, Edisto 47, PI 414723,
PMR 5)& o] &3}9] raceE E53F 21}, 4719 race (race
1, N1, N2, 5)& 545t B3ttt Kuzuya 5(2004)&
T7W race (race 1,2, 3,4, 5,6, 1) £&77} 713k 87 &H
#)%=(Fuyu 3, PMR 45, WMR 29, Edisto 47, PI 414723, PMR
5, MR-1, PI 124112)& o] &3} 2™, 99 47} race ©] ¢
A28 27119] race (race N3, N4)E F435}o] K 15}%th
E3h 2006 ol AT 7Rt A 7]E raced]
TR o2 3709 race (race A, 0, ) MEA &
A 5} 4 th(Izumikawa et al. 2008). ©]& 37] 9] race (race A,
0, )2 71&9Y race WA 5 (Bardin et al. 1999)2 o]-&
sto] AAS AASH A3, race A, S+= race 13} H] 523 F
& UeER Sl o, race O= 87 Al EFo)A oA
= YEFA 7] wfZol race 2 93l HEATE ME
A A&FsETt 20090 A EH SAVtEHHF O R RE 7]
Z9 race I, N1, N2, 5, A, S, 0&}= T2 28 3712 H
o] FA8IA o m, race 59} W23 RHYP S LEHY o]
race N52 H1H 3} THKim et al. 2012) (Table 1). X &7}A]
YR A FAE WE A7FEH A2 F 10702 race7} &
A Hlow, races AT 4 e FETEAT AL
U HAEAL"E JEsto] AR o]-&skal
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Table 1 Response of melon cultigens to races of Podosphaera
xanthii

Response to races of P. Xanthii

Cultigen 1 NI N2 5 A S O N5
Fuyu 3 S S S S S S S S
PI 414723 R S S R R R S I
PMR 45 R R S S R R S S
WMR 29 R R R S R R S S
Edisto 47 R R R S R R S S
Andes 5 R R R S S S S S
Igl R R R R R S R S
MR-1 R R R R R R I I

R: resistant, S: susceptible, I: Intermediate
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29 e A4 AEe] G40 Bus A oo
U ORI RN N 4 01

HE Georgia 47, C68, PMR 5, PMR 62| 3713
A A s £AEEE 4T xm
A AES SA 519 tH(Takada et al. 1974). T3t 37} 54
race 10 Tt A3 AF= o1&t race 1] A &
291 ArsisQ} Ferias 3433} th(Sakata et al. 2012; Sugiyama
et al. 2012).

aea ojutebr|d AEFerAT oﬂ/ﬂ race 1, N1,
N2o| A& Uetli= P25 Alge |4 3+l o, race
I, NI, N2¢f| 23S U= WMR 29 A5of o84
A Fuyu 35 wujek & AF2(selfing)oll &3 A=
UEt = P29 AF S48 ol d=9Y f4
Ay 2= 37124 race 1, race N1, race N2, race A, race S,
race 09 F 57119 raceo] AFAS UEtW= gl Als=
Adrsteict. A Igl Algol ofukeltr|d 9-=FAlF P32
S WHjgt & thA] race A ¥ race Sof| AYAIE 71l AlE
C18-215 wu&}o] race 1, race N1, race N2, race A, race S, race
09) & 67]19] race A3} locusS FASH P46 (P32-BCF)) A
=S5 SAISHYTHKim et al. 2014). P46S o]-&35}to] 345
S 719 e ceel Skl A4 ey
oo, sl B3 A7l S5 F4 o] e
W ThFig. 1).
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Fg. 1 State of powdery mildew occurrence of Ibaraking (susceptible)
and F; (P2 x P46) (resistant) during the cultivation period
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7§ 2] RAPD, AFLP otAE H71stal AB/A =5 245t
o] X 15} tH(Wang et al. 1997). Garcia 5(1998)2 A4
ol ME S2AE 32 A (14719 Galiad, 117]9] Piel de
Sapo, 7709 #¥)9 Aujd SAEEY, B=24
v 28kAS Z3hHT} 43719 RAPD ulAE o] L3}
A4 BAE 2R Ron, 2HAH £4L Folo
7hE 2 ga2gio] it A3/ Galiad ol
4 A4 $H47F GOBL} GOKE o] Arkn w1
3} th 2002 Perin et al. (2002)-2 Védrantais x P1161375
oA A H 16370A] S A2 A4 ASRI) 6370 A 9
Az AFe} 3187H2] AFLP, IMAS 1} o] 94
Soto] AR WE AWK =E AAsH
u] 27l SSR, RFLP u}A ¢t ¥dFP 2 &
bl ekl of ABERRE W
317} race 19] Yot A3 S-AZ} Pm-x= LG (Linkage
group) 110 ]x]5}31 01, race 2] w3t AHd F+AA
Pm-wi= LG Vol A8k ®3k AHd AR vt
7 CMGA369F E46/M40 8-S zHzF Aurslglct.

Fukino S(2008)2 317}=H 314 A= AR 5 (PMRS
S A2)e o|HA AE Earl’s Favourite (Harukei 3)E
wft 2 93719 2ot AAATE K4, 16774
] SSR, SCAR, CAPS t}AE o]g5lo] AAE 244 9
QTL #A4Z& dstqich 1 At A#/A = LG 11¢} LG
Xllo| W& 75 A gA F-AF Pxd (race N1) 2 PxB
(race 1)7} ZA 3t AL Hustgon, S718Y 3t
A AR o] edst= uh#] CMBRS, CMBR120, CMBR111
£ Askgi ojubety| dol Al £493 AlF L129] &7}
£ A3 PMR4A5LE 2HA 3] B UBHA race 1, NI, A,
Sofl tisto]l A dS el en, L12 x P329| Fi>
race 1, N1of| tfsto] b3k Aok4de veh9lar, A9
T LR ST 1YY race A, Sof
gelas Beas fuge deges ARA 44
Ae B9 9o R FASITh L12 x P329] F,
687H Aol thsle] S17FR race 19 ek AP A
I} 1007] 2] SSR mHA o] 42 5 CMBR 8 m}# 9
AAg o] 2@ AR5} tH(Izumikawa et al. 2009).

TGR-1551= 3 7}%H race 1, 2, 59 dsto] A4AALS
73 glom, o5 o] g3tel 195749 Fa ATk 45}
o QTL EA8 4335} % th(Yuste-Lisbona et al. 2010; 2011).
ESE AFLP 1}A 2} 6719 524 17 (SCAR, CAPS, SSR)
£ o]&sto] AB|ALE Ao, LG Vo a7t
H x&A] TH S -2 MRGH52F MRGH63E A3
o} 123l QTL&A 0 25 E MRGHS wHA = d71%4
race 1, 2 (Pm-RI1-2)9] AF YA G ALste utA=,
MRGH631HA = race 5 (Pm-R5) A A$= Adste=
A 2 AdbE ¢lth E3 Fazza 5(2013)2 race 1, 3, 59
i3t A Al A& Pl414723 I} o] A A% VédrantaisS]
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Table 2 Linkage group and resistance genes of powdery mildew
races in melon

Race resistance gene Linkage group
Pm-X I
Race 1 PxB Xl
Pm-R1 \%
Race N1 Px4 I
Race 2 Pm-w, Pm-R2 A\
Race 3 Pm-x3 I
Races Pm-x5 II
Pm-R5 v
Race A 11
Race S II
Race N5 XII, 1

Fy At 87 7HA1 9] A @ F 139719 AFLP v
W 18709) TRAP whAA o] $AXBL ol §3tel ABAE
2 Z4stdeh. 1 AT} PI414723) race 1, 5 (Pm-xl, 5)9F
race 3 (Pm-x3)9] A&A SAAL LG 119 AHE dtho)
ARt e = e AR FAAA M U=
AFLP 1}#(H35M75_156)2 A9reld 1 Pmx3e] ZAo}
$479 9142 Agoz B a3k
S7FEH race NS A4 FAA 4S5k race
NSol| et At Al oA Also mrfof sl &
o Fiit Fr Jete S4% & HAFAIHS s th(Kim
et al. 2013). F, A& AA: 2704 oAl o] 3.2:30
2 2IEon, ol ¥ Ao 25 AR A o] Bt
W94 §AHol Beluleh dAaheleh. T race NS A
H AR F LG Xito] $1718 A3
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Table 3 Classification of powdery mildew races of melon in the
Ibaraki region

Race classification

Isolation
region 2008 year 2012 year 2013 year
Hokota-shi  Race A, S, O Race 1, A Race N2, 5, A

Ibarakimachi Race N2, A, S, O Race A, S Race 1, 5, A, O

Race N1, N2,

Kasama-shi 5. A O

Race A, S, O Race A, S, O

At A= AR AR FARE Ll Algko] 2 A
HATE AFAY ASEFT 40 ALHA o] Fofx1L
UARE o] AFEE AEE FUE= MEE race
P oz AP AS/EFFol oY} He ZA T
AsEaLl et ol 2t FAL AV race?t ©iO]
A7) wfiZol] WE A7FEEAY race 5HE AFE EF
ko] - Fastch. @AY “é‘%iﬂ Y7t race
HANAA SR 28F0] RiEon, A& ojutety|d 5
AT o] BEFet @F’\Oﬂ/ﬂb 1071 ¢} race7} &
2ol 2Agtchar Rauskeh o= e d st ¢
FHol A= WE Y 9 2E st E vl
—'47P—Er%‘77# 33t raceE WSt glom, 7] &
e 137 ofy gt | 2-& race”} A3 ThH= A&
EJ—é}"ﬂE}. AR Mg 7RO A2 & races 27
shedl 2lol # 7HA f19f sfoF & Ao] Sl=Hl, AA, =
Aol A AT 9t o2 race7t EAsEA UL 7HsA 0]
7] ol AT A= F £ dllof st 24, £
Ao 2 Aol race A8 AFE ol &34 ARk
A BF5} race AT 2 Itk AR, B2 raceD %

Abat7] SisiA A A g, = azke] 3] atH
ojtetz| @l A 3o AA 3x oA WE
7HE S RS race AFS & A wid EA
gston, A9HER: tE race7} A=
Q1 tk(Table 3). o]EA LA raceH 2o}
race A1 WS o] Golgtthd, AJA AlTS H4o

[e}
, Al o] gr= race AP £5& 54T
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