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QTL Mapping for Powdery Mildew (Erysiphe graminis DC. {. sp.
hordei EM Marchal) Resistance in Barley (Hordeum vulgare L.)

Tomohiko Iwasa, Hideo HETA and Kazuyoshi TAKEDA

Powdery mildew, caused by Erysiphe graminis DC. f. sp. hordei EM
Marchal, is a serious disease of Barley (Hordeum vulgare L.). In this study,
we used molecular markers to identify the chromosomal locations carrying
genes for powdery mildew resistance and to estimate the effect of each
gene. Doubled haploid lines derived from Steptoe X Morex (§/M), Harrin-
gtonX TR306 (H/T) and their parental lines were inoculated with five
powdery mildew strains. Several quantitative trait loci (QTL) controlling
E. graminis resistance were found and located on chromosome 4H, 5H, 6H
and 7H in S/M. On the other hand, no QTL was detected in H/T but
Harrington had a major resistant gene (Mlg) for powdery mildew resis-
tance.

Marker-assisted selection was conducted to examine the effect of
accumulation for mildew resistance. There was a significant interaction
between QTLs located in 4H and 7H, which suggested the presence of an
epistatic effect between these QTLs.

Key words : Hordeuwm vulgare, Evysiphe graminis, QTL mapping,
DH lines.
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1992), BRECHMIN TS, BHE-EH (1957) FHAD ) KA ZHRBICHT 244 L%
MREOIETMEE T ICDWT ML» b Ml TOISOIEPMHEE T2 R, Th b DEH
BRI OWTH LI L T D, ALK ) PATKEIIEYWHFERTH L0 T, K
HEEN TV A A LXF L OMICEELBGE - Tl B Y, 20E, HEOHEK
CEBTALSFAFICH L OREMARY. BE-EE (1959), (1961 a, b) I3 HAKHIC
DPLMEL AT LX) FAZHER IOV — 2L, £72, A4 LX) EATKD
EHERETFI AU 2B RN OREMEETOFEIC L > TREHEL X B0 T, ITh
LNV — 2K L TEEL TEMEZ2 R S 2 ERT 5201013, 112 THLY —RITHL
TIEHM 2 TRY Jmle,® & 5 GHERMEIR T2 4 4 L X OBFB AR H A L& BN T
WAMB THEIN TV A AT LX L LEBATHILENH L L LT,
L LZedss, ZhsDEHEEEREFIIRREEOEKICK L TRENTH 5720, K
FHEEFOBERLEICE - T, BRLIESTESEIIESICEEZHEELTLEY. F
7z, EBHL (1989) 13 5 & A ZIWIEPUHEREIG F Jmla 2303 5 0 BUHE B bR 0 2 HER A0 59
& R RSB TE 52 L 2R L7, - T, AEH RSSO E RIS XIS
IR R 2 BT REF A AT 2 2 P UEE £ b5, RBESMRIE IO
WIS 2 BB T OBRERIC OV Tah 5 h W L%\ (Geiger and Heun 1989).
—7%, RFLP =— # — % AV 78t ok Ric L hud, 3H # B & ToRBMRIC T A 4
¥ YA ZKOETERETFORHBEN T3 (Saghai Maroof et al. 1994), F 7z, 5
PR TRH X 72 QTL AT IC & 5 BROEIMES KB 2 BIEF O~y B T DMRY 5
FNoA5H BLOTH ICEREL TW5 2 L2 L 212 ST 5 (Backes et al. 1995, Heun
1992). 42 50 ) YA ZIRIEPIM 2 XA 2 BRER T OEEREAELH L 212 S iU,
PP T & BEICES L 2o F~— 0 —IC & ISR OB BLB AR L X 5 5.
N e iil‘r - 2RI R LIRS £ R T R FORGBIK EOERME & FOERA T %
BT B 72012, 2 MATDOEIERKERB LUz L BT 2 >— 2 —HREHWTE
BT QTL 2y B T EITo .

M LUFE

1, iR F L XGRBLASUIICRR

F A 4 X §hkE Steptoe X Morex (LLF S/M) $ & v Harrington X TR306 (IR H/T) @
2 MR 5oL o LIS & - TERE L2k (LT DH) 147 (S/M) &
U144 (H/T) Z#ie b ic s s oM 2 R L7, 4o, W DH AR & Bl o U
= <— # —1&#13 North American Barley Genome Mapping Project & ) #2#t3 #172,

2. BERE

DH 28 & 8k 2 B A (50X 35X 10em) 1 Fic D X &R 5 K DFH0RBERE
L, 18~25CIcHifi L 2 FBBin S T2 il THE®, S/MICEB AT LX) EAZHRED
h81, h83%, H/Ti2ix h9, hdb L O k6T 2z Fhsde L 7z, BE%I08 BIo &R
Hlo oW TIEFEZ a7 # U TRk ic o % 6 Bl (0 [ EHiME~ 5 Bt TRHMEL
7z,
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CWIEMICERESICEETH ), HErE(EHLRT W,

CHABIUSEFRED LN WA, NELEBHED D CEEED IS TE 5.,

CHARL DT REL, SEFLEERT S, S CIBEFLBID 5 ITHHLTE B,

SR ) DERYREL, SETFEERT S, 72, WAL LRENERS L VIIE

WA TE D,

4 BLOBEAPREL, LHETEERT S, £72, bTr0EMRD 5 VIIEHENT
5.

5 & DEAHTREL, BECaETERET 5.

W N = O

il

3. QTL &7
HEHMEO T — # £ 222 (S/M) 8 & 18127 (H/T) o~—#—E#Hic#o%, MAPMAKER/

QTL1.1% i\ T interval mapping #47v», LOD score #°2.0LL LD & D2 HE % QTL &
LCH FA BN 4 XY 2 BIETFOERME & ARIBTOMREHEL .

BRESIUEE

1. fi#les LU DH RFEBHOEREZ T

AEBR|- a7 Bttt L, Steptoe & Harrington IZHEHitE (EHEZA 27 1 0~ 2)
%, Morex & TR306/3 MM (3~4) %R/l 7 (Figs. 1,2). %7, Wilé¢ o DH
BB BT R 2 T IR EamIcEwEREZ AL (Figs. 1, 2). ¥IcH/TT
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Fig. 1. Variation for disease ratings in DH lines (Steptoe X Morex).
1) From 0 (resistant) to 5 (susceptible).
Arrows indicate parental infection type.
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I3, AL 2w no@kica L TR E BRES 1 | 1 oI ES L 22k
b (x2=2.31 (h4), 2.86 (h8, k6)), Z# & DE#RIZXT L € Harrington {3 &3t 18
BETEHEH Db EEZ LN,

h4

60 F Harrington
TR306

ob 14 |

20+ b
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ol v
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Fig. 2. Variation for disease ratings in DH lines (Harrington X TR306).
1) From 0 (resistant) to 5 (susceptible). Arrows indicate parental infection type.

2. QTL Fic & 2EMMERGEFOLABE HRDOHEE

interval mapping 12 & - T QTL i &R HEL 22 25, S/M I h81 & HHEL 72
BAHITIFAH, 6H BLUOTH 1A ELZ QTL ARHBE 1, B < h83% ML 723541Cid5H B
FUTH FIcAEZ QTL R S 7z (Figs. 3, 4)., 272, ) PAZHROELERIINT L2
oD QTL ORIRIZ F# N #126.4% (h81) 3 L 1,19.6% (h83) TH -7z (Table 1). M
EERICH L TTHIC RS N QTL IR WD R ENF R ), ZNFHRL - 28T
BIZFTHBbEEZ LN, Zonkyiz, AL Z2EBKICH L ZFNFNREL - 2B
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LOD score for the QTL analysis of powdery mildew resistance in barley (S/M, h81).

Bl : Centromere of the chromosome

Fig. 3.

21: Confidence intervals of the QTL
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LOD score for the QTL analysis of powdery mildew resistance in barley (S/M, h83).

Table 1. Location of QTL affecting powdery mildew resistance in barley

Cross Isolate Chr. Marker interval LOD r? Weight
S/M  h8l 4H ABG484-MWG058 2.5 0.075  0.65*
6H BCD340E-ksuD17 35 0.103 0.7M
7H BCD129-ABG320 5.6 0.166  0.9S
multilocus 9.7 0.264
h83 5H ABGT705-ABG708 2.6 0.083 0.7
7H Amy?2-ubi-1 2.7 0.104 0.7M
multilocus 5.9 0.196
H/T h4 4H MWG716-dMlg 1244 0.981 4.7T
h9 4H MWG716-dMlg 75.3 0.920 4.2T
k6 4H dMlg-ABG715 302.8 1.000 50T

a) : Parents contributing higher value allele.
S: Steptoe, M : Morex, T : TR306

H/T 1= B\ C4H 12 B & 7 SEHUME &S T3 VER ) (weight) 29k & € (4.2~5.0), &
BRI 2 QTL 0% FE# 7T 1230.98~1.00x i d LIZEML 2. kB2 IN5
» QTL i34 b 4H 1R 238 2@ T Th 5 Mg DR TIRBIZILEL 12
(Table 1). 72, & DH H# o 3 BRICH§ 2EHER 2 Tz oW THBERE S Kbz &
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25, 1=0.94~0.99 ¥y LBl 7z, 22 CTH/T R c AL N2 EHEZ 27
DN 1 ODFBBEEFICL > THREN TV B EEL, 2370k - THEHME (0
~2) LRIRME (3~5) D2BUCHET 5L, & DH RO 3 EkICHT 25 1
DREERESTELII—EL:, 26D &5, H/TicBvCRH R 1172 Harrington i
RO 3WHNEBIZFIZBEM O ) & A ZHRIESIEERR T Mlg & R £ 72 138O S0 B+
AT ThH LM E N L ALz, &8, EHRES—KL kb - 72 1 ZHITBERC
B ARGETHH LB b 5B,

3. QTL 72— —Io & 3RERBODE

S/MizBWTRIEE N4 QTL diEfEn~>—»—Iic k - T DH R 298 L, 5
2 AT DREWER W L 2R, wTho=—d—Ic on T LB RIIHANICEE T
otz LI, BEO——I2 & > CERMEEF2 8T 5 LB O BILHETH
»7z(Table 2), ZDZ &5, =w—h—Ic & 2IEIERKOBIERKIC & - TIPS
FN, F2L05<HQTL 2EMT 52 &1 & - TIEHIM: % BB £/ T 5 = & 2 WThE
ThdeFEZLN, LrLuh s, UKL TEHMZRT QTL w9 b, 6H L U07TH
RS QTL Mz 5 %K ETCHBEARKEER»ZD LN, 2No0 QTLMic e 2%
CADHET HZ Lo RE Nz (Table 3). 2z ki3, HED QTL #—o Rkl £k
T5%E, tnbDQTLOMIC Y 2 7 & ADHEAET UTHEHTIEIZ 463 L & AR I 1208
KLAWZ ERRLTEBY, BEEAETRENEEZ LN, —F, H/TICBWTIiAE
BOBRERICH L T TN LT E2 T Mg 5 i3 %0k REOIEPE S @HEEF
HEELTEY, REOHERIIEEIRNEZ R 20T, ZOZTHHEAEIIOWT) KA
ZRDOESGIEDE % AT 5 QTL 2 RHE9I12id Mg i L TREHEZ RTHEKRZH W
B H 5,

Table 2. Comparison of powdery mildew resistace scores
between averages of resistant and susceptible DH line
subsets selected by Putative markers linked with QTL

Isolate Marker Chrom. RY SV t-value
h81 ABG484 (a) 4H 2.62 3.22  3.44**%*
BCD340E (b) 6H 2.63 3.29 3.94**x*
ABG320 (c) 7TH 2.56 341 5.34**%
a+b 2.42 3.56 5h5l1***
b+c 2.46 3.80 7.01**x*
atc 2.33 3.61 6.50***
at+b+c 2.32 3.89 6.84**x*
h83 ABG708 (d) 5H 2.87 3.50 3.50Q%**
Amy?2 (e) 7TH 2.98 3.58 3.35%**
d+e 2.67 391 5.48%*x*

*** : Significant at the 0.19 level
1) : Letter suffix “R” or “S” indicates average scores of DH line
subsets with mildew resistant or susceptible QTL, respectively.
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Table 3. Analysis of variance for the average mildew
resistance scores between DH lines grouped by
marker genotypes of Steptoe and Morex

Isolate Marker df MS F
h81 ABG320 (a) 1 21.10 26.28  *xx*
ABG484 (b) 1 5.50 6.85 *x
BCD340E (c) 1 10.15 1264  *xx
aXb 1 0.04 0.05 NS
bXxXc 1 0.00 0.00 NS
aXc 1 3.50 436 *
aXbXc 1 1.55 193 NS
Error 132 0.80
h83 Amy?2 (d) 1 10.97 1043  *=*
ABGT708 (e) 1 14.29 1354  **%
dXe 1 0.38 036 NS
Error 136 1.06

* ** and *** : Significant at the 5, 1 and 0.19 levels,
respectively.

I A ZIHRIESME R TFOREREEKIC OV TIZZL OBEY DD, HELEKE DD
g nFER L LT, 1H (Mla) B L U4H (Mlg) 1< # 7% gene family 2 EE I LT 3
ZEHELLTWA (Jahoor et al. 1993). RFLP =—#—# A2 ) & A ZRIEHMEEIR
Fic BT 2 B OB EL S, 2N F TI3H 2 K< £ TR IR ER T R
T ENHLPIZZ N TS (Jensen et al. 1980, Hayashi and Heta 1985, Hinze et al.
1991, Hilbers et al. 1992, Kleinhofs et al. 1993, Saghai Maroof et al. 1994). %7z, &
BRSO BETFO2 Y B Z70EERED 5, Heun (1992) I35H BLUTHIZH FAZ
RIEPIME A X5 QTL 2 RML, 2051t > TEERNII.8U Y HHTE L L L1
7z Backes & (1995) 37TH IC4&ZRND 9 %% HHATE 5 QTL # R L7z, AERIZEWT
REEN7 QTL» 9 b, h8lds L Urh83 (S/M) icxt L THEHMEZ R QTLIZZN65H 8B
FOTH i B2 17> QTL & EEEICSH (h83) 3 L U7TH (h81) Ytk il i R3S 1
72, b0 QTL iy B - 2@ENER2H 2 DH R B W TRHEIN 22
YixEREG, 4H 3 L 06H i RS 172 QTL (h81) 139 & A IRt EiE T mi-o0 (4
H) BXU mih (6H) OFAFIMEL 22 &0, ZnbDQTL & mi-0o BEW mih & D
B EIC DWW TR LICHFMICRET T2 LENHHLDEFEI LS.

H/T oW T BB S 24 i ERT 2 EHMEEE T Mg & H— £ 238D
MEEF T, hd, 9B L U kblIc i L T2 HobneFE 2z L5, —Hh, S/MICB
W B S R OIEPERZE TR NI S v, AL 2Rk L Te e
BRI IGT 2 IEMERTF Th L EALNT, ) FA RIEIEMEDTRIC L 72 > T,
L— 2R R BRI T ¢, L — 2R TEE L TIEMS A RET AL O L
BEHEHEE L B 2 BELH B, o T, SHBELICHME>— 2 —ERy LERICHL T
R TIENM S RBT 2 QTL 2R, #Nb2EMMT L2 LICL-TH FAZHKIC
MUZEL CIEFEEZRT L ) A RHEENTE 23D EELLND,
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7 2 ¥ 5u#E Steptoe X Morex (S/M) 3 & ¢f Harrington X TR306 (H/T) 2 &
BH b LKy W ABRIC & o THRE N2k (DH) Rkx A, £F4X ) EAZ
i h81, h83 (S/M), h9, h4b k rké (H/T) icxt§ 2EHMPE LN, EHMENT -7 &
2 — AR L AT LX) EAZKREDIEE XET 2 EBEFOMELHRE QTL vy B
I DHEEL 2. FOFER, S/M TIRERHRICH L TRENICEIT 5 v D20
MRIETF24H, 5H, 6H, BLUTH IR Bans, —%, H/TiEBWw 3w Romkic
LT3 DH REEBEOIES M 2 2 7 5B EHIH: - BmtE=1 © Lic#A&L, RS
72 BE I IERMERE T Mg s Ta—H 2 WIEFRETH 5 & A bz,

F—7—F 5 YAIRIERYE, 44X, fEmksdk (DH) R, QTL=v b7

51 B X ®
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