Cornell University
: 2008

APS
Genetic Dissection of Loci Conditioning Disease Resistance in Maize Bin 8.06 “™™

Chia-Lin Chung *; Jesse Poland 1*; Randall Wisser 2; Judith Kolkman; The Maize Diversity Project 123:456.7; Rebecca Nelson *

1 Cornell University, Ithaca, NY; 2 USDA-Agricultural Research Service; 3 Cold Spring Harbor Laboratory, NY; 4 University of California-Irvine; 5 North Carolina State University, Raleigh,
NC; & University of Missouri, Columbia, MO; 7 University of Wisconsin, Madison, WI; * Joint first authors

Background QEt8.06is the largest-effect NLB-QTL identified in the nested assoclation mapping (NAM) population

Northern Leaf Blight (NLB), caused by Exserohilum turcicum, is one of the most

important diseases affecting maize production worldwide. Several qualitative loci The nested association mapping (NAM) population is a large-scale mapping resource in maize, consisting of i R

(Ht genes) and a large number of quantitative trait loci (QTL) for NLB resistance 5,000 recombinant inbred lines (RILs) developed from 25 diverse inbred lines crossed with a common inbred F0 e A mananns " 951508
have been identified and widely used in breeding programs for disease control. line B73. This resource is designed to combine the advantages of linkage mapping and association mapping,

Qualitative race-specific resistance of /¢ genes is characterized as inducing for high resolution QTL mapping with genome-wide coverage (7). Evaluating a subset of the NAM population

hypersensitive response and/or delaying lesion development, in a monogenic for NLB for a first year led to mapping of 6 QTLs conditioning increased incubation period (IP) and 15 QTLs

manner. However, the expression of At genes can be quantitative in certain conditioning decreased disease severity (AUDPC) (Fig. 2). Of the 21 QTL detected, g£t8.06 (gEt for

environments and genetic backgrounds (1). Co-localization of major R genes

3 8 . N quantitative resistance to Exserohilum turcicum) was identified as the largest-effect QTL across all populations, : Negative values:
and disease QTLs in some chromosomal regions of the maize genome (4) also H

and one of the two QTLs significantly contributing to both resistance parameters, IP and AUDPC (relative allele lower disease severity

SUBRESS Uit 70 GISITE e (ZEEm GUENEND aE| GUENHEINS [ESSETEE [ effects for decreasing AUDPC shown in Fig. 3). Most of the QTLs identified in this study co-localized with refative to the common
ambiguous. Isolating and characterizing gene(s) underlying resistance loci is . . . parental line B73.

. : previously reported disease resistance QTLs for NLB, but novel QTLs were also detected.
needed for resolving the question. Vaize genoype

The sixth segment of maize chromosome 8 (bin Fig. 1.

8.06) is known to be associated with resistance to Chromosomal regions

Nl';:if;?vzeéesri::;::z:c'is?:;;Sag‘g‘HL”;)’ and s Sloanst rosistance ig. 2. Position and relative effect of QTL for resistance to Northern Leaf Blight

geveral QILs|for NLE| resistance| have been Wiz diesse QT consensus map z referenced against previously reported QTL. PE0 e
localized to this region. In response to a recurrent 5 i ;
selection program gfor NLB resi:tance, significant Vira diseases o § E\fgtrg;:f;:c;aiga’\r‘ﬁ;.of
changes in allele frequencies provided evidence of Ervinia vt % o

selection acting at several loci in bin 8.06. One of """ g

the putatively selected allele has been validated in Common smut g

F, families derived from the selection mapping Downy midew & H

population (5). To dissect the complex region, oo — E . | |

and to understand the relationship between Gray leaf spot “ H 1

qualitative and quantitative disease resistance in Southern eaf bight 5 o - :

maize, a set of genetic stocks capturing a range of | "o —— Previously

resistance alleles at bin 8.06 has been used for Flowerg e o1 reported NL8-QTL

QTL mapping and characterization.

Conclusions
To be able to analyze g£t8.06 in detail, NIL pairs contrasting for the 8.06 region were developed using heterogeneous inbred family (HIF) strategy (2). In HIF analysis,
intermediate materials from breeding programs are used to develop NIL pairs that are isogenic at the majority of loci, but differ at a specific QTL. In order to capture alleles
contributing broad-spectrum resistance in NIL pairs, we chose to start from F, families derived from DK888 x S11. DK888 is a tropical genotype with superior resistance to
multiple diseases.

1. Consistent detection of g£t8.06 in diverse mapping populations
indicates that it accounts for a large proportion of NLB resistance in
maize germplasm.

Resistance spectrum of g£t8.06

R . . Race specificity of g££8.06 : X ‘ 2. High-resolution nested association mapping and break-point analysis
Although DK888 harbors multiple disease resistance, the Dk8gs allele at 8.06 P . using NIL pairs has localized g£¢8.06'to an overlapping region of <4
(GEL8.06,45 ) s effective only for NLB resistance. Resistance spectra and GE8.06gg5 conditions Mb (142.9 — 146.5 Mb on physical map). The tightly linked marker
effectiveness of diverse alleles at this locus will be characterized in NIL pairs being resistance to race 0, race 1, (142. - : phy: P} g .y I !
developed from the NAM population. but not race23N of £ umc2210 can be applied for marker-assisted selection in maize
Turci breeding.
Disease parameter nit Allele(s) at gE18.06 Student's t-test o 0
DK888 S11 (P-value) Race specificity suggests that 3. Race-specificity, map position and gene action of resistance suggested
I”;:;";ﬁ’g"mww) :"“’”’;Pe'”‘; . ::Y“"‘”""‘“‘E‘“" :’0“‘ ‘17 Zzzz:: <z-m" it may encompass the major that g£t8.06 can be Hi2, Htnl or a novel resistance locus. Concurrent
rimary diseased leaf area L < - . . : . .
Southern Loson engn p— 200 125006 o genes Ht2 and/orHinl. D s68 S s s work of fine-mapping Hn1 locus using F, populations derived from
leaf blight (SLB) % 295£10 30015 0585 B68HIn1 x B68 will resolve this question.
‘Anthracnose ncubaton period daysaternocuton 77202 78104 055 Gene action at gE18.06
leaf blight (ALB)  Laentperiod daysaferinocuion 104207 104207 1000 W
Primary discasedleafarea % 301%121 3862147 0963 gEt8.06 identified in DK888 HIF showed partially dominant o Evidence for NLB-QTLs in maize bin 8.05-8.06
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Rust Firs post appearance daysaternoculaton 7520 7510 1000 ClesMENES D STErs e (@) g - Chloroti lesion type Hint
- 5% « Fewer lesions, prolonged GE8.060000s « Susceptible lesion type
Number of pustules # pustles 9604640 1495377 0706 yp - yp! P P-value 25 incubation period = « Delay of lesion development
144231 150427 0790 DK888/DK888 S1/S11 3.8 days <0.0001 ** == . gommam‘ rels\srl‘ance breaks GEB.06 In NAM e « Partially dominant, genetic
T T jown at low light intensities {EL8.06 in recurrent back d dependent
Smut Volume of gal 2738+157.4  1675+99.1 0258 ST e 32days B D — N o0 ecuten ackground dependent
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Genetic dissection of g£t8.06 : o Physicalmap of  Putatively seleced lociin
—&— Auror; ut n bin 8.05-8.06 in maize recurrent selection population (5).
The QTL interval for gEt8.06pggs in F; was ~20 Mb. Trait-marker association with ~2,800
individuals (Fy or F,,) segregating for bin 8.06 has delimited the resistance locus to a region of <4 ' e 4. The enrichment of disease QTL in the 8.06 region and its genetic
Mb tightly linked to the marker umc2210. High marker density in the NAM population also allowed = N 3 complexity implies the possibility that instead of a single major gene,
mapping of g££8.06 to an overlapping region. Since all available SSR markers have been exhausted ; QEL8.06 may consist of a cluster of resistance genes. Different levels

and phenotypes of resistance can be due to various combinations of
alleles for multiple genes, and their expression modified by genetic
backgrounds and environmental conditions. The hypothesis will be
further tested through map-based positional cloning.

QL region
idenified in
F,

in the region, we have started to develop single nucleotide polymorphism markers (SNPs)
surrounding umc2210. We are working to further saturate the resistance locus with SNPs to identify
further recombinants for positional cloning.
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