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Spring oat (Avena sativa L.) historically has been an important cereal grain crop for human - 20 - * Phenotypic Evaluation:
and livestock consumption, and although production has significantly declined through the g ! l l 0 T — SAS v9.2 (SAS Institute, Cary, NC)
20 and early 215t century, oats are still recognized for their nutritional and health £ 20 - s * PROC MIXED.
benefits. Barley Yellow Dwarf (BYD) is the most important viral disease of oat and causes = 15 10 - * PROC UNIVARIATE,
economically significant yield losses worldwide.® BYD is caused by Barley Yellow Dwarf ¢\° 0 ~+ PROCGLM |
Viruses (BYDV) that are vectored by aphids. Until recently, molecular marker technology in 10~ 5 * Linkage mapping and QTL analysis
oats has lagged behind corn and soybean and a newly developed SNP array using the 5 - I — JMP Genomics 5.1 (SAS Institute, Cary, NC)
Infinium Assay developed by lllumina has now allowed for more insight into tolerance to the 0 m I — 0 I B e e S * Composite interval mapping | |
disease 2 . 0 1 2 3 4 5 6 7 8 0 « LOD threshold values determined using 1000 permutations
01 2 3 4 56 7 83 . « Critical LOD threshold values set at 3.05 for RIL population 4
Obj ectives A) BYDV Rating (B) BYDV Rating « Critical LOD set at 3.12 for RIL population 5
« a=0.05
- : - : - : T - - Figure 2. Frequency distributions of RIL population 4 (A) and RIL population 5 (B) for barley yellow dwarf virus . 2
The ObJeCtlveS of this StUdy We_re to Identlfy markers t_hat are linked to quantlj[atlve trait loci (BYDV) rating averaged across four years of phenotypic data. Population 4 (115 RILs) was developed from the Framework map used
(QTL) for barley yellow dwarf virus tolerance in two bi-parental recombinant inbred cross between the tolerant (T) IL86-1156 and the susceptible (S) Clintland 64. Population 5 (177 RILs) was
popula’[ions and to determine their use In predictive breeding. developed from the cross between the tolerant IL86-6404 and the susceptible Clintland 64. ReS u |tS
. | 7N 1l ® ) . o . _
Mater | al S an d Meth 0 d S o o Broad contl_nuous distribution for BYDV rating was observed across both populations and
_ 321 32- all years (Figure s 1 and 2).
* RIL Population 4 (Fc.g) o " « QTL were identified on chromosomes: 1C, 3C, 5C, 15A, 19A, 9D, 12D (Table 1).
— Tolerant_parent: IL86-1_156 (Ogle//Ogle/IL75-5743) 26 26- « QTL significant across both populations were located on chromosomes 1C, 3C, 5C and
— Susceptible parent: Clintland 64 - - 19A however the QTL on 1C appears to be different depending on the population.
— 115 RILs 2 20 3 20- « The QTL on chromosome 19A was found to be similar between the populations with the
* RIL Population 5 (Fc.g) - # two markers being in close linkage.
— Tolerant parent: IL86-6404 (IL75-5743/IL75-5662//IL81-1454) 1a- 144 « Population 5 had multiple specific QTL not present in Population 4 on chromosomes 15A,
— Susceptible parent: Clintland 64 - ] 9D and 12D.
- — 177 RILs i 1L75.5743) anc ] Coker 227 o 2 « The QTL on chromosome 3C was the most significant QTL observed and explained the
» Tolerant parents share parent - and grandparent (Coker ] — N most phenotypic variation, almost 50% in population 4 and 65% in population 5.
* Phenotypic data from 2002, 2003, 2010, 2011 from the University of lllinois Small Grains 2 N e __ Al _ /__/:_/_V_\ « The three QTL shared between the two populations appear to have large effects.
Oat BYDV Nursery in Urbana’ IL T 0 | 50 | 100 | 150 | 200 | o 0 | 20 0 60 a0 100 120
— Planted in 15 seed hills oM cw Table 1. Summary of significant quantitative trait loci (QTL) for barley yellow dwarf virus tolerance
— Randomized Complete Block Design (RCBD) Figurle 3. LOQ?ri)thmef ?d)ds (LE)D) scores fO(r:mafkefS associated with barley yellow dwarf virus (BYDV) rating for in oat recombinant inbred line (RIL) populations derived from two tolerant by susceptible crosses.
— 3 reps in 2002-2003 and 2 reps in 2010-2011 population 4 (A) and 5 (B) on chromosome 1 | | —
_ 3 ratings in 2002-2003 and 2 ratings in 2010-2011 [ [ g Population ~ Chromosome cM Linked Marker LOD  Additive Effect R2 (%)
« Plants inoculated with Bird Cherry-Oat Aphids (Rhopalosiphum padi) carrying BYDV-PAV- 34- 2 4 1C 24 4 GMI_ES cc11019 290 5.34 -1.40 16.6
g‘ E’t‘t the 2 ]EO 3 le(j"f St?)ge éFeelress G5 2) - o] 3C 270 GMI_DS_cc1800_254  16.84 10.96 49.7
aling periormed on U= 9 stale %7 28- 5C 81.3 GMI_GBS_9676 3.06 -0.37 11.7
— 0 - completely healthy (no symptoms) 26 26-
— 9 - highly susceptible (stunting, completely blasted florets, leaf chlorosis) ] “ 19A 20.4 GMI_ES05_c3073 6.40 -0.60 229
— Rated after f|owering (Feekes 106) 2 20] S 20- 5 1C 116.7 GMI ES LB 7284 6.51 -0.45 16.4
« High Density Oat SNP Array . M 3C 34.5 GMI_DS_cc1800_254 38.40 -1.15 65.3
— 6000 Single Nucleotide Polymorphisms (SNPs) 141 - 5C 58.3  GMI_ES15 c2810 658 4.69 -0.29 12.1
— Infinium Assay developed by lllumina ] 2 # 15A 0.3  GMI_DS_opt 12128 39  3.64 0.25 9.6
— ~1000 polymorphic SNPs between parents in each population . . L Ny
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N ! W SR NS ” S\ AR T I . T - ,L — - 9D 71.0 GMI_ES14 ¢2753 587 4.14 -1.19 10.8
_ =» | &) 7 o | e e e o] ——— == === = = — = | 12D 90.7 Gmi_ES17 ¢12269 176 4.23 -0.28 11.0
; I ,3’ ‘ 0 10 20 . 20 40 A0 G0 | 20 40 i G0 an 100

Figure 4. Logarithm of odds (LOD) scores for markers associated with barley yellow dwarf virus (BYDV) rating for

population 4 (A) and 5 (B) on chromosome 3C "
Conclusions
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o -  The shared QTL appear to be important regions conveying BYDV tolerance (1C, 3C, and
321 521 19A) (Figures 3 —5).
- N « Although the QTL on chromosome 3C was the most significant and explained the most
267 26- variation, it did not have the largest effect compared to the other shared QTL.
2;: 247 « The markers associated with significant QTL can be used in predictive breeding via
22 . . . . . . .
2 2 8 5 partition trees to help aid in the selection of BYDV tolerant parents by crossing lines with
18 i . . . .
Figure 1. (A) Range of responses from oat (Avena sativa L.) to barley yellow dwarf virus (BYDV) from 16- :2 undesw_ed alleles a_t these markers to lines contalnlng Fhe proper alleles.
tolerant to susceptible (left to right). (B) Tolerant plant response compared to a susceptible response in " " * Improving the quality of crosses can lead to more efficient progress for tolerance to BYD.
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