QTL mapping for bread making quality and agronomic traits in a winter
wheat mapping population
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Both bread making quality and high productivity are critically Fig. 2. Field trials in Fort Collins, 2008 and Greeley, 2009 [ aid Table 4. Percent variance explained (% R?) for QTL for grain

important for U.S. hard winter wheat (Triticum aestivum L.). Bread protein concentration in four environments. ns=not significant.

making quality traits are influenced by both genotype and T TR = JiINN Chrom. Marker interval 08dry | 0O8wet | 09dry | 09 wet
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the environment are not completely understood. Knowledge of 2D wPt-4413-wPt-0638 ns 9.4 ns ns
guantitative trait loci (QTL) for quality and agronomic traits in 5B Xgwm540-Xgwm499 ns 8.0 13.6 ns
different environments will improve understanding of the genetic 6A Xwmc256-wPt-3069 7.3 12.9 9.6 5.6

control of those traits, and may increase the efficiency of selection. 5 6B | Xwmc397-xwmel82a | ns 70 45 .
Of the many procedures used to evaluate bread making quality, the

. . . . b Table 1. Comparison of selected trait means in four environments. B wPt-7602-Xwmc76 9.2 6.7 5.8 ns
Mixograph is preferred by many U.S. breeding programs for its ability _ 7D WPt-0789-Xbarc126 9.5 6.8 - 2 g
to evaluate dough functional properties relevant to the milling and - S N R ——— nlinked — — - — -
baking industry . bays 1o headlng. 102> 1263 1432 At Multiple-locus model 35.0 54.9 32.9 11.3

Above-ground biomass, g 296.9 365.3 401.5 463.5

: _ Grain yield, k/ha 2924 3720 3057 3761
Ob] ectives R R S W— > The degree of moisture stress was moderate based on grain yield
Kernel hardness, % 75.1 73.1 1.7 68.0

reduction: 21% reduction in 2008 and 19% in 2009. As expected,

> To evaluate a doubled haploid mapping population in multiple Mixograph peak time, min. 2.79 2.43 3.76 3.42 means for most agronomic traits in the fully irrigated treatment
environments for agronomic and bread making quality traits. Mixograph peak ht, mixogr. units |  58.2 56.6 57.2 1.1 exceeded those in the limited irrigation treatment (Table 1).
» To develop genome-wide molecular marker linkage maps based » Grain protein concentration, kernel hardness, and Mixograph peak

Fig. 3. Chromosome 7B showing QTL peak positions and 1-LOD support intervals for

on DNA and protein markers. . 8 . ;
P multiple traits in four environments (El-Feki, 2010).

time and height were more favorable in the dryland environments

>To conduct QTL analysis to determine the location and size of Tl > S Sl N e N O N (Table 1).
QTLs and their stability across environments. 2.6 XWmc76 I J ﬁ wet 08 and dry 08, 09 » 31 linkage groups contained 221 markers (108 SSR, 105 DAIT, 5
At ey H I W= Mixograph right width, protein, and 3 sequence-tagged site) and spanned 2,083 cM. All 21
: TR Mt SRanEngPoaly chromosomes were represented, but some had limited coverage.
Materials and Methods e F= Mixograph right slope, | _ _ |
238 WPt-6498 wet 08 » Major QTL for some traits were detected in all environments,
> A doubled haploid (DH) population of 186 lines was produced from = e — Mixograpfzj%eak time, whether fully irrigated or moisture stressed, as shown in Tables 2
‘ , e e g Cya a0 and 3. Results were less consistent for yield-related traits.
a cross of the parents CO940610 and ‘Platte’. R Sy W y
> C0940610 is an experimental hard white winter line developed by 08, 09 and dry 08, 09 » Chromosomes 1A, 1B, and 1D contained QTL for multiple bread
the CSU Wheat Breeding Program. It has excellent dryland yield and 51.6 || w0217 Ly 22 INE ST, S making quality traits, most likely indicating the effects of the Glu-Al,
pre-harvest sprouting tolerance, but poor bread making quality. S 32¥3rff’yp$§'§$°g'ca' T LS
Platte 1s a hard white winter cultivar developed by Agripro (Junction e b A > The 7BS QTL region near SSR marker Xwmc76 may reflect a novel
City, KS) and is known for its excellent bread making quality. Nl e N quality locus or loci (Fig. 3). The poor quality parent, CO940610,
; wPt-4814 ! . - . ] .
> Lines were arown in two replications of a row-column desian at Fort ;2.92) WPt-4300 C— o contributed the favorable allele in this region. Markers in the 7BS
g P g Spike length, dry 09 o atatieint r RS ClU loe
Collins and Greeley, Colorado in 2008 and 2009, respectively. At R T | S S L O T~ 528 el
each site, trials were grown under moderate moisture stress (“dry”) > The 7DS region near Vrn-D3 contained QTL for multiple maturity

Fig 4. Chromosome 7D showing the QTL peak positions and 1-LOD support

and fully irrigated ("wet”) conditions, giving a total of four Intervals for multiple traits in four environments (El-Feki, 2010).

and quality traits (Fig. 4). These results are consistent with previous

environments. studies indicating pleiotropic effects in this region (Hai et al., 2008;
> Quality traits were evaluated with a 10-g Mixograph (National e N i Above ground biomass, wet 08 McCartney et al., 2005; Wang et al., 2009).
Manufacturing Division, TMCO, Lincoln, NE), single kernel Grain protein concentration, > We confirmed a QTL for PHS on chromosome 4A in one

EHUS: D anC S environment (Mares et al., 2005). Three other QTLs were detected
Days to physiological maturity,

wet 08,09 and dry 08,09 on chromosomes 2B, 3B, and 4D (data not shown).

Heading date, wet 08,09 and
dry 08,09 Summary
Plant height, wet 08,09 and dry

characterization system (Perten Instruments, Springfield, IL), and
near infrared spectroscopy (Foss-Tecator NIR systems Model 6500, ®
~0ss North America, Eden Prairie, MN).

» For the Mixograph evaluation, higher values of peak time, peak 21.9 WPt-0789 =
neight, right width, and right slope are considered favorable (Fig. 1). I
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DAl To evaluate the effects of moisture stress on genetic control of
O vew S ey v LA O agronomic and quality traits of hard white winter wheat, we
80 - | N e e o Test weight, wet 08 evaluated the CO940610/Platte DH population in four environments
o - | “’Mﬁk’ | I e e tAn Gl 09 differing in level of irrigation. Our analysis revealed multiple QTL for
E | : Ww ~Upper line _ | guality traits on chromosomes 1AL, 1BL, 1DL, and 7BS. The 7BS
E WH“ TR, Lo lime i R ECHGIEI e EEINs O region may reflect a novel quality locus or loci that affects kernel
E 7 | MRETRS=(MRH-MPH)/2 RIS Kernel weight, wet 08,09 and composition. The 7D region near Vrn-D3 affected multiple
- - 893 morphological, maturity, and kernel traits.
| . - . . . . . — 55.7 ——— Xgwm437
" Mixing time (minutes) 10 _ _ _ : Backcross populations are currently being developed to introgress
. . . . Table 2. Percent variance explained (% Re) for QTL for Mixograph peak time the 7BS region from C0O940610 into Platte. If confirmed, QTL in this
Fig. 1. Example of Mixograph output. MPT=Mixograph peak time, In four environments. ns=not significant. region may be useful for marker assisted selection or high
MPH:_M!xograpE Peﬁk h%'%]ht’ MRS=Mixograph right slope, Chrom.| Marker interval 08dry | O8wet | 09dry | 09wet resolution mapping leading to map-based cloning.
MRW=Mixograph right widtn. 1B GluB1-wPt1317 4.4 6.7 3.7 3.7
2A Xgwm312-Ppo33 3.7 ns ns 4.7 AC kn OWl ed em entS
» Above-ground biomass, grain weight, and average kernel weight 2B | wPt-4301 - Xgwm429 |  24.7 21.5 20.6 21.5 J
were determined from 1-m lengths of row (Fig. 2). 32‘ XV;T;?:; 'isz:sfgg 34569 352'11 4236 3253 We gratefully acknowledge financial support from USDA Special Research
WPt- - . . . .
> Pre-harvest sprouting (PHS) was evaluated with the method of — Grants 2009-34205-19960 and 2008-34205-19341, and USDA-NRI
- - e e - —_— i s Coordinated Agricultural Project grant 2006-55606-16629
Mares et al. (2005). Two replicates of 50 grains were arrayed on J '
moist blotter paper in petri dishes, placed in a growth chamber Table 3. Percent variance explained (% R?) for QTL for Mixograph peak time
(20°C, 12 hr light/12 hr dark), and number germinated seeds In four environments. ns=not significant. References
counted at daily intervals for 7 days. o arker intorval 8 dre | a8 wet | 0o d 09 wet
rom. arker interva ry we ry we : 5
: ; : Hal, L., et al., 2008. Plant Sci. 175:226—-232.
>g‘nla|(¥5's OILE/:artlancel Wla? ClonstJCted with PROC fMIXEDhOf S 1A Xwmc312 - Glu-Al 6.2 4.9 4.7 ns Mares, D., et al. 2005. Theor. Appl. Genet. 111:1357-1364
' (_ oy ) 1o _Ca R S SO Squa_tres e IS 1B Xcfd20a - Glu-B1 25.9 22.6 26.3 24.1 McCartney, C.A., et al., 2005. Genome 48:870-883.
environment, which were then used in the QTL analyses. » TR DT T e e Van Ooijen, J.W. 2006. JoinMap® 4, Kyazma B.V., Wageningen,
> Linkage maps were constructed with JoinMap 4 software (Van 2D WPt-3728 - wPt-4413 ns 4.7 ns ns Netherlands. | | St
Ooljen, 2006) using the Haldane mapping function. 6A WPt-0357 - Xcfd1l ns ns 3.3 ns EI-Fek_l, W. 2010. Ph.D. dissertation, Colorado State University, Fort
Lo _ _ 6B WPt2587-WPt6437 ns 30 | 23 ns Collins.
» The composite interval mapping option of QTL Cartographer B WPE-7602 - Xqwma6 6.8 5.2 68 . Wang, R.X., et al., 2009. Theor. Appl. Genet. 118:313-325.
software 2.5 (Wang et al., 2007) was used in a genome-wide scan D | WPt0789-Xbarc126-vinD3 | ns - _— — Wang, S., et al., 2007. Windows QTL Cartographer 2.5. Dept. of Statistics,
for significant (LOD =2.5) QTLs. Multiple-locus model — — — — North Carolina State University, Raleigh, NC.




