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INTRODUCTION

Quantitative trait loci (QTLs) that control agronomic traits such as grain yield and its
components are the most important economic traits for wheat (Triticum aestivum L.)
improvement. Based on a previous study conducted using reciprocal chromosome
substitution lines between winter wheat cultivars ‘Wichita’ (WI) and ‘Cheyenne’
(CNN), recombinant inbreed chromosome lines (RICLs) developed for the 3A
chromosome in the CNN background CNN(RICLs-3A) indicated the presence of a
major grain yield QTL that explained up to 28% of the phenotypic variance (Berke et
al., 1992a, b; Campbell et al., 2003).

In the current study a population of WI(RICLs-3A) where the RICLs involve WI and
CNN chromosome 3A in WI background was used to validate the QTLs detected in the
CNN(RICLs-3A) population. Effectively, WI(RICLs-3A) is a mirror population to the
previously studied CNN(RICLs-3A).

Therefore, the objectives of this study were to (1) identify and map QTLs for eight
agronomic traits; (2) evaluate QTL x environment interaction (QEI) by comparing the
consistency of QTLs detected in individual environments and; (3) determine the
presence of common QTLs between the current population, WI(RICLs-3A), and the
previous mapping population, CNN(RICLs-3A).

MATERIALS AND METHODS

A population of 90 WI(RICLs-3A) doubled haploid (DH) lines of the cross between
cultivar Wichita (WI) and chromosome substitution line WI(CNN3A) were used to
investigate QTLs for grain yield and other agronomic traits. The WI(RICLs-3A)
population, parents and checks were grown in six environments (year x location )
during the 2007/2008-2008/2009 cropping season at four sites in Nebraska (Lincoln,
Mead, North Platte and Sidney). The experiment was evaluated in an incomplete block
design with three-replications where each replication consisted of 20 incomplete blocks
of 5 plots.

The agronomic traits evaluated include days to flowering (DF), plant height (PH), grain
yield (GY), grain volume weight (GVW), 1000-kernel weight (TKW), kernels per spike
(KPS), kernels per square meter (KPSM), and spikes per square meter (SPSM).
Phenotypic traits were analyzed following the PROC MIXED procedure of the SAS
version 9.1 (SAS Institute, 2004). Prior to the combined analysis, homogeneity of error
variances was checked with the Bartlett’s Chi-square test as outlined by Gomez and
Gomez (1984).

MAPMAKER/ EXP3.0 program (Lander et al. 1987) was used for marker diagnostics
and to determine the linkage groups. The map for the QTLs analysis was constructed
from a single linkage group of 26 SSR markers. Identification of QTLs was performed
using WinQTL cartographer v.2.5 (Statistical Genetics, NCSU, Raleigh, NC).
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RESULTS AND DISCUSSION

The ANOVA of all eight agronomic traits for the individual environments and for
the combined analysis were highly significantly different (P<0.01) (data not
shown). Significant correlations were observed between grain yield and most of
the yield components. Grain volume weight and yield component traits such as
100-kernel weight, kernels per spike, kernels per square meter, and spikes per
square meter were all positively correlated with grain yield (Table 1). The parents
showed significant differences for most of the phenotypic traits (Table 2).

QTLs were detected for seven of the eight agronomic traits (Table 3, Fig. 1).
These QTLs explained from 12 % (for spikes per square meter) to 53 % (for grain
volume weight) of the phenotypic variance of each trait. A grain yield QTL
detected in the combined analysis explained 19 % of the phenotypic variance and
the substitution of CNN allele for a WI allele decreased grain yield by 86 kg ha!
(Table 3). This grain yield QTL is believed to be the major grain yield QTL
detected in CNN(RICLs-3A) population as it mapped to a similar position (Fig. 1
and Table 3). In addition, a major QTL that affected days to flowering with 23 %
of R? value was identified at North Platte during the 2007/2008 cropping season
(Table 3). This flowering date QTL overlapped with plant height QTL (31 % R2
value on across environment) that was detected in more than two environments
(Fig. 2). Also there was an observable phenotypic difference in flowering days of
the two parents and cultivar Cheyenne (Fig. 3).

Table 2. Mean phenotypic values for parents and RICLs-3A in individual and across environments

Parents RICLs3A
Standard Standard
Trait name Envionment | Wi | WICNN3A) | Estimate | Error | Praf | Mean Range deviation

LNK 08 1529 1548 20 048] <o001| 1520| 1500-1550 131

— NP_08 1535 1555 21 46| <oi| 1538 1520-1568 098
NK_09 1128 1245 a7 045 00003 1450| 1402-1450 110

VD_09 1248 1475 27 0a7] <0001 67| 1419-1867 128

NP_09 1256 1283 27 040] <oo01| 1477] 1#52-1299 094

Combined 1281 15015 21 035] <o0o01| 1485| 13901580 445

LNK 08 1066 168] 102 189] <0001 1044| e70-1160 262

P_08 1183 1235 53 242 ooa7| u7s| 1080-1233 363

(=) LNK 09 839 S0 a1 222] <ooor|  907| 826-1050 290
MD_00 968 To14 a6 240 o056 o70| s92-1100 474

NP_05 1130 1237] 108 217] <oo01| 1187] 1095-1276 396

D05 941 1005 4 218] 00030|  o13| 751-1044 284

Combined 1021 1106 En 193] <ooor| 10a1| 737-1208 1180

LNK 08 27967 21876] 6091  34644| 00809 2395.| 15740-36290 49038

NP_o8 47998 43781|  4218]  25174] 00%61| 46705| 23445-49032 41071

Greln yield (kg ha ) NK_09 41475 35003|  6472|  26375| oo1oa| s967.7| 33328-45922 31786
VD_09 20737 35100]  so28|  288.02| 00528| 35848| 24766-43885 38760

NP_09 35189 a0621|  4568|  21137| 00324| 38609| 26642-30311 26003

sD_0o 38129 32851] 28| 17993 00039| 40538| 29128-40584 22142

Combined | 863.2 3192 5439]  17166| 00016| 36120| 12010-69290 77060

LNK 08 746 721 10 079] o0203]  7a7]  710-750 087

Grain volume weight NP_08 768 749 10 098] oosia|  763]  w99-705 128
Gahi) LNK_09 821 806 15 051 oooas| sio| 702826 067
MD_0o 748 735 14 086 oooes|  752] 701-761 108

NP_05 722 738 04 066 os34|  7a7]  718-757 076

D09 756 741 15 050 o004 767] 743-776 074

Combined 763 750 14 045| oo002s|  760| e74-8s8 296

LNK 08 328 339 11 210] o0s950|  365|  269-370 198

100-kernel weight NP_05 385 385 00 111] oools|  300] 44-an1 1a1
@ram) LNK 09 380 396 a7 137] o221 383]  wa3-a15 131
VD_09 394 a7 22 150] ose5|  am2| s23-a14 i

NP_00 316 318 02 192] oowes|  3a7|  287-350 149

sD_05 32 37 14 122] o02003] 35| s18-373 125

Combined 37 3.1 04 074 06057 _ 358| 175-454 362

NK 08 22 22 40 212 ooesa| 2a7] w7281 200

NP_08 217 234 N 15| ozres| 23| 197-250 134

(eres oo eke LNK 09 27 349 22 210] o2sss| 36| 280-304 231
D_09 22 311 12 191] osMs|  312| 285-367 177

NP_09 254 227 27 165 o3|  233] 196-212 155

sD_09 195 219 23 180] o196 243| 206-268 148

Combied 23 260 03 094] o7aet| 264 152-a5 550

LNK 08 85046 66978|  18067| 121232| 01384| G66182] 51420-12097.0 157401

Kemels per square. NP_08 124720 11317.0 1155.0 763.93| 0.1328| 12028.0| 6864.1-13019 954.80
ey INCo9 | 109650 89535| 21115|  739.3)| 0005| 103970| 81890-12417.0 86131
MD_09 104650 9a721|  o0020|  B3021| 02337| 03a4.1| eear9-11379.0 900,61

NP_09 111510 96636|  14674|  924.45| 04147| 110240] 81501125730 875.00

D09 111480 91992| 10898|  ©20.99| 0002¢| 110830| 84892118170 65034

Combined | 10797.0 91964  16006|  50450| 00016| 101120| 38840-217280 2017.00

LNK 08 3309 3021 28]  ©904| oor2| 2811| 1945-5047 082

Spikes per square NP_08 5782 4937 845  5202| o01064| 5223| 3236-6160 5156
G LNK 09 3374 2537 36|  2090| 00076| 2900| 2446-4229 3380
MD_09 3267 a2 125]  2845| oool| 3025| 1012-3766 23

NP_09 2319 181 138 4o06| 03716] 4792| a756-5550 4644

sD_0o 5759 4268 1402]  4701] ooowo| 4sea| 3379-5209 3836

Combied 319 3684 635  2426] 00091] 3987| 14388565 10984

Fig. 1. Position of QTLs detected on 3A

99164-6420, USA; Formerly at CIMMYT, Mexico.

Table 3. Summary of QTLs detected in 90 WI(RICLs-3A) population for agronomic, yield, and yield components traits at
each environments and combined analysis

Peak
Most significant | % variation Addiive | position | Contributor
No. | Q1L Trait name Environment | LOD score | Flanking markers explained (R?) | effecti | (cw parent
1| QFitneb3A1 | Days to flower (days) NPOS 51 |barcgs-sme3s2 | wmesdo 23 045 380 |onn
2| QFitneb3A2 | Days to flower (days) NPOS 38 |sim6352-hbg2ss | nbo2ss 19 039 511 |onn
3| QHuneb-3a1 | Plant height (cm) NPOS 52 |gwm218-wmess4 | wmesdo 23 161 380 |oNN
4| QHuneb-3a2 | Plant height (cm) NPOS 39 |stm6352-hbg284 | hbo284 19 145 511 |CNN
5| QHtneb-3a3 | Plant height (cm) LNKO9 39 |stm6352-wmess9 | barc1060 18 196 568 | CNN
6 | QHtneb-3a4 | Plant height (cm) MD09 31 |wmcass1-gwmas7 |wmeazs 15 176 556 |cNn
7| QHtneb-3a5 | plant height (cm) NPOS 55 |gwm21s-wmess4 | wmes4o 25 187 300 |onn
8| QHuneb-3a6 | Plant height (cm) SDoY 53 |hbg284-gwmad7 | barc1060 26 220 578 |oNN
9| QHneb-3a7 | Plant height (cm) Combined 71| barcss - barce7 wmc640 B 162 380 |oNN
10| QHtnen-3a8 | Plant height (cm) Combined 63 |stm6352-hbg284 | sim6352 28 155 501 |cNN
11| Qyidneb-3a.1 | Grain yield (kg ha ) LNKOB 28 |barc8s-wmc3ss1 | wmes4o 13 17300 | 380 |wi
12 | Qyidneb3A2 | Grain yield (kg ha') NP0 34 |stm63s2-cfa2193 | barc1060 I 10000 | 588 |wi
13 | Qyidneb3A3 | Grain yield (kg ha') Combined 40 |barcgs-sme3s2 | wmes4o 19 86.60 380 |wi
14| Qyldneb-3a4 | Grain yield (kg ha) Combined 36 |stm6352-hbg284 | hbg2s4 17 82.40 511 [wi
15 | QGvw.neb-34.1 | Grain volume weight (kg hL”) LNKOB 89 |barcgb-sime3s2 | wmc3ss.1 39 052 426 |wi
16 | QGvw.neb-34.2 | Grain volume weight (kg hi.”) NPO8 38 |wmce64-stm63s2 | wmc3ss.l 18 045 a6 |w
17| QGvw.neb-3A.3 | Grain volume weight (kg L) LNKOS 135 |barcss-stme3s2 | wmcass.1 49 044 a6 |wi
18 | QGww.neb-3A.4 | Grain volume weight (kg hL™) MD03 84 gwm218 - wmce640 | barcB6 35 058 356 Wil
19 | QGww.neb-3A.5 | Grain volume weight (kg hL™) NPO9 82 |barcss-sm63s2 | wmcsdo 35 042 369 |wi
20 | QGvwineb-3A.6 | Grain volume weight (kg hL™) NPOY 76 Stm6352 -wmcd28 | hbg284 32 0.40 511 |wi
21| QGvwineb-347 | Grain volume weight (kg hL™) Combined 149 | barc86 - stm6352 wmc388.1 53 039 416 |wi
22| QGw.neb-34.8 | Grain volume weight (kg hL™) Combined 140 56352 - wmcd28 | hbg284. 50 0.39 515 |wi
23| QTgw.neb-3.1 | Thousand-kemel weight (gm) LNK08 41 |barc67-sme3s2 | wme3ss1 19 080 a6 |wi
24| QTgw.neb-3A 2 | Thousand-kerel weight (gm) NPOB 34 |stm6352-wmess9 | gwmag? 16 053 610 |wi
25 | QTgw.neb-3A.3 | Thousand-kernel weight (gm) Combined 49 barc86 - wmc664 wmc640 21 043 380 Wi
26 | QTgw.neb-3a.4 | Thousand-kemel weight (gm) Combined 43 | stm6352-hbg2sa | nbo2ss 19 041 511 |wi
27| QKpsneb-3A | Kemel per spike (number) spog 28 |wmce40-barcase | wmesss 13 052 304 |onn
28| @Ssm.neb-3A.1 | Spike per square meter (number) NPO9 34 |gwm21s-wmes40 | barcas 16 18,03 350 |wi
29| QSsm.neb-3.2 | Spike per square meter (number) | Combined 27 |barcgs-barc3s6 | wmesdo 12 920 380 |wi

NP_08 Days o lowering

Figure 2. Days to flowering and plant height QTLs after composite  Figure 3. Days to flowering at North Platte between
interval mapping overlapping at the same region (2 years at North  cultivar Cheyenne, Wichita and WI(CNN3A) during
Platte and across environments). 2007/2008 cropping season

CONCLUSIONS

The results of this study confirm the previously mapped major QTLs in the CNN(RICLs-3A)
population on the 3A chromosome were the same major QTLs detected in the current
WI(RICLs-3A) population and have affected grain yield and its related traits. The WI 3A
alleles in the previous CNN(RICLs-3A) study showed an increase in grain yield (66 kg ha')
and, as expected, the CNN 3A alleles in this WI(RICLs-3A) study had caused a reduction of
grain yield (86 kg ha-1). Given the consistent expression of most of these major QTLs in
different backgrounds and environments, the marker information could be useful in future
breeders’ selection programs. Populations derived from reciprocal chromosome substitution
lines, such as the one used in this study, are very useful tool for validating QTLs on specific
chromosome and also have additional advantage in limiting one-way chromosome substitution
in determining interactions between chromosomes.
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