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Identification of a High-Yield Introgression Locus from Synthetic Hexaploid
Wheat in Chuanmai 42

LI Jun®, WEI Hui-Ting?, HU Xiao-Rong", LI Chao-Su', TANG Yong-Lu®, LIU Deng-Cai**, and YANG
Wu-Yun*”

! Crop Research Institute, Sichuan Academy of Agricultural Sciences, Chengdu 610066, China; 2 Institute of Plant Protection, Sichuan Academy of
Agricultural Sciences, Chengdu 610066, China; ® Triticeae Research Institute, Sichuan Agricultural University, Wenjiang 611130, China; * Northeast
Plateau Institute of Biology, Chinese Academy of Sciences, Xining 810001, China

Abstract: Synthetic hexaploid wheat, a carrier of many elite genes, is an important genetic resource in the improvement of com-
mon wheat (Triticum aestivum L.). Chuanmai 42 is a wheat cultivar with high-yield potential and resistance to strip rust (Puccinia
striiformis f. sp. tritici), which was developed by crossing and backcrossing Syn769 (an elite synthetic hexaploid wheat) with
Sichuan commercial wheat cultivars. For understanding the genetic effects of the introgression loci of synthetic hexaploid wheat
in Chuanmai 42, a total of 78 introgression loci of synthetic hexaploid wheat were identified in Chuanmai 42 by scanning using
1029 SSR markers. Using 127 recombinant inbred lines (RILs, Fg) with Chuanmai 42 (introgression loci) and Chuannong 16
(Chuannong 16 loci) backgrounds, the genetic effects of the introgression loci were evaluated across six environments in Sichuan
Province, China from 2006 to 2009. One high-yield potential locus Barc1183 derived from the synthetic hexaploid wheat was
detected in Chuanmai 42. It was further located on the long arm of 4D chromosome using the 4DS and 4DL telosomic lines of
Chinese Spring and the 4D(4A) and 4D(4B) substitution lines of Longdon. This locus had positive effects on increasing tiller
number per plant, number of effective spikes, grain number per square meter, harvest index, and grain production rate, and the
average yield was increased by 8.92% compared with Chuannong 16 in the six growing environments. Therefore, the introgres-
sion locus Barc1183 of synthetic hexaploid wheat can be useful for breeding high-yield potential wheat.
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Table 1 Relativity between thirteen genetic loci and main agronomic traits

Locus TNP FSR ESN GNS GSM TGW GWS PH oD BM HI BPR GPR GY
Xwme532  —0.279™ 0.046 -0.387" 0.289™ -0.054 -0.228" 0.106  -0.008  0.167 -0.111 -0.253"  -0.130 -0.282"  -0.310"
Xgwm304 -0.166 0.091 -0.146 -0.071 -0.187" 0.061 -0.026 0.141 0.069 -0.079 -0.171 -0.093 -0.181" -0.201"
Xgwm3l4 -0.132 0.002 -0.216" 0.190" -0.006 -0.179" 0.034  -0.008 -0.017 -0.071 -0.155 -0.069 -0.230" 0177
Xcfe25 0.054 0.127 0235"  -0.075 0.150 0.003 -0.070 -0.056 -0.010 0.036 0.171 0.048 0.156 0.215"
Barc100  —0.149 0.051 -0.160 -0.118 -0.237" 0.069 -0.076 0.149  0.067 -0.172 -0.153 -0.183" -0.176"  -0.199"
Barc1183  0.372" -0.294™ 0.246™ 0.054 0.253™ 0.013 0.055  -0.050  0.053 0.128 0.283" 0.117 0.343" 0.298"
Barcl7l  -0.096 -0.054 -0.183" 0.143 -0.027 -0.231"  -0.062 -0.031 0.040 -0.108 -0.090 -0.117 -0.143 -0.196"
Barc197  -0.175 0.037 -0.218" 0.077 -0.128 -0.068 0.001 0.147 0.043 -0.039 -0.222" -0.050 -0.229"  -0.234"
Barc241  -0.155 0.148 -0.066 0.320™ 0.236™ -0.174 0.189" -0.031 -0.120 -0.010 0.279" 0.009 0.148 0.214"
Barc360  —0.172 0.051 -0.221" -0.038 -0.210" 0.037 -0.026 0.107  -0.019 -0.147 -0.161 -0.158 -0.199" -0.220"
Xcfd223 0.153 -0.106 0.166 -0.019 0.119 0.020 0.000 -0.017 -0.013 0.120 0.110 0.122 0.153 0.203"
Xcfd60 0.128 -0.246™  -0.105 -0.037 -0.126 -0.061 -0.099 0.053  0.139 0.000 -0.138 -0.024 -0.100 -0.221"
Xcfd65 -0.231" 0.084 -0.303™ 0.286™ 0.004 -0.225" 0.107 0.068  0.090 -0.015 -0.188*  —0.024 -0.194"  -0.187"

" P<0.05; "P<0.01. TNP: tiller number per plant; FSR: ratio of fertile spikes; ESN: number of effective spikes per square meter; GNS: grain number per spike; GSM: grain number per square meter;
TGW: thousand-grain weight; GWS: grain weight per spike; PH: plant height; GD: growth duration from emergence to maturity; BM: biomass at maturity; HI: harvest index; BPR: biomass production
rate; GPR: grain production rate; GY: grain yield.
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Table 2 The comparison of main agronomic traits between Chuanmai 42 loci lines and Chuannong 16 loci lines in RILs

2006, 2007, 2008, 2008, 2009, 2009,

Trait Guanghan, 2006 Guanghan, 2007 Guanghan, 2008 Jingyan, 2008 Guanghan, 2009 Jingyan, 2009 Mean
CM42 CN16 CM42 CN16 CM42 CN16 CM42 CN16 CM42 CN16 CM42 CN16 CM42 CN16
TNP 2.6 2.2 29 24 2.1 1.7 1.0 0.9 29 25 12 11 2.1 18
FSR (%) 75.4 79.4 59.3 63.4 17.2 82.7 84.8 85.8 56.8 62.6 75.5 76.4 715 75.0
ESN 427.8 392.0 414.9 394.6 463.1 4414 412.4 386.9 432.6 4225 373.8 360.9 420.8 399.7
GSM 17590 15801 14244 13086 18312 17490 17190 15419 14591 13896 13562 12749 15915 14740
GNS 41.3 40.5 345 33.1 39.7 39.8 41.8 40.0 33.9 331 36.2 35.3 37.9 37.0
TGW (9) 43.3 44.4 49.3 49.0 44.4 44.1 45.8 45.7 51.8 51.8 48.3 47.5 47.2 47.1
GWS (9) 1.79 1.80 1.64 157 1.76 1.75 191 1.83 1.74 1.69 1.74 1.67 1.76 1.72
PH (cm) 86.8 88.7 93.6 94.2 89.7 90.5 88.5 87.2 925 93.6 88.5 90.1 89.9 90.7
GD (d) 188.5 188.5 183.1 181.5 180.2 179.4 174.7 1743 188.5 188.3 165.4 165.1 177.6 177.3
BM (kg hm™) — — — — 13497 13103 14357 13578 13764 13804 12714 12584 13583 13267
HI — — — — 0.50 0.48 0.38 0.36 0.49 0.44 0.33 0.30 0.43 0.40
BPR (kg hm2d™?) — — — — 73.8 71.8 82.6 78.3 73.0 73.3 76.9 76.3 76.6 74.9
GPR (kghm2d™) 143.1 133.7 140.2 129.0 147.7 136.6 123.7 110.2 140.9 125.4 93.0 83.5 126.3 113.9
GY (kg hm™) 7149.1 6684.3 7292.1 6710.2 7768.4 7237.6 6129.3  5509.3 7781.2 7076.9 4709.1 4266.1 6804.8 6247.4

Yield increased (%) 6.95 8.67 7.33 11.25 9.95 10.38 8.92

42 16 (P <0.05); 42 16 =" CM42: 42; CN16: 16

Values underlined are significantly different between lines with Chuanmai 42 loci and lines with Chuannong 16 loci at P 0.05 according to pair-wise t-test. “Yield increased” is the percentage of
yield increased in Chuanmai 42 compared to Chuannong 16. “—” indicates data not available. CM42: Chuanmai 42; CN16: Chuannong 16. Other abbreviations as in Table 1.
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