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Opportunities for Breaking the Barriers of Wheat Yield
Using Synthetic Hexaploid Wheats
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Abstract: To probe into the opportunities for breaking the barriers of wheat yield using synthetic hexa-
ploid wheat (SHW ) , two sets of recombinant inbred lines (RILs) , S12 (Syn-CD780 x Chuanyul?2, 131
lines) and S16 (SHW-derived variety Chuanmai42 x Chuannongl6, 127 lines) , were planted in mulii-

environments (year X site) in 2006 —2008. Phenotypic data were collected for fifteen agronomic traits of

both 512 and S16 and 280 microsatellite markers were employed to genotype lines of S16. Continuous
variation and transgressive segregation for all tested traits were observed. Grain yield of superior lines in
512 was 6. 4% higher than Chuanyul2 achieved by increasing kernel weight ( =~ 10% ). Average grain
yield of the top ten high-yielding lines in S16 was up to 7.9 t/hm”, 18. 1% higher than Chuannongl6 by
increasing both kernel weight and grains m *. Using single-marker regression and interval mapping, a to-

tal of 55 putative QTLs with a LOD score >3.0 based on S16 were detected, of which 7 were for grain

yield, 40 for yield components, and 8 for rates of grain and biomass production. For 38 (69.1% ) of
them, alleles from the SHW-derived variety Chuanmai42 were associated with a positive effect on yield-
related traits. The present studies indicated that breaking barriers of wheat yield using SHW is feasible.
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Table 1 Performance of main agronomic traits in S12 and S16 ( data was means crossing multi-environments )

Standard
Population Traits Min. Max. Mean o C.V./%  Skewness  Abundance
deviation
TPP/no. 1.3 5.9 2.8 0.8 29.5 0. 86 1.30
RSS/% 48.4 92.0 72.2 9.3 12.9 -0.28 -0.29
SSM/no. 329.9 580. 1 457.4 49.5 10. 8 -0.05 -0.37
GPS/no. 21.1 48.0 33.7 5.5 16.4 0.27 -0.51
GSM/no. 9 373 22 035 14 734 2 240 15.2 0. 70 1.00
TKW/g 28.4 46.8 38.8 4.3 1.1 -0.20 -0.39
s1o GWS/g 0. 83 1.79 1.29 0.20 15.8 0.22 -0.27
PH/cm 91.1 165.3 127.0 13.8 10.9 -0.26 0.01
DM/d 184 205 194 5 2.8 0.28 -0.76
BY/ (t-hm™) 10. 6 16.5 13.6 1.2 8.4 0.13 -0.30
HI 0.28 0.52 0. 40 0.05 12.4 -0.26 -0.33
BPR/(kg - hm™ - d™") 55.0 87.0 72.1 5.6 7.7 -0.03 0.15
GPR/(kg - hm™ - d™") 81.3 154.9 122.9 13.7 11.2 -0.10 0.03
GY/ (t-hm™) 3.93 7.11 5. 66 0.63 1.1 -0.29 -0.15
TPP/no. 1.3 2.9 2.1 0.4 16.9 0.08 -0.67
RSS/% 61.0 88.2 74.7 5.4 7.2 -0.09 -0.23
SSM/no. 314.7 511.0 425. 4 37.7 8.9 -0.37 0.38
GPS/no. 31.4 49.3 39. 1 3.6 9.2 0.24 -0.25
GSM/no. 11218 21 444 16 591 1589 9.6 -0.17 0.61
TKW/ g 36.2 54,0 45.7 3.5 7.5 ~0.34 -0.29
s16 GWS/g 1.36 2.16 1.76 0.17 9.8 0.11 -0.41
PH/cm 74.5 107.3 89.7 7.2 - 8.0 0.11 -0.42
DM/d 175 180 178 | 0.7 -0.59 -0.16
BY/ (t-hm™) 11.3 17.4 13.8 1.0 7.5 0. 42 0.84
HI 0.31 0.53 0. 44 0.04 8.9 -0.34 1.05
BPR/(kg + hm ™ - d™") 63.9 98.1 7.6 5.8 7.5 0.38 0.71
GPR/(kg - hm™ - d7") 101.0 162.9 133.5 12.1 9.1 -0.45 0. 40
GY/ (t-hm™?) 4,90 8.25 6.98 0.63 9.0 -0.81 0.85
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Table 2 Agronomic traits of the top ten lines in grain yield (data were means across multi-environments )

TPP RSS SSM GPS GSM TKW GWS PH DM BY HI BPR GPR GY
Fop. Lines no. Yo no. no. no. g g cm d (t+hm™ - (kg hn ™ (kg I (t+hm™?)
L)
46 1.9 78.1 434 37.6 16336 46.0 1.73 125 193 16.3 0.42 87.0 145.2 7.11
68 3.8 64.2 546 31.6 17254 40.6 1.28 109 188 13.8 0.48 75.0 153.7 6.93
123 2.1 81.0 433 36.4 15743 44.2 1.61 144 189 15.8 0.42 85.6 154.9 6.92
114 2.7 70.7 466 34.1 15918 42.7 1.46 130 194 13.9 0.46 73.3 147.2 6. 65
43 2.5 82.4 +525 34,9 18301 37.2 1.30 133 197 15.4 0.41 80.2 140. 8 6. 65
86 2.4 79.1 496 37.2 18415 37.1 1.38 126 188 14.8 0.42 80.5 143. 8 6. 63
s12 38 2.6 7?. 3 441 39.5 17435 39.6 1.57 104 187 12.3 0.52 67.3 148. 5 6. 62
25 2.6 81.7 540 41.1 2219 31.1 1.28 117 186 14.0 0.45 77.0 134. 8 6. 54
70 2.8 78.7 489 33.6 16393 40.9 1.37 127 192 14.1 0.44 75. 4 134. 1 6.52
49 1.9 79.9 425 42.8 18205 37.7 1.61 128 193 14.0 0.45 74.9 134.7 6.51
mean 2.5 77.2 480 36.9 17620 39.7 1.46 124 191 14.4 0.45 77.6 143. 8 6.7
C.V./% 21.5 1.3 9.7 9.5 10.7 10.7 11.0 9.4 1.9 8.1 7.4 7.6 5.3 3.1
Syn-780 4.4 55.1 454 22.0 10017 50.1 1.10 154 203 14.3 0.31 72.3 108. 6 4,6
CY12 1.4 85.7 323 54.8 17689 36.1 1.98 96 186 12.6 0.48 69.4 124. 0 6.3
6 2.6 76.1 511 42.0 21444 40.8 1.70 87 176 13.8 0.50 78.4 150 8.25
104 2.1 70.3 436 41.3 18074 47.8 1.96 87 179 15.2 0.45 85.2 152 8. 00
60 2 76.1 422 41.6 15806 49.7 2.05 97 179 14.7 0.44 82.5 148 7.99
101 2.6 75.9 498 31.4 15656 48.3 1.52 86 178 13.2 0.49 74.3 136 7. 88
39 2.2 74.3 433 39.6 17186 47.2 1.85 82 177 12.6 0.51 71.1 143 7. 86
7 1.8 82.9 427 41.4 17647 47.6 1.95 88 177  13.2 0.49 74.1 148 7. 84
S16 5 1.8 81.7 416 43.3 18006 44.0 1.90 93 177 13.9 0.47 78.8 146 7.83
125 2.3 67.0 449 39.8 170918 44.9 1.77 94 179 14.4 0.48 80.7 159 7. 81
34 2.4 66.1 445 40.0 17825 45.7 1.80 92 179 13.7 0.52 76. 8 163 7.80
45 1.8 75.5 413 42.0 17448 50.3 2.10 90 178 15.3 0.44 86. 6 147 7. 80
mean 2.2 74.6 445 40.2 17701 46.6 1.8 89.6 178 14.0 0.48 78.9 149.2 7.91
C.V./% 153 7.4 7.5 8.2 8.9 6.1 9.2 5.0 0.6 6.4 5.9 6.3 5.1 1.8
CM42 1.8 69.5 405 39.1 15824 49.0 1.91 89.6 179 14.0 0.47 78.2 148.9 7.32
CN16 2.2 77.8 489 34.5 16847 43.4 1.50 82.1 180 13.6 0.44 75.8 132.0 6.70
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Table 3 The QTLs for grain yield-related traits in S16 population (environments: G06, GO07, GO08, JO8; LOD score > 3.0)

Trait Env. QTLs Marker interval Site *  LOD a® R*/%
GY GO6 QGy. scu—1B. g06 BARC108 - Xgwm 154 - 1B 0.0 3.3 1125 9.3
GO7 QGy. scu-14. g07 BARC372 - ¢fd 19 —14 0.0 4.4 614 10.8
QGy. scu-4D. g07 BARC1183 - BARCA8 -4D 0.0 3.0 529 7.5
QGy. scu—~6D. g07 BARC21 - ¢fd 60 — 6D 8.0 5.1 -526 15.8
G08 QGy. scu-3B. g08 BARC1111 - BARC139 -3B 0.0 3.5 -270 9.7
QGy. scu-4D1. g08 caf2149 — BARC1183 —4D 6. 0 6.0 353 18.0
QGy. scu-4D2. g08 BARC1183 — BARCA8 —4D 6.0 8.0 492 27.3
GSM  GO6 QGsm. scu—1B. g06 cwem6 — BARC108 - 1B 8.0 3.2 696 17.8
G038 QGsm. scu—-6B. g08 BARC24 - Xgwm626 - 6B 0.0 3.2 - 1260 8.2
QGsm. scu-7D. g08 Xgdm86 — BARC184 -7D 8.0 4.6 453 12.0
Jo8 QGsm. scu-T7A. jO8 BARC121 - BARC292 - 74 0.0 3.2 1306 8.1
QGsm. scu—4D. jO8 BARC1183 - BARCA8 —4D 0.0 3.1 1746 7.8
TKW  G06 QTkw. scu—-5B. g06 Xguwm540 ~ Xgwm213 —5B 2.0 9.1 3.3 28.1
GO7 QTkw. scu-TA. g07 BARC174 - BARC22 - 74 10,0 5.2 -3.1 17.2
G08 QTkw. scu-TA. g08 BARC174 - BARC22 - 74 8.0 3.5 -1.7 11.0
QThw. scu—1B. g08 cwem6 — BARC108 - 1B 0.0 4.2 -3.8 10. 1
QThw. scu—-5B. g08 BARC4 - Xguwm317 —5B 16.0 7.4 3.0 30.0
Jo8 QTkw. scu—T7AL. jO8 BARC174 - BARC22 - 74 8.0 5.9 -2.4 20.3
QTkw. scu~7A2. jO8 BARC22 - Xguwm60 - TA 4.0 5.0 -2.9 19.2
QTkw. scu—-5B1. jO8 BARC4 - Xgwm317 -5B 18.0 5.6 2.1 21.4
QTkw. scu—5B2. 108 Xgwm317 - Xguwm540 - 5B 6.0 4.7 2.4 14. 8
SSM - GO6 QSsm. scu-2D. g06 Xgwm314 — ¢fd223 - 2D 4.0 3.6 19 12.4
G0o7 QSsm. scu —4B. g07 BARC1096 — BARC1144 - 4B 0.0 4.8 35 13.4
G08 QSsm. scu -4B. g08 Xgwml149 — BARC1096 —4B 6.0 6.9 26 18.9
QSsm. scu-5B. g08 Xgwm540 — Xguwm213 - 5B 8.0 10.0 -29 26.0
QSsm. scu -2D. g08 BARC373 — BARC1156 -2D 2.0 3.8 -21 8.4
QSsm. scu -7D1. g08 ¢fdl4 - BARC172 -7D 10.0 3.3 -27 9.0
QSsm. scu—-7D2. g08 Xwmc488 — Xgdm86 - 7D 0.0 5.1 -23 10.7
Jog QSsm. scu-5B. jO8 Xguwm540 — Xguwm?213 -5B 10.0 6.3 -24 17.2
GPS  G06 QGps. scu —14. g06 BARC372 —¢fd19 - 14 18.0 3.3 1.6 14.7
QGps. scu—5B. g06 Xgwmb40 — Xguwm213 -5B 12.0 4.9 1.1 14.0
QGps. scu-7D. g06 ¢fd14 — BARC172 -7D " 8.0 3.2 2.5 10.3
GO7 QGps. scu—1B1. g07 BARC241 - BARC240 — 1B 4.0 4.0 4.4 11. 1
QGps. scu-1B2. g07 BARC240 ~ ¢fd59 - 1B 4.1 3. 8 4. 0 10. 9
QGps. scu-7D. g07 ¢fd14 — BARC172 -7D 12. 0 6. 1 3.1 17. 1
GO8 QGps. scu-1Bl. g08 ¢fd59 — ¢fd65 — 1B 0.0 3.8 3.3 10. 2
QGps. scu—-1B2. g08 BARCS — cwem6 - 1B 2.0 3.6 3.7 1. 1
Jos QGps. scu -3A. jO8 BARC12 — Xwmc532 - 34 18.0 3.0 2.2 8.6
QGps. scu —4A. jO8 Xwmc468 — BARC170 — 44 16.0 4.6 1.7 12.7
QGps. scu —2D. jO8 Xguwm261 - Xwmc25 -2D 0.0 3.3 2.8 8.1
GWS G06 QGuws. scu —5B. g06 Xgwm540 — Xgwm?213 - 5B 8.0 10. 4 0.19 32.8
GO7 QGws. scu—14. g07 BARC372 - ¢fd19 - 14 0.0 4.0 0.11 10.3
QGuws. scu-5B. g07 Xguwm213 — Xguwm499 - 5B 0.0 3.1 0.11 8.1
QGws. scu —7D. g07 Xwmc488 — Xgdm86 - 7D 0.0 3.3 0.12 8.6
GO08 QGws. scu—-5B1. g08 Xgwm317 - Xgwm540 - 5B 12.0 7.9 0.14 21.9
QGws. scu-5B2. g08 Xgwm540 - Xguwm213 - 5B 8.0 8.7 0.15 22.8
JO8 QGws. scu—-5B. jO8 Xgwm540 — Xgwm213 - 5B 12.0 3.7 0.09 10.5
BPR GOS8 QBpr. scu —4A. g08 Xwmed68 — BARC170 —4A 15.9 3.1 -1.98 8.7
QBpr. scu—-4D. g08 ¢fa2149 — BARC1183 —4D 19.4 3.0 3.07 10. 1
Jog QBpr. scu-34. j08 BARC12 — Xwmc532 - 3A 4.0 4.0 5. 14 14. 6
GPR  GO8 QGpr. scu-3Bl. g08 BARC1111 - BARC139 -3B 0.0 5.0 -7.31 15.5
QGpr. scu-3B2. g08 BARC139 - BARC1140 - 3B 4.0 4.6 -5.50 14.9
QGpr. scu —4D1. g08 ¢fa2149 — BARC1183 —4D 4.0 4.9 8.06 15. 4
QGpr. scu -4D2. g08 BARC1183 —~ BARC48 —4D 4.0 4.7 10. 53 15.7
JO8 QGpr. scu ~3B. jO8 Xwmc78 — BARC1111 -3B 16.0 4.7 -0.20 19.3

a: “Site” means the distance of LOD peak value for QTL after the first marker in “ marker interval” ; b: Additive effects were estimated as the mean ( in

trait unit) difference between the two RIL genotypic groups canying the CM42 and CN16 alleles. A positive value implies the CM42 allele increased phe-

notypic value whereas a negative value implies the CM42 allele decreased phenotypic value.
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