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Quality and Agronomic Characteristics
of Promised Malting Barley Lines with Proanthocyanidin-free Allele

Takashi NAGAMINE, Emiko YAMAGUCHI, Mika OZEKI, Takahiro SEKIWA, Nobutaka WATANABE,
Hirohisa WATANABE, Kaori OHNO, Nobuteru KUMEKAWA, Tetsuya MOCHIZUKI,
Naoyuki KAWADA and Tsuneo Kato

Summary: The purpose of this breeding was to obtain barley lines with extremely low polyphenol content
which have great advantages in preventation of the haze formation during beer brewing and the browning of
polished barley after boiling. All the breeding lines possessing proanthocyanidine-free dlele antZ3, anti7
or ant28 had more excellent qualities and agronomic properties than their proanthocyanidine-free parents.
Among these three ant aleles, the lines possessing ant28 showed the most excellent performances both in
the malt quality and agronomic properties; Daikei HL107 and Daikei HL112 with ant28 had higher yield
than Mikamo Golden with the similar characteristics in the malting quality. However, al the
proanthocyanidine-free breeding lines showed poor tolerance to the pre-harvest sprouting. In the further
breeding of the proanthocyanidine-free barley, the improvement of the tolerance to the pre-havest sprouting is
the most important problem.
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2002 2003
65cm 10cm 5cm
10 10a
BB2 ( N:P.0s:K.0=8:18:16,
20% ) 15kg PK 40 (N:POs

K.O= :20:20) 46.7kg 1300kg

N:P.0s:K.0=1.2:
12.0:11.7kg/10a
2004

65cm 5cm 5cm
1 3.12 11 10 10a
2000kg/10a, (N:POs:K

.0=14:18:14) 67.9kg PK 40 10kg
N:P.0s:K-0=9.5:14_2:11.5 kg/10a

2004
9 ant
2002 2004
2003
European Brewery
Convention (EBC)
3 » 2002 2003
50g
2004
HO4 antl3 Fq 32 / HJ18 216/ant13-152(Triumph)
HO7 ant13 Fo 32 /  HJ20 216/ant13-152(Triumph)
HL99 antl3 Fi, 253 //< 216/ant13-152(Triumph)>F1
HL97 antl7 Fio 253//< 216/Galant(ant17-148(Triumph))>F1
HL106 ant28 Fi, 253//< 216/ant28-494(Catrin)>F1
HL107 ant28 Fio 253//< 216/ant28-494(Catrin)>F1
HL109 ant28 Fi, 253//< 216/ant28-494(Catrin)>F1
HL112 ant28 Fio 253//< 216/ant28-494(Catrin)>F1
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ant B-
% dm¥% _ dm%  dm% % WK/TN % mg/l mPa s
antl3 antl3-152 904 79.7 124 0.73 36.5 102 270 109 1.83
antl3 antl3-152 93 78.3 10.9 0.69 39.2 125 40.3 131 173
anti3 HO4 99.1 834 10.8 0.90 52.0 128 437 72 1.66
anti3 HO4 741 835 94 0.83 55.3 87 299 52 1.78
anti3 HO4 98.9 82.0 119 111 58.0 178 80.3 41 50 151
anti3 HO7 98.3 84.2 10.6 0.94 55.4 109 30.1 66 1.68
anti3 HO7 60.9 80.3 9.8 0.69 440 115 50.6 122 1.75
anti3 HO7 98.3 83.2 119 1.04 54.7 186 785 238 31 1.48
ant13 HL99 975 81.6 111 0.87 489 121 433 145 2.00
anti3 HL99 786 82.1 104 0.80 479 73 471 75 212
ant13 HL99 96.9 81.1 121 1.09 55.9 126 76.9 -75 89 1.67
antl7 Galant(ant17-148) 88.6 80.0 11.3 0.77 425 58 38.6 129 214
antl7 Galant(ant17-148) 453 81.3 10.1 0.70 437 192 736 69 161
anti7 HL97 96.8 80.0 10.7 0.73 423 109 50.3 140 217
anti7z HL97 743 79.2 95 0.67 443 66 309 170 2.08
anti7 HL97 97.4 77.1 116 0.84 455 121 788 244 89 176
ant28 ant28-494 793 78.2 12.2 0.67 34.1 104 10.6 104 173
ant28 ant28-494 416 80.6 9.2 0.65 442 176 56.3 60 154
ant28 HL106 949 83.0 9.8 0.77 488 165 66.0 141 1.87
ant28 HL106 745 824 9.6 0.76 493 118 504 101 1.88
ant28 HL106 97.9 83.8 10.3 0.83 50.3 204 837 703 38 1.50
ant28 HL107 937 83.1 95 0.74 489 135 58.4 163 1.87
ant28 HL107 741 81.6 9.1 0.72 49.7 92 36.1 137 1.89
ant28 HL107 98.3 81.0 10.2 0.82 50.3 174 846 533 65 153
ant28 HL109 95.8 81.7 9.8 0.69 435 170 69.4 186 1.99
ant28 HL109 756 80.5 105 0.72 429 142 59.4 146 1.78
ant28 HL109 98.0 81.8 9.8 0.78 494 268 830 709 46 1.48
ant28 HL112 96.9 82.1 9.7 0.67 432 149 64.6 179 1.79
ant28 HL112 787 83.1 10.6 0.88 518 112 416 38 171
ant28 HL112 99.0 82.9 8.8 0.68 48.3 183 821 584 47 1.49
- 89.3 834 94 0.64 426 166 70.6 65 172
- 82.1 81.1 129 0.81 39.2 215 60.3 104 169
- 914 84.8 85 0.76 56.1 224 838 531 36 1.47
- 97.7 83.2 10.1 0.75 46.5 163 74.6 82 1.67
- 89.2 80.7 131 0.79 376 216 529 80 165
- 933 85.3 8.6 0.86 62.5 198 827 275 25 1.45
- 97.7 84.8 9.2 0.69 464 204 80.9 93 173
- 879 82.7 11.8 0.74 395 241 84.0 95 1.70
- 95.5 86.4 8.3 0.72 54.1 219 832 558 20 149
antl3 antl3-152 49.8 79.0 117 0.71 379 113 337 120 178
antl3 HO4 86.6 835 10.1 0.87 53.6 108 36.8 62 172
antl3 HO7 796 82.3 10.2 0.81 49.7 112 404 94 172
antl3 HL99 88.1 81.9 10.8 0.84 484 97 452 110 2.06
antl7 Galant(ant17-148) 67.0 80.7 10.7 0.74 431 125 56.1 99 1.87
antl7 HL97 85.5 79.6 10.1 0.70 433 87 40.6 155 212
ant28 ant28-494 60.5 794 10.7 0.66 39.2 140 335 82 164
ant28 HL106 84.7 82.7 9.7 0.76 49.1 142 58.2 121 1.88
ant28 HL107 839 82.3 93 0.73 493 113 473 150 1.88
ant28 HL109 85.7 81.1 10.2 0.71 432 156 64.4 166 1.88
ant28 HL112 87.8 82.6 10.1 0.77 475 131 53.1 108 1.75
- 85.7 82.2 111 0.72 409 190 65.5 85 1.70
- 935 82.0 116 0.77 421 189 63.8 81 1.66
- 92.8 83.7 10.5 0.72 43.0 222 82.5 94 172




2004

antl3 HO7 775 F 444 B 1145 A 168 F 121 B C 461 913 694 E
antl3  HL99 695 E 481 A 1350 A 19 B 153 C B 498 1132 338 B
ant?8  HL106 625 E 438 B 1620 C 25 C 137 B B 472 1138 284 B
ant?8§  HL109 620 E 456 A 1510 B 45 E 139 B B 477 1115 416 B
ant?8  HL112 470 C 462 A 1305 A 115 F 114 A C 472 935 595 E
540 D 453 A 1305 A 31 D 146 C C 452 1000 406 C
640 E 447 B 1345 A 55 F 142 C C 435 1140 370 B
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HO4 HO7
2
BR ant
ant28 3 HL107,HL109,HL112)
anti3 2 HO4,HL99) HL107
anti3 HO4 ,ant28 HL112
HL109
2004
. / /a_a o /a
ant13 HO4 45 610 76 72 394 294 00 00 25 00 316 751 493 989 312 70
ant13 HO7 30 608 87 67 482 280 00 00 06 00 407 756 491 983 400 90
ant13 HL99 45 610 87 68 458 279 00 00 06 00 331 742 475 969 321 72
antl7 HL97 40 609 92 69 505 263 00 00 01 00 432 740 473 974 421 95
ant28 HL106 28 606 83 62 478 278 00 00 01 18 404 745 455 979 395 89
ant28 HL107 33 608 89 72 553 303 03 00 01 04 520 764 491 983 511 115
ant28 HL109 10 607 94 61 565 260 00 00 00 40 527 771 487 980 516 116
ant28 HL112 13 606 90 67 462 285 00 00 01 25 476 766 485 990 471 106
10 606 91 57 595 241 00 00 02 02 465 754 430 958 445 100
10 606 92 66 601 272 00 00 02 03 546 755 470 983 536 120
10 605 89 70 518 278 00 00 01 05 523 769 488 974 509 114
1 80% 5 60%
0 1 2 3 4 5
0 1 05 1% 2 1 2% 3 2 5% 4 5 10% 5 10%
2004
anti13 HO4 RR RR 0 68 5
anti13 HO7 RR RR 0 63 5
ant13 HL99 RR RR 28 - 57 6
ant17 HL97 RR RR 3 - 67 4
ant28 HL106 RR RR 35 - 66 45
ant28 HL107 RR RR 33 - 78 4
ant28 HL109 RR RR 38 - 73 4
ant28 HL112 RR RR 38 - 52 6
SS S 25 - -
RR S 3 67 38
RR RR 0 70 33
< >
RR SS 7
RR SS 7
3 0 5 6
0 10 5
0 6 7
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ant

ant13 HO4 100 - -

ant13 HO7 100 100
ant1l3 HL99 100 - -

ant13 HJ12 27 48
ant17 HL97 39 - -
ant28 HL106 100 - -
ant28 HL107 100 - -

ant28 HL109 55 74

ant28 HL112 100 59
antl3 antl13-152 0 - -
antl17 Galant(antl7-148) 12 - -
ant28 ant28-494 0 - -
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