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Breeding of “Milky Summer”, an isogenic
line of the rice cultivar “Milky Queen”
with modified heading
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Abstract

To enhance the cropping potential of “Milky Queen”, one of the japonica cultivars
with low-amylose content, we developed an isogenic line (IL) of “Milky Queen” with
one quantitative trait locus (QTL), qDTH6 (Hd1) for the heading date of the indica
cultivar “Kasalath”, using marker-assisted selection. The characteristics of the devel-
oped IL, Kanto IL7, which has a 560kb Kasalath chromosome segment containing
target QTL, were evaluated under collaboration with prefectural experiment stations
between 2006 and 2008. The excellence of Kanto IL7 was ultimately confirmed and
was registered by the Ministry of Agriculture, Forestry, and Fisheries as “Milky
Summer” in 2011.

The heading date of “Milky Summer” at the NARO Institute of Crop Science
(NICS), Ibaraki, Japan was 13 days earlier than that of “Milky Queen”, and was 3 days
later than that of “Milky Queen” under cultivation at the Okinawa Prefectural
Agricultural Research Center, Nago Branch, Okinawa, Japan.

Most of the traits of this variety, including grain quality, were the same as those
of “Milky Queen” at the NICS and Okinawa. On the other hand, the culm length of
“Milky Summer” was shorter, which may result in a slight reduction in brown rice
yield at the NICS. In Okinawa, the culm length of “Milky Summer” was slightly
longer and its brown rice yield of increased by 10%. Cool-temperature tolerance of this
variety was also slightly inferior to “Milky Queen’.

“Milky Summer” is a non-glutinous cultivar with low-amylose content. Therefore,
the cooked rice of “Milky Summer” is sticky and its eating quality is nearly equivalent
or the same as that of “Milky Queen”.

This variety is expected to be adaptable to the early growing areas of western

Japan.

Key Words: rice, Milky Queen, early heading, isogenic line, DNA marker,
Milky Summer
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R ) == 5.11 8.06 9.13 76.6  18.5 358 147.6  60.7 100  23.4 4.0 0.5
hEZED 5.11 8.03 9.09 7.7 17.2 416 135.8 570 94 20.4 4.0 0.0
Wi e 2006 Wil AP ILF—Pv— 5.16 7.26 9.01 80.8  19.2 397 125.9 542 84  2L.2 4.0 3.0 X
bEZEDL 5.16 8.01 9.04 76.9  19.3 404 150.1  64.3 100 22.5 4.0 0.0
ILFEPY 2006 il AR IvF—Pv— 5.10 7.31 9.04 79.0  19.1 466 140.4  56.0 89  20.3 2.0 3.0 x
QEDE 5.10 7.30 9.06 66.0  18.7 560 153.0  62.8 100  2L.3 3.0 0.0
RE Y 2006 R AR IAF—Fe— 4.25 7.17 8.27 88.9 17.6 424 124.3 49.3 89  20.4 4.0 5.0 x
SEBLD 4.25 7.19 8.27 89.6  19.3 411 137.0 55,6 100 221 4.0 3.5
[ES2N2F AN 4.25 7.18 8.25 97.5  17.6 396 136.9  58.8 106  20.8 4.0 3.0
N¥EHY 4.25 7.17 8.23 73.3  19.2 389 128.5  55.6 100  20.8 4.0 L5
wE @ 2007 Wil AEE ILF—Pv— 5.17 8.02 9.04 76.8  16.6 514 149.1  59.7 100 19.3 3.5 0.0 A
IAF—IA—r 517 8.16 9.29 87.4  17.0 464 1724 59.7 100 20.4 3.5 3.0
2008 Wil AR IvF—Pv— 5.15 7.29 9.11 80.3  16.8 528 142.7  55.1 108 22.4 5.0 3.0 x
INF—SAL—r 515 8.11 9.25 90.4  16.6 473 155.0 L1 100 2L.2 3.0 2.5
S 2007 il AR Ivk—Pe— 5.15 7.31 9.05 83.8  16.0 556 169.5  66.4 112 20.5 4.0 2.0 x
bE1-ZED 5.15 8.03 9.09 79.5 166 479 155.2  59.5 100 2L.6 4.0 0.0
BRI 2007 EHiEOEE IF—de— 5.08 7.31 9.06 8.6  16.2 446 3.3 42,4 92 185 4.0 2.8 X
bELZEDL 5.08 8.01 9.07 78.7  15.9 433 132.9  46.3 100 19.9 5.0 2.5
T F 2008  BfE  FE IAF—Pe— 5.08 7.23 8.29 77.5  18.8 518 127.0 52.4 94 22.6 5.0 0.0 A
bELZEDL 5.08 7.25 8.31 79.3  19.0 462 136.4  55.7 100 22.9 5.0 0.0
vl 2008 BHAFE IF—Pe— 4.28 7.16 8.24 78.5  17.0 559 141.3 58.3 107 20.9 4.8 2.5 A
HEZED 4.28 7.16 8.24 76.0 17.3 492 137.5 54.6 100 21.4 4.3 0.5
SEBED 4.28 7.18 8.26 80.3  18.0 569 149.1  62.0 114  23.3 5.3 0.8
SAF—IA—r 428 7.27 9.05 85.5  19.0 455 151.7  56.0 88  2L.2 5.0 2.5
2= L T 2008 #HiE EE IAF—de— 5.15 7.22 8.23 78.7  17.2 386 139.8 60.7 92 23.0 3.5 1.3 X
HEVDH 5.15 8.10 9.20 7.4 19.9 398 170.4  65.9 100  24.5 3.8 0.0
aveny 5.15 7.28 9.06 85.1  18.9 399 151.0  65.8 100  23.1 3.8 2.3
LhEzn 5.15 8.03 9.13 725 16.8 376 149.0  63.6 97 23.4 4.0 0.0
sk 5 v 2008 il AR ILF—Pv— 5.16 7.27 9.08 77.3  18.9 450 156.9  69.9 103 22.0 4.5 2.0 x
bhElIEL 5.16 7.28 9.10 79.1  19.9 426 152.8  67.8 100  23.1 3.0 1.0
TreHY 5.16 7.27 9.08 76.5  17.9 520 156.6  70.2 104 24.0 4.0 2.5
B LR 2008  RiE R IAF—e— 5.15 7.22 9.01 70.9  17.6 418 45.0 68 23.1 4.0 0.0 A
BEOUE 5.15 7.24 8.27 746 19.7 400 140.0  65.7 100 22.8 3.0 0.3
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aveny 5.08 7.28 8.30 91.0  18.6 419 1715 60.6 100  20.8 5.0 2.3
NFZFEY 5.08 7.19 8.22 79.0  18.6 519 141.0 573 95 2L.7 6.0 1.0
bEIEDb 5.08 7.21 8.25 83.7 18.5 462 143.7 56,0 92 20.6 6.0 2.5
3 2007 RS AR IAF—Fv— 5.31 8.01 9.02 87.9  18.0 428 126.3  49.0 98  2L.1 6.5 4.0 A
TreHY 5.31 8.03 9.04 82.6  20.3 362 130.1  50.0 100 23.6 7.5 0.0
FELE 5.31 7.29 8.28 74.1  18.4 352 113.6 45.1 90  22.1 4.1 0.0
2008 R EE IAF—Hv— 6.02 7.30 8.31 95.4  19.4 524 139.1 435 78 214 6.0 4.3 X
TreHY 6.02 7.31 9.01 9.2  21.5 443 154.5  55.8 100  23.5 2.5 0.0
L 6.02 7.26 8.28 8.4 21.1 437 145.8  57.6 103 22.7 4.5 0.7
FoIL 2007 Wil AR Ivk—Pe— 6.14 8.08 9.06 79.5  18.4 325 118.0  49.7 98 221 5.0 0.0 A
¥XeHY 6.14 8.12 9.12 76.4 171 284 129.0  50.5 100 22.5 3.0 0.0
2008 Wil AR I¥—Pe— 6.17 8.05 9.09 92.7  20.4 380 146.0  56.4 92 2L7 6.0 5.0 X
*XtHY 6.17 8.11 9.15 84.5 17.8 333 149.0  6L2 100 23.1 3.0 0.0
)28 2007 il HEE IAF—Pv— 5.11 7.20 8.27 85.7 18.5 435 1.8 39.3 64  20.1 5.5 3.0 X
INF—sA4—r 511 8.03 9.15 89.9  19.5 407 149.0 615 100 210 3.8 1.3
=aveRY 5.11 8.03 9.21 82.0  20.0 398 151.8  63.7 104 2L.3 3.5 0.0
iR 2008 EiE EE IF—de— 5.08 7.21 8.22 3.7 17.4 357 120.1 46,9 109  23.4 4.3 0.1 A
NFZFEY 5.08 7.22 8.21 66.2  17.5 326 116.1 42,9 100 24.3 5.0 0.0
2 5.08 7.25 8.25 72.3  18.7 393 122.4 483 113 24.0 5.4 0.0
g RAE 5.08 7.24 8.24 78.5  17.9 398 119.0 40.8 95 22.1 6.1 0.3
2 [A T 3 [ 2007 EE AR Ik 6.01 8.03 9.05 82.1 17.8 317 120.7 50.9 95 21.7 3.5 1.0 AX
bELIED 6.01 8.06 9.10 8.1  20.4 280 132.0  53.4 100 22.6 5.0 0.5
2008 @ EE IF—Pe— 6.04 7.31 9.03 82.4 17.7 341 109.8  45.8 87  23.3 2.7 1.0 A
bEELZED 6.04 8.04 9.11 80.8  20.3 320 125.0  52.4 100 24.1 2.7 0.0
e 2007 BH EE IAF—yYe— 4.25 7.08 8.10 86.0  17.4 454 115.6 48.7 89  22.3 3.0 3.5 AX
NFzFE 4.25 7.10 8.10 74.2  18.5 459 128.0 546 100 23.0 3.0 0.0
2008 EH AR Ik—de— 4.25 7.10 8.10 76.1  18.2 460 1242 57.6 103 214 4.0 0.0 A
NFZFEL 4.25 7.11 8.10 70.4  17.8 455 123.0  56.1 100 22.8 5.0 0.0
B 2007 il AR IF—Pv— 6.19 8.13 9.15 77.3 200 333 113.7 445 102 20.9 4.5 0.0 AX
ExME 6.19 8.19 9.22 68.2  19.7 368 116.0  43.8 100 210 3.5 0.0
aveHy 6.19 8.17 9.20 79.5  19.4 298 86. 1 46.6 106 211 4.5 0.0
*XeHY 6.19 8.16 9.18 69.4  18.3 281 109.0  43.7 100 2L.8 4.0 0.0
i 2007 RH OEE IF—de— 4.09 6.28 8.06 80.2  16.1 583 43.3 107 21.0 9.0 3.5 X
IAF—IA—=r 409 7.01 8.09 84.1  17.1 492 40.3 100 20.8 6.0 L5
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= 2007 Wil AR IF—Pe— 6.25 8.21 9.27 91.5  18.1 392 142.4 532 100 2L.1 2.5 4.0 X
aveny 6.25 8.18 9.27 84.7 19.1 367 144.4 531 100  20.6 6.0 2.5
PER1E 6.25 8.20 9.29 77.6  17.6 361 138.2 476 90 20.1 5.5 1.0
A fEA 2007 Wil AR IF—Pe— 6.20 8.16 9.21 86.2  20.1 384 124.3 53.8 98 21.4 4.8 3.0 X
aveHy 6.20 8.16 9.21 84.1  19.6 359 123.8 549 100 219 6.3 2.0
FXEHY 6.20 8.18 9.24 80.8  19.0 314 1213 50.7 92 22.0 4.3 0.0
T e 2007 R4l AR IAF—Pv— 5.23 7.31 9.15 7.0 18.0 310 119.5  46.7 83  2L1 3.5 0.0 x
aveny 5.23 8.09 9.23 82.0 17.4 335 153.2  56.4 100 217 3.0 1.0
Wk 5.23 8.14 10. 01 67.0  18.3 308 153.3  59.5 105 23.7 4.0 0.0
I 2007 RS R IAF—Pe— 3.22 6.24 7.29 78.8  17.1 565 1176 38.7 97  20.0 5.8 5.0 A
IAF—IA—r 322 6.26 8.01 82.9 17.5 551 125.5  40.0 100 19.2 6.1 5.0
2008 R MR IF—de— 3.26 6.28 7.31 83.5  16.9 488 149.5  59.8 100  20.1 5.0 2.5 A
IAF—IA—r  3.26 7.01 8.01 84.4  18.5 428 165.2  59.7 100 20.2 6.5 2.5
il A 2007 W R Ix—Pv— 3.09 5.26 6.28 723 15.3 384 109.5 44.4 90 245 5.0 0.0 oA
DL biEh 3.09 5.28 6.29 73.0 16,4 422 116.8  49.1 100 22.8 4.5 0.0
o R IAF—Pe— 8.21 10.07 1112 79.4 174 315 94.8 34.5 102 211 4.0 1.5
VEviFh 8.21 10.06 1112 69.4  18.5 249 83.3 33.8 100 23.0 4.0 0.0
2008 18 AR IAF—Pv— 3.11 5.20 6.22 723 15.7 439 116.2  46.1 103 19.7 4.0 0.0 ©0
INF—24—r 311 5.17 6.20 69.7  15.8 481 112.5  44.8 100 19.6 4.0 0.0
o MR IAF—Pe— 8.06 9.21 10.26  83.2  19.0 407 73.9 16.5 113 19.6 4.0 2.7
INF¥—s 41— 8.06 9.16 10. 26 776 18.9 392 64.6 14.6 100 19.7 4.0 4.5
\HIL 2007 281 AR IX—Pv— 8.09 9.27 76.3 164 345 65.3 14.9 122 5.0
VEBIEFENR 8.09 9.27 56.4  16.6 379 51.8 12.2 100 3.0
IAF—IA—  8.09 9.22 60.3  15.3 347 54. 0 10.9 100 5.0
2008 18 AR IAF—Pv— 3.07 5.13 6.11 62.7  14.9 364 78.8 29.6 91 20.3 4.0 0.0 o
VL diEh 3.07 5.13 6.11 59.8  15.6 346 81.4 32.4 100 22.5 6.0 0.0
IAF—S 4= 30T 5.08 6.05 62.1  14.4 389 76.0 24.7 76 19.8 5.0 0.0
o8 HEE IAF—He— 8.04 9.21 10.15  66.7  15.3 364 58.6 19.4 115 18.0 6.0 0.0
VL biEh 8.04 9.20 10.16 55.2  15.4 351 49.3 16.9 100  18.0 6.0 0.0
INF—Z 4= 8.04 9.16 10.14  58.8  15.4 362 53.8 18.7 111 18.2 6.0 0.0
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