ISSN 1347-1244

SUN S V1' - S 1 R 4
Bull.NARQO West.
Reg.Agric.Res.Cent.
// 1|
/ //
JLLf/TIN //
FINARO WESTERN REG AGRICULTURAL R CH CENTER /
| P!
] ™ ry 2012 /|
P ~ /
7 \ /
/ A\
[ iRgch
]
\ \\
\\ N
\ / N O N
y NS
\\ S \\_
N » \
N \ / \\ \\
N = N ™~
N \_\\\_
) \ N
/////— \\X \\\‘\
fmmm N\ T
/T T NN -
SRR
L
—
— E——
T
ST K]
N
h \ T / A g, = N # -
\\ — // e an [ =]
\\ [~ // m ‘/ -
N L~
N |
NAR@ WESTERN REGION AGRICULTURAL RESEARCH.!CENTER







s U E R EMF S v 7 — i Se iy
Bl115

o kO ]

TR =

Z B E 44 I & W

73 H Bug i 11 I S |
g H 2 E i
Bk K 1l & H i}
=oOfE R = W - =
B RO X & — BB
+ 5 T T+ 5B B &

BULLETIN
OF NARO WESTERN REGION AGRICULTURAL RESEARCH CENTER
No. 11

Tsukasa NAGAMINE, Director General

EDITORIAL BOARD

Toshiaki IMAGAWA, Chairman

Kiyoshi Kojima Hidekazu KAWAKAMI
Osamu Kusupa Atsushi SAWAMURA
Takanori SATO Mitsuru SHINODA
Hidehiro TAKAHASHI Kazuki MIURA
Asuka TAKAHASHI Yuji NAGASAKI
Motoyasu IKoMA Ichiro OTANI

Hiroshi JUTORI Masanobu JUTORI

(NARO: National Agriculture and Food Research Organization)






AT b Y ] 2SR FE & v 7 — B FE oS
W1l
CPE244E 2 1)
H R

ERELPCTHALIEICEN SRS SR OB AR (7253 32] OFK
BT B SIS - D U0 - AR - FHIEER « FAFZEER oveveereeee e, 1

WEHEARET 2 BV CH UL TR IR (A @5 57 4 AFnfl [HE 5] OFK
R OC - SEHIESS - RARIR L - 25ROk - ANBP DY - K o ANEA - SOTHE -
A - L - EABIE TS - FEHEA - JEA B - THIHL G5 ceerveereeereerneeee i 97

I A FRFEB X I T AN BT 2 DNA S B i o B3
HFVVHLBD L GIMTIZE L7254 APk 3o X0 ] OFK

SRHIESS - R OC - WIS - 25ihag ok - NP DY - S IEAL - R -
FRAKTE— » TIFEHIA » EAGIT— + AVRIEIS +oveerververseeseesees ettt 31






BULLETIN
OF NARO WESTERN REGION
AGRICULTURAL RESEARCH CENTER

No. 11 February 2012

CONTENTS

Tachisuzuka, a New Rice Cultivar with High Straw Yield, High Digestibility
and High Sugar Content for Whole-Crop Silage Use
Kei MATSUSHITA, Shuichi IibA, Osamu IDETA, Yoshihiro SUNOHARA,

Hideo MAEDA and Yasuaki TAMURA .......................................................................................

Effect of Grass Hay Feeding on Meat Production, Carcass Characteristics,
and Meat Quality in Japanese Black Steers
Masahiro SHIBATA, Kazunori MATSUMOTO, Yasuko HIKINO, Mika OE,
Koichi Ojmma, Tkuyo NAKAJIMA, Susumu MUROYA, Koichi CHIKUNI

and Naoyuki YAMAMOTO ......................................................................................................

A New Soybean Cultivar, ‘Akimaro’, with High Yield in Late Sowing Cultivation
and Suitability for Miso (Soybean Paste) Production
Yoshitake TAKADA, Masayasu SARUTA, Akinori OKABE, Akio KIKUCH]I,
Sadayoshi ONO, Kazuhiro YAGASAKI, Hidehiko SAKAMOTO,
Mitsuo TAKAMATSU, Naohiro YAMADA, Nobuo TAKAHASHI,

Nobuhisa TANAKA, Satoru MOTOKI and Kiyoshi NISHIMAKI .........................................................

Development of DNA Markers for Identification of Wheat Cultivars
and Wheat Food Products

Yumiko FUJITA ..................................................................................................................

A New Soybean Cultivar ‘Hatsusayaka’, with Tolerance

of Delayed Leaf Senescence and Suitability for Tofu Processing
Masayasu SARUTA, Yoshitake TAKADA, Akinori OKABE, Akio KIKUCH]I,
Sadayoshi ONO, Kazunori IGITA, Shinji SAKAI Ryoichi MATSUNAGA,

Makita HAJIKA, Masakazu TAKAHASHI and Kunihiko KOMATSU ...................................................






S Y AR 1 1
1-13, (2012)

ERELINTHALEICEN S 2RO
FURL KRR 72599 h ] OFK

BT 5 B — - I I - REEEEAT - TSRS - HA R S

Key words : rice, cultivar, whole crop silage, digestibility, lodging resistance, sugar content, Tachisuzuka

=|

1 ?f‘% %‘ ............................................. 1
I G K HE G -ovverrrreeeeemmmnnnrereeenniiiieeee s )
m 4% Pl +oevvenreeessenniiirte e 3
JERES (1L - i TP PR 3

0 TFBIREE cvveeeeermmmrrreeeeesnniiie e 3

3 I coveeereeeeeemenrree e 5

A BRI - RN cveeeeeeeeeeeerrnneeeeanans 5

R L 6

6 FHEB LT DMDIEHINE coeeevveeeermeeees 7

I #

[l

PrE ORF R NN AL D BB oK
m, FMFWRRERROMBICL 5T, EEW
BEMTEREELIE LD TWAS, 20084124 U7z
T F RIS O E i & otk ok 0 Enx, E
BRI DR & 2T R0 3 WIRDTE O F R E
BULZKRELRARENLEELED 2 /2w, 20X
I HRIRWOT, 20104 ICHERULE S iz [£0h - 2
- BATEARGEI ] 2O, KHTHRETE A6
BHER & LT, FRFSEAMLEDER SRR ISR VR
MWibhbZ bilhotz, W THA xR —N 70
v 74 L= (WCS) & LCTHMT %HsHH
f R OB MR, PERD S DOIY FAIZ X - TH
FDPOMGICEL B LH AR SR LTV
ZEbdy, TOEMHAIZ20104E121E1 755 F
7F—VEBZAEFZIHEML TS, LA LRER

1

VN
T TEIBPE cvveeeeeeeeeeeeeemmmmmmmmiiiiieee 8
8 L - ATBRIRPE ceveeeeeereeeeeeeeeennnnnnnnins 8
VR dh s L O F BT coeeeerermenennens 9
1 FREEIRH --vvvvvvvmmmmmmmmmmereeeeeeeeeeeeeeeeeennnns 9
0 HREE DRI I ceeereeeeeeeeeeeenanannnnns 9
V X OHEB L OB RAETEG - ooevrevrereeeennn 9
VI ¥ PP 9
S ﬁk ................................................... 10
SUMMATY #oreerererenssseennnnnnnsnrenttiiieateiiaees 12

ME7Z & X IS 2 2 L, BIRIC X » TIEDS
W& 2 53500 S %\ Wiz, BRI E R
b7z TYHEDSTTRE & 72 2 AR S LT w
5. 72, A AWCSEFITHG T HBICIE, KH
LOF FPRMSNZHL AL S, FFICHAST
X, AR THWD0% WL N d oz b 5 HE
DRALNTBY, THICLLZANVF—Du 2D
Lo TWBHY, X512, WCSOIEEZIZFLEH
DI AN F =L 7 HFENLEENS, FAHFSHEM R
DY E WA OREZEIMR N Z LA A L — VFERE
DBEICARIERBEZELLEROVMEDLEEZ HNT
WwWnl, 20
CZTHRARAMERZUETEZ2mEOFRZ H
BELTHER SN [Z25337h]) 71, WERE
A BB B EINIC W T & S IUHETT Bk 70 1] 1
ARV, FEEILINTTEOEE K L KM
TEOPEIIZ L 2REGOT A ZWHITEX L LE 2
bs. S5, Y4 L —=—VhohtEry—T = v

CER234E 9 H13H %A, Fk234-12H 7 H2#)
RS e b Y E A e v v —
KHEVERFZe s ARRRE R 7V — 7

bOBLOROPEERE  (EWRRERT
©oon EIBSRMOKESENTEE v 8 —
POBLORAEEERE JuNIPRRESERTE R v 8 —



2 JEaH [ D LSRR v & — I gE Y 115 (2012)

MikHE (NDF) OALMEATE W Z & 2 S AL I HE
N7zimfEE Wz b, MAT, 4L —IRBICLE
GEBPOWEGSENE N EPLERNMEENS
728, 20104 3 HAZHE LIS HED Al g g b i &
fTotz. 22T, AMEOERREB L OB
FZOWTHET 5.

B, [T 3h] OBFRIIENKEERTT
Oy b HETCBY LW [ TI VR =y R
REWIRME D 720 OEMZE (35%)] (2003~2005
) B IO THERZGIC & 5 HARBIRE f 85
MR (2006~20094E) OFHREHFTIT- 72
WEOEETHS. hoboTFay s MEEOA
- HEAELS ST 2 & BN BIERE BT B EH O
BaRT D, F72, RS O 5L O
HICBWTIE, JLBRSRAEBANDIZERT - & e
YUY =B R THRENTZE, LD D IEH
DEEFETLH. X510, MWIBEEHTRAE &
PR A A ERAE L Lol S A7 20
7.1 (2009~20104FBE) (22 L b3 s 1 o i
R RHEADH 2 L 5> TV KRR L
LD SEHOBEEERT L. T2, EYRBROTIRE
ISR S N7 b E U E R E e v & — 3¢
B 1R OKAL, KO R E RO M) % TH
7o E OBRRICE S BILB L RiF 5.

I FREB

[725H390] & [WHEI475] (Bo [Z74% /K

KIR2585
TH++
hE 695
HhES55E
KC89"

FH565
(AD3)

avehl
th%14227
HE-ZFDL

EZVEINE

TRy

T

EJ0):

FE1565

L

) B, [HERE (00fH#11) ] #XE T 5%
REDVERLARZHETH S, 1K [7253Th
DFEREZRT. B [MHEHM (00E®E1D) | &LiX
(o] & [WEI16% ] L OREBZMRL» S, 2000
EOMERER (F) IZBWTRWESRE, THho
BRI T 2 HIRZERAE SRR TH 5. *F VMR
EORERDPS, ZOREE LR T 5#Eia T, Yt
RIS 3 5 ME A7 1 (spD) LTETH S
EEZLND.

BRI [53h] 0Bk L FRRIK
ZRS . 20014F 12 s L Y [ R ZEWT R 2 v 4 — 12
BT, ZERGRHGEOE K Z HEIZ A TR
AT o 7z, [AED S BAEITHT TOLPNTIRENT
F1Z&#80 L, 20024F- 12 Fa AR % 3 157 I i 4% 4k 5%
THEB L7z, 20034 136 R IS THRAF L, 20044F
VB AR ESEI ZE 2 v & — oS (B Bk
W BIATZEILE) 12 B W T Fs~Faltbft 2 285 L 72,
DA m I R 5 ©20054F (Fs) (AR %,
20064F (Fo) ZRMLEK ATV, DIERHE KIS X
DK - BEE Ko TE 20074 (Fr) 3R E
7 [ZWR1072]) 244 L CAERE I ME ARER - 451k
Mg BRItk L7z, ZofEE, BEFRIETH -
7272920084 (Fs) X 0 Rt [HEA198% | %
U CBIARIF IS HOAR L, HulghEic 2 A L T &
7z, FORER, L0, RN, fFEREYEO T
WCSHnfli e L CEN-#MEZFO Z LA S,
20104F 3 FICHEREICHED a8 sk I 2T b
(72530 e shi.

FE1475
(V¥ /1K)

=53 9h

7 W5 (00fE:E11)

1) KC89 : 7R 3% / Mudgo // aFHE /3/ IR667T /4/ FAEFHFX
2) hR1422: B0k / ¥ XeHY

F1M (725995 ofk



BT S L RBESPTHALTE IS bl o & &

OFEARFREE (725595 ] OFK 3

1R 725390 OFREHME BRI
FEVR 2001 2002 2003 2004 2005 2006 2007 2008 2009
AR 2l F Fy Fyy Fj Fg F, Fq Fo
B SRR 1 1 1
P e 45 5 5 30
TR (70K) 5 3000 5000 3000 16 32 64 32
B RiEEK 1 1 1
B 1 1 1 1
R4 45 5 5 30 5
[ 2 %i1%426 25294 %5161
: / %5295 % E162
% F %429 g’éﬁz%\ £E163
: [ 25312 £E164
% F5#433 — £ H313 %5165
: L £ #H314 (ZIL%1078)
%H246
\1;%435\ H247 H121-122 £E70
: M\ H123-124 :
RiR436, | £BE249 N £E125-126 £BE75
: | %7250 £E127-128 :
: [ £E297 | £&129-130 £E107
HE 1475 : %5298
: L %5299
X F— B B- B—B — : [ %%291
Zi¥444 — £H292 %5166
ffEfE (00fE 3 11) 2 L 25293 ZH167
: %5306 % E168
£ Z®449 — £ HF307 % E169
: L 25308 £E170
: [ 27300 (ZULF1079)
RiR451 — £F 301
: L 25302
: [ %&303
FHiR453 — 25304
: L 25305
: [ %309
Fi%®466 — £E310
: L £E311
L % %470
= PR PP (Ei ZIR1072  HE AR 198 =

) FHRIR 1R 72 ) OfEdE, TRUSEPCREL,

1 —RRYHE

52 RICHBM TOE BB ICL 2 (725
90 OEFRAR S X ORER AN 2R
[72b 392 oM (79 /743 ] XD 4H

FERE <,

V] OITHHE L) 2R,
(7% /K] &0 1HBRE

s,
Ry, V=725 =19 L) bR,
BFIwY), (V=725 =] X,

FHH T RmEpET R A, R
POEAME TOMMIZIZHBTH D,
CD7%, WAL

MEEX 79
BRI [
T D SEHE

[ 273 /K

PBALT 5720, M EIX XV R HZ S (BET,

KFHD [72553h9] 2R

HBE2)., MBI (29 /783 ], [V—7A%—]
I bLZwv, FHMmIT WA, Sk AT, o
2% AT, R “ET ThAH. BREET, Bk

ﬁafu—7x9—LF7%/$>Jaﬁt“%"

THhao. HROMKIE 7% /5] LEBED “%
LR, HoWZEE “W" Thy, [ /75712
5.

2 EAE

B BT 2 8w AR Tk, WCSDIL
HEHI T 2B BT [726330] OBR
BEZ [79 /787 ] L0/ Shotz BB2RK).
7z, TEPIRBRCERE B W T AL 2 » H
IZH72o TTE A LBIRL o 72, RRFEIEHLE



4 AT L Y [ B SRR TR v & — BF R

R BHRIEICBT S [b53T0] O4&F
PR B & ORI ARG (2007 — 2009)

i 2Hd T IV IRy U—TRAH—
HiAE (HH) 9.02 8.29 9.04
waamd  (HR) 10. 04 10. 05 10. 08
s (cm) 121 110 112
R (cm) 16.9 22.0 22. 4
[ - (A/nt) 301 250 223
.| R 0.0 2.2 0.0
ﬁ”ém g1 A 0.0 3.3 0.5
S | Y 0.5 5.0 2.3
ki 0.3 0.3 1.0
R 2.2 2.8 2.8
a7 ) A4 HY 2.7 2.5 3.2
EHOA H H e
gl E=! E=! x*
BN D) H H )
JhURTE e e [
FROHIA K K X
il = ] ssasal] Fi |
En%L » [ e
£ ) — —

1) 20094E D,
2) WBUIEFUEAEAL LI L 2 RO Z & 7ol
3) BURREEE, BOAW, TIM, 37 /7247130 () ~5
(F) 0 6 BRI
4) WEM 1 FIGMEER63H H, #H%E 2 » A3 IHREH%I9H
HoOBIRFEE. & 122008 — 20094F O,

HH1 [Zb33h] OFEE Erbbd3h, 7

IRy, U-TAT—

FrolH 3N b s 5 & bW 75, 5
BRAZIIRBEANARL R DAESE L 2 12 K > T Y
BN C B0 7% < v, B DR O R
(2D 72 B BRI Y B & 2 Bk Z k5 2
ZOICERTH L. H3RICES HIHICBTLHO
REBLOCHEIREDORMAERRZRY. [7255F

#1175 (2012)

BHE2 [ZH533Hh] oM Larsib33h, 7
IRy, V=T ARF—
H3k  [2B99 0] OFE (2008 —2009)
AT RN 5 5 File] TR
dn A 7=H3 T M T IR =T AE—
HiMOER (mm) 6.0 5.2 6.7
J54% (mm) 5.4 4.8 5.9
PRy (/)
TR 12.0 11.4 19.6
B AR 14.1 9.1 20.5

1) KIS (1993)12 OFFRIIhEwy, i H gt 2 8 L ing <
A S &7 BRORIRPUIL & e L7z, BRI kB o
TR ARICOWT, FHROBDORCWTT 5 3/ (712
) Zid L Pz ko 7.

N ORI [7% 7482 ] KRS, [V=7R%
=] XMooz, Fo, (B39 h] ook
PiosgEE (2% 7483 ] 0@ [V—=7RA%—]
Lo WKLy HZRBTLIEICED
(725332 ) OFEOBYEEEI L L7202 L,
(7% FY] TIHKETFL, [V=7AF%—] TlI®
mbElL7, ZO#EEBEELTIE, [Z2539 2],
(V=7 Zx%—| T3WHAMOM FEEEE: [
PRV ] XD Ew (BRak) ZEBBITLNE, T
bbb, [72b39h], [V—7RAF—] TldE%E
HUZHE 2 BT A -0 ROB IR s, oh
(2 & o T B RIE 2 RFTEHER: L T 2 WRETED D
B. 554 RITHERH B X O 8 b E DY E M
> & — LRS- KHRENIZE T — 21281
L ORI B RIKTIE R E O R Z2 RS, (b3 7
Pl E 79728y EHBELESZZDOMLUE L
EHUES K E <, FLDRN T &2 & BURFEE AV
S, OB RIKPUED R . SRS DR S,
(725332 OmEREE B~ &L 7.



BT S L ZBESPTHALE IS D & /O SEUKR W [725 995 ] OFK 5

(72530 FEIEND, Bil35 X918
DEBED [7F 7Ky | BB TH 2w, 2
D7zDELEIMRL 2, WEREDR FIZ%FE L
TWwWhLnLEZLNS.

3 InEt4

55 5 FATH B T o R AR 12 X B HUBEX
Do [7-6b3 3 0] OPFEWRERELZRT. Bk
W2 BT 2 W R AR B L O AR IE R 12 &
% M BEJIRE SRR C O SR BT RN ) Tk [
IRV, [V=T72AF7 =] LDRRLNTH 5.
72 (725390 3HEED 520cmFE TOH G234
ROGYEIZ LD 2EER LR, BADICLS
TR [ 78], [V=T7RAF—] L)%
wEE2HD). ToDNHEOBIZIETE 521K
WEESTAOIY 2179 2L L. [7267

HaR (759750 OEOEIBERIKHUIER & R
a) BRHUCEIT 3B (2008-2009) "

2 TN YRy V=T A —
e (AR) 9. 04 9.01 9.04
T (R/BK) 14.5 11.2 10.6
PREHRHUE (N/BR) 10. 7 8.8 7.7
(/) 0. 86 0. 82 0. 69

b) R EEG s « K ERERE T — A X5 R (2007)7

i eH3 3 JH )Ry =T AL —
R (AR) 9.03 8.31 9.07
FL (cm) 119 112 121
RS (cm) 93 84 95
B (em) 32.0 40. 0 40. 2
¥ (AR/8%) 12.1 9.6 10. 2
A (g/#K) 166 154 162
PREHSHUE (N/BR) 11.5 10.3 7.9
(/) 0.95 1.07 0.77
FIRES R 4.62 5.98 8. 24

1) BRI ERES (5 TR, JER0.56kgN/a) 12X 5.
RERH RICHoT 2 b skim £ <51 & ki, IWAE#R27 - 35H
H (a) 2wL17-25HE (b) CHZ4EE THE L2
Bt i KRB 2 W 5E L 72,
2) BIRIEE = (FEOm < AEE) b7 EEETE 100

T OMEEWEIL (7% Y] ©32%, [ —
TAY — | ODAT% LMD TY v, K, (3
WX (79 /K] ©164%, [V—TFT A5 —] O
129% &, Zok2d [7eb33h] ofE %
EEIZ014THY, [7H 72KV, [V=T7 A% —]
L0 B,

4 SRS - RS

56212 [72 b5 3] ORMICB B SR
SANRERERT. (b3 5h] OBRANOKS
GRE (79 4y, (V=725 —] LRARET

oK (b3 9h] OfUEs X O i A s
(2007 — 2009)

s i b3 IV IRy U—TAK—
WY E (kg/a) 187 178 178
2y a e (%) 105 100 100
XELME  (kg/a) 164 106 129
R B (kg/a) 23.2 72.1 49. 1
WEXIER 0.14 0. 68 0.38

1) 07— Th 5.

200
180
g 160
2
i
& 140
&
——T=5FF
120 cpm Yy
Qe Y—IRA—
100
0 5 10 15 20
MY ES(cm)

%2 [725392] OX Y ES LwYE

FeR  [72b33h] W LEEHO&EE S (2007 —2009)

Aayt HF Y HLS 5 K557 T IS FRRRRETE 2R i

AL A L o VU MIEHEY  BRAE? (@) CErEm)
(%) (%) (2 H1%) (%) (i) (2 H%) %) (%)
/2 R 69.5 6.7 1.6 46. 1 33.2 11.5 3.5
R IRy 68. 4 6.4 1.9 47.8 32. 1 1.7 0.5
Y—TAH—  66.0 6.5 1.5 46.2 34.5 5.3 1.8

1) K5132008 — 20094E D 1.

2) TR B AH TR Se T & Rt &~ & — IR L 7-.
3) BEOMWEIZHPLCEIZ L 5 Y a ki - 7 Rl - HobE o 4EHE.
4) FE ) kg e R ) o Hm L.



6 JEaH [ D LSRR v & — I gE Y 115 (2012)

Hot. WEIHOMY o8y, MR, K&
Y7 —Y v MikdE (NDF), JEMMENE kb
(NFCO) X 7% /&3], [V=7RAF—] LKL
N3 e o7z, HHRICERT LTy 7 VI
NECIZmENshs, (726390, [V—7R%
— | T 7%/ FY] X% ONFCEEIERIC
ERLTCwb720), 20 3MEOEEIZED IO
HENPKE L RRDIZDhD L FNFCISEWAR
BNV EEZONL, NES X, WA
W [Y=TAF—] EWHEintl [ 7% +KF 3]
ORI R R L, WERERW R ET YTy
DI S NS SHEICEN BTN EE/RLT. O
FEELTIE, [V—72%—] oEEhoIEREENE
RN EBHITENEY,. Thbb, i
FEREHLATEH A TUETHAL S U W DEBRS %
53T, HEINRTWERERIZRAKILY
ERESELILENTEX L0, WOk X 5%
B % RAMOK T % T & 5 2 L ARE S 7z,
Jin BB U ST B BT IE FE i 36 i Bl 2 > 7 — T
(725990 ] ORGREEICOWTEHIN & HE %
fToTwh., WHS ZRNVAY L It
W MERBRICBWT, [72533 5] ot
#oH¥E (TDN) 28 [/ &Y ] X V53%E\»
EHELTWA, X512, FHED dmalhgc
LT [7263 90, (2% 28] 4L —-V%
FNZENHEWZ0% & 7 B X 5 \IRE L7z e iR A6
B (TMR) ZWFLHIIAcx LTS L7228,
[7259 9% TMREGGFTIIAES XU 4 %IEN
WIEFL R L, BRSO ENLEN D 5 & Wi
LTwa., —J, WS &, 2ravziwvi:
HALRBIC X VAW O (7263 90] & [74%
AV O A L—VIConTEEEIKG O LR %
gL, 2hick s, (7533 5] oHMighiE
HALZE B X O'NDFHEILERIE 2N Z2N160.6%, 53.1%
THY, 7% /7FK¥] D500%, 451% & i LK
EloEmwiliznRLz., £72, 20O ZDOTDNIZ
(72530 X[ 797583 X035%Eh o7,
Oba and Allen' I ZNDF{H L o ) L5z PR
BLUOARBOUHEICHGTH L LTWEDY, HAE
WAPRE D) X E, 4 A A L — YoM
MEHAL AT BRI T L # ClI53% R TH
D, 726332 ] OHBHEE LRI RN D

EAPIEWEE VR D, RiBROWFLRERD 128
WCHHWOEE ) T S HMHEE LR 0 A5y
BIHEEBE L TWwWEHDEEZ LN,

5 HEH

P AL — YV DORBEEBICBWTIZHLRE O L AL
F—He R rEERIBEME T AT A EE LT
FoO—o ks, RUfRIBERED 72D G R
DFEED 2 %D EORERLE L ERTWwB0, L
2 LERA AT, B ZEHETTE -V R—)Lf
DZEENEL BV L R L, HELTVWLIBHE
DBV L LA T, WA OREEEITW
CENHA L= IVRBIIBOTAFRESE ST
W5 DL - A2 X, R b ofi g E E
V2-Score D IZEWIEO MRS 5 L 2R L
TWwa. AL, mMEERO V20 ZORIEH
LCeBICIMD A LB D o7z, 6 RIC [72
L9 90] OMERERT. (23 30] otk
eI (79 78y ] LHEBELHBRICEL, B
WM r R cX2BMME2R Lz, WES)
T2 8y TRIBEEZICHED 350 2 O
M BRid s LIk ) EEPORS RTINS 5
CEERL, [7263 3] 250 DEMES ORE
WD RN LX) ZRMIZD 726 SN 5T
HOLWHEEZRIELTWS., IhODOFRIE, EF
O ST & AT ERIE S N DG EBEW A, B
VW OFEBEPIIRAL, T T IEBRS R
FIHE LTERENTWAELDTHLEELZLN
5. [, FREEHETEHC B W TP R nwa
EIZXypEOGENHEL, BEEOBICAMIE
WHREMEZ RBLTWA. BIFS519 3o
[7253F0] & [279 /8] ofigRE, Th
Fhoua—Vg vy 7% 4 L—YOpHE L SR
WEREIEKL, MERIXENEN55%, 50%T
Y, [7263FHh] ofEEE [79 78] X
DNLFELLLEDPozE LTS, T2, TOLED
(7250 ] o9 A4 L—VIdpH, REEDEE L
LICRIFRMEARL, BERTY ) —UhEK S
HZ L3 otz FIH - A 2O &R
DI0MFEL LKL, [72533 0] OMEEI KD
BWE L COLEFEHNNTFETHRESE
(725392 ] OV2-Scoreld99 & tied THEAIFTH -



BT S L ZBESPTHALE IS D & /O SEUKR W [725 995 ] OFK 7

72, BUAETIE, MRV THEAL S 7z E oMb
Mo — ) R—F18) DA MERMA [FH15] D
DI L Y, FRA 2F A L — Y O BIEHEDH
BIZ R AEEBP L Twb bbb, E512,
HWHEERE LD [72b33h] 2IEHT52L T,
Y4 L — ¥ ORI ERFSHEHLETE 0 5 5 72 F1)
HNOMEFFFEND.

6 REHLVZOMDIESRM
RSy y—D/NRESIZX B L,
[725 335 13w d BRIk E (5T Pib, Pita B
XUP20(t) ZFo LI T2 (FAME). [FHHF
JeF — DI X B BAMER 2 - flikeic X 5 &
(72535 2] OFEVLLOMBGIKYEE "5 T
o (FE7HR). L HOMBGETEE AW
Thb (F8F).
(72530 & T2 78] ZAERRIKHT
PERE I B\ TIIRAEEELOLL T O WU SO 1Y 72 58
WEPIEE R L. (9K, [Zb33»] &
(7% 7R ]12id [HEeIS | &ML [RAESE
E 35 ] Hko MBI EIE T Xa-3 238 A
ENTVLREYD 52D, [F253$ 0] (3HE

TR (b3 9h] ORCL B BSHRTTERE R
BB PRI T 5 R

i HeEERHEEE TR FRR668-19 IS72 CHIE
(303. 2) (106. 4)
=63 FA Pita, Pib, Pi20(t)  184.8 114.3 59
7% )Ry Pita, Pib, Pi20(t)  183.8 - 55
k295 + 139.5 - BB
H A + 90.7 - Hh
A + 40. 1 - G
AR Pia - 82. 55
v Pia - 37. i

6
1
1) MREERENITE ¥y — R REEIE T — A 128 S
FERMOE IS & B BEEL.

B8R b33 h] ofivy bR HPIrEN SR 5%
(2009) 1

R HEEPUE R R JeomY CHIE

7-53F2  Pita, Pib, Pi20(t) 9.08 0.0
FKIE Pia 8.10 5.5 =8|
NI Pia 8. 06 5.9 K09
EAR295 + 8.05 6.8 55
ER-AUA D) Pia, Pii 8.13 6.0 XU
ARG Pia, Pii 8.05 6.3 X5
WROND Pii 8.10 3.5 G
B IE Pii 8. 05 3.5 5
W) e bcER Y LB REHRET) (280 5 HA
ES

2) Fi 0 (MEFE) ~10 (AREEHEN) o118 RERFAf.

Miwizx LCid “RemtE” Th b (GF10%).

HE R B BBk v & — 2 BT B RERIC &
L, 1725390 ORAMHEIEZ " TH
5 (B11FK). BRFEWE 2975V, [V—7
Ay —] XRFLIZW B THD (F12F).

BRI BT 2 S @A 12 BT, a7/
ALTOHEEZ (7752, [V=72%—] I
W& holz (23K, FHMOICX2MADOHKRT
X, (726392 &k (29748 ] LRk LaT
JAAHELRANEY Y HDOREIEIR SN0
ofz (BME). RS, [72b33F2] & (7% /K
VI tREBELEYay y Ak rag ant o
DS EAIDSH HAS, B A MY U HDOFAITHE

9K (72390 OFERIKTIIERUERS R

s ﬁ¢@%ﬁ” s
& _RARED g RER g
T IS HIE (om) HIE
b330 1.0 1.0 (G 0.6 5
A 1.0 1.0 LG - -
V=T A H — 2.0 1.7 i - —
HEHDY 1.0 2.0 i — —
S NI 1.8 3.2 X - —
A 5.6 6.6 BB] - -
VA e — — — 1.8 G
v X% — - — 2.3 R0
IFIeHY — - — 4.7 o
IFI=vx — — — 5.8  XoX°H
14 — — — 6.9 55
1) T E Y EEENIE Y v ¥ — T ORI X 55
i

2) THEW (2007) (XT7174, T#W (2007~2008) 1XT7147
XTHLO8. 0 (MEFEH) ~10 (&ZEAIE) D11k
AT CREAR L 72

3) HIFEAG RERBS I X 2RI, T7147 O35 5EHARIC X
5.

H10%  [7255 90 ) OmMERFIEIIEBER R D

20084F 20094F '
DD*EZI %ﬁﬁ?ﬁ%{ HZ&E’I)JCE %ﬁﬁ?lﬂﬂ#{ HZEEBHZ #'Jﬂi
=593 24.0 149 56. 6 85 FEIPPE
Ty N RS 0.0 0 0.0 0 Fiis 7
k8- 20.6 128 58.0 88 FEIFPE
StNo. 1 0.0 0 3.4 5 Bl 7N
aw ] 16.1 100 72.9 110 T
H AN 17.3 107 65.5 99 TR
A1) SEShENEEEWREE Y Y —IC B AT REEICL S
BRI

2) RWHREELA (EFRARTHEOETEE 7213 —FBH L)
~D GifhH 2 2EHERLF) O 6 BICHEL, TioX
TIIRIREE HE L 7.

100X A+80XB+60xBt+40xCr+20XC+5%D
FLECEE

SRR =



8 AT o [ DU [ SR T > & — iRy

115 (2012)

1152 (725530 ORI ER R
20084F 20097F ;
P FINE  RE
rn R A4 HEEE BR e HEEH BE e ST il
(AH)  (em JFE () (e EREEEOWE
=690 8.10 85 32 7.31 99 8 20 HH
WSs3 7.217 88 3 7.19 94 2 3 G
JbpekE181 S 7.28 82 9 7.16 84 3 6 ORI
24 7.23 82 26 7.15 85 15 21 2]
PR 7.13 74 53 7.01 71 15 34 R
A ANE 7.23 76 35 7.13 74 18 27 L5
ZIRTT2 7.26 57 58 7.19 60 28 43 55
IxTYE 7.19 74 48 7.07 68 37 43 55
v/ bAhY 8.01 76 45 7.18 77 42 44 55

1) EREBREERERG Y —IC X 5B 55 EW SR TRIE L 72/
R 2 A35 LM LTS I8 L, WA (BROPEI EDFENTE
WL, W EAHEBEDSIEIED SRE £ T L - HIRESHE) »5E GEi%

ROV,
WEER I L7,

P

R HE —
R AR

12k (726995 ) ORZEF

PR E R S L)
Yz e A
=590 3.0 #f
VAW 5.6 R
J—T7 2K — 8.5 5
7RI 5.5 R
BT AN 9.4 5

W) BEMEIZ0 (B3 ~10
(ZHEEH) DO11BRS . 3k
b [ DY [ AR E v 4 — T
D 20074~ 20094F O iR D -3
1.

BRONZEo7: (BME). HHY &, Bk 2
AYD—FTHETH TR IIRIAAINAD
BWHEREEIZOWT, [Zeb 33 & [7% /K]
DORICERIIZVWE LTV 5.

7 EEEN

BI3KICE MBI 2 HKEFEERE BT 5
[7-B3 0] OEFHRAKES X O A
ZARY. (53 2] oWyt T2/ 5]
(V=727 —] LR b00, FEH LHE
BawkEzoNhs, I, (253 H] OHH
W 7% 7083 ] X0 4 HEEELS, BRI
(7% F¥] L0 2 HREERV., &%WEIR [2
PR Y ] X 0EIT, EEGWENEL, WY
EOMR . AN OWEREE [Z79 2 R 12E
. FRPE, R, BRI B s
B LD RPEONZ RS, [2bTT

F70E, BARERUT O o5 ERICHEL, TiRoX Tk
B L3 R CE O,

4XA+3XB+2xXC+D

13K HAKEREEICBTL [72b330] OAFSB
L OULE (2007 —2009)

i b4 IV IRy U—T AKX —
HiFE (HH) 9.03 8.30 9. 06
i (HA)  10.03 10. 05 10. 06
(RS (cm) 114 101 107

R (cm) 15.2 19.4 20. 3

i (k/nf) 340 261 232
i~ 6.8 7.8 7.6

N 0.0 0.7 0.0
ok 0.0 0.0 0.0
2 2.3 3.0 2.5

a7 ) A4 HY 2.3 1.8 3.0

R E (kg/a) 204 185 180

I g s (%) 110 100 97

XL E  (kg/a) 188 110 135

L E (kg/a) 15. 1 75. 4 45.5

W EHER 0.08 0. 69 0.34

H1) 20094E DM,
2) MBI LI L 2 WO Z & /- fi.
3) WVMZ 0 (BAE) ~10 (HE) O11BREEHIG.
4) HMRFEEE, BOhmE, TR, 2724730 () ~5
(F) o 6 ERERHI. 20094F DA,

2] HOKEIRRS CEE 2 RO L ER 5N,

8 MmE - B4
ZARORIEIE M7, KK T ThY, T
WEIZ2gMET [Z27H /748 ] X0/, [V
— 72— I REW (F145). KO
Hix [V—72%—] T, [7H/7F>] X0
LICESL (BE14K). BRiE [e2eay ] k)
Wo2IEY, (297587 ] ¥THDH (BE15H).



BT S L ZBESPTHALE IS D & /O SEUKR W [725 995 ] OFK

Hl1aFg  [72B39 0] OTKRAERNE (Bris, 2007 —2009)
R knEY  omE) ORRORIRX oy L) XK 2
W I N 1 G L AN €4 Sk
=530 5.0 3.08 2.05 1.62 15.3 M W 21.5 4.9
VA WE 4 5.1 3.21 2.24 1.59 6.4 Ol K 24.6 7.4
V— 7 RAH— 5.9 2. 62 .94 2.24 15. 4 E i 20.3 5.1
R R AR Y] [ETE] TH SLO Tk JWE
/RSN /D CH EE b 23 HE Tk 23 Tk
VA W R O oi ot pil3 % b b
Y—TAH— GA s JEEYo pil3 pil3 JEE o % JEEo
1) 20094E D 1H.
2) WE 1 (R ~9 (BAR) 9 BRI,
153K  [725H390] OB
TR N =D ¥ D Ik EZoh S RA EC TR
=63 -1.37% -0.79" -1.58" -1.74" -1.74" -1.89"
A -1.53% -0.58" -1.79™ -1.63" -1.89 -1.89™ 20094 194
U—T AL — -1.00%  -0.32 -1 11™ -1.11* -0.79" -1.32% 12H10H
b /el (U 0. 00 0.00 0. 00 0.00 0. 00 0. 00

) FEHH-3 PRIAR) ~+3 (%) RW).

*

U1 YREETHAEGBL E HEAEAY .

BleE  [72b39 0] OFREES
R 2001 7200272003 2004 | 2005 2006 ; 2007 | 2008 | 2009 | 2010 ,
A VAR - By By t Fyy v Fg v Fg v Fp v Fg v Fy v Fyt
mFs 0 O ' O
ﬁ&ﬁa{% ) : O 1 1 1 1 : 1 1 1 :O :
1 1 1 1 1 1 1 1 1 1 1
,‘ijE]ij 1 1 1 1 1 O O 1
| | | | | VAR | | | |
%J:'%::Eu%l\ ! O + O 1 1
) | | | | | | | : BA |
RITFZERE O . . . :% | | | | |
HFTARTE | | , O—0 | | | | | |
1 1 1 I4H IBH 1 1 1 1 1 1

V #HiEEts LUHELOBER
1 HiEEit
(725350 320 mR 2 S LT, BK
DV oI & O I IS E S L A bR
5.
2 BEROBER
HiF-HERE D RN T2, BREEIRET O TR A%E
WL )L CREE LD, HEIFKOMETI,
AEREA R SRR TE T 5 DT, HIHAT TIIMEM T
Lzawv, 72, Wb BRI L CIdERRYIMEER
T bO720ME TR L 2w, RIS 5
W2 ZERR OB X0 FER A S 72 BRI 134

BN
FIZHBREITY. Sy vy A, Fang, a7)

AL DA SN0, RSSO
5.
V B20HERSLIVUBRESEE
(7253 F0] 1%, o3 ICT2Eon-bE.
CONMEDSRLZ SN2 AKHICKRLE bR )il (5
BT A AT LTHLEEINT. [72bF
Tl OFRMEEZIIEI6EOMY TH 5.
VI ¥ 7=
(726332 FEELZNCHBEREDO RV
WCSHHAMMmEZER T A2 L2 HME LT,
EELZWD [ 79KV ] 8, BEPEL AN
D [HRAERE (00fE#E11) ] 2 & T 5 HBRg



10

AL b E U R SRR T R v & — RiFFE s

IOERLZRMTH D, 20014F, a6 U
EWgEE v 7 — 1BV TR Z 1TV, DIk, £FF
FEEEICHE U CHR A D, 2005413 2HEF S [£IL
F1072) ZAF U CHEEI Mo B, R e B e

e

fitzk U7, 20084E LAFEIZ 244 [ Ef198 5

AL CHiGE I 2 R L 72, 20104E1C [726F
I L LT, RSB (RS 5524752%5)
i1 72,

1.

1)

2)

(725992 oMM (7% /78] &)
4 HREREE <, WP CIE M 12
B3 5. BEE12lenT [Z7H /K2 ] XD
B, BRI 79280 ] K. B
(7% R8Ty ] XDdvLwv. [72633h] Ol
BRI T2 R ] I2EY R THs.

ST OEEWEIIBEA Y TR [

Y Iohxv ] XDRREZWTHS. [125T 50
OMEZWEL [ 797 ¥ ] LDk,

CEBCBT D (72550 oKRyER, —

W o oM, kTS — Y = v MBS X O
AL TE AL E 7% 7 Ry ] LY
WEZE NI, [72599 0] OZEFEDORE
GEE (7Y /K] XhEw.

. Wb BIEIRYIMEE (R - Pib, Pitad X UPi20(t)

eROEHEE SRS, D L OB
557, B b L ORI AT TH 5.
FIBERE R HEPTIE IS "Mk 7228 PIE T dH
LA TH %, MM L TIE “HEw
P, BRI T TH B, BEIESE
T HET THA.

R SR LT, T2 99 ] 1B

PEOHBIZET 5 & ALND.

51 A X ®

2R - BB - I B - ANIBEEA -
HER - by = - ZilfRiG 2003, filfA 4
A L=V~ OAME (Lactobacillus
plantarum #¥ 1 %) OFH. HEFE 49 :
477 — 485.

MNATBUE N EEEBANIT e i8RE 2009, H AR
R 2 (20094FR0) . HORRFERESY, B
60.

3)

4)

5)

6)

7)

8)

9)

10)

11)

#1175 (2012)

g - A W SR B - RS - K
NIZE—BB - SPARFEA - BH - TSR - °F
HNEEE - KHEAR - Rz - HBREHE - F)ll
T YK B - BEEEY - HARE - HAE
B B - IR - SRS - B SERR
2010. Fifi 78 B AR R 1) U 2 32 2 URY KR o i
(=7 A% —] OoBX. EWHH 11: 1 -
15.

FHER 2011, SRS AGEE (7259920
WCBUAHAIH AL VEORE & W, B
A 53 : 143 —145.

IR E - R - SRR - A RB -
FHAINE - BrifiE s - AT 5t - A % - Bk
M 2009, EBES R A [ ES]198%5 ] -
[EN-1] ofilbuisr &b, B Er 2
165 : 21.

2011, WAEREVESTREL A Ao 725§
T & RREALPE L 72 AR A o OB
HEGE 57 (5l) : 105.

Matsushita, K., S. Iida, O. Ideta, Y. Sunohara,
H. Maeda, Y. Tamura, S. Kouno and M.
Takakuwa 2011.
cultivar with high straw yield and high sugar

‘“Tachisuzuka’', a new rice
content for whole-crop silage use. Breed. Sci.
61: 86 —92.

WAy 1 2007, SRR O 72 O KER £
NSC #HREO ahFissEE. HIERL76 (3l 1) @ 50—
51.

Rril#iss - A % - AT - HRGA -
Mk - BB O - 2k H - MR.
Islam - HHER 2005, fFA AH 1L -
NEFan] [FHhl BLO [JLkE1845] @
FREYE. HEES 51 1 289 — 295.

BRI 2006, VA L —. WRICHE - FE
B8 - SPHSCHE - R - ERIER - RING
Wi, Frm&EENY N7y 7. Wit A = o7
17427, Wil 164—171.

Oba, M. and M. S. Allen 1999. Evaluation of
the importance of the digestibility of neutral
detergent fiber from forage: Effects on dry
matter intake and milk yield of dairy cows. J.
Dairy Sci 82: 589 —596.



12)

13)

14)

15)

16)

17)

BFS L HREZICTHALIE IS B

KINZGE—FR - BHTERIL - A FB 1993, JKA
2B B BRI IR 5 T o R ERE
S L rBb Zo MMM AR, HIERL
62 : 525—533.
FribiEE - MHET - BE2BD 2003, fi%
FEHLET R 2 W 2 TMRIC BT S Mg v
DAAEICRITTRE LEHEELEH 13
1 -11.

2008. filF A4 Ak —
N\ THA L — Y ORI O3 A%
PReoRIC T B RRE I 15
1-38.

2011. KA A [72H3 7
] OFEHFE L GBI, R EEH R
BRFE# S 12— 14.

PR 2 - AR - PSR - I -
SFEE - HRAFNTE - AHEA - FriiEE - AT
o AR E - IR 20100 mBESEREA
A [725 395 (hE1985) ] OAILA 7 —
THEALER. BIEEE S 167 1 15.
FIR5E0A - B — - BTHEMN - BT & - MR
AP IR - HHES - RIIEE - S

EROFFHAKRSHE [725 332 OFK 11

18)

19)

20)

21)

- PP - WARIERL - EHTGSS 2003, fil
FHHARRREFE [239 7 KT ] OFK. L
B 2 1 99-113.

W PR - BT - I A - EARHE - W
SN ar /N o 1 L e 1 S I i
PRIR - Z2REFIE: 2011, LR ARDRHIURERS o £
B A PHERERE OB 56, H REEST & 21— 26.
Wit - PR - SRR - A AR - Al
FHHINE - Frifig s - AT 5 AR % -k
M 2009, EBEEELA A [ E 198 -
[FN-1] OfEERE A L — V5. M
VU REF R 165 21,

INHHEE - FHCE 2010, FRFSEAALEDR O &
B 1h) b - BB O B FE—fEH A A DEF R
et p-rurraEB8 L OHES
w— fRIEHEME 23 1 51-56.
IEHFIRE - S8 A% - EARDUER 1979, 4 A H
WERRIPUEICB T 2 815 - BREEIIRE 8B
3 HARERMOPIZH 2R WZ SR
AZEFENE OB OEE  HHRR 45
321 —325.



12 Yok E DU E 2R ge Y v 7 — gy 115 (2012)

Tachisuzuka, a New Rice Cultivar with High Straw Yield, High Digestibility
and High Sugar Content for Whole-Crop Silage Use

Kei MATSUSHITA, Shuichi I1pA, Osamu IDETA, Yoshihiro SUNOHARA !,
Hideo MAEDA! and Yasuaki TAMURAZ: 3

Key words: rice, cultivar, whole crop silage, digestibility, lodging resistance, sugar content, Tachisuzuka

Summary

‘Tachisuzuka’, a new whole-crop rice cultivar for silage use developed at the NARO Western Region
Agricultural Research Center, shows high straw yield, high sugar content and high digestibility of fiber.
‘Tachisuzuka’ was bred from the progeny of a cross performed in 2001 between ‘Gokutansui (00kosenll)’
and ‘Chugoku 147’ (the former name for ‘Kusanohoshi’) to develop a whole-crop rice cultivar with high
straw yield for silage use. The short panicle of ‘Gokutansui (00kosenll)’ was caused by a spontaneous
mutation. The hybrid line was bred using a bulk breeding method. A promising progeny line was named
‘Tashukei 1072’ ; productivity and adaptability tests of strains began in 2007. In 2008, the line was named
‘Chugoku-shi 198’ and adaptability testing was initiated. In 2010, it registered under the cultivar name
‘Tachisuzuka’. The following results were obtained from analyses of this cultivar.

1. The heading date of ‘Tachisuzuka’ was almost 4 days later than that of ‘Kusanohoshi’. Its maturity is
classified as ‘extremely late’ when grown in plains along the Seto Inland Sea. The culm length was 121
cm, which is longer than that of ‘Kusanohoshi’. The panicle length was shorter than that of
‘Kusanohoshi’, and its appearance seems to be even shorter because several rachis branches close to
neck node are degenerate as a result of a mutation inherited from ‘Gokutansui (00kosenll)’. The pani-
cle number per unit area is much higher than that of ‘Kusanohoshi’.

2. Lodging resistance of ‘Tachisuzuka' is classified as ‘extremely high’. No lodging occurs at the yellow
ripening stage, and little lodging was observed in the two-month period following this stage.

3. The whole-crop yield of ‘Tachisuzuka’ was slightly higher than that of ‘Kusanohoshi’. The unhulled
rice yield of ‘Tachisuzuka’ was lower than that of ‘Kusanohoshi', and the straw yield of ‘Tachisuzuka’
was higher than that of ‘Kusanohoshi’.

4. No distinct differences in contents of crude protein, crude fat, crude ash, neutral detergent fiber and non-
fibrous carbohydrate were observed between ‘Tachisuzuka’ and ‘Kusanohoshi’. The sugar content of

‘Tachisuzuka’ was distinctly higher than that of ‘Kusanohoshi’.

Rice Breeding Group, Lowland Crops Research Division, NARO Western Region Agricultural Research
Center

' NARO Institute of Crop Science

Japan International Research Center for Agricultural Science

NARO Kyushu Okinawa Agricultural Research Center

3
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‘Tachisuzuka' apparently possesses three true resistance genes effective against rice blast-Pita, Pib and
Pi20(t). The field resistance of ‘Tachisuzuka’ against leaf blast is classified as ‘susceptible’.
‘Tachisuzuka’ showed high resistance to bacterial leaf blight, a response comparable to that of
‘Kusanohoshi’ and moderate resistance to sheath blight. ‘Tachisuzuka’ is susceptible to rice stripe
virus. The shattering habit of ‘Tachisuzuka’ is classified as ‘resistant’, and viviparity is classified as
‘resistant’.

Based on its growing period, ‘Tachisuzuka’ is suitable for cultivation in Kanto and west to Kanto regions

in Japan.
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Effect of Grass Hay Feeding on Meat Production,
Carcass Characteristics, and Meat Quality in Japanese Black Steers

Masahiro SHIBATA ! *, Kazunori MATSUMOTO!, Yasuko HIkivo !, Mika OE?2, Koichi OjiMA 2,
Tkuyo NakajiMA 2, Susumu MUROYA 2, Koichi CHiKUNI2 and Naoyuki YAMAMOTO!

Key words : beef cattle, grass hay, carcass characteristics, meat quality, fatty acid, water-holding capacity
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I Introduction

The annual report on food, agriculture, and rural area in Japan!® has described that the food self-
sufficiency rate in Japan is the lowest among advanced nations. Furthermore, the feed self-sufficiency rate
for livestock production in Japan is low among advanced nations because most concentrate diets depend on
foreign countries. The national government of Japan estimates that improvement in the feed self-sufficiency
rate would lead to an increase in the food self-sufficiency rate. The national and local governments of Japan
are promoting the utilization of rice fields, abandoned cultivated land, and grazing for livestock production.
But most beef cattle in Japan are reared individually in free stanchion barns and are generally finished
indoors on a concentrate-based diet throughout the fattening period until slaughter. The studies of beef
cattle production have made use of grazing and roughage in the field. A previous study showed that the
final body weight, daily gain, and energy intake of steers reared by restricted feeding of concentrate and
roughage ad libitum were lower than those of steers reared by feeding of concentrate ad libitum'®. Crude
protein content and drip loss in meat were higher for grazed cattle than for concentrate-fed cattle in free
stanchion barns, and the beef marbling standard (BMS) number and crude fat content in meat were lower in
grazed cattle than in concentrate-fed cattle?. The a-tocopherol and B-carotene contents in the muscle of
pasture-fed Japanese Shorthorn steers were higher than those of concentrate-fed steers, and pasture finishing
decreased the drip loss of the beef!®. In contrast, the drip loss of the meat was shown to be no different
between concentrate-fed steers and grazed steers”. Furthermore, pasture-fed cattle undergo greater change
in the fatty acid composition of the meat compared with that in indoor concentrate-fed cattle!? 10

In terms of the effects of roughage on beef production, although several comparisons between outdoor-
grazed and indoor concentrate-fed steers have been reported, there are few comparisons of grass-fed and
concentrate-fed steers that are kept indoors. The objective of this study was to investigate the effect of

indoor feeding of large amounts of roughage on the characteristics of the beef and meat quality.

I  Materials and Methods

1 Animal Management

Management of steers and all procedures in this study were performed according to the Animal
Experimental Guidelines of the NARO Western Region Agricultural Research Center (NARO/WARC),
Japan. Twelve Japanese Black steers aged 10 months that had been bred at NARO/WARC were randomly
divided into two groups: a hay-fed group and a concentrate-fed group. All steers were housed individually in
a stall barn and fed grass hay (59% total digestible nutrients [TDN] and 7.2% crude protein [CP] on a dry
matter basis) at 1.5 kg/day and concentrate (flaked corn, flaked barley, wheat bran, and soybean meal; 73%
TDN and 11% CP) ad libitum from 10 to 16 months of age. After this control period, the hay-fed group (n =
6) was switched to an experimental diet that consisted of grass hay ad libitum and concentrate at 2.0 kg/day
in the stall barn; in contrast, the concentrate-fed group (n = 6) was fed concentrate ad Iibitum and grass hay
at 1.5 kg/day in the stall barn. The TDN intakes were calculated from feed intakes and TDN of each diet.
The steers were slaughtered at 28 months of age, and skeletal muscle tissue from the M. semitendinosus

(ST) and M. longissimus lumborum (LL) was obtained for analysis.
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2 Carcass Evaluation and Sample Preparation

Carcasses were kept in a refrigerator at 0C for 24 h; they were then evaluated by their dressing
percentage and by measurement of the BMS, beef fat color standard (BFS), beef color standard (BCS), rib
eye area, rib thickness, and subcutaneous fat thickness of the section between the sixth and seventh ribs
according to the Japanese New Beef Carcass Grading Standards!'®. Muscles were removed from the
carcasses to analyze meat characteristics such as the drip loss, cooking loss, and Warner-Bratzler shear force
(WBSF). The muscles were processed into 2.5-cm (thickness) steaks, vacuum-packed, stored in a
refrigerator at 2C for 2 and 30 days after slaughter, and frozen at -80°C until analysis.

3 Nutrient Contents in Muscle

Muscle tissues were minced to determine the crude protein and extractable lipid contents and fatty acid
composition. Crude protein was calculated by quantitative analysis of nitrogen using the Kjeldahl method
with copper sulfate and potassium sulfate as catalysts?. Lipid was extracted with diethyl ether for 16 h
using a Soxhlet extractor’. To analyze the fatty acid composition in the muscle tissue, the extracted lipid
was converted to fatty acid methyl esters by boron trifluoride methanol complex methanol solution and

analyzed using gas chromatography?.

4 Meat Characteristics

Steaks were thawed for 24 h at 4C and then carefully mopped dry using paper tissue. Drip loss was
calculated from the weight difference between before and after storage!®. Following the measurement of
drip loss, the samples were broiled on electric grills to an internal temperature of 70C; they were then
wrapped in plastic to prevent desiccation and stored at 4C for approximately 12 h'¢ 9. Cooking loss was
calculated from the weight difference between before and after cooking!®1¢). Six cores (1.3 cm in diameter)
were removed from each steak parallel to the longitudinal orientation of the muscle fibers!419. All cores
were sheared using a WBSF machine, and the peak shear force was recorded. In the present study, only the

drip loss and cooking loss were employed as indices of water-holding capacity.

5 Statistical Analyses

All measurements are presented as means +* SEM. The relationships between the measurements of the
hay-fed group and the concentrate-fed group were analyzed using one-way ANOVA and a post hoc Fisher’s
test. Statistical significance was defined as p < 0.05.

I Results and Discussion

1 Growth Performance and Carcass Characteristics

Growth performance and carcass characteristics of hay-fed and concentrate-fed steers are shown in
Table 1. Although all steers had a similar body weight (initial and middle body weight) at 10 and 16 months
of age, final body weight and daily gain were significantly higher in the concentrate-fed group than in the
hay-fed group. There was no significant difference in the TDN intake between the two groups during the
control period. In contrast, during the experimental period, the TDN intake from grass hay was significantly

higher in the hay-fed group than in the concentrate-fed group. In addition, the TDN intake from concentrate
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during the experimental period in the hay-fed group was significantly lower than that in the concentrate-fed
group. The total TDN intake of both diets of the concentrate-fed group was significantly greater than that of
the hay-fed group during the experimental period. Steers reared by restricted feeding of concentrate and ad
libitum roughage had significantly lower slaughter body weight, carcass weight, and TDN intake than did
steers reared by feeding concentrate ad libitum'®. This suggests that the lower final body weight and daily
weight gain was more attributable to lower TDN intake in the hay-fed group than in the concentrate-fed
group.

The half-dressed carcass weight, rib eye area, and rib thickness were significantly less in the hay-fed
group than in the concentrate-fed group, but the dressing percentage, BMS, BES, BCS, and subcutaneous fat
thickness were not significantly different between the groups (Table 1). Several studies found decreased
marbling scores and dressing percentages when Japanese Black multiparous cows? and Brahman® and
Angus'® 22 steers were fed a large amounts of roughage. In contrast, another study reported that Japanese
Black steers fed a combination of roughage ad Ilibitum and restricted feeding of concentrate showed no
differences in dressing percentage or BMS compared with the concentrate ad libitum'. In these several
reports, beef marbling and dressing percentage (ie, meat quality and quantity) showed inconsistent results

among different breeds and sexes. BMS and dressing percentage in this study coincided with those in the

Table 1. Growth performance and carcass characteristics of steers fed grass hay
or concentrate

Grass hay Concentrate
Body weight (BW), kg
Initial ( 10 month ) 286+10.5 283+7.1
Middle (16 month ) 484+14.3 482+14.5
Final ( 28 month ) 615+19.3 729+28.8%
Daily gain (DG), kg/day (10-28 month) 0.59+0.02 0.79+0.05*
TDN" intake, kg/day
Control period (10-16 month)
Grass hay 0.73+0.09 0.63+0.03
Concentrate 4.53+0.13 4.27+0.09
Grass hay + concentrate 5.26+0.20 4.90+0.11
Experimental period (16-28 month)
Grass hay 3.36+0.13 0.82+0.05*
Concentrate 1.79+0.03 6.37+0.25%*
Grass hay + concentrate 5.15+0.11 7.19+0.29%*
Carcass characteristics
Half dressed carcass weight, kg 175+4.7 227+8.6*
Dressing percentage, % 71.1+0.23 71.8+0.44
BMS?, No. 3.340.4 3.840.5
BFS”, No. 2.3+0.3 2.3+0.3
BCSY, No. 4.2+0.2 3.7+0.4
Rib eye area, cm’ 34.6x1.3 44 44D 4%
Rib thickness, cm 5.1+0.2 7.0£0.2%
Subcutaneous fat thickness, cm 2.1+0.3 2.7+0.3

1) TDN: total digestible nutrients, 2) BMS: beef marbling standard,
3) BFS: beef fat color standard, *’ BCS: beef color standard
Values are expressed as means * SEM. *p < 0.05
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previous study!® but did not correspond to those in other studies® 18 2223 likely because of different breeds
and sexes. The present study suggests that hay-fed steers do not undergo changes in meat quality
characteristics such as BMS, BFS, and BCS, but that they undergo decreases in meat quantity because of
reductions in daily gain.

In terms of meat productivity, when the cattle were offered either a low- or high-treatment pelleted
ration (barley and alfalfa) for 20 weeks, body weight gain (BWG) of the low-treatment cattle was less than
that of the high-treatment cattle”. However, continuous grazing of these cattle resulted in an increase in
BWG of the low-treatment cattle compared with that of the high-treatment cattle. They suggested that this
result was caused by compensatory growth. Furthermore, we have suggested that compensatory growth
would have started at the end of fattening by changes in myosin heavy chain and myostatin gene
expressions when steers were fed a large amount of roughage during the indoor fattening period (the same
as the rearing system of the present study)2. Although fattening was completed at 28 months of age in the
present study, compensatory growth might be caused by continuous rearing of grass hay fed to steers.
Further study is necessary to elucidate this phenomenon.

2 Meat Quality and Nutrient Contents in Muscle

Table 2 shows the nutrient contents in the LL and ST muscles of the hay-fed and concentrate-fed steers.
A previous study reported that the protein content in muscle was lower in grass-fed cattle than in cattle fed
a combination of grass and concentrate??. In contrast, no difference in protein content was found in the
longissimus muscle between steers fed both concentrate and a large amount of roughage and steers fed
concentrate® 2¥. Consistent with these reports, we found no difference in protein content in the LL muscle
samples of the two groups (Table 2). However, crude protein content in the ST muscle was significantly
higher in the hay-fed group than in the concentrate-fed group. Extract lipids in the ST and LL muscles were
higher in the concentrate-fed group than in the hay-fed group (p = 0.08 and 0.06, respectively), although
there was no significant difference between the groups (Table 2). Several previous reports have described a
lower intramuscular fat content in grass-fed'®, pasture-fed'®, and forage-fed?” steers compared with that in

Table 2. Nutrient contents, water-holding capacity, and Warner-Bratzler shear force
in the M. longissimus lumborum (LL) and M. semitendinosus (ST) muscles
of steers fed grass hay or concentrate

L L S T
Grass hay Concentrate Grass hay Concentrate

Crude protein, % 19.4+0.65 17.6+£0.75 21.0+0.31 20.0+0.26*
Extract lipid, % 15.542.6 24.0432° 6.30+1.2 9.70+1.2"
Drip loss, % 2.98+0.94 2.17+0.29 2.30+0.33 5.14+0.94*
Cooking loss, %

2 day 39.1+1.44 38.3+1.19 40.5+1.05 41.1£0.82

30 day 36.8+0.71 39.1£1.23 38.6+0.76 40.940.69"
Share force, kg

2 day 3.1+0.56 2.140.17" 5.0+0.60 3.3£0.14*

30 day 1.9+0.33 1.6£0.11 3.1£0.22 2.6£0.09"

Values are expressed as means = SEM. *p < 0.05, *p < 0.10
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concentrate-fed steers. In contrast, other studies report that the muscle lipid content was not statistically
different between grass-fed and grain-fed steers® 22, These results suggest that steers fed a large amount of
grass hay leads to an increase in skeletal muscle protein content and a decrease tendency in intramuscular
fat accumulation compared with those in concentrate-fed steers.

The water-holding capacity of meat has important influences on the drip loss and cooking loss of meat.
Drip loss in the ST muscle was significantly lower in the hay-fed group than in the concentrate-fed group,
though that in the LL muscle was not significantly different between the groups (Table 2). Similarly, lower
drip loss has been reported for meat from grass-fed® and pasture-fed!® steers compared with that from
concentrate-fed steers. On the other hand, several reports describe no difference in drip loss between
concentrate-fed steers and either grazed” or alfalfa silage-fed!! steers. These reports revealed that it may
be difficult to obtain a constant result for the drip loss because of slight changes in rearing systems or
differences in animal backgrounds. Cooking loss in the ST muscle was not different between groups at 2
days after slaughter; however, it was significantly lower in the hay-fed group than in the concentrate-fed
group at 30 days after slaughter (Table 2). In contrast, a previous study reported that cooking loss in
muscle is lower in concentrate-fed bulls than in grazed bulls”. Furthermore, several reports describe no
difference in cooking loss between concentrate-fed steers and alfalfa silage-fed'V or grass-fed® steers. It may
also be difficult to obtain a constant result for cooking loss because of slight changes in rearing systems or
differences in animal backgrounds. In the present study, although the cooking loss in muscle was not
consistent with any previous reports on roughage-fed steers, the results for both drip loss and cooking loss
suggest that the water-holding capacity of steers may be improved by indoor feeding of a large amount of
grass hay.

The WBSF is used to measure meat tenderness? and is probably the most commonly used globally.
The WBSF in the ST muscle was significantly higher in the hay-fed group than in the concentrate-fed group
at 2 days after slaughter (Table 2). The shear force of muscle from concentrate-fed steers is lower than that
from forage-fed?” and pasture-fed'® steers. In terms of factors that influence shear force, a previous study
reported that shear force is low in muscle with high crude fat content because of the weakening of
intermuscular connective tissue by adipose tissue development!”. The present study suggests that the
difference in the shear force of the ST muscle between groups before aging probably resulted from the slight
difference in extract lipid content in those muscles. Furthermore, the WBSF in the LL muscle at 2 days and
ST muscle at 30 days after slaughter tended to be higher in the hay-fed group than in the concentrate-fed
group (Table 2), but there were no significant differences between groups. In general, the muscle of steers
that have been fed large amounts of roughage has a higher shear force than that of concentrate-fed steers.
Although shear force in the ST muscle of the hay-fed group was higher than that of the concentrate-fed
group at 2 days after slaughter, there was no significant difference between groups in either muscle at 30
days after slaughter. These results suggest that a 30-day aging process could eliminate the differences in
toughness between the treatments.

The fatty acid compositions of the ST and LL muscles of the hay-fed and concentrate-fed groups are
shown in Table 3. Fatty acids in the ST and LL muscles exhibited significantly higher proportions of C15:0,
C17:0, and C18:0 in the hay-fed group than in the concentrate-fed group, a result similar to that reported by
Muramoto et al. (2005)1® and Srinivasan et al. (1998)22. On the other hand, there was no significant
difference in saturated fatty acids (SFA) and polyunsaturated fatty acids (PUFA) in both muscles between

the two groups. Furthermore, fatty acids in the LL muscle had significantly lower proportions of C18:1 and
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Table 3. Fatty acid composition (%) of total extractable lipids in the M. longissimus
Iumborum (LL) and M. semitendinosus (ST) muscles of steers fed grass hay
or concentrate

L L S T
Grass hay Concentrate Grass hay Concentrate
C14:0 2.73£0.21 3.02+0.10 2.1840.17 2.5540.11
Cl4:1 0.78+0.19 1.05+0.03 0.83+0.10 0.97+0.07
C15:0 0.38+0.03 0.30+0.00% 0.38+0.12 0.30£0.00%*
C16:0 26.9+0.27 26.440.70 24.9+0.20 26.10.67
cle:1 3.90+0.47 4.75+0.22 4.53+0.41 5.08+0.24
C17:0 0.93+0.09 0.67+0.03% 0.87+0.06 0.70£0.03%*
C17:1 0.750.09 0.77+0.05 0.88+0.05 0.83+0.05
C18:0 12.7+1.3 9.30+0.42% 10.2+0.49 8.27+0.26*
C18:1 44.6+0.96 47.8+0.69% 46.4+0.62 47.5+0.78
C18:2n-6 2.05+0.13 2.58+0.13% 2.93+0.37 3.17+0.14
C18:3n-3 0.20£0.00 NDV 0.25+0.02 0.10£0.00%*
C20:1 0.23+0.03 0.28+0.03 0.23+0.02 0.25+0.02
C20:3n-6 0.2040.00 0.10£0.00 0.27+0.06 0.20£0.05
C20:4n-6 0.23+0.05 0.17+0.03 0.60+0.21 0.47+0.11
C22:5n-3 NDY NDV 0.25+0.05 ND
Unidentified 3.650.14 3.00£0.18 4.47+0.17 3.55+0.16
n-6/n-3 11.9+1.13 - 12.10.57 36.0+3.11%
SFA? 43.6+1.43 39.7+1.18 38.5£0.56 37.940.88
MUFA? 50.241.64 54.6+0.94% 52.840.94 54.7+0.88
PUFA"Y 2.58+0.23 2.68+0.13 4.18+0.74 3.88+0.23

1) ND: not detected, 2’ SFA: saturated fatty acid (sum of C14:0, C15:0, C16:0, C17:0, and C18:0),
3) MUFA: monounsaturated fatty acid (sum of Cl4:1, C16:1, C17:1, C181, and C20:1), ) PUFA:
polyunsaturated fatty acid (sum of C18:2, C18:3, C20:3, C20:4, and C22:5). Values are expressed as
means = SEM. *p < 0.05

monounsaturated fatty acids (MUFA) in the hay-fed group than in the concentrate-fed group. These results
are similar to those reported by Muramoto et al. (2005)!0 and Srinivasan et al. (1998)22; however, there was
no difference in the percentages of C18:1 in muscle between grain-fed and alfalfa silage-fed steers!’. While
these reports do not indicate constant results from different rearing systems, this result suggests that indoor
feeding of a large amount of grass hay to steers would decrease the proportions of C18:1 and MUFA.

C18:3n-3 PUFA was detected in the grass-fed group, but it was not detected in the LL muscle of the
concentrate-fed group (Table 3). Furthermore, the ST muscle included a significantly higher content of
C18:3n-3 in the hay-fed group than in the concentrate-fed group. Several previous reports have described an
increase in C18:3n-3 in alfalfa silage-fed!V, grass-silage-fed??, and pasture-fed!® steers compared with
concentrate-fed steers. In the present study, indoor feeding of a large amount of grass hay to steers also
resulted in an increase in C18:3n-3. The n-3 PUFAs reduce the risk of cardiovascular disease”. The
recommended value of the n-6/n-3 ratio, used as an index to maintain human health, is less than 49. The n-
6/n-3 ratio in pasture-fed!® and grass silage-fed?® steers is also less than 4. Although the n-6/n-3 ratio was
not less than 4 in this study, it was significantly lower in the hay-fed group than in the concentrate-fed group.
These results suggest that the n-6/n-3 ratio improved more in the hay-fed group than in the concentrate-fed
group because of the increase in the proportion of C18:3n-3 in the muscle of grass-fed steers.

In conclusion, this study showed that the meat quality of steers was altered by feeding a large amount of
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grass hay during the indoor fattening period. In terms of meat quality, this study suggests that the water-

holding capacity might be improved in steers fed a large amount of grass hay. Furthermore, the n-6/n-3

ratio decreased in the hay-fed steers compared with that in the concentrate-fed steers. However, there was a

reduction in the amount of meat production in the hay-fed steers compared with the concentrate-fed steers.
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Summary

The objective of this study was to investigate the effect of indoor feeding of large amounts of roughage
on carcass composition and meat quality in steers. Twelve Japanese Black steers were randomly separated
into hay-fed and concentrate-fed groups. The hay-fed steers were fed grass hay ad libitum and concentrate at
2.0 kg/day, whereas the concentrate-fed steers were fed concentrate ad libitum and grass hay at 1.5 kg/day.
The steers were slaughtered at 28 months of age. Final body weight, daily gain, TDN intake, rib eye area,
and rib thickness were greater in the concentrate-fed group than in the hay-fed group (p < 0.05). Lipid in
muscle was higher in the concentrate-fed group (p < 0.10), but protein content was higher in the hay-fed
group (p < 0.05). Drip loss in muscle after aging was lower in the hay-fed group than in the concentrate-fed
group (p < 0.05). Although cooking loss after aging was lower in the hay-fed group, there was no significant
difference between the groups (p > 0.05). Warner-Bratzler shear force in muscle was greater in the hay-fed
group before aging (p < 0.05), but there was no significant difference from after aging (p > 0.05).
Monounsaturated fatty acids in muscle were lower in the hay-fed group than in the concentrate-fed group,
and saturated and polyunsaturated fatty acids showed no significant difference between the groups.
Furthermore, n-3 polyunsaturated fatty acids were detected or increased in the hay-fed group compared with
the concentrate-fed group. These results demonstrate that meat quality such as water-holding capacity and

n-6/n-3 ratio may be improved by indoor feeding of grass hay.
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A New Soybean Cultivar, ‘Akimaro’, with High Yield
in Late Sowing Cultivation and Suitability for Miso (Soybean Paste) Production

Yoshitake TAKADA, Masayasu SARUTA, Akinori OKABE!, Akio KixucHi2, Sadayoshi Ono?,
Kazuhiro YAGAsAKI*, Hidehiko SAKAMOTO*, Mitsuo TAKAMATSU*, Naohiro YAMADA ®, Nobuo TAKAHASHI®,
Nobuhisa TANAKA7, Satoru MoToKI* and Kiyoshi NISHIMAKI®

Summary

A new soybean (Glycine max (L.) Merr.) cultivar, ‘Akimaro’, was developed at the NARO Western
Region Agricultural Research Center in 2011. To develop a cultivar with high pod shattering resistance and
a suitable plant shape for harvesting by combine harvester, we selected plants from a cross between
“Tosankei T683" and ‘Tosankei T762". The date of maturation of ‘Akimaro’ is almost the same as that of
‘Fukuyutaka’ at Zentsuji City, Kagawa Prefecture (34° 13" 37" N, 133° 46" 39” E), placing it in maturity
group V. ‘Akimaro’ has purple flowers, gray pubescence, rounded ovate leaflets, and brown pods at maturi-
ty. Growth is determinate. ‘Akimaro’ plants are medium height, and the lowest stem node with pods is
high. In late-sowing cultivation, yields of ‘Akimaro’ are higher than those of ‘Fukuyutaka’. It is resistant
to soybean mosaic virus strains A, B, and A2. The seeds are large with a yellow seed coat and a yellow
hilum. ‘Akimaro’ is suitable for miso (soybean paste) production. It is highly compatible with the climate
and soil of Chugoku and Shikoku districts.

Crop Breeding and Food Functional Components Research Division, NARO Western Region Agricultural
Research Center

" Lowland Crops Research Division, NARO Western Region Agricultural Research Center
* NARO Tohoku Agricultural Research Center

* Ex-NARO Western Region Agricultural Research Center
Nagano Vegetable and Ornamental Crops Experiment Station
°  NARO Institute of Crop Science

Ex-Nagano Chushin Agricultural Experiment Station

Kasukabe Agriculture and Forestry Promotion Center, Saitama Prefecture
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MTERETXTHHRST, 7y F—25% (A,
B), 79 vh—, Xy, FPEH)EA (NEHB X
OCMmEtR), 8, AEmafiklz. 7y F-1
DWTIE, BEICr R W edbo, A Uhk
wmUN oY (T<) PELEEhbb0), B
(EENEZRH, RERSDRwE ) ZEIRL 7.
Pl S EABLO/NER Z R S MEHIZOWTIL,
ENENOY VT IVFEIEEEICEENETRTE
WEREAR—VI N (7)) v Fofh) THIEL, 1g
ZEMHE L2, D B AR B8 E R TR
L, 1 gt L7 OM&kai). %0 DDA % 1250H
WT, TNHIEFKSERERPEVEEZEZONLD,
2 gatE L7z Omsktt). hEHIZZOFFE 1 git
w7z,

QIAGEN Genomic-tip 20/G B £ ¥ Genomic
DNA Buffer Set (QIAGEN) Z W Ciiffo~=
27 VIZHEVv, DNAZMH L7, oot
DU600 (Beckman Coulter) % H w230, 260,
280, 320nmOfExHPE L7z, FEMICDOE, DNA
Y & WO BRI E & 2 [IAT > 7z, #li L Z2DNA
(200ng) X 1% 7 Ha— A7 )% v CESIKE %2
T, TF IV a7u~A{ Foeifark, UV RE
L CikBhig a7l L7z,

2) BRBPLUEE

8 FEFH O A2 S L 72DNA®260/280nml
BIOHHELZHE 1 RITR L. 260/280nmfiE1X1.6
~18THh Y, WINOAEMD S b PCREULIZEZFED
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H1E aAFOMTAERD SHIH L72DNAD260/280nm

fill & fil i

AR T A b 260nm/280nm ﬁﬁf
1 7 vyx—QA) 1.785 69.89
2 7 vx%—@®B) 1.736 23.88
3 I vh— 1.808 133.52
4 S 1.795 68.98
5 S LA BT 1.788 85.23
6  NAH XA mEE 1.659 9.73
7 5q 1.795 55.13
8 INEW 1.784 127.99

BWHEODNAMHM TE 22 E 2 b5z, il
HITEMICL Y RELERDPRON, 2003
F v h— (13352ug) °/MER (12799ug) TH
D, 7v*—B (2388ug) RMEKLEDOLHAS LA
(973ug) TRAPBETHo72. 72T v h—R/NEWH
BKRGERDPVRL, FDROIZT Ty H—TidM
Mz c&zz e, fED ) LAEHO N
D HEEIMMORN LKL TRV EPERE L
TE2ZoNL., T2, 7 v F—CTIEFHEHEICX > Tl
g R Bl 70 /N FER LISN D JE A KA & b8
EHHDH L, MBEBONE S & ATIRKS GRS
Sl RICERE L EZONS. it
->T, MILAMP»SDNAZMET 212725 T,
ZOMFNTIL U CTHY) 2w 2 MG 3 2 L2 2 H
LlEZHNT.

FZEA S L 2ZZDNAIC DO W TkEI§ 5 &%
— B LT e — A VERIKE 21T 72 &
25, INEBRUADOEHTIIWHAL L7222 T 2k
BTHDHIEDPMHRINT 1K), S5k
RO EAZEKE, 1kbplhlF K5 T- DR A
NEL GENLMEAD D72, —F, MEETOFE
) EATIE, BT ORGTI2b 7z 5 )L O W
FhaIntuniz, "rofEafchsrIFy v
FBIUORBE TOTEZIT> TN FNO A N
SHIH L7ZZDNAIZDOWT S MEFi 049 LA L
FAEDEIN A 5 A%, ZDHR105H LU OB 2 17
S 72 BIII B A bp R ISR AL S 5 & L3Rl &
NTW5ES, ZhonZ ehs, BEHEORARI
FIUTREOYBN L NBIMZ SN D ERET
DNADOWIHALIZEL A DOD, ZDHOINENE

M1 2 3 4 5 617 8

5 kbp =

BIK aAXomLamnmbr» S5l 7z
DNA® 7 #'a— A7 Va5 kE

M : 1kbp ladder marker; 1. 7 v ¥— (A); 2.
79¥— (B); 3. 79vHh— 4. 80, 5.
ek BAMMBLET ;6. k) EAMBE 7.
XAy 8. INER.

LW LD ENTH 2 L HEN S 7.

2 PCRAMEMA & RFEER OFFH

S L2DNAWX, ZoMLITREIZE -
THHRALOBRENRELS RE 253, 20720,
DNA~X = — 2 & D ZEMICHIITE 2 RE D1
BRIEENFEICR LI ENTPHEINS., e o
AEMIAMICH LTDNAY—F —Z@H L, &
B 24T 9 720, WTNOERBIZBWTORHT
ELWEEEOBWHIERAZHET LI LPLETH
L. AETIE, MTTREORZZ &N SHE L7
DNAZHWT, MIEEORLLZ5MDT 54 ~—
ICX WPCRZATH 2 & T, MHRAL 2 MiEEY
ATA L 7.

1) MEHLUHE

I 2 ¥ ® Dihydroflavonol-4-reductase # &3 %
#faT TaDFR-A (Accession. no. AB162138) ®ifi
FEELH &2 LT, BRI A%92bp, 288bp, 489bp,
968bp, 1498bp& %% 5HLD T T 4 < —xF & ikt L
72 2. 7743 OBLASTNMR % 17
WV, 2L FPSNOEWIZBIT S Dihydroflavonol-4-
reductase 7% & OEIEHNI R 2 HFEVEDK NS
EERMER L7, £/, SHEONY (44, A4 4



FEH @ o A F s X OILA I35 1) % DNA SRR Bt o B 7E 45

¥, trEwaY, ¥4 X, yN) rofiliL7
DNAZ W THIEED RO & 2R L,
IALFYS ) ADTaDFR-A%FERNIHEIET 275
A —xThsHI LEMR L. PCRIUNE, HIH
2 — 1IZBWTHH Sz S FEHO T 4 FhN T A&
(Z7vy¥F—2f8 (A, B), 7I9vh—, R,
S EA On#ars X ometk), <4, W)
ODDNAZH W7, XItiX, 5pmol primer set,

%23 TaDFR-AZWMMT L5754 < —xf

TIA = WER 7T A ~— il (5-3)
DFR-A8A9L GGGTGAGCCTCCTTCTCTCT
DFR-A9R CTTCTCAACGTTGGCTGACA
DFR-A8A9L 988 GGGTGAGCCTCCTTCTCTCT
DFR-A11R CAGCAGTATTTCCGTGGCTA
DFR-A12A15L 489 ACCCCTCCTCCATTGTTCAT
DFR-A9R CTTCTCAACGTTGGCTGACA
DFR-A12A15L 968 ACCCCTCCTCCATTGTTCAT
DFR-A14R GCTGCTTCAGCAAGTAGAGGT
DFR-A12A15L 1498 ACCCCTCCTCCATTGTTCAT
DFR-A15R GAGAGGAATGAGGCCCTTCT
M12345678
92bp =
M123456738
968bp ==p
489bp ==

M12345 678

0.2mM dNTPs, 1.5mM MgClz2, 1XPCR Buffer
(15mM Tris-HCl pHS8.3, 50mM KCl), 0.5 units
AmpliTag Gold DNA Polymerase (Applied
Biosystems, L FABI), 25ng$ifIDNA% & 25 ul
DEWH TIT-72. PCRISIZIZGeneAmp PCR
System 9700 (ABD %MV, BUSZMZ94TC 9 455
i, (94C30% M, 60C 1M F7-1d 240, 72T
30F0M)) x35% A4 2, 2CT7HME L. 1%F
723 3%D7 Hu—A7 V% v CELAKE % 1T
W, TFTVTATUYA FTHRELTUVEZRSL,
BEWEREY) O M 2 FERR L 7.

2) BRPLUVUEE

BRI 92bp B & 1M288bpD 7 T A4 v —x Tk, 8
FE T RTOREMICB W THIREED G SN GF
2). 734 5 LZDNAICDWTIE, 489bp
DT T A=K TIILEMTHIETE 3, 968bph
X U1498bp A IR S5 774 v = TlRIF L AL
WEAR SN olz. T2, 79 F—ART I
F—, 82 TIX, 968bpD 7 T A < — K TLREM %
BWEAR SN2, 1498bpTIE F - 72 < HiREAT
RoNhGgrol, MELZEONHH) EAD T 72,

M12345678

288bp =>»

M12345 678

1498bp =>»

2K IAFOMLAEM2 S LZZDNAZ W5 MO T I 4 =L ZPCREWO T Ha— 27 )VEL

vkE)

M:HAZAx=F— ;1. 7%= (A); 2. 7vF— (B);

6. NS EAMBAE T, N1 5 8. INER.

3. 79 v h— 4. 8 5. FED EAMBGE ;
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968bpF TH 7 F 4 ¥ —x} TIZHIFEFETDH - 7275,
1498bp Tl LM HEIMRED 2 145 Z A3 TE 2L
olz. L7zoT, $RTCOTITA~—xf%x#HH
TEDWX, MEF O LA LR O 2 Fi¥
DHRTHo 7.

R L o 2MIERZ KT 2 L, b onrd,
(34, [Z7vF— (A) - 7Ty h—-I8V],
[Z7v%— (B) -PEHEA n#iz)], [FEES
EA Om#hgi) - ANERH] OIETH o7z AR
vER— T Tyh—, NLZOWTIIEE, MTO
B RIS BV T180~200 C R EE O IR CTREK 3 %
DIZXF LT, ) EAREDDAFITHI00T DY
THEENLLIDOTHS. LA oT, Sim T
EN-HMITERWIIEEZ RIS 5 2 & AT
THY, R TFODNAW 2L & Eh b EHEN
ENab., o2 lid, FEiCBNT, FEMmDOH
HWL7Z2DNAZ 7 Ha— 27 VESKEIC X > THl
BRSO S N2zBHLOIREE —5%T 5
LEzohs. LaL, F£EMICE > TDNADK
FALOREIZR 25b00, aAX%2EMEETS
FESLMTAMS,SDNAZHET 2 2 L 3T
HY, WMIFEREZ300bpHEF TICRELTBL L
THERMEA I N EMICODNA~Y — /7 — Z @i
L ENMEETH DL LEZ LN

I SSR~Y—H—%HMu /-0 L4F RESEHT

1 EST-SSRY—7— D%

SSR (Simple sequence repeat) (&% AIEDE L,
BHEENBWDNAY——L LTMbh, b
AN T EE BV TERDOD LHMTH
5. T2, FVREDRFERTAAX, TaTLAIA
Fr EOBREMIZE TR O 72 D125 < FIH
ENB Lo TESWG B L5 ZORIFICIE
FHRH N, IANEDNE I EVRRETH > 7228,
EETEIHFEOMBICL > THEBRNERIITE S
X 9124, EST (Expressed sequence tag) 7 &
DR EDOIERERIIITEHR D HNIE, SSROEEL T 7
A~ —ikEt 2 HEIWICHERB ) S L bhE L &
57281260 REFTIX, T—FRX—=RITEFHKEIN
TWb a2 LAFOEST % M\ TSSR~ — % — RIS 3%
7u 7 F A [read2Marker] 8) 12X ) SSROFER &

TIAx—&E T, ITAGISETE % 5t
2729 3 L R Bl O BT 2 4T o 7.

1) MRBEIVTHE

SSR~ — 4 —®&FcE LT, NCBI (http://
www.ncbi.nlm.nih.gov/Ftp) IZ&EHKINTW5S
UniGene (Triticum aestivum L.) =FJ/H L 7-.
SSROEIK & T 7 4 = =k DxFEHE, SSR~¥—7—
FIF k71 7 F & [read2Marker ] % FH\WCTi1-
72. SSRIE, BEOEF—T70EETNLLH1THD
BLUBEEH4ANPE, B—DEF—7OWEITHD
WL 3L EOHEEZENRE L, I3 —D%
%, TmfEA60~70C, K#iZR 774 v — K%
24bp, EIEHEIE O FE & %2100~300bp & L TEEET L
7z.

PCRIZ & % HWEEY) O B LR ORI, [F
7 IAXI [HLER0] [HRLE] vy ]
(R | TANY TV [NERK6IG ] [ S
DE2000] [ FarF]| [yulfiarF]
[# <4 X 3] [Calingiri] [Eradu] [Zak] D14
ffi % IV CAiT > 7. DNADOHIHIEX, CTABE® %
REL TIro /2. ENZENHT 1k % Micro Smash
MS-100R (M I —FT) (&> TH#EL, 400ulo
1.5% CTAB¥# (75 mM Tris-HCI [pH 8.0], 15 mM
EDTA [pH 80], .05 M NaCl) %Mz, DNAZ% i
L7:. #0#, & dchloroform : isoamyl alcohol
(241 1) WHEZMRATHRMEWZFREL, DNAZE
LHEWOLERED 1 %CTABER (50 mM Tris-
HCI [pH 8.0], 10 mM EDTA [pH 8.0) %Mz T
DNAZMT &7, FUDNA%IM NaCHAWIZ5E
LVEIR L 7215, 2-propanolil X o THTHE & &7, #
O, LEWEEZHRSE, 50ulD1xTE (10 mM
Tris-HCI [pH 80], 1 mM EDTA [pH 80)) ZifFL
725 DO%DNAEHE Lz, £WfElico &, 3HE
Fehti L 7=,

PCRESIZ, 2 pmol primer set, 0.2mM dNTPs,
1.5mM MgClz, 1X PCR Buffer, 0.2 units
AmpliTaq Gold DNA Polymerase (ABI), 10ng#k
BIDNAZ & E10 u | TI7 o 72, PCRIUGIZ
1ZGeneAmp PCR System 9700 (ABD) # v, X
JB 5 1294C 9 41, (94 C30# 1, 60T 308 [H,
72C30/ ) x35%4 7, 72C 74 ME L7z, ¥



HRHD D 2 A F s X ORI B % DNA sl a5 Holy o B %€ 47

33 SSRY—A —I2 & BN AR L7z o 2 F il

No. i No. o No. i No. i
1 7779k 16 ZhbdbTF 31 S & #2000 46 Eradu

2 T¥enYy 17 FXt A 32 VIXALF 47 Alturas
3 NNy Utk 18 ETHaWAIL 33 vI7HXarx 48 Eden

4 FEHERI7asXx 19 X0y 34 vaHRxralLFX 49 Eltan

5 FrIA4X3I 20 ¥HZHIalF¥ 3B Ly 50 Hyak

6 X785 21 ¥7-bx 36 XAEYahsX 51 Jagger

7T FAF I 22 XL AFY 37 XU xalhF 52 Jubilee

8 &H<IZD 23 aF ALK 38 H~v AR 53 Lewjiain
9 HAavn 24 XTI/ AFY 39 S5HUMNY 54 Tyee

10 BEOPBRLX 25 Fr7ali¥x 40 DEbhb 55 White Bird
11 FBXA 26 XN TV 41 =2 A7V E 56 Zak

12 »~v= 27 27 =T ARF = 42 Aroona 57 AC Barrie
13 "7 v 28 =/ AFY 43 Arrino 58 CDC Teal
14 FAuvlalsx 29 /NEEM26% 44 Cadoux

15 A9 54F 30 /hEEKR61E

45 Calingiri

42~46 1 A — A N F ) T M AT~56 1 7 A ) A5 57, 58 1 A Tk

WEREWZ, 3%T7 Hia—A% )& W TELIKE %
1o, =FYyvra7ua~xA FTHMmL, UVIH
UL CHANEREY 2GR L 72, BAEREY AR, F7-
BHER SN o2 T I/ =3OV TlE, 7=
— 1) ¥ ZmEE50~70C O TI2BRE ISRk E LT
7 VLY FPCRZAT, #adim L & i L7z,

F72, KHTITA—ROaLFIIHT RS
MRB720, AT LF [fFNVKRV], [ %>
KU, TAYRAE), [AHAT—=NVFr], [FA4
YEF] [YarIAl, Ax [aven)], [H
K], [€FF3I /0], ¥4 X [=v2a2x], [T
Frux], [=xk=<V], [72a2%%h], =1L
A1, THF25 %], rvEoay HERMS), YN
(THRAR) %2 W HRIZPCR%Z AT\ B R W O 4 1 %
BL7z.

B%s L7-SSR~—# — 2 X 2 Wik o 72012,
ENALFEB X7 A ) A, HF¥, F—A 5
TOITmAEZ A L7 (5 33). PCRIUSIE, 7
* 7= FT 42— 4ta0HkmFE (FAM,
VIC, NED, PET) OW§FhhTHE#HRI N7 T4
<=t &, RELE RIS T o 72 BETRED X
¥ ¥ 7)) —HIEA kB2 E3130x] Genetic Analyzer
(ABI) \Z& o CTHoHE - B L, HIEEY R X
GeneScan 500LIZ%Z %A A A% v ¥ — K& L CHEfz

THRHTY 7 b7 =7 GeneMapper (ABI) #HwWwT
fEdT L7z,

oI, MTEMNOBEHMEZFT 2720, £
NZENFRD D B A MBEOWHWIN TR 5 /MR
(R EDF2000), 7 vF— (HEILF), ©T
AEA (FrTA4RX3), Ny (HEILF) &t
AL7. DNAOHIIEZER 1 g (WTHEAD
&2 g) 75, QIAGEN Genomic-tip 20/GB L T
Genomic DNA Buffer Set (QIAGEN) # W<,
" O=a2T7 VI TIrTo7z. 127201,
Proteinase KZ#E3%& 0 2 f5EH L72. PCREG &
HEWRpE Y OFEAT IS FRS & FARIZATV, LM
FNLEMERELZEET L7200V 7 LT
[MixAssort| 7 & Fv-C b fili & 3 L 72,

2) REBLUEE
[read2Marker | 12 & - THiH M 72EST-SSRD
P E B, RSN T T4~ —F el Rz
4 FKITR L7z, 55135263 DEST (20054 9 H K
H) OB, 3759, S 2 HEEF — 741568 X
O 3T F — 72839DSSRAMH L 7z, FBRIC
ESTH HSSRAE K L -3 Tld, 13N 0 736
EDOEF—T7DITLFSSRIZBWT, kdDLZWVOIL
SHHEF—T7 TR0 E HOTEBY, 2MEIEESF
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% 4 3 UniGene#% H\»7zread2Marker!Z X 5SSR~ — 7 — B3 D& F

R Al — EST# SSRs¥ ~ 7%;%;# %
UniGene 35,263
SSR% & e 3,759 10.7¢
1A 1,104
2R L. | 2,655
2FE S 2,197
3l 362
AFEH 76
5 A 16
(e
THEYE 3
RAE B Y
2 4,156
3t J& 2,839
7T A v —&FA 2,710 72.1°
LR 186
PCR#4 15 A 138 74.9"
N 48 25.8"
SRIAT D" 71 38.2"
I NEEREADC 24 12.9°

azc 3% TH U= AT VESIKEI X o THRIL L -85

b I AFI4MEER T 1 ML ISR H - 2B 0.

¢ ZRBHSTIAT—DFTILTHREEDNDH 725 0.
4 UniGene$ I3 2 E 4.

e SSRZEHLESTHICK 3 5 E4.

E R L7274 ~ =BT 544,

M1 2 34 5 6 78 91011121314 M

200 bp =>

%3 EST-SSR~ — 7/ —TaSE3IC & 2 HREW O 7 71 — X 7 )V &SIk B) X
M : 100 bp ladder marker; 1. 727 T4 X3 ; 2. S &R0 3. HIE 4. "vasy
5. 87376, ANV 7. INEEMK6LT ; 8. SREDE2000; 9. IV FaLF,
10. YaFAras¥;11. ¥4 X3 ;12. Calingiri; 13. Eradu; 14. Zak

— 71310 RBETH H I DR ENT W S0 30, D 2[IEF —TDSSREKEIZEHEEIFNTNWEL I L
WL L aE12bpE 21314bp & 2 BRED AR S 7z,

BLEDOSSREZMI L TWD DI LT, RETIE B EN/zSSRD D B, 72%I1220WTT I <% —
2IEHEF—TIZBVTHYELED 3 ML ETH RRIARETH - 7225, 8 MILL LD KIEAH % SSR,
BHSSREFRE LTWA DR B MR AT 7 F 7203 2 HH DL EOSSRZE & LA ART11E DL L

EEZOHN, IAXOESTICIIMEY ELE 6 UL DREZELSSRTH D L 245ML LTI86HLD
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T AL M R FIR Y 7 & G T 4T EIOLSE (0 T2 -2 ) £ LU R I D & F DIIONIBNGPRII G (oD " ILSH ¥ @ (o f [k 7 9U9D1UN 1 LSH

T SN B R BN T G 4B U R O EE — 2 ) £ L @ 2)IOIBNZPRDT [ dUDIUf)
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TIAx—xm@EEL, AL T=—) 7k
JEH60C TR LIS ON Lo T T4 % —
XFAT2%B o 7272, 75V T FPCRICHGAL 72
ETAH, UMD T I = TIIRELT =— ¥
FREERET H L THIEEW 2155 Z &A% hE
TH o7z, BWIREWIE S N-EG5M138MD 7T 4
=D H L, TIHTI A F1450FE R D % Fh5K
BN, 209 BAUMTIA LT ) WO R
FAENT. EST-SSR~Y—#—134# 7 ADNAD S B
FEENZZSSRY— A — L KL CEBENRZ LT
ENRERE N TV B3 6,51 50 REFIZEBWTI,
iR L 721864 EST-SSRD 9 % 38.2% T4 i H34f
&M, Torada et al® DOFERLITIT KL /2.
BHEARL, B—DMIEEWEZE L7714 <
—REBEEL CGE3X, —fl), ®&EMIZ, 1080
EST-SSR¥—7/—%#EE L7z ((B5%). £72, 58
MR DWW TS L 72 IRE R 2B 6 RIS L O
7z. [read2Marker] 12 & - TUniGene#% b & 127%
FFah7z79 4 < —Ic X W B s h 7z ¥iEED R

(555 %) LH8miE LN HEIREY R (5656
£) 2T HE, RELELLBETEINCD
ndHolz. 2T, REPILDOUniGene & MDD H
HEST% 57— % N—ADDBJIZ X o THEL, FK
DOIEMREY DR L K L7 & 25, ESTOHE
A E L TBY, HHOFIEZHEIEL T3
LM SN, TaSE3, 6, 123, 149TI
UniGene D ¥ FEE 2 33> TSSRD I I 6035 25t 23
RELTED, WMIRENROZEROUERNTHL L
DHERR S 7z,

Fntl 3 RO B TR ZRAE LR, BLAL
O mFECHFIICB T 2 EEFROERIIA SN E
Wolzh, [FA4F 7370 B [Tyeel [Zak]
TIEW L DD OEIRFHETHF B O BED I S
72 (BE7FHR). Folzd, Ihb 3HfIcoOnTE
SIZ6ROREEIT-72EZ A, [Tyeel BIUW
[Zak] TR>TRTOBMLETRA—FHL T8,
(457371 TIEEIETFEE TaSE37 1B\ T,
T4 2 DOBETEROVT At S 7.

%63 10MOEST-SSR~ — 71 — % Fv 72 2 2 F5850HH [ O i (5 F H 5% & HaE e &

. HIREW R (bp)
EST-SSR stz e -
~ == A B C D E F G H I J —
TaSE3 11 180 184 187 190 194 196 198 200 214 216 -
TaSE6 5 198 205 214 224 227
TaSE37 4 143 151 154 —
TaSE63 4 230 261 263 267
TaSE92 2 293 305
TaSE96 4 295 313 315 317
TaSE117 2 166 172
TaSE123 7 258 267 282 285 288 291 297
TaSE149 5 204 210 212 214 216
TaSE151 3 173 175 177
- WEZR L
H73 AMOEST-SSRY—H —Ilk o THBE Nz a 2 FRMENICBIT 28T
TaSE3 TaSE6 TaSE37 TaSE96 B ]
No. o il T - R
180 184 200 — 224 151 154 313 315

T ZAF I b+5 a,c+l 2

54 Tyee b a,ct6 b, ct6 a a,c b+6 4

56 Zak b+6 a,c 2

a, b, cl3F1IHASMMLZDNAZRL, E5I26RMOBMMEEZITo7MRE [+5] TRT.
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#8F 10MOEST-SSR~Y— A — % H\W-a A X8 EET My ¥y a

Z
o

EST-SSR~—7#—

TaSE TaSE TaSE TaSE TaSE TaSE TaSE TaSE TaSE TaSE

An
6 37 92 96 117 123 149 151

O 3 O U W N

56
57
58

T U=Uk
TyYeay
N Ry Uk
FRY a3 LF
Fr T4 X
HTINEE
HAF IV
SLAFOM
Sl Eem
BODPRE
LA

V2= ]
N7V
Au ) alyx
AUA ) EALT
ThbTE
FX b A
XAl
THDOW
XL aLF
X-bz

X4 0AY
¥ ahF
I AAY
FrTan®
N T
=V FR
=¥/ hFY
/N EAR26 5
INEEAR61 5
& DE2000
IR AF
VIHXasX
VA= = WA
LA ks
HAYahFX
XU RaANX
2w A RI
DHUMNY
PEHLND
AT W
Aroona

Arrino

Cadoux
Calingiri
Eradu

Alturas

Eden

Eltan

Hyak

Jagger

Jubilee
Lewjiain

i)

| W @mwW O

&

| IQPUORIDC~IDISWm 10 TQOEEHrQEHQQAELAHQQAPTOLOHOOHTE P> QR Qw

&
&
&

Tyee
White Bird
Zak

AC Barrie
CDC Teal

&
TwOoUDQaoauraQ@EQEHOHETEENENE QI OWOW0OW0O0 NI woO000W0mw o »>ro000w oo wow

WP PEEEEEEEEOR PO QE P EQQPPQQQAQARr SRR EQFPQQREEEEPQQQPQR> P> QS
seliveliveliiosRvsBlioc Mo NosMosMosRosBvslvelivelivelivellvelis gl o Mos Mov Blos B givelivelivellve v lov Mos los los los lvsliveliveliveli il vellov Mlov llos Mos Bos lvs Bl giivelivellvellve i oe Bl ov Bl ov Bl os Bl os Bivs v ollve}
"NolwiliosResiio-NocNoNoNo Nolv-Rolivoiiv-Hollwi--NoNoNol-A-RoNoNolo o NoNoNolA-NoNol-vi.vi.-NoNoNoNoNol-A--Holl--NoloNoNoNoNol - NoNo N
jeele-givolios s it S os I I A~ R i v=ll s R esllec R os velioc sl gl ovlive i os livollve losllve Ml ov Bivelioc sl Ml os B il o il o Bl oslive Rl os Bivolio i ool vl os Bive il oc B v= Rl o B o>l ve le v Bl o~ B o}
wlolvleolcNelohdclolviolvivivivividvlclclvioivlvivivlclvivivlviviooNeololvRolclvivlvlviololvlvivlvlvlvlvl ol No!
=R-evlvlclvlolviclviol-Avlvi-NoloNoNolo oo NoNoloNoNoRoNoNoNoNoNo ool " AvioNoNooRoNoNolvNoNoNoNoRoNol - RoNoNo o No!
> QP QQQr QR QR QPRI rQRR IR QR R QP >

PrQrrQrEFPr@mQPrFQEP | U@t |l WQQrPEEEr» | OFQWmE@mCQE QI QEWE

QW T

*%

& WWHNTERDEH-72bD%RT (7 H£BR).

A~TJiE, BORCHBL-ZRETho~r— ) —OWIEEYEOEE 2 RT.
FN OGSO b OIZE Uiz % R85,

42~46 1 F— A b5 T A7~56 1 7 AV AL 57, 581 A &

51



52 AT L Y [ B SRR TR v & — BF R

INSOfERErS, L2 3 MO FIZonT
NSRS U Tnzb o X 7.
10#LDEST-SSR~ — # — 12 & o THE Sz HWN
8D AR TR 285 6 RIRLIZT VT 7 X
FCTEL, 107 V7 77Xy FOMEFIZE T
mn Al & B L7z (55 8 2). IR & A1 il A 1%
AT &, EIPNALS AR T 265 A 2 A L R AT R
T, BODOIMFEIZ S 2D 7 )V — T Ik T & 7.
EINAEERDNZ W [KF7 2 v ] R [/INEREK61S ],
BEOL W [ SR &E0E2000] % [F L] 345
Wk RETdH - 72, TaSE3 O#EfETHC, EB
JUOFIZENSHICHEAEOBEETETHY, &b
JEEFRCIEZ S MR [H LA ICRRY
Thole. Tz, [/NEEM61G] 1& TaSE% 125
W RN 2 BIZ T RIAZ/R L, TaSE92 O&EfnT
BIA, TaSEI23 O#E&THB, FB XU TaSEI51
DBIATFB D F 72, ENMHEIZKA O#EETFRT
Hol:. —J)i, TaSE3 O#EfizTMD, I1BXW]
WEEAL S O A S, TaSE63 OiEfn Al
DigA—A 7Y 7WHHEICEAETH- /2. T2,
TaSEI49 O@EI=TAIA, EWZ7 AU A D 3 M
AR ENTz. T ES R O @ TR,

#1175 (2012)

[EE 2 A F100%MEH ] L FR SN2 TEROHE
R ICFIHCE 2 REEDSH 5 L E 2 b/,

4 FEF O BN T AN o BR324 F SR o ks &
oz BE9FK). NEBMTIERMEYIC [
DE2000] OBIRFMEFTRTF LA EEI A
FeMHLLZy X =&, (K7 V] O#ETR
Z/RL, WTH EATREEREIN [F7 T4 X3
DBEFMER L7z, EEILAFZMH LN T
X7 OOBETHETHEBEOBETRHRB S, £
NOLOMEEDS [FhR7aALF]| R [F7 V]
[HFREA] OBETFRIEE SNz BB
a7z 2D W T, GeneMapper (2 & A ATIX
N [Hw7 vy OMIEEYREIZ [F4F27 35 F]
[FLA] ICHELTE L EET AR LN
CEAK). —Ji, 7y F—RWTH LA, U Tik
mAEEFE T A5 ENTE L VER TR
[MixAssort] {2& 0 [Unsolved| & LTk X
72 WRE 70 G50 SR 23 & 72 /N ZE B O SRR i A
[ X2 X DEE2000] X, 2003412 FEE SRS L CTLL
k¥, FNENTOAREEINTWEZ L2, #is
ICEWHREDS RN TE NSNS, Ll
RO, [F7ITAXI] R [Fx7 V] [HFLR]

%93 10MLOEST-SSR~— % — B X U'MixAssort# WV 72BN LA NIC BT 5 T 4 F O

EST-SSR~ — 7 —

1 /& (& 0£2000) F D B A B C B E C A
S ¥ & O #2000 F D B A B C B E C A

2 7y Xx— (HEza LX) A D B A A B A B F D A
RNV A D B A A B B F D A
Unsolved A

3 WTHEAL (Fr=a4X3) F B,D A B A C B C A B D C A
X0bHTE F D B C B C B D C A *
Fr G4 X3 F D B C B C B D C A *
=vART I F D B C B C B D C A *
SL<IEON F D B C B C B D C A *
Unsolved B A A A

4 Ry (HEz LX) A C AD A B A A'B B A'B D,F C,D A
FHRY aAX A D B A B B A F C A
IR C D A A B B B D C A
RNV A D B A A B B F D A
Unsolved A

AP LI E LA R 2R
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160 180 200(bp) 120

140 160(bp) 230 300

120 (bp)
|

|

3 J 3 J
Lal Ll La] [&] [al [el
TaSE3 TaSE37 TaSE92
140 160 180(bp) 260 280 300(bp) 150 200
| 1 [ |

220 (bp)
1

[

el

) |

; |

L

Ll
A

[c]lwl

TaSE149

9
[a] [l (o] [£]
TaSE117 TaSE123
#A 6 HOEST-SSR~—# — % H\7-PCR¥#IE/ S ¥ —

F. Xy (HEa 60 ; 1.

FrILRXI (J@T) ;2. FLE T 3.

ko v (W)

R THEE SN TS 2 e O HIC &L - Tt
R 2 ik & BED T, 5E S A2 V(s -1
PRI SN D EHRE o 72 MDD 5. HIEL 2
= A= X B MENS B O A 2 A L, WOl hE
NEWSPITTELENHLEEZR LN,

2 BEANSEORERSE O

DNA AR B X IZBVWTED SN A
A RI4 09 T, [WHEZ RO 5 HEILRESE,
HAZRFER THRER DT L W2 Tld R <, W
WO EMER T35 2 L DR STV 5
RN ORME T RETHL] LLTHED,
DNAY =/ — 2 X o TR SN 2 BEFROY—
PERIARLERTH L. RETIE, M- 1HicB
WCBSE L72EST-SSR~ — 1 — 2 & 5 5l ik Bl e g
DN %R D 728, FREHFEIZ BV CHERR

HEN TV B R F 721355 HRE 2 F v Cmil N £ B
DEMERAE L. 72, SSRY—H —D%FICT
HHESTIZOWT, F—FX—2%FH L CTHFEM:
D& % HIEFLF DR 2 4T\, ORI I T o [F]4H
M7 EETOAEIZONWTELE L.

1) MEBLUHE

KBERR - ZZHH - RO BERhah Al AR PE 239 1 ZRdHk S
NT 2 BARERFE D 2 2 F 3L %2 B %12,
BEOWMERFEL TR SN TV BI5MEEZ R E L
72 (55103%). BEEhSAL L L TR L Twv % 426/f

B, BH, AT, B, mE, Pk, KK,
RS, Wk, T3, RYF, B, 2, R, —E,

VEE, HCER, TCEE, 0T, fEE, I, MM, E,
Rliy, Koy, REAR) 25 &5 g LEOEEED
JERE (AT 2 5 X RURARR) 2R L7z,
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#1175 (2012)

10K MR X OV EN S R 3R AE L U TR A HFIREL (20074F IRE25)
AR, 5 i B S
HRLOMNY 1999  REEFRECZ— (B (EMIFZERT) 2
A4 FAF 1999  JuMEREERBRSE (Bl JubRBEREMEE L ¥ —) 5
XA HIasF 1959  WAbEZERRY (Bl RAREMNEEC ¥ —) 2
h oW 2001  HEEBEREHINEC X — 2
TS RanX 1986 B UR EBR Y 2
vu i Fra sy 1974 JUMEZERBRYS (B JUNMHBRENEE v ¥ —) 5
2w A X3 2002 {EMTRTERT 3
F a4 R 1993 JUMEBERRY (B UNEBRENREE s ¥ —) 7
FrT7anx 1951  REMREGRERDT (B RALREMRE ¥ —) 2
=) BAHY 1999 UM EFERRBRYL (Bl JUNEEBERERRTEY ¥ —) 6
FRY Ty 2000 AR ERYG (B RALEREEEC X ) 3
/N6 1944 (B REERRY 12
S &R, 2002  TEEUEREMEE S X — 2
2SI hAY 2003  JUINMRBRRE R o X — 3
PE LD 2003  HALEREMFEE L F —
#113%  10MLOEST-SSRY—# —I2 X 5 2 A F 15O BETRA ¥ 0y
o TaSE3 TaSE6 TaSE37 TaSE63 TaSE92 TaSE96 TaSE117 TaSE123 TaSE149 TaSE151
HRUMD G D B A B C B D C A
LTAL ) EALF G B C A B C B D C B
FHHIanF B D C B B B A E C A
L0 G D B C B C B E C A
D =S F B — A B C B D C C
vuran® G B B C B C B D C A
B AR G B B A B C B E C A
FuHIA X3 F D B C B C B D C A
FrTanX A B B A B B B F C A
BV G B A C B C B D C B
FNY A E D B A B B B D C A
INFE EAR61 5 G B C C B A B D C A
S ERM G D C C B C B D C A
IFI o HAY G B A A B C B D C A
wE LM A B B A B C B D C C
DNA® #fi H 1Z, DNeasy Plant Mini Kit OV SR REY) D FRAT (X ATET & [FERICAT - 72,

(QIAGEN) % —#ttZE L Tfio7:. T4 1R%
Micro Smash MS-100R (F I —#5T) % H\vThik
L, buffer AP1%400ml 3 X Of RNase A # 4 u LN
2 C55C TI154r MBI L 72, %\ T Proteinase K
%4 ulzT55CTIsA MR L 728, #fto~
Za T WIHE-> CDNAZHEE, 758 L, TEZHw
T100 u IOFE MW 2 ML L7z, & anfE - FEHICD &,
skioehzhnrs (O, @, ®), 72, o3
WAEFLDTDNAZME L7 (@), PCRIEB &

WRERM O LEIX, EST-SSR~Y — 4 — DT T
& HESTHLS 2 E Mhic%] & L CBLASTNMZRIZ & -
TAT, WFHEA e ~OLLF 2 78 L 7235 6B H) % il
L7.

2) BEBSLUEER

158D ) H14GEETIx, B L 2 o Eis T
BT RCEETR A O r (F11%) L —%L,
i fE PN R AR T O s BE IR S e r o 72, 3
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B5 NEEM615IZB1F A TaSE6, 117, 1490PCRESIE S5 —

1. THERGE; 2. JIRILEE; 3. WiRMLpE; 4. W ERGE; 5. FRERE; 6. L%,
7. WRELLEE S 8. WREELEE 9. LUERULEE ; 10. IUITULEE 5 11. REREUREE ; 12. Ko ULE

bl & U COMMIFRD R D L\ [/hNE RE615 ]
IZ2W T, GeneMapper!l & AHlE/N 7 — > O —f
ZES IR L. [/hNEBW6LS] %2 &d14mil
WZBVWT, WINOMTTHRROIIE Y — > %
RLTEBY, ERIHERSNE,ro720 1 Wiz
WTIE T FRIEICH KT 2 MDA, TaSES
DBEETFRIOIELDEBNE LN, B#ATHB 2
ChHmih sz, 22T, SHIEER 6 RO
%20, FERICHAEL72E 25, TaSE9% % K<
BETFREIXRCTEETR A 7 —HLTH
0, TaSE9%6 TiI5 2@ ETHBERL, #Iizn
FRICZRTRMIT 1 RHOATH -7z (BB125).
FEE 530 1%, 19444EICH R S N7z [/hE 61
Tl R L T AR ST ORM A2, R
M OBEEREZMEL-LTAH, WO
BACIREHMRPEETHICHELRENDHH Z L 2R
L7z, LaL, $XCEFOBSECIIRBTI L
W2 /N 2R TH Y, N, 5RO MRS P
BV TP ZRE 2 7 Sh, E@@Efzricks%
FOTEERARE LCHBR SN TE b0 LEZ BN
Twb. T/, MRS IZRAPDEZ HWT, [/h
ZREMA61G | IZB W TR TDNA L XV D%
BRELTWEZEZHLNIIL, THELHIZE ST

H123% 1A 1 FFIRICHR T AEEL L ORE/EO
TaSE96D & {z -1l

DNA

Ji
R 1
R 2
R 3
Rt 4
EY )
HH 6 B

O, @, @RTNTNHET 1 H» 5, OIFET 3HE T Lo THl
HL7:-DNATH %.

W W W oW WO
W wmw oWl
W W W oW w®

MARINLEROFELZEI L, 2O ERDH,
EHICO RSN MIEICBWTRUNR Y A
OEHIFFONLZVWEDE LTHEET LI LR
BEND, RETIE, 26DKFE» S /3L
FI5mME O A F 72 13 EAE (59MAE) O T,
1T Feichkd 5 1 MfZKRE, $XT3 -
1TECIER L2l TR A s a7 L fERwE Lt
RSNz, FRIZ, b EHIIHOA ) IR THEE S
NTW5 [/hEREK61 ] 12BN E T A
BENLho72281F, FRLY IZXoTREN



56 JEaH [ D LSRR v & — I gE Y 115 (2012)

7o FHTC BT B a#Y) e flF O MRS B IR & FE5E
T5—HT, Ihoov—p—ICkoThiisns
DNASHIS O — M BRI b 72 2 A % i §
LHbotEzZoNbL., T, 1HMEICEON
TaSE96 O#An T ORI, FIFEMO BRI
Lo THEDRMICHEE SNIZERTH D I LHVR
Xz, BERIZIZEALOYE, STCBWTH
KMOREHSHMEFE SN TS, KFEE, HEk~—
H—THAHSSREFIHL, 590tk - FREEH OM A
BFTRTIEDWTTaSEI DB TR AR TH
0, AWPHIB L 72 TaSE96 DAz TRl %8 B3 kb

THiZbDTHo RSN S.

10/l < —F — DEFHICTH 5 ESTEA & AHIF%
RV EIn TR ME L& A, TaSE3, 92, 117,
123, 151DESTIZ B\ THRM %72 3 HE R 255
572, §RTHOESTTILFRA A, hyEOT Y
DcDNARH] & F WM Z R T b 02 & 7z
A, D) LRI N HEREZ R L2 AHFBSNICD
WTH13EIT/R L7z, TaSEI51 #Fx< 4 DDEST
TIE$XTZea mays DIGIERLH & DA FEPEAHH
EN7:. TaSE3Tix, 240~485bpDFHIKICZH VT
VAMP protein SEC22 (EU968778, EU967361) @

#13% BLAST % JH\\ 72101l O ESTHELH o ] P ek o & 5

i 5K

#fis )  Accession No. (bp) S A fE Ik bit score  HIFFAE Tl S D HERE 4 File
TaSE3 BJ286520 506  (ag)19 203 9.00E-49 VAMP protein SEC22 Zea mays
TaSE6 CA637867 505  (tgt)15 — — — —
TaSE37 BQ161628 232 (aca)3, (ac)10 — — — —
TaSE63 CD454085 569  (ta)3, (ag)7, (ag)4 — — — —
TaSE92 CK161286 899 (ct)3, (tct)6, (ta)4 387 7.00E-104 pectate lyase Zea mays
TaSE96 BF482277 739 (tc)10, (ca)3, (gt)3 — — — —
TaSE117 CK157595 877 (cca)8, (caa)3 464 3.00E-127 beta 1,3 galactosyltransferase Zea mays
TaSE123 — CAB15035 481  (tet)11 183 8.00E-43 giggii ;3’;“;2:{)’2:51"6 Zea mays
TaSE149 CA657802 512 (te)20 — — — —
TaSE151 CD8&94305 787 (tg)8 219 2.00E-53 alpha-1,2-fucosidase Lilium longiflorum

5 6 EST (BJ286520) 281} 5 TaSE3DM L B X UMkl & o M FHE R
h7-Hi (EU968778, Zea mays)
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HIEmA) & MFYEA D - 72 (45 6 [X). TaSE92 T,
13~544bpiZ B> Tpectate lyase (NM_001157251)
ZAELLHEERNE OB CCHEETD - 72.
TaSE117 Tli%, 351~867bpHHi%iZ B> Theta 1,3
galactosyltransferase (NM_001157513), TaSEI123
TlX, 1~269bp#HIKIZHB WV TSAUR25-auxin-
responsive SAUR family member (NM_001153763)
EDOMEMDDH - 72. TaSEI51 TlX, 40~541bpiH
2B W Lilium longiflorum @ alpha-1,2-fucosidase
&L COREEDS T & B LifuciE{zxT (AB326211)
&b, MEMYRD -7z T2, SN~ — 7 —
ELTREFENZT7+ D= FBIPIN—=ZXTFA
~ —OWEEINE, T AFDUNORB TIE, el
—F T HEHRFL L 72 BEHNE % hr o 7.

NS5 DODOESTTRINE N2 VY a 7 5
B, EEIZED L) RIPEICEBEL WL, Tz,
EBICERPBE O MR AR L LTHATW S 2
ERAMTH L. LaL, 1FRHICEIET ORRENT
AHEDIE, T AXF MM TE K ORI s 7z
N5 ODNABEIE A wn MR O H @AM B » T
bEMLE~Y—h—L LTHATEZREYND 5.
F72, HAROD BTV EN L7250
DESTIZDOWTIE, TN TIZF—F N— R85k
ENTWBESTOHTIE a4 FIH R 2 Y IR
ThbIEATREINT. W~ — 7 — DRI
H72o T, TAFIZHEKT 5DNAD A THIEE
MBROoNE LI TIA -2 R KL TE27

W, INHDOX—h—3F Y a s EMS SR
hrolz, HEVIIEHBH-HETHTIA <
—H L EICHEES ot EZ BN,
MTEMIBYCOMERIICARITH L EEZD
Na. bbb, IAFPUIMCH KT 2DNADE
FNL MO ORI BT, EHWIZHH
TEALY——ThbILIFHINT.

3 EEILXEHBAILXOHET

g A3 A F1%, No. 1 Canada Western Red
Spring (ICW) %, Australian Standard White
(ASW), Dark Northern Spring (DNS), Hard
Red Winter (HRW), Western White (WW) 7 &
DHMTHEN D SO T, EIXHFF, TAY
B, A—=ANFZ)TRLMAZINTVWS., INbHiE
IS Uil & w3 2 72D IO M
ST Ly FENTWED, ZOWERIZH LTI
7 <, AR X o THEBLMER 7 L ¥ FHERDEH)
THILELDHAH., M- 1HEICBWTER L 72#EET
By rurzTid, WmA#N (ASW, WW, HRW,
ICW) 23 % LEZ 5N Tw b EEI7mEOH
2, 4#lo~—AH— (TaSE3, 63, 96, 149) 2 &
> CEINMMIZIZ 2 WEIE TR 27T b DD R S
Nz (5143%) . MRS OZBE ) #MIcB W
T, IO ORI RBIETRELENIHRETE
L, EEIAXFEZ100%EH L2 TaEROE
WBETERT 272 DDMBHRINEC LV FLLEEZD

851458 10MLOEST-SSR~ — 71 — & Al 72 I & 58 i ] 0 i = - I 8% & B e R

EST-SSR

HEEY & (bp)

~—p— BETRA A B C E F G H I J -
TaSE3 11 180 184 187 190 194 196 198 200 =214 216 —
TaSE6 5 198 205 214 224 227

TaSE37 4 143 151 154 -
TaSE63 4 230 261 263 267

TaSE92 2 293 305

TaSE96 4 295 313 315 817

TaSE117 2 166 172

TaSE123 7 258 267 282 285 288 291 297

TaSE149 5 204 210 212 214 216

TaSE151 3 173 175 177

- MRz L

B R L2 MW EA A T 5 & & R R
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N5, AT, BEEEEZO 5 MO A 2 0
Sl L CHIEFROMELIT, EREILAFEEA
I L F ORIV THRES L 72,

1) #RBLVOFE

i ABRAA (B AEEE) &, 1CW (2006, 2007),
ASW (2005, 2006, 2007), DNS (2006, 2007),
HRW (2006, 2007), WW (2007) MM L7 %
10gDHETZNVFE—=XT 3y h— (LRI
WKLo THIEL, €095 1 gZERER L TN - 14
VR L72WZECTABEZ A — VT v 7 L7z kI
X DDNAZ L 7-.

¥ 72, ASW (2005, 2006), DNS (2006), HRW
(2006), WW (2005, 2006) #¥E2—5—F A I3
WIZEoTHEB LA EREHNT, £1 g25
DNA % i LftEA L 7-.
DNADOHIH &Y > 7V 3 AT - 72.
PCREJSIE, I — 1 HiTHIFESNAZ108DOEST-
SSR~¥—A — & M\, Fifii & WERICIT- 72, &b,
LA BN 3R T RMOKIE AR A R B2 5
B CEEW W02 L.

2) BEBLUEE

FTRTOMRMEIZI BT, F—H > FIps 3
FAEHIH L 7-DNA D B TR B 5 5 R
LNTEY, WM Z &GO O & il O R

#1175 (2012)

EEITIE U CTIEIZY—RDNABESHON TV

M S T2, ASW (2006), WW (2005,
2006) ZBrE, FETHERB X OVNERHSRORET
EREAONLG P/, YT Y TOHED
HWIZHEDSCHROLHENSwEEZ LN
ASW (2006) ®/NEHTIE, FETHIRB L 182005
EEORPLERELL B o TW2Z EnD, RER
BLOEBEER 2 SIZAE L7205 00 FH i X
0, EMRERPEON P EZ LN
THROEMIIBNTH K~ —H — 122 ZHH MR
TRV SN TEY, FEOERLLY T IVET
—EBER R D BT R AR L7 (B515%). HRW T
TaSE3 R TaSE123 DR FHMFEERM TR E (£
0, KRR T L v R HERO KR 25 IR
ThHEEZONT.

TaSE63, 96, 1491231} % EAV s OB 15T
Al (TaSE63: D, TaSE96: D, TaSEI49: A, E)
IZDoWTIE, HEEBEEICb> TR SR VWIEE
Motz (B155). 2, HENH» SR SR
ZEMORETIIEE BT E LTIl Eh
T, HHEZBNSNELLEbH o7 D, &
EMRIREE LCIEMHTE R O LEEZ LR
72. —7Ji, TaSE3 Ti&, EA A O#Els TR
RBBUEEEIC D7), REMITHI T 2 2 &A% RE
Tholz. ASWTIH#EZTR T, 1CWB L U'DNS
TIEEMETH ], 72, WWTIE58SHERH Tl A2

1538 5 MO A/NEHNICBI BEST-SSR~ — 7 — D #E {511
WA SEH Wﬁ EST-SSR~ — # —
L TaSE3 TaSE6 TaSE37 | TaSE63 | TaSE92 | TaSE96 | TaSE117 TaSE123 TaSE149 |TaSE151
2006 |A B C F J(B D A B A D B B A B |D G B C A C
e R A S AB |aAcDlB |B | A | pae | BC | A C
2005 |C G H [ B D A B C|AD B B C A B |D B CD A C
ASW 2006 |[B E G H Z|BDE | ABclabp |[B |BC |A B|D | BCD |A C
‘2007 |CGHIZI |[BDE | ABclap |B |Bcbpla B|D | BCD |A C
png (XS|CEF [BD | ABCIACDIA BIB A BIDG | Bo _|a c
2007 |A C F J B CDE A B C|ACD| A BB A D G BCDE|lA C
2006 |A C A B CDEIABUC|AB A B |B A B |BDE B CD E|A C
T B ce Jascep [aBclas |a Bl | A B|ANDE [BCDElA C
2005 |A N A BCD A B C|A B B B A B|ACDF C D E A C
Ww 2006|AN  |ABCD |aABcClaBD|B |B | A B|lacD | CDE |A Cc
2007 |ABN |ABCD |ABclaBD|B |B | A | ABCDE|ICDE |A C

SR LI TR ES A Ch 5 2 & R

A~ T3, BURIHERL-ThTho~— 7 —OMEEY ROME 2R L, NEFHOBMEFIZRT.



HRHD D 2 A F s X ORI B % DNA sl a5 Holy o B %€ 59

ENTRVH LWBEEFENATRTOFEREICE
WCEELRBETRE LTRIBENZ: ETH).

B SR X N5 8 TlE, DNAY—7
—EZFHLTY 22 340 T 2T 854, 14
DX —H—THEOBLETREMRINT S 2 L 3ES

BTN ARBOWAMNZHNB L OCENGREICBT 5
EST-SSR~ — % —TaSE 3D H#liE/$ 5 — >

(A)
1 2 3 4
200 bp—>
160 180 ‘l' 200 220 (bp)

1
2
3
4

WFHEING, LaLl, MR 7L v Fikso
AW TOHRIIAHTH 5720, Kt
SNLBETFHROZHITITE 2V, KE O
M5, BHORETH > THHBN X CHEDEE
FRIZM T 252 LR TH D I LRSI NI,
T/, WAEEICL > T HEETREOLETITHS
N7=bon, KIEREEIVEPo722 00, %
O EEMEOBIZ TR 2 ZEMICHIBTE % &
#z b7z, TaSE31%, 1CW, ASW, DNS, WW
BT S 5 & E RO B R 7R ASE b
R b D TH A 720, EEILF2MHL
TEMICRAL TV 2E2 2@ 5 ICH#NT 5720
DIEL LTHMICHHTE 2D LEZ N,
EBRICHBHOE T TODNAY —F Y —Z v
TR AT IC X o C, ETFHOBERE LTEHE
NLZWWOHBEETEN (192bp) M $ 2 2 &A%
WEETH-72 GESKA). 72, DAFHOEERIC
HWH N ASWORETFM T (214bp) I2DWT,
THODAE» ST 2L TER (BE8N
B). TaSE3IZB\WT, ENMHETHRBSNLERE
D YEWER R 1Z200bpTH B Z EH 5 EETH), i

(B)

200 bp—>

1 2 34 5 6 7 8
|160 1§0 2.00 i’leo (bp)
; i
4
5
6

%8 TN L &M DOEST-SSR~ — # —TaSE 312 & APCR#IE/ S — > (LR 7Ha—
27 VERLZIKEIK ; T GeneMappertZ & 2 fEHTIX)

(A) 78 1. 7vy¥F—A; 2. 7vF%—B; 3.

(B) »AK

Z7vF¥—Ci 4. 7v*—D (HENE100%)
1. WTHEAA; 2. ®THEAB (F7T4X3100%) 5 3. ®THEAC;

4. WTHEAD (BRIDH2000 100%) 5 5. FHA (280 DEF2000 100%) ;
6

RS 7. B (EREANEL00%) 5 8. £ DA



60 AT o [ DU [ SR T > & — iRy

MM TH 27— 275 VERKE ZFIH L TH
DICEREILAFEBNT L LD WETHAL. HL,
HERC AR DZ B RETE 2 Z R LT, WA, WA
N D EOBETROMERLLETH 5.

NV SNPY—H—%RH\ /-3 LX RiESBIF

1 OLXDEGFREICE T HSNPORE
SNP (Single nucleotide polymorphism) (ZDNA
LoD EE2EL, JAFRITITTFARE
% 4% (Insertion/Deletion : InDel) X°SSR% & s &
EZHN5. THHODNA FOZERIPEREN T 72
EHBENICEETFORBICEEL 52 Tnwbs T Lk
TAEDFRIZE o THRAICHLNICENRTE TS
D, BT LOSNPONT X BT ORI A
HBETOREIZORND LD, ERERERE
0155, TNOIEMMEERICEIT 2 ER~— 7 —
abfﬂﬁéné*aﬁ%wﬁ,~ﬁfuﬁ@%ﬁ
CHAETE LR A 72D e L TR & &)
%%h’) LEZONA. KEITIE, Fremflz iy
PORHNZFEIN T HEM AT 27008k EL L
T, BfEoFENEZ GG L L, SHEE T HI
BIFBHSNPEFEHET HZ & T, ZANEMOERELT

#1175 (2012)

1) ML HE

SNPO#HE# 21, [Calingiril, [F27 T4 X3 ],
(S ERh], [FRIR], (7], [VhEEK
6151, [SLEDE2000], [ FHFaLrF]| D8
ool 2 IR L7z, ) EEPBS M - o adb (=Y R
Fiet v ¥ — CTHEFFEB I N T B2 Hwv,
DNAXII - 2 i & M4k DNeasy Plant Mini Kit
ZFVH L TR 3 R0 % o THi L 7.

DDB]J (http://arsa.ddbj.nig.ac.jp/top-j.html) 1235
W, Triticum aestivum L. (complete cds) (22w
“C’Z“f%éihfb\éiﬁ1i?’%fﬁ?§b7’: ZOH At

WZEIRL 72820 ZFH L, Primer3
(http:/ /frodo.wimit.edu/primer3/) 12 & o CTTmfl
57~63C, k#7714 < —5K20bp, HIEHRD K S
400~1400bp Z 7z1% 2500~3000bp 2k LT —
JILYVADIZODTTA I —Fikal Lz, HEEL
7o BRI
SST), histon H1, histon H2A, histon H2B123,
histon H2B153, wMAD2-A1, resistance-related
receptor-like kinase (RLK-R1) (accession no.
DQ270234) ®7OTHY, FHEIMIIHKF SN/ T
A4 —WH & 161K L7z,

PCREUSIZ, 4pmol primer set, 04mM dNTPs,

, sucrose l-fructosyltransferase (1-

-7z,

1 xPCR Buffer II (25mM Mg?*),

DNA polymerase (Takara Bio), ¥ 7zi34pmol
#5163 B n THEBICEE SN T I 4 ~ —h)

EE T4 74T —R TG~ — (53 Y= ZF T o (53"

IF  CCAAGGACCTCATTCACTGG IR GATTGGTGCAATGTGTTTGC
1-SST 9F CTTGGGTGGGGTAGATCCTT 9R  GAGGCCCTTGGACACATAGA

3F  CAGTCGATTCCGAGGACAGT 3R TCGACGACTACCAAGTCATCAT
histon H1 IF  GTGTGACAACCCAAATGCAG IR ATGGCTCTCGCTGTTTGTTC

1IF  AGTCGACCACGACCCAAG IR TTCACTCTTACAGCGCATGA
histon H9A 9F  CGCTCCATTTTCATCTCACA 9R  GGTGCTAGATCGGAATGCTC
1ston 3F  GCACCCAAGCAAATCAACTT 3R AGCTCCAGCACCTGAGATTC

AF  CGTCGCCGGAGAAGTAGTAG AR CAGCACAGGAAGCAAGGATT

IF  GTCGACCTGTCCACAACAGA IR TGCTGGGGATTTTTAAGTGG
histon H2B123  2F CCACCGCTCCATATCCTAAA 9R TGGTGGCGATCTAATACACG

3F  GCCAAGAAGAGCAACGAGAC 3R AATGAAGAGGGGAAGGAGGA

IF  CGTCGCTAGGTGGTTTATGG IR GGGATCAAAGCAAGAACTCG
histon H2B153  2F AACAAGAAGCCCACCATCAC 9R  GCAAAGACACAGAGCGAGTG

3F  AACAGGCGGCTTCAGTTAGA 3SR TCTCTTTCAGAAAAGGCCAGA
MADZ-AL IF  AGAGAGAGCGCGAAGAAGG IR GGAATTTAGGACTGAATCGGATG
W 9F GAAGGATAAGCATTAAGCAAAGC 2R AACAGTACAGGTTTTGGTAGACG
RLK-R1 1IF  TTACTTGCCATAGCGCTCCT IR GGTCCACTGCCTTCACATCT

0.4units LA Taq



FEH @ o A F s X OILA I35 1) % DNA SRR Bt o B 7E

primer set, 0.2mM dNTP, 1mM Mg?*", 1 unit
PrimeSTAR HS DNA polymerase (Takara Bio)
1240ng DNAZ I 2. 7220 u WA T1T1 - 72. PCRIX
JilZidTaKaRa PCR Thermal Cycler Dice (Takara
Bio) vy, RUSSEM1Z94C 140, (94T308 M,
57~66C30f0 [, 72C30~180%) =x30% A1 7,
72C 74r® (LA Taq DNA polymerasefli JHEF),
F721%, (98C10#1H, 57C 5 #H, 72C30~180%
) x 308 4 7 v (PrimeSTAR HS DNA
polymerasefli i) & L7z, BEIEEWIZ08% 7 #
0 — 27V & W TESIKE 217\, N F 2Rl
L 721, MinElute Gel Extraction Kit (QIAGEN)
ZHWTT VS EIN, BRLZ., 201k,
BigDye Terminator v3.1 Cycle Sequencing Kit
(ABI) #HlWwT¥—2 ¥ ARIG%ET, 3130xl
Genetic Analyzer (ABI) 2 & o THEAT L 7-.
DNASIS proV 7 b7 =7 (HitachiSoft) % M\ T
8 mn Ml DIFIEALH & FLik L, SNPOA % 4 L 72.

2) BRHLUEE

7 OO (LT #HIK 1-SST, histon H1, histon H2A,
histon H2B123, histon H2B153, wMAD2-Al,
RLK-R1Z X5 & LT 8 il DIF LAY & T L,
RLK-R1%Z Kz < 6 EfRFHIROM R Z HITRITIRL
7. #116682bp DIEILEH &t G & L7zas, M T
& 72 HHIE12997bpTd o 72, T A FIX AR
(AABBDD)20 & LCTHIS I, wMAD2Y 2 Wknox1
(KN1 homeobox,) ', TaDFR (dihydroflavonol-4-
reductase) ¥ ® X 92, 3HOF 7 LM TFEAE
BT 2ROuE1H5. ¥4 VI N0V A%
o 72612, BEEROFD L 72 ERY A AETET 5

61

7o DR ATH IS 72 B R A D D, R E L7zT
N C OB %2 B E T E Lo 7288, it
T X 781812997 bp 2 BV THEEH169bp D IE LR D
ALK, BERINT LI LA TE. T,
RLK-RITIZ—#F, M#&d 52 W HEThH > 7205,
i FE ] CHE ALY O 2 BAIER 12 L, ILHIPHOIF
A - RIGIRR EHE OB I B DO 72012FZ N 5D
W2 FAEICINRT 5 2 ESHEETH - 72,

histon H2ATIZ&#F137bp & d % { DE I
HEN23, ZDEEAEIEA Y NO Y EBIHETE
L 7z. histon H2B123 $ & 0¥ 153, wMAD2-A1IZH
WTHIZ Y VHEIREIKLTA ~ bu 0%
)M, FLEFLWEmIH -7z —F, 1-SST
T, =7V VHEBICOAZEIMEB I,
histon H1TiZ 8 WFEDIHIELEINIZ T XCTH L TH
> 7.

2 RSB HSNPEL L LRI A E18KIT/R L
7eo TR v v ] 3o il & 57 5 MR 3%
CAETET B MEIA%% v, [Calingiri] ® [F27 T4
X3, THRIE] TE8RX0E2000] Lol<T
150bp (% H1%12%) LLEOMEN D > 72, F— A
U 7EFETH S [Calingiril (&, [5< ERH,
(ko vv], [NERK61IS], [Y59Farx]
EOMTI1 %REOLINH 72500, EPNmE
B ZNETNOELRIELFEBETH o722 &
5, ML L7 6 fEOBIR T HUR T EN AL
BoOKREGERIAON oz, $72, 5L
Rh] & [V FarEx| CREMPHRINL
WolehS, [ALERhl X [¥YI9Farx] &
[Pufrasx| PREHTH L7700, Hizlk
FERPLRNT EERRIET DERETH - 7.

178 6 FEHOBE R T BT 5 T 4 F 8 Wl OSNPHL

o A X 8L FERIZ 381 D SNP%L

BT Accession No. £ (bp) ﬁﬁ(}iﬁfﬁ —
Ty A= Atk
1-SST AB159786 3326 2114 4(1) 0 4 (1)
histon H1 D87064 3025 2530 0 0 0
histone H2A L75802 2546 2433 7 130 (9) 137 (10)
histone H2B123 D37944 2901 2700 2 2(1) 4 (1
histone H2B153 D37945 3209 2160 6 (1 16 (2) 22 (3)
wMAD2-A1 AB166871 1675 1060 1 1 2

) HA RIGET O



62 JEaH [ D LSRR v & — I gE Y 115 (2012)

55185 6 MHOBIZFHIRIC BT 5 2 4 F 8 D &M OSNPE (N) B XL UOZMER (R) (%)

. Calingiri Fr a4 RI KL IR, E R R VY NEEK6IE S dE 0#2000
N R N R N R N R N R N R N R
Fr a4 X3 11 0.085
S &R, 135 1.039 127 0.977
N 11 0.085 16 0123 138 1.062
/A 156 1.200 156 1.200 29 0.223 158 1.216

INE IR 61 133 1.023 132 1016 4  0.031
SHhE D200 9  0.069 6 0046 130 1.000
vIHEaAF 133 1.023 127 0977 0  0.000

135 1.039 25 0.192

16 0.123 158 1.216 134 1.031

138 1.062 29  0.223 4 0.031 130 1.000

Lo, REgE L A b VBIETFE, a7
A b v WIS histon H2A, histon H2B, histon
H3, histon H4 B LY, J A —k X | “histon H1
WHEEND, AT RX N blELNTY Y3y
HIIDNADBEBEDOVWTXZ LAV =L %KL,
X7 VAV —=2ul%Y A —DNADBENTWS2,
VYA —CAMYEXZLE Y —=LICHELL
DNA& ) v # —DNADOWHIZHEGT S LT, X
VAV —ANDNAZWE B E DT L %E %+
D% AAFOE A VEAT OIS O
¥ o 2, SOEERRPHELET S EHNHEHL NI
SNTW BN 1859 WAl I BT 5 LTI OFAE
H SN TwRv. AIFZETIE, histon H2A B X
¥ histon H2B IZBW T 27 v V8 & R
B AL BOSNPABKIEENTEY, ZofiZiddk
FMFEEBEL 2205 HETNLWHEELDH 50T,
I X o TR 7 LV — A0 R% 5 E bk
IRT [ REMEASRIE E 2. FD—J7 T, histon H1
WCBWTE oK ERPRBENL o722 LT,
VU=t R URAEOREDOARENERT EE R
b7z, 72, MAD2IIHEWIC & > TR R % ~
N7 THY, MAD2EIA T OIERARYNIFER 125
WTEBEICBAEESNTWAZ BRI TnS
1) REFFETIEMAD2-ALEE T O 7 Y ¥ IR
BWT 1 HEIC 1 P To BRI S 728,
F#%E#H (GAC>GAT) ThoZ rb, BH
RPHREICERIIAE L TRV EEZ SR, W
BUWTHMAD2OEEIRAE SN TV S T EATRIE
.

LA, SNPOFFNTIZ B 22 HEME S L7z FikR
FEOFMHIZ X - THHAAT) T LDMHEL 2> T

&7z, TNTH LB, HBEIARTH 23 4 F T
BRI DB BTHY, ~—H—FHIEITHFHDS
WHRBEECH S, LALLM L, EFENIE T -
TV B HEHE DI MFEIZ BV TE { OSNPA KR X
n, BIEMEZHREIRIEINZ L5, DNA
W2 & B AR L CSNPAH 2y — Vil b
LEZ LN

2 BEMEOEZHINEDFHRE

B2 B\ T 6 FEH O 5 138 5 At 169bp
DSNPsZzHh L, AHZ @SN~ —A"—& %0
BB RMEAURIR S 2. KEITIZSNPZDNAY
——fbL, EWNIZHET 5 EEMM - 00
FRIZPET H LT, filidy 28k 2 a5
r D FsE % A7z,

1) MRBEIVTHE

T4 < —0ikEHEPrimer3% H vy, HEIEMHIR %
100~300bplZi%E LT, ZDMDOSEMIIN - 1Hi&
[ & 24T - 7. CAPS (Cleaved Amplified
Polymorphic Sequence) ~— 4 —Z&1EKT 5729,
DNASIS proV 7 F 7 =7 (HitachiSoft) % H\\T
BT & BHIREER 2R L7,

AR ORI D 7= 0, EINA2mIE B X OV A $617 6
MR 2L 72 (B5195%) . ENMALIZ DWW T
() PR - ek E U E R EgE R © ¥ — T
HMEFFERL SN TV B2 v, B ASEAR IR OK
PEBRA RS BRI O J|E THEV 2w
DOefEHL. F/, Ca—F9—TAFINIZLEo
THEpB N [SREDE2000] BLY [ShExD
52009, FINRNOE &1L TR S M7 ASW



FEH @ o A F s X OILA I35 1) % DNA SRR Bt o B 7E

(2009485 A), THIROI T 4 FE (WwTH LA,
B+A, B, C) %, BIFEL72SNP~— 4 — % il
T AHOICfRA L. DNAWK, EWNHBEICOWT
- 2 i MO HETIRAS ELOTHHBL
7o, WASEAIIZKI0g DT RS 4 VA —
(Bio medical science) 12X - TH#:L, 100mgZ &l
& L CHBRICDNAZ I L7z, /ANERIE100mg %
Al L CHARICDNAZAI Lz, INLRESA» 50
DNASHNZ, A E5% 20 D)o TiT o 72,
PCREUSZ, 2pmol primer set, 0.2mM dNTPs,
1xPCR Buffer (25mM Mg*&tr), 0.2units LA

63

Tag DNA polymerase (Takara Bio), 20ng#k#il
DNAZ & & 10 plO@E P T17 o 72. PCRIEIZIE
TaKaRa PCR Thermal Cycler Dice (Takara Bio)
WV, PUGSM294C 1401, (94C308 1, 53
~60C30f0 [, 72C308 M) %3044 7 v, 72C7
e L7z, BEEEW Tl L7z HIBREE R
2UR TNy 7 7 — Tl L7215 u IO
TR & &721%, GelRed (Biotium) =& 3%
THA—=ATVTERRKE L, N FXF— 2
ALz MR L 2T T4 v —DHARIEI3ZMTH Y,
INBITDWT, TE4BFEH Ol REEF TR & 1T

#5198  SNP~— 7 — |2 X B m Mk L 72 2 2 F il

No. tin e No. i A No. i

1 777~=v%k 17 v HhRrabXx 33 N HZ Y

2 HRUNY 18 A4 kY aLsx 34 F L

3 AUA)EAT 19 #4F73Y 35 N RUUk
4 FHEHIaLX 20 ¥ 7 RxALF 36 H< Een

5 X&) A 21 X7 N8E 37 H<IZon

6 X7IFAH 22 <A X3 38 w7 v

7T &bz 23 Fr A4 R 39 AmYanx
8 TWbIE 24 FIHRTZ 2 ALFX 40 I FI /A
9 XH\AHiT 25 D5 UMDY 41 DELNL
10 =mo 26 Fr T anX 42 AT HE

11 F Xk A 271 =3/ WA 43 1CW

12 =2 F a3 LF 28 =T AT 44 ASW

13 & & OE 2000 29 XNy I 45 DNS

14 LwA ko 30 /hEE265 46 HRW

15 I Farx 31 /NEEIE61S 47 PH

16 ¥ I3 LF 32 FEONBRPx 48 WW

43~481320074F- iy A O §4 47 % flH] .

1CW : No.l Canada Western Red Spring ; ASW
Australian Standard White ; DNS :

Dark Northern Spring ; HRW : Hard Red

Winter ; PH : Prime Hard ; WW . Western White

$20% (=3 /A F V] o~ —7— (Ch2-Bscdl) BI W [HIAB] [»hvayh] #iEils
A<v—Hh—+%v I+ (dCh2-Hpall, Cs-Sacll)
—_ 1] >
N A A 75 4~ —EiF(5-3) 991 7E 4 (bp)
RECC)
7 47U — F TGGATAGATCTTGCGTGAGC
Ch2-Bscdl 60 278
JA—A  TCGATCCTTCTTCGTCCATC
”””””””””””””””””” 74 U—F CATCCTTATTTTTTCACTCCACCG
dCh2-Hpall 53 137
Yy ,R—2%  CGGGTATTGGCCATATTCAG
7 47— K TGGATCCACTGACTTAATGGTG
Cs-Sacll 56 344

GTTGGCGAGGACAAGGAG




64 JEaH [ D LSRR v & — I gE Y 115 (2012)

21 3HLIOCAPS~Y — 7 — % HlwzEN42fEis L O
6 i ASOBIZ I &1 s

~—h—%
Ch2-Bsc4l dCh2-Hpall Cs-Sacll
+:200bp +:115bp + :306bp

No. o Fl 4 —:278bp —:137hp —:344bp
1 7o~V t + — +
2 HONY + -

3 AVAIHAF  + - +
4 XEHIAAF 4 - +
5 %% /A + — +
6 XTiEhn + - +
7 xbx + — +
8 xmbTE + - +
9 XhnAlE + — +
10 =mo + - +
11 ¥Xt A + — +
12 aa¥asX + - +
13 SWEO000  + - -
4 LoAik? - - +
15 vo¥¥any 4 - H
16 I FaALX + - +
17 vaFxanF + - +
18 ¥4 tYans + — +
19 #4F/370  + - -
20 X7 FahF + - +
21 ¥ 7 N8% + - +
22 A< AR + - +
23 FU I X3 + - +
24 Fh/ anE + — +
25 SBHUMNY + - +
26 Fr 7 an + — +
27 =2 ) h A — — +—
28 =T ARF 3 + - +
R IE VS + - +
30 /M AR26% + — +
31 NESEIELE - - +
32 EOMROx + — +
33 N KT + =+ +
34 LA + + +—
35 RSy R TE + — +
36 < S0M + - +
37 5H<IEOH - — +
38 h v - - +
39 Amvyan + - ™
40 IFI I HAY + — +
41 DEHND + — +
42 2 ATYE - - +
43 1CW + +— =
44 ASW +— +— =
45 DNS +— +— =
46 HRW + - =
47 PH +— +— +
48 WW + — +

+, —IZENEFNHIREZE U SN0 LS nd O
ZaRL, AW OBRTHESEENS I EEIRT. 43~48
1X20074E 0 A O §Z . 1 CW : No.l Canada Western Red
Spring ; ASW : Australian Standard White ; DNS . Dark
Northern Spring ; HRW  Hard Red Winter ; PH : Prime
Hard ; WW © Western White.

-7z,

7, BRLE—I—O3 AXITHT 5
EMRDL720D, FAFLAF [fFNVRY], [ 4
RV, (A=A F], [AAAfT=NVTU], [¥
AVEFL [YavI4], 412 [aveny],
[HAK], T£F3I/7V), ¥4 X [2T AR A,
[7Fyux], [#=xk<L], [772%4], [=
YuAl, [ Fas ], byEwaY (HERM),
VN (i) 2 M CHEWEREY) O A ik 2 fERE L 7z,

2) ERHLVEE

8 il [ C 1 A ARSI 22 SNP % H RIS K 5
ELTT T4 % —ikal L HIREEREOME X 1T\,
WNA2mHE - 6 T AR OB FRIZ A L7z, 13
AEDT =N —IZEBRONHETH U &EE T %2R
L, 1l 7238l R R 2~ — 7 — Tl
ol UL, ENRNERT =3 283 ]
RN Z~—h—, [HFLE], Ihvayi] %
BN T A ~—h—ty PR T A L5
BT o7z (8520, 213K). [=v /4 ] Zilkhl
9%~ —7%— Ch2-Bsc4l &, histon H2A THiH &
7z Calingiri (PR ZRSNPEZ~Y—H —fLL 72 %
DT, ENBETIE (=Y 7+ ]| ORDBELRD
W —VERRLTz, 72, [REEBL vy 7]
ik $ A ~— 74— dCh2-Hpall B & U Cs-Sacll i
ZNZ histon H2A, 1-SST THRM SN 7-SNP%

250 bp =>

9 SHOCAPS~Y— A —I2 L M8y —
M : 50bp ladder marker ; 1. Ch2-Bsc4l; 2. dCh2-
Hpall ; 3. Cs-Sacll. +, —IZZNZIHlRE:ZE CUIM &
nab0LYMEsnirndbozxRL, +-"13WGOBET
TRETNDL L Z2RT.



HRHD D 2 A F s X ORI B % DNA sl a5 Holy o B %€ 65

= —tL7ZbDOTHLH. wINb T AT —RF
WESGKEIZ & > THIEIC N Y F8F — 2 % BT
52 ENIRETHY, fliHaikilke LTHHTE
LEZoN EIX).

Tz, [SR&EDE2000] Z#NTr~v—7—%
v MBS L: (8522%). v — 4 —RLK Idix, 3
FEELH O A ] 2= R AR R IC B E Td - 7:RLK-R1
CBWTEKFFEN72In/Delv—H—ThH Y, 244bp
D FEPNZ DT AR THINE O A I E VAR T
%. MAD2A1428-BseGLiE ik L 72 8 dhFED H1 T,
[ S8 & DE2000] OAITEVWHE SN 72wMAD2-
AIDOSNPZFIH L72CAPSY— A —Thb. 2MHD

<= —FHVTINVF T L v 7 APCRZ1T\, #i
FRE%#BseGITULE§ 2 2 & T, EWN425HES & OF
6 T ASOM T [ S DE2000] OANEL L
INYRNRE =), BT 2 EDETHD
(E101K) . [X X 042000 IIFNETHR SN
72D AR (20034 i fEEFk) TH Y, FINEA
WCBWTORIE:, WHT L5777 Fanfiie LCTH
LBNTWVS., WM/ EFRRL TR ENTWE/NE
W LA, ETHZEOMTAMDEL, Zhb
DO EEAE R Z Y S EEY, AEITRIH
RENBHEEE o722 805, SHERPIH I E
Ty — e LTRDODLENTW, [ShEDE

228 [2RZDEE2000] 2T 5720 DIn/Delv — 47 —B L UCAPSY — 7 —

T==0r7

'7“_‘73“_‘% YEE(OC) 77/(—?'_‘@15”(5"3') 'LEII]DDJEE%E(}DP)
747—K CCTGCCTTAGCAACACAACA
RLK Id 60 244
YX—2  GGTCCACTGCCTTCACATCT
7 47—k ATTCACTCATCCTCCGTCCA
MAD2A1428-BseGI 60 275
Yxi—2  AACAGTACAGGTTTTGGTAGACG
M 2526272829 30313233343536373839404142434445464748 M
250 bp =>
250 bp ==»

M 123456 78 9101112131415161718192021222324 M

10K [Xda & 032000] (Nol3) DkBl~—A—t v MIX By —>

M :50bp ladder marker; 1. 77277t 2. HR0OH»D ;3. AT 54F ;4. *
FAIALX ;5. FFIAFY ;6. &3 A7, Ebi 8. EAHTE 9. &

BNAHIE 510, XD 11, FXe A 512, TZFILF 13, SRXOE2000; 14. Lw
AL 5150 YIHFIAF;16. YIAALF 17 YaFFALF 18 YA kv AL
F19. ¥A4F /73710520 #7320 F;52l. ¥7NV85 ;22 ¥~ X3 ;23 F7T
AXI 24 FRZALF 25, DHU0H0 ;26 FYTALF 27, =) hA) ;28 =
TYARFI 290 ANY TY 300 NEREM267 ;31 NEREM6LT ; 32. FEOHARE ;33
NV H 3. FEE 35 N FTTE 5360 KSR 537 AKUIE0N ;38 KoY
Y339, AT IAF 40, IFI A4 4l WELRS 42, 2 ATHE 43, Nol
Canada Western Red Spring ; 44. Australian Standard White ; 45. Dark Northern Spring
46. Hard Red Witer ; 47. Prime Hard ; 48. Western White.
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M 1
200 bp ==

#1111

M : 100bp ladder marker

1. /Iy (SY2000)

2. /NFERy (SY2000 1 ASW=95:5)
3. /NFER (SY2000 : ASW =90 : 10)
4. /IR (SY2000 : ASW =75 : 25)
5. /NERY (SY2000 1 ASW =50 : 50)

2000 (ZEMMICRE SN L WREE S VWb D& L
T, DAHOFELEASIHTH HASWED Y,
INSEMBICHNTE LI EPEHRINSL, [&
22 & DE2000] 126 L TASWZ 5, 10, 25, 50%
DODHETTVL Y FLI/NEE2OHB L7-DNA%
Hwy, gLz~ —dh—ky MkoTHRIELAZE
Zh, 7Ly FREIZWHIL TASWD (Y — )8
RBELIREBTERIN, 5%REOTL Y FIET
HoTHMMT LI ENWERTH -2 (FI11K,
No.1~6). [SaZDE2000] 2fEHLZ &
FORS NI T A 4 2R L7256 T
i, 3FFHOAEMIIBWT [SREDE2000] O/
YRR =V ERMT LI ENTE, M1 FHE
ZFERERL L EIIRBE NS (11, No.7
~10). T/, BESEE LTS, [ShExnd
2000 12D Y ERHBFAFN TG [SRZDE
2009)] OBIETRIZFERLIZE A, [ShEOF
2000 M THST ENS, Kx—F—+kv b
ERERICHSE L CRIH$ A 2 EATRELE E 2 b
7z.

MEIZBW T I N/ZSSRY —H —Tld, A
BIC10 D~ — B —FXT 2 WV CTHE Sz iE s
FROMEE > O Ml Z HET 2 LE DY, Tl
BT RIOPREIZIIDNAY — 7 v — & i3
57, TANRKEDELNEZEDRRMTHS.
HEMFRE EORETIE, ZROMKENRET S

2 3 4

5

#1175 (2012)

6 7 8 910 11 M

[ & DFE2000 (SY2000) | DFkHI~— 7 —+1 v M X 2516
6.
7.
8.
9.
10.
11.

INERS (ASW)
WTHEA

ETA

¥®TB

HET-C

INERY (562X DEE2000)

SY 2000 JH o> i i i

LabREsh, ik - SIS T 5 L EE
7%, SNPERIICHE SNz —H—TlL, 774
O— 27X VERKIEICL VBN TELZ LR, 1
~ 2O~ —H—THNTE D70, BHIIIVF
7L v 7 APCRZAT) T LW TH L% L, SSR
(2 & Bk E A & el LT T R b o e A 28
EEE 2, FEMEOMS#ENELE LTERHTS
LeEzohl., LrL, I0ELOBIETHEEL K
WLUBETRZRET A2 & T, RN OREIE
EBEDI L5, iGN L SSRIC X % REM 2
rn L2 E, PEHTAZ LT L.

V SNPZRAWETEILX REOTEERN

1 U724 LPCR% AW/ ERNEGFHEEDIR
HE DB

IAFOMLEMITHICHHET S TS ML
THREZEMET L. TR, FEMESEEORY &2
RHEEBFROBX L AWI VY I A— 3 US5AT
BZUREMED D 1, A OKMEE % MRS 2 DA &
RABAVPHEESNS. ZTALOMER, FINED
77 v Fanfl [ E082000] 12BWT, afio
[100% A5 | FoRI1Sk§ 2 AR HIPH O E K LT
BE2 L7207 ERNEZ-THBY, FEEMHRERA
BERET 5720, WHEOEREHMICKD S Tn»
H. REITIX, V7V A4 LPCREZFML, FiET
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R EN7-SNPOE&NMEEDRFE 175 72,

1) MBIV HE

Primer Express (ABI) ZH\W<T, ¥=27 WV T
HEAE S N B EEHEN 22 BB \2HEV, U 7V ¥ £ APCR
DIDDTIAI—BIPNTu—T %G5 L7z, 7
O—713 5 K CHOEBHEFAM £ 723 VIC 2 4 5
L, 3 KuilZIEHOEMEE 241 B X O° Minor Groove
Binder (MGB) #1{}4-1 72 TagMan MGB7 1@ — 7
L7

V7 NVE A APCRICE 2 EREDOMERIE, [F7
TA X, TSR], Td7v ], (4947
FAF] [&RnsIE], [E7:23 %A, [&728 2],
[/NER615 ], [S8aZD%2000], [¥F % T A
¥, Iyafrany], (22000 ], T2xt4
F ], ASW (20084E#A), ASW (20094E#iA) @
155l - $a 2 W CTAT - 72 EIN13MmAE ()
FATREME - s b E U R e gE & v & — THERRE
HENTWLHETZHv, - 2 &Rk KT
3KADL T LD TDNAZHIE L7z, $AHIZV — 2
BN L7z 5k E BRIC L CDNAZHli L 7-.

Y7 V% A4 LPCRIE, 0.625uM primer set, %
05uM MGB7u—7, 125ul Premix EX Taq
(Takara Bio), 15u1 ROX Reference Dye, 25ng#5
BIDNA%Z ZL25 ulOBEH =2 L, ABI Prism
7000 (ABD) %MV CTAio7z. BUR&ME, 95C 1
i, (95T 5 B, 60C31F1H) x40% 1 7 v &
L7z. f##riZSequence Detection System (ABI)
\2& 5 T47-72. Threshold Line®#% & ¥Kuribara
et al'9 #ZF L LCHELZ., 157 V—1MA
WZBWTEY 7 3 ARG S &, 2o 0P
xBEm L7, AF T4 73y ra—ne LTl
KE W7,

At L7277 4 ~— 12 & % g o35 IRy %
MBS 5720, [F7rITAX3], A7), [A4
TAF5AF ], [EREDE2000], [T 43 LT,
[#~<~AX3] ©6mfEzEfiL, 4 pmol primer
set, 0.2mM dNTPs, 1.5mM MgClz, 1xXPCR
Buffer, 0.4 units AmpliTag Gold DNA Polymerase
(ABD), 40ng$i#IDNA% & 20 u IO % L
CPCRIUG %47 - 72. PCRIUGIZI1ETaKaRa PCR
Thermal Cycler Dice (Takara Bio) =M, K&

ZM1394C 9 50, (94C308 1, 60C308 M,
72C308 ) x30% 4 7 v, 72C 74 ML L7z, ¥
MBI 3 % T A a— A7 VESIKE Z1Tv», =F
VohTuw A FTRM LR L 72RICT VA 51
DL, pGEM-T Easy Vector System I (Promega)
B X O'ECOS competent E. Coli DH5a (= v KR
V—V) EHwTrzu—=rv 7 L7 FiES an
=—ZERINL THAZ#EGR L 72, QIAprep Spin
Miniprep Kit (QIAGEN) #HWT7J7 A3 F
DNAZMHL, V- 1fitMRICLTyr—r
APS 24T, HEHRECH % i pT L7z,

2) BRPLUVUEE

HEIZBWT, ZMOEMLRFHIRTI AT 8 il
MIZBIFBSNPO®EHR 217> 7-L Z A, histon H1
%R GAIRHE S N722530bpDIEFEH T, £HIT T
Sl BB EN Lo/l En b, anFRfEIcit
WOPERERE & | Chiston H1##EE L2, /2,
V- 28ii2B0WT, [EhXxnd#2000] Z#NT 2
722~ — % — b L72wMAD2-A1_E®OSNP % i i
L, ZEfbD7-0DfRiE L L7z, Primer Express%
AwT, WEfET Y 7IVE 4 APCRHHO TS5 4
~—B L UOTagMan MGB7u— 7% %5956 2 &
MUHETH 0, WEREEHE (HI-IPC) 1380bp, #kjl
8B (MAD) 13119bpD#E TG & Sz (5523
). BIETFHEMADE, [SREZ0%2000] 25t
7 W OEE TR (MAD-VI) B X O°ZF DB314
il L O 5 WA O EA A (MAD-NE!) (4524
) O2MBEIIHEEINLZ LD S, FRENIIH
LC7u—7%ikst L7,

INLDTIA42—=—BLOTa—7%HWTI5M
Tl - B2 0 RICY TV £ APCRE T 728 2
A, TRTOME - $4HH TR 2 BRI S 7.
Threshold Line & ¥4REHAR D T TdH A CtfllZ, H
YILVBETETFOIES D X 0H 7225, HIIPC B
L O'MAD OWj#Efa FHEIZBW T MENTRE %2
EHDE BB RELMETH o722 85, W
PRI OAERIZIESLDOTH Y, Wiz T2he
NZBWTav¥—#HoRfElERIrwEEZ LR
72 (BB12BA). EWEEW % 7 #a— X7 VESIK
L7k A, HIIPC, MADE {1 IR 720 1
xR oNT, HWETLIRIDEYOAGFLN
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£523%  histon H1B & 'WwMAD2-ANZBWTEEISN72Y TV ¥ 4 APCRICHWE T 74 < —x%f &

#1175 (2012)

Ta—7
BAR T TIA v —B LT v —THEF(E-3) g 2 4 R (bp)
74T —R CGCGCTTCCTTGAATTGAC %
HI-IPC  Y/"—2 CATTCGCATGCAGGTTTCCT
TagMan MGB 71— TCTCCCTTTGTCTGTCGC

THT—R CTGCTCCATGAAACCTAATGCTAA "
VD Y= GGGTCACATCCACAGGTCACT
TagMan MGB 7v—7 (V)  GACGACTTGGATGAGC
TagMan MGB 7u—7 (N#!)  GACGACTTGGACGAGC
245k FEENMAEE X O A S5 O MADIZ BT % #in TR 0558
MAD R TH ShFE S L OB
2T N85 XHh AT 25U
Vi BEOPNRRE o x DE2000
A4 ) EAF D =
T~ Uk ER e ESAAS vaira sy
HLOMNY FHAIaLF LAk
F7 I X3 EXayd KU RaAnX
ENGEI2NE X% A H<A X
5 ERM Sk asF PEHG
N# FEIA SFI A AT Y
NV A Ty F T anF AL F
RN/ FNY T 1CW
Au Y asFx =3k F 3 ASW
ThbTE =) HhFY DNS
S = INE K615 HRW
XD VI FaLsX WW

VLD [ S & 0%2000] OfnTH

NA D [Zdh&0E2000] &R 2 EETH
1CW : No.l Canada Western Red Spring ; ASW . Australian Standard White ; DNS :
Dark Northern Spring ; HRW : Hard Red Winter ; WW : Western White.

Tw/z. 72, MAD-N#o1054f (No.1, 2, 3,
6, 7, 8, 11, 13, 14, 15) Tix, MAD-V&
MAD-NOCHEIZH) 2 %4 7 VDFEDH Y, MAD-V
Ao 5 WfE (No.4, 5, 9, 10, 12) TIECHED
IR SN L 9ro7 (B12KB).
MAD2#{zF1FA, B, D?/Aﬁ%h%ﬂﬂﬁ
BT AAET B 720, T4 < — DR

5 Tl 3 BIAFICHRT A WIEEW GO, )
TN5 A4 APCRHICEEI SN2 774 <~ —IFA, B,
D7/ ADKBIAF & IR S & 5 0] ek ATV FHIE
IZEEF STz (B3N, A7 4<x—%
W 7-BlEEw % 7 u—=1 7 L, LR % 2
L7zt Zh, UN=ATFA4<—D5 {llH—FH LT
WRWBY ) ADRMEEFIIHMIEI N TH 2o

W, ATX 7 ABIUODT ) AOBIETICHET S
EWEEN Tz, FEEERIZY 7TV Y £ APCRIC &
> T LN 3IEEY) % Hll IEE K BseGIIZ & - TRL
HML2BIIT7T A u— A VESIKEI§T 5 &, SNP%
AL CYWSNE AT 2 ZHkROBRED L, 1)
WrsnznwDy 2 2HROMIEEN G EN 5720

C2MEFHONY R E N (B12KIB). ¥ 7,
HIIPCEWMM T 5754 < —12 % o THIE SN2
W ORI & e L7cas g, HNOFERTH S 2
EDERR SNz,

PCR#: % W 72 58 &= B0 138 AR 1 A 4 2 1K
(GMO) zZ#iT2FHEELTILAHINTE
722463 )7L 4 LAPCRIE, MDD T 5
A2 —=BLP7U—TOHRFEZMEIITV, REMR



FEH @ o A F s X OILA I35 1) % DNA SRR Bt o B 7E

H12K ) 7V F A4 APCRIC K % a A F155FEOCHE B X OHIIE Y @
7 AT — A VRSB
(A) HIIPCHE X U'MAD-V, MAD-NOCtfii & HI-IPCIZ & % B4iE Y O B kB X
(B) MAD-VEMAD-NOCHED S X OMADIZ & 2 Bl EY) 0 IkE) X (] R Bse GIMLPE S )
1. F7I34 X352, 58D 3. 7YV 4. ATAIF4F ;5. Ehwarid; 6. &2
E2%H 5 7. E72b 25 8. ANESEMKELT ; 9. XRXDF2000;10. ¥FAIAF ;1. Yus ik
LAF 12, 25000 ;13. A LA F 5 14. ASW (2008) ; 15. ASW (2009)

13K MAD2E & T ICB VTR E N2 794 ~—B X UTagMan MGB7' 1 — 7 DA &

69
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VERL D 72 8 O REHE B R PCR IS 5 % 1551 fieatdi
t952&T, BOTIEMRERDVTREE 25720,
BAETEEELRGSMEL Lo TR W, —7,
= v XTI A Y OMEEHD -0, HikHf
ICBWCT 27 AT AFITRALIN VI AFZE
BT 27200FEE L TY 7 VF A APCR
AHHERTWBE D, TR, 7TUVF—WE
DRI D 728, N ALFRFFLF, 54 LF%
E D Triticum& ORI % Ll 2> S 3 2 T8
RSN TE N 0 )7L & L LAPCRIZGMOD
A%HT, EMPOREWE 2 RIS 5T
BLELTEHTH 5.

AEIIZBWTIX, WEBEE# L 2% [histon H1]J
O [SREDE2000] OERBETH 5
WMAD2Z-A1DOSNPIZR LTY 7 IV ¥ £ APCRD /=
DT IFA<— - Ta—T%) FLEEITAHI LA
TE, MERTHEIZBIT 5 BEF2PCRIUN % 23
5L TEI. Fi, BIETHMADIIEBITSV
AR & N AL O 72 2 BIFE IS 3756 2 & A3 T &
2o, TRHDEZHNT [ShE 032000, %
ERMICHIET 22 LR TH L EHEZ LN

2 SEOCHEMTEEEDESE ERHTROF M

BT, V7 V¥4 APCRE H v,
wWMAD2-A1#{ZFDOSNPZ E RN TE 1]
REME R S 7z, KREITIE [ S8 & 0£2000] @
NIV U T D /Ny & Bk 4 e LR TR &
L 72 BEHEAY ¥ 7V 2 o Tl o Al 8 & %
BHFEL, < OMHIEREE % 5H L 72,

1) MRBLOFE
Pa—9—FAFINIZEoTEB L [ShX
DE2000], [F27 34 X3, [/NEEK6LS] D/
EZ8, BIXUOFNENO KA CHEEp S
ASW (20094F i A) &K L7z, [ S ¥aZ D%2000]
DINERY & BRI, oMo 2 il - 1 $iAE
ko 0, 20, 50, 80, 100%DETEHEENS D
DOxEFEL, 150mgé L/NERPSLN — 2 Hi xR
L7z )i: CDNAZHM L7z, F/2, [SR&0#
20001 o/NEkyEREARIZ, &k 1, 3, 5, 8,
10, 15, 20%DHFIZR b L HIC [F7 T4 X3 |
BRALZ/ANER150mgh S5 FNFNDNAZ HiH

L, &L U7V A4 APCRIZHIH & DT
BCHEM L, Ctiiz g L7z, MEMoERIZIE,
[SREDE2000] & [F7I34 X3 258RE
L7/ H SDNAZI LCEEAMRL, 250,
50, 10, 2, 04, 0ng®DNAZ% & L CTPCRIIE
2TV, FRZEhoCHER PE L7z,

2) BEBLUEE

MM ERH ODNA 6 i & L BT, [ShED
#2000 & [F27 T4 X3 o/hEHB X O
W 3SHEOT L v FANERE VT, HifiT
SN TI4~— - Fa—7 (523%) 12k
U7 IVE A4 LAPCRZEAT- 72, RESINCHEDR S,
(S & DE2000] ICHLTRAESN [F27 34
X3 OlFEEZMHFWICHEL T2 HEER L7
(%525%%). H1-IPC, MAD-VE X O'MAD-NOCtfli
WZOWTENZTNDOMRERD O LogDEZ KD, &
w=fE (H, V1, N1) 28l L7. 2ok, Vis&
ON1ZWNEBE#EHICE > TBRL, MHEHED IR
5O & FMIEL7: (V2, N2). Riffilc B TMAD-
N# SR & MAD-VEL A O B C R MR Sz
CtiozxZzhEThEHL (D1), [SREZDHF
2000 DA HESNDUMEZE L L TZ 0l
DY TVODUED X EFNT 52 & T, MHRE
BED2E L7z, BAMLSRICIE LT, D2MlA%0.305~
L1900 L BeBEFMICET L TB Y, FFhiriEfzTMo
EEERMICRBLTWREEZ SN, 2D
D2 L BAELEROBICEEWHERH Y (R2>
0.98), WML REFTH-7 (BE14A). F7-,
TV RT hmfix [/NERKR6S] 7238
MDA EENHASWE L7234 T b [AIAEEE 0 AH B A
Rohzzens (B14RB), BELAETIA <
— - U —7IFHWN T s TS IE AR R
T5ZENEET, BEMECER N TH L L%
ALY (WA

RPN OB T BR %2 5§ % 7280, KREGHFED
INERERWCEREf T2 2 A, W—H% TN
THoTDH5HOERMTHOLIIKNE L, BE
LaWEBNIH -7z (58265K). 1%BL3%D
BAFEO/NEZR TIIFRICEB K&, ML
5 [&8E032000] ODUE%E FEHAEEHH D,
EEIIWNEETH L EEZ BN T2, 5 KEOF
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BT D B 5

i

B1F 5 DNA il

-

HEH © o A F S X O LA

(A)

=1
H

NTHEY, WEREREIT) 2OITIE, Hl 72 )

i

=R
H

RET B Z RS H5DNA

EW R %

2 7.2 B € EW
e -8 R %M% ;mm_m
N /, i ! AJ hﬂA 7@ 4
\ Y = ~ W ’ —~ "
N = 2 I
.lz./ Lo e A N + = J.@ junsl ﬂq.m AJ
“ & mﬂ ) WE 0 & v M.n. o)
. v = o B © o i Q@
o AE Mﬁ% o E/J o) =
) W T [(— =) ..,Inw .\mﬁ ﬁ EJ
2 X a2 2 <
N " A ) 3 Eir
v = —A m n oo o= A X
® % B ‘ N Y N Y =
€33 = 2 xS K NS
S o < 1 O R O ~
TRRTRT ) o LB N = & oA
Lol $8 2.0 EmR O & X
S uh -~y cElg Sy &% U
R ) » R >~ I ~
«ame N N R X oEE
| | N o R H B Q%= N ow® ~ 1 08
b o o NS IX SR RN
) Zoam o 2 T v 8 S K
) o ) o o = ) o 3 = Ix g~ g% e N "
] =t & S It s S S ) .. 2 ¢ S~ R
T8 2 &/ © 9 F oa 2 ; Xu [ U RIS
— — — I o I S IS X 4N o O 1
zd aa = -~ = ZQo R = mmﬁ
w = 2 o 2K
HE 2 YNAYVEY O GHZF ] 21 LEEOGD S «x
TYVo 4400 0002 R 1S
6660 6660 000'T X % B B
688°2¢ 196°¢€ €30°G¢ Y
86¥°¢- 169°¢- $8g°¢- 21
cI¥e cz'ee 9%'9¢ 868°0- ¥0
2618 L1638 g6'ee 1080 4
6762 0%°0¢ 8¢'T1¢ 0001 0T v 16N W
66'9% 8L'L3 1063 6691 0¢
6873 G673 07’92 868G  0SC
0611 680 6221 08'2¢ 91CT 6GL% 6£9°0 LOLT  3ET'T 1¥768 0.9z 937’1 166G Y4 001:0
836°0 L3€°0 91T'T 8¢'Lz  IFP'T 98°LG 68L°0 6761 063’1 0762 GL¥E €681 €008 4 08:02 (0:S)
G0S'0 960°0- 236°0 88’7z 9681 10'8% 810'T 8%'L% 68T G9'8T 6692 I€V'T 6862 g 0:0¢ sk 1
G080 96%°0- 176°0 85°0z  €IET 0883 9¢z'T C0'LE  BEF'T 89'8T 88’12 0F€'T 330¢ 14 0z:08 HBY
0000 » 109°0- 29L°0 L8'8T  9LT'T €¥'St €9¢'T 9,66 82S'T 2E'ST LLVE  ¥6ET  €00€ g 0:00T
(@ACN)TA  (HIN)ZN  (IN) (HITA)3A  (TA) (H)
(»-1A) cd 3o 1 30 1 3o 1
@ B G % maw mez L W maw mwz L0 mya TW g @
ey ¢ 6 ; T o
momoons NIV BVNA
T 2 A-QVIN N-QVIN A-QVIN OdI-TH

PEMHOHMN Y QG NG 2 ALYUNHZIDDT b UL (1 ST
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26 [SREDE2000] & [F7IT4 23] D
TL v NN R W RRE HEERIT BT

% D2fE D P L%
Fyaqx3p DHIO E R
wots ) 0 BRERE T
(55 1)

1 0.025 0.134 535.281
3 0.040 0.257 640.902
5 0.116 0.095 81.936
8 0.132 0.130 98.786
10 0.226 0.071 31.441
15 0.207 0.093 44.790
20 0.299 0.096 32.228

0.400
0.300 - T l I/+
0.200 T

0.100 s 1 J
~ |
= e |
OOOO * - T T
-0.100
R2=0.921
-0.200
0.300 -
0 5 10 15 20

Fr oA R DEAHEE()
HI5K [SRZx0E2000] & [F7I4 X3 0TV
Y RNEREHCTHEM L -D2fE L REILE L
DB
D2 : 5 KO-l WE N — IR A2 R T .

ME$ 52 EDREETH LY, KETIE, 20~30%
BEORSGIEROEZREZD A T IVHIZBWT
&, Mxb e (D2) ERALFEIEEVHED
#onTBY, Ehl-gmlErmRsnz. —J,
202V T ORE R TRE I NIY VTV TIEE
BHEORXSOEPKRE D722 05, EHEEE
ZAT9 7200T0E, X0 B B BSOS S O MRS S L EE
ThhrrEz oM.

U #BEZBE

IAFIEKRRE RO X9 ICHWkO F 1525
WTAHILIFIFEALERL, ZOoMTLEMIZHSL
BRICHEIES 5. ABFZEIL, TEOHBEEDO I
LELORmSZERE L, RnFEROGBEEOMHLR
WKCHEGTLZERHE LTERSINA, T2 F
RO H 7 D ML EME IR E T D2 & I3H
T e TROMATERELEE L.

RO, IAFMLTEM2SDNAZHIM L,
DNA AN o @A ZH S Lz, Ik
£ 5 ODNAHII A O FEEHWTIT) &
ERHRETH->72. MLLEORLZ L EMTIE
DNADOKFALORED R 2D, EBER S 7z b
DIFEHELIWIFILL T LRI N. £
72, DNA~Y — 7 —I2 X o THWIRWEEZ & S EMN
WCEOVBRRDZZENWLNERY, DAFHR/ S VH,
EPHREOTEL 3 AF I TAEMICK L TDNA
A Gk P A 2 W 5 % 720, DNA~Y— 75—k
WEPEM) £ % 300bpREJE F TIZRET 5 2 & Z ik
Mot Lz, —7, L&A 5 ODNAHI
BE, BUETIE, NER, DAE, RXUVEOARD
T, ROEMLETHENRE L2GATH, LD
fii S D MHIAT S S EDMReE 2 ), kBT
BHHEPAARE CIEKRT B L Lo/,

HARIZBIT 23 A XA, TEEEWRE
FAEICHEED R AR EIC L > THER I TY
%. BAHSENFIIZH L < B3 S M7 il % S25h il Al
ELTHRHT AL, B b BMEME - ORA %
ZAFC, BUEMEE UCHIgM, MERE, BRI L. 25
W, BUSHEZ AW CEREZ A L, B S B
B2 5. Lo T, Bhiifie LT
OB EMICh 513 L, FEHERFILICBT) 58
HOMBESEL 20, MFESERIEIERIICERIC
FEE L T o @ fn i, H250IEHKRZER
BRI L I BWT, T & E o558
EEENALT, [HUMHETH - THHIRHE TOBER
72 ENHAFET 2D H 5. DNAZ VT
EHE 22 SRR 24T 9 72012, FROORIIREEF
272 ET, YO X DNAEBEIREL L THIH
TOLPNEETH 5.
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SSR~ —# — 3L AMEDE <, BHEEO R VDNA
<Y—A—, LT, £ FODNAEETELINTE
0, BT A X, NLA Y anEOREYD G
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Development of DNA Markers for Identification
of Wheat Cultivars and Wheat Food Products

Yumiko Fujita

Summary

Common wheat (Triticum aestivum L.) is an important food crop in Japan. Traditionally, wheat had been
used in noodles but when the Japanese diet diversified after World War II, wheat products such as bread,
cake, and Chinese noodles became common foods. The original Japanese wheat cultivars were unsuitable for
these nontraditional flour products, and now, nearly 90% of the wheat consumed in Japan is imported. To
increase self-sufficiency in agricultural production, the Japanese Government promotes wheat cultivation. As
wheat production increases, users demand domestic wheat with a grain quality similar to that of imported
wheat. Wheat breeding in Japan has been devoted to developing cultivars with grain qualities suited to
Japanese noodles, Chinese noodles, bread, and soy sause. As a result, a number of new cultivars have been
released and have replaced the old cultivars.

Plant breeder’s rights are granted to the breeder of a new cultivar in Japan under the Plant Variety
Protection and Seed Law. Amendment of the law in 2005 has extended breeder’s rights to include not only
the propagation materials, such as seeds and seedlings, but also the harvested materials and products manu-
factured from the cultivar. Therefore, a reliable cultivar identification method must be developed for wheat
grain and manufactured products to protect breeder’s rights from unauthorized product use.

An identification method is also required to ensure proper food labeling and thereby a fair trade in wheat
products. All foods distributed in Japan must follow the Government Quality Labeling Standards. The sys-
tem requires proper food labeling, which includes cultivar names if they appear on the product label.
However, deceptive labeling of a product is often discovered and reported because a specific cultivar is popu-
lar in the marketplace. The labeling standard system has been revised to reinforce the penalties for viola-
tions of the labeling standards and to allow the system enforcement office to disclose the violators.

In this study, we have developed some tools for identification of wheat cultivars. First, DNA was extract-
ed from wheat food products and the condition was investigated to apply DNA markers. DNA can be
extracted from wheat food products such as udon, bread and a cookie using a popular method. It was con-
firmed that DNA from flour was in a normal form, whereas DNA from baked food products was strongly
degraded. To identify cultivars from popular wheat food products, it is necessary that the size of DNA
markers in the product is less than 300 bp.

Second, EST (Expressed sequence tag) -SSR (Simple sequence repeat) markers were developed for the
identification of major wheat cultivars in the Japanese market. Ten SSR markers were developed from the
wheat EST database. These markers cannot occur in other crops, and the product size ranged from 143 bp
to 317 bp. The genotypes of 41 domestic and 17 imported cultivars were determined using the 10 EST-SSR

Lowland Crops Research Division, NARO Western Region Agricultural Research Center
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markers. These markers can distinguish between domestic and imported cultivars, and can identify major
domestic cultivars, e.g. ‘Hokushin’ and ‘Norin 61°. EST-SSR markers can be used to identify cultivars
from wheat food products such as noodles and bread. In addition, a polymorphism within cultivars was
investigated using the 10 EST-SSR markers about 15 domestic wheat cultivars. It became clear that the
polymorphism was rarely generated on these sites, and the markers have a high level of reliability as an
identification tool.

The genotype of the 10 EST-SSR sites was investigated for five imported wheat brands. Each brand was
characterized by its genotype, and variations among import years were detected. The marker ‘TaSE3’
could be used to detect the unique genotypes of foreign cultivars from the major imported wheat brands, and
then identify which domestic wheat products were adulterated with imported wheat.

Third, SNPs (Single nucleotide polymorphisms) were identified from wheat genes to identify a specific
cultivar, and markers were developed. A total of 169 bp of SNPs were found in six genes among the eight
wheat cultivars. The polymorphism information seems to be a useful identification tool for new cultivars in
the future. SNP markers were developed for the identification of the domestic wheat cultivars
‘Nishinokaori’, ‘Haruyokoi', and ‘Haruyutaka'. These cultivars are suitable for bread and Chinese noodles,
and are popular in the Japanese market. It is expected that these SNP markers will be a simple and rapid
tool to protect the value of these cultivars.

Fourth, an identification tool for the domestic wheat cultivar ‘Sanukinoyume 2000 was developed based
on SNP data. In addition, a quantitative method was constructed using a real-time PCR, and the level of reli-
ability was estimated. ‘Sanukinoyume 2000 is a popular cultivar in Kagawa Prefecture, and has been pro-
tected by the original certification system of the prefecture. The qualitative and quantitative methods are

useful for verification of products made from the cultivar.
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[Eo s 0] ORBEOHES L, 200647 52009
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1438 BAUREZIRILEIC & 2 RPEROIRAGRT (F i)

e 2R (% p
A, ER we MO
IRFRALEE 2RER e d

IZOER) 59.3 87.0 5

YFaxh 53.8 84.6 5
Rl 38.8 73.4 i

T IR 40.3 77.6 s
1) 2006~20104F D -3, 6 AR 0% 1 XH 721 1003k,

2 SAE A,

2) BURGCRRALEIZ60C TT o 72,
3) [F=d=xV], [7272%5h] 1 " OFEWETH 5.

153 6 HIRICB U B H LB AR (P Hod il bR,
HH)

A Tk BAEM Bl Earb HE

(A.B) (A.H) fap
IIoEReh 2005 7.26 10.20 0.0
2006 7.30 10.17 0.0
2007 7.27 10.23 0.0
2008 7.26 11.01 3.5
2009 8.04 10.20 0.0

N3] 7.29 10.22 0.7 [
HF 2L H 2005 7.23 10.27 0.0
2006 7.29 10.20 2.0
2007 7.28 10.29 2.0
2008 7.25 11.03 4.5
2009 8.04 10.25 1.5

R3] 7.28 10.27 2.0 b
bz 2005 7.18 10.15 3.5
2006 7.22 10.14 1.0
2007 7.21 10.22 4.5
2008 7.18 10.25 5.0
2009 7.27 10.11 1.0

S 7.21 10.17 3.0 H

T A 2005 7.18 10.13 4.5
2006 7.22 10.17 5.0
2007 7.21 10.27 5.0
2008 7.18 10.25 5.0
2009 7.27 10.12 3.0
D2 7.21 10.19 4.5 4 ~H

BZFFTIN 2005 7.19 10.18 5.0
2006 7.23 10.21 5.0
2007 7.24 10.25 5.0
2008 7.18 11.03 5.0
2009 7.28 10.20 4.0
T 7.22 10.24 4.8 #

A 2005 7.21 10.24 5.0
2006 7.27 10.18 3.0
2007 7.26 10.27 4.0
2008 7.23 11.06 5.0
2009 8.02 10.19 1.5
Sy 7.26 10.25 3.7 %

AR~ 2005 7.21 10.30 2.5
2006 7.26 10.20 0.0
2007 7.25 10.32 3.5
2008 7.22 11.09 5.0
2009 8.01 10.26 1.0
S 7.25 10.30 2.4 h~r

1) FABEEE, & (0), B (1), 4 (2), 1 (3), £
(4), # (5) o 6 BREHHi.
2) FAERED 2 REOWAZRT- 72,



BRHES  FVHPP L GIEIMITISGE L7254 ZFifE [Eo S0 ] OFK 89
163k TEORESA (A lhBeAb, 6 B X0 7 A
ks fifi B ORESBIS (ERIE%) ERE
afiA epp K T60mm 6.mm  6.7mm  7.3mm  7.9mm  85mm  9.0mm i 7.3mm  7.9mm
UTF  ~6.6mm ~7.2mm ~7.9mm ~8.4mm ~9.0mm LLE + Pk YLk (2)
Ioxenr 64 2009 0.0 0.0 0.4 18.6  63.8 169 0.3 : 996 81.1 304
2010 0.5 1.7 6.2 259 540 11.8 0.0 1 91.7 658 326
¥ 0.3 0.9 33 222 589 144 0.1 ! 957 734 315
TH¥E 2009 0.0 0.0 03 415 555 25 0.1 @ 99.7 582  28.7
2010 0.1 0.3 2.0 16.9  74.0 69 0.0 : 97.8 80.9 344
0.1 0.2 1.2 29.2  64.8 47 0.1 | 987 695 316
] 0.2 0.5 2.2 257 6LS8 95 0.1 | 972 715 315
FFakd 6HEE 2009 0.0 0.0 1.2 965 2.3 0.0 00 : 988 23 290
2010 0.1 0.3 15 212 664 106 0.0 i 982 77.0  32.3
FH 0.1 0.2 1.4 58.8 343 53 0.0 ! 985 39.7  30.7
TH# 2009 0.0 0.0 85 425  46.3 2.7 0.0 ' 915 490 283
2010 0.0 0.2 0.8 96 649 247 00 ! 99.2 89.6 348
¥ 0.0 0.1 47 261 556 137 0.0 . 953 69.3 316
] 0.0 0.1 3.0 42.4  45.0 9.5 0.0 ' 969 545  31.1
ZwiR~l  6H#E 2009 0.0 0.0 0.0 50.1 488 1.2 0.0 1000 49.9 292
2010 0.1 0.6 54 425 49.1 24 0.0 | 940 515 314
¥ 0.1 0.3 2.7 46.3  48.9 18 0.0 i 97.0 50.7  30.3
TH#E 2009 0.0 0.0 82  65.6 256 05 00 ' 918 262 266
2010 0.9 0.2 2.0  50.8  47.1 0.1 0.0 ! 98.0 47.2  30.3
¥ 0.5 0.1 5.1 58.2  36.4 0.3 0.0 ! 949 367 285
=] 0.3 0.2 3.9 523 427 1.0 0.0 ' 959 43.7  29.4
7ra%%  6HEE 2009 0.0 0.0 0.0 1.2 509  46.1 1.8 ' 100.0 98.8 34.7
2010 0.1 1.8 5.2 132 493 303 03 © 931 799 355
FH) 0.1 0.9 2.6 7.2 50.1 382 1.0 ' 96.6 89.3  35.1
TH#E 2009 0.0 0.0 6.6 257 464 210 0.3 : 934 67.7 307
2010 0.1 0.2 2.9 184  70.3 8.1 0.2 ' 97.0 786  33.0
¥ 0.1 0.1 48 221 583 145 03 ! 952 73.1 319
] 0. 0.5 3.7 146 542 264 0.7 . 959 8l.2 335
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G A R R L A ToRm  cAm oAl Ui N i
ESETE 2006 6.5 EoER 446 46.0 20.1 182 206 216
2007 16.5 YFakh 452 47.2 19.5 18.0 21.0 21.6
2008 0.0 sekel 403 417 206 196 23.0 231
2009 1.0 Tyakd 439 455 203 19.2 210 213
¥ 6.8 i - - . . - -
YF sz 2006 10.5 1) BEEEERR, MR & D KRS B VLT L.
2007 215 2) FEHERRIZ20044E ~20104E @ 7 7 4EPIY. MR 20044 ~
gggg 182 20104 (20084EK: ) D 6 7 4B, 20084 1 Sl 723
I,Zi/}j 108 5 &%‘FZ“E&&U; gjﬁ?ﬂ‘?’(“étﬁﬁ)o 7:.
e 5006 70 3) WEARIMEANEC X B (70 %). 8% -BAE
2007 16.5 SR E36.25.
2008 0.0
2009 5.5
) 7.3 # .
Sl 2006 8.5 2) MLt
008 o (1) ST
2009 7.5 MEoERh ] OFRMICBIT 5 TSRS,
S 7.0 5 . o o
e 2006 375 [hF2sh] BEIE 72258 ] LhEiz
;882 38-2 RL, W Lo LAUEATE S LGN
2009 2.5 (55193%). F 7=, EREXEH#ESME S F 1
=) 17.6 2 B 5 A ORI TEERBETIE, [0 g0
1) 6 Ak CREMEEE 24T - 7B 25 L, 1004 2 A O . . , . . e
WA e DG FIE, GRS, MEAENE L, SRR
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90 JEaH [ D LSRR v & — I gE Y 115 (2012)

194 BRI E M RBR R (B i)

R4 RS R /)
Bk () MR QB R0)  HIENE R Al %) (X10° Pa)
2005 2006 2005 2006 2005 2006 2005 2006 2005 2006
[T HOER) 24.7 28.8 43.3 45.8 21.1 19.0 20.8 21.4 4.62 10.27
YF LT 29.4 32.4 43.8 45.1 20.2 19.1 21.5 21.6 3.91 6.33
T2k - 30.7 - 42.9 - 20.5 - 21.5 - 7.79

) WAERE D BERMEDI g DFERKEE 6 HHKIIEES, MEAKIZE ) Eamib L, BEHIEEL~
TRV A 025%% TR EIE 2 ER L7,

H203k SR TOEVEABRMR (B S SRS W ERO R & At

7)HEH
R TEAR TREES  MERE i &
%) %) %) (mPa-s) L ak b
ESO Yt er/R 77.5 10.07 4.93 47.0 78.0 -1.7 13.0
TUaBT 78.3 9.95 5.01 14.7 77.5 -1.5 12.4
YFaLh 79.8 9.88 4.99 14.0 78.3 -1.8 12.7
AL RHE =9.8 =4.5 =178

1) BERKRED [72725 5] (HE#E) (220034E@ALRE, 2 OMI1Z20034E 5 15K HlpE.
2) EIMTHRBTEIA‘OREIZLS.
3) fafglix, L+ (5%, MAKEVIZIEHL W), a*x (HHIZEHREK L, —WIT LR
VW), bk (+HNZEEHEDSR, — T EF®RITHR).

A) GIE

GDL T oAV oK (e 7 SN
ShFEA kWIS TS ) ]
(g/cm®) pH (g/cm’) pH (g/cm’) pH
ESS SN 80 5.95 107 6.20 71 6.48
YF s 65 6.04 109 6.21 39 6.50
Ty BT] 86 6.02 109 6.18 64 6.43
ARbEMHE =90 =90 =60
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72 BRI L 20 & LRET, WA, 37 H 1) UK 511420030 T AL,

P b N B EFHli S h7z (5205%). 7z, TH 2) TN EEA B THORHIC L 5.

2B 2 B O E R T, T1E2 3]

TR, ERED [HFay ] & BEs LGS FEIT ORI @ AR DR R, 13230 ] &
nrz (%218%). HRERHITIC 3BT, SRERIRI TR IS ER,
(2) BRME N Te ZofoOIHHE THEEHEGMO [ P33 a<F] LR

el K L1 e & it LR 0Bk X W2 BT B C BRI A T, BEFHIlCHOEEEME L VENLEHIITH - 72.



BRIES D HFVEPD R GEMTISE L7284 ZFmfE (13230 OFK 91
§225%  WRMAIN s P iR B (D K Uil a2 mh AT 0 Rk C URIEIIFSERT)
T ) R KRB
_ {éfégﬁi ig%’éi AARG BRI DO
& BRI RBTNE
S A S () WS () EBRE®) L# b
ERSES N 2.43 2.17 60.0 582 9.1 35.31 0.384
Ei:féi%gﬁ) 2.42 2.16 60.0 579 14.2 32.06 0.381
é‘?\/égﬁﬁ) 2.36 2.17 62.5 596 9.7 34.51 0.387
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i EATRN
[ HY nk *HLER wne [e) 1) HR ey
EYNON) 28 13 14 6 4 6 8 2 8
R (N) 18 17 23 7 19 20 26 18
AN OS] 2 2 4 2 8 5 5 7

1) BRI T3S CIRIEBFZETT OFEEIZ L 0 1T o 72,
2) ZRAGABRIE CORIERITERr DFHERIZ L D AT o 72,

3) HHERHM %

WERKMTIE ThIa~xF], RERKMTIE T2 L] 2EEL LT "BV,
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B Wi
WAis | PRL RRRE R (L0 BLRIRE GRAE
AR B Blfp s
@) ® (®) %) (@) )
[ERSTSy/N 34.2 5.5 400 29.0 842 -
ra AR 37.2 10.0 750 27.0 1505 -
Lah
WA @R R w M soms g 4
(EI-R5) (B1-R5) (B1-RS) G278 (K1-65) (E1-15) - £25)
IFoERH 3.5 3.0 3.0 2.5 3.0 3.0 3.0
ra AR 3.0 3.0 3.0 3.0 3.0 3.0 3.0
) BATE
Bt Wi
RAs | PR RREE R R0 W L
B A Bl
) ® (@) %) ) )
IFoERH 34.2 5.5 400 37.0 860 -
ra AR 37.2 10.0 750 36.0 1491 -
L
RAA R R w0 I moms o )
(EI-R5) (B1-85) (B1-85) G278 (KI-65) (E1-R5) (B1-H5) (E1-R5)
(BRSO Sr/N 3.5 3.0 3.0 3.0 3.0 3.0 3.0
=R 3.0 3.0 3.0 3.0 3.0 3.0 3.0

W) a2 SR 1Z20074EFRHAE, [ 3 A A X 1320074k iw i (L) .
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HEREME T AHE & QGO [ LA ]
AT, AR T S AR G A DRI TdH o 72
(562242

(3) AN

K Gk b E Al 0 R X 1S B 1 2 KA O &
SN TE M REBOK R, [T 320 ] 3R/
ThdH, BiHiomR, Wi oKHH TEHE
DO [rIaAX] LEAFETHY, BEMLTIHET 5

LEME S e (5523%%). /2, FSEFHES RS
B2 FHoBE TN TEdRBORKE, 123
K] G [ M3 A2 A & RS8R IE
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il V3R e SR L2 BT, AR, T AFr -l
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(4) A stk

e R S ek m B Rl 0 R 12 B0 5 TIRTSE

24k AN TEVEABR (EEAMRS W ERMmO RS Fib)

JEUEH &
WiEg  FRIE RRKCR R AR EAW BRI cLRATE
T B W“ BllbR 3
(k) (0) (@) (@) (0)
Fosen 254 1.4 600 1403 0.2
EFNS 37.3 5.4 600 1347 2.1
Lt A
Y " & M goms gy Ba
(#1-R5) (ﬁl E5) CEI-R5) Jgup sy (KI-E5) (GE1-R5) (ﬁl E5) (H1-E5)
Fo&eh 3.3 3.1 3.0 3.1 3.2 3.0 3.1
[EFN 3.0 3.0 3.0 3.0 3.0 3.0 3.0

H1) NEDERHh ] 12200445 FWE, [T A A X ] 13200440 bilEEE (BEEE) .

2) MBI FAL R L 5.

3) BEEHIT Y 7y ([hIaxX]) oMz 3 & L7z 5 BRgaHil (1 @ ~5 1 )).

#2538 NS B ABRAR (e K 1R

S ERHl R & TRTSES 2 > ¥ —)

T)RERE
s @% B ;;z%: B X (g) |
(fi%) (fif) Y RKE RME O ZSEMR¥ Lk a* b
IESEleSaeyiN 2.30 2.14 167.5 206.5 129.1 10.2 56.9 2.7 13.4
FheFY 2.27 2.11 174.9 234.4 113.1 12.8 55.4 3.3 13.7
A) g
X (g) ]
B4, -
T R RME BEMREK Lx ak b
IESe S/ 137.1 181.9 96.4 15.1 57.5 2.6 13.8
FHeFY 102.2 152.7 72.2 17.8 56.8 3.0 12.7
%) TR

nEA EX) i) Y s

HRTIE AT

IZHOEn 3.3 3.1 2.3 2.6
F T 3.0 3.0 3.0 3.0

2.9 2.8
3.0 3.0

1) NE2 &R ] (22003 FWHE, [ 1> 5 ] 13200345 REFELE ().

2) MNLERBRT G TG & > & —HEEIc X B

3) ERERHETTE  BES TV ([P kv )) Oz 3 & L5 BREEFHE (1 18~ 5 1),



BHHES

Hifit v & — oM in TEERBROE, 1o
Rh] FRRWVA, WA Do TRVEDFE
liddHy, wrlnEhnc, PREESED [F7 ¢
YFUL T, MEMTICET S s N (5
253%).

V HEEsLUOBELOBE S

1 RPHSEERERAEICS T HBRBE

MED &R0 ] 1220044F 7 5 20084F O I HE 47
7 W O S iR P g A AR L 72, KT o iBR
AR OBEEE % 55263212, BRI & 4527 ITRT.
ke LTiE, (728 A], [#~Fk~<L] %
P A L L O B T, AEHEXRT I To0LL o>
WAL L, RETHLILEZEBT S & HKNE
ELTEWNEEEZR LA, [ L1 2

HALHLPY % CEEMITAE L7254 Al [132o 2] OFR 93

il LT B IR, IR SRR, SRR &
T, BROFAEDGHGZ T2 ERE 2> Tnb.
[772% %] #fEEGEE LTwEIUNE ETIE,
CIPURPEDSER- 2 TP A BN & o T, JH-
Do 2 FIRBTIRRAETH L 2 &, WARIF—
THULLWD T &, RGP hni Eos sl
HoEhrZ ik, kL2509 5
HET D1, AR 3O Z 157,

2 FIEwEi
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BRI PIT
tE AR X 65 T 1A
(3358, 353 A30 X 102 ORIFEN
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278 WA B BB (1)
EE ® MW K EAT £ T & &L T B A _momsE) § _1EEN
R psz 2 3 s e % 8 A MM
sl P A S S-S E oo,
o oe G2 i Hifz xf g e
7or w# %ﬁﬁiﬁﬁ%&zﬁ{%itﬁ OO Y T
BT A (HH) (cm) (&) (em) (Kg/a) () (9) g
& [THoxh 2005 7.27 1023 4 87 168 3.9 11.6 267 65 31.8 M ME M il 454 204
35 T LA 2005 7.6 10.01 #E M 62 13.1 3.4 7.4 408 100 28.0 4 % % LF 45.8 20.5
Mgt B ITHoEeH 2005 8.10 1024 M M 53 139 4.9 123 84 30 32.0 M M A cheh 487 191
)35 2006 8.13 1030 & % 50 10.2 5.6 129 383 102 32.9 fE /b ME i 463 19.1
FHy 812 1027 M mem 52 121 5.3 126 234 66  32.5 m~pm~r B hi 475 19.1
S>REENn 2005 8.03  11.01 # 1 49 13.1 9.0 88 285 100 39.6 M fi% 4E b 474 18.4
2006 8.07 11.02 4 F 61 16.6 6.8 13.8 375 100 389 #E M M T 450 19.1
) 8.05 1102 f b 55 149 7.9 11.3 33.0 100 39.3 ME mm M s F  46.2 18.8
Mgt B [THoXh 2005 8.09 10.30 Ok 76 144 4.7 194 48.1 113 38.6 & M M il 46.3 19.3
Pl A 2005 7.23 10.09 4 M 48 11.2 4.8 13.4 42.7 100 37.9 M4 4 #E i F 473 19.4
B ITHoEeH 2005 8.1 11.05 M 52 125 101 14.2 29.4 120 33.2 M M f% bk 463 19.2
=5 2006 8.10 1027 % % 59 13.0 105 11.7 36.6 83 349 ME % 4E chh 485 18.4
2007 8.11 11.08 4 #% 41 11.9 9.4 88 203 78 335 M M M chh 48.0 19.0
Sy 811 11.03 s~me~w 51 125 100 11.6 28.8 94 33.9 m~m % #% b 476 18.9
IXHo&eH 2005 8.6 11.17 % 65 145 8.6 17.9 24.5 100 36.3 M M A b 457 19.0
2006 8.17 11.10 H 4 71 15.0 11.5 16.0 44.3 100 38.2 % 4 # L 46.6 18.9
2007 8.18 11.11 4 # 59 144 104 11.2 262 100 36.7 # #% 4 ok 473 19.1
Sy 817 1113 4 w~w 65 14.6 102 15.0 31.7 100 37.1 4 m~w » bl 46.5 19.0
B [THOXRH 2005 7.24 1018 M & 62 156 6.1 102 256 94 305 M B B hT 445 207
LI 2006  8.02 A 76 155 4.7 138
) 7.28 s~vp~» 69 156 5.4  12.0
H<hR~l 2006 7.21 10.14 % M 64 154 4.9 11.6 27.3 100 27.6 & % % hF 412 21.6
2006 7.28 % #£ 83 165 50 9.3
SEYy O 7.25 B v»~1 74 16.0 5.0 10.5
= ITHoxh 2005 8.07  10.28 M 72 135 4.3 - 314 98 341 M M /A fF 464 199
Bt 2006 9.01 11.03 & & 38 109 3.4 10.3 18.9 87 28.7 M ME M chp 411 20.6
EHy o 8.20  10.31 m~m B 55 12,2 3.9 10.3 252 93 32.0 43.8  20.3
7ok 2005 813 11.05 % 94 16.7 5.7 - 322 100 309 M f% A e 431 204
2006 9.05 11.08 4 # 53 13.5 4.1 16.4 21.8 100 28.8 #E M # hh 421 20.4
¥ 825 11.07 m~wm~s 74 151 4.9 16.4 27.0 100 30.0 #E M m~» hh 42,6 20.4
MR 3O3Ry 2005 8.09 11.03 % M 61 132 58 - 291 113 322 M ME f b 446 20.8
+t oyaxkh 2005 814 1031 F f% 89 157 5.7 - 259 100 31.7 M % % 4T 41.7 21.6
= [THoxh 2005 8.06 1029 M Mk 75 144 3.2 155 389 106 37.4 & #E /4 b 455 19.7
7 2006 8.22 10.26 M M 45 116 4.2 11.2 27.7 91 285 M f% M LT 394 209
Xy 8.14  10.28 m~mus~m 60 13.0 3.7 13.4 33.3 99 33.0 mmum~m ML PE 425 20.3
7yakF 2005 812 11.09 % % 97 17.3 4.1 153 37.8 103 36.1 4 M L hh 446 20.1
2006 8.28 11.04 4 4 51 13.6 4.1 11.7 30.6 100 33.1 # 4 % hp 414 205
Sy 8200 11.07 D m~m 74 155 4.1 135 342 102 34.6 M ME g4 hih 43.0 20.3
ARy ITHo&eh 2004 8.02 1022 M M 87 155 4.0 17.1 19.7 65 27.7 M M ME i} 452 205
2K LA 2004 7.25 10.06 fE 4E 48 122 4.2 9.8 30.2 100 26.0 % ME 4E o F 46.1 19.2
ARy ITHoEeH 2004 8.06 1025 M M 82 152 4.4 7.0 247 66 283 A M M R 464 206
ikl T LA 2004 7.29 10.12 M A& 47 12.0 4.8 4.9 374 100 25.8 % /> B hL 46.8 19.3
1) BEEOMER, #£ (0), M (1), 4 (2), # (3), & (4), # (5) O 6 BREFH.
2) WEE, EE (1), ki o(2), EF (3), ik (4), v (5), F (6), T (7) &7 BREEHI.

3) LRIV HIHEIC L B, EWHT20 %, BF] - ELREWREIL6.25.
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o7 EATEIC BT AR (2)

EE 5 Bl K E%Eﬁ T E 5 ORF F B A _pomEE’ 87 _7ERSY
e i 1 e i N =) ZI N i
A Lo mED oy g s I T B # B M
: : - 1t oo FOFE L FE b i c
afls 4R i Hifir xf f

% B/ .
/9 g1} WMok E K ) mOHE K BE OB OB O (]

Bt (HR) (cm) (81 (em) (Kg/a) (%) (g) B
AR IZHoXe)y 2004 8.05 10.19 ME ME 54 150 5.2 - 237 112 258 & % M R 44.0 21.2
Je 5 2005 8.10 10.20 #E 4 56 14.3 5.7 9.8 342 90 29.3 % M M b 444 205
2006 8.06 10.22 4E ME 66 154 54 17.2 37.8 100 31.7 ME f% ME [ 420 20.7
2007 8.07 10.25 #E 4 51 148 6.8 11.5 379 107 315 % A % Ed 435 21.1
i f~

SEYg O 8.07 1022 ME ME 57 149 58 12.8 33.4 102 29.6 % &k M ww 435 20.9
Z<k~l 2004 8.02 10.25 M ME 51 154 4.9 - 21.2 100 245 & % M b 40.8 214
2005 8.06 10.24 #E 4 42 13.3 43 83 379 100 30.7 #E % % EH 41.6 209
2006 7.31 10.28 4 f% 52 153 5.3 14.7 37.7 100 34.4 % B M | 426 19.8
2007 7.31 10.31 # f% 36 13.1 5.8 7.0 353 100 29.7 % % % k& 39.5 21.9
SEE) O 8.02 10.27 ME mm 45 14.3 5.1 10.0 33.03 100 29.8 M % m~m LT 41.1 21.0
L IZHoxehy 2004 8.03 1019 o 67 154 6.4 163 18.2 92 27.0 ME ME M |h 479 19.2
)-353 YFakh 2004 7.31 1020 f M 58 152 57 156 19.8 100 29.1 ME ME ME || 484 18.2
Foakil 1 Zo&=0hy 2006 8.01 10.30 M M 57 145 122 10.3 40.8 99 31.8 M M % hl 427 20.2
J T Z<i~<lL 2006 7.24 11.06 4 M 52 145 83 10.0 41.3 - 31.6 & M 4 k439 20.1
J5HL IZHoxehy 2004 727 1021 h M 82 167 2.9 26.1 18.2 69 27.7 ME M M bl 440 21.4
J T T LA 2004 7.17  9.29 % M 45 128 4.3 11.2 264 100 28.6 & ME 4 dF 442 21.1
BiR IZHoxehy 2004 7.28 1026 o M 8 159 4.8 17.8 205 92 30.3 ME G M heh 448 208
K 2005 7.28 10.22 4 #% 75 154 53 143 246 76 29.7 ME ME % i} 459 19.9
2006 8.02 11.12 #E f% 82 143 4.1 6.0 232 132 36.1 HE % A hh 471 17.8
2007 8.07 11.09 4 fE 54 148 6.0 11.5 382 86 34.7 % M 4 &L 46.3 185
SEYg 8.01 11.02 % Mk 74 151 5.1 124 26.6 97 32.7 HE k& A hh 46,0 19.3
YFakh 2004 7.26 10.27 f #% 73 167 6.6 19.8 224 100 32.0 ME % % vl 47.1 19.2
2005 7.26 10.27 % M 66 16.4 5.0 150 32.2 100 33.1 4 4 /LT 473 18.2
2006 8.01 12.04 2 % 68 13.2 2.9 51 176 100 38.2 M % % il 484 174
2007 8.06 11.04 #E 4 47 141 5.0 11.0 444 100 38.0 M HE /> LT 47.2 183

ET~
fk 475 18.3

>

7
7

SEE) . 7.30 0 11.08 64 15.1 4.9 12.7 29.2 100 35.3

5

T\

7

[if] 1L IEHOXpy 2004 7.29  11.03
B ravmA 2004 8.03  11.13

T 477 194
46.4  18.4

5

66 15.0 6.0 6.8 26.0 98 33.4
76 169 5.9 6.6 26.6 100 38.0

=
=

= IEHoXpy 2004 8.03  10.19
2357 2005 8.02 10.20

=

67 154 6.4 163 18.2 92 27.0
48 149 6.3 11.8 34.5 89 29.1

A 479 19.2

454 204
kb~

2=sleakz
2 m
2

==
BEEESRE

&

-

=)

2 E

) 8.03 1020 4 ME 58 152 6.4 141 264 91 28.1 ME ME ME 14 46.7 19.8

YFaxh 2004 731 1020 M 58 152 57 156 19.8 100 29.1 M ME ME || 484 18.2

2005 731 10.21 % % 49 14.0 4.4 158 38.7 100 36.2 4 HE M [ 465 194

Yy 731 1021 4 me~w 54 146 5.1 157 29.3 100 32.7 M M fm kf? 47.5 18.8

e ITo&eh 2004 731 1025 A M 78 162 4.5 184 144 94 284 M M #% ek 459 204
R 2005 8.02 10.19 4% & 68 16.6 4.9 164 30.2 73 298 {4 M % rhh 46.6 20.4
Sy 8.01 10.22 m~» ¥ 73 164 4.7 174 223 84 29.1 Tk ¥ iK% “’qj; 46.3  20.4

YFaxh 2004 7.28 1030 4 f% 58 14.8 55 156 153 100 29.1 % % 4 Ll 48.7 18.6

2005 7.30 10.24 4 # 51 153 5.6 149 41.1 100 34.8 4 # % LT 46.4 19.9

EF~
) 7.29 1027 4 mew 55 151 5.6 153 28.2 100 32.0 m~pm~m X wr  47.6 19.3

1) BEOME, M (0), B (1), 4 (2), # (3), % (4), # (5) ® 6 BRI
2) W&, kBB (1), ki (2), ETF (3), ik (4), mh (5), BF (6), T (7) @7 BRI
3) ERHIT AR X . 72 %. %F - &OHERRENL6.25.
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274 WIS

B 53 BREE (3)

Es ES B & ZEFF £ £ o EF ¥+ B A momE) 52 FFERSY
% mED o B it Rl R LR
"R tom Wow % . K 0 o® E o
o E 4 i Hipz xt [
7w R N N, v K/ P s
/s ] BV IV NIR VAR S § [ m B Ok E O K K 7 W
Eilas (HAR) (cm) () (em) (Kg/a) %) (g) =
R 1EoEen 2004 8.27 o 44.3  20.0
J55a0 2007 821 11.14 % /4 35 112 52 56 91 37 312 4 % % L 453 185
Sy 8.24 i~z D 44.8  19.3
a7 2004 8.28 L 44.2 18.8
2007 825 11.07  4E 43 132 59 6.1 249 100 30.1 % 4 M ki 432 204
P 8.21 S~ i~ 43.7 19.6
) ITo&eh 2004 815 1027 % 62 140 3.1 124 284 84 273 ME ME ME LT 451 204
J=Ta 2005 821 1030 M M 46 12.7 58 3.7 40.3 92 30.5 M & % EF 441 20.1
W) 818 1029 m~wm~w 54 134 45 8.1 344 88 28.9 M mpu~m LT 446 20.3
7yakd 2004 819 11.08 % % 64 159 6.2 14.0 33.8 100 28.8 ME M M bk 437 20.6
2005 8.23 11.06 # % 56 149 6.5 9.2 43.7 100 32.3 # f% 4 il 43.2 203
SEHy 8.21 11.07 4 #& 60 154 6.4 11.6 38.8 100 30.6 fE K m~» il 435 205
% IZHo&R)y 2004 8.3 10.27 4 f% 57 129 42 7.1 309 111 27.7 % M M i 435 21.0
J=Tao 2005 9.02 11.08 M f% 49 12.0 4.5 106 32.1 91 31.6 % M % L 454 18.9
2006 8.04 10.18 # # 71 13.1 4.1 11.0 37.2 92 29.7 4 # % LT 46.0 19.6
2007 8.04 10.20 4 M 66 124 3.4 11.7 37.0 91 300 M M L pl 449 21.1
2008 8.08 10.29 # % 61 13.0 29 7.7 446 91 341 & # /A LT 452 19.6
Py 812 1031 M f% 61 12.7 3.8 9.6 364 95 306 ME ME f il 450 20.0
H~wk~l 2004 812 11.02 # 50 13.5 49 7.6 279 100 26.0 /> #E . dih 416 21.0
2005 9.02 11.15 M f% 44 127 45 86 354 100 28.9 4 M A Lk 412 20.2
2006 7.30 10.27 # % 60 13.2 3.6 11.6 40.5 100 309 % # £ LT 40.6 20.4
2007 730 1029 f s 50 11.1 3.5 10.0 40.5 100 28.8 4 ME f% Lk 415 20.6
2008 8.09 11.02 M % 53 136 4.4 94 49.2 100 33.4 fE ME f pE 412 202
SEHy 810 11.02 4 /> 51 128 4.2 9.4 387 100 29.6 M M A il 41.2 205
= IEo&h 2004 731 1104 % % 59 12.0 3.6 9.2 9.7 43 268 % % 4 i 449 205
=353 2005 7.28 11.08 % 4 61 156 9.1 7.3 13.2 T4 262 M 4 /b K 48.5 19.4
W) 729 11.06 ws~mg~r 60 138 6.4 83 115 59 265 m~pm~m A PF  46.7 20.0
7yakF 2004 8.04 1101 % M 73 154 4.1 13.8 22.8 100 25.1 M f% % LF 422 225
2005 8.05 1031 4 4 71 154 13.8 135 17.7 100 26.1 4 M A F  46.9 20.0
SE¥J 8.05 1101 1 @& 72 154 9.0 13.7 20.3 100 25.6 #E mmw~r b 44.6  21.3
s ITHo&eh 2008 8.26 10.29 M M 50 123 3.8 15.0 289 75 29.5 ME Mg ME o
By 7ok 2008 8.29 11.06 fE #E 53 135 3.6 14.2 383 100 30.9 M M s |F
?aal—J IO 2007 823 11.09 # 4 58 13.9 4.0 11.7 28.0 85 323 #E M L
] Jyakd 2007 8.27 11.14 /A #% 67 155 3.1 121 32.8 100 31.5 ME #E /b i

1) BEED
2) WEWR, kL (1), kd (2), BT (3), Ek (4),
3) dARY

MBIOFA XA MY F oo LTtz
DT, TNLONFERANEUES 2 HIFTOEMNIT %
WA, 72, RRBERLLTVOT, K2
T 5. BHRMDS 5T T, a3 U4 YD
HE 722 AHELZ 2K AME T L 72 S DI D HL S .

vV % =

[ID &) OEETRIBEMIE, BT

FEE, M (0), B (1), & (2), # (3), £ (4),

O (5) @ 6 BREEEAT.

et (5), BT (6), T (7) @7 ERFEEHL.

VT X 5. ¥iMd 70 %. B - ROTELIRREIT6.25.

HE83 P 7%, RN TEEICENRTYwSHTHS.
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R [F2s ] X0 4 HEERAIRE VD
DD, HEXHLPWIELEAERERET, (5725 7]
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N, THF I Iv] TREFLLEPHEELIEFISRHAL
BN ENLL, [IEoEh] LHFORMAN %
Fb, IEEIHEHAT 2 BUTREE AR L 2w
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(515%). [1Fo&eh] 1k, TORETHFILLD
DRI X D, BB ENERIS TORYT - &

2 BERRISE AT RET, ARIERHI AR O R ZEIC
FHT LS NS.

B EoFEERE LT, Bl Lk o n®d
E DU E IR O —FHCTHEE 2o TWBE ¥ 4 XEHA
77 A NVAARE A B EPUEE, [T s
Bl ERBICEZETHAHEDTT, KAV 2%
DOFAEHS O TORFEIIHTLLELRD L. —F
TERERL T CREORENH LT v kA b
WAET A VA D R LTI, [ F2y A ] D&
HTHLDOIHL NEoE %] FEIETH D,
[YF25h] X157 Lo 4 ARkt
EHLTWA.

IO WTIE, R A % < AMBLE L BT
T, BEHET (72725 7] BomvaHiiz 2,
TR, Y, MUHBICOVWTHEREIOR
WEMEI 2 ZF T A, 20, NEDOZ W
WOEFEELREDPOOELTHLMAT T~ Nl
2 & %GR Z O AR KRS A ICE S % 5
LTRSS,

Dk ki, o3 ] 3B LML
DWTNOETHOENIFEEX AL TEBY, T
] DY ] 35 o0 K G A E ORI EH Wk 5 2 & 2SI
INb.

VI fF =

KEHWHE [1Zo &R &, 19954 23
KB EM RS R BT R IS BT, IR
HCUEmLEEoSREOE K% HEZ, &H
Hormhm < CmLEE2s =S [JuN116%5 ] %
B, WERMETEZND [5FFH] 2L LzA
TAE & 4TV, 20014F A & (3500 8 v [ 7 [ B2 36 5%
tyy—CEK, BEXHY, ERLZMETH 5.

NEo &) &, AW (52541 XD
4 HRE, 72725 7] L0 2 BMEERL, &
B OFEND . AMBIRII R 23 7 < BT
T, FERGIEROESHRIE . I L#EYEE,

WiCHBEH®ET, [vFayal, [722%4] X
D ZIEOBRIS AL Lo LZEENTE,
ERERHIIC b &K, ERE HICRWEHZ 21 Tw»
. F7-, BRI, BEE, MEHEICLHELTWA.
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A New Soybean Cultivar ‘Hatsusayaka’, with Tolerance
of Delayed Leaf Senescence and Suitability for Tofu Processing

Masayasu SARUTA, Yoshitake TAKADA, Akinori OKABE!, Akio KikucHi?, Sadayoshi ONO?,
Kazunori IcITA 4, Shinji SAKAT*, Ryoichi MATSUNAGA ®, Makita HAJIKA 6,
Masakazu TakanAasHI® and Kunihiko KoMATSU”?

Key words: soybean, new cultivar, early maturity, delayed leaf senescence, tofu

Summary

A new soybean [Glycine max (L.) Merr.] cultivar ‘Hatsusayaka’ was developed at the NARO Western
Region Agricultural Research Center in 2011. To develop a new cultivar with high lodging resistance and
suitability for tofu processing, we selected plants from a cross between ‘Kyushu 116" and ‘Tachinagaha’.

The date of maturity of ‘Hatsusayaka’ is earlier than that of ‘Sachiyutaka’ at Zentsuji, Kagawa (lati-
tude 34° 13’ 37" N, 133° 46’ 39" E). The cultivar was classified into group IV based on the date of maturi-
ty. ‘Hatsusayaka’ has purple flowers, gray pubescence, rounded ovate leaflets and light brown pods at
maturity. It has a medium-size stem and a determinate growth habit. It is resistant to SMV strains A and B.
It has a tolerance to delayed leaf senescence. The seed coat of ‘Hatsusayaka’ is yellowish white, and the
hilum is yellow, the seed size is medium. ‘Hatsusayaka’ is suitable for processing of tofu. ‘Hatsusayaka' is
highly compatible with the climate and soil of Kinki, Chugoku and Shikoku districts.

Crop Breeding and Food Functional Components Research Division, NARO Western Region Agricultural
Research Center

" Lowland Crops Research Division, NARO Western Region Agricultural Research Center
* NARO Tohoku Agricultural Research Center

Ex-NARO National Agricultural Research Center for Western Region

Ex-NARO Kyushu National Agricultural Experiment Station

NARO Kyushu Okinawa Agricultural Research Center

NARO National Institute of Crop Science

" NARO Hokkaido Agricultural Research Center
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