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H, RT3 ERICO s THEL, NEMREOEEZIZETH ST I v — 258, &
MBS, WO e 0 2% © WaillnF OR%, il & EROEEMES &
UCENS OISOV Lic, 7 3 v —2RGREFREDPEDL Nz b DD,
EFORKE 1 Wl O LEE T OMAGHLETIRESN TV, ¥4 7 XEBREOHA
TER b8» 5, nullbLE T O#EVIC K 2 AR IEERTLE L TREL TV,
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BDDD 7 /7 sk % b > a3 s F (Triticum
aestivum L.) T, N TELEFELDORNLS 3D
DOWx & v¥78 (Wx-Al, Wx-Bl, Wx-D1) 3
7 L (Nakamura et al. 1993a), THh 5% 23—
N9 5 Wail{n TRGTAZ IR (Wx-AD, 7B
Gt RO —HANERE L e A AR ER (Wx-BD),
TDG AR (Wx-DID ([EHINICERE L TV 5
(Chao et al. 1989), W3 7 hH D W< null Xt 37,
BETELBEWxs v 7 HMBEES N VE T 3
o—-2&8EMENL, 7Io—-X/TIoRyFV
DO EEPEAT 5 (Yamamori et al. 1992,
Nakamura et al. 1993b, Miura and Tanii 1994),
DOBEPA -2 -5 ) TOENIZAKE L SDAM
I 4 FFEICE We-B1b nulldh iz 71 & » Wx-
Bly vy BAR Wz DMH%EZ W (Miura and
Sugawara 1994, Zhao et al. 1998), 7 ¥ @ — 2
GROZ/DIID A OARR RSk < Bb -
THED, BBDEVDAT I 075 LDOHREGHED T
L= g it KELCET 5 Uil 19D, 3o
OnullW I E T O 8Tl Wa-Blbhiik b 7 3 o —
2 &8 &2 K F&d (Miura and Sugawara 1996,
Miura et al. 1999, Yamamori and Quynh 2000),
FhEZ2 E o 2P IRb KTV & (Araki et
al. 2000, Yamamori and Quynh 2000) 3z »
S5NTWVWD,

WAMRE L TENS ‘Australian Standard White’
(ASW) &, /NEMmoEHEEENTETHD, 7
30— RAEGEIF2%REE SR, MR b

BN 2 1 OEFEPRHEE D S i LA O %21
T3 (Fo 1989, KEF « #R 1993), T DASW
WL g 2 5B 2R > D AHMEOBERS HATS
HED SN TV 5D, dbifE b RS THIYE L
F R ALFRPEI Y VIFWx-BlY v E A
RELTED, $<NIHDADEKRE S-S LTS
ncTws,

PDbol tmodbifla n¥0oEHIIEVT, 7
I = 2GRICED ZWx s vox s OB M E N E
YR OBE AT 52129 5 T & 3 A O BERGGEE
FEETHY, IAOWETIEHOWxS v /¥
BORMEIC X > TRHEN 8 4 1 7 O T L
DTG 1T & » THK SN, NEMFEo g, fi#
ProsEd 5N TWvwd (Zhao and Sharp 1998,
Miura et al. 1999, Yamamori and Quynh 2000),
KFETIR SHHEHOWx Y v 7 HowFhnri/R
KBTI 47EFTNTHEET LMD 8 7 A
7 % biE O FEINEAREERITTH 5T, LA,
T 3R » THEEE L, /Nt
B % O Wz FoR, BENEBLIOZNS
DIHBANERIZ 2 W T L 720

MEBLUHE
1. BEECREL
ARIEEE DM EHT 13 B = 557 Chinese Spring
(LIFCS) zdu@o@zsms L, Wxy v &
DHMIILDEZONDE 8547 (Table 1) 2H

Table 1. Eight types of the Wx-protein deficient lines based on
absence(-) of the Wx-A1, -B1, - D1 proteins

Type Wx protein

Al B1 D1
1 Wild type + + +
2 WxA - + +
3 wxB + — +
4 wxD + + -
5 wxAB - — +
6 wxAD — + —
7 wxBD + - -
8 wxABD - — -
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Wi, TNHWxS vy BRERFOEKTTEE
Miura and Sugawara (1996) # & *Miura et al.
(1999) KR Lo 320OWxy v/ ED VI
a1 2RELKS 747 (wxA, wxB, wxD) (&,
CSDTA, 4AGUR Z null L& LT O Wx-Alb,
Wx-Blb%+5> ‘BAH107S" ofiEg @ik s, 7D
gettifR % Wx-D1bZF>hEE O ‘Bai Huo T
TNTNEBRLILRKETH 5, wxALwxBIl312[H],
wxDIF 9 DR LEEHEIT-> T\, Eiftanr
Gk DA OB R BCSIZHE—S N TV 5,
Wiz " EH D 3 414 7 (wxAB, wxAD,
wxBD) ECS (KT7A) XCS (KT4A) DORHED
5 Wx-Alb, Wx-Blb%Efi>wxAB%, CS (KT4A)
XCS (BHTD) » 5 Wx-B1b, Wx-DI1b%H>wxB
D%, CS (KT7A) XCS (BHTD) » 5 Wx-Alb,
Wx-DI1b% s> wxADZ B RfETHK L, F1~
FOMHARAZMEL L 72, SWxEVW T NS Wx-Alb, Wx -
B1b, Wx-D1b® null % 37 # f= + % & > wxABD
(EFa324F) &, CS (KTTA) XCS (KT4A) O
TR O NI F T 5 Wa-Alb, Wx-Blb%
FioR A ®IkL, &5t hicCs (BHTD) %
RHEL, MOoNHEE ok L7, Th
ZND YA 7T 3 RMT S DlliRmS G E N,
al2damin a2l L7z,

2. AxEERER B & OB AR

INoDOMEZE, 1997, 1998% L U'19994E o 3 4
fl, WILBERNFEREE CUNRIL), dbiEsr
LRSS G - LU ER), Jbi
BV RN RS S (WLARIT - DU BID &
E L, EERRE L 2, AW o 8 HdfFiEIciy
ML, wmalasgee, SR/ NS < izt L 7.
MR LTI, vy st LRy oL
DR ERZERFINCETI L, $9149%6 D W T HRix
Y n100gDfET4A2 75~y ¥y —H/NHF 2 b I
THHEL ARSI, BRFORSNIY v T
12D W IRFEEFRL 2 HLD o T8I L 7es

3. 7TIm—z&E

AR ERFORZIT AN, £Na2500mlo s x5
Zikofc R — iz L, BEEAHLI VT v R
Wy Brvic, K —vax—BERiciE L, LES %

BT, X0l L TV 2K ELEOERKT
SR & L3200[mlE:, 4y T20 R O EEL 72, &
D2 3EEOR L, AHEPEZIDBREFERL 72,
30CITEEL A v F 2= —NTIIciig s
1k, TR LB A, T SBE T
I e = 2GEEB L O LEEORIER £ ©-20Com
HEICHTE Lc, 7 30— 2EG82DEEIE, Miura
et al. (1994) I\ Auto AnalyzerI (BRAN+
LUBBE#) #HWT, #EH100mgho7 Io—2
GREL TR, MEELTT I o—2585522.9
%ThHBASWERHWT, 3RETHIEL I,

4. W EARF:

Rapid Visco Analyzer (RVA:Newport Scientific
1) ZHOTHNE Lo Btatkls.0gioxt LK
26ml % A TIERL U 72 BRiEK 2 50°C T 1 [k -
72, bC/ NTHCETLRIEZDEZF 550
PRotco €DH%5°C/ TSI UB0CETTIIT 2
SRFFL 7o T ORSORGHED © — 7 i EhhEE,
IR & E— 7 1T L e DRl & DA T L —
75y v ELT2IETHEL oo MEHEITICIE T
N o ONEEE Wi,

5. mHEE

Infra Analyzer (BRAN+LUBBEfl) ZHW 7z
WAL D A OEAEEE L KD ZRIE
L. Tho Dl o/NERIKS14% TOEHE
SR L 7o, WIE IR 2 IAETITV, T iT I
TS OFETIT - oo REFOIERKE, BHFER
WALR THEFE S L cEHEERICODVTARED
KEBABTHFED 7 — 5 2V THT - 1o,

6. HaTAET

Wx & v BRIK s A4 7, Hildids X OHERD 3
D OFERIT & B 3 JCALIE BT 2 1T1E - oo B8
SEUCIE 5 A TN ORI O 8 E Wi, &
A 7B L OBER 0 2% 13 Duncan ® iR E <
fiEHT U 720

DEATTOFER» S, 54 7 XSO HIER A
HETH-1EEIT>\WT, Finlay and Wilkinson
(1963) O HFEEMVTH S 4 7 OREELIzHT
BIRMEE &1, T TRXENCEEEEE L TWx



204 £ BRI, BEEA, G, =M

g vNyEERTNTHEET L9471 DfEEE D,

Y s 4 7ORBBEEZ LD 9B 9 DD
Z7ay b LT E—KERER N=a+bX) %
Koo [HURREDS 1 ORIk > TLWisidh
BWx & v EDRE S A4 7 OB TOEH) )
AR L ZEEETHD, 1 XDABRIT/NSVS A
ZEIARO 5 4 7 1 M L TEFD NS L, i
1 & REVS A FREBESINES SO E B L,

m R

1 KR

AR 2 S0 L 721997, 19983 £ OM19994FE 0 3 4FfH]
DIk, AER, B0 3 4 F &2 S IR &
B TH NP5 8 A MoK & FRKEE
Table 2178 L7, 19974E(F 3 Ml T2 TH 5

8 H AN SEAREME % 100mm [[[] 2 B &2 S D,
IR o 8 A i3 PSR 15° CLL N oK I
Wofofe®, 1ZEAEDRMDFEREFZHE Ui, 1998
IR TEAM O 8§ Arpf)ic PR L0l 2 B s
by, SoICPERO 8 HFaIC X 150mmitd ok
WA S, —HoRETHRAENR SN, fh
D 2 MU IE1FIE AN 4 O PR & KR OHER
R LTce 1999413 BNllT T A FAIcE R OET
150mmiBORERNRH - 7253, ZD#HI1340mmbll N
OREKE T 2 Ml & & & IEFEEE FE-> TV
too T OEDFRERIT 3 Hl & HPAE S IR L T
2~ 5 CRRES i LR mokixET, B
BHONEP-Tee TOXHITHAEEAEENML 72 9B
BIRZ R KAREHTH - 1,

Table 2. Mean temperature and precipitation from ripening time to harvesting time at three location in 1997-1999

Late July Early August Middle August August
Mean temp. Precipitation Mean temp. Precipitation Mean temp. Precipitation Mean temp. Precipitation
&O)) (mm) (@O)) (mm) (&O)) (mm) &O)) (mm)

1997 Obihiro 21.7 3.1 20.9 145.0 14.8 64.5 17.5 11.0
Kitami 23.0 22.0 19.5 106.0 13.7 34.0 17.4 20.0
Kamikawa 24.4 5.0 20.2 116.5 15.3 32.0 18.6 35.5

1998 Obihiro 19.0 58.0 17.9 5.0 18.5 81.0 19.9 153.0
Kitami 17.6 60.5 17.3 20.5 17.6 54.5 19.5 134.5
Kamikawa 20.1 62.5 19.5 27.0 19.1 25.0 20.5 92.5

1999 Obihiro 23.5 18.5 25.0 22.0 22.3 0.5 19.7 52.5
Kitami 22.1 86.5 25.4 16.0 22.5 5.0 18.8 16.0
Kamikawa 22.9 157.5 25.4 30.5 24.4 2.0 20.4 21.5

2. TIo—258

T 18— 2ERONSHSNT OFEE % Table 3105
Lo BB, 730288033 0%0EF 34
FrEablifihrcil, ZHoRKMANEFaLF¥E
o T 54 7oMoERIcEsnTLEY, o
FROMIENHETIE WD, TF a3 LFEKRVT

ST Lice 74 7RISR E $120.1%KEDH
BENS -, 74 FHOFEEEREOZ LD
MOTRKEL, TIo—23BOERRB Y 1 74,

SF D Wxs v HoFmICH il h 5 IPH
ThHbH I EMWREINI, Fig. 1ITRT LT, Wx-
Bly v/ EEWx-Dly v X0 BA HEITREL

Table 3. F values in the analysis of variance for amylose content, protein content and
starch-pasting viscosity in eight types of the Wx-protein deficient lines grown

under nine environments

Source of variation Amylose content’ Protein content Peak viscosity Breakdown
Genotype (G) 127.33%** 8.00%** 0.25 6.00%**
Environment (E) 5.19%** 95.00™** 30.53%** 11.99%**
Location (L) 0.08 113.85%** 3.19% 2.09
Year (Y) 12.78%** 182.31%** 102.31%** 38.27%**
Lxy 3.94** 33.31%%* 8.31%%* 2.60%*
GxE 1.36 1.38 3.46%%* 4.10%%*
GxL 2.28%% 3.14%%*
GxY 7.14%%* 9.56***
GxLXY 2.21** 1.86*

1)The waxy type (wxABD) was not included.
Significant levels " P<0.05, ** P<0.01, *** P<0.001
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7zwxBDD 7 I v — 2 & EA § B AE L T17.47
%BERBELS, DVWTWx-ALEWx-BLY v ¥2 8
bk HITREL 72wxABD19.34%, Wx-AlL Wx-
D14 v X0 &R L 12wxADD21.T4A% DIETH -
Too AT 2-4OHRI 4 TOMICIEEER
Hontshotc, BTOWxY v X0 BAEEHET 5
WDy 47107 Im— RE81323.92% & fth
DEIATIVERITEL, 5147 TOwxBDED
T 6 Bl EoERD - 1,
BENRAE LS RTA D L, MBIcHEZR
75 CAERINZ01%KEDHEAZN D b, Hilg < 4
OB S 1 %KETHETH > 72, ThITK
DAFEROZBNEBRBERN OB TRIROREL, B
HITI99THE & ftho 2 FE DIk > TV iz (Fig.2)s
74 7 XERIEOMABERIIAETR? - 1,
3. BAHESE

EF 3L FOwxABDM15.30% AR LD 1%
BEERIZLED» 120D, fthd 6 /kESY 4 7L
RN R EEENE P> 1o TOREREPS, Wxo
YNy BORRENEREATEGED 5 A THAR
W EREEIR A S NI - T,
ERESECRERICL2OEIP R EREL, 20T

Amylose content (%)

[} 50 100 150 200 250 300
Peak viscosity (RVU)

Wild type

Huls, HUS X RO TH - 720 1999FED )15
12.45% L FEIEKL, DWW CREDILRDIETH -
Too WHTHERTIX199T4E, His < 13 4L T W )
Ch -7 (Fig2)e 72, 7 3Io—2GE &M
AT HXEBRBICHEE IS, - 12,

4. W fere kG R

g4 TRICHEEZEMPRONT, Wx¥ v Y7 BER
RICEK BRI 5 4 7 XBIEOMAIEM %28 L TH
N, BREEICE01%KEOHEEN DD, FX
ORI S RKEL, DVWTHIIXFRTH D, Hl
B OZ R II NS Do Fo, 3 Ml & bR ED
B - 7 199THEDS 3 AER Tl BARWMETE - 7oo T
Wil Z/R L7 DA19985FTH - 7o (Fig.2)o 4147
X BRSO B R & O T0.1%7KkHE, Ml
HUs X IR DT I3 1 KETHETD - 7,
5. T L —2 ¥ v

IERE &by 4 T ERNRE L, Wy
YRIBOFMR TV -0 S VICEEAEEZ BT
RSN, 8 74 FHD iK% L 712 Fig. 104k
BT, RHEVEAMOI1278RVU EwxAD137.4
RVU, wxD®141.9RVU, wxAD®145.5 RVU,

0 2 4 6 8 10 12 14 16
Proteln content(%6)

0 50 100 150 200
Breakdown (RVU)

Fig.1. Mean performance of amylose content, protein content and starch-pasting viscosity across nine environ-
ments in the seven types of the Wx-protein deficient lines and Chinese Spring (wild type). The values fol-
lowed by the same letter are not significantly different using Duncan's Multiple Range Test (P=0.05).
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97 Obihiro
99 Kamikawa
99 Obihiro
98 Kamikawa
98 Oblhiro
98 Kitami
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Breakdown (RVU)

Fig.2. Comparison of the nine environments for amylose content, protein content and starch pasting viscosity as
indicated by the average of the lines. The values followed by the same letter are not significantly different

using Duncan's Multiple Range Test (P=0.05).
1) The waxy type (WwxABD) was not included.

wxBD1504ARVUIC R EENIE P - 12, WITHKD
ESWEZ/RLEF 3 4F(13188.2RVU TwxBD,
wxABUA EHEEEMR SN, Wx-B1 ¥ v/¥7
BERRE LS4 T, Wy v B &, =&KX
Ky A4 7 EEVEERTHEE S S - 7o, BIERICS
0.1%KEOFEEN R NIz, BRE L TREK
R & ERE, ERICE DRNEBERTH - 1,
£, 74 T XBREOHAAEM20.1%/KETHE
THD, HlEEEROENTHS BG4S A 7
TR > TV,

TU—=7 5y v ORERTOERIE, 19990t
AR TR &l - T /o, 19990 LR
BHREDEI0L.0RVUTH » 720 IRVTIED > 7o D
F19974ED 3 H#idsk, 19994E D I, HIADNET, 19
98IFEIF & DHIR T b Ik b EVEE IR L 7,

6. ¥4 7 XEEEOH EAEH

Table 203 ENMRT Y 4 7 XEREICHREZED
& - 1ML IC > W T, Finlay and Wilkinson
DOFiEEAWTENETND 5 A 7 OB EE % %

Wrltz, Xl 3BBEOWxy v 7 EE2TH
DU 3 R OIME A, Y3 &y 1 7Dk
BREA & > TW 5,

7472~ T Ok E O BREEROLME % Fig.3
IKEF &b, EFaL¥ (¥4 78) 3Fig.bhlTR
LTh b, WIND YA 7 bikenkhiE ORISR 02
Big, —RIOVFER TR 2 2 &0 TE L, wxA
& wxDOEREEEb=1.03, 0.98&131F 1 TH -7
DITX L, wxB, wxAB, wxAD, wxBDT3b=0.85
~0.54 & [BPRREDV NS L 1> T, HiT, wxBD
DOEYFHREEIF 1 EHANEFEITNS T, 5473
DOWx-BIRKAHKEB LS4 7 5-TD  ERES
MO ML D/hs W b, FHELEEIC
SLT b ARRESVIREHE 2R L7,

—, Figdici3 124707 L —27 %59 vofk
RAEFEDThH b kE LRI, wxAEwxD
OYFFREZb=0.93, 0.92&L1F1F 1 TH > 7DITxt
L, wxB, wxAB, wxAD, wxBDI3b=0.81~0.53
EINE I ot FricwxABEwxBDIE 11T L T,
HEIEOERGRE TS - 7o T OFEL SBIEIC
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wxA
400 400 wxB . 400 wxD
: S
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o 7
200 200 & 200
Yeomsgmee Y=45.63+0.85X™ * Y=1585+0.98x
_ r=084 F=085 100 099
2
(3
g 0 100 200 300 400 0 100 200 300 400 0 100 200 300 400
£
-
g wxAB wxAD D
400 400 .
30 300 L 200 .s
*
200 200 3 200 /
100 Y=50.69+0.79X* 100 Y=53.46+0.80X** 100 Y=123.66+0.54X**
F=086 F=063 =064

0 100 200 300 400 0 100 200 300 400 0 100 200 300 400

Peak Miscoslty of the wild type (RVU)

Fig.3. Regression of peak viscosity in the single and double Wx-protein deficient lines on the peak viscosity of the
wild type.
r’:Coefficient of determination
Significant levels *P<0.05, **P<0.01, ***P<0.001
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Fig.4. Regression of breakdown in the single and double Wx-protein deficient lines on the breakdown of the wild
type.
r?:Coefficient of determination
Significant levels *P<0.05, **P<0.01, ***P<0.001

st LEME LT, Wx-Al ¥ v ¥ BRIE<W 3T A FITEE VTN D - 12,
x-D1 % v BERE<Wx-B1 ¥ v/ BREE Y478 EFaALFOWMREEETL—-2 5
ot 7L—20 8w vOEIED - 1z ERED v v OBIERIGHEE Fig 5o R Ui, [BUFHREIL %
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Fig.b. Regression of peak viscosity and breakdown in the waxy type on those of the wild type.

r’: Coefficient of determination

NZhb=0.33, 0.02&8 51 7OhTHRE/NE L,
POPIERE (r*) £30.21£0.00 K<, —&EVH
12 & B BRIERUSTE D HERE BT b - 7o,

z K

REFCHIR EFRERICT 25 9 RETT 4 4
TOWx G v /¥ 7 BRI & B AR 2 MG L 7okt
B, 70 -2GBICIERGEND L 0D, XK
HDRE A 1 WrE D VBT DA SbE Tk
TESNE T ENRESNI, Wy v/ ¥y BA TEHIC
RFKLIcs 475, 6, TOBIZIITY I o—X58I1
ok iEnA LN (Figl), INHDF A 7T TH
BHLTOW2 Wiz FTAH 5 E 7 3 o — X ARHEET]
l& Wx-Bla> Wx-Dia> Wx-AlaDIHFC I E TD
WE & —# L7z (Miura et al. 1999, Yamamori
and Quynh 2000), 7z7# L, HREKD Y 1 72, 3,
4 ORNITHET 18 251378 A - /oo Yamamori
and Quynh (2000) & 34Eficbic > TWxs v
N7 EIRISR & BIGHREE U, ARIZEREIRRHL RS 3
54 FHOT I v —2AEGBDOENERICE > THIA
72 - 72 2 & 2ME LTV 5, FHFEIFHE 2 [B1RE L
TIPHE L 7odi 2 RicnfrLiccnE cobhb
NOREETIE, HRE3 ¥4 TDIEHTWx-B1¥
VN B OREMBWx-A1PWx-D14 /¥ 7 BDR
KEOEKT7 I a—2Th -7 (Miura et al. 1994,
Miura and Sugawara 1996, Miura et al. 1999,
Araki et al. 20000, ThoOMEII>VLTIE, K
EETHRFEO RSN /1997THIC, Wx-A1 & vo©
JERID 1 FRFEN 3G E ST 3 v — 2EEHN2

%LITFT, Wx-B1l 4 v 30 BRERMK EDEIHE
F o ZEDFERO—DIChIF o N5,

WFNIC L ATable 2 SO L ST, 73
0 — 2 & & Wl OB EHIE 2R Z 0 5, B
BB & L CTHIRBIZEREDS S > b oo, Hildiic
EFIINL, Fho4A FXBEOHEER LD S
NEnull LR TOEWCE 57 I o -2 80D
228003, dbiE O FEI/NE MR CIREE LT
FHIT B T EARE I NI,

—7, NEMOEHESRRERENREEZ 0T
<, MR, FXRETHERICEL TV, Wx¥
YN BOEEICET B 8 A4 TORMOER /N
<, WRABIOTEREAEFAMOMIC IR
W, FrhosA 7 XEBREOMWAMER S ah - 1o,
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Abstract

It has been demonstrated that the null alleles
at the three Wx loci of wheat confer a low
amylose content and a high pasting viscosity
of starch. The amylose content and pasting
properties, as well as crude protein content, are
important in producing marketable flour prod-
ucts. Variation for flour quality produced in
different locations and years has frequently
been noticed in domestic wheat. To verify the
effects of null alleles at the Wx loci, environ-
ments and their interaction on flour properties,
the eight possible types of recombinant lines
carrying different null alleles under the
'Chinese Spring' genetic background were ex-
amined in the three main production areas in
Hokkaido during 3 years. Amylose content was
less variable across the nine environments than
the other characters associated with flour qual-
ity. The combinations of the null alleles at the
Wx loci explained most of the variation and no
significant interaction with environment was
appeared. Crude protein content was flexible in
year to year and there were no effects of the
Wx loci. Peak viscosity and breakdown of
starch in the eight types were interacted by
environments, with a relatively high and con-
sistent viscosity in the double deficient lines
than the wild type and single deficient lines.
Especially the null allele at the Wx-BI locus in
the double deficient lines produced a lower
amylose content and a higher starch-pasting
viscosity across locations and years. The waxy
type was characterized by a higher content of
crude protein and higher breakdown than those
of the wild type.

Key words:Triticum aestivum L., WX protein,
amylose content, protein content,
starch-pasting property, genotype

Xenvironment interaction





