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/INE (Triticum aestivum L. ) OFEFOTRAR A Tamyb 10D 85 T HIHEN, FRLRRE 2 20 RAI2 &k
FTHEDICERTH D, Tamybl0DOBELFREIEIZIX, ZHFE THini 5 (2011) O FEIC KL 5 10FEE
DT T A ~<—% AT IBIRIC D E5SDPCRB LI - 7=,

BESROATEIAD 7T A ~— LT ITRGT LI IO 7 T A4 ~— D REBEEO T 74 ~—nb e D
v b, ROBEHROL2EEDO T T4 ~— L HIICRE L2 EO T 74 ~— O/ FHEEO T T4
=MoLty FEZERLTL, InbT7IA~—y FEHWTIRKIZOZ 2SO LTF T Ly
7 APCR%ZATH Z L2 XV, Tamybl0-Al, Tamybl0-Bl, N (NTamybl0-D10i& s+ % fif# 12 H)E T &

D HEEMESL LT D TN T %,

F—T—F AT TV v 7 APCR, B BLHIE, Tamybl0, FEEZE, /NZE, FHIEIEMmMME

I. #

Tl R (708 O R N2 IS I B R O FE BB AT &
LD T IHRADEEN DL, BT %
BMOBNDLENI Ay ERBHDL, —T7, —NIC
PR IR, R DSIROIRRL/ NS 10 REF FF A
RV, TAETIE, WIS 72 /N DI HE R
WM BTHEFEZREL, IERHOMERTZHE
TV, EDTD, BEFEIEMPED TR R/ N2 L FE
ORBENLEENTND,

INEDOFEZ BB T ETH HRIEIZOWTIE, &
< MOBBIHT B THONTE T2, ZORLEETIC
SWTHHLS % LTable 10X 912725, REEIZHRE
I IAEY CTH H/NEDA, B, KODHZ / LI ET
DJETE L (Metzger & Silbaugh, 1970), #OEIX
AT NVOIERNZHE VBB T 5, RBVENE, B2
SHWEETH D, MFEORLIETIE, A, B, KW
DY MCEFET 5 IRRIE R T & E AV EIUR-A1D,
R-B1b, KX UR-DIb, HRLD*INLIEIRT % R-Ala,
R-Bla, M O'R-Dlak ¥ (McIntosh®, 1998), 3
DD H H1 2 THREDBG TR TRRIET & Fl

il

R-Dia) OB TH D, £, ZHEEROELE,
FERZ X RIHE OFAMR 22 O TR BT 5 F T Ot
ROKREARI O, ZNHDZ b, Ff
IZBWT, BIRROFEREAOBE T MEHET 572
WIZTF TR, SEW D 5 HIZREER D55 BEER]
D FRLZ NRANTRIK T H 72012, B fF~—
I —DFFENEEIN TN,
RIEDGEMIEIETF & LT, TamyblODHE S iz
Himi &, 2011), ZOHT, HET I /7 BEESIN
R2R3Z A 7" DMYB K A A &FFSZ &5, TaMYB10
IR ETERO T TR ) A REGRREIR T DO3HKBLE
HE I DGR 7 CTH D EHERl S iz, BBIRE & 205

Table 1 R loci controlling seed coat color in wheat

Allele
Chromosome - -
Dominant Recessive
3AL R-AIb (R>) R-Ala (r,)
3BL R-B1b (R3) R-Bla (r3)
3DL R-DIb (R)) R-Dla (r))

+ Seed coat color is a Mendelian inheritance trait.

+ Two notations have been used for the alleles, the older of
which is shown in parentheses (McIntosh et al. 1998;
Heyne and Livers 1953; Metzger and Silbaugh 1970).

* Phenotypes of seed coat color are not identified until one
generation later because the seed coat is a maternal tissue.

IR, FERAAIESERE (R-Ala/R-Bla/
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(2015) MFKGAE [Pravdans) hoH
Bl U 7= Tamyb10-D1 % Y& A5 1-#H# 2 Hiffric X v ARz
fufl [Fielder) ([CEA L& Z A [Fielder] 23
IRRBLZE > 7e 2 LD, Tamybl03& {51 D3RIE D
JRINBIR T THDHZ ERiEH Sz, BED L Z
4, Tamybl0-Al, Tamybl0-BI, Tamybl0-DIiEfs 1
i, EREN3 D (RS & BERE X T2 D)
DEXRSLBIR T, 20 (BEREMY & B RE R R, K
V2> (BEREMY & BERE R L) DR NLIBAB T 03 i
ERTWD Hinid, 2011), T8, SHFESCMHE
TERMNZ BN T Tamyb 0D B FHIZIT D7 < &b
3x2x2D 1238 Y DA G DOEBFET D, REHEN
Doy BEE M B\ TIE Tamyb10-A1, Tamybl10-B1,
Tamyb10-D1IGBAG T D Z N EIITA~T 7 OBEE 77
DIFET D7D, I HIZEL OMAEDENRFEL
BHECTHD, TDIHAKORIAZRIT AL D
HIIBERE R LT D2x1x1 D218 Y DA TH B,

Tamybl 0D BIn 2 EST D700 FEE L
T, Himi s (2011) i, 10RO 7 A ~—%H
W TRIRIZ D E5USDPCRZEAT 9 FIENR, 774
~—HEERAIME R E bRl S N TVWD, ZDJ
EIIREZIER LI/ NEOBRICIEHT 221 T
X DN, URIEIZ O &SGR DOPCREAT 5 DOIXIEMET
boHT20, KOEERITFIEORBNEEINL TV,

I MESIUAEE
1. #EHRIE - RHH L UDNAH
Table 2234 /NETSFE © [Fielder) (7 A &
FIRERBRGER, SCHARFEE T v a T g4
UY—AT7aY=zs b L THREBKFERERE
FHRZER LD AL, REEE FKT020-061), [Z~

%2075 (2019)
A X3 (RO - (EMBEZERT ), By ay
Vasx] (REREERBISER), [AUS1408]
(A=A b7 V7 @M, TPdbHrb] (R
- IbURE NS L X —F ), (&3 Rk

GEARF - bR ERBRSGER), KO [Chinese
Spring] (BEfz: LoOfFE#ELME) 2L, 2o
b [Brayvars®), wobhrt), [E0Z
727], KON [Chinese Spring] D4fhFfEILARRL T
HbH, TBrayyalx) & [Chinese Spring]
DA, B, DF7 / AOREDEMRTAIX, TN
R-Ala/R-B1b/R-D1b, R-Ala/R-Bla/R-DIb T %
(Miura®, 2002 ; Heyne & Livers, 1953), W
Hon) & TE71ERA] OREIZOWTIEEHEN
MV, RV : [Fielder), [#~A X3,
KON TAUS1408) BRI TH D, [~ X3 &
[AUS1408) Di&fs HUIXR-Ala/R-Bla/R-D1a T
% (Himi %, 2011), [Fielder] MREEIZHOWTIZZ
AVE TICHREDIND, FRIAHMEAREDRBIT
% L 6R-Ala/R-Bla/R-Dlat #EES N5,
F7o, BRRFS [Bravyary] 2RLE
Bl L 72 /e D B 2 kel L 72,

WIRE DEED D, QIAGENFEDDNeasy Plant Kit%
FAVHBO 71 b 22— L cft - CONAZ ST L7,

2. PCRIZ & % Tamyb10M& {5 FE $IE

OIS, TR EEE TR £/ 13 E ST
W% [Fielder] (AKLD), [#~A4 X3 (B,
Bravyasx) (GRRD), LU TAUS1408) (H
ki) D4LFEICSOWT, Himi b D F5¥E (2011) (LA
T, BERIELTRT) KXo CIOEHDO 774 ~—%
FAWCTIRIRIZ S &5 G DOPCRIZ X 0 Tamyb100 &

Table 2 Genotypes of R loci in white- or red-grained wheat varieties used in this study

Genotype Phenotype
Variety R-Al R-B1 R-DI Grain color Reference
Fielder a a a White -
Tamaizumi a (CS type) a a White Himi et al. (2011)
Zenkojikomugi a (CS type) b b Red Miura et al. (2002)
AUS1408 a (GeST insertion) a a White Himi et al. (2011)
Yumechikara No information No information No information Red -
Kitahonami No information No information No information Red -
Chinese Spring a (CS type) a b Red Heyne and Livers (1953)

a : non-functional. There are two types of non-functional Tamyb10-A1 genes linked with R-A/a : Chinese Spring
type (CS type) and Genome Surfing Trader insertion (GeST insertion) (Himi et al. 2011).

b : functional.
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BFRHEZIT o> To, EREICHWD T T4 ~—0
Bt EoBBIEOME L HMZFig 1E£KIIR
7

W, FUARFEIZOWT, KB THEMNT L
M EEO2R S D~V F T 1w 7 APCRIZE D
Tamyb10D BRI E ZIT T2, H1IOSILVF T
L w7 APCRD k& Table 31Z/R7, T7bb,
PERETHWO N D4 DT T A ~— (Tamyb10-

LP6, Tamybl0-LP7, Tamybl10-RP4, K (XTamybl0-
LP8), MU= IZiEt L1774 ~— (ARP1) @
BEBHEEO T TA =5y b EEERIDNA
ZHAFSHETPCREATH Z &KV, Tamybl0-Al
DBLTIRHEZET- T2, F2OYNVTF Ly A
PCRD F{E#&Table 412737, T b, fERIET
HWbH 52075 A4 ~— (Tamybl10-LP2 & O
Tamyb10-RP1), M OHi7=iZi%dt L7-2ffEHD 7 Z 4

Table 3 Method of multiplex PCR 1 for genotyping of Tamyb10-A1

Primers, amplicon sizes, and functionality

Gene Multiplex primers

Amplicon size

Functional/non-functional

A(1) Tamyb10-LP6 Tamyb10-RP4 1,059 bp Functional. : .

A(2) Tamyb10-LP7 536 bp Non-functional (Chinese Spring type)

A(3) Tamybl0-LP§ ARPI1 412 bp Non-functional (GeST insertion)
Primers information

Primer Reference/sequence

Tamyb10-LP6

Tamyb10-LP7 e o al, 2011)

Tamyb10-RP4

Tamyb10-LP8§

ARP1 CCGCAGCATTTAACTTGTAGC

Composition of the reaction mixture for multiplex PCR 1

Reaction mixture for multiplex PCR 1 (total 20 ul)

Final concentration

100 ng/ul genomic DNA 1 ul
10XEx Tag Buffer (Mg”" plus)* 2
2.5 mM dNTP Mixture 1.6
50% Glycerol 4
10 uM Tamyb10-LP6 0.4
10 uM Tamyb10-LP7 0.4
10 uM Tamyb10-RP4 0.4
10 uM Tamyb10-LP8 0.4
10 uM ARP1 0.4
TAKARA EX Tag HS (5 Unul)** 0.1

Distilled water up to 20

5 ng/ul genomic DNA

1XEx Tag Buffer (Mg"" plus)
200 uM dNTP Mixture

10% Glycerol

0.2 uM Tamyb10-LP6

0.2 uM Tamyb10-LP7

0.2 uM Tamyb10-RP4

0.2 uM Tamyb10-LP8

0.2 uM ARPI

0.025 U/ul TAKARA EX Taq HS

* *%: Supplied by Takara Bio Inc..
According to the cool start method.

Multiplex PCR 1

94°C 2 min
94°C 30 sec
61°C  30sec |30 cycles
72°C 1 min

72°C 7 min
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Table 4 Method of multiplex PCR 2 for genotyping of Tamyb10-B1 and Tamyb10-D1

Primers, amplicon sizes, and functionality

Gene Multiplex primers Amplicon size Functional/non-functional
B Tamybl0-LP2 Tamybl0-RPl —2o20p  Functional :
263 bp  Non-functional (19-bp deletion form exon 3)
D DLP7 DRP7 209 bp Functional
Primers information
Primer Reference/sequence
Tamyb10-LP2 e et al, 2011)
Tamyb10-RP1
DLP7 CATCGAGCTGGGCTTCAT
DRP7 TCTGGCATTTTGACAGTTCC

Composition of the reaction mixture for multiplex PCR 2
Reaction mixture for multiplex PCR 2 (total 20 ul)

Final concentration

100 ng/ul genomic DNA 1 ul 5 ng/ul genomic DNA

10XEx Tag Buffer (Mg plus)* 2 1XEx Tag Buffer (Mg”" plus)
2.5 mM dNTP Mixture 1.6 200 uM dNTP Mixture

50% Glycerol 4 10% Glycerol

10 uM Tamyb10-LP2 0.4 0.2 uM Tamyb10-LP2

10 uM Tamyb10-RP1 0.4 0.2 uM Tamyb10-RP1

10 uM DLP7 0.4 0.2 uM DLP7

10 uM DRP7 0.4 0.2 uM DRP7

TAKARA EX Tag HS (5 Ulul)** 0.1 0.025 U/ul TAKARA EX Tag HS
Distilled water up to 20

* **: Supplied by Takara Bio Inc..
According to the cool start method.

Multiplex PCR 2
94°C 2 min
94°C 30 sec
63°C  30sec |30 cycles
72°C 20 sec
72°C 7 min

~— (DLP7T]ODRP7) OEFHAFEEH DO T 7 A ~—D»
bty b EBFUDNAL IfF X ETPCREATH 2 &
\2& Y, Tamybl0-B1} O-DI1DWEAR T RVHE 21T -
2o 2GS D~NVF T Ly 7 APCRICHWNWD 7 T A
~—DEB T EOBEBLEONE L HNEFig. 2/
Bz,

ZIBIERIEIZ XD IR D 5SS DPCR & A
TN T 2 EEEIC L D RIRICSE 2R D~ L
F7 Uy 7 APCROZNZENOHEN L LS HE
BT RPN =BT B0 8 9 DT,

IBIT, FMEAEE RN INETIZHEILNT

W W EEIE/ N E2E - (b (k) &

[&721E %A GRRD), KOS S L TR T
HIRBE4NTd % [Chinese Spring] (FRBL) 35 fE
IZOWT, BrllfEEIc X v, Tamybl0-A1, -Bl,
J O-DI D AR AP E 21T o 72,

BB, PLFO X 9 ICHHIEE L O ERPEOMEE
EATolo, EHR OIIFRIFMEEOE & RO /RRL
fii [Brayyasy] oRkiEREEE - RRE
BRLTWD, T7bb, —REEOARSRTKIC [
vagYah¥| EREL, TO®KR LHE LB
REETITERREZ BV IK LT, 215 DBCE
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L OBC, D BEEEMICHONWT, v F Ly
APCRIZ &V Tamyb 10D 3EAR T AIHE 21TV, HHL
B AT o7,

m #R

1. HEKEICK B Tamyb10DEEFEHIE

BANZ, fERIEICE D ASTE : [Fielder] (M
W), Z~A4 X3 (BkD), Bravyal¥)
(JRKL), K OY TAUS1408) (EHI) D Tamybl0-Al
DR &M ET D=, PCR 1, PCR 2, &
UWPCR 3D3 s %47~ 7= (Fig. 1), [Fielder],
(<A R3], RN [Prayarx] TlF,
PCR 11T & ¥ BEREAY IR An 16T FrA (1) O ¥R PEYD 1345
HEHF, PCR 212 & 0 HERE R RBLEAS 1B A (2)
OEED SR Sz, AQ) X, FH1=xF Y n
Tamybl10 & (3570 D EEFN MM - THEREN KL L
7=, Chinese SpringZ A 7 OB WA TH D, F
72, PCR 3IZ XV BIsFIrAAR) D2FEFHD 5 LA
W OHEIEFEY) (565 bp) MR E N7, Zhb 0
FEREND, 2RO 35LTED Tamyb10-A1 D &5 1T
Chinese Spring% A 7 OERERITMR-AlaTH 5,
—7J7, TAUS1408] TiX, PCR 1ICk VW EI=F
% G A BEAE (5 1T A (1) O IR EEY) DS R H &
AU, PCR 21T XV BERE R AL B AR T-IBT FrA (2) D3R
PEMNIIR I & e o7z, Fz, PCR 31T LV EIR
T A (3) D2FEFED 5 BRI OHEIREY (2, 750
bp) 2 STz, T ORIEEMIL, F2A v bR
Vos?D2.2 kb BN E R ST N T AR Y U
lid 5| Genome Surfing Trader (LL FGeSTEWET) DI
a7 L, GeSTOIFAEN Tamybl0-A1 0 TE 5 72 3 8
BT EZ NS, TbEH, TAUS1408) (H
o) IIHERETNA (1) OELHIZFF - TV DA%, HEREM
A ITHERE R ARBIAG) IZ L v I B END, 20z
&, TAUS1408) (FHRL) O Tamybl0-A1 D& 51
TIBERE R KTMUR-AlaThH D73, D3GR L 1 L5R
720 GeSTHENIZ X DH¥RER K TH 5,

WIZ, PEFRIEIT XV 4SFE D Tamyb10-B1 D& s 1
W2 fET D72 0PCR 4% 1T >72 (Fig. 1), FPRI3 M
ff : Fielder), [#~A XX, KO TAUS1408)
T, REMED [Travyanx) ozl
HAREWERFE A OEEES Bt S hiz, 2
L, BERISEFED Tamyb10-BI D3 X Y 21219
bpDRENHHN, Bragla X [ZITFD
KENENEEZRT, ZOZ 05, HR3LFED

Tamyb10-B1 D& 5 BUIHEEE R JTUR-Bla, €
Ay Y a X [ IERETR-BIbTH 5,

%I, PERIEIC X0 ASFED Tamyb10-D I35 1
BAHEST HT-OPCR 5217 -7= (Fig. 1), AR
i TBravyasdk| oL THIRBEDD KRS
v, PR TR SN oTc, T LN
L IBrayyaisx) OTamybl0-DIDiEs T
IXHEEEMIR-DIb, [Fielder), ¥ <A X3, KO
AUS1408] | THRER KMR-DIaToh 5,

PLEX Y, HER45FED Tamybl10-41/-B1/-D1 D&
I ilEELHbHE, HRLMED [Fielder), 4
~A X, [AUS1408) (W 4L bR-Ala/R-Bla/
R-Dla, FkiAFED [P awahx] (ZR-Ala/
R-BIb/R-DIbTH D (Fig.1 HTFE), TDHIbH
R-AlalZiX2X A 7R H v, [Fielder), [Z~A X
I, KO [Brayya s [HChinese Spring
2 A7, —J5, TAUS1408] 1XGeSTHRE AKX A 7 Dk
RERRBITH D,

2. HBBEEXICKSTamyb10DEGFEHE

1 AZBWTHESRIEIC L DV HEEITo I24mFED
Tamybl0DBAR T %, LLUF O X5 ITHBfE#E LIS
XU FHE LT,

£9°, Tamybl0-A1 DB % 1 G DPCRT
HET D72, Table IR THETHEIO~ LT
7w 7 APCRZ4T->7- (Fig.2), [Fielder] (M
W), T2~ X3 (BK), KO [Brayya
LX) (JFkD) T, K &536 bpDiEfs 1WA (2)
DOHBEED R Sz, X, 7ERIEDPCR 2
(Fig. 1) THMH Iz, Bl Y il
D Tamybl10 & 13572 5 EHNHLHL I - 7-Chinese
Spring# A 7 OBla WA THbH, ZORERLYD,
NS 35FED Tamyb10-41 D s+ I Chinese
Spring# A 7 DEEERKMR-AlaTH D, — 7,
[AUS1408] T, £ &1,059 bpDiEfn1WrAA(l)’
DOHIEEY) & 412 bpD s T-Wr A (3)” DHE
FEMIDI S 7o, AQD) T IR RE R TR Th
%, AQR) OBIEFEM OFIEL, TN ZEhE2A b
B2 DGeSTHADEEIZ ST 5 DT, =0 M
DF2A > v NZGeSTOFENNH Y Tamyb10-A1D
EWmBRBEBEG T EEZ 6N, Tihbb, e
AL 1%, FEREXRRTUAR) I EVITHIHES D,
ZDOZ EMnn, TAUSI408) (ERL) D Tamybl0-A1DiE
BT GeSTIRAIZ X HHERE R KMR-A1aThH %,
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N
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N ° &
' L] & g > N
Tamyb10 Tamyb10 cF Ay Ne v
-LP6 -RP6 PCR 1
A(1) 665 bp
Tamyb10-A71(1)
= | I ]
T T
Tamyb10 Tamyb10
-LP7 -RP4
A(2)

2.2 kb GeST™**

[ [
> <
Tamyb10 Tamyb10

-LP8 A(3)—RP7

19-bp deletion
v ]

[ [

> <€
Tamyb10 Tamyb10
-LP2 -RP1

I [ I I 1]
=3 =
Tamyb10 Tamyb10
-LP9 D -RP3

2,750 or
565 bp

Tamyb10-AT (3)

PCR 3

Tamyb10-A7(2)

A1) - - - +
A@2) cs' cs* cs’ -
AQ) - - - GeST™™

PCR 4 282 or
263 bp
Tamyb10-B1
B | - - + -
PCR 5

Tamyb10-D71

o [ - - - -
Genotype
Fielder Tamaizumi 2™ Aus1408
komugi
R-A1| a csh a (cs a (cs") a (GeST™)
R-B1 a a b a
R-D1 a a b a

a: non—functional; b: functional

Fig. 1 PCR genotyping of Tamyb10 genes in four wheat varieties, using the previous method.

Five PCRs were required for genotyping according to Himi et al. (2011). Left figures indicate genomic structures of
Tamyb10 genes. Colored boxes indicate exons, empty boxes indicate introns or untranslated regions, and black and gray
boxes indicate a non-functional sequence of Chinese Spring type. Arrows represent orientation and approximate locations
of primers used for PCRs. CS*: Chinese Spring type; GeST**: insertion of a transposon-like sequence as a non-autonomous

form.
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Multiplex PCR 1

Tamyb10-A1

Tamyb10 Tamyb10 A(1)’ :Functional
—LP6 —RP4 1,059 bp >
-) ( 5— A2):

Tamyb10 Non—functional
-LP7 (CS*) 536 bp > [r—
A(s)@Q\Hkb GeST* A@y: 412bp 3
| S E—— | — Non—functional
> (GeST™)
‘ Tamyb10
-LP8 ST - - .
A (2) CS* CS* Cs* _
@y - - - GeST™"

Multiplex PCR 2

Tamyb10-B17 and -D7

19-bp deletion

|v ] B: Functional
2 or
> € 263 bp

Tamyb10 ~ Tamyb10 B: NOn—funct!onal
-LP2 -RP1 (19-bp deletion)

209 bp
A1

D’: Functional
=
DLP7 DRP7
L 5’

B — —_ —_
D' _ _ _
Genotype
Fielder Tamaizumi  2°™%  AUs1408
komugi
R-A1| a (s a (cs") a (csh a (GeST™)
R-B1 a a b a
R-D1 a a b a

a: non—functional; b: functional

Fig. 2 Multiplex PCR genotyping of Tamyb10 genes in four same wheat varieties as Fig. 1, using the new method.

Two Multiplex PCRs were carried out according to the methods in Tables 3 and 4. Left figures show genomic structures of
Tamybl10 genes. Colored boxes indicate exons, empty boxes indicate introns or untranslated regions, and black and gray boxes
indicate a non-functional sequence of Chinese Spring type. Arrows represent orientation and approximate locations of primers used
for multiplex PCRs. Tamyb10-RP4 is a common reverse primer used to distinguish between A(1)’ and A(2). ARP1 is a reverse
primer designed in this study to detect GeST in Tamyb10-A1, and DLP7 and DRP7 are a primers’ pair designed in this study to
detect exon 3 of Tamybl0-D1. CS*: Chinese Spring type; GeST**: insertion of a transposon-like sequence as a non-autonomous
form.
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WAZ Tamyb10-B1 & -D 10 & fx % % 1 Kt~ OO PCR
THIET BH7=8, Table 4ITRTHIETHE2O~IL
FT Vw7 APCREIT - 7= (Fig.2), HRL3MHE :
[Fielder), #~A X3, KO TAUS1408) T
1%, & X263 bpDBEAR1- BT OYEIEFEY) D FH3 45 HH
SN, FRGLE TPraryyasnx) <l E
X282 bp & 209 bp D 2FEIH D AR 1 W1 it R FE ) A
i &7, 263 bp & 282 bpDIIEEMIX, T
NTamyb10-BIEE3 T Y 2 D19 bpRI DA Lt
LCW5, F£72, 209 bpDIEEEY) X Tamyb10-DI1 D
WL Y UNFEELZOBEG TR TH D 2
LhERT, ZOZ b, BR3STED Tamybl0-B1
& -DIDBARFRUFILITHERE R I R-Bla/R-Dla,
Bravya sy (3ICHERERIR-BIb/R-DIHT
o5,

PLED2RG D~V F 7Ly 7 APCROFER L 0,
BEERA 5L FE D Tamyb10-A1/-B1/-D1 D& As 1A % & &
bDHE, BRIGFEO [Fielder), [#~A X3,
TAUS1408] #3R-Ala/R-Bla/R-Dla, #*HRikhFED
Yo awa ] 23R-Ala/R-BIb/R-DIbThH %
(Fig.2 A F#), TDHH, R-Alalz >\ T,
[Fielder|, [#~A X3, KX [Brauyanln
X O3MmfEIXChinese Spring# A 7, [AUS1408]
ILGeSTHIA S A 7 OMRER KM TH 5, Z O
A L 28 FREEE, 1. ISR~ fekis
WL DHERR L~ Lz (Fig. 1 A K.,

3. BEXICKDTamyb10DEEFEHIEH -
pHeEME] & TEIFEA]

E D/ NE2ETE . TwdbEnb] & TE2F
72 2] D Tamybl0DFBAR TR A Y E T 572 9D1Z,
BT HNEBENTH D [Chinese Spring] (R-Ala/
R-Bla/R-DIb) (Heynel Livers, 1953 ; Metzger &
Silbaugh, 1970) ZxfMMfEL LT, FriffEED
2 IED~IVF T Ly 7 APCREAT - 1=, L
ERPREFRIIWNT SRR Th D,

£7, Tamybl0-A1DE(xF8 % 1 i OPCRTH
ET HI®, Table TR THIETEHEIOVALT S
Ly 7 APCRZFT- 7= (Fig.3), [wdbnn| &
[Chinese Spring] TIX{E X536 bpDEEFWr A
AQ) OHEEY SRS, —F, [E713727)
TIXE E1, 059 bpDiERF W A (L) DHEIREEY) )3
B E i, 3SEOWVWT NG HES413 bpdD
GeSTHiIAZ A 7 DHRE R KABARF-Wr A (3) 71

B EN2hotz, ZOZEG, ThHbEMND)
& [Chinese Spring| O Tamybl0-AlDi&&~+H%
Chinese Spring# A 7 OHRERKIHR-Ala, & 7=
(E72 A ] I THERETLR-AIDTH %,

WA Tamyb10-B1 L -D1Di&As 1 % 1 )& DOPCR
THET D720, Table 4RI HIETE2O~IL
FF Ly 7 APCREFT-71- (Fig.3), T Hn
5] TILE £282 bp 209 bpDEA&TWr i DR
PEM IR STz, B 13X Tamyb10-B1 DO FERE,
% E X Tamyb10-DIDFERE %2 7R3 DT, #Ein T
BUIR-BIb/R-DIbTH D, —J, [&Fesr]
L TChinese Spring| TIXE £263 bp&209 bp
DBAE T W OHEEED DR Sz, BiE I
Tamyb10-B1 DH§RE R KA, 1% 13 Tamyb10-D1 D
B 2R3 DT, BInFAUIR-Bla/R-DIbTH %,

PLED2 G D~V TF 7 L 7 APCRDFEFR LY
HEER 3 SLFE D Tamyb10-A1/-B1/-D1 D& s+ % £
LwsE, TwdEH)G | [FR-A1a/R-B1b/R-DIb,
[&721F72 7] 1XR-A1b/R-Bla/R-DI1b, [Chinese
Spring] |ZR-Ala/R-Bla/R-DIb T % (Fig.3 T
#), 723, [Chinese Spring] DB TMIILEHR &
—F L=, £, TDBENS ] DR-AlalZChinese
Spring# A 7 ORER KM TH %,

4. fBHEEICKBTamyb10DBIEZFEEIES : &
BEF D 5D BARDEIR
Brayyasx] () OFRERERR

TR DO E HOEFE THHLUEE L2 AV T AR E R %

BETDHZ LK, TOERAEERGEL,

BC, AR D 43 BEEE FI 36 EIR I DWW T D 5 6
2D~ VF T Ly 7 APREATH12& 25, s
FMR-Bla/R-Dla% F2O3E{E N &k s vz (77—
HREER), [Brayya X OTamybl0D&EA
FHUZR-Ala/R-B1b/R-DI1b7: DT, BC LD FTRL
fEfE~ TR ayya b &30 L oEER»
HR-Bla/R-Dia735y#Ed 2 WifHEIX1/16 TH Y, %
O BB IR D o T, #1289
(CFE R I RERR OFFE 22 O TR 3BT 5 £ TED
PR ORBANII NS 220N, \EFRNE b
OEE S BRIBG LN D Z E BRI S, =22
T, ZHAHOMEEITERD D Biz10E H DR LASHE
EITHZENTE, £, BTOBRRMLICHERE
RINEREIZATHDZ L 2R LT,

RIZ, BC, MARDIEEER 212K S>WT, &
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&
, o , N s
Multiplex PCR 1 & & 23 NS
$ S N
&8 S D o8
Tamyb10-A1 SR Ty Ty oL o
N o Yo O QL 9 S
& & & & O

A(1)": Functional
1,059 bp

A(2): Non—functional (CS*)

536 bp
ay - + _
A (2 cs* - cs”
@ | - - -
Multiplex PCR 2 LD e &
(4] L ~
£ & Z
gL 5 $ $
Tamyb10-B1 and -D7 o & & S & F
& S &3 £ L8
o9 N o Yo Ogo Q&
S N N N S

B: Functional

282 bp
263 bp

B: Non—functional

4 (19-bp deletion)
209 bp
D’: Functional

B + - -
D’ + +
Genotype
Yume Chinese
Kitah i

—chikara franonami Spring

R-AT| a (csh b a (csh
R-BT b a a
R-D7 b b b

a: non—functional; 4: functional

Fig. 3 Multiplex PCR genotyping of Tamybl0 genes in two leading varieties from Hokkaido, using the new method.

Two multiplex PCRs were carried out according to the methods in Tables 3 and 4. Two leading varieties from Hokkaido,
“Yumechikara” and “Kitahonami”, with unknown Tamyb10s genotypes, were analyzed with “Chinese Spring” as a control that
genotype. CS*: Chinese Spring type.
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BFRPRBEM T LR E (X 4V |
(R-Ala/R-BI1b/R-D1b) & VEiF203%5 (R-A1b/
R-Bla/R-Dla) ZXfHEFEICH W CTHREZIT> 72
(Fig.4), B1O~NVF T L v 7 APCREITHT- &
=%, &ff{k) HChinese Spring# A FDR-Ala®
BB &N (Table 5), 2D~ /LF 7
Ly 7 APCREATH- 72 & 2 A, Tamybl0-BI\ZDW»
TIX38{EIR M HR-Bla, 43{E{K)HR-BIb DiEfx

Multiplex PCR 1

Tamyb10-AT1

Multiplex PCR 2

Tamyb10-B1

Tamyb10-D7

A

i 20185 T S R TSTE N = 2 v

%2075 (2019)

TS, EUEER D A~T o BB S e,
Tamyb10-D1IZ 2\ CTIEB3{E K2y HR-Dla, 159f#{A
MOBR-DIbOBEIR RN S vz, £72, 15
K735 1XR-Blan>>OR-DI1aD & F R A & hi-
(Table 5), T7eb b, i oIEKRDIERLTHIX

R-Ala/R-Bla/R-D1aTd % (Fig. 4 HEHT~—7;
Table 5 £4%)., ZhbOfEARBAITINTIE
Hax 2 L7,

Genotype

E=

<]

g - O — QN ® ¥ OO~ ®© D O — N

08 —m &N ™M & IO © ™~ O P — = — = — — — — — — N N N

o O O e

€ 5 WL W W W LW W W LW LW LW LW W LW LW W W WL WwLWwWwWww

g § 8 28 258 56 2S5 S s 8 s S S S S 5 o S 8

£ T OO OO O0OO0OO0OO0OO0OO0OOOUOUOOOOOOOOLO OO

S v M MO MOMmMMMOMOOONODOMOMMMmMMOMODONDONDDNDONDMONM M
RAlla b a a a a a a a a a a a a a a a a a a a a a a
RBI\b a h a a b a h a h h h h b h b h h h h b a b a
RDIlb a b a b b b b b b b b b b b b b a a b b b b a

a: non—functional; 6: functional; A: heterozygous.

Fig. 4 A practical utilization example for the multiplex PCR genotyping of Tamyb10 genes in a backcross population.

212 F, segregants from a tenth backcross population (a white-grained line % 11 times of “Zenkojikomugi” (a red-grained variety))
were genotyped according to the multiplex PCR. This figure shows a part of the gel electrophoresises. 1-22: “BC,(F,-1 to -22”.
“Minaminokaori” and “Saikai 203” were control varieties with known Tamyb10s genotypes. The size marker “¢X174/Hinc 11

digest” was applied at the lanes at each end of each gel.

BC,F,-2 and BC,;F,-22 plants marked in yellow showed the genotype R-A/a/R-Bla/R-Dla and their seed coat exhibited white

color.
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Table 5 Genotype segregation of the seed coat color genes in 212 F, plants from a

backeross population

R-A1  R-BI R-DI

a 212 38 53
b 0 43 159
h 0 131 -

Total 212 212 212

R-DI1
a b Total
a 15 23 38
~
2 b 9 34 43
h 29 102 131
Total 53 159 212

a : non-functional; b : functional; 4 : heterozygous.

V. &%
1. FRBEZORE

AWFFETIE, TERE LB EED2 DD HIET

[Fielder), [#~A X3, [Brayyalyx),
KON TAUS1408] D4ASLFED Tamyb100D &5+ %)
ELZEZA, RCHERENREGONZ (Fig. 1A
TF ; Fig. 24 THR), FHMEEIC X D2KIGD~
IVF T vy 7 ZAPCRIL, TERIEIZ X H5IGDPCRE
L3 % & 95 s sy 02T T, FIEEEEE, /)
FEHEREIZIB VTR OFE L B8 s 1 %248 1191
HIET D200, ZEBEROIHEHER ) D FRLRHT
R IR T D -0 OB F~——& LTIE
Mcx5%,

FLO~ VT T L 7 APCROKEMIL, Tamybl0-Al
DEEFRHE 21T 91X, ERETII3R D
PCRNWMLETZ o723, IS THREIC 22722 & T
7% (Fig.1 PCR 1, PCR 2, KU'PCR 3 ; Fig.?2
Multiplex PCR 1), BEREMUICHRFSLAY725 " FEFHARGH
W74V — K7 T A4 ~—Tamybl0-LP6, F7=i%
Chinese Spring% A 7" OEEE R KT KF EHY 72 Bl 5]
DT+ U— K7 T A ~—Tamybl0-LP7T/ 5, FERETY
ERERE R T BT S 2 % ) AR R e il
HND Y /R— AT T A <~ —Tamyb10-RP4 % T % H1iE 9
5HPCR%E1T 9 (Fig.2 Multiplex PCR 1), fEsRiED
PCR LIZBWTHWIZHEEER 1= % V) TR R
72EH DY N— 27 T A4 <~ —Tamyb10-RP6 (Fig. 1
ELE) IZonTix, ZhaEfALen, 2ol &
IZ& D, Tamyb10-LP67> 5 Tamyb10-RP4E TD1, 059
bp 723 HE R S 41 D M RE BB 1T A (L) 7, B DT
Tamyb10-LP77> & Tamyb10-RP4 £ T536 bpadHEifg X
#LAChinese Spring# A 7 OFERE R T E AT Wr
FAQ) DWT it E&ivsd (Fig. 2 Multiplex
PCR 1 ; Fig.3 Multiplex PCR 1), [z, #5214 >
b DGeSTOH ML, GeSTHF AEAT LV Fiftisg

R 2B HN D 7 + T — R 5 A ~—Tamyb10-
LP8/M 5, HHLIZEREE L7 GeSTIZ R A 72 B2 5D U
NR—=ATF A ~—ARP1E TOE &412 bpHSHlE S
LEBEFHAAQR) OFEICL VR TE S (Fig
2 Multiplex PCR 1), ZaulZxfL, fEdRIEDPCR 3
(Fig. 1) TI%, GeSTOHEDH|E A, H2A v b
7 D GeSTHR A& 2 B A C Rtk & T itz ki
FHREAN D T T A ~—%t & W TPCREATVY, &
DIENEFED) DY A R385 GeSTDEEFHI2. 2 kboy DE:
S DIEV (2,750 bpF 721%565 bp) (2L VW HIE LT
DT, TOEPHERTHD, £7o, K412 bpD
B THOTAQR) B ENn/= 6, A LAQ)DEHE
2B & T Tamyb10-A1 0D & {5 T 1 34 RE ) 275
R-AlalHiES5 (Fig. 2 AUS1408),
F2D~)VF 7 L 7 APCROK KL, Tamybl0-B1
& Tamyb10-D1 DAL TRIHE N IERIE TIXENE
FUPCRN LTI S 7278, 1S CHBEIZ R 722 &
TH% (Fig.1 PCR 4} OPCR 5 ; Fig. 2 Multiplex
PCR 2), HIAED & = A Tamybl0-DI1 DERE K JF D
HWREAIESIT I, =2 TRiAx BT T A
~— % E L CPCRZ R A TAE R, HEE R KA T
524 > br v OEBNTFET 2 NEI X Y v
25 PR FEEE T OB MDD > T
EHERI ST (F—FRKEER), Wangd (2016) b
STS~— 1 —BHF IR DFm L O TRERICEZLZ L T
Wb, ZDOZENBHE2O~ILVF T L v 7 APCRT
%, Tamybl0-DIDHE3IT X Y AR RAGESI O 7
7 A ~—DLP7 & 3" JERER BT Fr BB o0 7 F
A~ —DRPTZFTHUTERE L, 1EKIED Tamybl0-B1
DT TA~—fEPFFAFEDO T T4 ~—ZRA L
TPCREAA T, EDFER, Tamybl0-DIDIEHER!
ZFFOMFE S 3R X209 bpD s W A, [F
W12 Tamyb 10-B1 DOFEEER - BEEE R T % FFO i il
MHIEFNFIN282 bp » 263 bpDEnFWr i ks
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HEh, FEFROBEERR NN -7- (Fig. 2
Multiplex PCR 2 ; Fig.3 Multiplex PCR 2), 72
¥, DLPTEDRPTO W IZHERIEPCR 5 THWE
Tamyb10-D10> 77 A ~ —fTamyb10-LP9 & Tamyb10-
RP3 (Fig. 1 /2 F) % Tamybl0-BID 7 7 A ~—fi &
BA L CPCRERA AT E 2 A, R-DIPOEL TR %
o [Prayyasg] X° [Chinese Spring]
72 ETIIEBHOB M FA SRIEH SN 5%, B
Fv—H—C LTEAREY Tholz (F—H K
K)o ZAUE, TERIEPCR 5THHVN=3 FERHER IR D
U N— 275 A = —Tamyb10-RP373 Tamyb10-D1 D,
\ZTamyb10-BI\Z 6 7 =— Y 27 LTamyb10-B1 )52
TR DB T 23R S Z L BRIK &5 2 6
iz,

S HICELLT D0, FIOLF T L v
APCRIZFVN=5F4H & H5200~ L F 7 L 77 APCRIZ
WA O GFFEHO 7 74 ~— 2 fF 38T
~“NVF Ty 7 APCRE AT, TORER, £ D
FERFRAIEEPER S S, B TALHIEIE D £
AT IRIo T2 (F— 2 REER), T Tamybl10
DA, B, DT/ LD3DDEART OHEHAELH O FH R
NEWTZD EBEZ HID,

2. FREEEORE

BERIET, TN Tamyb 10D &AL T E % Al HE
W L7z CRINERE FEo, — 07, Bk
%, BB CE OB T ERHEAFIATREIC LT
RCHEENEREZFO,

FES IR AT K 51T, FEFREIFMIE DR\ PR N
OB NEEN TS, TOBRHK - O
OB FREZH ST 5 2 L IXEEZ R
[ZAT D 7o OICHAL D, HBBEEIL, ZomfEs
LA NNATH Fik: LTHEHIERTE 5, FEEEGR
JEIZHEH L CREBNRS AR R EIFD -0
1%, HERER A& 5 T-R-Ala, R-Bla, R-DIa®d3
ERZDLERS D, TOHIZE, KEAHIZA
BdbFE A2 WD 0y, & 5 W ISR (R T-R-A1b,
R-B1b, R-DIbOZNZEIIZONWTIR L D% FF-
IRVSRRLFE LA RRBLT A MERH H, OO THIE
W U7 MERERDEAG T 2 F O Rk [R 4 S/ L -5
%, BRIIE TR TH Y BRI BT 5 2 L1372
|

O & AR U 72 ARk R A 12k
RHEEUTOLEIICRD, [Brayyahx)

L TDEMNS] O Tamybl 00 s 1K p LR
UR-Ala/R-BIb/R-DIbTH Y (Fig.2 ; Fig.3),
[E 713727 ) OBAFHAULR-A1b/R-Bla/R-DIb,
[Chinese Spring] (LR-Ala/R-Bla/R-DIb T 5
(Fig.3), ZauH ARk dnflIZItim L CHERERE R
FR-DIbEFiOT-0, FPOMAEOLETRELTYH
BROD BRI DBEL N2 ERTRITE D, Zh
HOMFEEBFEBMICHWCTHREZRZEL7-
WZiE, D7 & bR R AME R T-R-Dla% £7-O
fli « RACEFEH Lz o7au,
ARFRELSCTHFEEZ AREEICOWTIE, B
Y I v I EORBKRBIRFOFELZFIAL
THRINIEREMTONTE T2, LLFICBR R BE#H O
154 & ARFIE T S AL T2 AR INE D Tamyb 10D 315
T A4 2 L Table 6D K 912725, 19534E(C
Heyne & Livers?® [Chinese Spring] & [Pawnee]
DOFE R OB RBUIR R rryryrs TH D LA LT
W5, TOH%I19T04E12, Metzger &Silbaugh?iR,
JEITGEAR3DIT, REIIYAMRSAIL, F 7RI
PO (RSBICER L TWDH I ENHLMNITHE L
$1Z, [Kharkof] (FYLafk3D & 3BIZEFE AR, JFE
ERJE%, TRed Bobs) ILYa{R3AICR,E % D
%, I ORBOMATHE R L RE LTS, £
FIEOF AR X Table 1SR 20T, Hr
#70# (McIntosh®, 1998) Titd &, [Chinese
Spring] & [Pawnee| DOiEn FRIFERMIZIR-Ala/
R-Bla/R-DIb, [Kharkof| |ZR-Ala/R-B1b/R-DIb,
[Red Bobs| [ZR-A1b/R-Bla/R-Dlat 72 %, [EN
TAEIZ DWW I, Kaneko® (1994) 23, #Bix 17
DEEEID SR L ORI X v, THEke6E ] & [
JUYa LX) Nr, Ry v, (T720>HR-A1b/R-Bla/
R-Dla), [EM10%) & [THHEaLX] OBEEK
THIMR,, Ry, 7y (T 725> HR-A1b/R-Bla/R-D1b),
(X I aLbX] BR,r, R, (T72bHR-Ala/
R-BIb/R-DIb), 17 V7R3 LX) Nr,R,, R, (F72
PHHR-A1b/R-BIb/R-Dla), KO TEK61Z ] 2
R, R,, R, (372> HR-41b/R-BIb/R-DIb) T 5 &
[FE Lz, F£72, Miurah (2002) 2%, FHRifLfEE
DB OB, &7 Y 2 v 7050, ROV
THRBPEMOBFEE OREUC LY, [Bravya
LXK | OBIFTUAERKIZR-A1a/R-BIb/R-DIbTH 5
EHRE LT,

Bz X AbEE A T HnE | (R-Ala/R-Blb/
R-DI1b) % BFREBZMICH W THNTHRRHT Z 5
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Table 6 Genotypes of the seed coat color genes in red varieties

Genotype

Variety R-Al R-B1

R-DI Reference

Chinese Spring
Pawnee

Heyne and Livers (1953)

Kharkof
Red Bobs
PI 178383

Metzger and Silbaugh (1970)

Norin 66
Fukuwasekomugi
Norin 10
Asakazekomugi
Kitakamikomugi
Fukuhokomugi
Norin 61

RL4137

Kaneko et al. (1994)

Zenkogikomugi

Miura et al. (2002)

Yumechikara
Kitahonami

STTQAQTTTTT QT TINETTQIR S

Q T T T TR QQ QTR T e S

This study (Fig. 3)

ST T TR TR QIR TN

HOITiX, REBRICAHRCREZHWDD, L
< IXTable 6D KL LD 1 CTlXR-Bla/R-Dla%
Ff> [Red Bobs| [E#66%5 ] 727 Tka LX)
EE®AEL LW, —F, JENE T& 73R

(R-A1b/R-Bla/R-DIb) % BREFMIZHWTHRAT
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50y, b UL 1ZR-A1a/R-Dla% Fio5-01 5l & A3 H
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THHDIFEY, ZORAIE, = uRk% TR-Ala
LER-DIaD2>% Rl 2 O TR B EY AT LB &
Do
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D 5 HIZERLRF 2 A IR L T2 2 &2
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HOBRNZET 55 (Fig. 4 ; Table 5), b1
7= TBrayyas®) o BRhEREELE TR
1%, Tamybl OB TN ED X 9 /g A T = X L THEFS
M B 2 KIE T ONEOZEM B E L THWY
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MAEHET %G, TNENOHER - BB XA
DR E DT 7O ED R EIZSOWTIELLT
DY ThbH, HE1DO~)LF 7L v 7 APCRTIE,
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A Simple Method for Genotyping of Wheat Seed Coat Color Genes by Multiplex PCRs

. 1 . . 2
Shiho KURIHARA—Y ONEMOTO ), Hitoshi MATSUNAKA®

Summary

White—grained wheat varieties have an advantage that powder dullness is small and milling yield is high. They have,
however, a tendency to be less tolerant to pre—harvest sprouting than red—grained wheat varieties. Pre—harvest
sprouting in wheat represents a major constraint to the production of high—quality grain. Thus, it is desired to develop
white—grained varieties with high tolerance against pre—harvest sprouting. Red—grained varieties have red seed coats.
The ‘R loci’ for seed coat color are located one each in the A, B, and D genomes in wheat, which is an allohexaploid
crop. Red coat color is dominant and white coat color is a recessive trait. Seed coat color is a Mendelian inheritance
trait. If at least one R locus is red grain type, the seed coat color will be red. In addition, the phenotype of the grain
color is not identified until one generation later because seed coat is a maternal tissue. Therefore, genetic markers are
useful in wheat breeding not only to decide the R loci genotypes of the parents’ lines but also to select white—grained
segregants efficiently from siblings at the seedling stage.

This report introduces a simple, labor—saving method for the genotyping of wheat seed coat color genes,
Tamyb10-A1, Tamyb10-B1, and Tamybl10-D1. This method consists of two multiplex PCRs per sample. Multiplex PCR
1 was carried out with five types of primers for genotyping of Tamybl0-A1. Then, multiplex PCR 2 was carried out
with four types of primers for genotyping of Tamybl0-BI and Tamybl0-D1. This is more labor-saving than the method
reported previously by Himi et al. (2011), which required five PCRs for each sample.

First, Tamybl0s in four varieties were analyzed by the previous method and this new method. The results showed
the same genotypes detected by the two methods. Next, two leading varieties from Hokkaido, “Yumechikara” and
“Kitahonami”, with unknown Tamybl0s genotypes, were analyzed by multiplex PCRs. The results showed that their
genotypes were R-Ala/R-B1b/R-DI1b and R-AIb/R-Bla/R-DI1b, respectively. This new method contributes to
selecting white—grained segregants from backcross populations of a white—grained line X “Zenkojikomugi” (a red-
grained variety).

Genotypes of 16 red—grained varieties are shown as examples. The information is useful in making the three genes
R-Ala/R-Bla/R-Dla match to select white—grained lines from siblings with high tolerance against pre—harvest

sprouting in wheat breeding.
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