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R-A1b
R-B1b R-D1b R-A1a
R-B1a R-D1a

R-A1a R-B1a

R-D1a

Tamyb10

Dominant Recessive
3AL R-A1b  (R 2) R-A1a  (r 2)
3BL R-B1b  (R 3) R-B1a  (r 3)
3DL R-D1b  (R 1) R-D1a  (r 1)

Seed coat color is a Mendelian inheritance trait.

Chromosome Allele

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.

Table 1  R loci controlling seed coat color in wheat



Tamyb10-D1

Tamyb10

Tamyb10-A1 Tamyb10-B1 Tamyb10-D1

Tamyb10

Tamyb10-A1 Tamyb10-B1
Tamyb10-D1

Tamyb10

R-A1a R-B1b R-D1b R-A1a R-B1a R-D1b

R-A1a R-B1a R-D1a

R-A1a R-B1a R-D1a

Tamyb10

Tamyb10

Phenotype
Variety R-A1 R-B1 R-D1 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)

b : functional.

Genotype

a : non-functional.  There are two types of non-functional Tamyb10-A1 genes linked with  R-A1a : Chinese Spring
type (CS type) and Genome Surfing Trader  insertion (GeST  insertion) (Himi et al. 2011).

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



Tamyb10

Tamyb10-A1

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

Primers, amplicon sizes, and functionality
Gene Amplicon size
A(1)' Tamyb10-LP6 1,059 bp Functional
A(2) Tamyb10-LP7 536 bp Non-functional (Chinese Spring type)
A(3)' Tamyb10-LP8 ARP1 412 bp Non-functional (GeST  insertion)

Multiplex primers Functional/non-functional

Tamyb10-RP4

Primers information
Primer Reference/sequence
Tamyb10-LP6
Tamyb10-LP7
Tamyb10-RP4
Tamyb10-LP8
ARP1 CCGCAGCATTTAACTTGTAGC

Himi et al. (2011)

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 5 ng/ul genomic DNA
10XEx Taq  Buffer (Mg2+ plus)* 2 1XEx Taq  Buffer (Mg2+ plus)
2.5 mM dNTP Mixture 1.6 200 uM dNTP Mixture
50% Glycerol 4 10% Glycerol
10 uM Tamyb10-LP6 0.4 0.2 uM Tamyb10-LP6
10 uM Tamyb10-LP7 0.4 0.2 uM Tamyb10-LP7
10 uM Tamyb10-RP4 0.4 0.2 uM Tamyb10-RP4
10 uM Tamyb10-LP8 0.4 0.2 uM Tamyb10-LP8
10 uM ARP1 0.4 0.2 uM ARP1
TAKARA EX Taq  HS (5 U/ul)** 0.1 0.025 U/ul TAKARA EX Taq  HS
Distilled water up to 20 -

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

Multiplex PCR 1
94 C 2 min
94 C 30 sec
61 C 30 sec
72 C 1 min
72 C 7 min

30 cycles



Tamyb10-B1 -D1
Tamyb10-A1 -B1

-D1

Primers, amplicon sizes, and functionality
Gene Amplicon size

282 bp Functional
263 bp Non-functional (19-bp deletion form exon 3)

D DLP7 DRP7 209 bp Functional

Multiplex primers Functional/non-functional

B Tamyb10-LP2 Tamyb10-RP1

Primers information
Primer Reference/sequence
Tamyb10-LP2
Tamyb10-RP1
DLP7 CATCGAGCTGGGCTTCAT
DRP7 TCTGGCATTTTGACAGTTCC

Himi et al. (2011)

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 Taq  Buffer (Mg2+ plus)* 2 1XEx Taq  Buffer (Mg2+ 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 Taq  HS (5 U/ul)** 0.1 0.025 U/ul TAKARA EX Taq  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 30 sec
72 C 20 sec
72 C 7 min

30 cycles

Table 4  Method of multiplex PCR 2 for genotyping of Tamyb10-B1 and Tamyb10-D1
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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.



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 
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 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 Tamyb10-D1. CS*: Chinese Spring type; GeST**: insertion of a transposon-like sequence as a non-autonomous 
form.
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Fig. 3  Multiplex PCR genotyping of Tamyb10 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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Fig. 4  A practical utilization example for the multiplex PCR genotyping of Tamyb10 genes in a backcross population.
 212 F2 segregants from a tenth backcross population (a white-grained line × 11 times of “Zenkojikomugi” (a red-grained variety)) 

10F2-1 to -22”.  
“Minaminokaori” and “Saikai 203” were control varieties with known Tamyb10s Hinc II 
digest” was applied at the lanes at each end of each gel.

10F2 10F2-22 plants marked in yellow showed the genotype R-A1a R-B1a R-D1a and their seed coat exhibited white 
color.
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Table 5  Genotype segregation of the seed coat color genes in 212 F2 plants from a 
backcross population
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Variety R-A1 R-B1 R-D1 Reference
Chinese Spring a a b
Pawnee a a b
Kharkof a b b
Red Bobs b a a
PI 178383 b b b
Norin 66 b a a
Fukuwasekomugi b a a
Norin 10 b a b
Asakazekomugi b a b
Kitakamikomugi a b b
Fukuhokomugi b b a
Norin 61 b b b
RL4137 b b b
Zenkogikomugi a b b Miura et al. (2002)
Yumechikara a b b
Kitahonami b a b

This study (Fig. 3)

Genotype

Heyne and Livers (1953)

Metzger and Silbaugh (1970)

Kaneko et al. (1994)

Table 6  Genotypes of the seed coat color genes in red varieties
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