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The Importance of Grain protein content (GPC)

Both GPC and protein quality are a major factor that determines the end-use 

quality of wheat.

1CW,DNS,HRW, 
Japanese bread wheat

ASW, 
Japanese noodle wheat

WW,
Japanese cake wheat

GPC
HIGH LOW



The influences of environmental conditions on GPC

Climate conditions

Soil conditions

Cultivation conditions

High nitrogen Low nitrogen

 Gpc-B1(NAM-B1) has increased GPC  (Uauy et al. Science 2006)
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Not only Gpc-B1 but also another genes. 

Gpc-B1 has negative effects on seed diameter.



• Reveal the presence of the novel grain 
protein content gene.

• Produce the selection marker from the 
novel grain protein content gene.

Objects



Materials

Yumechikara
High protein content

(about 14%)

Kitahonami
Low protein content

(about 9%)

Cultivation area 
in Hokkaido

12,000ha 90,000ha

DH population Yumechikara Kitahonami
94lines 2007~2009

196lines 2016~2017

QTL analysis 

Phenotyping for GPC 
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QTL analysis

Fine Mapping

QGpc.2B-yume

QTL analysis using GPC, FPC and linkage map with 275 polymorphic SSR maker



DH
Marker

Xhbg246 Xgwm374 Xgpw4382 Xgpw2225 Xgpw3215 Xwmc179 Xwmc245

90 K K Y Y Y Y Y
36 K K Y Y Y Y Y
6 Y Y Y Y Y K K

71 Y Y Y K K K K

10 Y K K K K K K
40 Y K K K K K K
43 Y K K K K K K
65 K K K K K K K

Fine Mapping

K:Kitahonami type

Y: Yumechikara type

PCR amplification products using Xgpw4382 primers

Xgpw4382 were the closest marker for QTL.

Flanking crossovers in No.71 
between Xgpw4382 and Xgpw2225
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The relationship between SSR marker and GPC,FPC
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Significance test

*** Significantly different at P < 0.001

This QTL might be influential in GPC

Kitahonami type

Yumechikara type

Mean values of the GPC and FPC in the 94 DH population grouped by Yumechikara and Kitahonami type  for 
Xgpw4382 on chromosome 2B.

GPC FPC

n=41

n=53



The search for the novel GPC gene 

B

Long
arm

Short
arm

Gpc-B1 (6BS)
Uauy et al. Science 2006

1
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QTL (2BS)

2B
Gpc-B2

Xgpw4382

Xgpw4382Xgwm 374

Developed Gpc-B2 specific PCR primers from database information



Xgpw4382

Gpc-B2 specific marker

KYY Y Y Y Y KKKKKKK

949392919089888786858483

100bp

200bp

500bp

S* S*

949392919089888786858483 S* S*

KYY Y Y Y Y KKKKKKK

8281

1Kbp

3Kbp

2Kbp

5Kbp

K K

S*:Parental lines   K:Kitahonami type Y:Yumechikara type  

Genetic polymorphism by Xgpw4382 and Gpc-B2 specific marker  

Complete Same Result

same 
genotype



         10        20        30        40        50        60        70        80        90       100       110       120       130       140       150       160       170                          

....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

GGCCTGCATCTCCCCTGCTCTCCTCGCCACGGTTTCACGGTTGCACAGCCGCCCCCAAACCACCAGAATTTCCACCGCAGATCACTCGCCTGCCTTCTCGCCTCTCCTCATCTCTCCTCCCAACCGTCGCCGTAACAAATCCCAGTCCGTTCCTTCACACTCACCAGCTA CS                           

GGCCTGCATCTCCCCTGCTCTCCTCGCCACGGTTTCACGGTTGCACAGCCGCCCCCAAACCACCAGAATTTCCACCGCAGATCACTCGCCTGCCTTCTCGCCTCTCCTCATCTCTCCTCCCAACCGTCGCCGTAACAAATCCCAGTCCGTTCCTTCACACTCACCAGCTA Yumechikara                  

GGCCTGCATCTCCCCTGCTCTCCTCGCCACGGTTTCACGGTTGCACAGCCGCCCCCAAACCACCAGAATTTCCACCGCAGATCACTCGCCTGCCTTCTCGCCTCTCCTCATCTCTCCTCCCAACCGTCGCCGTAACAAATCCCAGTCCGTTCCTTCACACTCACCAGCTA Kitahomnami                  

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------- mRNA CS                      

 

        180       190       200       210       220       230       240       250       260       270       280       290       300       310       320       330       340                 

....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

GAAGCTTTGGCAGTTGAGTTAGGCACCACAGTCCACAGGGGTGCTGTGCTGCTGCGTGCATATATATGCTCTGGTGGGATCATCTGGTGTGTTTGTTGGTAGCTAGCTAGTGG~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ CS                           

GAAGCTTTGGCAGTTGAGTTAGGCACCACAGTCCACAGGGGTGCTGTGCTGCTGCGTGCATATATATGCTCTGGTGGGATCATCTGGTGTGTTTGTTGGTAGCTAGCTAGTGG~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Yumechikara                  

GAAGCTTTGGCAGTTGAGTTAGGCACCACAGTCCACAGGGGTGCTGTGCTGCTGCGTGCATATATATGCTCTGGTGGGATCATCTGGTGTGTTTGTTGGTAGCTAGCTAGTGGATCGAAACCGGTGCAACGCAACCTTTTCCCCTATTTTTTGCGAGCTTTTTCCGTTCG Kitahomnami                  

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------- mRNA CS                      

 

        350       360       370       380       390       400       410       420       430       440       450       460       470       480       490       500       510                 

....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ CS                           

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Yumechikara                  

CGGGTCTGCACGTCTTCGTGGGCCGGCCCAGTGCGTGAACGGGCGCCTGCAGCGCCGTATAGGAGCTCCCCTTTTTCTTCAACAAAAAAAAGTAAGAGCAGCGGAACGGGTGGCCGTGGTCGCGCGCGCGCCGTCCGGTGGCGATCTGACACGCGTACGAGCGGCGGCCG Kitahomnami                  

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------- mRNA CS                      

 

        520       530       540       550       560       570       580       590       600       610       620       630       640       650       660       670       680                 

....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ CS                           

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Yumechikara                  

GCATACGTGTCCAGCGGCGACGGGCCCTTGGCCCCGGGTTCGGTACAACGGAGCCGTATTTCTCGGGCCAATGCCTTCCGCACCTCCCACACTGCCCCGCCGATGGCCTGCATCTCCCCTGCTCTCCTCGCCACGGTTTCACGGTTGCACAGCCGCCCCCAAACCACCAG Kitahomnami                  

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------- mRNA CS                      

 

        690       700       710       720       730       740       750       760       770       780       790       800       810       820       830       840       850                 

....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ CS                           

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Yumechikara                  

AATTTCCACCGCAGATCACTCGCCTGCCTTCTCGCCTCTCCTCATCTCTCCTCCCAACCGTCGCCGTAACAAATCCCAGTCCGTTCCTTCACACTCACCAGCTAGAAGCTTTGGCAGTTGAGTTAGGCACCACAGTCCACAGGGGTGCTGTGCTGCTGCGTGCATATATA Kitahomnami                  

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------- mRNA CS                      

 

        860       870       880       890       900       910       920       930       940       950       960       970       980       990       1000      1010      1020                

....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ACGGTCTGATGAGATCCATGGGCAGCTCGGACTCATCTTCAGGCTCGGCACCACCGCGGCATCAGCCGCCGCCTCCGCAGCAGGGCTCGGCCCCGGAGCTCCCGCCGGGCTTCCGGTTCCACC CS                           

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ACGGTCTGATGAGATCCATGGGCAGCTCGGACTCATCTTCAGGCTCGGCACCACCGCGGCATCAGCCGCCGCCTCCGCAGCAGGGCTCGGCCCCGGAGCTCCCGCCGGGCTTCCGGTTCCACC Yumechikara                  

TGCTCTGGTGGGATCATCTGGTGTGTTTGTTGGTAGCTAGCTAGTGGACGGTCTGATGAGATCCATGGGCAGCTCGGACTCATCTTCAGGCTCGGCACCACCGCGGCATCAGCCGCCGCCTCCGCAGCAGGGCTCGGCCCCGGAGCTCCCGCCGGGCTTCCGGTTCCACC Kitahomnami                  

----------------------------------------------------------------ATGGGCAGCTCGGACTCATCTTCAGGCTCGGCACCACCGCGGCATCAGCCGCCGCCTCCGCAGCAGGGCTCGGCCCCGGAGCTCCCGCCGGGCTTCCGGTTCCACC mRNA CS                      

 

        1030      1040      1050      1060      1070      1080      1090      1100      1110      1120      1130      1140      1150      1160      1170      1180      1190                

....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

CGACGGACGAGGAGCTGGTCGTGCACTACCTCAAGAAGAAGGCCGCCAAGGTGCCGCTCCCCGTCACCATCATCACCGAGGTGGATCTCTACAAGTTCGACCCATGGGAGCTGCCCGGTATGTGTATCTCACCTCGTCGTGCTTATCAAGCGCCGTAATTTTCCAGTGCA CS                           

CGACGGACGAGGAGCTGGTCGTGCACTACCTCAAGAAGAAGGCCGCCAAGGTGCCGCTCCCCGTCACCATCATCACCGAGGTGGATCTCTACAAGTTCGACCCATGGGAGCTGCCCGGTATGTGTATCTCACCTCGTCGTGCTTATCAAGCGCCGTAATTTTCCAGTGCA Yumechikara                  

CGACGGACGAGGAGCTGGTCGTGCACTACCTCAAGAAGAAGGCCGCCAAGGTGCCGCTCCCCGTCACCATCATCACCGAGGTGGATCTCTACAAGTTCGACCCATGGGAGCTGCCCGGTATGTGTATCTCACCTCGTCGTGCTTATCAAGCGCCGTAATTTTCCAGTGCA Kitahomnami                  

CGACGGACGAGGAGCTGGTCGTGCACTACCTCAAGAAGAAGGCCGCCAAGGTGCCGCTCCCCGTCACCATCATCACCGAGGTGGATCTCTACAAGTTCGACCCATGGGAGCTGCCCG----------------------------------------------------- mRNA CS                      

 

        1200      1210      1220      1230      1240      1250      1260      1270      1280      1290      1300      1310      1320      1330      1340      1350      1360                

....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

ATTAAATAATCGAACCCATCCATCATGCTTATACCGTGCAAGAAGTATTTTTATATTCTTTCAGTACACATGTATGTAGATGGTTTATGTATGTGATCCTGTCGTGCTTGTTCATGCGCTCGCTCGGGATCGATCAGAGAAGGCGACCTTCGGTGAGCAGGAGTGGTACT CS                           

ATTAAATAATCGAACCCATCCATCATGCTTATACCGTGCAAGAAGTATTTTTATATTCTTTCAGTACACATGTATGTAGATGGTTTATGTATGTGATCCTGTCGTGCTTGTTCATGCGCTCGCTCGGGATCGATCAGAGAAGGCGACCTTCGGTGAGCAGGAGTGGTACT Yumechikara                  

ATTAAATAATCGAACCCATCCATCATGCTTATACCGTGCAAGAAGTATTTTTATATTCTTTCAGTACACATGTATGTAGATGGTTTATGTATGTGATCCTGTCGTGCTTGTTCATGCGCTCGCTCGGGATCGATCAGAGAAGGCGACCTTCGGTGAGCAGGAGTGGTACT Kitahomnami                  

-----------------------------------------------------------------------------------------------------------------------------------------AGAAGGCGACCTTCGGTGAGCAGGAGTGGTACT mRNA CS                      

 

        1370      1380      1390      1400      1410      1420      1430      1440      1450      1460      1470      1480      1490      1500      1510      1520      1530                

....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

TCTTCAGCCCGCGCGACCGCAAGTACCCCAACGGCGCGCGGCCCAACAGGGCGGCTACGTCGGGGTACTGGAAGGCCACCGGCACGGACAAACCTATCCTGGCCTCCGGGTGCGGCCGGGAGAAGGTCGGCGTCAAGAAGGCGCTCGTGTTCTACCGCGGGAAGCCGCCC CS                           

TCTTCAGCCCGCGCGACCGCAAGTACCCCAACGGCGCGCGGCCCAACAGGGCGGCTACGTCGGGGTACTGGAAGGCCACCGGCACGGACAAACCTATCCTGGCCTCCGGGTGCGGCCGGGAGAAGGTCGGCGTCAAGAAGGCGCTCGTGTTCTACCGCGGGAAGCCGCCC Yumechikara                  

TCTTCAGCCCGCGCGACCGCAAGTACCCCAACGGCGCGCGGCCCAACAGGGCGGCTACGTCGGGGTACTGGAAGGCCACCGGCACGGACAAACCTATCCTGGCCTCCGGGTGCGGCCGGGAGAAGGTCGGCGTCAAGAAGGCGCTCGTGTTCTACCGCGGGAAGCCGCCC Kitahomnami                  

TCTTCAGCCCGCGCGACCGCAAGTACCCCAACGGCGCGCGGCCCAACAGGGCGGCTACGTCGGGGTACTGGAAGGCCACCGGCACGGACAAACCTATCCTGGCCTCCGGGTGCGGCCGGGAGAAGGTCGGCGTCAAGAAGGCGCTCGTGTTCTACCGCGGGAAGCCGCCC mRNA CS                      

 

        1540      1550      1560      1570      1580      1590      1600      1610      1620      1630      1640      1650      1660      1670      1680      1690      1700                

....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

AAGGGCCTCAAAACCAACTGGATCATGCACGAGTACCGCCTCACCGACGCGTCTAGCTCCGCCACCACCAGCCGACCGCCGCCTGTCACCGGCGGGAGCAGGTCTGCCTCTCTCAGGGTACGTGTCGATCGATCGCGCGGTCTAGCATAGCAGTAACCAATCGTGTTTAA CS                           

AAGGGCCTCAAAACCAACTGGATCATGCACGAGTACCGCCTCACCGACGCGTCTAGCTCCGCCACCACCAGCCGACCGCCGCCTGTCACCGGCGGGAGCAGGTCTGCCTCTCTCAGGGTACGTGTCGATCGATCGCGCGGTCTAGCATAGCAGTAACCAATCGTGTTTAA Yumechikara                  

AAGGGCCTCAAAACCAACTGGATCATGCACGAGTACCGCCTCACCGACGCGTCTAGCTCCGCCACCACCAGCCGACCGCCGCCTGTCACCGGCGGGAGCAGGTCTGCCTCTCTCAGGGTACGTGTCGATCGATCGCGCGGTCTAGCATAGCAGTAACCAATCGTGTTTAA Kitahomnami                  

AAGGGCCTCAAAACCAACTGGATCATGCACGAGTACCGCCTCACCGACGCGTCTAGCTCCGCCACCACCAGCCGACCGCCGCCTGTCACCGGCGGGAGCAGGTCTGCCTCTCTCAGG----------------------------------------------------- mRNA CS                      

 

        1710      1720      1730      1740      1750      1760      1770      1780      1790      1800      1810      1820      1830      1840      1850      1860      1870                

....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

TTACTCTCGAGCTTAGGGTATTGTGGTTGATGAATTTAATTAGTGTACGTCGTCGTCTCATCAGTTGGACGACTGGGTGCTGTGCCGCATATACAAGAAGATCAACAAGGCCGCCGCCGGGGATCAGCAGAGGAGCATGGAGTGCGAGGACTCCGTGGAGGACGCCGTCA CS                           

TTACTCTCGAGCTTAGGGTATTGTGGTTGATGAATTTAATTAGTGTACGTCGTCGTCTCATCAGTTGGACGACTGGGTGCTGTGCCGCATATACAAGAAGATCAACAAGGCCGCCGCCGGGGATCAGCAGAGGAGCATGGAGTGCGAGGACTCCGTGGAGGACGCCGTCA Yumechikara                  

TTACTCTCGAGCTTAGGGTATTGTGGTTGATGAATTTAATTAGTGTACGTCGTCGTCTCATCAGTTGGACGACTGGGTGCTGTGCCGCATATACAAGAAGATCAACAAGGCCGCCGCCGGGGATCAGCAGAGGAGCATGGAGTGCGAGGACTCCGTGGAGGACGCCGTCA Kitahomnami                  

----------------------------------------------------------------TTGGACGACTGGGTGCTGTGCCGCATATACAAGAAGATCAACAAGGCCGCCGCCGGGGATCAGCAGAGGAGCATGGAGTGCGAGGACTCCGTGGAGGACGCCGTCA mRNA CS                      

 

        1880      1890      1900      1910      1920      1930      1940      1950      1960      1970      1980      1990      2000      2010      2020      2030      2040                

....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

CCGCATACCCGCTTTATGCCACGGCGGGCATGACCGGTGCAGGGGCGCATGGCAGCAACTACGATTCACTGCTCCATCACCAGGACAGCCACGAGGACAACTTCCTGGACGGCCTGCTCACAGCAGAGGACGCCGGCCTCTCGGCGGGCCCCACCTCGCTGAGCCACCTA CS                           

CCGCATACCCGCTTTATGCCACGGCGGGCATGACCGGTGCAGGGGCGCATGGCAGCAACTACGATTCACTGCTCCATCACCAGGACAGCCACGAGGACAACTTCCTGGACGGCCTGCTCACAGCAGAGGACGCCGGCCTCTCGGCGGGCCCCACCTCGCTGAGCCACCTA Yumechikara                  

CCGCATACCCGCTTTATGCCACGGCGGGCATGACCGGTGCAGGGGCGCATGGCAGCAACTACGATTCACTGCTCCATCACCAGGACAGCCACGAGGACAACTTCCTGGACGGCCTGCTCACAGCAGAGGACGCCGGCCTCTCGGCGGGCCCCACCTCGCTGAGCCACCTA Kitahomnami                  

CCGCATACCCGCTTTATGCCACGGCGGGCATGACCGGTGCAGGGGCGCATGGCAGCAACTACGATTCACTGCTCCATCACCAGGACAGCCACGAGGACAACTTCCTGGACGGCCTGCTCACAGCAGAGGACGCCGGCCTCTCGGCGGGCCCCACCTCGCTGAGCCACCTA mRNA CS                      

 

        2050      2060      2070      2080      2090      2100      2110      2120      2130      2140      2150      2160      2170      2180      2190      2200      2210                

....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

GCCGCGGCGGCGAGGGCGAGCCCGGCTCCGACCAAACAGTTTCTGGCCCCGTCGTCTTCAACCCCGTTCAACTGGCTCGATGCGTCAACCGTTGGCATCCTCCCACAGGCAAGGAATTTCCCTGGGTTTAACAGGAGCAGAAATGTCGGCAACATGTCGCTGTCGTCGAC CS                           

GCCGCGGCGGCGAGGGCGAGCCCGGCTCCGACCAAACAGTTTCTGGCCCCGTCGTCTTCAACCCCGTTCAACTGGCTCGATGCGTCAACCGTTGGCATCCTCCCACAGGCAAGGAATTTCCCTGGGTTTAACAGGAGCAGAAATGTCGGCAACATGTCGCTGTCGTCGAC Yumechikara                  

GCCGCGGCGGCGAGGGCGAGCCCGGCTCCGACCAAACAGTTTCTGGCCCCGTCGTCTTCAACCCCGTTCAACTGGCTCGATGCGTCAACCGTTGGCATCCTCCCACAGGCAAGGAATTTCCCTGGGTTTAACAGGAGCAGAAATGTCGGCAACATGTCGCTGTCGTCGAC Kitahomnami                  

GCCGCGGCGGCGAGGGCGAGCCCGGCTCCGACCAAACAGTTTCTGGCCCCGTCGTCTTCAACCCCGTTCAACTGGCTCGATGCGTCAACCGTTGGCATCCTCCCACAGGCAAGGAATTTCCCTGGGTTTAACAGGAGCAGAAATGTCGGCAACATGTCGCTGTCGTCGAC mRNA CS                      

 

        2220      2230      2240      2250      2260      2270      2280      2290      2300      2310      2320      2330      2340      2350      2360      2370      2380                

....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....|....| 

GGCCGACATGGCGGTGGACAACGGCGGGGGCAATGCGATAAACACCATGCCTCCATTCATGAATCATCTTCCCATGCAAGACGGGACCTACCATCAACAGCATGTCATCCTCGGCGCCCCGCTCGCGCCAGAAGCCACTGCCGCCGCCACCTCTGCCTTCCAGCACCCCG CS                           

GGCCGACATGGCGGTGGACAACGGCGGGGGCAATGCGATAAACACCATGCCTCCATTCATGAATCATCTTCCCATGCAAGACGGGACCTACCATCAACAGCATGTCATCCTCGGCGCCCCGCTCGCGCCAGAAGCCACTGCCGCCGCCACCTCTGCCTTCCAGCACCCCG Yumechikara                  

GGCCGACATGGCGGTGGACAACGGCGGGGGCAATGCGATAAACACCATGCCTCCATTCATGAATCATCTTCCCATGCAAGACGGGACCTACCATCAACAGCATGTCATCCTCGGCGCCCCGCTCGCGCCAGAAGCCACTGCCGCCGCCACCTCTGCCTTCCAGCACCCCG Kitahomnami                  

GGCCGACATGGCGGTGGACAACGGCGGGGGCAATGCGATAAACACCATGCCTCCATTCATGAATCATCTTCCCATGCAAGACGGGACCTACCATCAACAGCATGTCATCCTCGGCGCCCCGCTCGCGCCAGAAGCCACTGCCGCCGCCACCTCTGCCTTCCAGCACCCCG mRNA CS                      

 

        2390      2400      2410  

....|....|....|....|....|....|. 

TCCAAATATCCGGCGTGAACTGGAATCCCTG                                                                                                                                            CS                           

TCCAAATATCCGGCGTGAACTGGAATCCCTG                                                                                                                                            Yumechikara                  

TCCAAATATCCGGCGTGAACTGGAATCCCTG                                                                                                                                            Kitahomnami                  

TCCAAATATCCGGCGTGAACTGGAATCCCTG                                                                                                                                            mRNA CS                      

 

1. Chinese spring (CS)
2. Yumechikara
3. Kitahonami
4. mRNA CS

615bp

Sequence analysis

the 5′ UTR and promoter region



ATG

ATG

TGA

TGATATA TATA

TATA

BmgBI

BmgBI BmgBI Kitahonami

Yumechikara, CS

1 2 3 4 

1:Nested PCR   Kitahonami

2:Nested PCR   Yumechikara

3: Digested by BmgBI

4: Digested by BmgBI

Confirmed by gene digestion 

F primer R primer

F primer R primer
duplication

Gpc-B2b

Gpc-B2a



2000

3000

1000

M

Gpc-B2bGpc-B2a

Developed specific Marker 

This specific marker is able to identify the Gpc-B2 polymorphism. 

615bp



Significance test

Mean values of the GPC in the 196 DH population grouped by Gpc-B2a and Gpc-B2b for Gpc-B2 
specific marker.  
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Gpc-B2b

Gpc-B2a

4.23E-06 1.30E-05p-value 1.08E-10 2.11E-11 4.57E-06

The Gpc-B2b might have a decreasing effect on GPC. 

n=102

n=94

These groups 
showed 
differences of 
1.0% in the 
mean GPC over 5 
years of testing.



Allele
No. of 

varieties
Gpc-B2 a 239
Gpc-B2 b 15

Total 254

Genotyping for cultivated varieties

Gpc-B2a Gpc-B2b 

***GPC (%)

Mean values of the GPC in the 254 cultivated varieties grouped by Gpc-B2a and Gpc-B2b for
Gpc-B2 specific marker.



• Gpc-B2 is most probably involved in GPC.

• The tandem duplication in Gpc-B2 contribute to 
the decrease in GPC.

• Gpc-B2b is available for the improvement of 
low protein content wheat varieties.

Conclusion

In Mexico
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