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The Importance of Grain protein content (GPC) % NARO

Both GPC and protein quality are a major factor that determines the end-use
qguality of wheat.

1CW,DNS,HRW, ASW, WW,
Japanese bread wheat Japanese noodle wheat Japanese cake wheat




The influences of environmental conditions on GPC % NARO

S
Imate conditions <d >
o\ O

Soil conditions

High nitrogen Low nitrogen

Cultivation conditions

> Gpc-B1(NAM-B1) has increased GPC (uauy et al. science 2006)
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Gpc-B1 (6BS)

Gpc-B1 has negative effects on seed diameter.

Not only Gpc-B1 but also another genes.

Short
arm

Long
arm



Objects & NARO

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

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



Materials E&NARO

YUMECHIKARA

Yumechikara Kltahonam|
High protein content Low protein content
(about 14%) (about 9%)
Cultivation area 12 000ha 90,000ha

in Hokkaido i
94ines 2007~2009 QTL analysis

196iines 2016~2017 Phenotyping for GPC

DH population  Yumechikara x Kitahonami



GPC &SNARO

2007 v 2008

25 M

No. of lines

No. of lines

9.0 10.0 10.5 11.0 11.5 12.0 12.5 13.0 13.5 144 11.5 12.0 12.5 13.0 13.514.0 14.5 15.0 15.5 16.5
Wheat grain protein content (%) Wheat grain protein content (%)
2009 v Three-year average

M
]

No. of lines
No. of lines

12.0 12.5 13.0 13.5 14.0 14.5 15.0 15.5 16.0 17.2 11.0 12.0 12.5 13.0 13.5 14.0 14.5 15.0 15.5 15.6

Wheat grain protein content (%) Wheat grain protein content (%)

K:Kitahonami Y:-Yumechikara M: Means



Flour protein content (FPC) &NARO

. 2007 M 2008
25 A
20 M
1 20
g 15 7 K .E_:) 15
= ] =
= 10 °
o o 10
o pd
2 5 5
0 0
8.2 9.0 9.5 10.0 10.5 11.0 11.512.0 12.5 13.4 9.5 10.5 11.0 11.5 12.0 12.5 13.0 13.5 14.0 15.3
Flour protein content (%) Flour protein content (%)
25 - 2009 ’5 - Three-year average
20 - 20 N
£15 - c
° 1 ©
ZO 10 §
5
0
10.010.5 11.0 11.512.0 12.513.013.5 14.0 14.5 16.4 0 794 10.0 105 11.0 11.5 12.0 125 13.0 135 14.8
Flour protein content (%) Flour protein content (%)

K:Kitahonami Y:-Yumechikara M: Means



QTL analysis & NARO

QTL analysis using GPC, FPC and linkage map with 275 polymorphic SSR maker
(A) 1004 QGpc.2B-yume

— 1:GPC-2007
2 : GPC-2008
— 3 :GPC-2009
—— 4: GPC-mean
5: FPC-2007
— 6: FPC-2008

7: FPC-2009
— 8: FPC-mean

8.0 T

6.0 T

L : | cM

0.0 i i t i i i i i i i >

0 12 25 36 123
Xwmc764 Xgwm210 Xwmc25 Xwmc770 Xhbg246 Xwmc245 Xbarc159

( ) Genetic Map 2B
0.0 5.6 22.1 446 5687 123.0
e / I
-7 ’ ! .

Xgwm374 Xgpw4382 Xgpw3215 Xwmcl179 10cM

62.8 67.1 68.2 69.2

Fine Mapping



Fine Mapping & NARO

Marker
DH Xhbg246 Xgwm374 Xgpwd4382 Xgpw2225 Xgpw3215 Xwmcl79 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
PCR amplification product@using Xgpw4382 primers
(A) Ego . K:Kitahonami type
Flanking crossovers in No.71 0 Y: Yumechikara type
between Xgpw4382 and Xgpw2225 222
100 7 130 bp
6

DH 65 43 10 40 71

Xgpw4382 were the closest marker for QTL.

eaeyiyoawnA a3 ll
iweuoyeny BES ll



The relationship between SSR marker and GPC,FPC @ -NA RO

(A) bp ™
500
400 [
300 [
200 (-
R
e
100 Y LG 130 bp
<
DH 65 43 10 40 71 6 36 90 § g
(0} =
e @)
= 3
GPC (%) FPC (%) 5 3
18.0 1 18.0 - @
15.0 ~ 15.0 A
12.0 H 12.0 ~
9.0 1 9.0
6.0 - 6.0 -
3.0 1 3.0 -
0.0 - 0.0 -
2 3 4 5 6 7 8 9 ¢ Z 2 3 4 5 6 7 8 9 £
Q 3 (<) 3
= I = I
(@) o o o
> =y 2 =)
3, & 3, S
Q) Q

H Kitahonami type (K)

B Yumechikara type (Y)



Significance test E&NARO

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

* %k %k

* %k %k

16.0 o

* %k %k

* %k %k

* %k %k

%k % %k %k

% %k %k

[EY

™~

o
|

protein content (%)
[00]
o

.y
o
I

GPC-2007 GPC-2008 GPC-2009 GPC-average FPC-2007 FPC-2008  FPC-2009 FPC-average

B Kitahonamitype  n=41
B Yumechikaratype n=53

This QTL might be influential in GPC

*** Significantly different at P < 0.001



The search for the novel GPC gene &NARO

2 6 Gpc-B2
) 3 5 a 2 B A
1] |~ 4 Short
M) arm
|
Long Xgwm 374 Xgpw4382
m
Xgwm210 Xwmc25 Xwmc770 Xhbg246 Xwmc245 Xwme332 Xbarc159
U ] Genetic Map 2B
U 0.0 5.6 44.6 ‘f’@"s"/' : \73\-?:::\\_96.0 123.0

~¥gwm271  xgwmi1249

I
Xg Xgpw4'382 plw3215 Xwmc179 10 cM

62.8 67.1 68.2 69.2

Goc—B17 (6BS)

Uauy et al. Science 2006

QTL (2BS)
Xgpw4382

Developed Gpc-B2 specific PCR primers from database information



Genetic polymorphism by Xgpw4382 and Gpc-B2 specific marker ﬁ NARO

Xgpw4382 Complete Same Result
| 500bp
same 200bp - .- e o O e - .
genotype ESESsBppESbyy P

100bp

83 84. §5 86 87 88 89 90 91 92 93 94 S* S*
Gpc-B2 specific marker

5Kbp
3Kbp

2Kbp

1Kbp

81 8283 84 85 8 87 88 89 90 91 92 93 94 S* S*
S*:Parental lines K:Kitahonami type Y:Yumechikara type



Sequence analysis

e NARO

10 20 30 40 50 60 70 80 9 100 11 120 130 140 150 160 170

O D U PUUTY PDY PUDy PUUSY PUTDY PETDY PUDY PUUTY PUDDY PPy PUDDY PUDSY PRUD PDY PN PUUTY PRUDS PUTTY POy PUpDY PRpP [ D B O PO P PUpy PUpey Pepey|

|GGCCTGCATCTCCCCTGCTCTCCTCGCCACGGTTTCACGGTTGCACAGCCGCCCCCARACCACCAGAATTTCCACCGCAGATCACTCGCCTGCCTTCTCGCCTCTCCTCATCTCTCCTCCCAACCGTCGCCGTAACAAATCCCAGTCCGTTCCTTCACACTCACCAGCTARS

|GGCCTGCATCTCCCCTGCTCTCCTCGCCACGGTTTCACGGTTGCACAGCCGCCCCCARACCACCAGAATTTCCACCGCAGATCACTCGCCTGCCTTCTCGCCTCTCCTCATCTCTCCTCCCAACCGTCGCCGTAACARATCCCAGTCCGTTCCTTCACACTCACCAGCTAIRLIN SRy
Kitahomnami.
mRNA CS

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

I PO U PUUS PUDY POy PUSS PUURY PRUDY PUSDy PUDSY PUURY PRUDY PUSSY PUDSY PRUSY DDy PUSSY PUDEY PUUEY PRDPY PUUY PUpes PRpEY | N |

[GAAGCTTTGGCAGTTGAGTTAGGCACCACAGTCCACAGGGGTGCTGTGCTGCTGCGTGCATATATATGCTCTGGTGGGATCATCTGGTGTGT TTGTTGGTAGCTAGCTAGTG cs
Yumechikara
Kitahomnami
mRNA CS

370 460 470 490

. o o leeenls . . |
cs
Yumechikara
Kitahomnami
mRNA CS

520 530 540 580 600 610 620 630 640 650 660 670 680

B R B B R Teveilnnn F T B I L I L B e e |
cs
Yumechikara

|GCATACGTGTCCAGCGGCGACGGGCCCTTGGCCCCGGGTTCGGTACAACGGAGCCGTATTTCTCGGGCCAATGCCTTCCGCACCTCCCACACTGCCCCGCCGATGGCCTGCATCTCCCCTGCTCTCCTCGCCACGGTTTCACGGTTGCACAGCCGCCCCCAAACCACCAGIRRIN et ey
mRNA CS

cs
Yumechikara
Kitahomnami.
mRNA CS
1020
. el Ll NP |.. . [T PSP
'CATCTTCAGGCTCGGCACCACCGCGGCATCAGCCGCCGCCTCCGCAGCAGGGCTCGGCCCCGGAGCTCCCGCCGGGCTTCCGGTTCCACCEeR]
TCTGATGAGATCCATGGGCAGCTCGGACTCATCTTCAGGCTCGGCACCACCGCGGCATCAGCCGCCGCCTCCGCAGCAGGGCTCGGECCCCGGAGCTCCCGCCGGGCTTCCGGTTCCACCRE NS ERTE
Kitahomnami
mRNA CS
1030 1040 1050 1060 070 1080 1090 1100 1110 1120 1130 1140 1150 1160 1170 1180 1190
\GCTGGTCGTGCACTACCTCAAGAAGAAGGCCGCCARGGTGC TCTCTACAAGTTCGACCCATGGGAGCTGC! CTTATCAAGCGCCGTAATTTTCCAGTGCANSS]
Yumechikara
Kitahomnami
mRNA CS
1200 1210 1220 1230 1240 1250 1260 1270 1280 1290 1300 1310 1320 1330 1340 1350 1360
P O B P Py Oy PUUN PUTDY PPy POTy PUUTY PEUDY POPpY PUUDY PUUTY PEpDY PTTY POy YUY PEUDY PRPTY POy TR PIUD PRPDY POy PPN PIDDY PRPDY PUUY UTTY PRPPY PSP pepy)
ATTAAATAATCGAACCCATCCATCATGCTTATACCGTGCAAGAAGTATTTTTATATTCTTTCAGTACACATGTATGTAGATGGTTTATGTATGTGATCCTGTCGTGCTTGTTCATGCGCTCGCTCGGGATCGATCAGAGARGGCGACCTTCGGTGAGCAGGAGTGGTACT]]
Yumechikara
Kitahomnami
mRNA CS
1370 1380 390 1400 1410 1420 1430 1440 450 1460 1470 1480 1490 1510 1520 1530
P O P Oy BTy PPN DUTD PERDY PUpy PUUSY PRpDY PRSPy Peppy UUTY PRDDY PUTDY PUUDY JUDSY PRUDS PRSDY PUOSY PRDDY PUDDY PRPDY PUTDY PURTY PIpDY PRTTY PUUDY PRI PRpDY PRSPy peeey)
T CTTCAGCCCGCGCGACCGCARGTACCCCAACGGCGCGCGGCCCAACAGGGCGGCTACGTCGGGGTACTGGARGGCCACCGGCACGGACARACCTATCCTGGCCTCCGGGTGCGGCCGGGAGAAGGTCGGCGTCAAGARGGCGCTCGTGTTCTACCGCGGGAAGCCGCCC]ReR]
| TCTTCAGCCCGCGCGACCGCARGTACCCCAACGGCGCGCGGCCCAACAGGGCGGCTACGTCGGGGTACTGGARGGCCACCGGCACGGACAAACCTATCCTGGCCTCCGGGTGCGGCCGGGAGAAGGTCGGCGTCAAGAAGGCGCTCGTGTTCTACCGCGGGAAGCCGCCCREtIND ERE =

TCTTCAGCCCGCGCGACCGCARGTACCCCAACGGCGCGCGGCCCAACAGGGCGGCTACGTCGGGGTACTGGARGGCCACCGGCACGGACAAACCTATCCTGGCCTCCGGGTGCGGCCGGGAGARGGTCGGCGTCARGAAGGCGCTCGTGTTCTACCGCGGGAAGCCGCCCiRRRIN N tey
T CTTCAGCCCGCGCGACCGCARGTACCCCAACGGCGCGCGGCCCAACAGGGCGGCTACGTCGGGGTACTGGAAGGCCACCGGCACGGACAAACCTATCCTGGCCTCCGGGTGCGGCCGGGAGAAGGTCGGCGTCAAGAAGGCGCTCGTGTTCTACCGCGGGAAGCCGCCCININEeE]

1640 1650 1670 1680 1690
cs
Yumechikara
Kitahomnami.
mRNA CS

20 730 1750 1 17 1800 1810 1820 1840 1850 1860 1870

.. [P | ... el T T P N P PO L. ol L.l

T T G G! T G! AA( C ATCAGCAGAG AGGACTCCGTGGAGGACGCCGTCA

T TACTCTCGAGCTTAGGGTATTGTGGTTGATGAATTTAATTAGTGTACGTCGTCGTCTCATCAGTTGGACGACTGGGTGCTGTGCCGCATATACARGAAGATCAACAAGGCCGCCGCCGGGGATCAGCAGAGGAGCATGGAGTGCGAGGACTCCGTGGAGGACGCCGTCAIRITING ER L

[T TACTCTCGAGCTTAGGGTATTGTGGTTGATGAATTTAATTAGTGTACGTCGTCGICTCATCAGTTGGACGACTGGGTGCTGTGCCGCATATACARGAAGATCAACAAGGCCGCCGCCGGGGATCAGCAGAGGAGCATGGAGTGCGAGGACTCCGTGGAGGACGCCGTCAIRRE NNty

T T GGACGACTGGGTGCTGTGCCGCATATACAAGAAGATCAACAAGGCCGCCGCCGGGGATCAGCAGAGGAGCATGGAGTGCGAGGACTCCGTGGAGGACGCCGTCARIUNEC

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

O O ey DU POy Py BTy IUDY PDy FUSy PUUSY PepDy Py Pevy SUUSY PUpSY PUTDY PSRN PUUSY PUUTY PUSpY PUSY pupeY UUDY PUSDY JUTeY PUDTY DUDDY PUTUY PUDDY PUNTY PUUDS PUTUY PUeY)
|CCGCATACCCGCTTTATGCCACGGCGGGCATGACCGGTGCAGGGGCGCATGGCAGCAACTACGATTCACTGCTCCATCACCAGGACAGCCACGAGGACAACTTCCTGGACGGCCTGCTCACAGCAGAGGACGCCGGCCTCTCGGCGGGCCCCACCTCGCTGAGCCACCTANCE
|CCGCATACCCGCTTTATGCCACGGCGGGCATGACCGGTGCAGGGGCGCATGGCAGCAACTACGATTCACTGCTCCATCACCAGGACAGCCACGAGGACAACTTCCTGGACGGCCTGCTCACAGCAGAGGACGCCGGCCTCTCGGCGGGCCCCACCTCGCTGAGCCACCTANRIING ER L,
|CCGCATACCCGCTTTATGCCACGGCGGGCATGACCGGTGCAGGGGCGCATGGCAGCAACTACGATTCACTGCTCCATCACCAGGACAGCCACGAGGACAACTTCCTGGACGGCCTGCTCACAGCAGAGGACGCCGGCCTCTCGGCGGGCCCCACCTCGCTGAGCCACCTARNT TNty
|CCGCATACCCGCTTTATGCCACGGCGEGCATGACCGGTGCAGGGGCGCATGGCAGCAACTACGATTCACTGCTCCATCACCAGGACAGCCACGAGGACAACTTCCTGGACGGCCTGCTCACAGCAGAGGACGCCGGCCTCTCGGCGGGCCCCACCTCGCTGAGCCACCTARRNN IS

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

T Py [ D O U PO PUSUY PUTRy PUpRY | [ O O P POy YUY PUOTS PUUDY POy PUUY PUpUY PUpR [ D O O PO POy PUUY POURy PpeY|
|GCCGCGGCGGCGAGGGCGAGCCCGGCTCCGACCAAACAGTTTCTGGCCCCGTCGTCTTCAACCCCGTTCAACTGGCTCGATGCGTCAACCGTTGGCATCCTCCCACAGGCAAGGAATTTCCCTGGGTTTAACAGGAGCAGARATGTCGGCAACATGTCGCTGTCGTCGACER]
lG6CCGCGECaECEAGEECEAGCCCGGCTCCGACCARACAGTTTCTGGCCCCGTCGTCTTCAACCCCGTTCAACTGGCTCGATGCGTCAACCGTTGGCATCCTCCCACAGGCAAGGARTTTCCCTGGGTTTAACAGGAGCAGARATGTCGGCAACATGTCGCTGTCGTCGACRE NS ER L,
lGCCGCGGECGECEAGEGCEAGCCCGGCTCCGACCARACAGTTTCTGGCCCCGTCGTCTTCAACCCCGTTCAACTGGCTCGATGCGTCAACCGTTGGCATCCTCCCACAGGCAAGGAATTTCCCTGGGTTTAACAGGAGCAGARATGTCGGCAACATGTCGCTGTCGTCGACIR TSN Nttty
|GCCGCGGECGECEAGEECGAGCCCGGCTCCGACCAAACAGTTTCTGGCCCCGTCGTCTTCAACCCCGTTCAACTGGCTCGATGCGTCAACCGTTGGCATCCTCCCACAGGCAAGGAATTTCCCTGGGTTTAACAGGAGCAGARATGTCGGCAACATGTCGCTGTCGTCGACIENIVANSE]

2220 2230 2240 2250 2260 2270 2280 2290 2300 2310 2320 2330 2340 2350 2360 2370 2380
O Oy T PUTTY PDY PUDY UUTY PRDDY PUDDY PUDY PUDTY PRDEY PRTDY PUDDY PUDTY PRDEY PRTDY PUDDY PUDTY PRDRY PRPDY PUDY PUOTY PRPDY PUTDY PUSTY PRpDY PUPDY PUUPY N SRR POU L
CGACATGGCGGTGGACAACGGCGGGGGCAATGCGATAAACACCATGCCTCCATTCATGAATCATCTTCCCATGCAAGACGGGACCTACCATCAACAGCATGTCATCCTCGGCGCCCCGCTCGCGCCAGAAGCCACTGCCGCCGCCACCTCTGCCTTCCAGCACCCC
Yumechikara
|GGCCGACATGGCGGTGGACAACGGCGGGGGCAATGCGATAAACACCATGCCTCCATTCATGAATCATCTTCCCATGCAAGACGGGACCTACCATCAACAGCATGTCATCCTCGGCGCCCCGCTCGCGCCAGARGCCACTGCCGCCGCCACCTCTGCCTTCCAGCACCCCGIRRTTN Nttty
|GGCCGACATGGCGGTGGACAACGGCGGGGGCAATGCGATAAACACCATGCCTCCATTCATGAATCATCTTCCCATGCAAGACGGGACCTACCATCAACAGCATGTCATCCTCGGCGCCCCGCTCGCGCCAGARGCCACTGCCGCCGCCACCTCTGCCTTCCAGCACCCCGIENINISE]

Yumechikara
Kitahomnami
T CCARATATCCGGCGTGAACTGGAATCCCT mRNA CS

the 5 UTR and promoter region

615bp

B~ W N B

Chinese spring (CS)
Yumechikara
Kitahonami

MmRNA CS



Confirmed by gene digestion

1:Nested PCR Kitahonami
2:Nested PCR Yumechikara
3: Digested by BmgBI

4: Digested by BmgBlI

Yumechikara, CS

& NARO

Gpc-B2a
‘ TATA ATG TGA
) |
F primer R primer
Gpc-B2b
omad! omesl Kitahonami
‘ TATA l ‘ TATA ' A'II'G TCISA
=) duplication - L
primer

F primer



Developed specific Marker & NARO

M

3000

2000 I 615bp

1000

Gpc-B2a Gpc-B2b

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



Significance test

E&NARO

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

specific marker.

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

20.0 -~

16.0

12.0 -

o0
o
|

protein content (%)

4.0 A

0.0 -

p-value

%k k

%k %k %k
% %k k

n=102

* %k %k
% %k %k

Gpc-B2a

n=94

Gpc-B2b

GPC-2007 GPC-2008 GPC-2009 Gpc-2015 Gpc-2016

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

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



Genotyping for cultivated varieties % NARO

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

GPC (%) .
18 1
No. of 17

Allele

I I
varieties ]
Gpc-B2 a 239 14 -
Gpc-B2 b 15 o
Total 254 o

9_.
8_.
?'_.

Gpc-B2a Gpc-B2b



Conclusion &NARO

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.




Thank you for your attention!

terasaway@affrc.go.jp
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