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LG K = chr
20 (LG I)

LG A = chr 15
(LG E)



QTL for Protein (Phansak et al. 2016)
• Selective genotyping

was done in 48
populations

• Significant protein or
oil QTL mapped in 35
matings

• Chromosome 20
significant for 27
matings and chr 15 for
3 matings.



QTL for Protein and Oil Identified through
Association Mapping (Bandillo et al., 2015)



cqSeed Protein-003 (chr 20)
•This is the largest effect protein QTL.
•Confirmed and the high protein allele show to be

associated with reduced seed oil concentration,
less yield, smaller seed, earlier maturity, and
earlier plants (Sebolt et al., 2000; Nichols et al.,
2006).

•Many sources of the high protein QTL allele.
• Our source has been G. soja PI 468916.
• Danbaekkong has a protein QTL allele in the same

region that was found to have less impact on
agronomic traits in the southern USA.

 



Nichols et al., 2006

cqSeed Protein-003 (chr 20) map position
Bolon et al., 2010



Haplotype blocks in the cqSeed Protein-003
(Chr 20) protein QTL interval (Bandillo et al.,
2015)

Bandillo et al.
(2015)



Diers lab fine mapping cqSeed Protein-003
• Tested over 7,000 plants for recombination in the chr 20 interval and

tested populations from recombinant plants (over 14 years of work).
 Position†  Recombinant Line

Marker Gmax1.01 Gmax2.0  ProI-7 ProI-9 ProI-10 ProI-26 ProI-27 ProI-28

b10_3 26,649,365   H§ H H A A B

BARCSOYSSR_20_0655 30,052,089 31,198,164  H H H A A B

          

SSR2    A H H A A B

SSR3    A H H A A B

          

SSR4    A H H A A H

SSR5    A H H A A H

          

SSR6    A B H A H H
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QTL mapped to a
<80 kb interval



Haplotype Blocks in the cqSeed Protein-003
Protein QTL Interval (Bandillo et al., 2015)

Bandillo et al.
(2015)

Our QTL
position



Impact on composition of cqSeed Protein-003
• Tested backcross lines with the G. soja allele or Danbaekkong allele

segregating.
 Protein Oil Yield
 g kg-1 g kg-1 kg ha-1
G. soja PI 468916 allele (4-5 environments)  
Loda 18*** -9*** -134  ns
Dwight 19*** -10*** -319 **
LS93-0375 22*** -12*** -147  ns
C1981 23*** -13*** -270***
    
Danbaekkong allele (4 environments)  
Dwight 19*** -7*** -363***
LD02-5025 20*** -9*** -455***

*, **, *** Significant at P<0.05, 0.01, and 0.001, respectively.



cqSeed Protein-001 (chr 15)
• Effect not as large as cqSeed Protein-003.
• Confirmed for composition, but little work

done to test its impact on agronomic traits.
• Identified from multiple germplasm

sources including G. max and G. soja.
• Fine mapped and evaluated the impact of

the QTL allele from PI 407788A (MG IV
line from Korea).

 
 



Fine mapping
cqSeed Protein-
003

       

 Map position   Recombinant  line†  

          

Marker Glyma
1.0‡

Glyma 2.0  LG05C-
1863

LG05C-1782 LG05C-1824 LG05C-
1801

LG05C-1870 LG05C-
1804

          

BARCSOYSSR_15_005
6

1,346,246 1,345,578  
A§ B A A A A

BARCSOYSSR_15_013
4

2,938,929 ¶  A B A A A A

    #      

BARCSOYSSR_15_016
0

3,563,138 3,581,354  H H H A A A

BARCSOYSSR_15_016
1

3,568,888 3,587,104  H H H A A A

 

  
BARCSOYSSR_15_016
4

3,650,821 3,669,036  H H H H A A

BARCSOYSSR_15_018
6

3,910,706 3,928,658  H H H H A A

Satt384 4,036,564 4,054,490  H H H H A A

BARCSOYSSR_15_019
0

4,062,653   H H H H A A

 
BARCSOYSSR_15_019
4

4,103,668 4,122,592  H H A H A A

BARCSOYSSR_15_019
5

4,135,853   H H A H A A

BARCSOYSSR_15_019
6

4,136,520 4,155,446  H H A H A A

Satt691 4,189,548 4,208,308  H H A H A A
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Kim et al. 2016
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Impact on composition of cqSeed Protein-001
• Tested backcross lines with the high protein allele from PI 407788A.

 Protein Oil Yield
 g kg-1 g kg-1 kg ha-1
G. soja PI 468916 allele (4 environments)  
AR09-
192019 10*** -6*** -109 ns
LD02-4485 12*** -6*** -57 ns*, **, *** Significant at P<0.05, 0.01, and 0.001, respectively.



Conclusion
• cqSeed Protein-003

• Mapped to a <80 kb interval and a candidate gene identified.
• Results in approximately a 20 g kg-1 protein increase and a 10 g kg-1 decrease

in oil.
• Negative impact on yield
• The Danbaekkong allele found to also have a negative impact on yield.

•  cqSeed Protein-001
• Mapped to a 535 kb interval and a new round of mapping has been initiated.
• Results in approximately a 10 g kg-1 protein increase and a 6 g kg-1 decrease

in oil.
• Negative trend for yield, but not significant.

• For each 10 g kg-1 increase in protein
• cqSeed Protein-003 = 67 – 228 kg ha-1 yield reduction
• cqSeed Protein-001 = 69 kg ha-1 yield reduction


