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THE EFFECT OF STACKED QTL FOR RESISTANCE 
TO SDS SHOWING THE EXCLUSION OF DISEASE 

Resistant SDS 
QTL Stack 
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    THE YIELD EFFECT OF SDXTM 
SHOWING THE EFFECT OF MIXES 
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QTL on D in PxD (from 1996) was D2 
found in FxH and RxS  



Due Diligence And the Patent 
Landscape 

The Submarine Patent 
Lightfoot D.A., Meksem K., P.T. Gibson. 2007. Soybean  Sudden Death Syndrome 
resistant soybeans, soybean cyst nematode resistant soybeans and methods of 
breeding and identifying resistant plants: Greenhouse Assays. US Patent 
#7,288,386. Filed Jan19 1996 
Claims all greenhouse assays predicting field SDS are pale imitations 

The Original SDS Patent 
Lightfoot D.A., Meksem K., P.T. Gibson. 2001. Soybean  Sudden Death 
Syndrome resistant soybeans, soybean cyst nematode resistant soybeans and 
methods of breeding and identifying resistant plants: DNA markers. US Patent 
# 6,300,541. Filed Jan19 1996 
Claims loci on B1, C2, D, G, I, J, N. 
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Root and Leaf Diseases Differ 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SDS  PATHOGEN CAUSES ROOT DISEASE IN ALL PLANTS TESTED 



THE INTERMEDIATE EFFECT OF 
MIXES SHOWS THER IS NO “ROOT 
ZONE PROTECTANT FACTOR” 

Resistant 
SDSXTM 

Ordinary 
Cultivar 

2 
3 



NILs of LG G (Chr 18) for QTL Confirmation, Fine 
Mapping and Proteomics 

RILs to NILs 

40-200 Single 
Plant Selections 

2,000 Single 
Seed Selections 

Heterozygous Plant 



Protein Acc no Mowse 
score/ 
P<0.05 

No of 
peptides 
matched 

Exp pI, mol 
wt/ theor 
pI, mol wt 

Fold difference  

Glucose 6-phosphate 
isomerase 

21256302 142/51 6 5.3, 60 
kDa/ 
5.5, 67 

3.22±0.25* 

Isoflavone reductase 6573171 88/52 2 6.1,30 kDa/ 
5.6,34$ 

3.04±0.56# 

SDS Proteomics 
RvS NILs Uninfested 



SDS Metabolomics 
RvS NILs Uninfested 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274,222 1 

The rhg1/Rfs2 Locus Encompassed a Receptor Like Kinase 
A Variant Laccase      and  3 Other Genes          in the linkat 

B30M24 

The Rfs1 Locus Encompassed a Stress Response Protein  

and A Serine Lyase        Between  Flanking Markers 



PCR from leaf samples 
 6B3‐7D2(1) with TMD1 primers 

 1    2     3    4    5    6    7     8   M    9  10   11  12  13  M    H     P   X5  

Arrow shows region of double band for positive samples ~ 300 bp.   
M =marker, H = water control, P = Rhg1 plasmid, X5 =control plant 

Soybean 
Transgenics with the RLK at Rfs2/rhg1 



Transgene root Stunting by rhg1/Rfs2 

  Gene  -      +   +   -   

    6.4     3.2  4.6   6.3     (g)
   -   

  Fusarium  -    -         +         +      103cfu   



RLK transgene leaf scorch reduction by 
rhg1/Rfs2 14 dai 

  Gene  -      +   +   -   

    DS     2.0  0         1               3   
 -   

  Fusarium  +    +         +         +          104 cfu   
  Cultivar     x5        x5RLK         EF23         EF85 



Proof in stable soybean transgenics the 
10 kbp rhg1/Rfs2 subclone – 21 dai 

  Gene      +             -   

    DS        3.0           1.0    

  Fusarium    +          +  

  Cultivar   x5         x5RLK   104 cfu  



RLK transgene leaf scorch reduction by 
rhg1/Rfs2 – 21 dai 

  Gene  -      +   -   +   

    DS     3.0       1.5            3.0         1.0  
  -   

  Fusarium  +    +         +         +  

  Cultivar     EF85     EF23          x5        x5RLK 104 cfu  



RLK transgene root rot reduction by 
rhg1/Rfs2 at 28 dai 

  Gene       +   -   -   

    Root Rot  score   1.0            4.0      3.0    

  Fusarium     +         +         +  

  Cultivar       x5RLK         x5               x5  104 cfu  

CFUs from 
ground 
roots 



Proof in stable soybean transgenics the 
10 kbp rhg1/Rfs2 subclone – 28 dai 

RLK transgene            -             +   

      DS         4.0           1.0   
   

  Fusarium  104 cfu   +              +   

  Cultivar             x5                x5RLK   



Proof in stable soybean transgenics the 
10 kbp rhg1/Rfs2 subclone – 56 dai 

RLK transgene            -             +   

      DS         4.0           1.0   
   

  Fusarium  104 cfu   +              +   

  Cultivar             x5                x5RLK   



Run 2 of Proof in stable soybean transgenics the 
10 kbp rhg1/Rfs2 subclone – 28 dai 

RLK transgene            -            -    +   

      DS               4.0         2.5          1.5  
   

  Fusarium  104 cfu    

  Cultivar             x5         F2-3     F2-2RLK   

  Cultivar             x5RLK    F2-1      x5   
RLK transgene            +            +            -   

      DS               3.0         2.5          5.5  
   



Run 2 RLK transgene leaf scorch 
reduction by rhg1/Rfs2 – 56 dai 

  Gene  +           +           -    +         -              -

    DS      2.0        2.5      7.0      3.5            7.0         9.0
   -   

  Fusarium  +       +         +  +             +            +
  Cultivar     F2-1     F2-2     F2-3  x5RLK      x5          x5  



Run 2 RLK transgene leaf scorch 
reduction by rhg1/Rfs2 – 56 dai 

  Gene  +    -   +  +         -              -

    DS      2.5        7.0      2.0      3.5            7.0      9.0
    

  Fusarium                   

  Cultivar     F2-2     F2-3     F2-1  x5RLK      x5          x5  

    RR      1.0        4.0      2.5      2.0            4.5      3.0
   



Run 2 RLK transgene leaf scorch 
reduction by rhg1/Rfs2 – 56 dai 

  Gene  +    -   -  +         -              -

    DS      2.5        7.0      3.0      3.5            7.0      9.0
    

  Fusarium  +   +         +       +             +
  Cultivar     F2-2     F2-3     F2-1  x5RLK      x5          x5  

    RR      1.0        4.0      2.5      2.0            4.5      3.0
   



Run 2 of Proof in stable soybean transgenics the 
10 kbp rhg1/Rfs2 subclone – 28 dai 

RLK transgene            -            -    +   

      DS               4.0           1.5   
   

  Fusarium  104 cfu   +       +              +   

  Cultivar             x5        x5         x5RLK   



Run 2 of Proof in stable soybean transgenics the 
10 kbp rhg1/Rfs2 subclone – 56 dai 

RLK transgene            -             +   

      DS               8.0           2.5   
   

  Fusarium  104 cfu   +              +   

  Cultivar             x5                x5RLK   



Run 3 of Proof in stable soybean transgenics the 
10 kbp rhg1/Rfs2 subclone – 28 dai 

RLK transgene            -             +   

      DS               5.0           2.5   
   

  Fusarium  104 cfu   +              +   
  Cultivar             x5                x5RLK   

  SCN eggs  103    +              +   



THE RLK at RHG1 integrates signals to regulate appropriate root development  
and growth or giant cell death and no root growth. 

Tracheary 

Elements 
30 d 

15d 

10 d 

1-3 d 

Rhg1/Rfs2 

rhg1 
HgCLE 
Or GmCLE 

Wormex 
Fusarout 

Laccase 
Antiporter 
Importin  
Proteasome 

Cyclophilin,  
Gm CLEs 
MetSynase 

SCN 

SDS 





Figure 7: THE RLK at Rfs2/rhg1 may integrate signals to regulate FRR infection 
or growth, root development  and SCN induced giant cell death. 
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Conclusions 

•  SDS001 on D2 was  in a region causing SCN resistance, in 
repulsion with race 14 resistance  in PxD in the patent from 
2000. 

•  A patent for the greenhouse assay most commonly used issued 
on Oct 30, 2007 

•  Fine Maps of Rfs1 and Rfs2 loci have provided gene candidates 
(rhg1/Rfs2 transgenics disclosed for the first time at SBW). 

•  Laccase may be part of  rhg1/Rfs2, but the enzymes substrate 
remains unknown. 

•  The RLK has been proven to be part of Rfs2 reducing leaf scorch 
by reducing root infection. 

•  Proteins and Metabolites useful as biomarkers of the LG G effect 
exist. 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Candidate Genes for Rfs1 on B30M24 

Gene Name   Coordinates (bp)   Patent/GenBank# 



Triparental Mating Schema 

pCLD04541::soy 

tra
+ 

Disarmed Ti Plasmid: pTiBo542  
  Transconjugate formation 10-3-10-4 

pTiBo542 

KmR TetR TetR & RifR 



Fusarium Effects on Arabidopsis and 
Soybean 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Root resistance to Fusarium 

 minus   plus           minus       plus   minus         Fusarium 

Rfs1 on B30M24             Rhg1/Rfs2 on 73P0          Rhg1/Rfs2 on 73P06  



Run 2 RLK transgene leaf scorch 
reduction by rhg1/Rfs2 – 56 dai 

  Gene  +    -   +  +         -              -

    DS      7.0        2.5      2.0      3.5            7.0      9.0
    

  Fusarium  +   +         +       +             +
  Cultivar     F2-3     F2-2     F2-1  x5RLK      x5          x5  

    RR      1.0        4.0      4.5      2.5            4.5      3.0
   


