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



THE YIELD EFFECT OF SDX™
SHOWING THE EFFECT OF MIXES
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QTL on D in PxD (from 1996) was D2

found in FxH and RxS

U.S. Patent

a2y United States Patent
Lightfoot et al.

Oct. 9, 2001

Sheet 5 of 23

US 6,300,541 B1

US006300541B1

(10) Patent No.:
5) Date of Patent:

US 6,300,541 B1

Oct. 9, 2001
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TABLE 12

Intervals most likely to conlain the

SDS QTL trom Pyramid that show significant associations
with mean SDS disease index across five locations.

Link- MEAN DI
age for RILs with
DNA group QTL alleles from
Marker ¥ R? P>F LODi  var§ Douglas Pyramid
B1t65 A2 016 0.009 2.0 16.0 534 x 376 =
15 14
A8SH A2 011 0.0099 2.0 9.1 523+ 41.7=
12 10
OG0 4 D 0.14  0.0051 2.9 143 516 311 =
13 10
SZ19 D 0.01 0.006 20 111 517+ 335«
12 10
SATT38 G 0.7 0.0005 3.8 170 517+ 313=
12 10
SATT309 G 024 0.0001 4.4 250 555+ 205 =
12 10
OD04,. G 0.09  0.0097 1.0 10.0 520z 39«
12 132
‘ rw Satt163 n 0
Satt038_1 18
Satt275 2.2
TMD1 4
Satt309 4.5
e R
Satt570 127
Satt130 231 ‘
Sat_131 313
42.4 Satt324 332
BOSLO1 35
D Satt115 G 438
C Satt566 49.9
68.7 Satt352 50.5
2 2 Satt427 517
Satt514 85.7 Satt594 529
Satt528 86.3
093 Satt0s2 87.2 Satt564 573
Satt574 87.7
Satt543 88.1
Satt4ss 89.2
101 Sat_001 92.1 B30012 7
1078 Satt301 937
s Satt191 96.6
1962 Sat_86 187
End u1168
End U133.9
157.9



Due Diligence And the Patent
Landscape

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.

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
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Root and Leaf Diseases Differ

R =0.365

0 10 20 30 40 50 60 70
SDSDX (%)

Figure 1: Correlation between leaf scorch measured as mean disease index at the R6 and root
infection measured as infection severity at the R8. Among the metrics used to measure leaf anc
root SDS these two showed the closest correlation. The data was from different years. Only lines

with IS scores are shown. The correlation was significant P<0.05 with 49 df.



SDS PATHOGEN CAUSES ROOT DISEASE IN ALL PLANTS TESTED
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THE INTERMEDIATE EFFECT OF
MIXES SHOWS THER IS NO "ROOT
ZONE PROTECTANT FACTOR®
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NILs of LG G (Chr 18) for QTL Confirmation, Fine

Mapping and Proteomics
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SDS Proteomics
RvS NILs Uninfested

Protein

Accno Mowse No of Exp pl, mol Fold difference
score/ peptides wt/ theor
P<0.05 matched pl, mol wt

Glucose 6-phosphate
isomerase

Isoflavone reductase

21256302 142/51 6 5.3, 60 3.224+0.25"
kDa/
5.5, 67

6573171  88/52 2 6.1,30 kDa/ 3.04+0.56*

5.6,34%




Genotypes Compared

Glucose
Sorbose
Mannose major
Galactose
Fructose
Maltose
Trehalose

Phenylalanine
Aspartic acid
Alanine
Valine
Leucine
Isoleucine
Glycine
Glutamate
Lysine

SDS Metabolomics
RvS NILs Uninfested

R/S

1.00
2.32
1.36
1.08

Glucaric acid

Fumaric acid-like

Malonic acid

Glyceric acid (ox. glycerol)
Ribonic acid (deC. ribose)
Citric acid

Fumaric Acid

Agmatine (polyamine precursor)
Inositol

Myo-inositol

Aminovaleric acid (deC valine)
3-Hydroxypyruvic acid (de-NH ser)
yCHO 854.975

yCHO 556.425
Gamma-amino-N-butyric acid (deCglu)
Oxoproline

R/S

0.67
2.71
1.24
1.44
0.59
0.70
1.37

1.01
1.31
0.53
0.57
1.26
0.29

0.73
1.35



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

10kB
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Soybean
Transgenics with the RLK at Rfs2/rhg1

PCR from leaf samples

6B3-7D2(1) with TMD1 primers
12 3 456 7 8M 910 111213M 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



Transgene root Stunting by rhg1/Rfs2

Fusarium - - + 103cfu

Gene - +

6.4 32 46 63 ()



RLK transgene leaf scorch reduction by

rhgl/Rfs2 14 dai

Cultivar x5 x5RLK EF23 EF85
Fusarium + + + + 104 cfu
Gene - + + -
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Proof in stable soybean transgenics the
10 kbp rhg1/Rfs2 subclone — 21 dai

Cultivar x5 x5RLK 104 cfu
Fusarium + +
Gene +

DS 3.0 1.0



RLK transgene leaf scorch reduction by

rhgl/Rfs2 — 21 dai
Cultivar EF85 EF23 x5 x5RLK 104 cfu
Fusarium + + + +




RLK transgene root rot reduction by

rhgl/Rfs2 at 28 dai
Cultivar X5RLK x5 x5 104 cfu
Fusarium + + +

Gene

CFUs from
ground
roots

Root Rot score 1.0 4.0 3.0



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

Cultivar x5 x5RLK
Fusarium 104cfu + +
RLK transgene - +




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

Cultivar x5 x5RLK
Fusarium 104cfu + +

RLK transgene




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

Fusarium 104 cfu

DS 4.0 2.5 1.5
Cultivar X5 F2-3 F2-2RLK
- +

RLK transgene -

Cultivar x5RLK F2-1 x5
RLK transgene + + -
DS 3.0 2.5 5.5



Run 2 RLK transgene leaf scorch
reduction by rhgl/Rst 56 dai

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

Gene + + - + - -




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

Fusarium

Cultivar F2-2 F2-3 F2-1 x5RLK x5 X5
Gene + - + + - -

RR 1.0 4.0 2.5 2.0 45 3.0
DS 2.5 7.0 20 3.5 7.0 9.0



Run 2 RLK transgene leaf scorch
reduction by rhgl/Rst 56 dai

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

Gene + - - + - -

DS 2.5 7.0 3.0 3.5 7.0 9.0
RR 1.0 4.0 2.5 2.0 45 3.0



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

Cultivar x5 x5 x5RLK
Fusarium 104cfu + + +

RLK transgene




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

Cultivar x5 x5RLK
Fusarium 104 cfu + +
RLK transgene

DS 8.0 2.5



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

Cultivar X5 xS5RLK
Fusarium 10%cfu + +
SCN eggs 103 + +
RLK transgene

DS



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

rhg1/Rfs2
Cultivar x5RLK x5
SCNIP 60+11 100+13

RLK Gene + -

No
chlorosis

Nonspecific
chlorosis




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 rhgl/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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The rhgl/Rfs2 Locus Encompassed Laccase and 4 Other Genes
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Candidate Genes for Rfs1 on B30M24

Gene Name Coordinates (bp)

EST Rust induced
OI03
Phospholipase C

EST SALICYLIC ACID

Patent/GenBank#

end rhgl sequence Overlap 300001 8161 US 7154021 EAQ048112
329510 30205 EH260569
337163 37695 US 6300541 SIU patent
341927 45507 AM269882
356505 57569 CD416083
O-acetylserine (thiol)lyvase 358232 8389 FEF535995
384118 85905

BASF stress R protein

WO02006032707 CS486130




Triparental Mating Schema
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Plant mean weight (gram)
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Fusarium Effects on Arabidopsis and

Rfs1on B30M24
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Dose applied to
transformants
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D l'"! Inoculum was virulent on soybean

103 0* 108 108 '
Fv concentratlon (spore/ml)
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Root rot scoring from 1-9 does not correlate with leaf symptoms severity



Root resistance to Fusarium

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

minus plus minus plus minus Fusarium



Run 2 RLK transgene leaf scorch
reduction by rhgl/Rst 56 dai

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

Gene + - + + - -

RR 1.0 4.0 4.5 2.5 4.5 3.0

DS 7.0 2.5 20 3.5 7.0 9.0



