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Single Gene Resistance

Four resistant genes to the fungus
Phakopsora pachyrhizi identified
between 1980 and 1986

Identified with foreign isolates from India,
Australia, Philippines, and Taiwan

Single dominant genes
Rppl, Rpp2, Rpp3, and Rpp4
Requires Biosafety Level 3 containment

USDA-ARS Foreign Disease-Weed Science
Research Unit at Ft. Detrick, Frederick, MD

USDA



Mapping Rppl

Williams 82 isoline of Rppl
available

Found candidate regions
with molecular markers

Phenotyped and genotyped

a segregating population
Rppl mapped to linkage
group G near Sct_187

Williams 82 Williams 82
Hyten et al. 2006, Crop Sci. 47:837-840 Isoline _
Resistant Susceptible
LJ_SDA



Additional Mapped Rust Single

Gene Resistance

Rpp?(Hyuuga)
Linkage group (LG) C2
Satt460 — Sat_263. (Monteros et al. 2006, Crop Sci. 829-
836)

Rpp2
LG J

Sat 255 — Satt620 (Abdelnoor et al. 2007, Plant and
Animal Genomes XV Conf, poster 413)

Rpp4
Hexe

Satt288 — Satt191, 30cM from Rppl (Abdelnoor et al.
2007, Plant and Animal Genomes XV Conf, poster 413)

USDA



Outline

Bulk Segregate Analysis using
GoldenGate assay

Confirmation of Rpp4

Rpp3
Genotype population with SSR markers in
candidate regions

Fine map using soybean genome
sequence

Rppl and Rpp3

USDA
USDA



Bulked Segregate Analysis

Rpp4 isoline L87-0482 was segregating for
resistance

Planted 50 individual plants from isoline

Isolated DNA then tested plants for rust
resistance

20 red brown (resistant)
19 tan (susceptible)

Created two resistance and susceptible
bulks for isoline

Tested bulks using GoldenGate assay on
SoyOPA-2

USDA
USDA



lllumina Beadstation 500

Custom genotypes:
96-1,536 SNPs

Total # DNA samples:
96-192 after 3 days

Currently have tested
a 384 SNP array
(SoyOPA-1), and two
1536 SNP array

( and 3)

Designed a universal 1,536 linkage panel by
usba selecting the best SNPs from previous arrays
—_—




Sentrix® Array Matrix
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Linkage Group G

Confirmation of Rpp4

{BARC-012683-00361 BARC-024489-04936

I11

|- BARC-017185-02246
- BARC-055139-13077
\- Satt288

BARC-054359-12524
| BARC-019001-03049

1~ BARC-018441-03188

BARC-048761-10703

BARC-016867-02359 BARC-015471-01977
T005_2

BARC-054243-12386
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- Satt612
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- A885_1
BARC-026013-05225
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Mapping of Rpp3
110 F,.;lines from Williams 82 x Pl 462312

Screened for resistance with at Ft. Detrick, MD with
India 73-1 isolate.

Created one
resistance and
susceptible
bulk

Tested bulks
using
GoldenGate
assay on
SoyOPA-2

USDA
= |




BSA position of Rpp3

Linkage Group C2

TOtaI Of 27 SNPS 96.4 BARC-044133-08626
pOS|tlve for Rpp3 97.6 Sat 402 <r—

101.7 BARC-055889-13824

105.3 Satt365 Gr——
fro I I l B SA 105.7 BARC-031099-06997

BARC-040475-07751

AII mapped to LG C2 107.3 BARC-023195-03823

108.1 Sat_25] @———

108.2 BARC-020521-04650
between Sat 402-

— BARC-023211-03827

111.4 BARC-024667-05518 5
Satt 202 BARC 02473005617 [ RPP?(Hyuuga)

111.5 Sat 263

115.4 BARC-053603-11920

Genotyped 10 plants  EesypNsrb mm—
from each of the 110

F,.o families with
SSR markers

LS[DA BARC-042781-08406
=




Map Position of Rpp3

Linkage Group C2

Rpp3 Mapping
Pop.

Sat_402 (0)

Consensus

Map

— BARC-044133-08626 (96.43)

Sat_402 (97.565)

BARC-055889-13824 (101.668)

Satt365 (9.2)

Satt489 (12.4)
Sat_251 (14.7)

Satt460 (19.4) ~

- RPP3 (19.9) =

Sat_263 (20.8) /7

Satt316 (40)

Satt202 (45.1)

/ Satt365 (105.338)
/- BARC-031099-06997 (105.728)
ABARC-040475-07751 (107.166) Satt489 (107.245)
N\ BARC-023195-03823 (107.348)
§Sat_251 (108.106)

BARC-020521-04650 (108.236)

Satt460 (111.194)
BARC-023211-03827 (111.367) BARC-024667-05518 (111.367)
—\IBARC-024739-05617 (111.367) Rpp?(Hyuuga)

Sat_263 (111.516)

kBAR C-053603-11920 (115.439)
\Satt202 (118.099)
Satt316 (119.639)

* Rpp?(Hyuuga) and Rpp3
map to same interval

eSame gene

Alleles of same gene

BARC-042781-08406 (139.352) *Tightly linked genes
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Fine Mapping of Rppl
LG G
Screened 1,091 F, plants for
recombinants between
Sct 187 and Sat 372

76 1dentified and screened
for rust resistance at Ft.
Detrick

Sct_187

USDA




DOE-JGI Shotgun Sequence of
Willlams 82

Scaffold 21 of th_e JGI Scaffold 21
S eq uence con tal ns BARC-031 12?—%6332 28322‘22
Rppl mapped tO a 150 BARC-044363-08678 8063690
kb region

o BARC-030123-06813 8154374
3 SNPs located in Rppl sat. 064 - g188763
region

91kb gap remains

Designed 48 primer
pairs distributed in
region for screening 76
recombinants

16 recombinants
between Sct_187 and
Rppl phenotype
USDA
_ Sat 372 8673265




Rpp3 Genomic Location
Located on JGI scaffold 60

Gene positioned in 897 kb sl Gap (kb)
gap BARC-024667-05515

. . BARC-023441-05388 103
Identified 7 recombinant BARC-023277-05311

BARC-060993-16994 36

plants between Satt460 and 111
Sat_263 BARC-021189-03998
Identify which gap Rpp3is
located

Design additional primers

Screen for additional
recombinants Satt079

LISDA
= Sat_263




Known Resistance Genes

Source Gene Ll E0E Location Comment
Group
P1 084674 QTL Al Sat_137 Slow rusting
Pl 462312 Rpp3 C2 Satt460 Mapped to 900 kb
Hyuuga Rpp?(Hyuuga) C2 Satt460 Same gg;i;ion as
PI578457 a | Single Gene c2 Satt460 Same gg;gion as
Pl 459025 b Rpp4 € Satt288 30cM from Rppl
P1 200492 Rppl G Sct_187 Mapped to 150 kb
PI 594538 a | Single Gene G Sct_187 RS EIHERN
strains than Rppl
Pl 084674 QTL H Sat_218 Slow Rusting
Pl 230970 Rpp2 J Not confirmed
Pl 084674 QTL K Satt628 Slow Rusting




Future Directions

Continue to fine map Rppl and Rpp3 to
determine gene responsible for resistance
May lead to solutions for more durable resistance

Use the universal 1536 soybean linkage
panel 1.0 for BSA and QTL mapping for new
rust resistance genes

Reduces cost of marker analysis and will have
sufficient number of polymorphic markers for
gene discovery

Maps populations in 3 days

USDA
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Perry Cregan, USDA-ARS, Beltsville, MD

Reid Frederick and JoAnn Bowers, USDA-ARS, Frederick,
MD

Rusty Smith, USDA-ARS, Stoneville, MS

Brian Diers, University of lllinois

Glen Hartman and Randy Nelson, USDA-ARS, Urbana, IL
Michelle Graham and Randy Shoemaker, USDA-ARS,
Ames, |IA

DOE-Joint Genome Institute for providing the soybean
genome seguence.
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