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Wiesel et al., (2015) [adapted from Jones and Dangl 2006]  

INDUCIBLE RESISTANCES IN PLANTS  
POTATO – LATE BLIGHT 



ENRICHMENT AND SEQUENCING TO REDUCE  
GENOME COMPLEXITY 

GenSeq: 1980 low copy number 
genes including 1163 COS markers  
19,137 probes (120 nt) 

RenSeq: 755+ NB-LRR genes from 
Potato, Tomato and Pepper  
48.500 probes (120 nt) 

Rlp/kSeq: 1000+ RLP/RLK from 
potato including  40 cultivars  
55.970 probes (120 nt)     

PathSeq: P. infestans, P. capsici, 
Albugo, Hpa, … 



RESISTANCE GENE ENRICHMENT AND SEQUENCING  
[RENSEQ] 

 NB-LRR gene annotation 

 

 Diagnostic tool 

 

 Mapping of resistances 

 

 Identifying candidate genes 



S. tuberosum Group Phureja DM, NB-LRR genes

0013098
2018257
0018256

1026043

4026043

0025259

0006296

2006288

0013165

0016808

2020874
0020872

0016372
1022784
0022785
0019970

0003104

1020721

0020722

0018216

0018213

0002799

0006316
0006800
0006785
0006769

0024055

0022699

chr01

0008306
0021169

0021477
0021469
0011809

0013090

0013091

0019900

0003527

0013627

0008292
0021098

0012650

0012918
0013094
0013095

chr02

0043400

0024337

0005052
0005046

0013407

chr03

0010612
0010613
1010614

0043376

0030044

0030045

0024231

0002947

0020935

0019741

0019740
0016029
0032572
0032576
0006533
0006531
0029505
0029504
0006003
0005577

0007999

0010527

1016933

0002217
0024234
0002960
0019732
0041458
0037159
0023645
0023656
2032547
0032578
0032580
0032581
0032582
0032584
0011517
0011520
0011521
1011522
0011523
0011524
0011525
1011526
0011527
0011528
0011529
0029462
0029460
0029457
0029506
0029453
0005970
3015877
1015877
0015872
0002820

chr04

0043650

0021779

0018619
0013486
0013490
1022603
0025615
0018442
0018441
0018429
0018428
0030497
0030498
0025099

0008449

0003353

0046201
0002357

0013506
1013522

0025611

0023062

0003380

0025545

0000816

0000815

0000813

0028339

chr05

0026104
0004874
0004873
0033131
0033151
0033153
0005170
0005172
0005173
0005174
0031318
2031319

0023253
0023250
0023249
0029220
0020749
0020741
0020740
0020736
0020735
0020732
0031878
0021986
0021987
0010895
0025512
0025511

0010965

0016656

0002426

0002427

2002428

1012062

0009686

1005337

0005335

0020851

chr06

0017317

0026187

2017416

2029961

0026161

0001081

2000927

0013543

0024203
0024202
0022989
1030700

0038020

0011193

chr07

0004756

0009324

2030883

0029590
0029606
0029588
0029605
0029586
0042937

0013721

0018490
0002278
0002277
0002276
0002275

0017063

0017062

0017061

0017060

0009307

0009327

2009305

1009305

0030856

0030855

0007385

0018464
0018463
0018462
0018461
0012472
0012471
0012470
0012466
0002271

chr08

0006576
0006581
0011898
1011899
0011900
0011906
0011907
0016628
0016599
0016600
0016601
2016602
0020580
1020581
0020584

0017666

0033651

0042556

0006573
0006572
0006570
0031521
4026432
2026432
1026432
0026433
0007743
0024363
0024365
0024366
3020585
0020586
2020585
0020587
1020585
0017146

0010287

0018954

0018907

0004413

0008588

0043186

0001756

chr09

0008596

0008595
0011045

2008383

0008393

0008394

0011425

0026666

0019418

1019148

0011109

0011111

0011112

0011114

0011115

2011117

1008349

1011427

2011427

0016823

0014047

0008257

0025683

0021863
0021862
0021861

chr10

2030235
1030236
2030236
0030238
0030239
2027371
0027377
2027402
0002980
0003020
0002982
0019627
0007344
2029995
0006674

0027797

2001979

0001981

0001982

0001983

1001984

0044423

0015693

1015682

0015681

0027407

0027409

1018696

0018693

2018576

1018576

0018573

0018572

0018570

3019668

0019669

0009455

0031185

0000888

0000889

0015128

0001989

0001990

0001992

0001993

0001996

0027325
3016981

0016983

2016981

1016981

3016979

2016979

0013308

chr11

2004578
0004579
0029415
0029405
2029345
1029345
0029344

1007575

0018903
0034825
0024273
0004296
0004303
0004295
0013889
0013904
0013891
0002920
2002917
1007871
0007872
2007871
0007870
0007869
0007867

0029314
0029313
0045101

2002242

1002242

0027867

0013736

chr12

 Jupe et al., (2012) BMC genomics  13:75 

 Jupe et al., (2013) The Plant Journal 

 
Only 0.24% of potato genome encodes for NB-LRRs 
         

IDENTIFYING NB-LRR GENES IN DM 



RENSEQ IN DM –  
IMPROVING THE NB-LRR GENE ANNOTATION 

Gene ‘sparse’ region chromosome 2: discovery of six NRG1 homologues 

R3 locus on chromosome 11: high read depth identifies six new NB-LRRs 

Read depth 

Previously identified R genes 

39.9MB 40.04MB 

65.62MB 65.7MB 

Read depth 

Newly identified R genes Non-R genes Non-R genes 

Newly identified R genes 

 Jupe et al., (2013) The Plant Journal 



RenSeq aided the identification of 331 additional NB-LRR genes 
755 NB-LRRs in potato (DM) 

704 have been mapped 
 

50% of all RenSeq reads map to NB-LRRs  
(250+ fold enrichment compared to 0.24% expect value) 

 
~80% identity sufficient between bait (120 nt) and target 

 Jupe et al., (2013) The Plant Journal 

RENSEQ IN DM –  
IMPROVING THE NB-LRR GENE ANNOTATION 



Van Weymers et al., (2016) Frontiers in Plant Science 
 

RENSEQ –  
A DIAGNOSTIC TOOL TO PRIORITISE NOVEL RESISTANCES 

WITIN GERMPLASM COLLECTIONS (CPC) 

Species Accessions Blight Known Rpi gene 

S. okadae 

3761 Susceptible 

3762 Resistance Rpi_vnt1.1 

7129 Resistance ? 

7625 Resistance ? 

7629 Resistance ? 

7775 Susceptible 



Van Weymers et al., (2016) Frontiers in Plant Science 

3762 - MAPPING AGAINST 755 NB-LRRS FROM DM 
5% MISMATCH RATE OVERCOMES SPECIES DIFFERENCE  
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HIGH STRINGENCY MAPPING (0.5 OR 1% MM)  
AGAINST REFERENCE SET OF 12 KNOW FUNCTIONAL NB-LRR 

R1 R2 R2−like R3a

R3b Rpi−abpt Rpi−blb1 Rpi−blb2

Rpi−blb3 Rpi−pta1 Rpi−sto1 Rpi−vnt1.1
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Van Weymers et al., (2016) Frontiers in Plant Science 

3762 3761 

3762 x 3761 R bulk 3762 x 3761 S bulk 

R1 R2 R2-l R3a 

R3b Rpi-abpt Rpi-blb1 Rpi-blb2 

Rpi-blb3 Rpi-pta1 Rpi-sto1 Rpi-vnt1 

R1 R2 R2-l R3a 

R3b Rpi-abpt Rpi-blb1 Rpi-blb2 

Rpi-blb3 Rpi-pta1 Rpi-sto1 Rpi-vnt1 

R1 R2 R2-l R3a 

R3b Rpi-abpt Rpi-blb1 Rpi-blb2 

Rpi-blb3 Rpi-pta1 Rpi-sto1 Rpi-vnt1 

R1 R2 R2-l R3a 

R3b Rpi-abpt Rpi-blb1 Rpi-blb2 

Rpi-blb3 Rpi-pta1 Rpi-sto1 Rpi-vnt1 

 
 

 S. okadae 7129 and 7625 also contain Rpi_vnt1.1 (allele mining and dRenSeq) 
 

 dRenSeq to prioritise novel resistance in the CPC 
 

 RenSeq reads are subsequently used for mapping novel resistance 
 

 Tool for R gene stacking 
 
 



F1 Parent susceptible 
(homozygous: S/S) 

Bulked susceptible 
(homozygous: S/S) 

S S 

R RS RS 

S SS SS 

BULKED SEGREGANT RENSEQ ANALYSIS 
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Bulk resistant  
(heterozygous: R/S) 

Diploid populations (S. berthaultii, S. okadae; S. verrucosum) 



DM-BASED RENSEQ MAPPING AND SNP FILTERING 
EXAMPLE LATE BLIGHT RESISTANCE GENE ON LG9 
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GENSEQ, RENSEQ AND RLP/RLKSEQ MAPPING OF VARIOUS 
RESISTANCE TRAITS 2015 - 2016 

S. tuberosum Group Phureja DM, NB-LRR genes
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S S 

R RS RS 

R RS RS 

SS 

RR 

F1 

Parent resistant 
(homozygous: R/R) 

Bulked resistant 
(heterozygous: R/S) 

Bulked susceptible 
(homozygous: S/S) 

SNP discovery plus 
Presence/Absence variation 

Giolai et al., 2016 (accepted for publication in Biotechniques) 

PACBIO RENSEQ-BASED R-PARENT REFERENCE FOR 
CANDIDATE DISCOVERY 



PATHSEQ 

 1162 P. infestans and P. capsici genes with a signal 

peptide [gene space ~0.83 MB] 

 

 P. capsici: 

 509 RXLRs 

 65 CRNs 

 

 P. infestans:  

 457 RXLR from T30-4 reference isolate 

 6 novel RXLR from 3928A 

 125 additional genes [e.g. drug targets] 

Species strain 
P. infestans Blue13 

P. infestans 88069 

P. infestans T30-4 

P. infestans US23 

P. infestans US24 

P. infestans EC1 

P. capsici LT123 

P. capsici Pc204 

P. capsici LT1534 

P. capsici LT6535 

P. capsici Y006 

P. capsici Q108 



PATHSEQ – COVERAGE OF T30-4 TARGET GENES 

 
On-target rate only about 10% 

 
1500+ putative SP-RXLR containing genes identified 
         

Thiellez et al., (in preparation) 
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PATHSEQ – AVR GENE DIVERSITY  
PITG_07387 

Avr4 
PITG_08943 

Avr2 
PITG_11484 

Avr10 

PITG_14371 
Avr3a 

PITG_18215 
Avr3b 

PITG_16294 
Avr_vnt1 

PITG_16663 
Avr1 

PITG_20300 
Avr_blb2 

PITG_21388 
Avr_blb1 

Gaetan Thiellez 

 Molecular diagnostic tool 

 Effectiveness of deployed NB-LRRs 

 Effectiveness of chemical controls 

 

 Molecular tool to study diversity 

 Within genotypes 

 Between genotypes 

 Newly emerging isolates 
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