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• Consumed by a billion people worldwide

• Global potato production exceeds 300 million metric tons

• Diseases can have major global impact: Late blight - Famine in the late 1840s

• PCN: threatens the seed potato industry

• More than 25% of the potato crop is lost to disease

POTATO IS THE MOST IMPORTANT NON-CEREAL FOOD CROP



FUNCTIONAL NB-LRR RESISTANCE GENES

CONTROL DIVERSE PATHOGENS

CC/TIR NB L R R

RecognitionRegulationSignalling

Effective against diverse and taxonomically unrelated pathogens

• Bacteria

• Viruses

• Nematodes

• Insects

• Filamentous fungi

• Oomycetes (including field resistances; Rui et al., 2018 JXB)

Wang et al., (2019)  Science 6435 – ZAR1 with  RKS1



RENSEQ : RESEARCH AND BREEDING TOOL
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DRENSEQ AND RENSEQ-BASED ANALYSIS OF WILD SPECIES
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DIAGNOSTIC RENSEQ (DRENSEQ) TO TRACK NLRS IN VARIETIES

AND WILD SPECIES

RenSeq
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10 11 12

Armstrong and Vossen et al., (2019) Plant Biotechnology Journal



• Commonwealth Potato Collection (CPC)

• started in 1938 & 1939 with collecting expeditions to 
Mexico and South America

• now ~1500 accessions, >80 species (1/3 cultivated 
landraces)

• Maintained as true seeds on a 20 year (+) rotation

• Annually 60-80 accessions are rejuvenated

IDENTIFYING NOVEL SOURCES OF RESISTANCES

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



RENSEQ DATA - WILD SPECIES

Illumina RenSeq:

• ~ 150 diploid accession from the CPC 

• ~ 80 accession from the International Potato Centre (CIP)

PacBio RenSeq:

• ~ 96 diploid accession from the CPC 

• Phenotypic evaluation for blight in 2021

• Phenotypic evaluation for nematode and PVY resistance in 
2022

➢ Can we identify new resistances?



Resistant plant
(Wild species or cultivar)

Novel resistance

Resistance based on previously characterized gene

dRenSeq

Resistant parent

Susceptible parent

Resistant bulk

Susceptible bulk

x Susceptible  plant

BSA/RenSeq

DRENSEQ WORKFLOW TO PRIORITISE NOVEL RESISTANCES

Segregating Population



IDENTIFYING NOVEL SOURCES OF RESISTANCES

Brian Harrower, Amanpreet Kaur

12 Solanum bulbocastanum accessions from the Commonwealth Potato Collection

susceptible



DRENSEQ IDENTIFIES TWO NOVEL RESISTANCES IN

7641 AND 7650

Sophie Mantelin, Miles Armstrong

Rpi-blb1 Rpi-blb1-like Rpi-blb1-like

Rpi-blb1
&

Rpi-blb2

Rpi-blb1-like
Rpi-blb1-like

&
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Rpi-blb1-like Rpi-blb1
susceptible

Rpi-bt1



BULKED SEGREGANT ANALYSIS TO MAP RESISTANCE:
S. BULBOCASTANUM 7650 X S. MICHOACANUM

Lie Jie and Kaur et al., in preparation

R2 cluster R3 cluster



Lie Jie and Kaur et al., in preparation

BULKED SEGREGANT ANALYSIS TO MAP RESISTANCE:
S. BULBOCASTANUM 7650 X S. MICHOACANUM



RENSEQ: STUDYING NLR DEPLOYMENT IN CULTIVARS

➢ RenSeq of 275 varieties (Illumina)

➢ RenSeq of 97 breeding clones (Illumina)

➢ RenSeq of 10 varieties (PacBio)
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HISTORICAL PATTERN OF NLR DEPLOYMENT IN UK CULTIVARS
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Major GB cultivars

Armstrong et al., in preparation BB/S015663/1

Breeding for disease resistance



RENSEQ DATA FOR VARIETIES/BREEDING CLONES

Geographical Deployment of NLRsHistorical Deployment of NLRs

CAU



DISTRIBUTION OF FUNCTIONAL NLRS IN VARIETIES AND

BREEDING CLONES



RENSEQ: INFORMATIVE MARKERS FOR BREEDING
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CONVERTING RENSEQ-READS INTO INFORMATIVE AND HIGHLY TRANSFERABLE

MARKERS

Xinwei Chen, Micha Bayer, Tom Adams



INFORMATIVE AND HIGHLY TRANSFERABLE MARKERS INFORM

COPY NUMBERS

CV (2x)

CV (1X)

CV (0x)

Markers:

➢ R8

➢ R9a

➢ Rpi-blb2

➢ Rpi-vnt1

➢ Gpa2

➢ Rx

➢ R2

➢ R3a

➢ R3b

New markers:

➢ Ry(sto)

➢ H1

➢ Gpa5 (dev)

Xinwei Chen, Micha Bayer, Tom Adams
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AGRENSEQ : ASSOCIATION STUDIES FOR MULTIPLE RESISTANCES AND DIFFERENT

PATHOGENS

AgRenSeq



(Arora, S., Steuernagel, B., … & Wulff, B.B.H.; 2019) 

Takes advantage of our existing RenSeq data and the recombination during breeding

AGRENSEQ : K-MER BASED ASSOCIATION GENETICS



BG Contig Identity Mismatch Gap E Matched length Length of BG % Coverage of BG

R2-like scf7180000022945 100 0 0 0 1306 2545 51

BG: Benchmark gene

Score=30

Assembled NLRs based on Illumina reads from cv. Innovator
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AGRENSEQ : R2-LIKE PROOF OF CONCEPT WITH ILLUMINA-BASED REFERENCE

FAILS TO IDENTIFY FULL-LENGTH R2-LIKE GENE

• Cultivar Innovator Illumina-based NLR representation

• Total number of varieties/breeding clones: 334

• Varieties containing R2-like: 43

• Varieties without R2-like: 291

• Associated contigs: 16



BG Contig Identity Mismatch Gap E Matched length Length of BG % Coverage of BG

R2-like tig00001243 100 0 0 0 2545 2545 100

Score: 20
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Assembled NLRs based on PacBio HiFi reads from cv. Innovator

tig00001243

• Cultivar Innovator PacBio-based NLR representation

• Total number of varieties/breeding clones: 334

• Varieties containing R2-like: 43

• Varieties without R2-like: 291

• Associated contigs: 18

SMRT-AGRENSEQ : R2-LIKE PROOF OF CONCEPT WITH PACBIO-BASED

REFERENCE IDENTIFIES FULL-LENGTH R2-LIKE GENE



GPA5 – NEMATODE RESISTANCE

• Potato Cyst Nematodes (PCN) arrived after the famine

• Globodera rostochiensis 

• Pathotype Ro1 is controlled by H1 

• Resistance derived from Solanum tuberosum ssp. 
Andigena; CPC accession 1673

• Globodera pallida

• Pathotypes Pa2/3, 1 are controlled by Gpa5

• Resistance derived from Solanum vernei ‘Innovator-
resistance’ G. pallida (white nematode) 

G. rostochiensis (golden nematode)

Photo by Ulrich Zunke; University of Hamburg; 



Assembled NLRs based on PacBio HiFi reads from cv. Innovator
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Score: 19

SMRT-AGRENSEQ IDENTIFIES CANDIDATE CONTIGS FOR THE ELUSIVE GENE GPA5

• Cultivar Innovator PacBio-based NLR representation

• Total number of varieties: 128

• Varieties with Gpa5: 24

• Varieties without Gpa5: 104

• Associated contigs: 14 

• Candidate NLRs: 9



tig00000339
Association score: 22
Number of k-mer: 81
tig00000981
Association score: 21
Number of k-mer: 287
tig00004379
Association score: 21
Number of k-mer: 883
tig00000914
Association score: 20
Number of k-mer: 621

tig00000061
Association score: 22
Number of k-mer: 3784
tig00000646
Association score: 21
Number of k-mer: 1122
tig00000835
Association score: 22
Number of k-mer: 1914
tig00000988
Association score: 22
Number of k-mer: 1747
tig00001254
Association score: 22
Number of k-mer: 853
tig00001945
Association score: 22
Number of k-mer: 699
tig00001841
Association score: 22
Number of k-mer: 469
tig00004340
Association score: 22
Number of k-mer: 235

tig00000058
Association score: 19
Number of k-mer: 5

tig00000741
Association score: 22
Number of k-mer: 566

GPA5 ASSOCIATED CONTIGS MAP TO POTATO LG 5



GPA5: DRENSEQ-BASED GRAPHICAL GENOTYPING IDENTIFIED 9 CANDIDATE NLRS

gene Potato.cyst.nematode.Pa2.3.1..Gpa5.tig00000061tig00000061_2tig00000061_3tig00001945tig00001945_2tig00001254tig00001841tig00004340tig00000835 tig00000339tig00000981tig00004379tig00000339_2tig00000339_3tig00000646tig00000914

King_Russet_HR03b HC+ Pa2/3:  9/9 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Ivetta_HR03b HC+ Pa2/3:  9/8 100 100 100 100 100 100 100 99.5217 100 100 100 100 100 100 43.5875 100

Alicante_HR03b HC+ Pa2/3:  9/6 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 54.3554

Karelia_HR03b HC+ Pa2/3:  8/8 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

05_Z_67_B2_HR03b HC+ 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

08_Z_9_B_33_HR03b HC+ 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

10_Z_33_A3_HR03b HC+ 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

10_Z_41_A1_HR03b HC+ 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

16_MC_158_A34_HR03b HC+ 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

16_MC_165_A4_HR03b HC+ 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

16_MC_173_A2_HR03b HC+ 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

16_MC_174_A108_HR03b HC+ 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

16_MC_175_A11_HR03b HC+ 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

16_MC_194_A3_HR03b HC+ 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

16_MC_195_A2_HR03b HC+ 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

16_MC_199_A9_HR03b HC+ 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

16_MC_200_A13_HR03b HC+ 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

16_MC_204_A3_HR03b HC+ 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

16_MC_219_A24_HR03b HC+ 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

16_MC_223_A1_HR03b HC+ 100 100 100 100 100 100 100 100 100 99.5035 100 100 99.0504 100 100 100

16_MC_229_A16_HR03b HC+ 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

16_MC_230_A5_HR03b HC+ 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

16_MC_234_A19_HR03b HC+ 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Erasmus_HR03b HC+ 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Iodea_HR03b HC+ 100 100 100 100 100 100 100 100 100 99.8091 100 100 99.6348 100 100 100

Ambassador 6/HC+ 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Arsenal_HR03b R9 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 49.9419

Basin_Russet R9 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Camel R9 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Elland_HR03b R9 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Eurostar R9 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Alverstone_Russet_HR03bR8 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Innovator_HR02_v5 R8 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Panther_HR03b R8 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Toronto_HR03b R8 100 100 100 100 100 100 100 100 100 11.6097 25.7098 0 0 0 37.9261 55.6717

Vales_Everest 6 16.7901 0 6.04968 7.3435 6.12825 13.9941 8.31428 68.5652 10.5982 8.49723 0 0 0 9.61899 36.684 43.3604

Lanorma 5 41.1934 53.2834 8.69391 20.9872 27.3539 44.0774 19.5593 78.2609 10.3974 8.66909 25.6703 0 0 0 33.0734 51.9551

Rocket_HR03b 5 16.0905 41.5161 7.13141 11.7175 19.724 19.6616 14.8202 63.2609 16.2987 54.1531 26.1041 26.9579 52.8123 0 46.1872 31.1653

Accord 4 42.0576 36.8885 8.65385 7.0626 19.6023 37.2549 17.5016 78.6957 10.7186 53.1793 26.3407 25.9989 51.8992 0 47.6314 18.6605

Chicago_HR03b 4 40.2058 46.1437 19.6715 21.7095 22.0779 20.8971 22.8643 69.6957 18.065 54.2295 26.0252 26.8514 52.9584 0 58.0012 39.5277

Harmony_HR02_v5 4 41.0288 41.9568 9.85577 6.98234 19.5617 34.9718 11.7023 74.7391 9.99599 51.6326 25.9069 25.9457 51.1687 0 31.0803 23.9257

Ivory_Russet_USA_v5 4 11.07 32.3491 8.29327 8.06581 14.8133 33.2796 18.4161 80.8261 10.6383 52.4919 25.8281 26.1055 52.447 11.243 42.7787 31.1653

Lady_Balfour_HR02_v5 4 40.2881 36.3596 8.77404 6.2199 17.6948 37.0132 15.9011 78.8261 9.95584 52.2818 25.9858 25.2531 52.6297 10.9931 43.5586 27.3713

Lady_Clair 4 19.465 0 8.09295 0 0 10.2605 6.2565 33.5217 10.1967 32.404 11.317 0 32.2498 0 19.0352 12.4274

Ramos 4 42.0165 36.7563 8.77404 6.94222 19.724 38.2487 17.3561 78.8261 10.7587 53.5039 26.3801 26.4784 52.4836 0 48.9601 37.3984

Santa 4 13.7037 9.43147 5.36859 3.21027 23.0519 4.24389 3.51278 46.913 7.34645 20.7371 10.3312 8.36441 22.973 0 26.4298 8.86566

Sassy 4 10.4938 28.3385 7.93269 19.4623 19.6834 35.6433 16.6286 54.4348 10.7186 8.74546 0 0 0 0 35.9908 19.8993

Sifra 4 12.963 18.8629 10.2163 16.573 12.9464 18.2648 18.1251 88.4783 10.6383 10.9223 0 0 0 0 47.7759 56.0201

Premiere_tp50_v5 2 15.8025 36.6241 25.6811 17.2552 21.3068 75.0201 13.5523 72.6087 10.7186 52.8738 26.0647 26.6383 52.1549 0 42.3166 50.0968

Alouette -1 33.1276 10.2248 6.12981 16.0514 28.1656 14.2627 14.4045 51 19.992 8.72637 0 0 0 10.8057 23.2813 21.5254

Athlete -1 32.6337 49.361 30.2484 25.4815 34.1721 54.6871 22.4901 70.8696 28.5829 45.9041 17.153 17.1018 37.2535 0 41.3923 20.6349

Jelly_tp50_v5 -1 38.5597 14.1913 25.601 10.9149 27.9627 74.9396 23.0721 72.4348 17.9045 11.7816 0 0 0 0 55.1704 47.1158

Kelly_HR02_v5 -1 11.6872 29.4844 6.85096 6.2199 12.4188 10.9858 15.9842 54.4348 6.70413 52.9502 27.4054 26.9046 52.4105 0 52.8018 24.0031

Manitou -1 26.0082 0 18.9103 4.21348 7.42695 69.9167 11.8063 73.5217 10.3573 43.0208 16.0489 14.4912 37.4361 22.0487 35.673 43.0894

Nectar_tp50_v5 -1 13.1276 11.1503 7.61218 9.91172 17.0455 18.614 15.5477 72.2174 16.7403 11.6288 0 0 5.51497 10.8682 43.4142 44.7154

Royal_tp50_v5 -1 11.6461 36.5359 26.2821 23.3146 6.45292 74.8858 17.1898 58.9565 6.78442 54.2104 25.9858 26.8514 52.9584 0 51.762 43.283

Agria_HR02_v5 -2 40 35.2138 26.0817 17.0546 22.1997 74.7515 25.6703 72.2609 23.7254 11.8006 0 0 0 0 48.989 46.6899

Amora -2 15.8848 28.9114 7.2516 6.46067 13.3929 16.9756 19.7256 62.087 10.4376 52.912 25.5915 26.6915 52.447 0 53.4373 31.3589

Arizona -2 15.7202 35.39 6.93109 11.5971 16.7614 11.1201 16.4415 57.6522 10.6784 53.2557 25.4338 26.1055 51.4244 10.2436 50.0867 32.4816

Arran_Victory -2 9.01235 0 0 0 0 2.57857 15.2775 58.8261 0 27.4967 10.9621 0 38.13 0 29.0295 7.78165

Atlantic_HR02_v5 -2 17.9835 47.7303 12.1394 20.2648 6.45292 6.07037 12.7416 60.5217 6.70413 54.115 26.0252 26.9579 53.0314 0 47.8914 45.1413

Brooke -2 18.107 45.5707 28.8462 24.1573 12.2565 74.8053 17.3145 81.6087 12.8061 53.8094 25.7886 26.585 52.6662 0 43.212 50.0194

Burren -2 15.7202 29.4844 7.61218 6.5008 19.2776 16.2772 16.6909 58.087 16.379 52.9884 36.7508 26.5317 52.6662 11.4928 49.9711 35.4626

Bute -2 15.679 29.4844 7.29167 10.2327 16.2744 21.8909 14.8826 53 10.5179 53.1602 25.1183 26.5317 52.8488 0 42.2877 31.0492

Cabaret -2 20.4527 37.7699 6.85096 8.86838 0 9.13242 37.2688 50.6522 0.562023 43.6128 18.0994 16.4092 40.5771 0 37.2906 24.0031

Cara_HR02_v5 -2 10.7819 21.7717 6.04968 13.764 6.12825 16.707 13.9056 81.0435 6.38298 42.047 23.2256 24.7203 45.1424 9.43161 47.8047 40.4568

Carolus_HR02_v5 -2 38.3539 6.65491 7.65224 10.8347 34.4562 20.145 22.2615 57.4783 24.0867 11.7625 0 0 0 0 45.0029 29.9652

Challenger -2 53.9918 36.0952 8.01282 17.5762 22.0779 19.9033 22.8227 58.0435 24.167 54.134 25.5126 26.9579 52.7392 0 55.9214 39.218

Charlotte -2 10.4527 16.2627 7.85256 5.17657 23.539 32.7693 14.3837 44.0435 10.277 8.66909 0 0 0 0 34.8642 7.31707

Cultra -2 12.716 11.7673 7.49199 7.46388 17.2484 17.3247 11.931 80.8261 10.6383 8.6309 0 0 0 9.43161 34.3443 42.6249

Daisy -2 33.5391 55.7955 13.2612 28.13 24.3506 36.7714 52.4007 61.8261 22.8422 54.8406 25.9464 25.8391 52.7392 0 52.0508 43.4766

Desiree_HR02_v5 -2 13.0041 13.8828 25.641 16.7335 15.1786 74.0263 16.1505 72.6087 10.7186 11.7816 0 0 0 25.7964 28.9139 51.1808

Electra -2 39.7942 36.4037 8.33333 17.7769 21.6721 16.1698 20.8273 74.2174 23.7254 54.134 25.7492 26.7981 52.9584 0 51.4154 44.1734

Estima_HR02_v5 -2 34.0741 11.5029 25.2003 10.7143 19.4399 72.0387 20.4323 68.6522 16.7001 8.64999 0 0 0 0 43.2409 40.9214

Fontane -2 15.8025 21.5513 21.7147 10.9551 18.2224 59.2802 16.3791 75.5652 13.047 30.8956 11.7114 11.2946 38.3492 0 28.9428 8.90437

Gemson_tp50_v5 -2 15.9259 29.264 7.17147 6.66132 21.5097 16.4384 20.3908 63.8696 10.6784 53.7903 25.7886 26.2653 52.5201 24.8595 49.1912 38.3275

Hermes_HR02_v5 -2 15.8025 20.9784 24.8798 22.4318 6.12825 73.4623 17.1482 79.1739 10.3573 46.7061 24.4085 25.6793 44.5581 0 38.6482 40.0697

Inca_Bella -2 0 6.65491 0 0 0 10.3143 7.52442 44.7826 0 11.7434 0 0 0 0 40.6412 12.3887

Kennebec -2 9.67078 0 0 0 0 4.88853 4.05321 67.8261 10.558 8.72637 0 0 0 0 16.0601 0

King_Edward -2 32.3868 10.974 17.9888 10.5538 8.23864 57.8566 9.85242 68.3478 10.3573 8.51633 9.85804 0 0 0 26.5742 24.3128

Lady_Anna -2 48.4774 34.9934 8.69391 13.5634 28.2873 38.2756 47.62 77.8261 16.4994 47.5081 25.9858 24.7736 45.1424 0 49.3068 39.5664

Lady_Rosetta_HR02_v5 -2 38.8066 13.2658 8.3734 10.634 22.1591 20.736 22.5525 52.3913 17.8643 52.8547 24.6057 26.0522 52.447 0 48.0647 45.1413

Lionheart -2 38.8066 20.714 25.8413 10.9551 22.1591 75.423 22.5525 77.5217 17.8643 11.8006 0 0 0 0 48.3536 46.8835

Marfona_HR02_v5 -2 15.4733 29.6606 8.3734 19.7833 14.4075 37.0669 20.7026 71.8261 10.558 52.32 24.9606 24.8269 50.5844 0 33.7955 43.9799

Maris_Bard -2 13.0453 0 6.89103 7.74478 15.1786 16.9487 15.7348 72.0435 10.7186 11.8197 0 0 0 24.3598 42.3166 50.9098

Maris_Peer_tp50_v5 -2 15.7613 29.2199 6.85096 6.82183 21.5503 21.1657 19.7464 69.4783 10.7186 52.912 25.2366 26.2653 52.5566 24.7345 48.7868 38.4437

Maris_Piper_HR02_v5 -2 43.0453 36.3596 7.61218 14.0851 31.25 20.6017 47.0173 66.7391 17.0614 54.0386 25.9464 26.7981 52.7757 0 52.2241 39.0631

Markies_HR02_v5 -2 15.5144 24.4601 26.242 14.9679 12.9464 77.1689 13.968 79.4348 10.6383 53.9622 25.8675 26.6383 52.5566 0 43.3276 49.3225

Mayan_Rose -2 11.1523 7.88894 6.04968 12.199 4.13961 16.6532 10.6631 77.1739 0 45.2358 24.0536 24.6137 44.0467 0 47.9492 39.9148

Melody -2 20.9053 4.9361 7.41186 14.8475 8.64448 17.3516 9.56142 55.4348 10.4777 24.6515 11.6325 11.0282 29.9854 12.6171 45.3495 20.4801

Mozart -2 15.3498 20.8903 7.53205 7.78491 14.7321 18.1843 16.3791 87.7826 10.7186 41.7796 16.1278 23.5482 36.3039 20.4247 46.0427 49.2063

Orchestra -2 21.9753 42.089 26.2821 23.7961 19.3588 75.6379 15.9842 73.1304 10.6784 55.7571 25.2366 25.9989 52.5566 0 41.4211 50.3291

Pentland_Dell_HR02_v5 -2 15.6379 28.5148 7.53205 18.8202 14.9756 19.0706 20.8896 73.2609 10.7186 54.3823 25.2366 26.6383 53.7619 25.2342 49.509 32.5203

Picasso -2 15.2675 6.21419 0 0 0 4.67365 4.19871 76.7391 9.99599 34.6954 11.6325 0 31.1541 0 29.8094 8.9818

Pink_Fur_Apple -2 35.6379 24.6805 7.65224 24.1974 11.8101 21.9984 41.7169 46.087 10.1164 8.42085 5.79653 0 0 0 33.3333 21.4866

Purple_Majesty -2 19.2181 13.7065 8.17308 7.98555 19.9675 18.9095 20.9104 79.3913 17.3826 14.493 0 0.426212 11.0299 0 39.1392 46.8835

Rooster_HR02_v5 -2 26.9136 0 6.29006 10.6742 21.0633 20.2793 15.4853 42.4783 22.7619 8.6309 0 0 0 23.173 37.3195 35.5788

Russet_Burbank_smplt_v4 -2 13.251 0 18.0689 10.0722 0 45.0712 2.43193 68.4348 10.5179 8.15352 0 0 0 0 15.4824 8.90437

Safari -2 11.5226 35.346 25.601 21.3483 12.2971 73.5697 16.8156 57.0435 6.54356 53.6185 25.8675 26.212 52.3375 0 50.9532 41.0376

Sagitta -2 11.7695 51.1238 8.41346 20.1043 20.7792 29.6804 20.079 56 6.82457 58.7168 26.1435 26.8514 52.9584 0 30.9936 31.5912

Sarpo_Mira -2 9.09465 0 11.6587 0 0 37.6041 0 61.4348 0 34.3326 11.4748 0 35.6465 0 18.1976 9.87224

Saturna_tp50_v5 -2 38.7243 7.09564 8.21314 10.9551 18.3442 19.9033 21.3469 51.5652 17.9446 11.7243 0 0 0 28.045 45.3495 35.7724

Saxon_HR02_v5 -2 34.5679 32.8338 7.65224 19.1413 24.3506 17.4322 46.456 57.0435 10.3171 50.5251 24.4085 24.8801 48.393 24.2349 56.2681 38.5985

Shelford -2 38.8889 35.39 25.601 17.9374 22.1185 75.235 25.1299 72.6957 23.324 8.43995 0 0 0 10.6184 48.2958 46.9222

Shepody_HR02_tp50CH_v5 -2 10.2469 39.4447 8.13301 19.9839 8.56331 30.5936 16.005 64 16.0578 52.3391 25.3155 26.1055 52.4836 10.7433 40.4102 30.7782

Spunta_v4 -2 10.4938 8.24152 0 0 0 5.29143 4.13635 46.9565 10.0763 26.1409 9.89748 0 33.309 0 25.2166 8.1688

Sylvana_tp50_v5 -2 38.5597 25.2975 26.0016 17.0144 24.0666 75.8259 22.9682 76.087 23.8057 8.70728 0 0 0 9.80637 50.9243 44.367

Toluca -2 10.4938 0 0 0 0 0 0 70.4348 10.277 8.72637 0 0 0 0 18.1109 8.82695

Vales_Sovereign_tp50_v5 -2 39.8765 38.4751 8.05288 21.9101 21.5503 23.3145 53.1698 80.4783 13.1273 49.9141 25.3549 26.3719 45.7633 0 46.9093 49.6709

Violeta -2 12.0988 9.3874 0 11.5971 18.9123 33.9511 37.3311 26.4348 0 0 0 0 0 0 13.6626 19.4348

VR808_HR02_v5 -2 40.4115 26.0026 7.93269 16.9342 27.0698 19.9839 22.2407 64.3043 27.78 51.518 24.9211 25.5194 50.6574 0 51.2709 37.7081

Wilja -2 13.1276 29.8369 8.3734 21.4687 20.9821 37.7115 15.9842 76.087 14.8936 8.59271 0 0 0 0 35.7597 45.2962

Winston -2 36.0494 34.156 6.53045 24.7191 10.836 19.1244 41.904 72.3043 16.098 46.878 23.7776 25.2531 50.8035 0 40.9301 40.5343

Yukon_Gold_HR02_v5 -2 15.5556 21.8599 6.8109 12.3596 18.4659 10.5829 11.5984 53.087 10.1566 8.66909 0 0 0 11.0556 52.9752 27.681

Lorimer_HR03b -3 22.1399 24.416 7.49199 12.9615 19.1964 16.3846 14.6123 52.4348 16.7403 8.72637 0 0 0 0 52.5419 28.6876

Nadine -3 42.8395 36.3596 7.37179 14.1653 33.4821 29.6535 48.9088 60.5217 16.5797 53.8858 25.7886 26.7448 52.3375 0 55.6615 39.2567

Osprey_tp50_v5 -3 37.7366 42.7942 7.57212 96.8299 25.1623 78.0553 12.1181 80.5652 16.2184 54.0386 94.8344 26.6383 52.7027 0 43.2698 51.4518

Ranger_Russet -3 12.5514 0 16.4663 10.5939 8.11688 36.5565 4.03243 64.8261 10.4376 8.72637 0 0 0 0 30.5604 0

Rock -3 39.6296 43.6316 8.85417 19.9839 20.211 29.7878 15.8595 83.7391 6.70413 48.3101 25.5915 15.8231 45.3981 0 44.1075 23.4224

Strachan_HR03b -3 21.9342 27.1926 7.69231 13.2825 15.0162 10.744 12.0557 58.4348 16.7804 11.8197 0 0 0 23.7976 53.6106 41.1924

Taurus -3 19.4239 7.71265 6.20994 0 0 18.4529 6.8385 60.087 24.448 10.7886 18.7697 0 0 0 19.6418 25.3194

Vivaldi_tp50_v5 -3 15.2263 40.4143 8.33333 25.8427 29.9919 40.0483 21.9497 55.7826 10.7587 11.7625 0 0 0 0 42.0566 26.055
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SUMMARY

2011
Potato Genome

2012
NLR annotation

RenSeq

2013
NLR re-annotation

(355 additional NLRs)

2013 - present
Resistance mapping

dRenSeq

2017
NLRs in 
Cultivars 2018

Informative SNP
Markers

2016
NLR analysis in wild 

species

2019
K-mer Association

Genetics

PenSeq AgRenSeq

RenSeq enables us to:

• Identifying new resistances from the CPC and other germplasm collections

• Track functional resistances in established cultivars and breeding clones

• Inform breeders about parental material for crosses

• Develop markers for important resistances

• Identify candidate genes for elusive resistances deployed in cultivars
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