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USING NEW TECHNOLOGIES TO DELIVER ROBUST RESISTANCE

H1, GPA5 AND H3



AIMS

Develop genetic markers for the most useful PCN resistances to enable fast-tracking of breeding

Gpa5 and H3

Globodera rostochiensis

Globodera pallida

H1

• Identify candidate genes for the resistance

• Convert candidate genes into specific markers

• Assess the markers in breeding programs



FUNCTIONAL NB-LRR RESISTANCE (NLR) 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 – A GENOME REDUCTION TOOL

Potato genome: 840 million base pairs– 2600 Km

JHI to Train station

All 755 NB-LRR genes: 2 million base pairs – 6 Km

Single NB-LRR : 0.0027 million base pairs – 8.4 m



POTATO CULTIVARS HAVE OVER 2000 NLRS

• More than 2400 NLRs in Innovator (Gpa5) / 

Alouette (H1)

• Distributed over all Chromosomes (4x12)

• Highly similar in their sequence



AGRENSEQ: RENSEQ-BASED ASSOCIATION GENETICS (GPA5)

Innovator 
True NLR representation

94 Cultivars 
without Gpa5

23 Cultivars 
with Gpa5

Candidates



WE HAVE SUCCESSFULLY IDENTIFIED CANDIDATES FOR GPA5
gene phenotype

tig00000061_nlr
_1

tig00000061_nlr
_2

tig00000061_nlr
_3

tig00000835_nlr
_1 tig00001254_nlr_1

tig00001841_nlr
_1

tig00001945_nlr
_2

tig00004340_nlr
_1

association_score 23 23 23 23 23 23 23 23

Basin_Russet 1 100 100 100 100 100 100 100 100

Buster 1 100 100 100 100 100 100 100 100

Camel 1 100 100 100 100 100 100 100 100

Eurostar 1 100 100 100 100 100 100 100 100

HR03b_10_Z_41_A1 1 100 100 100 100 100 100 100 100

HR03b_13_P_7_A4 1 100 100 100 100 100 100 100 100

HR03b_15_JHL_140_A1 1 100 100 100 100 100 100 100 100

HR03b_16_MC_158_A34 1 100 100 100 100 100 100 100 100

HR03b_16_MC_165_A4 1 100 100 100 100 100 100 100 100

HR03b_16_MC_175_A11 1 100 100 100 100 100 100 100 100

HR03b_16_MC_194_A3 1 100 100 100 100 100 100 100 100

HR03b_16_MC_195_A2 1 100 100 100 100 100 100 100 100

HR03b_16_MC_204_A3 1 100 100 100 100 100 100 100 100

HR03b_Alverstone_Russet 1 100 100 100 100 100 100 100 100

HR03b_Arsenal 1 100 100 100 100 100 100 100 100

HR03b_Elland 1 100 100 100 100 100 100 100 100

HR03b_Ivetta 1 100 100 100 100 100 100 100 99.5217

HR03b_Panther 1 100 100 100 100 100 100 100 100

HR03b_Toronto 1 100 100 100 100 100 100 100 100

Innovator_HR02_v5 1 100 100 100 100 100 100 100 100

King_Russet 1 100 100 100 100 100 100 100 100

Performer 1 100 100 100 100 100 100 100 100

Seresta 1 100 100 100 100 100 100 100 100

Agria_HR02_v5 -1 40 35.2138 26.0817 23.7254 74.7515 25.6703 22.1997 72.2609

Alouette -1 33.1276 10.2248 6.12981 19.992 14.2627 14.4045 28.1656 51

Amora -1 15.8848 28.9114 7.2516 10.4376 16.9756 19.7256 13.3929 62.087

Annabelle -1 15.3086 28.4707 12.5401 16.7804 36.4222 21.6587 21.6315 52.4348

Arizona -1 15.7202 35.39 6.93109 10.6784 10.9589 16.4415 16.7614 57.6522

Arran_Victory -1 9.01235 0 0 0 2.57857 15.2775 0 58.8261

Athlete -1 32.6337 49.361 30.2484 28.5829 54.6871 22.4901 34.1721 70.8696

Atlantic_HR02_v5 -1 17.9835 47.5981 12.1394 6.70413 5.93607 12.7416 6.45292 60.5217

Bartina -1 41.07 28.5148 8.05288 21.397 20.7897 22.8019 28.612 57.4348

Bintje_NC -1 17.9012 6.43455 0 10.4777 20.2525 0 8.96916 46.8261

Brodie -1 11.4403 22.0802 8.17308 6.78442 19.0975 18.8734 14.4075 81.1739

Brooke -1 18.107 45.3063 28.8462 12.8061 74.8053 17.3145 12.2565 81.6087

Burren -1 15.7202 29.4844 7.61218 16.379 16.2772 16.6909 19.2776 58.087

Bute -1 15.679 29.4403 7.29167 10.5179 21.8372 14.8826 16.2744 53

Cabaret -1 20.4527 37.7699 6.85096 0.562023 9.13242 38.5575 0 50.6522

Cammeo -1 14.2798 16.3949 12.5 6.26255 19.9033 18.1459 12.5 57.7826

Cara_HR02_v5 -1 10.7819 21.7717 6.04968 6.38298 16.707 13.9056 6.12825 81.0435

Carolus_HR02_v5 -1 38.3539 6.65491 7.65224 24.0867 20.145 22.2615 34.4562 57.4783

Catriona -1 15.8436 32.1287 7.45192 10.7186 15.8206 16.9819 21.388 62.2174

Challenger -1 53.9918 36.0952 8.01282 24.167 19.9033 22.8227 22.0779 58.0435

Charlotte -1 10.4527 16.2627 7.85256 10.277 32.7693 14.3837 23.539 44.0435

Cultra -1 12.716 11.7673 7.49199 10.6383 17.2979 11.931 17.2484 80.8261

Daisy -1 33.5391 55.7955 13.2612 22.8422 36.7714 52.4007 24.3506 61.8261

Desiree_HR02_v5 -1 13.0041 13.8828 25.641 10.7186 74.0263 16.1505 15.1786 72.6087

DM -1 10.535 0 0 10.7587 5.02283 0 0 36.7391

Edzell_Blue -1 41.3169 36.5359 8.05288 24.0064 25.141 23.2384 31.5341 57.7391

Electra -1 39.7942 36.4037 8.33333 23.7254 16.116 20.8273 21.6721 74.2174

Estima_HR02_v5 -1 34.0741 11.5029 25.2003 16.7001 72.0387 20.4323 19.4399 68.6522

Favorite -1 15.9671 32.5253 7.21154 16.6198 21.0851 17.3768 19.4399 54.8261

Fontane -1 15.8025 21.5513 21.7147 13.047 59.2802 16.3791 18.2224 75.5652

Gemson_tp50_v5 -1 15.9259 29.264 7.09135 10.6784 16.2235 20.3908 21.5097 63.8696

Hermes_HR02_v5 -1 15.8025 20.9784 24.8798 10.3573 73.4623 17.1482 6.12825 79.1739

HR03b_Lorimer -1 22.1399 24.0635 7.49199 16.7403 15.3908 14.6123 19.1964 52.4348

HR03b_Strachan -1 21.9342 27.0163 7.69231 16.7804 10.744 12.0557 15.0162 58.4348

Inca_Bella -1 0 6.65491 0 0 10.3143 7.52442 0 44.7826

Jelly_tp50_v5 -1 38.5597 14.1913 25.601 17.9045 74.9396 23.0721 27.9627 72.4348

Kelly_HR02_v5 -1 11.6872 29.3962 6.85096 6.70413 10.7977 15.9842 12.4188 54.4348

Kennebec -1 9.67078 0 0 10.558 4.88853 4.05321 0 67.8261

King_Edward -1 32.3868 10.974 17.9888 10.3573 57.8566 9.85242 8.23864 68.3478

Lady_Amarilla -1 44.7325 7.00749 8.3734 17.8242 21.0046 22.3446 22.0779 52.3478

Lady_Anna -1 48.4774 34.9934 8.69391 16.4994 38.2756 47.62 28.2873 77.8261

Lady_Clair -1 19.465 0 8.09295 10.1967 10.2605 6.2565 0 33.5217

Lady_Rosetta_HR02_v5 -1 38.8066 13.2658 8.3734 17.8643 20.736 22.5525 22.1591 52.3913

LaStrada -1 31.7284 21.331 6.45032 21.5576 75.0201 15.9218 17.6542 76

Lionheart -1 38.8066 20.714 25.8413 17.8643 75.423 22.5525 22.1591 77.5217

Manitou -1 26.0082 0 18.9103 10.3573 69.9167 11.8063 7.42695 73.5217

Marfona_HR02_v5 -1 15.4733 29.3081 8.3734 10.558 36.4222 20.7026 14.2451 71.8261

Maris_Bard -1 13.0453 0 6.89103 10.7186 16.9487 15.7348 15.1786 72.0435

Maris_Peer_tp50_v5 -1 15.7613 22.565 6.8109 10.7186 21.1657 19.7464 21.5503 69.4783

Maris_Piper_HR02_v5 -1 43.0453 36.3596 7.61218 17.0614 20.5748 47.0173 31.25 66.7391

Markies_HR02_v5 -1 15.5144 24.4601 26.242 10.6383 77.1689 13.968 12.9464 79.4348

Mayan_Rose -1 11.1523 7.88894 6.04968 0 16.6532 7.44128 4.13961 77.1739

Melody -1 20.9053 4.9361 7.41186 10.4777 17.3516 9.56142 8.64448 55.4348

Mozart -1 15.3498 20.758 7.29167 10.7186 17.7545 16.3791 14.7321 87.7826

Nadine -1 42.8395 36.3596 7.37179 16.5797 29.5192 48.9088 33.4821 60.5217

Nectar_tp50_v5 -1 13.0864 4.49537 7.61218 16.7403 18.5334 15.5477 17.0455 72.2174

Orchestra -1 21.9753 42.089 26.2821 10.6784 75.6379 15.9842 19.3588 73.1304

Osprey_tp50_v5 -1 37.7366 42.7942 7.57212 16.2184 78.0553 12.1181 25.1218 80.5652

Pentland_Dell_HR02_v5 -1 15.6379 28.5148 7.53205 10.7186 18.9632 20.8896 14.9756 73.2609

Picasso -1 15.2675 6.21419 0 9.99599 4.67365 4.19871 0 76.7391

Pink_Fur_Apple -1 35.6379 24.6805 7.65224 10.1164 21.9984 41.7169 11.8101 46.087

Premiere_tp50_v5 -1 15.8025 36.6241 25.6811 10.7186 75.0201 13.5523 21.3068 72.6087

Purple_Majesty -1 19.2181 13.7065 8.17308 17.3826 18.8826 20.9104 19.9675 79.3913

Ranger_Russet -1 12.5514 0 16.4663 10.4376 36.5565 4.03243 8.11688 64.8261

Rivera -1 46.0494 43.4553 8.77404 10.7587 37.6578 20.1621 15.9497 79.7826

Rock -1 39.6296 43.6316 8.85417 6.70413 29.7878 15.8595 20.211 83.7391

We have eight strong candidates for Gpa5
Next: KASP marker development
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AGRENSEQ – RENSEQ-BASED ASSOCIATION GENETICS (H1)

Allouette
True NLR representation

96 Cultivars 
without H1

24 Cultivars 
with H1TBRADG 3520

S. tuberosum ssp. andigena
accession CPC 1673



H1 SH2SH10

SH3SH5

SH4

SH1,6 SH7

SH9

SH8

OUR UNDERSTANDING OF THE H1 LOCUS

tig00000645 tig00000625 tig00001423 tig00001019 tig00001984

tig00000645_3
2,573 bp

tig00000625_1
3,480 bp

tig00001423_7
3,068 bp

tig00001019_5
3,692 bp

partial 

tig00000645_4
3,632 bp

Vitabella

Alouette

Strachan

TBRADG 3520



RESISTANT 
CLUSTER

SUSCEPTIBLE 
CLUSTER

R = RESISTANT
S = SUSCEPTIBLE

57R MARKER

RRSRRSSRRSRRRRRRRRRRRSRR

FALSE POSITIVE

ORIGINAL H1 GENE PCR/GEL BASED ASSAY
(57R MARKER)

H1 GENE KASP ASSAY

• Successfully validated on 200 varieties

• Unlike the 57R marker, there is 100% correlation between 
the KASP marker and the resistance

• The KASP marker is quicker to run and easier to analyse than 
standard PCR assays. 

NEW H1-KASP MARKER IN BREEDING PROGRAMS



RenSeq AgRenSeq Candidates
KASP 

Marker

PROGRESS FOR H1, GPA5 AND H3

H1

Gpa5

H3



MANY THANKS


