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The Potato

▪ Originated in Andean region

▪ Domesticated ~ 8,000 years ago

▪ Third most important food crop

▪ Petota section has >100 tuber bearing species

▪ Important cultivated species  

▪ S. tuberosum Chilotanum Group (long day adapted)

▪ S. tuberosum Andigenum Group (short day adapted)



Solanum tuberosum (2n=4x=48)

Genome size= ~850Mb

Autotetraploid

Vegetatively propagated

Heterozygosity

Complex Genetics
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• South America (Centre of origin)

1. South America     Spain 1570

2. South America     UK 1590

3. UK      India <1610

4. Portugal      India <1610

5. India      Sri Lanka <1610

6. UK      Bermuda 1613

7. Bermuda     Virginia, USA 1621

8. Holland     Taiwan <1650

9. Taiwan     China <1650

10. Spain     Philippines <1700

11. UK     New Zealand 1773

12. Holland      Java 1794

13. Holland     Russia <1800

14. UK     South African continent 1830

Potato’s journey from centre of its origin 



Production

World: 376 million tonnes

Asia + Europe:~ 80%

India 

53.03 million tonnes

25 t/ha

Global Status

~50% consumed as fresh food

FAOStat 2021



• Sub-tropical crop

• Predominant vegetable

• Fresh consumption

• Growing processing sector

• Inadequate storage capacity

Indian Scenario



➢ India is producing 53.0m tons from 2.2 m ha at an

average productivity of 25t/ha

➢ 4.5m tons (8.5%) of the produce is used as seed.

➢ 5.3m tons (~10%) of the produce is processed.

➢ 0.5m tons exported (in 2022)

➢ Post-harvest losses are nearly 20% of the total

produce

Indian Scenario



Agro-ecological zones of the country

8 zones



• Organized research started in 1935

• ICAR-CPRI established in 1949

• Headquarter shifted to Shimla in 1956

• First indigenous variety released in 1958

• Seed Plot Technique in 1960s

• Nucleus Seed Production at Kufri (Fagu) 

in 1963

• Seed Production Stations: Jalandhar 

1969, Daurala (Meerut) 1971, Kodiakanal

1975, Gwalior 1979

Potato Research in India



Central Potato Research Institute, 

Shimla (CPRI)

6 research centres

• CPRIC, Modipuram, Meerut (UP)

• CPRS, Jalandhar (Punjab)

• CPRS, Gwalior (MP)

• CPRS, Patna (Bihar)

• CPRS, Kufri-Fagu, Shimla (HP)

• CPRS, Ooty (Tamilnadu)

• CPRS, Shillong (Meghlaya)

All India Coordinated Research Project 

Potato (AICRP),1970

has headquarter at CPRI, Shimla has a 

nationwide network of 25

centers (7 CPRI based centers, 17 SAU 

based centers and 1 Voluntary

center)

Potato Research in India
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Work done with EiB 

➢Genetic gain - potato breeding in India

➢Low-density genotyping for forward breeding

➢Mid-density genotyping for genomic selection



Realized Genetic gains in ERA Trials

➢ Twenty-two potato varieties released in different decades from 1968-2012

➢ Evaluated for three consecutive years (2014-15 to 2016-17) in four potato-growing

zones of the country

Zone Varieties Locations Trait Base 

Predicted 

Mean

Relative 

Genetic Gain 

(%)

NWP 8 4 Total tuber yield 35.11 0.230

Marketable tuber yield 32.52 0.192

Dry matter 16.69 -0.070

WCP 13 6 Total tuber yield 28.26 0.404

Marketable tuber yield 25.23 0.308

Dry matter 18.68 0.079

EP 12 7 Total tuber yield 27.05 -0.031

Marketable tuber yield 23.66 -0.032

Dry matter 19.09 -0.028

HR 6 2 Total tuber yield 21.67 0.302

Marketable tuber yield 18.46 0.320

Dry matter 15.42 0.214

NWP-North-Western Plains; WCP-West Central Plains; EP-Eastern Plains; HR-Hills Region



Realized Genetic gains in ERA Trials



Biotic constraints

Several biotic stresses hamper quantity and quality of tuber production

• Late blight

• Viruses – PVY

• PCN



Low density genotyping –KASP markers

Trait Gene Number

Late blight R2, R8-QTL, unknown genes 17

PVY Ryadg, Rysto, Ny(o,n)sto 5

Potato Cyst Nematode H1, H2, H3, H6, Pa2/3 20

Plant Maturity & MCR - 17

Chip colour - 1

Common Scab - 10

✓ SNP KASP markers for late blight, PVY, PCN and common scab

resistant genes were designed and used

✓ A set of 1447 potato accessions were used for screening

✓ Phenotypic data on late blight, PVY and PCN recorded earlier at

Shimla, Kufri, Shillong and Ooty over the years was used for

validation



Deep well plates

Puncher

Data analysis and validation

Fluorescence signal detection

KASP PCR

Automated high throughput DNA extraction

Hot air drying in oven (40°C) 

Samples dropped in each well as per layout

Two leaf discs (5-6 mm diameter)

Leaf sample collection (4-6th leaf)

Flow chart of KASP analysis



SNP ID Marker Trait Resistant 

Allele

Susceptibl

e allele

Gene 

associated

snpST00020 S9_61261167 Late blight C A R8-QTL

snpST00023 solcap_snp_c2_5641

8

Late blight G T R8-QTL

snpST00052 M6F1R4_711 PVY, Ryadg A G Ryadg

snpST00073 M6F1R4_817 PVY, Ryadg G A Ryadg

snpST00082 YES3_a PVY, Rysto T G Rysto

snpST00083 YES3_b PVY, Rysto DEL INS Rysto

snpST00094 CPRISNP01 PCN A G H2 (Pa1)

snpST00106 CPRISNP13 Late blight CGAAA TGATT R2

snpST00107 CPRISNP14 PVY, Rysto CAATTCC TAATTCT Ny(o,n)sto

Markers Validation



Trait & Gene/QTL SNP ID Allele/call Count Freq (%)

Late blight R2 snpST00106 CGAAA:CGAAA 10 0.7

CGAAA:TGATT 165 11.2

TGATT:TGATT 1301 88.1

Late blight R8-QTL snpST00023 G:G 13 0.9

G:T 579 39

T:T 892 60.1

PVY Ny(o,n)sto snpST00107 CAATTCC:CAATTCC 35 2.4

CAATTCC:TAATTCT 128 8.7

TAATTCT:TAATTCT 1301 88.9

PVY Ryadg snpST00052 A:A 1 0.1

G:A 159 10.8

G:G 1308 89.1

PVY Rysto snpST00082 T:T 27 1.8

G:T 1 0.1

G:G 1459 98.1

PCN H2 snpST00094 A:A 2 0.1

A:G 208 14

G:G 1271 85.8

Allele calls of KASP assays for late blight, PVY and PCN



Validation of KASP markers with phenotype

Gene/QTL Marker Genotype (type of allele) 
No. of accessions

R MR S

Late blight

R2 snpST00106 Favourable (CGAAA:CGAAA) 3 (0.32) 4 (0.43) 0 (0)

Heterozygous (CGAAA:TGATT) 31 (3.35) 24 (2.59) 47 (5.08)

Unfavourable (TGATT:TGATT) 117 (12.63) 146 (15.77) 554 (59.83)

R8-QTL snpST00020 Favourable (C:C) 0 (0) 2 (0.22) 0 (0)

Heterozygous (C:A) 14 (1.51) 10 (1.08) 17 (1.84)

Unfavourable (A:A) 135 (14.59) 162 (17.51) 585 (63.24)

R8-QTL snpST00023 Favourable (G:G) 2 (0.22) 4 (0.43) 1 (0.11)

Heterozygous (G:T) 62 (6.68) 59 (6.36) 247 (26.62)

Unfavourable (T:T) 88 (9.48) 112 (12.07) 353 (38.04)

➢ Rapid, high throughput diagnostic markers for MAS

➢ KASP assays for late blight and PVY demonstrated a good diagnostic potential

➢ Effective for screening large potato germplasm collection



Late Blight KASP assay



Marker ID SNP_ID Chr Position Favourable

allele

Unfavorable

allele

SNP

snpST00297 ST4_03ch12_58961580 12 58961580 A G A/G

snpST00298 ST4_03ch12_58962561 12 58962561 A G A/G

snpST00299 ST4_03ch12_58974932 12 58974932 A T A/T

snpST00300 ST4_03ch12_59002442 12 59002442 T C T/C

snpST00301 ST4_03ch12_59019319 12 59019319 A T A/T

snpST00302 ST4_03ch12_59023684 12 59023684 T C T/C

snpST00303 ST4_03ch12_59155291 12 59155291 C A C/A

snpST00304 ST4_03ch12_59184424 12 59184424 C T C/T

snpST00305 ST4_03ch12_59211572 12 59211572 A G A/G

snpST00306 ST4_03ch12_59271443 12 59271443 T C T/C

KASP assay for self-compatibility

Clot et al. (2020)



KASP assay for self-compatibility

➢ Validated 10 SNP markers to screen self-compatible diploid clones

T:T

T:C

C:C

A:A

A:G

G:G

BS 49-1
PI 654351

BS 49-1

PI 654351

snpST00302_CALL snpST00298_CALL

BS 48-5

BS 48-5Favourable allele



Marker ID Chi-square P value Critical value at p =0.05

snpST00297 5.18 0.02*

3.84

snpST00298 2.05 0.15

snpST00299 2.26 0.13

snpST00300 1.94 0.16

snpST00301 2.61 0.11

snpST00302 2.18 0.14

snpST00303 0.18 0.67

snpST00304 0.07 0.79

snpST00305 0.07 0.79

snpST00306 0.05 0.83

Association of KASP marker genotypes with self-compatible 

phenotype through Chi-squared likelihood ratio test

*Significant at P ≤ 0.05; means observed genotype through marker alleles differ significantly from
expected phenotype; non-significant differences suggest that observed marker genotypes agree with the
SC phenotype



SNP for Homozygosity

➢ 100 SNPs distributed across the potato genome were used for

homozygosity analysis

➢ ~10 SNPs per chromosome were selected, SNPs were evenly distributed

across the genome, including the most distal telomeric and centromeric

markers

➢ The SNP sequences were taken potSNP information generated in earlier

studies (AnithaKumari et al., 2010)



100 SNPs distributed across the 12 potato chromosomes 



Inbreeding Generation N Homozygosity (%)

Min Max Average

Founder diploid clones 132 20.1 78.3 56.7

Sli introgressed lines 18 45.6 80.9 68.2

First generation selfing 62 51.2 82.8 65.8

Second generation selfing 95 59.5 85.4 76.6

Third generation selfing 50 69.3 87.6 80.7

Homozygosity percentage in different diploid potato generations 

assessed through 100 KASP assay



Heterozygous diploid clones

Diploid clones-One generation of selfing

Diploid clones-Two generations of selfing

Diploid clones-Three generations of selfing

Homo Hetero

➢ Average homozygosity in founder 

diploid clones was 57%. 

➢ Homozygosity

• S0: 20-78%

• S1: 45-80%

• S2: 51-82%

• S3: 60-85%

• S4: 69-88%

Homozygosity in inbreeding generations



Genomic Selection 

➢ Mid-density genotyping data generated on potato clones using 2502 SNP loci using

DArTag platform

➢ Allele read depth varied from 1-13299, ref allele: 1-934; alternate allele: 1-13125

➢ 60 Loci having read depth of less than 10 were removed

➢ Phenotype data generated in two locations on qualitative and quantitative traits

➢ GS models were tested with available phenotype data

Chromosome No of SNP loci

Chr 1 272

Chr 2 242

Chr 3 221

Chr 4 220

Chr 5 199

Chr 6 211

Chr 7 198

Chr 8 193

Chr 9 201

Chr 10 178

Chr 11 190

Chr 12 177

Total 2502



Potato mid density genotyping panel 

❑ 2-3 SNP per cM

❑ Low genotyping cost

❑ Possible inclusion of  any 

mapped marker

❑ US $12 per sample

https://excellenceinbreeding.org/toolbox/services/potato-mid-density-genotyping-services



Trait TP h2 (ns) Prediction accuracy 

Range Average±S.E.

Tuber Shape 171 0.21 -0.10-0.45 0.17±0.021

Flesh Colour 171 0.34 0.11-0.49 0.28±0.010

Eye depth 143 0.53 0.40-0.78 0.64±0.014

Skin colour 143 0.41 0.40-0.78 0.62±0.012

GR resistance 97 0.21 0.00-0.38 0.19±0.016

GP resistance 97 0.30 -0.23-0.21 0.06±0.013

Late blight resistance 191 0.56 0.18-0.67 0.42±0.016

Specific Gravity 171 0.74 0.25-0.74 0.52±0.017

Chip score 183 0.16 -0.11-0.13 0.02±0.009

Plant Maturity 171 0.24 0.13-0.53 0.35±0.013

Total tuber yield 171 0.50 0.32-0.65 0.52±0.011

Genomic prediction accuracy (GBLUP)

Test population size -50 for all the traits; Results are means ± s.e. across 50 replicates



TS- Tuber shape; FC-Flesh colour; ED- Eye depth; SC- Skin colour; LB- Late blight resistance; SG-

Specific gravity; CS- Crisp score; PM- Plant maturity; TTY-Total tuber yield

Results are means ± s.e. across 50 replicates

GS Prediction Accuracy



Genomic prediction bias

TTY SG

TS FC



Proposed GS Breeding Pipeline



Summary

✓Genetic gain is low in potato breeding

✓KASP assays demonstrate the usefulness in high throughput cost

effective MAS for important biotic stress traits

✓Genomic prediction accuracy is moderate to high for most of the traits

✓ Robust and accurate data could further improve the prediction accuracy

✓Genomic selection shows promise for enhanced genetic gain in potato

breeding
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