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A computer scientist turned to biology



Genotyping applications 
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Ramirez-Gonzalez, R, et al. (2014). RNA-Seq bulked segregant analysis enables the identification of 
high-resolution genetic markers for breeding in hexaploid wheat. Plant Biotech. J, 12(9), 1–12. 



KASP genotyping
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Pipeline overview

SNPList

BLAST MAFFT Primer3Homoeologous 
regions

List of primersReference 
contigs

Local 
alignment

Template 
Sequences



Input example

BS00112130,5A,ACCGGGTTGGAACT[A/G]AGCTAGCGCATCCCGGGT
BS00112229,5A,GCCACATCCATATCCTTCCATC[A/G]TGTTCACCTGGCAGCTTTTG
BS00112558,5A,CCCGGATCCAAAATC[T/G]ctcttgccttctgaacgaaagagg

Marker id

Chromosome and genome Marker sequence

SNP



Input example



Input example



In Silico Primer Design
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Template sequence

cgcatttGcgcgYgcgataccggcgcctKtgGgaatatttgcagcgaaggcgtg

cgcatttAcgcgYgcgataccggcgcctKtgAgaatatttgcagcgaaggcgtg

SNP-1 A

SNP-1 B



Blast search
RefSeq 

Chromosome 5B

Chromosome 5D

Chromosome 5A

Template match 
Reference chromosome 



Local Alignment

Chromosome 5A

Chromosome 5D

Chromosome 5B

Template 



Local Alignment

cgcatttGcgcgYgcgataccggcgcctKtgGgaatatttgcagcgaaggcgtg

cgcatttAcgcgYgcgataccggcgcctKtgAgaatatttgcagcgaaggcgtg

cgcatttGcgcgcgcgataccggcgcctTtgGgaatatttgcagcgaaggcgtg

cgcatttAcgcgcgcgataccggcgcctGtgGgaatatttgc---gaaggcgtg

c--atttGcgcgTgcgataccggcgcctGtgGgaatatttgcagcgaaggcgtg

SNP-1  A

SNP-1 B

IWGSC-5A  

IWGSC-5B      

IWGSC-5D

             



Selection of primer candidates

cgcatttGcgcgYgcgataccggcgcctKtgGgaatatttgcagcgaaggcgtg

cgcatttAcgcgYgcgataccggcgcctKtgAgaatatttgcagcgaaggcgtg

cgcatttGcgcgcgcgataccggcgcctTtgGgaatatttgcagcgaaggcgtg

cgcatttAcgcgcgcgataccggcgcctGtgGgaatatttgc---gaaggcgtg

c--atttGcgcgTgcgataccggcgcctGtgGgaatatttgcagcgaaggcgtg

-------------------------------&----------------------

SNP-1  A

SNP-1 B

IWGSC-5A  

IWGSC-5B      

IWGSC-5D      

MASK        

SNP
non&homeologous.



Selection of primer candidates

cgcatttGcgcgYgcgataccggcgcctKtgGgaatatttgcagcgaaggcgtg

cgcatttAcgcgYgcgataccggcgcctKtgAgaatatttgcagcgaaggcgtg

cgcatttGcgcgcgcgataccggcgcctTtgGgaatatttgcagcgaaggcgtg

cgcatttAcgcgcgcgataccggcgcctGtgGgaatatttgc---gaaggcgtg

c--atttGcgcgTgcgataccggcgcctGtgGgaatatttgcagcgaaggcgtg

-------:-----------------------&----------------------

SNP-1  A

SNP-1 B

IWGSC-5A  

IWGSC-5B      

IWGSC-5D      

MASK        

SNP
homeologous,



Selection of primer candidates

cgcatttGcgcgYgcgataccggcgcctKtgGgaatatttgcagcgaaggcgtg

cgcatttAcgcgYgcgataccggcgcctKtgAgaatatttgcagcgaaggcgtg

cgcatttGcgcgcgcgataccggcgcctTtgGgaatatttgcagcgaaggcgtg

cgcatttAcgcgcgcgataccggcgcctGtgGgaatatttgc---gaaggcgtg

c--atttGcgcgTgcgataccggcgcctGtgGgaatatttgcagcgaaggcgtg

-------:----c------------------&----------------------

SNP-1  A

SNP-1 B

IWGSC-5A  

IWGSC-5B      

IWGSC-5D      

MASK        

semi%specific



Selection of primer candidates

cgcatttGcgcgYgcgataccggcgcctKtgGgaatatttgcagcgaaggcgtg

cgcatttAcgcgYgcgataccggcgcctKtgAgaatatttgcagcgaaggcgtg

cgcatttGcgcgcgcgataccggcgcctTtgGgaatatttgcagcgaaggcgtg

cgcatttAcgcgcgcgataccggcgcctGtgGgaatatttgc---gaaggcgtg

c--atttGcgcgTgcgataccggcgcctGtgGgaatatttgcagcgaaggcgtg

-------:----c---------------T--&----------------------

SNP-1  A

SNP-1 B

IWGSC-5A  

IWGSC-5B      

IWGSC-5D      

MASK        

specific



Selection of primer candidates

cgcatttGcgcgYgcgataccggcgcctKtgGgaatatttgcagcgaaggcgtg

cgcatttAcgcgYgcgataccggcgcctKtgAgaatatttgcagcgaaggcgtg

cgcatttGcgcgcgcgataccggcgcctTtgGgaatatttgcagcgaaggcgtg

cgcatttAcgcgcgcgataccggcgcctGtgGgaatatttgc---gaaggcgtg

c--atttGcgcgTgcgataccggcgcctGtgGgaatatttgcagcgaaggcgtg

-------:----c---------------T--&----------------------

SNP-1  A

SNP-1 B

IWGSC-5A  

IWGSC-5B      

IWGSC-5D      

MASK        

specificsemi(specific
SNP
,



Output 



Web interface

http://polymarker.info
Ramirez-Gonzalez, R. H., Uauy, C., & Caccamo, M. (2015). PolyMarker: A fast polyploid primer design 
pipeline. Bioinformatics, 2–3. doi:10.1093/bioinformatics/btv069

• Hexaploid wheat assemblies:
• IWGSC RefSeq 1.0
• UK assemblies (Paragon, Cadenza, Robigous, 

Claire)
• Tetraploid wheat

• IWGSC RefSeq 1.0 (A&B genomes)
• Durum wheat cv Svevo
• UK assembly Kronos

• Secale cereale (Rye)
• Hordeum vulgare (Barley)
• Brassica napus
• Brassica Rapa 



Primer design for
deletions



DELETTIONS !-RADIATION LINES

• ~600 Paragon lines with radiation induced deletions
• Identify lines with missing genes to test changes in 

phenotype
• Low sequencing coverage (0.3x)
• Large window sizes to make up for low coverage
• Collaboration with Paul Nichlson lab.



DELETTIONS !-RADIATION LINES



Deletions Browser

http://wheat-deletion.cyverseuk.org/



SNP markers to detect deletions
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A-specific

B-specificD-specific

SNP-1 B    cgcatttAcgcgCgcgataccggcgcctTtgAgaatatttgcagcgaaggcgtg

IWGSC-1A   cgcatttAcgcgtgcgataccggcgcctGtgAgaatatttgcagcgaaggcgtg

IWGSC-1B   cgcatttAcgcgtgcgataccggcgcctTtgGgaatatttgcagcgaaggcgtg

IWGSC-1D   c--atttGcgcgtgcgataccggcgcctGtgGgaatatttgcagcgaaggcgtg

           -------a--------------------g--G----------------------

Deletions primer design



A-specific

B-specificD-specific

SNP-1 B    cgcatttAcgcgCgcgataccggcgcctTtgAgaatatttgcagcgaaggcgtg

IWGSC-1A   cgcatttAcgcgtgcgataccggcgcctGtgAgaatatttgcagcgaaggcgtg

IWGSC-1B   cgcatttAcgcgtgcgataccggcgcctTtgGgaatatttgcagcgaaggcgtg

IWGSC-1D   c--atttGcgcgtgcgataccggcgcctGtgGgaatatttgcagcgaaggcgtg

           -------a--------------------g--G----------------------

Deletions primer design



A-specific

B-specificD-specific

SNP-1 B    cgcatttAcgcgCgcgataccggcgcctTtgAgaatatttgcagcgaaggcgtg

IWGSC-1A   cgcatttAcgcgtgcgataccggcgcctGtgAgaatatttgcagcgaaggcgtg

IWGSC-1B   cgcatttAcgcgtgcgataccggcgcctTtgGgaatatttgcagcgaaggcgtg

IWGSC-1D   c--atttGcgcgtgcgataccggcgcctGtgGgaatatttgcagcgaaggcgtg

           -------a--------------------g--G----------------------

Deletions primer design



A-specific

B-specificD-specific

SNP-1 B    cgcatttAcgcgCgcgataccggcgcctTtgAgaatatttgcagcgaaggcgtg

IWGSC-1A   cgcatttAcgcgtgcgataccggcgcctGtgAgaatatttgcagcgaaggcgtg

IWGSC-1B   cgcatttAcgcgtgcgataccggcgcctTtgGgaatatttgcagcgaaggcgtg

IWGSC-1D   c--atttGcgcgtgcgataccggcgcctGtgGgaatatttgcagcgaaggcgtg

           -------a--------------------g--G----------------------

Deletions primer design

Only amplifies A 
and D genomes



Amplicon primers 
and regular PCR 
primers



Amplicon primers
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Amplicon primers

Region 1B  cgcatttAcgcgCgcgataccggcgcctTtgAgaatatttgcagcgaaggcgtg

 IWGSC-1A  cgcatttAcgcgtgcgataccggcGcctTtgAgaatatttgcagcgaaggcgtg

 IWGSC-1B  cgcatttAcgcgtgcgataccggcAcctGtgGgaatatttgcagcgaaggcgtg

 IWGSC-1D  c--atttGcgcgtgcgataccggcGcctGtgAgaatatttgcagcgaaggcgtg

           -------a----------------A---g--g----------------------

B-specific

A-specificD-specific B-specific



Amplicon primers

Region 1B  cgcatttAcgcgCgcgataccggcgcctTtgAgaatatttgcagcgaaggcgtg

 IWGSC-1A  cgcatttAcgcgtgcgataccggcGcctTtgAgaatatttgcagcgaaggcgtg

 IWGSC-1B  cgcatttAcgcgtgcgataccggcAcctGtgGgaatatttgcagcgaaggcgtg

 IWGSC-1D  c--atttGcgcgtgcgataccggcGcctGtgAgaatatttgcagcgaaggcgtg

           -------a----------------A---g--g----------------------

B-specific

A-specificD-specific B-specific



Amplicon primers

Region 1B  cgcatttAcgcgCgcgataccggcgcctTtgAgaatatttgcagcgaaggcgtg

 IWGSC-1A  cgcatttAcgcgtgcgataccggcGcctTtgAgaatatttgcagcgaaggcgtg

 IWGSC-1B  cgcatttAcgcgtgcgataccggcAcctGtgGgaatatttgcagcgaaggcgtg

 IWGSC-1D  c--atttGcgcgtgcgataccggcGcctGtgAgaatatttgcagcgaaggcgtg

           -------a----------------A---g--g----------------------

B-specific

A-specificD-specific B-specific



Region 1B  cgcatttAcgcgCgcgataccggcgcctTtgAgaatatttgcagcgaaggcgtg

 IWGSC-1A  cgcatttAcgcgtgcgataccggcGcctTtgAgaatatttgcagcgaaggcgtg

 IWGSC-1B  cgcatttAcgcgtgcgataccggcAcctGtgGgaatatttgcagcgaaggcgtg

 IWGSC-1D  c--atttGcgcgtgcgataccggcGcctGtgAgaatatttgcagcgaaggcgtg

           -------a----------------A---g--g----------------------

B-specific

A-specificD-specific B-specific

Amplicon primers



PolyMarker used for…



Tilling mutants in ensembl plants

Krasileva, K. V,  et al (2017). Uncovering hidden variation in polyploid wheat. PNAS, 114(6), E913-E921.
doi:10.1073/pnas.1619268114 

http://plants.ensembl.org/Triticum_aestivum



Markers in CeralsDB

• Primers for iSelect 80K chip
• Primers for Axiom 820K chip

https://www.cerealsdb.uk.net/cerealgenomics/CerealsDB/KASP_primers_for_iSelect.php



Use your own reference

• PolyMarker is open source! 

• Run from the command line: 
https://github.com/Uauy-Lab/bioruby-polyploid-tools/

• Install your own web service: 
https://github.com/Uauy-Lab/pangenome-web

https://github.com/Uauy-Lab/bioruby-polyploid-tools/


Future developments

• Do further optimisations on the amplicon and deletion 
markers.
• Integration with the 10+ Wheat genome pangenome 
• Make the amplicon and deleltion versions of polymarkers
• Other applications that the community may need? 
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Resources

• Website: http://polymarker.info
• Source code: https://github.com/Uauy-Lab/bioruby-polyploid-

tools/
• Ensembl plants: http://plants.ensembl.org/Triticum_aestivum
• Gamma radiation deletions database: http://wheat-

deletion.cyverseuk.org/

Ramirez-Gonzalez, R. H., Uauy, C., & Caccamo, M. (2015). 
PolyMarker: A fast polyploid primer design pipeline. 
Bioinformatics, 2–3. doi:10.1093/bioinformatics/btv069

http://polymarker.info/
https://github.com/Uauy-Lab/bioruby-polyploid-tools/
http://wheat-deletion.cyverseuk.org/

