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Polyploids

Polyploids are 
organisms that have 
multiple copies of the 
complete set of 
chromosomes. This 
multiplicity imposes 
numerous challenges 
to genomic analysis 
and subsequent 
applications in 
practical breeding. 



Polyploid species

Multiple sets have the 
same origin

Multiple sets have 
different origins

Braz et al., 2018

Autotetraploid potato

Meiotic pairing in autotetraploids



Segregation in polyploids*
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*random pairing and no double reduction



Linkage analysis
Theoretical foundations: 1914 - 1941



Variant discovery and genotyping calling

• Discovery: Tassel, GATK

• Calling: fitPoly, SuperMASSA, polyRAD, updog, VCF2SM

Raw DNA 
sequences or 

Genotyping Arrays

• Process of finding variations in raw DNA sequences and estimating their dosages 
in all population individuals. 



Genotype calling in diploids



Genotype calling in polyploids

Tetraploid Hexaploid



Genotype calling in polyploids

• fitTetra (tetraploids – array data): 
https://www.wur.nl/en/show/Software-fitTetra.htm

• ClusterCall (tetraploids): 
https://potatobreeding.cals.wisc.edu/software/

• SuperMASSA (any ploidy level): 
https://bitbucket.org/orserang/supermassa

• updog (any ploidy level, allows preferential pairing): 
https://github.com/dcgerard/updog

• polyRAD (any ploidy level, reads VCF, BAM, etc): 
https://github.com/lvclark/polyRAD 

https://www.wur.nl/en/show/Software-fitTetra.htm
https://potatobreeding.cals.wisc.edu/software/
https://bitbucket.org/orserang/supermassa
https://github.com/dcgerard/updog
https://github.com/lvclark/polyRAD


Genetic mapping and haplotype inference

• MAPpoly can easily be used in conjunction with several genotype 
calling, mapping and QTL analysis software

Mollinari and Garcia (2019) – G3
doi:10.1534/g3.119.400378

https://github.com/mmollina/MAPpoly

https://doi.org/10.1534/g3.119.400378
https://github.com/mmollina/MAPpoly


Genetic Mapping - Sweetpotato

Mollinari et al. (2020) – G3

doi:10.1534/g3.119.400620

Chromosome 1

Final map – 15 chromosomes

https://gt4sp-genetic-map.shinyapps.io/bt_map/

https://doi.org/10.1534%2Fg3.119.400620
https://gt4sp-genetic-map.shinyapps.io/bt_map/


Haplotype reconstruction – BT offspring 

https://gt4sp-genetic-map.shinyapps.io/offspring_haplotype_BT_population/
12

• MAPpoly reconstructs the genome of individuals in the offspring by tracing back 
their haplotypes to their founders.

• It also estimates degrees of preferential pairing and frequency of multivalent 
configurations.

https://gt4sp-genetic-map.shinyapps.io/offspring_haplotype_BT_population/


Preferential pairing profiles



Genomic characterization of Urochloa humidicola



Public mid-density genotyping platform for 
alfalfa(Medicago sativa L.)

MAPpoly2 and alfalfa map construction

https://rpubs.com/mmollin/tutorial_mappoly2

https://rpubs.com/mmollin/tutorial_mappoly2


QTL mapping

Pereira et al. (2020) - Genetics

doi.org:10.1534/genetics.120.303080

Additive allele effects from the decomposed BLUPs for 
the QTL 1 of commercial root yield

https://doi.org/10.1534/genetics.120.303080


Viewpoly
Interactively 
explore and select 
QTL regions, find 
candidate genes, 
find favorable 
haplotypes, dosage 
effects, list 
breeding values, 
and QTL 
information.

Taniguti et al. (2022) - JOSS

doi:10.21105/joss.04242

https://doi.org/10.21105/joss.04242


Software
Genotype calling, mapping, QTL analysis and visualization

https://github.com/mmollina/MAPpoly

https://github.com/mmollina/MAPpoly


Analysis in multiple inter-connected sweetpotato families

Example of haplotyping in chromosome 15: 
Beauregard, Tanzania and New Kawogo

Complete genetic map for BT, TB, and NKB

Schematic representation of three 

interconnected populations: BT, TB, and NKB



Analytical environment for linkage and QTL analysis in 
polyploids

https://www.polyploids.org/

Tools for Polyploids 
PLUS

https://www.polyploids.org/


MAPpoly2: Constructing maps and integrating them in multiple F1 populations

https://github.com/mmollina/mappoly2

https://github.com/mmollina/mappoly2
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