
Gamete formation in 
autopolyploids*

*random pairing and no double reduction

> ploidy <- c(2,4,6,8)
> choose(ploidy, ploidy/2)
[1]  2  6 20 70

Apples et al. (1998)
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How genetic information is transmitted?



Gamete formation in polyploids* 

*no double reduction

https://doi.org/10.1534/g3.119.40037
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Expected gametic frequency 
given a bivalent configuration

l : known number of recombinant bivalents between loci A and B



Recombination Fraction - 
autotetraploid



Recombination Fraction - 
autotetraploid



Recombination Fraction - 
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Recombination Fraction - 
autotetraploid



Recombination Fraction - 
autotetraploid



Recombination Fraction – autotetraploid
Fully informative marker



Recombination Fraction – autotetraploid
Partially informative marker – Duplex/simplex – 
Association 



Recombination Fraction – autotetraploid
Partially informative marker – Duplex/simplex – 
Repulsion 



Recombination Fraction – assessing 
linkage phases

• Pairwise MLEs of r are used to group markers 
into linkage groups and order markers within 
each linkage group using optimization 
algorithms such as MDS.

• Given a sequence of ordered markers, it is 
possible to extend the idea of comparing the 
likelihoods of competing linkage phases 
throughout multiple markers.

logarithm-of-odds (LOD-
score) 

Markers A and B are 
most likely in association

> x <- make_seq_mappoly(tetra.solcap, 1:10)
> plot_mrk_info(tetra.solcap,4)
> plot_mrk_info(tetra.solcap,6)
> y <- est_pairwise_rf(x, verbose = FALSE)
> y$pairwise$`4-6`
       LOD_ph          rf       LOD_rf
3-2   0.00000 0.002770179 7.034134e+01
2-2 -64.47357 0.217875201 5.867772e+00
3-0 -69.52225 0.396840480 8.190949e-01
2-0 -70.34559 0.499954162 4.246663e-03
3-1 -74.18865 0.283120852 6.698376e+00
2-1 -80.88787 0.499954162 8.493239e-04



Ordering with MDS – 15 linkage groups, 30684 SNPs

1       2         3          4          5      6      7    8       9       10    11     12      13  14  15

Numbers indicate the associated chromosomes in I. trifida and I. triloba reference genomes
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BT, TB and NKB
For chromosome 9 - number 
of markers and individuals (after filtering)

308 ind. 212 ind.

237 ind.



Two-point analysis
"S9_1149652”                  "S9_1150612"



Example using BT, TB and NKB

MAPpoly results: first 200 markers, chromosome 9



Transition probability i’i
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Emission and transition for a trio



Two-point analysis

"S9_1149652”                  "S9_1150612"



Joint analysis

Joint
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