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Creating an history: All analysis will be found in this history 
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Renaming the History (easier to find analysis) 
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Loading existing dataset: To test tools 

1 

2 
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Loading existing dataset: To test tools 
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Loading existing dataset: To test tools 
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Loading existing dataset: To test tools 

1 

2 
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Going back to history to analyze data 
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Going back to history 

Loaded datasets 

Problem datatype Origine.tab??? 
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Chromosome painting with vcfHunter tool 
 Developed to answer banana problematics 

9 
Slide adapted from F.C Baurens 

What is the composition of A and B genomes along chromosomes of 
cultivated banana hybrids?  
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Chromosome painting with vcfHunter tool 
 What is the contribution of ancestral genomes along chromosomes of cultivated 
hybrids?  

Several tools developed under vcfHunter toolbox for this purpose: 

1 

2 



Chromosome painting with vcfHunter tool 
 Used data: A file containing ancestral (non admixed) accession origin 

1 

Accession name in the vcf 

Ancestral origin 
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Chromosome painting with vcfHunter tool 
 Used data: Several vcf files containing the genotypes of 15 accessions 

5 vcf files (1 for each 
chr) for 15 accessions 

(11 ancestral and 4 
hybrids) 

1 
2 

3 
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Chromosome painting with vcfHunter tool 
 1- Chromosome painting of one accession 

1 

2 
3 
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Chromosome painting with vcfHunter tool 
 1- Chromosome painting of one accession 

1 
2 

Need for a 
collection 
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Chromosome painting with vcfHunter tool 
 1- Chromosome painting of one accession 

1 

2 

3 
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Chromosome painting with vcfHunter tool 
 1- Chromosome painting of one accession 

1 2 
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Chromosome painting with vcfHunter tool 
 1- Chromosome painting of one accession 

1 

2 
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1 

2 

3 

4 

5 

6 

Origin.tab 

Kunnan 

2 (diploid) 

no 
yes 

VCF.conf 

7 
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Chromosome painting with vcfHunter tool 
 1- Chromosome painting of one accession 



4 files will be 
generated 

Send to cluster Running on cluster Finished 
19 

Chromosome painting with vcfHunter tool 
 1- Chromosome painting of one accession 
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Chromosome painting with vcfHunter tool 
 1- Chromosome painting of one accession 



Chromosome painting with vcfHunter tool 
  1- Chromosome painting of one accession : How the program work? 

• Based on the origin.tab file, attribute an allele to an ancestral group according to the 
following rule: 
 If the allele is found only in member of an ancestral group (i.e. absent from all member 

of the other(s) group(s)), then the allele is attributed to this group. 
 

• Possible variants to the rule: 
 Allele should be present in all member of the ancestral group (“yes” or “no”) 

 
 Missing data are accepted in member of ancestral group (“yes” or “no”) 

 
 

• Calculate, in the studied accession, the proportion of read having this allele 
 

• Plot this proportion 
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Chromosome painting with vcfHunter tool 
  1- Chromosome painting of one accession : How the program work? 

• Plot normalized variant site coverage 
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Chromosome painting with vcfHunter tool 
  1- Chromosome painting of one accession : Outputs description 

Mean coverage (expected) 

Mean coverage + 1 chromosome 

Mean coverage - 1 chromosome 
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Chromosome painting with vcfHunter tool 
  1- Chromosome painting of one accession : Outputs description 
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Chromosome painting with vcfHunter tool 
  1- Chromosome painting of one accession : Outputs description 

The file used to draw 
the allele ratio figure 

Chromosome 

Position 

Attributed allele 

Allele ancestral group 

Allele ratio in the accession 
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Chromosome painting with vcfHunter tool 
  1- Chromosome painting of one accession : Outputs description 

Allele global statistics 
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Chromosome painting with vcfHunter tool 
  1- Chromosome painting of one accession : To go further 

1 

Running the analysis with other options, other accessions of the vcf.  
    Other hybrids names in the vcf GP1 (triploid), P1 (tetraploid) and P025 (triploid)  
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Chromosome painting with vcfHunter tool 
  1- Chromosome painting of one accession : Additional information 

1 
2 

Small description 

How to cite 
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Chromosome painting with vcfHunter tool 
  2- Comparison of several accessions  

1 

1 

2 

3 

4 

5 

6 

Origin.tab 

T04,T02,Kunnan,GP1,P025,P1 

3 (triploid -not very important-) 

no 
yes 

VCF.conf 

7 
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Chromosome painting with vcfHunter tool 
  2- Comparison of several accessions: output description  

A collection of 
several files 
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Chromosome painting with vcfHunter tool 
  2- Comparison of several accessions: output description  

A collection of several files 
For each chromosomes: 

• A coverage file 
• A ratio file 

The number of files per chromosome depends on 
the of the number of accessions treated (there 

can be at most 15 accessions per picture) 
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Chromosome painting with vcfHunter tool 
  2- Comparison of several accessions: output description  

Warning: Because it is a mix of accession with distinct ploidy level, the 
green threshold (+1 or -1) are only accurate for triploid accessions. 

Expected ploidy level 

Missing one haplotype! 
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Chromosome painting with vcfHunter tool 
  2- Comparison of several accessions: output description  

Warning: Because it is a mix of accession with distinct ploidy level, the 
green threshold (+1 or -1) are only accurate for triploid accessions. 

2 doses of green origin 
1 doses of red origin 
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Genetic mapping analysis with vcfHunter tool 
  Developed to answer banana problematics 

34 

• Cultivated banana are hybrids between distinct species and subspecies showing 
chromosomal structural rearrangements 

What are the chromosomal structures of species and subspecies 
implicated in cultivated bananas? 

What are the consequences of these structural variations on 
chromosomal pairing, recombination and segregation? 
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Genetic mapping analysis with vcfHunter tool 
 What are the chromosomal structures of plants? 
 What are the consequences of these structural variations on chromosomal pairing, 
recombination and segregation 

Several tools developed under vcfHunter toolbox for this purpose: 

1 

2 



Genetic mapping analysis with vcfHunter tool 
 Used data: A vcf file containing genotypes for each individuals of a mapping 
population 

1 
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Genetic mapping analysis with vcfHunter tool 
 Used data: An agp file locating scaffolds in the reference assembly 

1 
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Genetic mapping analysis with vcfHunter tool 
 Selecting segregating markers in vcf files: vcf2PopNew 

38 

1 



Genetic mapping analysis with vcfHunter tool 
 Selecting segregating markers in vcf files: vcf2PopNew 

39 

Carto.vcf 



Genetic mapping analysis with vcfHunter tool 
 Selecting segregating markers in vcf files: vcf2PopNew 

40 

Marker 
segregation(s) tested 

to select markers 



Genetic mapping analysis with vcfHunter tool 
 Selecting segregating markers in vcf files: vcf2PopNew 

41 

The expected marker segregation depends of the cross studied: 
 Selfing of an heterozygous diploid accession: 

A C 

A AA AC 

C AC CC 

A=h C=k 

A=h hh hk 

C=k hk kk 

recoding 
Expected 

proportions 
25% hh 
50% hk 
25% kk 

Max 
tolerated 
χ² p-value 

1e-10 

Homozygous = Ho 
Heterozygous = He 



Genetic mapping analysis with vcfHunter tool 
 Selecting segregating markers in vcf files: vcf2PopNew 
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The expected marker segregation depends of the cross studied: 
 Selfing of an heterozygous diploid accession: 

A C 

A AA AC 

C AC CC 

A=h C=k 

A=h hh hk 

C=k hk kk 

recoding 
Expected 

proportions 
25% hh 
50% hk 
25% kk 

Max 
tolerated 
χ² p-value 

1e-10 

Homozygous = Ho 
Heterozygous = He 

Bridge:P1,P2:Ho,He,Ho@hh,hk,kk:0.25,0.5,0.25:1e-10 



Genetic mapping analysis with vcfHunter tool 
 Selecting segregating markers in vcf files: vcf2PopNew 

43 

The expected marker segregation depends of the cross studied: 
 Selfing of an heterozygous diploid accession: 

 
 
 
 
 
 

 Cross between two diploid heterozygous accessions: 

A C 

A AA AC 

C AC CC 

A=h C=k 

A=h hh hk 

C=k hk kk 

recoding 
Expected 

proportions 
25% hh 
50% hk 
25% kk 

Max 
tolerated 
χ² p-value 

1e-10 

A C 

A AA AC 

C AC CC 

A=h C=k 

A=h hh hk 

C=k hk kk 

recoding 
Expected 

proportions 
25% hh 
50% hk 
25% kk 

Max 
tolerated 
χ² p-value 

1e-10 

A C 

A AA AC 

A AA AC 

A=n C=p 

A=n nn np 

A=n nn np 

recoding 
Expected 

proportions 50% nn 
50% np 

Max 
tolerated 
χ² p-value 

1e-10 

Homozygous = Ho 
Heterozygous = He 

Bridge:P1,P2:Ho,He,Ho@hh,hk,kk:0.25,0.5,0.25:1e-10 



Genetic mapping analysis with vcfHunter tool 
 Selecting segregating markers in vcf files: vcf2PopNew 

44 

The expected marker segregation depends of the cross studied: 
 Selfing of an heterozygous diploid accession: 

 
 
 
 
 
 

 Cross between two diploid heterozygous accessions: 

A C 

A AA AC 

C AC CC 

A=h C=k 

A=h hh hk 

C=k hk kk 

recoding 
Expected 

proportions 
25% hh 
50% hk 
25% kk 

Max 
tolerated 
χ² p-value 

1e-10 

A C 

A AA AC 

C AC CC 

A=h C=k 

A=h hh hk 

C=k hk kk 

recoding 
Expected 

proportions 
25% hh 
50% hk 
25% kk 

Max 
tolerated 
χ² p-value 

1e-10 

A C 

A AA AC 

A AA AC 

A=n C=p 

A=n nn np 

A=n nn np 

recoding 
Expected 

proportions 50% nn 
50% np 

Max 
tolerated 
χ² p-value 

1e-10 

Homozygous = Ho 
Heterozygous = He 

Bridge:P1,P2:Ho,He,Ho@hh,hk,kk:0.25,0.5,0.25:1e-10 

SimpleDose:P1,P2:Ho,He@nn,np:0.5,0.5:1e-10 

Bridge:P1,P2:Ho,He,Ho@hh,hk,kk:0.25,0.5,0.25:1e-10 



Genetic mapping analysis with vcfHunter tool 
 Selecting segregating markers in vcf files: vcf2PopNew 

45 

The expected marker segregation depends of the cross studied: 
 

 Selfing of an heterozygous diploid accession with an heterozygous tetraploid accession: 
An additional segregation tested: double dose markers (e.g: P2 genotype = A/A/C/C, P1 
genotype = C/C) 

Homozygous = Ho 
Heterozygous = He 

A A 

AA=hh hh hh 

CC=kk k- k- 

AC=hk k- k- 

AC=hk k- k- 

AC=hk k- k- 

AC=hk k- k- 

recoding 
Expected 

proportions 1/6 hh 
5/6 k- 

Max 
tolerated 
χ² p-value 

1e-7 

A A 

AA AAA AAA 

CC ACC ACC 

AC AAC AAC 

AC AAC AAC 

AC AAC AAC 

AC AAC AAC 



Genetic mapping analysis with vcfHunter tool 
 Selecting segregating markers in vcf files: vcf2PopNew 

46 

The expected marker segregation depends of the cross studied: 
 

 Selfing of an heterozygous diploid accession with an heterozygous tetraploid accession: 
An additional segregation tested: double dose markers (e.g: P2 genotype = A/A/C/C, P1 
genotype = C/C) 
 

Homozygous = Ho 
Heterozygous = He 

A A 

AA=hh hh hh 

CC=kk k- k- 

AC=hk k- k- 

AC=hk k- k- 

AC=hk k- k- 

AC=hk k- k- 

recoding 
Expected 

proportions 1/6 hh 
5/6 k- 

Max 
tolerated 
χ² p-value 

1e-7 

A A 

AA AAA AAA 

CC ACC ACC 

AC AAC AAC 

AC AAC AAC 

AC AAC AAC 

AC AAC AAC 

DoubleDose:P1,P2:Ho,He@hh,k-:0.1667,0.8333:1e-7 



Genetic mapping analysis with vcfHunter tool 
 Selecting segregating markers in vcf files: vcf2PopNew 

47 

The expected marker segregation depends of the cross studied: 
 

 Selfing of an heterozygous diploid accession with an heterozygous tetraploid accession: 
An additional segregation tested: double dose markers 
 

 This is the type of cross we have in our example! 
 
 
 
 
 
 

 We will select markers for several segregations 

DoubleDose:P1,P2:Ho,He@hh,k-:0.1667,0.8333:1e-7 

A1A2A3B A4A5 

Genotyped progeny (180 individuals) 

SimpleDose:P1,P2:Ho,He@nn,np:0.5,0.5:1e-10 

Bridge:P1,P2:Ho,He,Ho@hh,hk,kk:0.25,0.5,0.25:1e-10 

With some regions which 
are AABB or A1A1A2B for 
example 



Genetic mapping analysis with vcfHunter tool 
 Selecting segregating markers in vcf files: vcf2PopNew 
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The expected marker segregation depends of the cross studied: 
 

 Selfing of an heterozygous diploid accession with an heterozygous tetraploid accession: 
An additional segregation tested: double dose markers 
 

 This is the type of cross we have in our example! 
 
 
 
 
 
 

 We will select markers for several segregations 

DoubleDose:P1,P2:Ho,He@hh,k-:0.1667,0.8333:1e-7 

A1A2A3B A4A5 

Genotyped progeny (180 individuals) 

SimpleDose:P1,P2:Ho,He@nn,np:0.5,0.5:1e-10 

Bridge:P1,P2:Ho,He,Ho@hh,hk,kk:0.25,0.5,0.25:1e-10 

With some regions which 
are AABB or A1A1A2B for 
example 



Genetic mapping analysis with vcfHunter tool 
 Selecting segregating markers in vcf files: vcf2PopNew 
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SimpleDose:P1,P2:Ho,He@nn,np:0.5,0.5:1e-
10/Bridge:P1,P2:Ho,He,Ho@hh,hk,kk:0.25,0.5,0.25:1e-

10/DoubleDose:P1,P2:Ho,He@hh,k-:0.1667,0.8333:1e-7 



Genetic mapping analysis with vcfHunter tool 
 Selecting segregating markers in vcf files: vcf2PopNew 

50 

1 

2 

3 

4 

5 

300 

0.01:0.1 

3 

0.05 

15 

6 no 



Genetic mapping analysis with vcfHunter tool 
 Selecting segregating markers in vcf files: vcf2PopNew 

51 

1 

2 



Genetic mapping analysis with vcfHunter tool 
 Selecting segregating markers in vcf files: outputs 

52 

A collection of 
several files 



Genetic mapping analysis with vcfHunter tool 
 Selecting segregating markers in vcf files: outputs 

53 

List of variant line passing missing data filter 
(not used after in this tutorial but can be of 

researcher interest) 

1 2 

3 



Genetic mapping analysis with vcfHunter tool 
 Selecting segregating markers in vcf files: outputs 

54 

Χ² p-value 

Χ² value 



Genetic mapping analysis with vcfHunter tool 
 Selecting segregating markers in vcf files: outputs 

55 

1 

Statistics on the marker selection 

Options passed 

Datapoint 
stats 

Markers 
stats 



Genetic mapping analysis with vcfHunter tool 
 Selecting segregating markers in vcf files: outputs 

56 

1 

Vcf containing variant line passing missing 
data filter (not used after in this tutorial but 

can be of researcher interest) 



Genetic mapping analysis with vcfHunter tool 
 Selecting segregating markers in vcf files: outputs 

57 

1 

This is the file which should contain bridge 
markers is empty because there are no 

bridge markers 



Genetic mapping analysis with vcfHunter tool 
 Selecting segregating markers in vcf files: outputs 

58 

1 

This file contained double dose markers 
which are heterozygous in parent P1 

Marker name 
(Chr+”M”+Pos) 

Segregation type 

Expected proportion 

Phase information (1 = marker has been rephased) 



Genetic mapping analysis with vcfHunter tool 
 Selecting segregating markers in vcf files: outputs 

59 

1 This file contained double dose markers 
which are heterozygous in parent P2.  

 
They are very few and this is good because 
P2 is diploid and thus double dose markers 

should not exist! 



Genetic mapping analysis with vcfHunter tool 
 Selecting segregating markers in vcf files: outputs 
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1 
This file contained simple dose markers 

which are heterozygous in parent P1  



Genetic mapping analysis with vcfHunter tool 
 Selecting segregating markers in vcf files: outputs 
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1 This file contained simple dose markers 
which are heterozygous in parent P2  



Genetic mapping analysis with vcfHunter tool 
 Selecting segregating markers in vcf files: outputs 
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1 

This file contained markers for which the 
heterozygous status of parent P1 and P2 is 

unclear and thus they could not be 
attributed to one of the parents 



Genetic mapping analysis with vcfHunter tool 
 Calculating marker segregation distortion on parent P2 simple dose markers 

63 

1 



Genetic mapping analysis with vcfHunter tool 
 Calculating marker segregation distortion on parent P2 simple dose markers 

64 

File which are in collections are not 
available through by galaxy workflow!!! 

 
The problem is that we want to access the 

“Pop_tab_SimpleDose_P2.tab” file… 
 

To solve this problem, we have to:  
1- get this file on our computer 
2- upload this file on galaxy but this time 
not as part of a collection  



Genetic mapping analysis with vcfHunter tool 
 1- Downloading the Pop_tab_SimpleDose_P2.tab 
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1 

2 

3 

4 



Genetic mapping analysis with vcfHunter tool 
 1- Uploading the Pop_tab_SimpleDose_P2.tab onto Galaxy 
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1 

2 
3 



Genetic mapping analysis with vcfHunter tool 
 1- Uploading the Pop_tab_SimpleDose_P2.tab onto Galaxy 
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1 

2 

3 

Drag and drop the 
downloaded file 



S   

Genetic mapping analysis with vcfHunter tool 
  Calculating marker segregation distortion on parent P2 simple dose markers 

68 

3 
Downloaded file 

appears 

2 

1 

S 

n 

4 



Genetic mapping analysis with vcfHunter tool 
  Calculating marker segregation distortion : output 

69 

A two column file with: 
1- marker name 
2- marker segregation distortion 

1 



Genetic mapping analysis with vcfHunter tool 
  Calculating marker segregation distortion : output 
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A two column file with: 
1- marker name 
2- marker segregation distortion 

1 



Genetic mapping analysis with vcfHunter tool 
 Calculating  pairwise marker recombination rate on P2 simple dose 

71 

1 



Genetic mapping analysis with vcfHunter tool 
  Calculating  pairwise marker recombination rate on P2 simple dose 

72 

3 

2 

1 

R 

n 

4 



Genetic mapping analysis with vcfHunter tool 
  Calculating  pairwise marker recombination rate: output 

73 

1 

A square matrix of marker 
pairwise recombination rate  



n   

Genetic mapping analysis with vcfHunter tool 
  Plotting pairwise recombination 

74 

1 

3 

2 

[Pop_tab_SimpleDose_P2.tab] 

REC.tab 

n 5 

4 

6 

no 



Genetic mapping analysis with vcfHunter tool 
  Plotting pairwise recombination: outputs 

75 

Color code of the heatmap 

1 



Genetic mapping analysis with vcfHunter tool 
  Plotting pairwise recombination: outputs 

76 

1 

• Marker linkage 
• Marker ordered with no physical 

distances (i.e. same distance 
between each point) 



Genetic mapping analysis with vcfHunter tool 
  Plotting pairwise recombination with other options 

77 

1 



Genetic mapping analysis with vcfHunter tool 
  Plotting pairwise recombination with other options 

78 

2 

1 SegDist.tab 4 

CartoRef.agp 3 

y 5 



Genetic mapping analysis with vcfHunter tool 
  Plotting pairwise recombination with other options 

79 

2 

Segregations 
distortions 

Scaffold position in 
reference sequence 

• Marker linkage 
• Marker ordered with physical distances (i.e. each marker 

is positionned according to its location on reference 
sequence) 

No markers in these regions: 
• Region of homozygosity 

for P2? 



Evidence for large segregation 
distortions and inter-chromosomal 

linkage 

Genetic mapping analysis with vcfHunter tool 
  Plotting pairwise recombination with other populations 

80 

chr09 

chr01 

Evidence of reciprocal translocations 
between chromosome 1 and 9 


