
Polyploid data analysis
and…

How to gently transition from 
software user to software developer

Lindsay Clark, Genetics Graduate Group

February 28, 2011



My study organism- invasive 
blackberry (Rubus)

• Many species of Rubus are invasive 
worldwide, particularly in the tetraploid, 
apomictic R. fruticosus agg. from Europe

• There is also native blackberry on the West 
Coast – R. ursinus – an allopolyploid mix of 6x, 
8x, and 12x

• Diploid raspberry species, odd ploidy cultivars



Dissertation questions
• How much hybridization has gone on between 

native and non-native Rubus on the West 
Coast?

• Do the hybrids reproduce sexually or by 
apomixis?  (Evolution of new invasive types?)

• What is the clonal diversity of the R. fruticosus
invasion, and where did the clones come 
from?

Using microsats to address all of these



Polyploid HWE

• So if in a diploid

p2 + 2pq + q2 = 1

• Then in an autotetraploid

p4 + 4p3q + 6p2q2 + 4pq3 + q4 = 1

• But that’s the simplest situation…



Autopolyploidy vs. allopolyploidy
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Patterns of 
inheritance affect 
which genotypes can 
and can’t exist.  This 
can have a strong 
effect on population 
statistics!



Example: what genotypes are possible 
with self fertilization?

Autotetraploid (polysomic)

• Parent = ABCD

• Possible gametes = AB, AC, 
AD, BC, BD, CD

• Offspring = AABB, AACC, 
AADD, BBCC, BBDD, CCDD, 
AABC, AABD, ABBC, ABBD, 
ABCD,  AACD, ABCC, ACCD, 
ABDD, ACDD, BBCD, BCCD, 
BCDD

Allotetraploid (disomic)

• Parent = AB CD

• Possible gametes = AC, AD, 
BC, BD

• Offspring = AACC, AADD, 
BBCC, BBDD, AACD, ABCC, 
ABCD, ABDD, BBCD

Ideally:
Know the inheritance pattern of 
your organism.
In an allopolyploid, know which 
alleles go with which isoloci.



Double reduction

• In tetrasomic ABCD, 
expected gametes are 
AB, AC, AD, BC, BD, CD

• More rarely, you can get 
AA, BB, CC, or DD from 
double reduction

• Most analysis has “no 
double reduction” 
assumption

In prophase of meiosis I:
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Using dominant markers in a polyploid

• Homozygous recessive individual is going to be 
more rare under polysomic inheritance

• If q is the frequency of the recessive allele:

• In diploid, expect absence of band at 
frequency of q2

• In autotetraploid, absence of band is at a 
frequency of q4

• See http://cran.r-project.org/web/packages/polySegratio/

http://cran.r-project.org/web/packages/polySegratio/�


Using codominant markers in a 
polyploid

• Allele copy number ambiguity in partial 
heterozygotes

• You have a tetraploid with alleles A and B at 
one locus

• Is it AABB, AAAB, or ABBB?

• Use of peak height or band intensity to 
distinguish copy number is complicated by 
PCR amplification efficiency



Available Software - STRUCTURE
• STRUCTURE  now allows polyploid genotypes 

with allele copy number ambiguity!

• It is only for autopolyploid data

• I have had issues with reproducibility, 
although I was trying to fudge allopolyploid 
data into STRUCTURE.

My results at  400,000 reps 

http://pritch.bsd.uchicago.edu/structure.html

http://pritch.bsd.uchicago.edu/structure.html�


Available Software - SPAGeDi
• Inter-individual and inter-population 

distances, analysis involving geographic data

• Only for autopolyploids, and treats every 
allele as having equal chance of being present 
in more than one copy (an oversimplifying 
assumption).

http://ebe.ulb.ac.be/ebe/Software.
html

http://ebe.ulb.ac.be/ebe/Software.html�
http://ebe.ulb.ac.be/ebe/Software.html�


Available Software - GenoDive

• A variety of tools available, particularly 
dealing with asexual reproduction in 
polyploids.  User-friendly interface.

• Old, limited version is Mac/PC

• Newer version is Mac only.  Unpublished, with 
brief documentation.

http://www.bentleydrummer.nl/software/software/GenoDive.html

http://www.bentleydrummer.nl/software/software/GenoDive.html�


Available software - others

• Tetrasat, Tetra, and Atetra for allotetraploid
analysis, although they still don’t deal with 
issue of assigning alleles to isoloci

• POPDIST – distances between populations, 
deals with allele copy number ambiguity like 
SPAGeDi



How this led me to write my own

• Wanted to perform calculations that weren’t 
readily available in other software

• Wanted an easy and accurate way to convert 
my data to different formats (Structure, 
presence-absence)

• (Most available conversion software is just for 
diploids!)



So I learned R and started writing 
functions

• Introduction to R: http://cran.r-
project.org/doc/manuals/R-intro.html

• Data Import/Export: http://cran.r-
project.org/doc/manuals/R-data.html

• R listserves: Google will often find answers to 
your questions there

• Experiment with code to see if it works the 
way you think it does!

http://cran.r-project.org/doc/manuals/R-intro.html�
http://cran.r-project.org/doc/manuals/R-intro.html�
http://cran.r-project.org/doc/manuals/R-data.html�
http://cran.r-project.org/doc/manuals/R-data.html�
http://tolstoy.newcastle.edu.au/R/�


Example R code to show in R GUI

• 2 + 2
• X <- 2 + 2
• X
• Y <- c(1, 5, 9)
• Y
• mean(Y)
• Div2plus1 <- function(v) return(v/2 + 1)
• Div2plus1(Y)



Resources for R Users

• CRAN
– R download

– Manuals

– Packages – on web or through R GUI

– Genetics view, including Pop Gen stuff

• Bioconductor: more for genomics

• Emacs Speaks Statistics – text editor with 
utilities for R

http://cran.r-project.org/mirrors.html�
http://cran.cnr.berkeley.edu/web/views/Genetics.html�
http://www.bioconductor.org/�
http://ess.r-project.org/�


Emacs Speaks 
Statistics!

A text file of 
R code

R

Buttons to send 
your code to R



Packages with formats for DNA marker 
data

• genetics – “genotype” class - diploid 
codominant ; stores two alleles + locus info

• adegenet – “genind” class - one ploidy, no 
allele copy ambiguity, dominant/codominant, 
stores all genotypes + population identities

• polysat- “genambig” class – mixed ploidy, 
codominant, allele copy ambiguity, stores all 
genotypes + pop id + ploidies + SSR repeat 
type



Making an R package

• The language for using R is the exact same 
language for programming R

• (R packages also allow some C code)

• Simply create text files of R code

• Documentation needs to follow a specific 
format, but there are functions to 
automatically generate template files



Resources for R Programmers

• “Writing R Extensions” manual: http://cran.r-
project.org/doc/manuals/R-exts.html

• Software for Data Analysis: Programming with 
R by John M. Chambers, 2008. DOI: 
10.1007/978-0-387-75936-4

http://cran.r-project.org/doc/manuals/R-exts.html�
http://cran.r-project.org/doc/manuals/R-exts.html�
http://www.springerlink.com/content/kx304n/�
http://www.springerlink.com/content/kx304n/�


Making code human-friendly

• In any programming language, always 
“comment” your code: make lines that aren’t 
read by the computer, but explain in English 
what the code is doing.

• Also write a separate document explaining 
what the code does and how to use it.

• Do this immediately; I regularly use my own 
documentation because I don’t have my 
software memorized.



Documenting an R package

• Rd files: required for each function, follow a 
specific format, and are used to generate 
html, pdf, and text versions of help files.

• Optional free-form documentation
– PDF that you make with MS Word
– TeX/LaTeX: markup language to make 

professional-looking PDFs, great for mathematical 
formulas

– Sweave: incorporate R code into a LaTeX
document.

http://www.latex-project.org/�
http://www.stat.uni-muenchen.de/~leisch/Sweave/�


.Rd file PDF version, made 
automatically



Sweave (.Rnw) file PDF version



Arranging files to make a package

• Make a folder with the name of your package, 
and put sub-folders into it

• You are really just making folders of text files

• “R” folder: contains text files of R code

• “man” folder: contains .Rd files

• “DESCRIPTION” file

• Others optional, listed in manuals





Making an Installable Package
• Some things must be done from the Unix Shell or 

Windows Command Prompt
– R CMD check: Looks for problems with code and 

documentation

– R CMD build: Makes compressed version of package for 
CRAN upload (or binaries for installation)

– R CMD Rd2txt, Rd2dvi: Preview help files

• See: P. Rossi’s “Making R Packages Under Windows: 
A Tutorial”

• “R Installation and Administration” manual

http://cran.r-project.org/doc/manuals/R-admin.html�


Benefits of open source

• Any R user can look at the source code for my 
package and check that it actually does what I 
claim it does – scientific integrity and 
openness

• Any R user can build upon what I have written, 
rather than having to create their own 
software from scratch



Benefits of archive networks like CRAN

• You do not need to host a website where 
users can download your software

• The whole archive is duplicated on many 
servers around the world

• Software is permanently available, including 
all previous versions

• Software and documentation is free to 
everyone, including developing world



Benefits of being able to write 
software

• Automate tasks that might be tedious by hand
• Create software that does exactly what you want 

it to
– No hunting around for the right software
– No issues converting to the right format
– No compromising with software that doesn’t do 

exactly what you want

• If you are going to perform an analysis, you 
should have a deep understanding of how it 
works anyway



Questions?






	Polyploid data analysis�and…�How to gently transition from software user to software developer
	My study organism- invasive blackberry (Rubus)
	Dissertation questions
	Polyploid HWE
	Autopolyploidy vs. allopolyploidy
	Example: what genotypes are possible with self fertilization?
	Double reduction
	Double reduction
	Double reduction
	Double reduction
	Double reduction
	Using dominant markers in a polyploid
	Using codominant markers in a polyploid
	Available Software - STRUCTURE
	Available Software - SPAGeDi
	Available Software - GenoDive
	Available software - others
	How this led me to write my own
	So I learned R and started writing functions
	Example R code to show in R GUI
	Resources for R Users
	Slide Number 22
	Packages with formats for DNA marker data
	Making an R package
	Resources for R Programmers
	Making code human-friendly
	Documenting an R package
	Slide Number 28
	Slide Number 29
	Arranging files to make a package
	Slide Number 31
	Making an Installable Package
	Benefits of open source
	Benefits of archive networks like CRAN
	Benefits of being able to write software
	Questions?
	Slide Number 37
	Slide Number 38

