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User’s Manual for the FREQS-R Program 


For estimating allele frequencies for fingerprinting and genetic diversity studies using bulked heterogeneous populations

J. Franco, M. Warburton, P. Dubreuil, and S. Dreisigacker
November 2005

FREQS-R was written to convert peak heights of SSR alleles run on an ABI automatic DNA sequencer into frequencies of the alleles within the bulk of individuals amplified with the SSR.  FREQS-R is a freely available program written using the R software. It was written as a simplified R version of the MSSC - SAS®/IML program (Dubreuil et al. 2005; Franco et al. 2005). When using the program the following reference should be cited: Dubreuil, P. M. Warburton, M. Chastanet, D. Hoisington, and A. Charcosset.  2005.  More on the introduction of temperate maize into Europe: large-scale bulk SSR genotyping and new historical elements.  Maydica (in press). 

Installation

The files for R are available at the Comprehensive R Archive Network, or CRAN, http://cran.r-project.org. There is a series of mirror sites to lessen the load on any one server. Choose one close to you. R’s version for Windows has its own installer, download it and double-click on the icon. Once installed, R can be started using its GUI by double-clicking the desktop icon.
The FREQS-R program must be copied as a script into the R default directory, and called using usually icons at Windows.

Input data file

The input data file must be an ASCII type file, from Excel or similar spreadsheet program, where the Genotyper results have been stored. Tabs must separate the values on each line. This “TABS format” can be changed to another supported input file R format. 

An example of an input file appears in Table 1. This data set is a subset from a real and much larger data set, and we will use it for explaining the format of columns and rows. It is very important to maintain the described format for the correct performance of the program. 

Rows
Each row must contain the information corresponding to one line from Genotyper, thus the number of rows is the number of bulks that were stored in the Genotyper file (plus one initial row containing the column headings)

Columns
Columns are grouped into six categories:

1. Identification (4 columns): 

a) File Name. This column is required, it contains the names of the analyzed samples  (bulks)

b) Lane of the sequencer that each bulk was run in.  Note: this program was written with a model 377 sequencer in mind, but it is being reprogrammed for a capillary-based system, in which case, “Lane” will become “Capillary”. 

c) Dye color of the fluorescent label on the SSR marker

d) Category  (which is the name of each marker).

Columns for File Name, Lane, Dye color, and Category can be taken directly from the Genotyper table. 

2. Bin columns (this number is variable), containing the number of bins as produced by Genotyper.  Genotyper generally labels these Peak 1, Peak 2, etc., and so the columns headings can be left as such.  The number of bins depends on the number of alleles in each bulk; set this number to be the same as the number of alleles in the bulk with the highest number of alleles,  even if some of the bulks do not have that many peaks and have a 0 in the last columns.

3. Length in bp (this number is variable, but equal to the number of bin columns), this value identifies the length of each identified allele (bin).  This must be determined in advance from the Genotyper output table.

4. Peak height for each peak identified in number 2, above, containing the height (intensity) of the peaks identified by Genotyper.

5. Modulation Score for each peak identified in number 2, above, containing the modulation score (a measure of peak confidence) generated by Genotyper.

6. Number of labels (one only column) containing the number of values of the categories 2, 3, 4, and 5 that are different to zero for each row.  This may be different for each bulk, and is added by hand. 

The example
In this example (Table 1) we have the SSR marker phi069, and 10 population bulks. You can see that the Fname (file name) column corresponds to the materials, that have been identified with codes (11, 13100,…, 38116).  Because FREQS-R must be run separately for each marker, each input file must correspond to one (and only one) marker.

Although typically in a bulk of a heterogeneous maize population there are many alleles (in the original data set from which this example was drawn, there were 12 for each of the SSRs analyzed), for the purposes of this example, we only show the three first alleles, and the columns are therefore labeled as: peak_1, peak_2, and peak_3 for bin, followed by three columns of allele lengths, then three columns for peak heights, three columns for modulation scores, and finally the count column NL, (which varies between 4-32), containing the number of values in the original columns  which were not equal to zero.   For example,  the rows identified with FName=11, 14115, and 3310 show an NL value equal to 8, indicating that only two alleles were present (there are 2 bin values, 2 length values, 2 height values, and 2 ms values), and the other columns contain zeroes.

Table 1. Format of the input data file for the FREQS-R program.

	FName
	Lane
	Dye
	Category
	Peak 1
	Peak  2
	Peak  3
	Peak 1
	Peak 2
	Peak 3
	Peak 1
	Peak 2
	Peak 3
	Peak 1
	Peak 2
	Peak 3
	NL

	11
	1
	G
	phi069
	7
	8
	0
	206
	209
	0
	457
	50
	0
	24
	6
	0
	8

	13100
	13
	G
	phi069
	5
	6
	7
	201
	204
	206
	149
	636
	1037
	16
	63
	76
	16

	14110
	14
	G
	phi069
	1
	2
	3
	187
	191
	194
	66
	73
	78
	8
	7
	14
	28

	14113
	14
	G
	phi069
	1
	2
	3
	189
	192
	193
	60
	63
	55
	6
	12
	8
	32

	14115
	14
	G
	phi069
	6
	7
	0
	203
	206
	0
	725
	72
	0
	83
	4
	0
	8

	3310
	33
	G
	phi069
	6
	7
	0
	204
	207
	0
	368
	753
	0
	67
	71
	0
	8

	38109
	38
	G
	phi069
	7
	0
	0
	206
	0
	0
	365
	0
	0
	91
	0
	0
	4

	38111
	38
	G
	phi069
	4
	6
	7
	198
	204
	207
	502
	149
	203
	50
	43
	42
	12

	38114
	38
	G
	phi069
	5
	6
	7
	199
	203
	207
	213
	974
	139
	71
	77
	6
	12

	38116
	38
	G
	phi069
	5
	6
	7
	199
	204
	206
	158
	1176
	439
	67
	66
	28
	12


Analysis


The analysis program allows you to work with only one SSR marker in each run. The process is as follows:

1. Open the R system

2. Put the freqs.R file into the script window

3. Make the following changes in the marked  “#Change Line” lines of the program:

Change Line 1: write the appropriate values for the following variables:

· bp0 =   3
Repeat unit of the SSR marker, which will be a
 number between 1 – 10
· minms = 10
Minimum value allowed for the Modulation
Score. This will be a number between 0 – 100.
· minht = 500
Minimum accepted value for each peak height
· minf =  0.035
Minimum expected value of the frequency of any
 given allele. This is calculated as one (the smallest number of times the allele can appear in the bulk) divided by the total number of expected alleles [1/(a × n)], where a is the number of alleles per individual in the bulk (2 for diploid organisms, 3 for triploid, etc.), and n is the number of individuals that were mixed in the bulk. The number expected is a range between 0.0 and 1.0. The default value is 0.035, which is the lowest frequency of an allele in a bulk of 15 diploid individuals (=1/30).
· nbin =  15
Number of bins considered 
· sr =    0.0
Stutter ratio of the marker
Change Line 2: write the appropriate input file name. The extension name could be “.txt” or “.dat”, but the file must be a “tabs delimited” file type.

Change Line 3 (at end of the code program): write the appropriate output file name. Its extension must be “.CSV” .

4. Submit the program to the R system, using the Edit tab, and the “run all” option. 

Output

There is one output data file corresponding to each process (marker), which is stored in the default R directory. The extension of this file is .CSV, and can be read directly by EXCEL. For our example, the program produces the file phi069-out.csv

For the real data set used, the phi069-out.CSV file when read by EXCEL was:

	marker
	bpr
	11
	3310
	13100
	14110
	14113
	14115
	38109
	38111
	38114
	38116

	phi069
	194
	0.00000
	0.00000
	0.00000
	0.04239
	0.00000
	0.00000
	0.00000
	0.00000
	0.00000
	0.00000

	phi069
	197
	0.00000
	0.00000
	0.00000
	0.23152
	0.00000
	0.00000
	0.00000
	0.58782
	0.00000
	0.00000

	phi069
	200
	0.00000
	0.00000
	0.08178
	0.00000
	0.08897
	0.00000
	0.00000
	0.00000
	0.17944
	0.08911

	phi069
	204
	0.00000
	0.32828
	0.34907
	0.24457
	0.75377
	1.00000
	0.00000
	0.17447
	0.82056
	0.66328

	phi069
	206
	1.00000
	0.67172
	0.56915
	0.48152
	0.15727
	0.00000
	1.00000
	0.23770
	0.00000
	0.24760


The column headings are the names of the bulks (11, 3310, etc., in our example). The first column is the  name of the marker analyzed, the second indicates the length (in bp) corresponding to each allele. The next 10 columns contain the frequencies corresponding to each allele (row) for each bulk (column).  This data is appropriate to be used in any classification file that uses frequencies of alleles in each population to find relationships and/or genetic distances between populations.
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