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Overview of PASOS 1.0

Goals

PASOS is a parental allocation program designed to identify collected parents based on individual multi-locus genotypes while detecting missing parents when a proportion of them have not been collected. It makes use of restricted error tolerance in order to distinguish between a partially incorrect genotype from a false parent’s genotype. PASOS also introduces the technique of sequence allocation allowing the user to obtain estimates of the proportion of missing parents. Another purpose of PASOS is to calculate and output reliable estimates of the probability that allocations are correct. This second goal is achieved through simulations. A third goal of the PASOS program is to allow the use of subsets of the available loci in order to find those of minimal number of loci which provide enough power to reach the desired rates of allocation and correctness. This is also achieved by means of the simulator. Minimal sets save unnecessary lab work. Finally, PASOS provides sufficient information to estimate the rates of scoring errors of various sizes.
Basic hypothesis and conditions 

Reproduction is taken to be sexual without selfing. Mating is assumed to be random and all potential parents are supposed to have equal reproductive capability (binomial success distribution). Loci are taken to be independent. Some deviation from the latter conditions will not seriously impair the efficiency of the allocation procedure or the validity of the empirical distributions built from simulations. A proportion of parental genotypes may be missing (open system). Allocation calculations take the possibility of transmission errors (due to mistyping or mutation) into account. Potential parents may have been sexed or not. It is assumed that markers are codominant, diploid and that allele identification refers to number of base pairs e.g. micro-satellites.
User scenarios
Scenario #1
I have a sample of genotypes for a certain set of loci. I can also estimate the number of parents in the system. 

Use the simulator with the pre-parental procedure. First select the all loci option and run several iterations with a realistic estimate of the number of parents. If the results indicate that future allocations are not likely to be as correct as you would like, you may want to estimate the number of extra loci to add to the existing set. If so then modify the sample file by repeating (copy-pasting) some or all loci within each genotype and run pre-parental simulations from this enlarged sample file. If the sample file turns out to have sufficient power, you can search for a smaller but sufficient subset of loci. To search for a minimal subset, run pre-parental simulations with the all subsets option or with all the subsets containing some fixed number of loci. Adding an extra locus to a minimal subset is a good safety measure. 
Scenario #2
A set of parents has been genotyped. I can also estimate the number of missing parents but I have not yet sampled or genotyped the offspring.

Do as in Scenario 1, but use parental simulations instead of pre-parental ones.

Scenario #3

A set of parents and a sample of offspring have been genotyped

You are in a position to allocate offspring to putative parents and to detect parents that are missing from the parental file(s). Besides performing allocations, it is necessary that you run simulations in order to assess how much you can trust those allocations.

Allocation in PASOS is done in three steps: sequence allocate the offspring to estimate the number of uncollected parents, perform simulations to estimate correctness rate(s) and, finally, allocate the offspring if the correctness rate(s) proves to be satisfactory. We describe each step in detail. 

Step one: Sequence allocation

To sequence allocate the offspring, click on the ALLOCATION button and subsequently check the Cumulative sequence box in the Choice of loci window. In most cases, the value of the maximum offset tolerance (MOT) should be maintained at its default value (2). The program will output directly on an Excel sheet an allocation rate for each set of locus of the cumulative sequence of loci (CSL). Open the Sequence results.xls file, find the SHORT REPORT ON SINGLE ALLOCATION PROPORTIONS then highlight and draw the allocation rates to obtain one curve (non-sexed allocation) or two curves (sexed allocation). Such curves typically start at very high levels, undergo a sharp drop and then reach a break point where they begin to decrease more slowly and finally stabilize i.e. become (almost) horizontal. Allocation and correctness curves are illustrated at the end of this document. If the allocation curve(s) does not stabilize or nearly so, it is either because the current set of loci does not provide enough information or that a non-negligible proportion of scoring errors exceed the current maximum offset tolerance i.e. usually two offsets. In the first case, adding one or more extra loci will eventually stabilize the allocation rate(s). However, adding more of badly scored loci will cause the allocation rate(s) to drop further. 

Step two: Estimation of correctness rate(s)
The (relatively) stable level of the sequence allocation rate curve(s) should be taken as a first estimate of the proportion of uncollected parents. Produce a simulated sequence allocation curve to be compared with the sequence allocation from true offspring: click on the SIMULATIONS button, check off the parental procedure, input the estimated number(s) of uncollected parents computed from the estimate of the proportion(s) of uncollected parents. As for the Error model use 0.002, 0.008, 0.980, 0.008, 0.002 as suggested. Input the same MOT value as you did in the allocation of true offspring.

When the simulations are done, open the Sequence results.xls file. For comparison purposes, the main results are to be found under PROPORTIONS OF SINGLE ALLOCATIONS (collected column). The allocation sequence is to be highlighted, drawn and compared to the one obtained from the sequence allocation of true offspring. When the fit between empirical and simulated sequences of allocation looks satisfactory, read the adjacent columns under the ESTIMATED CORRECTNESS PROBABILITIES heading. Note that the correctness rate associated with the to uncoll column refers to the proportion of UC decisions (parent does not belong to parental file) which indeed corresponded to an uncollected parent. At this point, depending on the subsequent use of the allocation results, you may consider these estimated correctness rate(s) as satisfactory. If so, then proceed with the allocation proper. If not then consider adding extra loci to the current set. 
Remark:

Some refining of both the error model as well as the number of uncollected parents may be necessary in order to fit the simulated sequence allocation curve to the empirical sequence allocation curve. However, fitting of the simulated curve should not be considered in an overly strict manner. In fact, perfect fits will generally prove impossible, largely because the error model does not distinguish between loci whereas true error certainly does not distribute evenly across loci. However, numerous simulations have shown that even relatively loose fits produce very satisfactory estimates of allocation correctness rates. 

Step three: Allocation of offspring

As a last step, simply allocate the real offspring: click on the ALLOCATION button and subsequently check off the All loci box in the Choice of loci window. Open the Allocation results.xls file to read the results of the allocation procedure. Definitions of the UC, #Errors and INDICES symbols are provided within the file. Allocation rates based on singles and on parental pairs are provided at the bottom of the file, immediately after the allocations proper.  

Note:

 At the end of this three step procedure, you will be provided with allocations, estimates of correctness rate(s) and of the proportion(s) of uncollected parents. 

Questions & Answers
1- Allocation results : what does the INDICES column refer to?

· Non-sexed allocation procedure
Each index refers to the rank of the parent’s genotype within the parental file. 

· Sexed allocation procedure
The first index refers to the rank of the male inside the male parental file and the second index to the rank of the female inside the female parental file.

2- Are simulations always necessary?

Yes. They are necessary in order to assess allocation correctness. Allocations by themselves do not provide a reliable estimate of their correctness. In order to estimate correctness rates run simulations with the same parameter values as those used in the allocation procedure. Estimates of correctness rates will be listed in the Summary file. Of course such estimates are a necessity. 

3- Can I be 100% sure that all allocations are correct?

Almost. Run simulations with the same set of parents, same number of offspring, same maximum offset tolerance (MOT) as when allocating the offspring while using the estimate for uncollected parents derived from the stable part of the allocation curve obtained from sequence allocating the offspring. If you get near 100 % correctness rates on all iterations, then you can trust that the vast majority of your allocations are correct.
4- Can PASOS take mutations and null alleles into account? 
Yes to some extent. In PASOS, the expression “scoring errors” stands both for scoring errors proper and mutations. In both cases the focal allele becomes something else once transmitted to the offspring. One big difference between mistyping and mutation is that the latter is a rare event compared to the former. This is basically why both are referred to as “scoring errors”. However, when mutations are distributed haphazardly as in the infinite alleles mutation model, some may produce alleles too distant from the focal allele to be captured by the maximum offset tolerance possibly resulting in the loss of the true parent. Null alleles have the same potential consequences. Therefore one should run a program to detect null alleles and loci containing such alleles should be discarded. 
5- Error models for production of artificial (pseudo) offspring: how accurate do they have to be?

The short answer is that they do not have to be very accurate. Usually a (  2 offsets model such as 0.002 0.008 0.980 0.008 0.002 will suit most situations. If you believe that scoring was not especially accurate, you can use a heavier model such as 0.005 0.020 0.950 0.020 0.005. Generally speaking distinct (  2 offsets models will produce very similar estimates of correctness rates. The important point is that scoring errors should rarely exceed two offsets. Otherwise some allocations to true collected parents might be lost.
6- How does one choose the maximum offset tolerance when allocating real offspring to real parents?

The maximum offset tolerance (MOT) refers to the maximum number of offsets between a parental and an offspring allele that PASOS accepts as possibly due to a scoring error. In other words, this parameter determines the largest size of error, measured in offsets, which will not cause rejection of the putative parent. The default value is MOT = 2 which corresponds to a realistic expectation of the magnitude of scoring errors. It is suggested that the user keep the default value in most situations. Errors of size exceeding the MOT value may prevent the identification of true parents.  
7- I got a stepping condition warning. What now?
Open the Stepping error file. There you will find a list of the loci not satisfying the stepping condition. Along with the name of each locus, the list of alleles and the list of allelic distances will be printed. From these two lists, it is easy to find which alleles do not fit into the series. 

Example:

Alleles:

254
258
266
278
282
312
316
324

Allelic distances: 

4
8
12
4
30
4
8

Since 30 is not a multiple of 4, allele 312 is not fitting into the rest of the allelic series. 
To bring allele 312 in step, you may change it to 310 or to 314 in every input file.

But what if the right allele score is indeed 312, does that pose a problem?

No. The point is to identify the connection between the parental pair and its offspring. That connection will not be severed since all instances of 312, among all putative parents and offspring, will have been changed to the same score. 
8- Is PASOS suitable for strictly paternal (maternal) allocation?

Yes. Paternal allocation is just a special case of sexed allocation. If you already know the genotype of the mother, run PASOS with that one genotype as the female parental file. In order to increase allocating power, avoid mixing up mothers in the same parental file when the mother is known with certainty. In the offspring file, do not include offspring unrelated to the known mother. Maternal allocation would be done in an analogous way. 
9- My data covers several breeds/generations

When your data covers several generations, it is best to follow the one-breed-one-allocation principle: build parental and offspring files for each different breed. This is the best way to make sure that genotypes from specimens which cannot possibly be parents of the set of offspring are not included in the parental files. Adding impossible parental genotypes to parental files decreases power and possibly leads to erroneous allocations. Separating allocations according to breed also prevents including the same genotype in a parental and an offspring file within the same allocation run when the same specimen may be considered an offspring within a breed and a putative parent within a subsequent breed.    
10- Should I score as many loci as possible?

Certainly not. Actually you should score enough loci to reach the correctness rate that you are aiming at. Use simulations to estimate the correctness rate associated with a specific set of loci.

11- The sequence allocation curve keeps dropping as I add extra loci. Why? 

When the allocation curve(s) reach levels well under the one predicted by the expected proportion(s) of collected parents, it is either because the true proportion(s) of collected parents is lower than expected or a substantial number of scoring errors do not stand within the maximum offset tolerance. The possibility of large systematic or haphazard scoring errors should not be discarded too quickly. 

12- What do sexed and non-sexed mean?

Sexed means that male parental and female parental genotypes belong to two distinct files. When putative parents have not been sexed, they may be put together in the same parental file. In all cases, reproduction is assumed to be sexual without selfing. Allocating with sexed parents greatly diminishes the number of potential parental pairs resulting in an increase of power. Although sexing must be complete to allocate with the sexed option, partial sexing can be used to validate some allocation results, based on the assumption that same-sex parenting is impossible. As for the sex of the offspring, it is totally irrelevant. 
13- What is power in the context of parental allocation?

Allocation power refers to the capacity of a given set of loci and its associated allelic frequency distributions to increase the proportion of correct allocations to specific parents. Power increases with number of loci and number of alleles per locus. Loosely speaking, power is a synonym for genetic information content. The larger the number of potential parental pairs the more power is needed. To gain more power it suffices to add loci to the existing set. The addition of a single locus can sometimes add a lot of power. In fact, the larger the existing set of loci, the larger the increase in power brought about by the addition of a single locus. 
14- What is the difference between parental and pre-parental simulations? 

In parental simulations you are expected to provide a file of genotypes from real collected parents. Suppose you have run an allocation procedure. Then you would use parental simulations to estimate correctness i.e. the proportion of correct allocations. Pre-parental simulations are meant to help deciding on a minimal set of loci to attain the desired correctness rate even before parents and offspring have been collected. To run pre-parental simulations, you need only feed PASOS with a sample file of genotypes. The sample file should be large enough to provide good estimates of allelic frequencies. 
15- Where do I find the allocation procedure results?
If you choose the Cumulative sequence option within the Choice of loci window, PASOS will output two main output files: Allocation results.xls and Sequence results.xls. With all other options as Choice of loci, PASOS will only output the Allocation results.xls file. All other files should be ignored. 
Allocation results.xls file
Here is a very short example of the main section of the allocation results.xls file:

OFFSPRING
PARENT 1
PARENT 2
INDICES
# Errors

Offspr20
par24

UC

[24,--]

[2,--]

Offspr21
UC

UC

[--,--]

[--,--]

Offspr22
par22

par27

[22,27]

[0,0]

The UC symbol stands for uncollected. Hence one parent was identified for Offspr20, none for Offspr21 and two for Offspr22. The indices refer to the rank of the parent in the parental file. The # Errors column details the number of errors within the maximum offset tolerance that PASOS accepted as possibly due to a scoring error. For instance, parent par24 was retained presuming two scoring errors. 

In addition to making allocations proper, PASOS provides the following allocation statistics at the very end of the allocation results.xls file. For example:

Proportion of types of results:





Two collected parents                                     
=


0.49

One collected parent and one uncollected (UC) 
=


0.02

Two uncollected (UC) parents                          
=


0.49
Sequence results.xls file
The allocation results for each subset of loci from the cumulated sequence are summarized in the SHORT REPORT ON SINGLE ALLOCATION PROPORTIONS section of the file. Highlight and draw the allocation rates to obtain one curve (non-sexed allocation) or two curves (sexed allocation). For the interpretation of sequence allocation curves see Scenario #3 (Step one: Sequence allocation). 
16- Where exactly are the main simulation results?
If you choose the Cumulative sequence option within the Choice of loci window, PASOS will output two main output files: Summary.xls and Sequence results.xls. With all other options as Choice of loci, PASOS will only output the Summary.xls file. All other files should be ignored. 

Summary.xls
In the Summary.xls file you will find two kinds of output statistics: allocation frequencies and correctness probabilities. Note that the meaning of the word allocation is somewhat generalized here since it applies both to a collected parent and to the uncollected group of parents. Moreover an “allocation” to an uncollected parent may be correct (the parent is indeed missing) or incorrect (the real parent belongs to the collected set). The expression any allocation refers to collected and uncollected parents without distinction. 
In the following examples we illustrate the main components of Summary files for non-sexed and sexed simulations:
Non-sexed parental files

AVERAGE FREQUENCIES OF TYPES OF ALLOCATIONS :





Pairs

two collected parents :







0.454181

one collected parent and one uncollected (UC) parent :



0.431773

two uncollected (UC) parents :






0.114047

Individuals

to a collected parent :








0.670068

to an uncollected parent (UC) :






0.329934

ESTIMATED CORRECTNESS PROBABILITIES :






estimated probability that any allocation is correct :




0.987793

estimated probability that allocation to a collected parent is correct :

0.98852

estimated probability that allocation to an uncollected (UC) parent is correct :
0.986315
Sexed parental files

AVERAGE FREQUENCIES OF TYPES OF ALLOCATIONS :




Pairs

two collected parents :







0.661953

one collected male parent and one uncollected (UC) :



0.148822

one collected female parent and one uncollected (UC) :



0.146801

two uncollected (UC) parents :






0.0424242

Individuals

to a collected male parent :







0.405388

to a collected female parent:







0.404377

to an uncollected parent (UC) :






0.190236

ESTIMATED CORRECTNESS PROBABILITIES :







estimated probability that any allocation is correct :




0.981481

estimated probability that an allocation to a collected male parent is correct :
0.984219

estimated probability that an allocation to a collected female parent is correct :
0.983347

estimated probability that an allocation to an uncollected parent (UC) is correct :
0.966372

Sequence results.xls file

The simulation results for each subset of loci from the cumulated sequence are summarized in the PROPORTIONS OF PAIR ALLOCATIONS, PROPORTIONS OF SINGLE ALLOCATIONS, and ESTIMATED CORRECTNESS PROBABILITIES sections of the file. Highlight and draw the single allocation rates to obtain one curve (non-sexed allocation) or two curves (sexed allocation) to compare to the one(s) obtained from allocation of the real offspring.  For the interpretation of sequence allocation curves see Scenario #3 (Step one: Sequence allocation). The correctness curve provides a basis from which to decide to keep all loci or a subset depending on the correctness level that the user is aiming at. 
17- Why distinguish between maximum offset tolerance and production error models in simulations?

The PASOS simulator has to mimic reproduction, genotyping and allocation processes. To generate an offspring, it chooses randomly a pair of parents and mates them together by choosing randomly one out of two alleles from each parent at every locus. Thus an artificial offspring is born. But now the offspring has to be genotyped. However genotyping may not be perfect and so PASOS will sometimes misread an offspring allele with probability defined by the production error model provided by the user. The last episode of the simulation is the allocation procedure. The offspring will be processed as if it were real offspring i.e. it uses the maximum offset tolerance also provided by the user. 
18- Why is it better to sex parents?

It is just a matter of number of parental pairs. Given any number of parents, the number of potential parental pairs that PASOS has to consider when parents are non-sexed is at least twice as large as when parents are sexed. Since the rate of allocation decreases with number of potential pairs, it is generally advantageous to sex parents since this could mean having fewer loci to score. 
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All loci









All subsets of loci
Allelic distance

Allelic frequencies representative sample file

Allelic frequencies representative sample file to generate female parents

Allelic frequencies representative sample file to generate male parents

Allocated (allocation)
Allocation procedure
Allocation results spreadsheet (Excel) file

Artificial

Artificial offspring
Choice of loci

Closed system

Collected female parents file

Collected male parents file

Collected parents file

Correctness

Cumulative sequence
Demo folder

Enlarged sample file
Error model for production

Error sum
Estimated number of (pseudo)collected female parents

Estimated number of (pseudo)collected male parents

Estimated number of (pseudo)collected parents

Estimated number of uncollected female parents

Estimated number of uncollected male parents

Estimated number of uncollected parents
Focal allele
INDICES column (in Allocation results Excel file)

Likelihood
Maximum offset tolerance
Minimal subsets with correctness criteria

Name of project
Names of loci file 

Non-focal allele
Non-sexed

Number of iterations 

Number of pseudo-offspring generated at each iteration

Offset

Offspring file

Open system

Output files
Parental file
Parental procedure

Pre-parental procedure

Pseudo-collected female parents file

Pseudo-collected male parents file

Pseudo-collected parents file 

Pseudo-offspring file
Sample file
Selection of a cumulative sequence of loci

Sexed

Simulations

Stepping condition

Stepping error file

Transmission matrices
UC (allocation to)
Uncollected female parents file 

Uncollected male parents file 

Uncollected parents file

Unit distance
Width 

Your choice of loci
Definitions of technical terms
All loci
Automatically chooses all the available loci
All subsets of loci
Simulations will be run with all possible combinations (subsets) of loci i.e. each pair of loci, each triplet, etc. 
Allelic distance

The allelic distance between two alleles of the same locus is equal to their (positive) difference in number of base pairs (nbp). For instance, the allelic distance between allele 134 and allele 142 is 142 – 134 = 8. 

Allelic frequencies representative sample file
A sample file of genotypes from which allelic frequencies are computed. Artificial parental genotypes are randomly generated from those allelic frequencies. Parental and offspring files may be used as or included in a sample file.
Allelic frequencies representative sample file to generate female parents
A sample file of genotypes from which allelic frequencies are computed prior to pseudo-collected or uncollected female parental genotype random generation.
Allelic frequencies representative sample file to generate male parents
A sample file of genotypes from which allelic frequencies are computed prior to pseudo-collected or uncollected male parental genotype random generation.
Allocation procedure

There are two main types of procedures in PASOS: allocation and simulation. Allocation procedures need real parental and real offspring genotypes to be run. The term allocation within the context of allocation results refers to the allocation of an offspring to a specific parent or to the group of uncollected parents (UC). Hence one should distinguish between allocation as a procedure and allocation as decision resulting from the procedure.  
Allocation results spreadsheet (Excel) file
PASOS provides two types of output for allocation procedures. If you choose the Cumulative sequence option within the Choice of loci window, PASOS will output two main output files: Allocation results.xls and Sequence results.xls. With all other options as Choice of loci, PASOS will only output the Allocation results.xls file. All other files should be ignored. 

Artificial

Artificial is opposed to real or collected. Artificial offspring or parents refer to genotypes generated by means of a random number generator. Real or collected offspring or parents designate genotypes scored from samples of real (collected) specimens. 
Artificial offspring

The PASOS simulator has to mimic reproduction, genotyping and allocation processes. To generate an artificial offspring, it chooses randomly a pair of parents and mates them together by choosing randomly one out of two alleles from each parent at every locus. Thus an artificial offspring is born. The parental genotypes may be real (parental procedure) or from artificial parents generated from a genotype sample file (pre-parental procedure). However genotyping may not be perfect and so PASOS will sometimes misread an offspring allele with probability defined by the production error model provided by the user. The expression pseudo-offspring is a synonym for artificial offspring. 
Choice of loci
You may choose any particular subset of loci among the complete set of available loci.
Closed system

Given a group of offspring for allocation, the system is considered to be closed when all the parental genotypes are part of the parental files. 
Collected female parents file
A collected female parents file is an input file which contains known (real) female parental genotypes. Format as in the Demo folder.
Collected male parents file
A collected male parents file is an input file which contains known (real) male parental genotypes. Format as in the Demo folder.
Collected parents file
A collected parents file is an input file which contains known (real) parental genotypes. Format as in the Demo folder.
Correctness

A correct allocation to a male parent, a female parent, a non-sexed parent or a parental pair is one which identifies the true parent or the true parental pair. A correct allocation to the uncollected group of parents (UC) is one which indeed corresponds to a parent which has not been collected or genotyped. 
Cumulative sequence
A cumulative sequence of sets of loci (CSL) is of the following form: L1, L1 + L2, L1 + L2 + L3 …where each Li represents an individual locus. The main feature of a CSL is that each set adds a new locus to the previous set. When the Cumulative sequence option is chosen, allocation/simulation procedures are performed with each set of the cumulative sequence.
Demo folder
In addition to executable code, the PASOS package contains a folder of demo files. The user may run all procedures of the program using these files. The demo files are identified in a very unambiguous manner so as to be selected correctly by browsing inside list dialog boxes. When opened, demo files can also serve as format models. 

Enlarged sample file
To enlarge a sample file is to extend all the genotypes it contains by copy-pasting some or all of the loci found in the original sample file. For instance, here is an original genotype followed by an extension of the same genotype:

1241128 235239 189197 502490

1241128 235239 189197 502490 1241128 235239 189197 502490

The main purpose of sample file enlargement is to run pre-parental simulations with a more powerful set of loci and so derive estimates of the number of loci which should be added in order to reach the desired level of correctness. Of course such estimates are rather rough since the loci which could eventually be added will generally not bring exactly the same level of power as the original loci. However they can assist in decision making. 
Error model for production
The error model for production of artificial offspring simulates scoring errors. When a parental allele which was scored as X is transmitted to an offspring, it may be scored identically as X or as a different allele Y. The parental allele X is referred to as the focal allele. In error models, the distance between any allele Y and X is measured in terms of number of offsets i.e. the difference between Y and X divided by the unit distance (smallest allelic distance between any two alleles found in the locus). For instance, if locus L is of type tetra (nucleotide) then Y = 172 is – 2 offsets away from X = 180. You are asked to provide transmission probabilities from X to X (focal allele) and from X to Y according to number of offsets. The No Error model corresponds to perfect scoring. The Uniform Error model distinguishes only between focal and non-focal allele i.e. it does not take offset distance into account. The Error sum stands for the sum of transmission probabilities over all non-focal alleles. The Non-Uniform Error model distributes transmission probabilities according to offset distance. The error levels associated with alleles one or two offsets away from the focal allele need not match the true error levels perfectly. 
Error sum

The error sum is one aspect of all error models. It is simply the sum of all transmission probabilities from a focal (parental) allele to an offspring allele which is different. For instance, in the following error model, the error sum is 0.02:

-2 offsets
-1 offset
0 offset = focal allele

+1 offset
+ 2 offsets

0.002

0.008


0.98


0.008

0.002
Estimated number of (pseudo)collected female parents
In pre-parental simulations, the number of pseudo-collected female parents should be as close as possible to the number of real female parents to be eventually collected for parental allocation. 
Estimated number of (pseudo)collected male parents
In pre-parental simulations, the number of pseudo-collected male parents should be as close as possible to the number of real male parents to be eventually collected for parental allocation. 
Estimated number of (pseudo)collected parents
In pre-parental simulations, the number of pseudo-collected parents should be as close as possible to the number of real parents to be eventually collected for parental allocation. 
Estimated number of uncollected female parents
Simulations should be run both with the smallest and the largest plausible numbers of uncollected female parents, given all the available information. 
Estimated number of uncollected male parents
Simulations should be run with the smallest and the largest plausible numbers of uncollected male parents, given all the available information. 
Estimated number of uncollected parents
Simulations should be run with the smallest and the largest plausible numbers of uncollected parents, given all the available information. 
Focal allele

The focal allele is a parental allele which has possibly been transmitted as an offspring allele. The transmitted allele may have been scored exactly as the focal allele or scored differently. In the latter case, it is said to be a non-focal allele. Error models distribute transmission probabilities among focal and non-focal alleles. The distance between the focal allele and non-focal alleles is measured in offsets.  
INDICES column (in Allocation results Excel file)

The index pairs found in the INDICES column refer to the respective ranks of the parents within the parental file they belong to. 
Likelihood

Given an offspring genotype GO, the likelihood of a parental pair of genotypes (GP1, GP2) is the probability that (GP1, GP2) generate GO among all its possible descent. 

Maximum offset tolerance 

The maximum offset tolerance (MOT) refers to the maximum number of offsets between a parental and an offspring allele that PASOS accepts as possibly due to a scoring error. In other words, this parameter determines the largest size of error, measured in offsets, which will not cause rejection of the putative parent. The default value is MOT = 2 which corresponds to a realistic expectation of the magnitude of scoring errors. It is suggested that the user keep the default value in most situations. When running a simulation, the same MOT value should be used as in the allocation procedure. Errors of size exceeding the MOT value may prevent the identification of true parents.  
Minimal subsets with correctness criteria

Simulations are run with subsets of loci until the user-defined correctness criteria is reached. Correctness refers to the proportion of correct allocations over all allocations. 

Name of project

Will be used as the name of the result files folder and be found at the same location as the input files.
Names of loci file
A file containing the names of all the loci corresponding to the order used in the input genotype files. Format as in the Demo folder.
Non-focal allele

See Focal allele

Non-sexed
Non-sexed means that the parents have not been sexed and so male and female parental genotypes are all put together in the same parental file. Still, reproduction is assumed to be sexual with no selfing. The sex of the offspring is irrelevant. 
Number of iterations
At each iteration, a new set of offspring is generated. In pre-parental simulations, the set of pseudo-parents is also renewed. It is strongly recommended that simulations be run with several iterations in order to assess the variability of the results.

 Number of pseudo-offspring generated at each iteration
This number should be chosen as close as possible to the expected number of real offspring to be eventually collected for parental allocation.
Offset

The distance from allele X to allele Y measured in number of offsets is equal to the difference in nbp between X and Y divided by the smallest allelic distance between any two alleles found in the locus (the unit distance). For instance, suppose L is a tetra locus and that X = 158, Y = 162, then X is -1 offset away from Y since (158-162)/4 = -1. 

Offspring file
An offspring file is an input file containing real offspring genotypes for parental allocation. Offspring files are never sexed. Format as in the Demo folder.
Open system 

Given a set of offspring genotypes for parental allocation, a system is considered to be open when some of the parental genotypes do not belong to the parental files. PASOS was designed to perform allocations in open systems. 

Parental file
A parental file is an input file which contains real parental genotypes. Parental files may be male, female or non-sexed. They should be formatted as in the Demo files (e.g. the collected_parents file). 
Parental procedure
In parental simulations the user provides a file of real collected parents. With a non-zero value of the estimated number of uncollected parents parameter, (artificial) uncollected parental genotypes are generated from a sample file of real genotypes. The sample file may be the same as the parental file. Artificial offspring are generated from the parental file and, if any, the uncollected parents. 
Pre-parental procedure
In pre-parental simulations, the user does not provide a parental file but a sample file of real genotypes. In place of real collected parental genotypes, pseudo-collected parental genotypes are generated from the sample file. When the user provides a non-zero estimated number of uncollected parents, (artificial) uncollected parental genotypes are also generated from a sample file. Artificial offspring are generated from the pseudo-collected parental genotypes and, if any, the uncollected parental genotypes.
Pseudo-collected female parents file
In sexed pre-parental procedures, pseudo-collected female parents simulate female collected parents and are randomly generated based on a sample file. The set of pseudo-collected female parents is freshly generated at each iteration and stored in a file. The last iteration contents of this file may be opened, scrutinized and otherwise used.
Pseudo-collected male parents file
In sexed pre-parental procedures, pseudo-collected male parents simulate male collected parents and are randomly generated based on a sample file. The set of pseudo-collected male parents is freshly generated at each iteration and stored in a file. The last iteration contents of this file may be opened, scrutinized and otherwise used.
Pseudo-collected parents file
In non-sexed pre-parental procedures, pseudo-collected parents simulate collected parents and are randomly generated based on a sample file. The set of pseudo-collected parents is freshly generated at each iteration and stored in a file. The last iteration contents of this file may be opened, scrutinized and otherwise used.
Pseudo-offspring file
In all simulations, a set of pseudo-offspring is freshly generated at each iteration and stored in a file. Pseudo-offspring are obtained through artificial random mating of real or pseudo parental genotypes. The last iteration contents of this file may be opened, scrutinized and otherwise used. The expression artificial offspring is a synonym for pseudo-offspring. 
Sample file

A sample file contains genotypes from a sample of real specimens. Sample files provide allelic frequencies from which  pseudo-collected or uncollected parental genotypes are generated in simulations. Care should be taken to collect a sample of specimens which is reasonably representative of the parental population. 

Selection of a cumulative sequence of loci
A cumulative sequence of sets of loci (CSL) is of the following form: L1, L1 + L2, L1 + L2 + L3 …where each Li represents an individual locus. The main feature of a CSL is that each set adds a new locus to the previous set. An allocation procedure will be performed with each set of the CSL. A column shows the list of available loci. You can select the order of first appearance, or index, of each locus in the cumulative sequence. The set of indices has to run from one to the number of available loci. It is usually convenient to use the default selection of indices.
Sexed
Sexed means that male parental and female parental genotypes belong to two distinct files. The sex of offspring is irrelevant. 
Simulations
In simulations, artificial offspring genotypes are generated either from a set of real parental genotypes (parental procedure) or from artificial parents generated from a sample file of genotypes (pre-parental procedure). Simulations are necessary in order to estimate correctness.
Simulation output files

If you choose the Cumulative sequence option within the Choice of loci window, PASOS will output two main output files: Summary.xls and Sequence results.xls. With all other options as Choice of loci, PASOS will only output the Summary.xls file. All other files should be ignored. 

Stepping condition

The input genotype files taken together have to satisfy the stepping condition: 

Within each locus, the distance in nbp between any two alleles has to be larger than one and a multiple of the smallest distance (the unit distance) found in the input files for the locus. For instance, the following series of alleles do not satisfy the condition:

124 126 134 137 138

because 138 – 137 = 1 is the smallest distance found

124 128 132 162 170 182 
because 162 – 132 = 30 is not a multiple of 4 (unit distance)

On the other hand, the following series of alleles are in step:

128 144 146 176 182 210  
because all differences are multiples of 2 (unit distance)

When PASOS detects one or several loci with alleles not satisfying the stepping condition, it issues a warning and produces a Stepping error file. It will not output any result file since calculations are not reliable under such circumstances. 

Stepping error file

A stepping error file is produced whenever PASOS detects one or several loci not satisfying the stepping condition. This file identifies the loci which are not in step and enumerates the series of alleles and the allelic distances for each of these loci. 

Transmission matrices
For each locus, a transmission probability matrix is built according to an error model provided by the user. Each row represents the transmission probabilities from one specific allele to all alleles belonging to the locus. 
UC (allocation to)
The UC symbol stands for the category of parents which have not been collected (or genotyped). It may be considered as one of two types of allocation in PASOS, the other type being allocation to a specific parental genotype.
Uncollected female parents file 

The uncollected female parents file contains the genotypes of the (artificial) uncollected female parents used in the last iteration. This file is renewed at each iteration. It may be opened to be scrutinized or otherwise used. 
Uncollected male parents file
The uncollected male parents file contains the genotypes of the (artificial) uncollected male parents used in the last iteration. This file is renewed at each iteration. It may be opened to be scrutinized or otherwise used. 

 Uncollected parents file
The uncollected parents file contains the genotypes of the (artificial) uncollected parents used in the last iteration. This file is renewed at each iteration. 
Unit distance
The unit distance is the smallest distance in nbp found between two alleles within a given locus. The unit distance should always be larger than one and all distances between alleles should be multiples of the unit distance (stepping condition).

Width
Refers to the number of offsets spanned by an error model. For instance, the following error models have respective widths = 1, 2:

0.000

0.010

0.980

0.010

0.000

0.002

0.008

0.980

0.008

0.002
 Your choice of loci

This option allows you to choose any specific combination of loci on a subsequent dialog window.
Allocation and correctness rate curves over a cumulative sequence of loci

1: L1

2: L1 + L2

3: Li + L2 + L3
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7: L1 + L2 + L3 + …+L7
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