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Notebook[{

Cell[CellGroupData[{
Cell[TextData[{
  "Supplementary Material S1\n\n",
  StyleBox["Contrasting patterns of transposable element insertion \
polymorphism and nucleotide diversity in autotetraploid Arabidopsis species\n\
\n",
    FontWeight->"Plain",
    FontSlant->"Italic"],
  StyleBox["Hazzouri et al. (2008)",
    FontWeight->"Plain"]
}], "Section"],

Cell[TextData[{
  "In this ",
  StyleBox["Mathematica",
    FontSlant->"Italic"],
  " 5.2 package, we develop two models of inbreeding within a autotetraploid \
population.  The first model was published by Bennett (1968) to describe the \
effects of selfing and double reduction on the expected genotype frequencies \
(Model 1).  Because ",
  StyleBox["Arabidopsis arenosa",
    FontSlant->"Italic"],
  " is self-incompatible, we also consider an alternative model (Model 2) \
that assumes that inbreeding is so diffuse that we may treat the probability \
of identity-by-descent for each pair of alleles as being independent.  The \
fact that we infer similar estimates of ",
  Cell[BoxData[
      \(TraditionalForm\`\(N\_e\) s\)]],
  " using either model of inbreeding suggests that our results are \
qualitatively robust to the exact mechanism by which inbreeding occurs."
}], "Text"],

Cell[TextData[{
  "At a site, let ",
  StyleBox["A",
    FontSlant->"Italic"],
  " be the allele without an insertion, occurring at frequency pA = 1-p.  \
Similarly, let ",
  StyleBox["a",
    FontSlant->"Italic"],
  " be the allele bearing a TE, occurring at frequency pa = p",
  ".  The following two sections describe the departure from Hardy-Weinberg \
expected in an inbred tetraploid population.  Assuming that the genotype \
frequencies rapidly equilibrate in the presence of inbreeding, a diffusion \
approximation is then developed for the frequency of insertions, p."
}], "Text"]
}, Open  ]],

Cell[CellGroupData[{

Cell["Inputs [ENTER]", "Section"],

Cell[BoxData[{
    \(\(Off[General::"\<spell\>"];\)\), "\[IndentingNewLine]", 
    \(\(Off[General::"\<spell1\>"];\)\)}], "Input"]
}, Closed]],

Cell[CellGroupData[{

Cell["Model 1", "Section"],

Cell["\<\
For an autotetraploid that selfs at rate S and that undergoes \
double reduction at rate \[Alpha], the equilibrium frequency of each \
tetraploid genotype is given by Bennett (1968) on p. 495, with  corrections \
made in the Appendix of Glendinning (1989):\
\>", "Text"],

Cell[BoxData[{
    \(\(pAAaa\  = \ \((2 \((1 - S)\) pA\ pa\  + \ 
              3/2\ \((1 - S)\) 
                pAa\^2 + \((3  S/2 - 
                    1 + \(3\ S\ \[Alpha]\^2\)\/\(4\ \((1 - \[Alpha])\)\))\) 
                pAa)\)/\((1 - \(S\ \((1 - \[Alpha])\)\^2\)\/6)\);\)\), "\
\[IndentingNewLine]", 
    \(\(pAaaa = \(-2\)/3\ \ pAAaa + 2\ Cterm + 
          Dterm;\)\), "\[IndentingNewLine]", 
    \(\(pAAAa = \(-2\)/3\ \ pAAaa - 2\ Cterm + 
          Dterm;\)\), "\[IndentingNewLine]", 
    \(\(paaaa = 
        pa + 1/6\ \ pAAaa - \ Cterm - Dterm;\)\), "\[IndentingNewLine]", 
    \(\(pAAAA = pA + 1/6\ \ pAAaa + \ Cterm - Dterm;\)\)}], "Input"],

Cell["\<\
This involves the allele frequencies and the frequency of Aa \
gametes (pAa):\
\>", "Text"],

Cell[BoxData[{
    \(\(pa = 1 - pA;\)\), "\[IndentingNewLine]", 
    \(\(pAa = 2 \((1 - f)\)\ pA\ pa;\)\), "\[IndentingNewLine]", 
    \(\(Dterm = pAa/\((1 - \[Alpha])\);\)\), "\[IndentingNewLine]", 
    \(\(Cterm = \((1 - S)\) \((pa - pA)\) 
          pAa/\((2 - S + S\ \[Alpha])\);\)\)}], "Input"],

Cell["\<\
where f is the equilibrium inbreeding coefficient, measured at the \
gamete stage.  As noted by Bennett (1968), f can be related to the selfing \
and double reduction rate, so we use this fact to replace S with f:\
\>", \
"Text"],

Cell[BoxData[
    \(\(subS = \(Solve[
              f \[Equal] \((S + 6  \[Alpha] - 4  S\ \[Alpha])\)/\((4 - 3\ S + 
                      2  \[Alpha])\), S] // Simplify\) // 
          Flatten;\)\)], "Input"],

Cell["\<\
Ignoring double reduction, the tetraploid genotype frequencies are \
then:\
\>", "Text"],

Cell[CellGroupData[{

Cell[BoxData[{
    \(\(freqs = 
        Collect[\(\(\({pAAAA, pAAAa, pAAaa, pAaaa, paaaa} /. pa \[Rule] p\) /. 
                pA \[Rule] 1 - p\) /. subS\) /. \[Alpha] \[Rule] 0, p, 
          Factor];\)\), "\[IndentingNewLine]", 
    \(MatrixForm[%]\)}], "Input"],

Cell[BoxData[
    TagBox[
      RowBox[{"(", "\[NoBreak]", 
        TagBox[GridBox[{
              {\(1 + \(2\ \((\(-6\) - 11\ f + 5\ f\^2 + 2\ f\^3)\)\ \
p\)\/\(\((1 + f)\)\ \((3 + 7\ f)\)\) - \(\((\(-1\) + f)\)\ \((18 + 26\ f - 13\
\ f\^2 + 3\ f\^3)\)\ p\^2\)\/\(\((1 + f)\)\ \((3 + 7\ f)\)\) + \(2\ \((\(-3\) \
+ f)\)\ \((\(-1\) + f)\)\^2\ \((2 + 3\ f)\)\ p\^3\)\/\(\((1 + f)\)\ \((3 + 7\ \
f)\)\) - \(3\ \((\(-1\) + f)\)\^3\ p\^4\)\/\(3 + 7\ f\)\)},
              {\(\(4\ \((\(-1\) + f)\)\ \((\(-3\) - 4\ f + 3\ f\^2)\)\ \
p\)\/\(\((1 + f)\)\ \((3 + 7\ f)\)\) + \(4\ \((\(-1\) + f)\)\ \((9 + 5\ f - \
13\ f\^2 + 3\ f\^3)\)\ p\^2\)\/\(\((1 + f)\)\ \((3 + 7\ f)\)\) - \(4\ \((\(-1\
\) + f)\)\^2\ \((\(-9\) - 7\ f + 6\ f\^2)\)\ p\^3\)\/\(\((1 + f)\)\ \((3 + 7\ \
f)\)\) + \(12\ \((\(-1\) + f)\)\^3\ p\^4\)\/\(3 + 7\ f\)\)},
              {\(\(-\(\(18\ \((\(-1\) + f)\)\ f\ p\)\/\(3 + 
                          7\ f\)\)\) - \(18\ \((\(-1\) + f)\)\ \((1 - 3\ f + \
f\^2)\)\ p\^2\)\/\(3 + 7\ f\) + \(36\ \((\(-1\) + f)\)\^3\ p\^3\)\/\(3 + 7\ f\
\) - \(18\ \((\(-1\) + f)\)\^3\ p\^4\)\/\(3 + 7\ f\)\)},
              {\(\(-\(\(16\ \((\(-1\) + f)\)\ f\^2\ p\)\/\(\((1 + 
                              f)\)\ \((3 + 
                              7\ f)\)\)\)\) + \(4\ \((\(-1\) + f)\)\ f\ \
\((\(-7\) + 8\ f + 3\ f\^2)\)\ p\^2\)\/\(\((1 + f)\)\ \((3 + 7\ f)\)\) - \(4\ \
\((\(-1\) + f)\)\^2\ \((3 + 2\ f)\)\ \((\(-1\) + 3\ f)\)\ p\^3\)\/\(\((1 + f)\
\)\ \((3 + 7\ f)\)\) + \(12\ \((\(-1\) + f)\)\^3\ p\^4\)\/\(3 + 7\ f\)\)},
              {\(\(2\ f\^2\ \((1 + 9\ f)\)\ p\)\/\(\((1 + f)\)\ \((3 + 7\ \
f)\)\) - \(\((\(-1\) + f)\)\ f\ \((2 + 29\ f + 3\ f\^2)\)\ p\^2\)\/\(\((1 + \
f)\)\ \((3 + 7\ f)\)\) + \(2\ \((\(-1\) + f)\)\^2\ f\ \((7 + 3\ f)\)\ \
p\^3\)\/\(\((1 + f)\)\ \((3 + 7\ f)\)\) - \(3\ \((\(-1\) + f)\)\^3\ \
p\^4\)\/\(3 + 7\ f\)\)}
              },
            RowSpacings->1,
            ColumnAlignments->{Left}],
          Column], "\[NoBreak]", ")"}],
      Function[ BoxForm`e$, 
        MatrixForm[ BoxForm`e$]]]], "Output"]
}, Open  ]],

Cell[TextData[{
  StyleBox["Check:  ",
    FontWeight->"Bold"],
  "These frequencies sum to one"
}], "Text"],

Cell[CellGroupData[{

Cell[BoxData[
    \(freqs . {1, 1, 1, 1, 1} // Factor\)], "Input"],

Cell[BoxData[
    \(1\)], "Output"]
}, Open  ]],

Cell["\<\
These genotype frequencies were used to to estimate the inbreeding \
coefficient, f, measured at the gamete stage from SNP data.  As the \
frequencies of the three heterozygous classes could not be distinguished \
these were summed to give:\
\>", "Text"],

Cell[CellGroupData[{

Cell[BoxData[
    \(MatrixForm[
      Collect[\(\(\({pAAAa + pAAaa + pAaaa} /. pa \[Rule] p\) /. 
              pA \[Rule] 1 - p\) /. subS\) /. \[Alpha] \[Rule] 0, p, 
        Factor]]\)], "Input"],

Cell[BoxData[
    TagBox[
      RowBox[{"(", "\[NoBreak]", 
        TagBox[GridBox[{
              {\(\(-\(\(2\ \((\(-1\) + f)\)\ \((6 + 11\ f)\)\ p\)\/\(3 + 
                          7\ f\)\)\) + \(2\ \((\(-1\) + f)\)\ \((9 + 5\ f + 3\
\ f\^2)\)\ p\^2\)\/\(3 + 7\ f\) - \(12\ \((\(-1\) + f)\)\^3\ p\^3\)\/\(3 + 7\ \
f\) + \(6\ \((\(-1\) + f)\)\^3\ p\^4\)\/\(3 + 7\ f\)\)}
              },
            RowSpacings->1,
            ColumnAlignments->{Left}],
          Column], "\[NoBreak]", ")"}],
      Function[ BoxForm`e$, 
        MatrixForm[ BoxForm`e$]]]], "Output"]
}, Open  ]],

Cell["\<\
We now perform a separation of time scales and assume that the \
population rapidly approaches the genotype frequencies given above, while \
selection acts more slowly to change the population composition.  That is, we \
assume that the departure from Hardy-Weinberg is always described by the \
vector, freqs, even as selection acts to change the frequency of insertions, \
p.

Under this assumption, the frequency of the insertion after selection is \
calculated as follows, where we assume that fitness is given by:
\t1 \t\tif an individual carries no insertions at the site
\t1-h1 s\t \tif an individual carries one insertion at the site
\t1-h2 s \t\tif an individual carries two insertions at the site
\t1-h3 s\t \tif an individual carries three insertions at the site
\t1-s\t \tif an individual carries four insertions at the site:\
\>", "Text"],

Cell["The mean fitness is:", "Text"],

Cell[BoxData[
    \(\(meanfit = 
        freqs[\([1]\)] \((1)\) + freqs[\([2]\)] \((1 - h1\ s)\) + 
          freqs[\([3]\)] \((1 - h2\ s)\)\  + \ 
          freqs[\([4]\)] \((1 - h3\ s)\) + 
          freqs[\([5]\)]\ \((1 - s)\);\)\)], "Input"],

Cell["The frequency of the insertion after selection is:", "Text"],

Cell[BoxData[
    \(\(pAfterSel = \((1/4\ freqs[\([2]\)] \((1 - h1\ s)\) + 
              1/2\ freqs[\([3]\)]\ \((1 - h2\ s)\)\  + \ 
              3/4\ freqs[\([4]\)] \((1 - h3\ s)\) + 
              freqs[\([5]\)]\ \((1 - s)\))\)/meanfit;\)\)], "Input"],

Cell["\<\
We then allow mutations to occur from the wildtype to the \
insertion, with probability \[Mu], we can also include back mutations with \
probability \[Nu].\
\>", "Text"],

Cell[BoxData[
    \(\(pAfterMut = \((1 - pAfterSel)\)*\[Mu] + 
          pAfterSel*\((1 - \[Nu])\);\)\)], "Input"],

Cell["\<\
The total change in allele frequency across a generation is then:\
\
\>", "Text"],

Cell[CellGroupData[{

Cell[BoxData[
    \(allelechange = \ \ Factor[pAfterMut - \ p]\)], "Input"],

Cell[BoxData[
    \(\(-\(\((\(-2\)\ f\^2\ p\ s - 18\ f\^3\ p\ s - 3\ h1\ p\ s - 
            f\ h1\ p\ s + 7\ f\^2\ h1\ p\ s - 3\ f\^3\ h1\ p\ s - 
            9\ f\ h2\ p\ s + 9\ f\^3\ h2\ p\ s - 12\ f\^2\ h3\ p\ s + 
            12\ f\^3\ h3\ p\ s - 2\ f\ p\^2\ s - 25\ f\^2\ p\^2\ s + 
            44\ f\^3\ p\^2\ s + 3\ f\^4\ p\^2\ s + 21\ h1\ p\^2\ s - 
            46\ f\^2\ h1\ p\^2\ s + 28\ f\^3\ h1\ p\^2\ s - 
            3\ f\^4\ h1\ p\^2\ s - 9\ h2\ p\^2\ s + 45\ f\ h2\ p\^2\ s - 
            45\ f\^3\ h2\ p\^2\ s + 9\ f\^4\ h2\ p\^2\ s - 
            21\ f\ h3\ p\^2\ s + 61\ f\^2\ h3\ p\^2\ s - 
            31\ f\^3\ h3\ p\^2\ s - 9\ f\^4\ h3\ p\^2\ s - 12\ f\ p\^3\ s + 
            49\ f\^2\ p\^3\ s - 28\ f\^3\ p\^3\ s - 9\ f\^4\ p\^3\ s - 
            45\ h1\ p\^3\ s + 27\ f\ h1\ p\^3\ s + 83\ f\^2\ h1\ p\^3\ s - 
            83\ f\^3\ h1\ p\^3\ s + 18\ f\^4\ h1\ p\^3\ s + 36\ h2\ p\^3\ s - 
            90\ f\ h2\ p\^3\ s + 90\ f\^3\ h2\ p\^3\ s - 
            36\ f\^4\ h2\ p\^3\ s - 9\ h3\ p\^3\ s + 67\ f\ h3\ p\^3\ s - 
            93\ f\^2\ h3\ p\^3\ s + 5\ f\^3\ h3\ p\^3\ s + 
            30\ f\^4\ h3\ p\^3\ s - 3\ p\^4\ s + 20\ f\ p\^4\ s - 
            22\ f\^2\ p\^4\ s - 4\ f\^3\ p\^4\ s + 9\ f\^4\ p\^4\ s + 
            39\ h1\ p\^4\ s - 50\ f\ h1\ p\^4\ s - 44\ f\^2\ h1\ p\^4\ s + 
            82\ f\^3\ h1\ p\^4\ s - 27\ f\^4\ h1\ p\^4\ s - 45\ h2\ p\^4\ s + 
            90\ f\ h2\ p\^4\ s - 90\ f\^3\ h2\ p\^4\ s + 
            45\ f\^4\ h2\ p\^4\ s + 21\ h3\ p\^4\ s - 70\ f\ h3\ p\^4\ s + 
            44\ f\^2\ h3\ p\^4\ s + 38\ f\^3\ h3\ p\^4\ s - 
            33\ f\^4\ h3\ p\^4\ s + 3\ p\^5\ s - 6\ f\ p\^5\ s + 
            6\ f\^3\ p\^5\ s - 3\ f\^4\ p\^5\ s - 12\ h1\ p\^5\ s + 
            24\ f\ h1\ p\^5\ s - 24\ f\^3\ h1\ p\^5\ s + 
            12\ f\^4\ h1\ p\^5\ s + 18\ h2\ p\^5\ s - 36\ f\ h2\ p\^5\ s + 
            36\ f\^3\ h2\ p\^5\ s - 18\ f\^4\ h2\ p\^5\ s - 12\ h3\ p\^5\ s + 
            24\ f\ h3\ p\^5\ s - 24\ f\^3\ h3\ p\^5\ s + 
            12\ f\^4\ h3\ p\^5\ s + 3\ \[Mu] + 10\ f\ \[Mu] + 
            7\ f\^2\ \[Mu] - 3\ p\ \[Mu] - 10\ f\ p\ \[Mu] - 
            7\ f\^2\ p\ \[Mu] - 9\ h1\ p\ s\ \[Mu] - 3\ f\ h1\ p\ s\ \[Mu] + 
            21\ f\^2\ h1\ p\ s\ \[Mu] - 9\ f\^3\ h1\ p\ s\ \[Mu] - 
            9\ f\ h2\ p\ s\ \[Mu] + 9\ f\^3\ h2\ p\ s\ \[Mu] - 
            4\ f\^2\ h3\ p\ s\ \[Mu] + 4\ f\^3\ h3\ p\ s\ \[Mu] + 
            27\ h1\ p\^2\ s\ \[Mu] - 12\ f\ h1\ p\^2\ s\ \[Mu] - 
            54\ f\^2\ h1\ p\^2\ s\ \[Mu] + 48\ f\^3\ h1\ p\^2\ s\ \[Mu] - 
            9\ f\^4\ h1\ p\^2\ s\ \[Mu] - 9\ h2\ p\^2\ s\ \[Mu] + 
            27\ f\ h2\ p\^2\ s\ \[Mu] - 27\ f\^3\ h2\ p\^2\ s\ \[Mu] + 
            9\ f\^4\ h2\ p\^2\ s\ \[Mu] - 7\ f\ h3\ p\^2\ s\ \[Mu] + 
            15\ f\^2\ h3\ p\^2\ s\ \[Mu] - 5\ f\^3\ h3\ p\^2\ s\ \[Mu] - 
            3\ f\^4\ h3\ p\^2\ s\ \[Mu] - 27\ h1\ p\^3\ s\ \[Mu] + 
            33\ f\ h1\ p\^3\ s\ \[Mu] + 33\ f\^2\ h1\ p\^3\ s\ \[Mu] - 
            57\ f\^3\ h1\ p\^3\ s\ \[Mu] + 18\ f\^4\ h1\ p\^3\ s\ \[Mu] + 
            18\ h2\ p\^3\ s\ \[Mu] - 36\ f\ h2\ p\^3\ s\ \[Mu] + 
            36\ f\^3\ h2\ p\^3\ s\ \[Mu] - 18\ f\^4\ h2\ p\^3\ s\ \[Mu] - 
            3\ h3\ p\^3\ s\ \[Mu] + 13\ f\ h3\ p\^3\ s\ \[Mu] - 
            11\ f\^2\ h3\ p\^3\ s\ \[Mu] - 5\ f\^3\ h3\ p\^3\ s\ \[Mu] + 
            6\ f\^4\ h3\ p\^3\ s\ \[Mu] + 9\ h1\ p\^4\ s\ \[Mu] - 
            18\ f\ h1\ p\^4\ s\ \[Mu] + 18\ f\^3\ h1\ p\^4\ s\ \[Mu] - 
            9\ f\^4\ h1\ p\^4\ s\ \[Mu] - 9\ h2\ p\^4\ s\ \[Mu] + 
            18\ f\ h2\ p\^4\ s\ \[Mu] - 18\ f\^3\ h2\ p\^4\ s\ \[Mu] + 
            9\ f\^4\ h2\ p\^4\ s\ \[Mu] + 3\ h3\ p\^4\ s\ \[Mu] - 
            6\ f\ h3\ p\^4\ s\ \[Mu] + 6\ f\^3\ h3\ p\^4\ s\ \[Mu] - 
            3\ f\^4\ h3\ p\^4\ s\ \[Mu] - 3\ p\ \[Nu] - 10\ f\ p\ \[Nu] - 
            7\ f\^2\ p\ \[Nu] + 2\ f\^2\ p\ s\ \[Nu] + 
            18\ f\^3\ p\ s\ \[Nu] + 3\ h1\ p\ s\ \[Nu] + f\ h1\ p\ s\ \[Nu] - 
            7\ f\^2\ h1\ p\ s\ \[Nu] + 3\ f\^3\ h1\ p\ s\ \[Nu] + 
            9\ f\ h2\ p\ s\ \[Nu] - 9\ f\^3\ h2\ p\ s\ \[Nu] + 
            12\ f\^2\ h3\ p\ s\ \[Nu] - 12\ f\^3\ h3\ p\ s\ \[Nu] + 
            2\ f\ p\^2\ s\ \[Nu] + 27\ f\^2\ p\^2\ s\ \[Nu] - 
            26\ f\^3\ p\^2\ s\ \[Nu] - 3\ f\^4\ p\^2\ s\ \[Nu] - 
            9\ h1\ p\^2\ s\ \[Nu] + 4\ f\ h1\ p\^2\ s\ \[Nu] + 
            18\ f\^2\ h1\ p\^2\ s\ \[Nu] - 16\ f\^3\ h1\ p\^2\ s\ \[Nu] + 
            3\ f\^4\ h1\ p\^2\ s\ \[Nu] + 9\ h2\ p\^2\ s\ \[Nu] - 
            27\ f\ h2\ p\^2\ s\ \[Nu] + 27\ f\^3\ h2\ p\^2\ s\ \[Nu] - 
            9\ f\^4\ h2\ p\^2\ s\ \[Nu] + 21\ f\ h3\ p\^2\ s\ \[Nu] - 
            45\ f\^2\ h3\ p\^2\ s\ \[Nu] + 15\ f\^3\ h3\ p\^2\ s\ \[Nu] + 
            9\ f\^4\ h3\ p\^2\ s\ \[Nu] + 14\ f\ p\^3\ s\ \[Nu] - 
            22\ f\^2\ p\^3\ s\ \[Nu] + 2\ f\^3\ p\^3\ s\ \[Nu] + 
            6\ f\^4\ p\^3\ s\ \[Nu] + 9\ h1\ p\^3\ s\ \[Nu] - 
            11\ f\ h1\ p\^3\ s\ \[Nu] - 11\ f\^2\ h1\ p\^3\ s\ \[Nu] + 
            19\ f\^3\ h1\ p\^3\ s\ \[Nu] - 6\ f\^4\ h1\ p\^3\ s\ \[Nu] - 
            18\ h2\ p\^3\ s\ \[Nu] + 36\ f\ h2\ p\^3\ s\ \[Nu] - 
            36\ f\^3\ h2\ p\^3\ s\ \[Nu] + 18\ f\^4\ h2\ p\^3\ s\ \[Nu] + 
            9\ h3\ p\^3\ s\ \[Nu] - 39\ f\ h3\ p\^3\ s\ \[Nu] + 
            33\ f\^2\ h3\ p\^3\ s\ \[Nu] + 15\ f\^3\ h3\ p\^3\ s\ \[Nu] - 
            18\ f\^4\ h3\ p\^3\ s\ \[Nu] + 3\ p\^4\ s\ \[Nu] - 
            6\ f\ p\^4\ s\ \[Nu] + 6\ f\^3\ p\^4\ s\ \[Nu] - 
            3\ f\^4\ p\^4\ s\ \[Nu] - 3\ h1\ p\^4\ s\ \[Nu] + 
            6\ f\ h1\ p\^4\ s\ \[Nu] - 6\ f\^3\ h1\ p\^4\ s\ \[Nu] + 
            3\ f\^4\ h1\ p\^4\ s\ \[Nu] + 9\ h2\ p\^4\ s\ \[Nu] - 
            18\ f\ h2\ p\^4\ s\ \[Nu] + 18\ f\^3\ h2\ p\^4\ s\ \[Nu] - 
            9\ f\^4\ h2\ p\^4\ s\ \[Nu] - 9\ h3\ p\^4\ s\ \[Nu] + 
            18\ f\ h3\ p\^4\ s\ \[Nu] - 18\ f\^3\ h3\ p\^4\ s\ \[Nu] + 
            9\ f\^4\ h3\ p\^4\ s\ \[Nu])\)/\((\(-3\) - 10\ f - 7\ f\^2 + 
            2\ f\^2\ p\ s + 18\ f\^3\ p\ s + 12\ h1\ p\ s + 4\ f\ h1\ p\ s - 
            28\ f\^2\ h1\ p\ s + 12\ f\^3\ h1\ p\ s + 18\ f\ h2\ p\ s - 
            18\ f\^3\ h2\ p\ s + 16\ f\^2\ h3\ p\ s - 16\ f\^3\ h3\ p\ s + 
            2\ f\ p\^2\ s + 27\ f\^2\ p\^2\ s - 26\ f\^3\ p\^2\ s - 
            3\ f\^4\ p\^2\ s - 36\ h1\ p\^2\ s + 16\ f\ h1\ p\^2\ s + 
            72\ f\^2\ h1\ p\^2\ s - 64\ f\^3\ h1\ p\^2\ s + 
            12\ f\^4\ h1\ p\^2\ s + 18\ h2\ p\^2\ s - 54\ f\ h2\ p\^2\ s + 
            54\ f\^3\ h2\ p\^2\ s - 18\ f\^4\ h2\ p\^2\ s + 
            28\ f\ h3\ p\^2\ s - 60\ f\^2\ h3\ p\^2\ s + 
            20\ f\^3\ h3\ p\^2\ s + 12\ f\^4\ h3\ p\^2\ s + 14\ f\ p\^3\ s - 
            22\ f\^2\ p\^3\ s + 2\ f\^3\ p\^3\ s + 6\ f\^4\ p\^3\ s + 
            36\ h1\ p\^3\ s - 44\ f\ h1\ p\^3\ s - 44\ f\^2\ h1\ p\^3\ s + 
            76\ f\^3\ h1\ p\^3\ s - 24\ f\^4\ h1\ p\^3\ s - 36\ h2\ p\^3\ s + 
            72\ f\ h2\ p\^3\ s - 72\ f\^3\ h2\ p\^3\ s + 
            36\ f\^4\ h2\ p\^3\ s + 12\ h3\ p\^3\ s - 52\ f\ h3\ p\^3\ s + 
            44\ f\^2\ h3\ p\^3\ s + 20\ f\^3\ h3\ p\^3\ s - 
            24\ f\^4\ h3\ p\^3\ s + 3\ p\^4\ s - 6\ f\ p\^4\ s + 
            6\ f\^3\ p\^4\ s - 3\ f\^4\ p\^4\ s - 12\ h1\ p\^4\ s + 
            24\ f\ h1\ p\^4\ s - 24\ f\^3\ h1\ p\^4\ s + 
            12\ f\^4\ h1\ p\^4\ s + 18\ h2\ p\^4\ s - 36\ f\ h2\ p\^4\ s + 
            36\ f\^3\ h2\ p\^4\ s - 18\ f\^4\ h2\ p\^4\ s - 12\ h3\ p\^4\ s + 
            24\ f\ h3\ p\^4\ s - 24\ f\^3\ h3\ p\^4\ s + 
            12\ f\^4\ h3\ p\^4\ s)\)\)\)\)], "Output"]
}, Closed]],

Cell[TextData[{
  "Assuming weak selection, we now derive a diffusion approximation for this \
change in allele frequency (see Box 15.3 in Otto and Day 2007 for further \
details).  \n\nAs is often done in diffusion analyses, we rescale time in \
units of the number of alleles (4N) generations. Then, the diffusion term \
describing the sampling variance is p (1-p), as is standard in population \
genetic models.\n\nWe then need to rescale selection and mutation to obtain a \
diffusion limit for the drift term, which we do by defining \
s\[Rule]\[Psi]/(4N), \[Mu]\[Rule]",
  Cell[BoxData[
      \(\[Theta]\_1\)]],
  "/(4 N), and \[Nu]\[Rule]",
  Cell[BoxData[
      \(\[Theta]\_2\)]],
  "/(4 N).  Then, the amount of change that occurs in one time unit of 4N \
generations is:"
}], "Text"],

Cell[CellGroupData[{

Cell[BoxData[
    \(Factor[\(\(4\ N\ *\ allelechange /. 
            s \[Rule] \[Psi]/\((4  
                    N)\)\) /. \[Mu] \[Rule] \[Theta]\_1/\((4\ N)\)\) /. \ \
\[Nu] \[Rule] \[Theta]\_2/\((4\ N)\)]\)], "Input"],

Cell[BoxData[
    \(\((\(-8\)\ f\^2\ N\ p\ \[Psi] - 72\ f\^3\ N\ p\ \[Psi] - 
          12\ h1\ N\ p\ \[Psi] - 4\ f\ h1\ N\ p\ \[Psi] + 
          28\ f\^2\ h1\ N\ p\ \[Psi] - 12\ f\^3\ h1\ N\ p\ \[Psi] - 
          36\ f\ h2\ N\ p\ \[Psi] + 36\ f\^3\ h2\ N\ p\ \[Psi] - 
          48\ f\^2\ h3\ N\ p\ \[Psi] + 48\ f\^3\ h3\ N\ p\ \[Psi] - 
          8\ f\ N\ p\^2\ \[Psi] - 100\ f\^2\ N\ p\^2\ \[Psi] + 
          176\ f\^3\ N\ p\^2\ \[Psi] + 12\ f\^4\ N\ p\^2\ \[Psi] + 
          84\ h1\ N\ p\^2\ \[Psi] - 184\ f\^2\ h1\ N\ p\^2\ \[Psi] + 
          112\ f\^3\ h1\ N\ p\^2\ \[Psi] - 12\ f\^4\ h1\ N\ p\^2\ \[Psi] - 
          36\ h2\ N\ p\^2\ \[Psi] + 180\ f\ h2\ N\ p\^2\ \[Psi] - 
          180\ f\^3\ h2\ N\ p\^2\ \[Psi] + 36\ f\^4\ h2\ N\ p\^2\ \[Psi] - 
          84\ f\ h3\ N\ p\^2\ \[Psi] + 244\ f\^2\ h3\ N\ p\^2\ \[Psi] - 
          124\ f\^3\ h3\ N\ p\^2\ \[Psi] - 36\ f\^4\ h3\ N\ p\^2\ \[Psi] - 
          48\ f\ N\ p\^3\ \[Psi] + 196\ f\^2\ N\ p\^3\ \[Psi] - 
          112\ f\^3\ N\ p\^3\ \[Psi] - 36\ f\^4\ N\ p\^3\ \[Psi] - 
          180\ h1\ N\ p\^3\ \[Psi] + 108\ f\ h1\ N\ p\^3\ \[Psi] + 
          332\ f\^2\ h1\ N\ p\^3\ \[Psi] - 332\ f\^3\ h1\ N\ p\^3\ \[Psi] + 
          72\ f\^4\ h1\ N\ p\^3\ \[Psi] + 144\ h2\ N\ p\^3\ \[Psi] - 
          360\ f\ h2\ N\ p\^3\ \[Psi] + 360\ f\^3\ h2\ N\ p\^3\ \[Psi] - 
          144\ f\^4\ h2\ N\ p\^3\ \[Psi] - 36\ h3\ N\ p\^3\ \[Psi] + 
          268\ f\ h3\ N\ p\^3\ \[Psi] - 372\ f\^2\ h3\ N\ p\^3\ \[Psi] + 
          20\ f\^3\ h3\ N\ p\^3\ \[Psi] + 120\ f\^4\ h3\ N\ p\^3\ \[Psi] - 
          12\ N\ p\^4\ \[Psi] + 80\ f\ N\ p\^4\ \[Psi] - 
          88\ f\^2\ N\ p\^4\ \[Psi] - 16\ f\^3\ N\ p\^4\ \[Psi] + 
          36\ f\^4\ N\ p\^4\ \[Psi] + 156\ h1\ N\ p\^4\ \[Psi] - 
          200\ f\ h1\ N\ p\^4\ \[Psi] - 176\ f\^2\ h1\ N\ p\^4\ \[Psi] + 
          328\ f\^3\ h1\ N\ p\^4\ \[Psi] - 108\ f\^4\ h1\ N\ p\^4\ \[Psi] - 
          180\ h2\ N\ p\^4\ \[Psi] + 360\ f\ h2\ N\ p\^4\ \[Psi] - 
          360\ f\^3\ h2\ N\ p\^4\ \[Psi] + 180\ f\^4\ h2\ N\ p\^4\ \[Psi] + 
          84\ h3\ N\ p\^4\ \[Psi] - 280\ f\ h3\ N\ p\^4\ \[Psi] + 
          176\ f\^2\ h3\ N\ p\^4\ \[Psi] + 152\ f\^3\ h3\ N\ p\^4\ \[Psi] - 
          132\ f\^4\ h3\ N\ p\^4\ \[Psi] + 12\ N\ p\^5\ \[Psi] - 
          24\ f\ N\ p\^5\ \[Psi] + 24\ f\^3\ N\ p\^5\ \[Psi] - 
          12\ f\^4\ N\ p\^5\ \[Psi] - 48\ h1\ N\ p\^5\ \[Psi] + 
          96\ f\ h1\ N\ p\^5\ \[Psi] - 96\ f\^3\ h1\ N\ p\^5\ \[Psi] + 
          48\ f\^4\ h1\ N\ p\^5\ \[Psi] + 72\ h2\ N\ p\^5\ \[Psi] - 
          144\ f\ h2\ N\ p\^5\ \[Psi] + 144\ f\^3\ h2\ N\ p\^5\ \[Psi] - 
          72\ f\^4\ h2\ N\ p\^5\ \[Psi] - 48\ h3\ N\ p\^5\ \[Psi] + 
          96\ f\ h3\ N\ p\^5\ \[Psi] - 96\ f\^3\ h3\ N\ p\^5\ \[Psi] + 
          48\ f\^4\ h3\ N\ p\^5\ \[Psi] + 12\ N\ \[Theta]\_1 + 
          40\ f\ N\ \[Theta]\_1 + 28\ f\^2\ N\ \[Theta]\_1 - 
          12\ N\ p\ \[Theta]\_1 - 40\ f\ N\ p\ \[Theta]\_1 - 
          28\ f\^2\ N\ p\ \[Theta]\_1 - 9\ h1\ p\ \[Psi]\ \[Theta]\_1 - 
          3\ f\ h1\ p\ \[Psi]\ \[Theta]\_1 + 
          21\ f\^2\ h1\ p\ \[Psi]\ \[Theta]\_1 - 
          9\ f\^3\ h1\ p\ \[Psi]\ \[Theta]\_1 - 
          9\ f\ h2\ p\ \[Psi]\ \[Theta]\_1 + 
          9\ f\^3\ h2\ p\ \[Psi]\ \[Theta]\_1 - 
          4\ f\^2\ h3\ p\ \[Psi]\ \[Theta]\_1 + 
          4\ f\^3\ h3\ p\ \[Psi]\ \[Theta]\_1 + 
          27\ h1\ p\^2\ \[Psi]\ \[Theta]\_1 - 
          12\ f\ h1\ p\^2\ \[Psi]\ \[Theta]\_1 - 
          54\ f\^2\ h1\ p\^2\ \[Psi]\ \[Theta]\_1 + 
          48\ f\^3\ h1\ p\^2\ \[Psi]\ \[Theta]\_1 - 
          9\ f\^4\ h1\ p\^2\ \[Psi]\ \[Theta]\_1 - 
          9\ h2\ p\^2\ \[Psi]\ \[Theta]\_1 + 
          27\ f\ h2\ p\^2\ \[Psi]\ \[Theta]\_1 - 
          27\ f\^3\ h2\ p\^2\ \[Psi]\ \[Theta]\_1 + 
          9\ f\^4\ h2\ p\^2\ \[Psi]\ \[Theta]\_1 - 
          7\ f\ h3\ p\^2\ \[Psi]\ \[Theta]\_1 + 
          15\ f\^2\ h3\ p\^2\ \[Psi]\ \[Theta]\_1 - 
          5\ f\^3\ h3\ p\^2\ \[Psi]\ \[Theta]\_1 - 
          3\ f\^4\ h3\ p\^2\ \[Psi]\ \[Theta]\_1 - 
          27\ h1\ p\^3\ \[Psi]\ \[Theta]\_1 + 
          33\ f\ h1\ p\^3\ \[Psi]\ \[Theta]\_1 + 
          33\ f\^2\ h1\ p\^3\ \[Psi]\ \[Theta]\_1 - 
          57\ f\^3\ h1\ p\^3\ \[Psi]\ \[Theta]\_1 + 
          18\ f\^4\ h1\ p\^3\ \[Psi]\ \[Theta]\_1 + 
          18\ h2\ p\^3\ \[Psi]\ \[Theta]\_1 - 
          36\ f\ h2\ p\^3\ \[Psi]\ \[Theta]\_1 + 
          36\ f\^3\ h2\ p\^3\ \[Psi]\ \[Theta]\_1 - 
          18\ f\^4\ h2\ p\^3\ \[Psi]\ \[Theta]\_1 - 
          3\ h3\ p\^3\ \[Psi]\ \[Theta]\_1 + 
          13\ f\ h3\ p\^3\ \[Psi]\ \[Theta]\_1 - 
          11\ f\^2\ h3\ p\^3\ \[Psi]\ \[Theta]\_1 - 
          5\ f\^3\ h3\ p\^3\ \[Psi]\ \[Theta]\_1 + 
          6\ f\^4\ h3\ p\^3\ \[Psi]\ \[Theta]\_1 + 
          9\ h1\ p\^4\ \[Psi]\ \[Theta]\_1 - 
          18\ f\ h1\ p\^4\ \[Psi]\ \[Theta]\_1 + 
          18\ f\^3\ h1\ p\^4\ \[Psi]\ \[Theta]\_1 - 
          9\ f\^4\ h1\ p\^4\ \[Psi]\ \[Theta]\_1 - 
          9\ h2\ p\^4\ \[Psi]\ \[Theta]\_1 + 
          18\ f\ h2\ p\^4\ \[Psi]\ \[Theta]\_1 - 
          18\ f\^3\ h2\ p\^4\ \[Psi]\ \[Theta]\_1 + 
          9\ f\^4\ h2\ p\^4\ \[Psi]\ \[Theta]\_1 + 
          3\ h3\ p\^4\ \[Psi]\ \[Theta]\_1 - 
          6\ f\ h3\ p\^4\ \[Psi]\ \[Theta]\_1 + 
          6\ f\^3\ h3\ p\^4\ \[Psi]\ \[Theta]\_1 - 
          3\ f\^4\ h3\ p\^4\ \[Psi]\ \[Theta]\_1 - 12\ N\ p\ \[Theta]\_2 - 
          40\ f\ N\ p\ \[Theta]\_2 - 28\ f\^2\ N\ p\ \[Theta]\_2 + 
          2\ f\^2\ p\ \[Psi]\ \[Theta]\_2 + 
          18\ f\^3\ p\ \[Psi]\ \[Theta]\_2 + 3\ h1\ p\ \[Psi]\ \[Theta]\_2 + 
          f\ h1\ p\ \[Psi]\ \[Theta]\_2 - 
          7\ f\^2\ h1\ p\ \[Psi]\ \[Theta]\_2 + 
          3\ f\^3\ h1\ p\ \[Psi]\ \[Theta]\_2 + 
          9\ f\ h2\ p\ \[Psi]\ \[Theta]\_2 - 
          9\ f\^3\ h2\ p\ \[Psi]\ \[Theta]\_2 + 
          12\ f\^2\ h3\ p\ \[Psi]\ \[Theta]\_2 - 
          12\ f\^3\ h3\ p\ \[Psi]\ \[Theta]\_2 + 
          2\ f\ p\^2\ \[Psi]\ \[Theta]\_2 + 
          27\ f\^2\ p\^2\ \[Psi]\ \[Theta]\_2 - 
          26\ f\^3\ p\^2\ \[Psi]\ \[Theta]\_2 - 
          3\ f\^4\ p\^2\ \[Psi]\ \[Theta]\_2 - 
          9\ h1\ p\^2\ \[Psi]\ \[Theta]\_2 + 
          4\ f\ h1\ p\^2\ \[Psi]\ \[Theta]\_2 + 
          18\ f\^2\ h1\ p\^2\ \[Psi]\ \[Theta]\_2 - 
          16\ f\^3\ h1\ p\^2\ \[Psi]\ \[Theta]\_2 + 
          3\ f\^4\ h1\ p\^2\ \[Psi]\ \[Theta]\_2 + 
          9\ h2\ p\^2\ \[Psi]\ \[Theta]\_2 - 
          27\ f\ h2\ p\^2\ \[Psi]\ \[Theta]\_2 + 
          27\ f\^3\ h2\ p\^2\ \[Psi]\ \[Theta]\_2 - 
          9\ f\^4\ h2\ p\^2\ \[Psi]\ \[Theta]\_2 + 
          21\ f\ h3\ p\^2\ \[Psi]\ \[Theta]\_2 - 
          45\ f\^2\ h3\ p\^2\ \[Psi]\ \[Theta]\_2 + 
          15\ f\^3\ h3\ p\^2\ \[Psi]\ \[Theta]\_2 + 
          9\ f\^4\ h3\ p\^2\ \[Psi]\ \[Theta]\_2 + 
          14\ f\ p\^3\ \[Psi]\ \[Theta]\_2 - 
          22\ f\^2\ p\^3\ \[Psi]\ \[Theta]\_2 + 
          2\ f\^3\ p\^3\ \[Psi]\ \[Theta]\_2 + 
          6\ f\^4\ p\^3\ \[Psi]\ \[Theta]\_2 + 
          9\ h1\ p\^3\ \[Psi]\ \[Theta]\_2 - 
          11\ f\ h1\ p\^3\ \[Psi]\ \[Theta]\_2 - 
          11\ f\^2\ h1\ p\^3\ \[Psi]\ \[Theta]\_2 + 
          19\ f\^3\ h1\ p\^3\ \[Psi]\ \[Theta]\_2 - 
          6\ f\^4\ h1\ p\^3\ \[Psi]\ \[Theta]\_2 - 
          18\ h2\ p\^3\ \[Psi]\ \[Theta]\_2 + 
          36\ f\ h2\ p\^3\ \[Psi]\ \[Theta]\_2 - 
          36\ f\^3\ h2\ p\^3\ \[Psi]\ \[Theta]\_2 + 
          18\ f\^4\ h2\ p\^3\ \[Psi]\ \[Theta]\_2 + 
          9\ h3\ p\^3\ \[Psi]\ \[Theta]\_2 - 
          39\ f\ h3\ p\^3\ \[Psi]\ \[Theta]\_2 + 
          33\ f\^2\ h3\ p\^3\ \[Psi]\ \[Theta]\_2 + 
          15\ f\^3\ h3\ p\^3\ \[Psi]\ \[Theta]\_2 - 
          18\ f\^4\ h3\ p\^3\ \[Psi]\ \[Theta]\_2 + 
          3\ p\^4\ \[Psi]\ \[Theta]\_2 - 6\ f\ p\^4\ \[Psi]\ \[Theta]\_2 + 
          6\ f\^3\ p\^4\ \[Psi]\ \[Theta]\_2 - 
          3\ f\^4\ p\^4\ \[Psi]\ \[Theta]\_2 - 
          3\ h1\ p\^4\ \[Psi]\ \[Theta]\_2 + 
          6\ f\ h1\ p\^4\ \[Psi]\ \[Theta]\_2 - 
          6\ f\^3\ h1\ p\^4\ \[Psi]\ \[Theta]\_2 + 
          3\ f\^4\ h1\ p\^4\ \[Psi]\ \[Theta]\_2 + 
          9\ h2\ p\^4\ \[Psi]\ \[Theta]\_2 - 
          18\ f\ h2\ p\^4\ \[Psi]\ \[Theta]\_2 + 
          18\ f\^3\ h2\ p\^4\ \[Psi]\ \[Theta]\_2 - 
          9\ f\^4\ h2\ p\^4\ \[Psi]\ \[Theta]\_2 - 
          9\ h3\ p\^4\ \[Psi]\ \[Theta]\_2 + 
          18\ f\ h3\ p\^4\ \[Psi]\ \[Theta]\_2 - 
          18\ f\^3\ h3\ p\^4\ \[Psi]\ \[Theta]\_2 + 
          9\ f\^4\ h3\ p\^4\ \[Psi]\ \[Theta]\_2)\)/\((12\ N + 40\ f\ N + 
          28\ f\^2\ N - 2\ f\^2\ p\ \[Psi] - 18\ f\^3\ p\ \[Psi] - 
          12\ h1\ p\ \[Psi] - 4\ f\ h1\ p\ \[Psi] + 28\ f\^2\ h1\ p\ \[Psi] - 
          12\ f\^3\ h1\ p\ \[Psi] - 18\ f\ h2\ p\ \[Psi] + 
          18\ f\^3\ h2\ p\ \[Psi] - 16\ f\^2\ h3\ p\ \[Psi] + 
          16\ f\^3\ h3\ p\ \[Psi] - 2\ f\ p\^2\ \[Psi] - 
          27\ f\^2\ p\^2\ \[Psi] + 26\ f\^3\ p\^2\ \[Psi] + 
          3\ f\^4\ p\^2\ \[Psi] + 36\ h1\ p\^2\ \[Psi] - 
          16\ f\ h1\ p\^2\ \[Psi] - 72\ f\^2\ h1\ p\^2\ \[Psi] + 
          64\ f\^3\ h1\ p\^2\ \[Psi] - 12\ f\^4\ h1\ p\^2\ \[Psi] - 
          18\ h2\ p\^2\ \[Psi] + 54\ f\ h2\ p\^2\ \[Psi] - 
          54\ f\^3\ h2\ p\^2\ \[Psi] + 18\ f\^4\ h2\ p\^2\ \[Psi] - 
          28\ f\ h3\ p\^2\ \[Psi] + 60\ f\^2\ h3\ p\^2\ \[Psi] - 
          20\ f\^3\ h3\ p\^2\ \[Psi] - 12\ f\^4\ h3\ p\^2\ \[Psi] - 
          14\ f\ p\^3\ \[Psi] + 22\ f\^2\ p\^3\ \[Psi] - 
          2\ f\^3\ p\^3\ \[Psi] - 6\ f\^4\ p\^3\ \[Psi] - 
          36\ h1\ p\^3\ \[Psi] + 44\ f\ h1\ p\^3\ \[Psi] + 
          44\ f\^2\ h1\ p\^3\ \[Psi] - 76\ f\^3\ h1\ p\^3\ \[Psi] + 
          24\ f\^4\ h1\ p\^3\ \[Psi] + 36\ h2\ p\^3\ \[Psi] - 
          72\ f\ h2\ p\^3\ \[Psi] + 72\ f\^3\ h2\ p\^3\ \[Psi] - 
          36\ f\^4\ h2\ p\^3\ \[Psi] - 12\ h3\ p\^3\ \[Psi] + 
          52\ f\ h3\ p\^3\ \[Psi] - 44\ f\^2\ h3\ p\^3\ \[Psi] - 
          20\ f\^3\ h3\ p\^3\ \[Psi] + 24\ f\^4\ h3\ p\^3\ \[Psi] - 
          3\ p\^4\ \[Psi] + 6\ f\ p\^4\ \[Psi] - 6\ f\^3\ p\^4\ \[Psi] + 
          3\ f\^4\ p\^4\ \[Psi] + 12\ h1\ p\^4\ \[Psi] - 
          24\ f\ h1\ p\^4\ \[Psi] + 24\ f\^3\ h1\ p\^4\ \[Psi] - 
          12\ f\^4\ h1\ p\^4\ \[Psi] - 18\ h2\ p\^4\ \[Psi] + 
          36\ f\ h2\ p\^4\ \[Psi] - 36\ f\^3\ h2\ p\^4\ \[Psi] + 
          18\ f\^4\ h2\ p\^4\ \[Psi] + 12\ h3\ p\^4\ \[Psi] - 
          24\ f\ h3\ p\^4\ \[Psi] + 24\ f\^3\ h3\ p\^4\ \[Psi] - 
          12\ f\^4\ h3\ p\^4\ \[Psi])\)\)], "Output"]
}, Closed]],

Cell["Taking the limit as N gets large, we obtain the drift term:", "Text"],

Cell[CellGroupData[{

Cell[BoxData[
    \(Limit[%, N \[Rule] Infinity]\)], "Input"],

Cell[BoxData[
    \(\(\(1\/\(\(-12\) - 40\ f - 28\ f\^2\)\)\((8\ f\^2\ p\ \[Psi] + 
        72\ f\^3\ p\ \[Psi] + 12\ h1\ p\ \[Psi] + 4\ f\ h1\ p\ \[Psi] - 
        28\ f\^2\ h1\ p\ \[Psi] + 12\ f\^3\ h1\ p\ \[Psi] + 
        36\ f\ h2\ p\ \[Psi] - 36\ f\^3\ h2\ p\ \[Psi] + 
        48\ f\^2\ h3\ p\ \[Psi] - 48\ f\^3\ h3\ p\ \[Psi] + 
        8\ f\ p\^2\ \[Psi] + 100\ f\^2\ p\^2\ \[Psi] - 
        176\ f\^3\ p\^2\ \[Psi] - 12\ f\^4\ p\^2\ \[Psi] - 
        84\ h1\ p\^2\ \[Psi] + 184\ f\^2\ h1\ p\^2\ \[Psi] - 
        112\ f\^3\ h1\ p\^2\ \[Psi] + 12\ f\^4\ h1\ p\^2\ \[Psi] + 
        36\ h2\ p\^2\ \[Psi] - 180\ f\ h2\ p\^2\ \[Psi] + 
        180\ f\^3\ h2\ p\^2\ \[Psi] - 36\ f\^4\ h2\ p\^2\ \[Psi] + 
        84\ f\ h3\ p\^2\ \[Psi] - 244\ f\^2\ h3\ p\^2\ \[Psi] + 
        124\ f\^3\ h3\ p\^2\ \[Psi] + 36\ f\^4\ h3\ p\^2\ \[Psi] + 
        48\ f\ p\^3\ \[Psi] - 196\ f\^2\ p\^3\ \[Psi] + 
        112\ f\^3\ p\^3\ \[Psi] + 36\ f\^4\ p\^3\ \[Psi] + 
        180\ h1\ p\^3\ \[Psi] - 108\ f\ h1\ p\^3\ \[Psi] - 
        332\ f\^2\ h1\ p\^3\ \[Psi] + 332\ f\^3\ h1\ p\^3\ \[Psi] - 
        72\ f\^4\ h1\ p\^3\ \[Psi] - 144\ h2\ p\^3\ \[Psi] + 
        360\ f\ h2\ p\^3\ \[Psi] - 360\ f\^3\ h2\ p\^3\ \[Psi] + 
        144\ f\^4\ h2\ p\^3\ \[Psi] + 36\ h3\ p\^3\ \[Psi] - 
        268\ f\ h3\ p\^3\ \[Psi] + 372\ f\^2\ h3\ p\^3\ \[Psi] - 
        20\ f\^3\ h3\ p\^3\ \[Psi] - 120\ f\^4\ h3\ p\^3\ \[Psi] + 
        12\ p\^4\ \[Psi] - 80\ f\ p\^4\ \[Psi] + 88\ f\^2\ p\^4\ \[Psi] + 
        16\ f\^3\ p\^4\ \[Psi] - 36\ f\^4\ p\^4\ \[Psi] - 
        156\ h1\ p\^4\ \[Psi] + 200\ f\ h1\ p\^4\ \[Psi] + 
        176\ f\^2\ h1\ p\^4\ \[Psi] - 328\ f\^3\ h1\ p\^4\ \[Psi] + 
        108\ f\^4\ h1\ p\^4\ \[Psi] + 180\ h2\ p\^4\ \[Psi] - 
        360\ f\ h2\ p\^4\ \[Psi] + 360\ f\^3\ h2\ p\^4\ \[Psi] - 
        180\ f\^4\ h2\ p\^4\ \[Psi] - 84\ h3\ p\^4\ \[Psi] + 
        280\ f\ h3\ p\^4\ \[Psi] - 176\ f\^2\ h3\ p\^4\ \[Psi] - 
        152\ f\^3\ h3\ p\^4\ \[Psi] + 132\ f\^4\ h3\ p\^4\ \[Psi] - 
        12\ p\^5\ \[Psi] + 24\ f\ p\^5\ \[Psi] - 24\ f\^3\ p\^5\ \[Psi] + 
        12\ f\^4\ p\^5\ \[Psi] + 48\ h1\ p\^5\ \[Psi] - 
        96\ f\ h1\ p\^5\ \[Psi] + 96\ f\^3\ h1\ p\^5\ \[Psi] - 
        48\ f\^4\ h1\ p\^5\ \[Psi] - 72\ h2\ p\^5\ \[Psi] + 
        144\ f\ h2\ p\^5\ \[Psi] - 144\ f\^3\ h2\ p\^5\ \[Psi] + 
        72\ f\^4\ h2\ p\^5\ \[Psi] + 48\ h3\ p\^5\ \[Psi] - 
        96\ f\ h3\ p\^5\ \[Psi] + 96\ f\^3\ h3\ p\^5\ \[Psi] - 
        48\ f\^4\ h3\ p\^5\ \[Psi] - 12\ \[Theta]\_1 - 40\ f\ \[Theta]\_1 - 
        28\ f\^2\ \[Theta]\_1 + 12\ p\ \[Theta]\_1 + 40\ f\ p\ \[Theta]\_1 + 
        28\ f\^2\ p\ \[Theta]\_1 + 12\ p\ \[Theta]\_2 + 
        40\ f\ p\ \[Theta]\_2 + 28\ f\^2\ p\ \[Theta]\_2)\)\)\)], "Output"]
}, Closed]],

Cell["which can be written more compactly as:", "Text"],

Cell[BoxData[
    \(\(driftterm = \[Theta]\_1\ \((1 - p)\) - \ \[Theta]\_2\ p - \((1 - 
                p)\)\ p \((\(\(\ \)\(\((f + p - f\ p)\)\ \((2\ f + 18\ f\^2 + \
11\ f\ p - 8\ f\^2\ p - 3\ f\^3\ p + 3\ p\^2 - 3\ f\ p\^2 - 3\ f\^2\ p\^2 + 3\
\ f\^3\ p\^2)\)\)\)\/\(\((1 + f)\)\ \((3 + 7\ f)\)\) + \(9\ \((1 - f)\)\ h2\ \
\((1 - 2\ p)\)\ \((1 - p + f\ p)\)\ \((f + p - f\ p)\)\)\/\(3 + 7\ f\) + \
\(\((1 - f)\)\ h3\ \((3 - 4\ p)\)\ \((f + p - f\ p)\)\ \((4\ f + 3\ p \((1 - \
f\^2)\))\)\)\/\(\((1 + f)\)\ \((3 + 7\ f)\)\) + \(\((1 - f)\)\ h1\ \((1 - 4\ \
p)\)\ \((1 - p + f\ p)\)\ \((4\ f + 3\ \((1 - p)\) \((1 - \
f\^2)\))\)\)\/\(\((1 + f)\)\ \((3 + 7\ f)\)\))\)\ \[Psi];\)\)], "Input"],

Cell[TextData[StyleBox["CHECK:",
  FontWeight->"Bold"]], "Text"],

Cell[CellGroupData[{

Cell[BoxData[
    \(Factor[%% - %]\)], "Input"],

Cell[BoxData[
    \(0\)], "Output"]
}, Open  ]],

Cell[TextData[{
  "The term, driftterm, was used in place of m[x] in the maximum likelihood \
method of Petrov et al. (2003), as described in the text.  Because this \
method assumes that each TE insertion is a unique event, the mutation rate at \
the site is set to zero (",
  Cell[BoxData[
      \(\(\(\[Theta]\_1\)\(\ \)\(=\)\(\ \)\(\[Theta]\_2\)\(\ \)\)\)]],
  "= 0)."
}], "Text"]
}, Open  ]],

Cell[CellGroupData[{

Cell["Model 2", "Section"],

Cell[TextData[{
  "As an alternative model, we now assume that there is a constant \
probability, f, that any two alleles in an individual are recently \
identical-by-descent (IBD) because of some diffuse mechanism of inbreeding \
among relatives.  It should be emphasized that this is not a mechanistic \
model of inbreeding (as was Bennett's model, which assumed that inbreeding \
was caused by selfing and double reduction).  Nevertheless, the following \
model captures the fact that homozygotes are more common than expected \
because of inbreeding, regardless of the mechanism.\n\nTo derive genotypic \
frequencies, we assume that the four alleles in a tetraploid individual are \
sampled in order.  For each allele sampled, it could be IBD with the \
previously sampled allele, with probability f, or it could be independent, \
with probability 1-f.  This is clearly a simplifying assumption, but it \
allows us to approximate the effects of diffuse inbreeding.  The number of \
IBD events in an individual and its associated probability is then:\n\n\t0\t\t\
",
  Cell[BoxData[
      \(\((1 - f)\)\^3\)]],
  "\n\t1\t\t",
  Cell[BoxData[
      \(3  f \((1 - f)\)\^2\)]],
  "\n\t2\t\t",
  Cell[BoxData[
      \(3 \( f\^2\) \((1 - f)\)\)]],
  "\n\t3\t\t",
  Cell[BoxData[
      \(f\^3\)]],
  "\n\nGiven the number of IBD events in an individual, we next calculate the \
expected genotypic frequencies at equilibrium.\n\nThe case with 0 IBD events \
corresponds with the Hardy-Weinberg proportions for a tetraploid {",
  Cell[BoxData[
      \(pA\^4, 4\ pA\^3\ pa, 6\ pA\^2\ pa\^2, 4\ pA\ pa\^3, pa\^4\)]],
  "}, corresponding to the production of {AAAA, AAAa, AAaa, Aaaa, aaaa} \
genotypes.\n\nThe case with 1 IBD event, implies that one pair of alleles \
will be AA (with probability pA) or aa (with probability pa), with the \
remaining alleles being chosen at random to give genotypic proportions  {",
  Cell[BoxData[
      \(pA\^3, 2\ pA\^2\ pa, pA\ pa\^2 + pA\^2\ pa, 2\ pA\ pa\^2, pa\^3\)]],
  "}.  [This is most easily derived using a decision tree.]\n\nThe case with \
2 IBD events can be accomplished in two ways.  With probability ",
  Cell[BoxData[
      \(\(f\^2\) \((1 - f)\)\)]],
  ", the first and second alleles are IBD and the third and fourth are IBD, \
giving genotype frequencies of  {",
  Cell[BoxData[
      \(pA\^2, 0, 2  pA\ pa, 0, pa\^2\)]],
  "}.  With probability ",
  Cell[BoxData[
      \(2 \( f\^2\) \((1 - f)\)\)]],
  ", the first and second and third alleles are IBD or the second and third \
and fourth are IBD, giving genotype frequencies of {",
  Cell[BoxData[
      \(pA\^2, pA\ pa, 0, pA\ pa, pa\^2\)]],
  "}.  \n\nThe case with 3 IBD events implies that all pairs of alleles are \
IBD, and the genotype frequencies are {",
  Cell[BoxData[
      \(pA, 0, 0, 0, pa\)]],
  "}.\n\nCombining all of these possibilities we get:"
}], "Text"],

Cell[CellGroupData[{

Cell[BoxData[{
    \(\(freqs = \(\((\(\((1 - f)\)\^3\) {pA\^4, 4\ pA\^3\ pa, 
                    6\ pA\^2\ pa\^2, 4\ pA\ pa\^3, 
                    pa\^4}\[IndentingNewLine] + 
                3  f \((1 - f)\)\^2\ {pA\^3, 2\ pA\^2\ pa, 
                    pA\ pa\^2 + pA\^2\ pa, 2\ pA\ pa\^2, 
                    pa\^3}\[IndentingNewLine] + \(f\^2\) \((1 - f)\)\ {pA\^2, 
                    0, 2  pA\ pa, 0, pa\^2}\[IndentingNewLine] + 
                2 \( f\^2\) \((1 - f)\)\ {pA\^2, pA\ pa, 0, pA\ pa, 
                    pa\^2}\[IndentingNewLine] + \(f\^3\) {pA, 0, 0, 0, 
                    pa})\) /. pa \[Rule] p\) /. 
          pA \[Rule] 1 - p;\)\), "\[IndentingNewLine]", 
    \(MatrixForm[%]\)}], "Input"],

Cell[BoxData[
    TagBox[
      RowBox[{"(", "\[NoBreak]", 
        TagBox[GridBox[{
              {\(f\^3\ \((1 - p)\) + 3\ \((1 - f)\)\ f\^2\ \((1 - p)\)\^2 + 
                  3\ \((1 - f)\)\^2\ f\ \((1 - p)\)\^3 + \((1 - f)\)\^3\ \((1 \
- p)\)\^4\)},
              {\(2\ \((1 - f)\)\ f\^2\ \((1 - p)\)\ p + 
                  6\ \((1 - f)\)\^2\ f\ \((1 - p)\)\^2\ p + 
                  4\ \((1 - f)\)\^3\ \((1 - p)\)\^3\ p\)},
              {\(2\ \((1 - f)\)\ f\^2\ \((1 - p)\)\ p + 
                  6\ \((1 - f)\)\^3\ \((1 - p)\)\^2\ p\^2 + 
                  3\ \((1 - f)\)\^2\ f\ \((\((1 - p)\)\^2\ p + \((1 - 
                              p)\)\ p\^2)\)\)},
              {\(2\ \((1 - f)\)\ f\^2\ \((1 - p)\)\ p + 
                  6\ \((1 - f)\)\^2\ f\ \((1 - p)\)\ p\^2 + 
                  4\ \((1 - f)\)\^3\ \((1 - p)\)\ p\^3\)},
              {\(f\^3\ p + 3\ \((1 - f)\)\ f\^2\ p\^2 + 
                  3\ \((1 - f)\)\^2\ f\ p\^3 + \((1 - f)\)\^3\ p\^4\)}
              },
            RowSpacings->1,
            ColumnAlignments->{Left}],
          Column], "\[NoBreak]", ")"}],
      Function[ BoxForm`e$, 
        MatrixForm[ BoxForm`e$]]]], "Output"]
}, Open  ]],

Cell[TextData[{
  StyleBox["Check:  ",
    FontWeight->"Bold"],
  "These frequencies sum to one"
}], "Text"],

Cell[CellGroupData[{

Cell[BoxData[
    \(freqs . {1, 1, 1, 1, 1} // Factor\)], "Input"],

Cell[BoxData[
    \(1\)], "Output"]
}, Open  ]],

Cell["\<\
These genotype frequencies were used to to estimate the inbreeding \
coefficient, f, from SNP data.  As the frequencies of the three heterozygous \
classes could not be distinguished these were summed to give:\
\>", "Text"],

Cell[CellGroupData[{

Cell[BoxData[
    \(MatrixForm[
      Factor[\({freqs[\([2]\)] + freqs[\([3]\)] + freqs[\([4]\)]} /. 
            pa \[Rule] p\) /. pA \[Rule] 1 - p]]\)], "Input"],

Cell[BoxData[
    TagBox[
      RowBox[{"(", "\[NoBreak]", 
        TagBox[GridBox[{
              {\(\((\(-1\) + f)\)\ \((\(-1\) + p)\)\ p\ \((4 + f + f\^2 - 
                      2\ p + 4\ f\ p - 2\ f\^2\ p + 2\ p\^2 - 4\ f\ p\^2 + 
                      2\ f\^2\ p\^2)\)\)}
              },
            RowSpacings->1,
            ColumnAlignments->{Left}],
          Column], "\[NoBreak]", ")"}],
      Function[ BoxForm`e$, 
        MatrixForm[ BoxForm`e$]]]], "Output"]
}, Open  ]],

Cell["\<\
We now perform a separation of time scales and assume that the \
population rapidly approaches the genotype frequencies given above, while \
selection acts more slowly to change the population composition.  That is, we \
assume that the departure from Hardy-Weinberg is always described by the \
vector, freqs, even as selection acts to change the frequency of insertions, \
p.

Under this assumption, the frequency of the insertion after selection is \
calculated as follows, where we assume that fitness is given by:
\t1 \t\tif an individual carries no insertions at the site
\t1-h1 s\t \tif an individual carries one insertion at the site
\t1-h2 s \t\tif an individual carries two insertions at the site
\t1-h3 s\t \tif an individual carries three insertions at the site
\t1-s\t \tif an individual carries four insertions at the site:\
\>", "Text"],

Cell["The mean fitness is:", "Text"],

Cell[BoxData[
    \(\(meanfit = 
        freqs[\([1]\)] \((1)\) + freqs[\([2]\)] \((1 - h1\ s)\) + 
          freqs[\([3]\)] \((1 - h2\ s)\)\  + \ 
          freqs[\([4]\)] \((1 - h3\ s)\) + 
          freqs[\([5]\)]\ \((1 - s)\);\)\)], "Input"],

Cell["The frequency of the insertion after selection is:", "Text"],

Cell[BoxData[
    \(\(pAfterSel = \((1/4\ freqs[\([2]\)] \((1 - h1\ s)\) + 
              1/2\ freqs[\([3]\)]\ \((1 - h2\ s)\)\  + \ 
              3/4\ freqs[\([4]\)] \((1 - h3\ s)\) + 
              freqs[\([5]\)]\ \((1 - s)\))\)/meanfit;\)\)], "Input"],

Cell["\<\
We then allow mutations to occur from the wildtype to the \
insertion, with probability \[Mu], we can also include back mutations with \
probability \[Nu].\
\>", "Text"],

Cell[BoxData[
    \(\(pAfterMut = \((1 - pAfterSel)\)*\[Mu] + 
          pAfterSel*\((1 - \[Nu])\);\)\)], "Input"],

Cell["\<\
The total change in allele frequency across a generation is then:\
\
\>", "Text"],

Cell[CellGroupData[{

Cell[BoxData[
    \(allelechange = \ \ Factor[pAfterMut - \ p]\)], "Input"],

Cell[BoxData[
    \(\(-\(\((\(-2\)\ f\^3\ p\ s - 2\ h1\ p\ s + 3\ f\ h1\ p\ s - 
            f\^2\ h1\ p\ s - 3\ f\ h2\ p\ s + 4\ f\^2\ h2\ p\ s - 
            f\^3\ h2\ p\ s - 3\ f\^2\ h3\ p\ s + 3\ f\^3\ h3\ p\ s - 
            6\ f\^2\ p\^2\ s + 8\ f\^3\ p\^2\ s + 14\ h1\ p\^2\ s - 
            24\ f\ h1\ p\^2\ s + 11\ f\^2\ h1\ p\^2\ s - f\^3\ h1\ p\^2\ s - 
            6\ h2\ p\^2\ s + 27\ f\ h2\ p\^2\ s - 30\ f\^2\ h2\ p\^2\ s + 
            9\ f\^3\ h2\ p\^2\ s - 9\ f\ h3\ p\^2\ s + 
            25\ f\^2\ h3\ p\^2\ s - 16\ f\^3\ h3\ p\^2\ s - 6\ f\ p\^3\ s + 
            18\ f\^2\ p\^3\ s - 12\ f\^3\ p\^3\ s - 30\ h1\ p\^3\ s + 
            63\ f\ h1\ p\^3\ s - 40\ f\^2\ h1\ p\^3\ s + 
            7\ f\^3\ h1\ p\^3\ s + 24\ h2\ p\^3\ s - 78\ f\ h2\ p\^3\ s + 
            80\ f\^2\ h2\ p\^3\ s - 26\ f\^3\ h2\ p\^3\ s - 6\ h3\ p\^3\ s + 
            39\ f\ h3\ p\^3\ s - 64\ f\^2\ h3\ p\^3\ s + 
            31\ f\^3\ h3\ p\^3\ s - 2\ p\^4\ s + 12\ f\ p\^4\ s - 
            18\ f\^2\ p\^4\ s + 8\ f\^3\ p\^4\ s + 26\ h1\ p\^4\ s - 
            66\ f\ h1\ p\^4\ s + 54\ f\^2\ h1\ p\^4\ s - 
            14\ f\^3\ h1\ p\^4\ s - 30\ h2\ p\^4\ s + 90\ f\ h2\ p\^4\ s - 
            90\ f\^2\ h2\ p\^4\ s + 30\ f\^3\ h2\ p\^4\ s + 14\ h3\ p\^4\ s - 
            54\ f\ h3\ p\^4\ s + 66\ f\^2\ h3\ p\^4\ s - 
            26\ f\^3\ h3\ p\^4\ s + 2\ p\^5\ s - 6\ f\ p\^5\ s + 
            6\ f\^2\ p\^5\ s - 2\ f\^3\ p\^5\ s - 8\ h1\ p\^5\ s + 
            24\ f\ h1\ p\^5\ s - 24\ f\^2\ h1\ p\^5\ s + 
            8\ f\^3\ h1\ p\^5\ s + 12\ h2\ p\^5\ s - 36\ f\ h2\ p\^5\ s + 
            36\ f\^2\ h2\ p\^5\ s - 12\ f\^3\ h2\ p\^5\ s - 8\ h3\ p\^5\ s + 
            24\ f\ h3\ p\^5\ s - 24\ f\^2\ h3\ p\^5\ s + 
            8\ f\^3\ h3\ p\^5\ s + 2\ \[Mu] - 2\ p\ \[Mu] - 
            6\ h1\ p\ s\ \[Mu] + 9\ f\ h1\ p\ s\ \[Mu] - 
            3\ f\^2\ h1\ p\ s\ \[Mu] - 3\ f\ h2\ p\ s\ \[Mu] + 
            4\ f\^2\ h2\ p\ s\ \[Mu] - f\^3\ h2\ p\ s\ \[Mu] - 
            f\^2\ h3\ p\ s\ \[Mu] + f\^3\ h3\ p\ s\ \[Mu] + 
            18\ h1\ p\^2\ s\ \[Mu] - 36\ f\ h1\ p\^2\ s\ \[Mu] + 
            21\ f\^2\ h1\ p\^2\ s\ \[Mu] - 3\ f\^3\ h1\ p\^2\ s\ \[Mu] - 
            6\ h2\ p\^2\ s\ \[Mu] + 21\ f\ h2\ p\^2\ s\ \[Mu] - 
            22\ f\^2\ h2\ p\^2\ s\ \[Mu] + 7\ f\^3\ h2\ p\^2\ s\ \[Mu] - 
            3\ f\ h3\ p\^2\ s\ \[Mu] + 7\ f\^2\ h3\ p\^2\ s\ \[Mu] - 
            4\ f\^3\ h3\ p\^2\ s\ \[Mu] - 18\ h1\ p\^3\ s\ \[Mu] + 
            45\ f\ h1\ p\^3\ s\ \[Mu] - 36\ f\^2\ h1\ p\^3\ s\ \[Mu] + 
            9\ f\^3\ h1\ p\^3\ s\ \[Mu] + 12\ h2\ p\^3\ s\ \[Mu] - 
            36\ f\ h2\ p\^3\ s\ \[Mu] + 36\ f\^2\ h2\ p\^3\ s\ \[Mu] - 
            12\ f\^3\ h2\ p\^3\ s\ \[Mu] - 2\ h3\ p\^3\ s\ \[Mu] + 
            9\ f\ h3\ p\^3\ s\ \[Mu] - 12\ f\^2\ h3\ p\^3\ s\ \[Mu] + 
            5\ f\^3\ h3\ p\^3\ s\ \[Mu] + 6\ h1\ p\^4\ s\ \[Mu] - 
            18\ f\ h1\ p\^4\ s\ \[Mu] + 18\ f\^2\ h1\ p\^4\ s\ \[Mu] - 
            6\ f\^3\ h1\ p\^4\ s\ \[Mu] - 6\ h2\ p\^4\ s\ \[Mu] + 
            18\ f\ h2\ p\^4\ s\ \[Mu] - 18\ f\^2\ h2\ p\^4\ s\ \[Mu] + 
            6\ f\^3\ h2\ p\^4\ s\ \[Mu] + 2\ h3\ p\^4\ s\ \[Mu] - 
            6\ f\ h3\ p\^4\ s\ \[Mu] + 6\ f\^2\ h3\ p\^4\ s\ \[Mu] - 
            2\ f\^3\ h3\ p\^4\ s\ \[Mu] - 2\ p\ \[Nu] + 
            2\ f\^3\ p\ s\ \[Nu] + 2\ h1\ p\ s\ \[Nu] - 
            3\ f\ h1\ p\ s\ \[Nu] + f\^2\ h1\ p\ s\ \[Nu] + 
            3\ f\ h2\ p\ s\ \[Nu] - 4\ f\^2\ h2\ p\ s\ \[Nu] + 
            f\^3\ h2\ p\ s\ \[Nu] + 3\ f\^2\ h3\ p\ s\ \[Nu] - 
            3\ f\^3\ h3\ p\ s\ \[Nu] + 6\ f\^2\ p\^2\ s\ \[Nu] - 
            6\ f\^3\ p\^2\ s\ \[Nu] - 6\ h1\ p\^2\ s\ \[Nu] + 
            12\ f\ h1\ p\^2\ s\ \[Nu] - 7\ f\^2\ h1\ p\^2\ s\ \[Nu] + 
            f\^3\ h1\ p\^2\ s\ \[Nu] + 6\ h2\ p\^2\ s\ \[Nu] - 
            21\ f\ h2\ p\^2\ s\ \[Nu] + 22\ f\^2\ h2\ p\^2\ s\ \[Nu] - 
            7\ f\^3\ h2\ p\^2\ s\ \[Nu] + 9\ f\ h3\ p\^2\ s\ \[Nu] - 
            21\ f\^2\ h3\ p\^2\ s\ \[Nu] + 12\ f\^3\ h3\ p\^2\ s\ \[Nu] + 
            6\ f\ p\^3\ s\ \[Nu] - 12\ f\^2\ p\^3\ s\ \[Nu] + 
            6\ f\^3\ p\^3\ s\ \[Nu] + 6\ h1\ p\^3\ s\ \[Nu] - 
            15\ f\ h1\ p\^3\ s\ \[Nu] + 12\ f\^2\ h1\ p\^3\ s\ \[Nu] - 
            3\ f\^3\ h1\ p\^3\ s\ \[Nu] - 12\ h2\ p\^3\ s\ \[Nu] + 
            36\ f\ h2\ p\^3\ s\ \[Nu] - 36\ f\^2\ h2\ p\^3\ s\ \[Nu] + 
            12\ f\^3\ h2\ p\^3\ s\ \[Nu] + 6\ h3\ p\^3\ s\ \[Nu] - 
            27\ f\ h3\ p\^3\ s\ \[Nu] + 36\ f\^2\ h3\ p\^3\ s\ \[Nu] - 
            15\ f\^3\ h3\ p\^3\ s\ \[Nu] + 2\ p\^4\ s\ \[Nu] - 
            6\ f\ p\^4\ s\ \[Nu] + 6\ f\^2\ p\^4\ s\ \[Nu] - 
            2\ f\^3\ p\^4\ s\ \[Nu] - 2\ h1\ p\^4\ s\ \[Nu] + 
            6\ f\ h1\ p\^4\ s\ \[Nu] - 6\ f\^2\ h1\ p\^4\ s\ \[Nu] + 
            2\ f\^3\ h1\ p\^4\ s\ \[Nu] + 6\ h2\ p\^4\ s\ \[Nu] - 
            18\ f\ h2\ p\^4\ s\ \[Nu] + 18\ f\^2\ h2\ p\^4\ s\ \[Nu] - 
            6\ f\^3\ h2\ p\^4\ s\ \[Nu] - 6\ h3\ p\^4\ s\ \[Nu] + 
            18\ f\ h3\ p\^4\ s\ \[Nu] - 18\ f\^2\ h3\ p\^4\ s\ \[Nu] + 
            6\ f\^3\ h3\ p\^4\ s\ \[Nu])\)/\((2\ \((\(-1\) + f\^3\ p\ s + 
                4\ h1\ p\ s - 6\ f\ h1\ p\ s + 2\ f\^2\ h1\ p\ s + 
                3\ f\ h2\ p\ s - 4\ f\^2\ h2\ p\ s + f\^3\ h2\ p\ s + 
                2\ f\^2\ h3\ p\ s - 2\ f\^3\ h3\ p\ s + 3\ f\^2\ p\^2\ s - 
                3\ f\^3\ p\^2\ s - 12\ h1\ p\^2\ s + 24\ f\ h1\ p\^2\ s - 
                14\ f\^2\ h1\ p\^2\ s + 2\ f\^3\ h1\ p\^2\ s + 
                6\ h2\ p\^2\ s - 21\ f\ h2\ p\^2\ s + 22\ f\^2\ h2\ p\^2\ s - 
                7\ f\^3\ h2\ p\^2\ s + 6\ f\ h3\ p\^2\ s - 
                14\ f\^2\ h3\ p\^2\ s + 8\ f\^3\ h3\ p\^2\ s + 
                3\ f\ p\^3\ s - 6\ f\^2\ p\^3\ s + 3\ f\^3\ p\^3\ s + 
                12\ h1\ p\^3\ s - 30\ f\ h1\ p\^3\ s + 
                24\ f\^2\ h1\ p\^3\ s - 6\ f\^3\ h1\ p\^3\ s - 
                12\ h2\ p\^3\ s + 36\ f\ h2\ p\^3\ s - 
                36\ f\^2\ h2\ p\^3\ s + 12\ f\^3\ h2\ p\^3\ s + 
                4\ h3\ p\^3\ s - 18\ f\ h3\ p\^3\ s + 24\ f\^2\ h3\ p\^3\ s - 
                10\ f\^3\ h3\ p\^3\ s + p\^4\ s - 3\ f\ p\^4\ s + 
                3\ f\^2\ p\^4\ s - f\^3\ p\^4\ s - 4\ h1\ p\^4\ s + 
                12\ f\ h1\ p\^4\ s - 12\ f\^2\ h1\ p\^4\ s + 
                4\ f\^3\ h1\ p\^4\ s + 6\ h2\ p\^4\ s - 18\ f\ h2\ p\^4\ s + 
                18\ f\^2\ h2\ p\^4\ s - 6\ f\^3\ h2\ p\^4\ s - 
                4\ h3\ p\^4\ s + 12\ f\ h3\ p\^4\ s - 12\ f\^2\ h3\ p\^4\ s + 
                4\ f\^3\ h3\ p\^4\ s)\))\)\)\)\)], "Output"]
}, Closed]],

Cell[TextData[{
  "Assuming weak selection, we now derive a diffusion approximation for this \
change in allele frequency (see Box 15.3 in Otto and Day 2007 for further \
details).  \n\nAs is often done in diffusion analyses, we rescale time in \
units of the number of alleles (4N) generations. Then, the diffusion term \
describing the sampling variance is p (1-p), as is standard in population \
genetic models.\n\nWe then need to rescale selection and mutation to obtain a \
diffusion limit for the drift term, which we do by defining \
s\[Rule]\[Psi]/(4N), \[Mu]\[Rule]",
  Cell[BoxData[
      \(\[Theta]\_1\)]],
  "/(4 N), and \[Nu]\[Rule]",
  Cell[BoxData[
      \(\[Theta]\_2\)]],
  "/(4 N).  Then, the amount of change that occurs in one time unit of 4N \
generations is:"
}], "Text"],

Cell[CellGroupData[{

Cell[BoxData[
    \(Factor[\(\(4\ N\ *\ allelechange /. 
            s \[Rule] \[Psi]/\((4  
                    N)\)\) /. \[Mu] \[Rule] \[Theta]\_1/\((4\ N)\)\) /. \ \
\[Nu] \[Rule] \[Theta]\_2/\((4\ N)\)]\)], "Input"],

Cell[BoxData[
    \(\((\(-8\)\ f\^3\ N\ p\ \[Psi] - 8\ h1\ N\ p\ \[Psi] + 
          12\ f\ h1\ N\ p\ \[Psi] - 4\ f\^2\ h1\ N\ p\ \[Psi] - 
          12\ f\ h2\ N\ p\ \[Psi] + 16\ f\^2\ h2\ N\ p\ \[Psi] - 
          4\ f\^3\ h2\ N\ p\ \[Psi] - 12\ f\^2\ h3\ N\ p\ \[Psi] + 
          12\ f\^3\ h3\ N\ p\ \[Psi] - 24\ f\^2\ N\ p\^2\ \[Psi] + 
          32\ f\^3\ N\ p\^2\ \[Psi] + 56\ h1\ N\ p\^2\ \[Psi] - 
          96\ f\ h1\ N\ p\^2\ \[Psi] + 44\ f\^2\ h1\ N\ p\^2\ \[Psi] - 
          4\ f\^3\ h1\ N\ p\^2\ \[Psi] - 24\ h2\ N\ p\^2\ \[Psi] + 
          108\ f\ h2\ N\ p\^2\ \[Psi] - 120\ f\^2\ h2\ N\ p\^2\ \[Psi] + 
          36\ f\^3\ h2\ N\ p\^2\ \[Psi] - 36\ f\ h3\ N\ p\^2\ \[Psi] + 
          100\ f\^2\ h3\ N\ p\^2\ \[Psi] - 64\ f\^3\ h3\ N\ p\^2\ \[Psi] - 
          24\ f\ N\ p\^3\ \[Psi] + 72\ f\^2\ N\ p\^3\ \[Psi] - 
          48\ f\^3\ N\ p\^3\ \[Psi] - 120\ h1\ N\ p\^3\ \[Psi] + 
          252\ f\ h1\ N\ p\^3\ \[Psi] - 160\ f\^2\ h1\ N\ p\^3\ \[Psi] + 
          28\ f\^3\ h1\ N\ p\^3\ \[Psi] + 96\ h2\ N\ p\^3\ \[Psi] - 
          312\ f\ h2\ N\ p\^3\ \[Psi] + 320\ f\^2\ h2\ N\ p\^3\ \[Psi] - 
          104\ f\^3\ h2\ N\ p\^3\ \[Psi] - 24\ h3\ N\ p\^3\ \[Psi] + 
          156\ f\ h3\ N\ p\^3\ \[Psi] - 256\ f\^2\ h3\ N\ p\^3\ \[Psi] + 
          124\ f\^3\ h3\ N\ p\^3\ \[Psi] - 8\ N\ p\^4\ \[Psi] + 
          48\ f\ N\ p\^4\ \[Psi] - 72\ f\^2\ N\ p\^4\ \[Psi] + 
          32\ f\^3\ N\ p\^4\ \[Psi] + 104\ h1\ N\ p\^4\ \[Psi] - 
          264\ f\ h1\ N\ p\^4\ \[Psi] + 216\ f\^2\ h1\ N\ p\^4\ \[Psi] - 
          56\ f\^3\ h1\ N\ p\^4\ \[Psi] - 120\ h2\ N\ p\^4\ \[Psi] + 
          360\ f\ h2\ N\ p\^4\ \[Psi] - 360\ f\^2\ h2\ N\ p\^4\ \[Psi] + 
          120\ f\^3\ h2\ N\ p\^4\ \[Psi] + 56\ h3\ N\ p\^4\ \[Psi] - 
          216\ f\ h3\ N\ p\^4\ \[Psi] + 264\ f\^2\ h3\ N\ p\^4\ \[Psi] - 
          104\ f\^3\ h3\ N\ p\^4\ \[Psi] + 8\ N\ p\^5\ \[Psi] - 
          24\ f\ N\ p\^5\ \[Psi] + 24\ f\^2\ N\ p\^5\ \[Psi] - 
          8\ f\^3\ N\ p\^5\ \[Psi] - 32\ h1\ N\ p\^5\ \[Psi] + 
          96\ f\ h1\ N\ p\^5\ \[Psi] - 96\ f\^2\ h1\ N\ p\^5\ \[Psi] + 
          32\ f\^3\ h1\ N\ p\^5\ \[Psi] + 48\ h2\ N\ p\^5\ \[Psi] - 
          144\ f\ h2\ N\ p\^5\ \[Psi] + 144\ f\^2\ h2\ N\ p\^5\ \[Psi] - 
          48\ f\^3\ h2\ N\ p\^5\ \[Psi] - 32\ h3\ N\ p\^5\ \[Psi] + 
          96\ f\ h3\ N\ p\^5\ \[Psi] - 96\ f\^2\ h3\ N\ p\^5\ \[Psi] + 
          32\ f\^3\ h3\ N\ p\^5\ \[Psi] + 8\ N\ \[Theta]\_1 - 
          8\ N\ p\ \[Theta]\_1 - 6\ h1\ p\ \[Psi]\ \[Theta]\_1 + 
          9\ f\ h1\ p\ \[Psi]\ \[Theta]\_1 - 
          3\ f\^2\ h1\ p\ \[Psi]\ \[Theta]\_1 - 
          3\ f\ h2\ p\ \[Psi]\ \[Theta]\_1 + 
          4\ f\^2\ h2\ p\ \[Psi]\ \[Theta]\_1 - 
          f\^3\ h2\ p\ \[Psi]\ \[Theta]\_1 - 
          f\^2\ h3\ p\ \[Psi]\ \[Theta]\_1 + 
          f\^3\ h3\ p\ \[Psi]\ \[Theta]\_1 + 
          18\ h1\ p\^2\ \[Psi]\ \[Theta]\_1 - 
          36\ f\ h1\ p\^2\ \[Psi]\ \[Theta]\_1 + 
          21\ f\^2\ h1\ p\^2\ \[Psi]\ \[Theta]\_1 - 
          3\ f\^3\ h1\ p\^2\ \[Psi]\ \[Theta]\_1 - 
          6\ h2\ p\^2\ \[Psi]\ \[Theta]\_1 + 
          21\ f\ h2\ p\^2\ \[Psi]\ \[Theta]\_1 - 
          22\ f\^2\ h2\ p\^2\ \[Psi]\ \[Theta]\_1 + 
          7\ f\^3\ h2\ p\^2\ \[Psi]\ \[Theta]\_1 - 
          3\ f\ h3\ p\^2\ \[Psi]\ \[Theta]\_1 + 
          7\ f\^2\ h3\ p\^2\ \[Psi]\ \[Theta]\_1 - 
          4\ f\^3\ h3\ p\^2\ \[Psi]\ \[Theta]\_1 - 
          18\ h1\ p\^3\ \[Psi]\ \[Theta]\_1 + 
          45\ f\ h1\ p\^3\ \[Psi]\ \[Theta]\_1 - 
          36\ f\^2\ h1\ p\^3\ \[Psi]\ \[Theta]\_1 + 
          9\ f\^3\ h1\ p\^3\ \[Psi]\ \[Theta]\_1 + 
          12\ h2\ p\^3\ \[Psi]\ \[Theta]\_1 - 
          36\ f\ h2\ p\^3\ \[Psi]\ \[Theta]\_1 + 
          36\ f\^2\ h2\ p\^3\ \[Psi]\ \[Theta]\_1 - 
          12\ f\^3\ h2\ p\^3\ \[Psi]\ \[Theta]\_1 - 
          2\ h3\ p\^3\ \[Psi]\ \[Theta]\_1 + 
          9\ f\ h3\ p\^3\ \[Psi]\ \[Theta]\_1 - 
          12\ f\^2\ h3\ p\^3\ \[Psi]\ \[Theta]\_1 + 
          5\ f\^3\ h3\ p\^3\ \[Psi]\ \[Theta]\_1 + 
          6\ h1\ p\^4\ \[Psi]\ \[Theta]\_1 - 
          18\ f\ h1\ p\^4\ \[Psi]\ \[Theta]\_1 + 
          18\ f\^2\ h1\ p\^4\ \[Psi]\ \[Theta]\_1 - 
          6\ f\^3\ h1\ p\^4\ \[Psi]\ \[Theta]\_1 - 
          6\ h2\ p\^4\ \[Psi]\ \[Theta]\_1 + 
          18\ f\ h2\ p\^4\ \[Psi]\ \[Theta]\_1 - 
          18\ f\^2\ h2\ p\^4\ \[Psi]\ \[Theta]\_1 + 
          6\ f\^3\ h2\ p\^4\ \[Psi]\ \[Theta]\_1 + 
          2\ h3\ p\^4\ \[Psi]\ \[Theta]\_1 - 
          6\ f\ h3\ p\^4\ \[Psi]\ \[Theta]\_1 + 
          6\ f\^2\ h3\ p\^4\ \[Psi]\ \[Theta]\_1 - 
          2\ f\^3\ h3\ p\^4\ \[Psi]\ \[Theta]\_1 - 8\ N\ p\ \[Theta]\_2 + 
          2\ f\^3\ p\ \[Psi]\ \[Theta]\_2 + 2\ h1\ p\ \[Psi]\ \[Theta]\_2 - 
          3\ f\ h1\ p\ \[Psi]\ \[Theta]\_2 + 
          f\^2\ h1\ p\ \[Psi]\ \[Theta]\_2 + 
          3\ f\ h2\ p\ \[Psi]\ \[Theta]\_2 - 
          4\ f\^2\ h2\ p\ \[Psi]\ \[Theta]\_2 + 
          f\^3\ h2\ p\ \[Psi]\ \[Theta]\_2 + 
          3\ f\^2\ h3\ p\ \[Psi]\ \[Theta]\_2 - 
          3\ f\^3\ h3\ p\ \[Psi]\ \[Theta]\_2 + 
          6\ f\^2\ p\^2\ \[Psi]\ \[Theta]\_2 - 
          6\ f\^3\ p\^2\ \[Psi]\ \[Theta]\_2 - 
          6\ h1\ p\^2\ \[Psi]\ \[Theta]\_2 + 
          12\ f\ h1\ p\^2\ \[Psi]\ \[Theta]\_2 - 
          7\ f\^2\ h1\ p\^2\ \[Psi]\ \[Theta]\_2 + 
          f\^3\ h1\ p\^2\ \[Psi]\ \[Theta]\_2 + 
          6\ h2\ p\^2\ \[Psi]\ \[Theta]\_2 - 
          21\ f\ h2\ p\^2\ \[Psi]\ \[Theta]\_2 + 
          22\ f\^2\ h2\ p\^2\ \[Psi]\ \[Theta]\_2 - 
          7\ f\^3\ h2\ p\^2\ \[Psi]\ \[Theta]\_2 + 
          9\ f\ h3\ p\^2\ \[Psi]\ \[Theta]\_2 - 
          21\ f\^2\ h3\ p\^2\ \[Psi]\ \[Theta]\_2 + 
          12\ f\^3\ h3\ p\^2\ \[Psi]\ \[Theta]\_2 + 
          6\ f\ p\^3\ \[Psi]\ \[Theta]\_2 - 
          12\ f\^2\ p\^3\ \[Psi]\ \[Theta]\_2 + 
          6\ f\^3\ p\^3\ \[Psi]\ \[Theta]\_2 + 
          6\ h1\ p\^3\ \[Psi]\ \[Theta]\_2 - 
          15\ f\ h1\ p\^3\ \[Psi]\ \[Theta]\_2 + 
          12\ f\^2\ h1\ p\^3\ \[Psi]\ \[Theta]\_2 - 
          3\ f\^3\ h1\ p\^3\ \[Psi]\ \[Theta]\_2 - 
          12\ h2\ p\^3\ \[Psi]\ \[Theta]\_2 + 
          36\ f\ h2\ p\^3\ \[Psi]\ \[Theta]\_2 - 
          36\ f\^2\ h2\ p\^3\ \[Psi]\ \[Theta]\_2 + 
          12\ f\^3\ h2\ p\^3\ \[Psi]\ \[Theta]\_2 + 
          6\ h3\ p\^3\ \[Psi]\ \[Theta]\_2 - 
          27\ f\ h3\ p\^3\ \[Psi]\ \[Theta]\_2 + 
          36\ f\^2\ h3\ p\^3\ \[Psi]\ \[Theta]\_2 - 
          15\ f\^3\ h3\ p\^3\ \[Psi]\ \[Theta]\_2 + 
          2\ p\^4\ \[Psi]\ \[Theta]\_2 - 6\ f\ p\^4\ \[Psi]\ \[Theta]\_2 + 
          6\ f\^2\ p\^4\ \[Psi]\ \[Theta]\_2 - 
          2\ f\^3\ p\^4\ \[Psi]\ \[Theta]\_2 - 
          2\ h1\ p\^4\ \[Psi]\ \[Theta]\_2 + 
          6\ f\ h1\ p\^4\ \[Psi]\ \[Theta]\_2 - 
          6\ f\^2\ h1\ p\^4\ \[Psi]\ \[Theta]\_2 + 
          2\ f\^3\ h1\ p\^4\ \[Psi]\ \[Theta]\_2 + 
          6\ h2\ p\^4\ \[Psi]\ \[Theta]\_2 - 
          18\ f\ h2\ p\^4\ \[Psi]\ \[Theta]\_2 + 
          18\ f\^2\ h2\ p\^4\ \[Psi]\ \[Theta]\_2 - 
          6\ f\^3\ h2\ p\^4\ \[Psi]\ \[Theta]\_2 - 
          6\ h3\ p\^4\ \[Psi]\ \[Theta]\_2 + 
          18\ f\ h3\ p\^4\ \[Psi]\ \[Theta]\_2 - 
          18\ f\^2\ h3\ p\^4\ \[Psi]\ \[Theta]\_2 + 
          6\ f\^3\ h3\ p\^4\ \[Psi]\ \[Theta]\_2)\)/\((2\ \((4\ N - 
              f\^3\ p\ \[Psi] - 4\ h1\ p\ \[Psi] + 6\ f\ h1\ p\ \[Psi] - 
              2\ f\^2\ h1\ p\ \[Psi] - 3\ f\ h2\ p\ \[Psi] + 
              4\ f\^2\ h2\ p\ \[Psi] - f\^3\ h2\ p\ \[Psi] - 
              2\ f\^2\ h3\ p\ \[Psi] + 2\ f\^3\ h3\ p\ \[Psi] - 
              3\ f\^2\ p\^2\ \[Psi] + 3\ f\^3\ p\^2\ \[Psi] + 
              12\ h1\ p\^2\ \[Psi] - 24\ f\ h1\ p\^2\ \[Psi] + 
              14\ f\^2\ h1\ p\^2\ \[Psi] - 2\ f\^3\ h1\ p\^2\ \[Psi] - 
              6\ h2\ p\^2\ \[Psi] + 21\ f\ h2\ p\^2\ \[Psi] - 
              22\ f\^2\ h2\ p\^2\ \[Psi] + 7\ f\^3\ h2\ p\^2\ \[Psi] - 
              6\ f\ h3\ p\^2\ \[Psi] + 14\ f\^2\ h3\ p\^2\ \[Psi] - 
              8\ f\^3\ h3\ p\^2\ \[Psi] - 3\ f\ p\^3\ \[Psi] + 
              6\ f\^2\ p\^3\ \[Psi] - 3\ f\^3\ p\^3\ \[Psi] - 
              12\ h1\ p\^3\ \[Psi] + 30\ f\ h1\ p\^3\ \[Psi] - 
              24\ f\^2\ h1\ p\^3\ \[Psi] + 6\ f\^3\ h1\ p\^3\ \[Psi] + 
              12\ h2\ p\^3\ \[Psi] - 36\ f\ h2\ p\^3\ \[Psi] + 
              36\ f\^2\ h2\ p\^3\ \[Psi] - 12\ f\^3\ h2\ p\^3\ \[Psi] - 
              4\ h3\ p\^3\ \[Psi] + 18\ f\ h3\ p\^3\ \[Psi] - 
              24\ f\^2\ h3\ p\^3\ \[Psi] + 10\ f\^3\ h3\ p\^3\ \[Psi] - 
              p\^4\ \[Psi] + 3\ f\ p\^4\ \[Psi] - 3\ f\^2\ p\^4\ \[Psi] + 
              f\^3\ p\^4\ \[Psi] + 4\ h1\ p\^4\ \[Psi] - 
              12\ f\ h1\ p\^4\ \[Psi] + 12\ f\^2\ h1\ p\^4\ \[Psi] - 
              4\ f\^3\ h1\ p\^4\ \[Psi] - 6\ h2\ p\^4\ \[Psi] + 
              18\ f\ h2\ p\^4\ \[Psi] - 18\ f\^2\ h2\ p\^4\ \[Psi] + 
              6\ f\^3\ h2\ p\^4\ \[Psi] + 4\ h3\ p\^4\ \[Psi] - 
              12\ f\ h3\ p\^4\ \[Psi] + 12\ f\^2\ h3\ p\^4\ \[Psi] - 
              4\ f\^3\ h3\ p\^4\ \[Psi])\))\)\)], "Output"]
}, Closed]],

Cell["Taking the limit as N gets large, we obtain the drift term:", "Text"],

Cell[CellGroupData[{

Cell[BoxData[
    \(Limit[%, N \[Rule] Infinity]\)], "Input"],

Cell[BoxData[
    \(1\/8\ \((\(-8\)\ f\^3\ p\ \[Psi] - 8\ h1\ p\ \[Psi] + 
          12\ f\ h1\ p\ \[Psi] - 4\ f\^2\ h1\ p\ \[Psi] - 
          12\ f\ h2\ p\ \[Psi] + 16\ f\^2\ h2\ p\ \[Psi] - 
          4\ f\^3\ h2\ p\ \[Psi] - 12\ f\^2\ h3\ p\ \[Psi] + 
          12\ f\^3\ h3\ p\ \[Psi] - 24\ f\^2\ p\^2\ \[Psi] + 
          32\ f\^3\ p\^2\ \[Psi] + 56\ h1\ p\^2\ \[Psi] - 
          96\ f\ h1\ p\^2\ \[Psi] + 44\ f\^2\ h1\ p\^2\ \[Psi] - 
          4\ f\^3\ h1\ p\^2\ \[Psi] - 24\ h2\ p\^2\ \[Psi] + 
          108\ f\ h2\ p\^2\ \[Psi] - 120\ f\^2\ h2\ p\^2\ \[Psi] + 
          36\ f\^3\ h2\ p\^2\ \[Psi] - 36\ f\ h3\ p\^2\ \[Psi] + 
          100\ f\^2\ h3\ p\^2\ \[Psi] - 64\ f\^3\ h3\ p\^2\ \[Psi] - 
          24\ f\ p\^3\ \[Psi] + 72\ f\^2\ p\^3\ \[Psi] - 
          48\ f\^3\ p\^3\ \[Psi] - 120\ h1\ p\^3\ \[Psi] + 
          252\ f\ h1\ p\^3\ \[Psi] - 160\ f\^2\ h1\ p\^3\ \[Psi] + 
          28\ f\^3\ h1\ p\^3\ \[Psi] + 96\ h2\ p\^3\ \[Psi] - 
          312\ f\ h2\ p\^3\ \[Psi] + 320\ f\^2\ h2\ p\^3\ \[Psi] - 
          104\ f\^3\ h2\ p\^3\ \[Psi] - 24\ h3\ p\^3\ \[Psi] + 
          156\ f\ h3\ p\^3\ \[Psi] - 256\ f\^2\ h3\ p\^3\ \[Psi] + 
          124\ f\^3\ h3\ p\^3\ \[Psi] - 8\ p\^4\ \[Psi] + 
          48\ f\ p\^4\ \[Psi] - 72\ f\^2\ p\^4\ \[Psi] + 
          32\ f\^3\ p\^4\ \[Psi] + 104\ h1\ p\^4\ \[Psi] - 
          264\ f\ h1\ p\^4\ \[Psi] + 216\ f\^2\ h1\ p\^4\ \[Psi] - 
          56\ f\^3\ h1\ p\^4\ \[Psi] - 120\ h2\ p\^4\ \[Psi] + 
          360\ f\ h2\ p\^4\ \[Psi] - 360\ f\^2\ h2\ p\^4\ \[Psi] + 
          120\ f\^3\ h2\ p\^4\ \[Psi] + 56\ h3\ p\^4\ \[Psi] - 
          216\ f\ h3\ p\^4\ \[Psi] + 264\ f\^2\ h3\ p\^4\ \[Psi] - 
          104\ f\^3\ h3\ p\^4\ \[Psi] + 8\ p\^5\ \[Psi] - 
          24\ f\ p\^5\ \[Psi] + 24\ f\^2\ p\^5\ \[Psi] - 
          8\ f\^3\ p\^5\ \[Psi] - 32\ h1\ p\^5\ \[Psi] + 
          96\ f\ h1\ p\^5\ \[Psi] - 96\ f\^2\ h1\ p\^5\ \[Psi] + 
          32\ f\^3\ h1\ p\^5\ \[Psi] + 48\ h2\ p\^5\ \[Psi] - 
          144\ f\ h2\ p\^5\ \[Psi] + 144\ f\^2\ h2\ p\^5\ \[Psi] - 
          48\ f\^3\ h2\ p\^5\ \[Psi] - 32\ h3\ p\^5\ \[Psi] + 
          96\ f\ h3\ p\^5\ \[Psi] - 96\ f\^2\ h3\ p\^5\ \[Psi] + 
          32\ f\^3\ h3\ p\^5\ \[Psi] + 8\ \[Theta]\_1 - 8\ p\ \[Theta]\_1 - 
          8\ p\ \[Theta]\_2)\)\)], "Output"]
}, Closed]],

Cell["which can be written more compactly as:", "Text"],

Cell[BoxData[
    \(\(driftterm = \[Theta]\_1\ \((1 - p)\) - \[Theta]\_2\ p - \((1 - 
                p)\)\ p \((\((f + p - f\ p)\)\^3 + \(1\/2\) \((1 - 
                      f)\)\ h1\ \((1 - 4\ p)\)\ \((1 - p + f\ p)\)\ \((2 - 
                      f - 2\ p + 2\ f\ p)\) + 
                1\/2\ \((1 - f)\)\ h2 \((1 - 2\ p)\)\ \((6\ \((1 - p)\)\ p + 
                      3\ f\ \((1 - 2\ p)\)\^2 - 
                      f\^2\ \((1 - 6\ p + 6\ p\^2)\))\) + 
                1\/2\ \((1 - f)\)\ h3\ \((3 - 4\ p)\)\ \((f + p - 
                      f\ p)\)\ \((f + 2\ p - 
                      2\ f\ p)\))\) \[Psi];\)\)], "Input"],

Cell[TextData[StyleBox["CHECK:",
  FontWeight->"Bold"]], "Text"],

Cell[CellGroupData[{

Cell[BoxData[
    \(Factor[%% - %]\)], "Input"],

Cell[BoxData[
    \(0\)], "Output"]
}, Open  ]],

Cell[TextData[{
  "The term, driftterm, was used in place of m[x] in the maximum likelihood \
method of Petrov et al. (2003), as described in the text.  Because this \
method assumes that each TE insertion is a unique event, the mutation rate at \
the site is set to zero (",
  Cell[BoxData[
      \(\(\(\[Theta]\_1\)\(\ \)\(=\)\(\ \)\(\[Theta]\_2\)\(\ \)\)\)]],
  "= 0)."
}], "Text"]
}, Open  ]],

Cell[CellGroupData[{

Cell["References", "Section"],

Cell[TextData[{
  "BENNETT, J.H., 1968 Mixed self- and cross-fertilization in a tetrasomic \
species. ",
  StyleBox["Biometrics",
    FontSlant->"Italic"],
  ". ",
  StyleBox["3",
    FontWeight->"Bold"],
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}], "Text"],

Cell[TextData[{
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    FontSlant->"Italic"],
  StyleBox["78",
    FontWeight->"Bold"],
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}], "Text"],

Cell["\<\
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\>", "Text"],

Cell[TextData[{
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}, Open  ]]
},
FrontEndVersion->"5.2 for Macintosh",
ScreenRectangle->{{43, 1280}, {0, 832}},
WindowSize->{831, 752},
WindowMargins->{{98, Automatic}, {28, Automatic}},
PrintingCopies->1,
PrintingPageRange->{1, Automatic}
]

(*******************************************************************
Cached data follows.  If you edit this Notebook file directly, not
using Mathematica, you must remove the line containing CacheID at
the top of  the file.  The cache data will then be recreated when
you save this file from within Mathematica.
*******************************************************************)

(*CellTagsOutline
CellTagsIndex->{}
*)

(*CellTagsIndex
CellTagsIndex->{}
*)

(*NotebookFileOutline
Notebook[{

Cell[CellGroupData[{
Cell[1776, 53, 331, 9, 179, "Section"],
Cell[2110, 64, 887, 18, 98, "Text"],
Cell[3000, 84, 589, 13, 64, "Text"]
}, Open  ]],

Cell[CellGroupData[{
Cell[3626, 102, 33, 0, 69, "Section"],
Cell[3662, 104, 130, 2, 43, "Input"]
}, Closed]],

Cell[CellGroupData[{
Cell[3829, 111, 26, 0, 39, "Section"],
Cell[3858, 113, 280, 5, 46, "Text"],
Cell[4141, 120, 657, 13, 113, "Input"],
Cell[4801, 135, 101, 3, 30, "Text"],
Cell[4905, 140, 299, 5, 75, "Input"],
Cell[5207, 147, 239, 5, 46, "Text"],
Cell[5449, 154, 209, 4, 27, "Input"],
Cell[5661, 160, 98, 3, 30, "Text"],

Cell[CellGroupData[{
Cell[5784, 167, 265, 5, 59, "Input"],
Cell[6052, 174, 2038, 34, 167, "Output"]
}, Open  ]],
Cell[8105, 211, 108, 4, 32, "Text"],

Cell[CellGroupData[{
Cell[8238, 219, 66, 1, 27, "Input"],
Cell[8307, 222, 35, 1, 27, "Output"]
}, Open  ]],
Cell[8357, 226, 264, 5, 46, "Text"],

Cell[CellGroupData[{
Cell[8646, 235, 197, 4, 27, "Input"],
Cell[8846, 241, 572, 13, 39, "Output"]
}, Open  ]],
Cell[9433, 257, 861, 15, 174, "Text"],
Cell[10297, 274, 36, 0, 30, "Text"],
Cell[10336, 276, 245, 5, 43, "Input"],
Cell[10584, 283, 66, 0, 30, "Text"],
Cell[10653, 285, 255, 4, 59, "Input"],
Cell[10911, 291, 179, 4, 30, "Text"],
Cell[11093, 297, 114, 2, 27, "Input"],
Cell[11210, 301, 91, 3, 30, "Text"],

Cell[CellGroupData[{
Cell[11326, 308, 75, 1, 27, "Input"],
Cell[11404, 311, 7518, 109, 606, "Output"]
}, Closed]],
Cell[18937, 423, 793, 16, 139, "Text"],

Cell[CellGroupData[{
Cell[19755, 443, 219, 4, 27, "Input"],
Cell[19977, 449, 10340, 179, 660, "Output"]
}, Closed]],
Cell[30332, 631, 75, 0, 27, "Text"],

Cell[CellGroupData[{
Cell[30432, 635, 61, 1, 27, "Input"],
Cell[30496, 638, 2737, 42, 241, "Output"]
}, Closed]],
Cell[33248, 683, 55, 0, 27, "Text"],
Cell[33306, 685, 691, 9, 161, "Input"],
Cell[34000, 696, 64, 1, 32, "Text"],

Cell[CellGroupData[{
Cell[34089, 701, 47, 1, 27, "Input"],
Cell[34139, 704, 35, 1, 27, "Output"]
}, Open  ]],
Cell[34189, 708, 384, 8, 46, "Text"]
}, Open  ]],

Cell[CellGroupData[{
Cell[34610, 721, 26, 0, 69, "Section"],
Cell[34639, 723, 2875, 58, 494, "Text"],

Cell[CellGroupData[{
Cell[37539, 785, 722, 12, 128, "Input"],
Cell[38264, 799, 1173, 24, 103, "Output"]
}, Open  ]],
Cell[39452, 826, 108, 4, 32, "Text"],

Cell[CellGroupData[{
Cell[39585, 834, 66, 1, 27, "Input"],
Cell[39654, 837, 35, 1, 27, "Output"]
}, Open  ]],
Cell[39704, 841, 233, 4, 46, "Text"],

Cell[CellGroupData[{
Cell[39962, 849, 163, 3, 27, "Input"],
Cell[40128, 854, 476, 12, 28, "Output"]
}, Open  ]],
Cell[40619, 869, 861, 15, 174, "Text"],
Cell[41483, 886, 36, 0, 30, "Text"],
Cell[41522, 888, 245, 5, 43, "Input"],
Cell[41770, 895, 66, 0, 30, "Text"],
Cell[41839, 897, 255, 4, 59, "Input"],
Cell[42097, 903, 179, 4, 30, "Text"],
Cell[42279, 909, 114, 2, 27, "Input"],
Cell[42396, 913, 91, 3, 30, "Text"],

Cell[CellGroupData[{
Cell[42512, 920, 75, 1, 27, "Input"],
Cell[42590, 923, 6516, 96, 498, "Output"]
}, Closed]],
Cell[49121, 1022, 793, 16, 139, "Text"],

Cell[CellGroupData[{
Cell[49939, 1042, 219, 4, 27, "Input"],
Cell[50161, 1048, 8937, 155, 552, "Output"]
}, Closed]],
Cell[59113, 1206, 75, 0, 27, "Text"],

Cell[CellGroupData[{
Cell[59213, 1210, 61, 1, 27, "Input"],
Cell[59277, 1213, 2289, 36, 187, "Output"]
}, Closed]],
Cell[61581, 1252, 55, 0, 27, "Text"],
Cell[61639, 1254, 634, 10, 144, "Input"],
Cell[62276, 1266, 64, 1, 32, "Text"],

Cell[CellGroupData[{
Cell[62365, 1271, 47, 1, 27, "Input"],
Cell[62415, 1274, 35, 1, 27, "Output"]
}, Open  ]],
Cell[62465, 1278, 384, 8, 46, "Text"]
}, Open  ]],

Cell[CellGroupData[{
Cell[62886, 1291, 29, 0, 69, "Section"],
Cell[62918, 1293, 230, 9, 32, "Text"],
Cell[63151, 1304, 228, 8, 32, "Text"],
Cell[63382, 1314, 171, 4, 30, "Text"],
Cell[63556, 1320, 550, 15, 50, "Text"]
}, Open  ]]
}
]
*)



(*******************************************************************
End of Mathematica Notebook file.
*******************************************************************)


