
  Example: Microsatellite data set -- 1

Migrate 3.2: (http://popgen.sc.fsu.edu) [program run on ]

  Example: Microsatellite data set

MIGRATION RATE AND POPULATION SIZE ESTIMATION
using the coalescent and maximum likelihood or Bayesian inference
Migrate-n version 3.2 [1717]
  Compiled for a SYMMETRIC MULTIPROCESSORS

Program started at    Thu Oct  7 15:25:09 2010

Options

Datatype: Microsatellite data [Brownian motion]


Missing data: not included


Random number seed: (from parmfile)           1407071073

Start parameters:

Theta values were generated  from the FST-calculation

M values were generated  from guessed values

M-matrix:

   -      1.0, 

   1.0,    -   

Connection type matrix:

where m = average (average over a group of Thetas or M,

s = symmetric M, S = symmetric 4Nm,
 0 = zero, and not estimated,

* = free to vary, Thetas are on diagonal


Population   1   2

  1 population__num  *  *

  2 population__num  *  *

Order of parameters:

   1 Θ1 <displayed>

   2 Θ2 <displayed>

   3 M 2−>1 <displayed>

   4 M 1−>2 <displayed>

Program finished at   Thu Oct  7 15:26:34 2010



  Example: Microsatellite data set -- 2

Migrate 3.2: (http://popgen.sc.fsu.edu) [program run on 15:25:09]

Mutation rate among loci: Mutation rate is constant for all loci

Analysis strategy is Maximum likelihood

Markov chain settings: Short chain Long chain

Number of chains                   10                    3

Recorded steps [a]                  500                 1000

Increment (record every x step [b]                    2                    2

Visited (sampled) genealogies [a*b]                 1000                 2000

Number of discard trees per chain (burn-in)  1000  1000

Multiple Markov chains:

Averaging over replicates Over indepedent 2 replicates

Static heating scheme 4 chains with  temperatures

1000000.00  3.00  1.50  1.00 

Swapping interval is 1


Print options:


Data file: infile.msat

Output file: outfile-ml

Summary of genealogies for further run: sumfile

Print data:                                            No

Print genealogies [only some for some data type]: None

Plot log(likelihood) surface: No

Profile likelihood: Yes, tables and summary

Percentile method


with df=1 and for Theta and M=m/mu



  Example: Microsatellite data set -- 3

Migrate 3.2: (http://popgen.sc.fsu.edu) [program run on 15:25:09]

Data summary

Datatype: Microsatellite data

Number of loci: 10

Population Locus Gene copies

data (missing)

1 population__number___0 1 50 (0)

2 50 (0)

3 50 (0)

4 50 (0)

5 50 (0)

6 50 (0)

7 50 (0)

8 50 (0)

9 50 (0)

10 50 (0)

2 population__number___1 1 42 (0)

2 42 (0)

3 42 (0)

4 42 (0)

5 42 (0)

6 42 (0)

7 42 (0)

8 42 (0)

9 42 (0)

10 42 (0)

Total of all populations 1 92 (0)

2 92 (0)

3 92 (0)

4 92 (0)

5 92 (0)

6 92 (0)

7 92 (0)

8 92 (0)

9 92 (0)

10 92 (0)



  Example: Microsatellite data set -- 4

Migrate 3.2: (http://popgen.sc.fsu.edu) [program run on 15:25:09]

Allele frequency spectra

Locus 1

Allele Pop1  Pop2  All

    16 0.220 0.167 0.193

    19 0.040 0.071 0.056

    18 0.060 0.119 0.090

    15 0.220 0.024 0.122

    21 0.020 0.167 0.093

    23 0.020 0.119 0.070

    17 0.280 0.095 0.188

    22 0.060 0.119 0.090

    25 0.060 0.024 0.042

    24 0.020 0.000 0.010

    26 0.000 0.024 0.012

    27 0.000 0.048 0.024

    29 0.000 0.024 0.012

Locus 2

Allele Pop1  Pop2  All

    16 0.520 0.571 0.546

    19 0.040 0.000 0.020

    18 0.220 0.119 0.170

    17 0.160 0.167 0.163

    15 0.020 0.000 0.010

    21 0.020 0.071 0.046

    20 0.020 0.024 0.022

    22 0.000 0.048 0.024

Locus 3

Allele Pop1  Pop2  All

    19 0.240 0.262 0.251

    20 0.280 0.476 0.378

    18 0.080 0.095 0.088

    21 0.280 0.119 0.200

    22 0.120 0.048 0.084

Locus 4

Allele Pop1  Pop2  All



  Example: Microsatellite data set -- 5

Migrate 3.2: (http://popgen.sc.fsu.edu) [program run on 15:25:09]

Allele Pop1  Pop2  All

    16 0.080 0.071 0.076

    24 0.180 0.024 0.102

    15 0.020 0.048 0.034

    25 0.160 0.167 0.163

    14 0.020 0.048 0.034

    19 0.100 0.143 0.121

    12 0.060 0.000 0.030

    20 0.080 0.190 0.135

    23 0.060 0.119 0.090

    28 0.020 0.000 0.010

    22 0.060 0.024 0.042

    21 0.160 0.119 0.140

    13 0.000 0.024 0.012

    26 0.000 0.024 0.012

Locus 5

Allele Pop1  Pop2  All

    20 0.400 0.524 0.462

    21 0.420 0.357 0.389

    19 0.180 0.119 0.150

Locus 6

Allele Pop1  Pop2  All

    19 0.060 0.000 0.030

    20 0.100 0.024 0.062

    18 0.300 0.214 0.257

    22 0.200 0.119 0.160

    21 0.120 0.476 0.298

    16 0.060 0.000 0.030

    24 0.160 0.048 0.104

    17 0.000 0.119 0.060

Locus 7

Allele Pop1  Pop2  All

    23 0.040 0.238 0.139

    20 0.660 0.143 0.401

    22 0.180 0.190 0.185

    21 0.100 0.333 0.217

    19 0.020 0.095 0.058



  Example: Microsatellite data set -- 6

Migrate 3.2: (http://popgen.sc.fsu.edu) [program run on 15:25:09]

Locus 8

Allele Pop1  Pop2  All

    19 0.520 0.524 0.522

    17 0.040 0.048 0.044

    18 0.100 0.071 0.086

    20 0.140 0.190 0.165

    16 0.080 0.000 0.040

    22 0.100 0.048 0.074

    15 0.020 0.048 0.034

    23 0.000 0.071 0.036

Locus 9

Allele Pop1  Pop2  All

    24 0.080 0.024 0.052

    19 0.300 0.429 0.364

    20 0.300 0.167 0.233

    23 0.180 0.143 0.161

    22 0.080 0.024 0.052

    18 0.020 0.071 0.046

    21 0.040 0.095 0.068

    25 0.000 0.048 0.024

Locus 10

Allele Pop1  Pop2  All

    22 0.100 0.214 0.157

    20 0.440 0.214 0.327

    23 0.080 0.167 0.123

    24 0.020 0.000 0.010

    19 0.160 0.167 0.163

    21 0.060 0.048 0.054

    18 0.080 0.000 0.040

    15 0.020 0.071 0.046

    17 0.040 0.048 0.044

    25 0.000 0.071 0.036



  Example: Microsatellite data set -- 7

Migrate 3.2: (http://popgen.sc.fsu.edu) [program run on 15:25:09]

Maximum Likelihood estimates

Population [x] Loc. Ln(L/L0) Θ  M (m/mu) [+=receiving population

[x Ne mu]  1,+  2,+

 1:population 1 1    2.089 1.6491 - 3.840

1 2   10.299 1.9423 - 1.555

1  A   20.592 1.9423 - 1.555

2 1    3.559 1.7127 - 2.081

2 2    1.444 1.1927 - 3.298

2  A    7.116 1.7129 - 2.081

3 1    6.757 0.9067 - 8.650

3 2    4.531 1.0758 - 4.638

3  A   13.510 0.9067 - 8.650

4 1    4.678 2.8509 - 2.442

4 2   32.825 1.2221 - 2.732

4  A   33.400 5.1827 - 3.601

5 1    1.207 1.2896 - 4.979

5 2    7.108 1.1033 - 6.195

5  A   14.222 1.1033 - 6.195

6 1    9.620 1.6447 - 2.150

6 2    3.897 1.0342 - 3.706

6  A    7.802 1.0343 - 3.706

7 1    6.204 1.3098 - 3.454

7 2    1.993 0.7932 - 6.602

7  A    7.285 0.7388 - 2.558

8 1    4.679 3.3260 - 8.865

8 2    6.337 1.2341 - 5.311

8  A   13.265 0.8690 - 8.477

9 1    8.837 1.2251 - 2.158

9 2    2.159 1.4120 - 4.113

9  A   11.089 0.9899 - 2.072

10 1    3.999 1.7189 - 3.961

10 2    4.660 2.2860 - 2.763

10  A    9.323 2.2870 - 2.764

All   64.733 1.2165 - 3.551

 2:population 1 1    2.089 2.5277 4.590 -

1 2   10.299 2.6693 1.650 -

1  A   20.592 2.6693 1.650 -

2 1    3.559 1.4820 3.433 -

2 2    1.444 1.0427 3.512 -

2  A    7.116 1.4821 3.433 -



  Example: Microsatellite data set -- 8

Migrate 3.2: (http://popgen.sc.fsu.edu) [program run on 15:25:09]

3 1    6.757 1.0901 6.549 -

3 2    4.531 1.0413 10.546 -

3  A   13.510 1.0901 6.549 -

4 1    4.678 3.3363 1.725 -

4 2   32.825 1.4512 2.696 -

4  A   33.400 3.5154 2.598 -

5 1    1.207 1.1072 0.075 -

5 2    7.108 0.7192 5.106 -

5  A   14.222 0.7192 5.106 -

6 1    9.620 1.2616 6.438 -

6 2    3.897 0.9465 2.740 -

6  A    7.802 0.9466 2.740 -

7 1    6.204 1.2138 9.105 -

7 2    1.993 1.0432 7.233 -

7  A    7.285 0.6415 8.891 -

8 1    4.679 1.3944 4.780 -

8 2    6.337 1.1093 12.088 -

8  A   13.265 1.2516 5.256 -

9 1    8.837 1.6186 1.761 -

9 2    2.159 1.3239 3.407 -

9  A   11.089 1.3159 3.562 -

10 1    3.999 2.0964 2.655 -

10 2    4.660 1.3044 2.390 -

10  A    9.323 1.3029 2.388 -

All   64.733 1.3545 4.159 -

Comments:

The x is 1, 2, or 4 for mtDNA, haploid, or diploid data, respectively

There were 10 short chains (500 used trees out of sampled 1000)

and 3 long chains (1000 used trees out of sampled 2000)


Static heating with 4 chains was active
  COMBINATION OF 2 MULTIPLE RUNS



  Example: Microsatellite data set -- 9

Migrate 3.2: (http://popgen.sc.fsu.edu) [program run on 15:25:09]

Approximate Likelihood Ratio Tests

Legend for the likelihood ratio tables

Null-Hypothesis: your test model Log(likelihood) of test model

is equal to Log(likelihood) of full model

full model (the model under which the Likelihood ratio test value

genealogies were sampled) Degrees of freedom of test

[Theta values are on the diagonal of the

Probability*

Migration matrix, migration rates are Probability**

specified as M] Akaike’s Information Criterion***

Number of parameters used

  *) Probability under the assumption that parameters have range -Inf to Inf

 **) Probability under the assumption that parameters have range 0 to Inf

***) AIC: the smaller the value the better the model

     [the full model has AIC=-121.465291, num(param)=4]

H0: 1.2855 3.8551 3.8551 1.2855                   LnL(test) = 62.276883

 =  1.2165 3.5509 4.1593 1.3545                   LnL(full) = 64.732645

[ m, m, m, m,]                                    LRT = 4.911524

                                                  df = 4

                                                  Prob = 0.296497

                                                  Probc = 0.296497

                                                  AIC = -120.553767

                                                  num(param) = 2



  Example: Microsatellite data set -- 10

Migrate 3.2: (http://popgen.sc.fsu.edu) [program run on 15:25:09]

Profile likelihood tables and plots

Profile likelihood table and plot for parameter Θ1
Parameters are evaluated at percentiles using bisection method (slow, but exact).

Per. Ln(L) Θ1 Θ1 Θ2 M 2−>1 M 1−>2

0.005 61.415 1.05395 1.0539 1.2958 3.735 4.042

0.025 62.811 1.09006 1.0901 1.3091 3.694 4.066

0.050 63.380 1.10919 1.1092 1.3162 3.670 4.080

0.250 64.506 1.1708 1.1708 1.3388 3.595 4.129

MLE 64.733* 1.21648 1.2165 1.3545 3.551 4.159

0.750 64.506 1.26619 1.2662 1.3730 3.504 4.186

0.950 63.380 1.34836 1.3484 1.4041 3.414 4.231

0.975 62.811 1.37724 1.3772 1.4118 3.382 4.250

0.995 61.416 1.43525 1.4352 1.4208 3.312 4.293

62.0

63.0

64.0

1.10 1.15 1.20 1.25 1.30 1.35 1.40

Profile likelihood table and plot for parameter Θ2
Parameters are evaluated at percentiles using bisection method (slow, but exact).

Per. Ln(L) Θ2 Θ1 Θ2 M 2−>1 M 1−>2

0.005 61.416 1.13393 1.1725 1.1339 3.676 4.049

0.025 62.813 1.18228 1.1814 1.1823 3.642 4.082

0.050 63.379 1.20843 1.1867 1.2084 3.625 4.099

0.250 64.505 1.29316 1.2042 1.2932 3.580 4.139

MLE 64.733* 1.35449 1.2165 1.3545 3.551 4.159

0.750 64.506 1.4184 1.2300 1.4184 3.522 4.177

0.950 63.380 1.51727 1.2529 1.5173 3.485 4.198

0.975 62.812 1.55128 1.2601 1.5513 3.477 4.203

0.995 61.416 1.62069 1.2717 1.6207 3.474 4.208



  Example: Microsatellite data set -- 11

Migrate 3.2: (http://popgen.sc.fsu.edu) [program run on 15:25:09]

62.0

63.0

64.0

1.20 1.30 1.40 1.50 1.60

Profile likelihood table and plot for parameter M 2−>1
Parameters are evaluated at percentiles using bisection method (slow, but exact).

Per. Ln(L) M 2−>1 Θ1 Θ2 M 2−>1 M 1−>2

0.005 61.416 2.75315 1.2953 1.3273 2.753 4.387

0.025 62.812 2.98025 1.2601 1.3283 2.980 4.307

0.050 63.381 3.09618 1.2512 1.3490 3.096 4.261

0.250 64.505 3.37596 1.2286 1.3623 3.376 4.189

MLE 64.733* 3.55094 1.2165 1.3545 3.551 4.159

0.750 64.506 3.72878 1.2038 1.3421 3.729 4.120

0.950 63.380 3.99728 1.1854 1.3234 3.997 4.057

0.975 62.812 4.08363 1.1814 1.3198 4.084 4.046

0.995 61.415 4.24893 1.1760 1.3161 4.249 4.035

62.0

63.0

64.0

2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2

Profile likelihood table and plot for parameter M 1−>2
Parameters are evaluated at percentiles using bisection method (slow, but exact).

Per. Ln(L) M 1−>2 Θ1 Θ2 M 2−>1 M 1−>2

0.005 61.415 3.5305 1.1816 1.3137 3.718 3.530

0.025 62.813 3.67573 1.1897 1.3249 3.685 3.676

0.050 63.379 3.75153 1.1938 1.3303 3.664 3.752

0.250 64.505 3.99087 1.2078 1.3464 3.590 3.991

MLE 64.733* 4.15932 1.2165 1.3545 3.551 4.159

0.750 64.506 4.32972 1.2237 1.3605 3.522 4.330

0.950 63.380 4.58284 1.2335 1.3674 3.482 4.583

0.975 62.813 4.66714 1.2368 1.3691 3.466 4.667

0.995 61.414 4.8373 1.2444 1.3696 3.419 4.837



  Example: Microsatellite data set -- 12

Migrate 3.2: (http://popgen.sc.fsu.edu) [program run on 15:25:09]

62.0

63.0

64.0

3.6 3.8 4.0 4.2 4.4 4.6 4.8



  Example: Microsatellite data set -- 13

Migrate 3.2: (http://popgen.sc.fsu.edu) [program run on 15:25:09]

Summary of profile likelihood percentiles of all parameters

Parameter Percentiles

 0.005 0.025 0.05 0.25 MLE 0.75 0.95 0.975 0.995

Θ1 1.0539 1.0901 1.1092 1.1708 1.2165 1.2662 1.3484 1.3772 1.4352

Θ2 1.1339 1.1823 1.2084 1.2932 1.3545 1.4184 1.5173 1.5513 1.6207

  M_21    2.7531 2.9803 3.0962 3.3760 3.5509 3.7288 3.9973 4.0836 4.2489

  M_12    3.5305 3.6757 3.7515 3.9909 4.1593 4.3297 4.5828 4.6671 4.8373


