Example: Microsatellite data set -- 1

Example: Microsatellite data set

MIGRATION RATE AND POPULATION SIZE ESTIMATION
using the coalescent and maximum likelihood or Bayesian inference
Migrate-n version 3.2.4 [1772]
Compiled for a SYMMETRIC MULTIPROCESSORS
Program started at Fri Nov 26 18:53:52 2010
Program finished at Fri Nov 26 18:53:53 2010

Options

Datatype: Microsatellite data [Brownian motion]
Missing data: not included
Inheritance scalers in use for Thetas: 1.00 1.00
1.00 1.00 1.00 1.00 1.00
1.00 1.00 1.00
[Each Theta uses the (true) ineritance scalar of the first locus as a reference]
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, O = zero, and not estimated,
* = free to vary, Thetas are on diagonal

Population 1 2
1 population__num * ok
2 population__num * %

Migrate 3.2.4: (http://popgen.sc.fsu.edu) [program run on ]



Example: Microsatellite data set -- 2

Order of parameters:

1 o,

2 o,
3 M 2->1
4 M 1->2

Mutation rate among loci:
Analysis strategy is

Markov chain settings:

Number of chains
Recorded steps [a]
Increment (record every x step [b]
Visited (sampled) genealogies [a*b]

Multiple Markov chains:
Averaging over replicates
Static heating scheme

Print options:
Data file:
Output file:
Summary of genealogies for further run:
Print data:
Print genealogies [only some for some data type]:
Plot log(likelihood) surface:
Profile likelihood:

<displayed>
<displayed>
<displayed>
<displayed>

Mutation rate is constant for all loci
Maximum likelihood
Short chain Long chain
1 1
10 10
1 2
10 20
Over indepedent 2 replicates
4 chains with temperatures
1000000.00 3.00 1.50 1.00

Swapping interval is 1

infile.msat

outfile-ml

sumfile

No

None

No

Yes, tables and summary

Percentile method

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

Migrate 3.2.4: (http://popgen.sc.fsu.edu) [program run on 18:53:52]



Example: Microsatellite data set -- 3

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)

Migrate 3.2.4: (http://popgen.sc.fsu.edu) [program run on 18:53:52]



Example: Microsatellite data set -- 4

Allele frequency spectra

Locus 1

Allele Popl 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 Popl Pop2 Al
16 0520 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 Popl Pop2 Al
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 Popl Pop2 All

Migrate 3.2.4: (http://popgen.sc.fsu.edu) [program run on 18:53:52]



Example: Microsatellite data set -- 5

Aftete—Popt—Pop2— At
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 Popl 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 Popl 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 Popl 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

Migrate 3.2.4: (http://popgen.sc.fsu.edu) [program run on 18:53:52]



Example: Microsatellite data set -- 6

Locus 8

Allele Popl Pop2 All
19 0520 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 Popl 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 Popl 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

Migrate 3.2.4: (http://popgen.sc.fsu.edu) [program run on 18:53:52]



Example: Microsatellite data set -- 7

Maximum Likelihood estimates

Population [X] Loc. Ln(L/LO) O M (m/mu) [+=receiving population
[x Nemu] 1,+ 2,+

1:population 11 1.133  1.2800 - 4.670
12 0.071  1.0257 - 3.704
1A 1501 1.2757 - 4.657
21 4556  1.3490 - 2.902
22 1.283 1.4187 - 2.431
2 A 3.331 1.3361 - 2.944
31 1.840 1.6118 - 3.812
32 3.540 1.3499 - 3.718
3 A 5.866  1.3516 - 3.722
41 11.716 1.3475 - 4.991
42 1.399 1.3919 - 5.563
4 A 3.083  1.3909 - 5.486
51 2.662  1.4247 - 4912
52 16.527 1.3569 - 6.476
5 A 16.043 1.3536 - 6.459
61 0.192  1.4904 - 3.089
62 2.861 1.2358 - 2.623
6 A 1.382  1.2652 - 2.720
71 1.015 0.9890 - 5.755
72 1.188 1.0444 - 3.782
7 A 1.613 0.9834 - 6.489
81 7.155  1.4180 - 2.358
82 11.836  1.3517 - 3.786
8 A 19.735 1.3502 - 3.782
91 1.903 1.2448 - 4.543
92 3.234  1.4056 - 2.598
9 A 6.585  1.4056 - 2.598
101 0.002 1.3058 - 3.730
102 5.422  1.4252 - 2.742
10 A 3.806 1.4249 - 2.744
All 50.211 1.3069 - 3.793

2:population 11 1.133 1.2614 2.968 -
12 0.071  1.4978 4.056 -
1A 1501 1.2650 2.980 -
21 4556  1.1409 6.550 -
22 1.283  0.9433 8.906 -
2 A 3.331 1.1154 6.691 -

Migrate 3.2.4: (http://popgen.sc.fsu.edu) [program run on 18:53:52]



Example: Microsatellite data set -- 8

31
32
3 A
41
42
4 A
51
52
5 A
61
62
6 A
71
72
7 A
81
82
8 A
91
92
9 A
101
10 2
10 A
Al

Comments:

1.840
3.540
5.866
11.716
1.399
3.083
2.662
16.527
16.043
0.192
2.861
1.382
1.015
1.188
1.613
7.155
11.836
19.735
1.903
3.234
6.585
0.002
5.422
3.806

50.211

0.9486
1.3634
1.3634
1.3339
1.3016
1.3045
1.3011
1.2492
1.2503
0.9143
1.0381
1.0229
1.3485
1.3320
1.3525
1.3954
1.5031
1.5042
1.3049
1.2137
1.2137
1.2346
1.1170
1.1194
1.2647

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

There were 1 short chain (10 used trees out of sampled 10)

and 1 long chain (10 used trees out of sampled 20)
COMBINATION OF 2 MULTIPLE RUNS

6.703 -
6.579 -
6.683 -
4.356 -
3.891 -
3.978 -
6.632 -
3.971 -
3.971 -
5.059 -
6.013 -
6.060 -
2.577 -
3.464 -
2.667 -
9.788 -
3.334 -
3.341 -
2.821 -
5.119 -
5.119 -
4.850 -
3.133 -
3.134 -
4.248 -

Static heating with 4 chains was active

Migrate 3.2.4: (http://popgen.sc.fsu.edu) [program run on 18:53:52]



Example: Microsatellite data set -- 9

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=-92.421364, num(param)=4]

HO: 1.2858 4.0202 4.0202 1.2858 LnL(test) =49.621479
= 1.3069 3.7927 4.2477 1.2647 LnL(full) =50.210682
[Mm, m,m, m)] LRT =1.178405
df =4
Prob =0.881641
Probc =0.881641
AlC =-95.242959
num(param) =2

Migrate 3.2.4: (http://popgen.sc.fsu.edu) [program run on 18:53:52]



Example: Microsatellite data set -- 10

Profile likelihood tables and plots

Profile likelihood table and plot for parameter Ol
Parameters are evaluated at percentiles using bisection method (slow, but exact).
Per. LnlL) ©, 0, o, M,, M,

0.005 46.894 1.15964 1.1596 1.2855 3.828 4.357
0.025 48.290 1.19293 1.1929 1.2804 3.816 4.332
0.050 48.857 1.2104 1.2104 1.2777 3.811 4.318
0.250 49.983 1.26628 1.2663 1.2698 3.799 4.275
MLE 50.211* 1.30689 1.3069 1.2647 3.793 4.248
0.750 49.984 1.34896 1.3490 1.2601 3.788 4.224
0.950 48.858 1.41247 1.4125 1.2542 3.785 4.197
0.975 48.290 1.43386 1.4339 1.2524 3.784 4.189
0.995 46.893 1.47679 1.4768 1.2491 3.783 4.176

50.0 -

49.0 -

48.0 -

47.04

1.20 1.25 1.30 135 1.40 1.45

Profile likelihood table and plot for parameter 92
Parameters are evaluated at percentiles using bisection method (slow, but exact).

Per. Lnl) © ) ) M M

2 1 2 2—>1 1->2

0.005 46.894 1.10447 1.3223 1.1045 3.775 4.173
0.025 48.289 1.14023 1.3187 1.1402 3.777 4.188
0.050 48.858 1.15913 1.3169 1.1591 3.779 4.196
0.250 49.984 1.21997 1.3111 1.2200 3.786 4.225
MLE 50.211* 1.26472 1.3069 1.2647 3.793 4.248
0.750 49.982 1.31185 1.3024 1.3118 3.800 4.273
0.950 48.858 1.38359 1.2958 1.3836 3.811 4.312
0.975 48.290 1.408 1.2936 1.4080 3.815 4.325
0.995 46.893 1.4574 1.2895 1.4574 3.823 4.350

Migrate 3.2.4: (http://popgen.sc.fsu.edu) [program run on 18:53:52]



Example: Microsatellite data set -- 11

50.0 -

49.0 -

48.0

47.04

1.15 1.20 1.25 1.30 135 1.40 1.45

Profile likelihood table and plot for parameter M 251
Parameters are evaluated at percentiles using bisection method (slow, but exact).

Per. Ln(L) M S ) M M

2—>1 1 2 2—>1 1->2

0.005 46.893 3.09047 1.3041 1.2657 3.090 4.260
0.025 48.290 3.24716 1.3057 1.2644 3.247 4.254
0.050 48.857 3.32974 1.3064 1.2640 3.330 4.252
0.250 49.982 3.59557 1.3074 1.2637 3.596 4.249
MLE 50.211* 3.79268 1.3069 1.2647 3.793 4.248
0.750 49.983 4.00122 1.3053 1.2669 4.001 4.242
0.950 48.858 4.32653 1.3006 1.2718 4.327 4.197
0.975 48.290 4.44115 1.2984 1.2738 4.441 4.166
0.995 46.894 4.68102 1.2934 1.2778 4.681 4.083

50.0 1

49.0

48.0 -

47.04

3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6

Profile likelihood table and plot for parameter M 1252
Parameters are evaluated at percentiles using bisection method (slow, but exact).

Per. Ln(L) M ©) © M M

1->2 1 2 2->1 1->2

0.005 46.893 3.43944 1.3098 1.2578 3.937 3.439
0.025 48.290 3.6265 1.3118 1.2574 3.871 3.627
0.050 48.858 3.72296 1.3123 1.2576 3.844 3.723
0.250 49.984 4.02631 1.3106 1.2606 3.800 4.026
MLE 50.211* 4.24768 1.3069 1.2647 3.793 4.248
0.750 49.983 4.48369 1.3016 1.2702 3.794 4.484
0.950 48.858 4.84886 1.2928 1.2789 3.797 4.849
0.975 48.289 4.97321 1.2903 1.2814 3.797 4.973
0.995 46.894 5.22011 1.2864 1.2852 3.795 5.220

Migrate 3.2.4: (http://popgen.sc.fsu.edu) [program run on 18:53:52]




Example: Microsatellite data set -- 12

50.0 -

49.0 -

48.0

47.04

3.6 3.8 4.0 4.2 4.4 4.6 4.8 5.0 5.2

Migrate 3.2.4: (http://popgen.sc.fsu.edu) [program run on 18:53:52]



Example: Microsatellite data set -- 13

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

1.1596 1.1929 1.2104 1.2663 1.3069 1.3490 1.4125 1.4339 1.4768
1.1045 1.1402 1.1591 1.2200 1.2647 1.3118 1.3836 1.4080 1.4574
M_21 3.0905 3.2472 3.3297 3.5956 3.7927 4.0012 4.3265 4.4412 4.6810
M_12 3.4394 3.6265 3.7230 4.0263 4.2477 4.4837 4.8489 49732 5.2201

Migrate 3.2.4: (http://popgen.sc.fsu.edu) [program run on 18:53:52]



