detect outlier loci

Arlequin ,Bayescan and PAML
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F-dist

——use software Arlequin to analyze outlier



-Fst(Fixation index)
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Mexican Puerto Rican

H=0.47 H=0.48 H=0.31

T

Average subpopulation
heterozygosity:  Hs
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Average allele frequencies:

o QD+ @D + @D
3

Total heterozygosity:  Hr 2(0.39)(0.61) = 0.48

Hy - Hg 0.48 - 0.42

Fsr =

African American

= 042

= 039

= 0.61

FST<0.05: no evident differentiation
0.05~0.15, slight differentiation,
0.15~0.25, evident differentiation; ;

>0.25 great differentiation,



Qutlier loc

——use software Arlequin to analyze outlier



Definition of outlier loci (BEE7 =)

* definition: An outlier locus I1s one that has a distinct or significant

allele frequency relative to assumption of neutrality (neutrality
being the absence of directional selection).

* [n software , some parameters used to evaluated outliers.



What caused appearance of outlier loci?

 Natural selection

Natural selection Is the differential survival and

reproduction of individuals due to differences In
phenotype.




Manuel

——use software Arlequin to analyze outlier



The birth of f-dist2

Beaumont and Nichols. Evaluating loci for use in the genetic analysis of population structure.
(1996) Proc Roy. Soc. Lond. B. 263: 1619-1626
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Heterozygosity

The effect of different mutation rates on the
expected distribution of FST.

the distribution of Fst depends quite strongly on
the observed heterozygosity. The median value of
FST drops off rapidly at heterozygosities less than
0.1. With higher mutation rates, at lower
heterozygosities, the distribution is tighter and the
median drops off faster.

The effect of equilibrium versus non-
equilibrium population structure.

when very small samples are taken from each
subpopulation, the distributions are broader.
Even moderate sample sizes are surprisingly
informative; the distribution for 50 is virtually
iIndistinguishable from that of 100.



Arlequin

* Arlequin is a software that have a multi-function ,
we use one of Its function(a f-dist2 program) to
calculate our data for indication of outliers locil.



Prepare

* Format conversion (must be extension of arp)

s Arlequin 3.5.2.2 [C:/Users/admin/Desktop/00000.arp]

File View Options Help

e e e e B * 1.Choose your file.

e — » 2. Decide your file
format , generally are
TTTTTT DNA.

S ——  3.this format set as
%M Arlequin.




12 Arlequin 3.5.2.2 [C:/Usersfadmin/Desktop,/00000.arp]

File View Options Help

=5 Open project ,’ View project g View results :, view Log file IZI Close project Q’F-ﬁ: md m Start E Pause E Stop
=== select the path of text

editor ,notepad++ for
Use associated settings exa m ple .

Compute statistics within groups

Project| Structure Edtor | Arlequin Configuraton |

7171

Notepad++
Append results

Keep AMOWVA null distributions

1 7

Prompt for handling unphased multi-locus data

<l

XML Output

<l

Use B4bit external arlecore program for computations
R — path of R package,so you can
e R get graph from your statistics

D:/Notepad++/notepad++ exe Wlth the help Of Rcmd
e o[ ionme s

D:/R-3.3.1/bin/x64/Rcmd exe




t Arlequin 3.5.2.2 [D:/research app/Arlequin/WinArl35/Example files win/DNA/Myotis myotis ...

checking the option "Detect

£ Open project # View project | View results [ View Log file @Cmepwi{ct & Remd || start @Pause [=] stop IOCI under SeIeCtlon frorr‘ y
squin Configuraton| Proect wizard | bmportdat genetic structure analysis

Detecting loci under selection from F-statistics In the Detect loci under

File View Options Help

Project | Structure Editfr Settings | A

Reseil Load | Save | [¥ Detect loci under selection from genetic structure analysis SeleCt|On from F—Stat|st|c tab’
ARLEQUIN SETTINGS [v Use hierarchical island model
=& ® Calculation settings Number of simulations: 20000

£ ® Genetic structure
i AMOVA
Detecting loci under selection
s Population comparisons
3 Population differentiation
2 Genotype assignment
2 Haplotype inference
B @ Linkage disequilibrium
@ Hardy-Weinberg
@ Pairwise linkage
2 Mantel test
2 Mismatch distribution
® Molecular diversity indices
3 Neutrality tests
General settings

Number of demes to simulate (per group): | 100

Number of groups to simiate: o start Computation
Min. exp. heterozygosity: IIJ

Max. exp. heterozygosity: |‘1

Distance method for AMOVA computations
Pairwise difference 1]

Gamma a value: ID
Min. DAF frequency: |ﬂ

report graphs




the p-values of each locus under neutrality and for a given genetic structure are output in a file called
"fdist2_ObsOut.txt".

mjfdistZ_DbsOut.tx‘t-“lE.$$ = | = o

IR #RBE) B0 EE(NV)  EEIH)

Iiocus gbs. Hetb BP Olfs FST F?T P—wvalue 1-FST quantile (if P—wvalue=2 -» uncompu ~

2 0 0 -1 -1

i 0o o a1 |

5 0 0 -1 -1

N For each locus, we report:

5 0 o 1 7

%? 8 049365842 0-12625?84? 0. 19363346 0. B0B3E6E54

z0 0 44 ) the observed heterozygosity between population,
50 o g

%? 8 21141384 51580931% 0. 039911138 0. 9B0038E6 "

TR S A L ' i) the observed FST value

U T T B

22 0 0 -1 -1

z oo 0 a4 lil) the FST p-value

25 0 0 -1 -1

2 o o a1

28 0 0 -1 -1 . . . . . .
2 0 0 a4 4 Iv) 1 - the quantile of the observed FST in the distribution.
2 o0 o a1 1

33 0 0 -1 -1

34 0 0 -1 -1

35 0 0 -1 -1

36 0 0 -1 -1

37 0 0 -1 -1

38 0 0 -1 -1

39 0 0 -1 -1 il

a4 2




-P-value

the p-value or probability value is the probability for a given
statistical model that, when the null hypothesis is true, the statistical
summary would be greater than or equal to the actual observed
results.

usually ,set p=0.05(5%) as the threshold
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Fst-Heterozygosity figure

Detection of loci

under selection from genome

scans based on Fgr

5
= 596

126

50% guantile
1026 guantile
596 guantile
126 guantile

Heterozygosity

n data result , the
noINts between
two curve of the
same confidence Is
consider as neutral.




3ayecsan

—A software



INntroduction

BayeScan implements a reversible-jump MCMC
algorithm for calculation.



A choilce

* Model choice

Modell(M Model2(M

Or

1,neutral) 2,selection)

* \Which model locus prefer?



Jeffreys' scale of evidence for the choice

P(az0) Bayes Factor (BF) | loglO(BF) Jeffreys' interpretation
0.50 - 0.76 153 0 - 0.5 | Barely worth mentioning
0.76 - 0.91 3 > 10 05 ->1 Substantial
0.91 - 0.97 10 - 32 1> 15 Strong
0.97 = 0.99 32 - 100 15 5 2 Very strong
0.99 - 1.00 100 & oo 2 > oo Decisive

* Bayes factor(BF): The Bayes factor provides a scale of evidence in favor
of one model versus another.
BF=P(N|M2)/P(N|M1)
* Bayes factor also be a parameter for outliers evidence.
* For example, BF=2 indicates that the data favors model M2 over model
M1.



How to use Bayescan?

* Download free In http://cmpg.unibe.ch/software/BayeScan/

* Process : Pilot runs(long time) - Calculation(relative short)
* Software interface

rf@ BayeScanv21 " . = | E 2
L ET | O ptions I Help |
[t Cukput
Genotypes data:  alleles.txt E] COutput fles directony: E]
[ Discard loci: | dizcarded bt DQutput files prefis: oukpL
[T SMP gentypes matris data [T]Just estimate F-stats [no tion]

Time left:



http://cmpg.unibe.ch/software/BayeScan/

Setting parameters

73 BayeScan v2.1 — . =@ % ]
" Main Options Help

Parameters of the chain Parameters of the model Output files

Sample size: 5000 Prior odds for neutral model: 10 Main results

Thinning intervat: 10 Fis prior [for dominant AFLP data): [ Pilat runs results

Pilot runs: 20 @ Uniform between 0.0 and 1.0

[] Acceptance rates
Beta: 1 0.2 0.05
Pilot run length: 5000

) . [ ] sllele frequencies
Threshold for the recessive genotype as a fraction of

Additional bum in: 50000 maximum band intensity (for AFLP intensity data): 0.10 [¥] Input files checking

« Samples size (FEAK/]\) © We need set according to our number of samples.
* Thinning interval: The thinning interval is the number of iterations(:X;) between two samples.

Burn in: A burn-in period can be necessary to attain convergence before starting the sampling ,default is
50000.

Prior odds for neutral model(F4): default is 10(you can use it),you can set this parameter based on your
need. In some papers, author set four different prior odds to quantify how this parameter affect their result.



Setting parameters

- - b \
73 BayeScan v2.1 - . = B X
" Main Options Help
Parameters of the chain Parameters of the model Output files
Sample size: 5000 Prior odds for neutral model: 10 Main results
Thinning intervat: 10 Fis prior [for dominant AFLP data): [ Pilat runs results
] . 20 @ Uniformbetween 00  and 1.0 —
Pilot runs: || Acceptance rates |
Beta: I 0.2 0.05
Pilot run length: 5000 — .
. . || Allele frequencies
Threshold for the recessive genotype as a fraction of
Additional burn in: 50000 maximum band intensity (for AFLP intensity data): 0.10 [@) Input fles checking

I

Pilot runs (3J81z47) : We make by default 20.  pilot run length : default 500.
Function of pilot runs : Choose the proposal distribution for the reversible jump and adjusted the acceptance

rate for each parameters.
Proposal distribution (i) : Proposal distributions have to be adjusted in order to have acceptance rates

between 0.25 and 0.45. These values are automatically tuned on the basis of short successive pilot runs .



Setting suggestion

* Pilots runs : When calculation time is not a problem, increasing
the number of pilot runs would be the first thing to do.

* Thinning Interval : Increasing the sample size I1s generally useless,
and one should rather increase thinning interval.



Qutput files choose

73 BayeScan v2.1

———

.:.@23

[Main | Options | Help
Parameters of the chain

Sample size: 5000

Thinning interval. 10

Pilot runs: 20

Pilot run length: 5000

Additional bum in: 50000

Parameters of the model

Prior odds for neutral model: 10

Fis prior [for dominant AFLP data):
@ Uniform between 00  and 1.0

Beta: Mean (0.2 0.05

Threshold for the recessive genotype as a fraction of
maximum band intensity (for AFLP intensity data): 0.10

Output files

Main results
[T Pilot runs results

[] Acceptance rates

[ Allele frequencies
[V] Input files checking

* Main results

* Pilot runs results

* Acceptance rates

* Allele frequencies
* |nput files checking



Acceptable data types

* Amplification intensity matrix for AFLP markers
* Dominant binary markers

* Codominant markers

* SNP genotype matrix
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second meaning second
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Locus

Utput files format,,

L Bt B 3 Tl YW i I e

oo o - o B o o o

rob  1oz10(P0)

04623 -1, 3087
. 06354b -1, 1684
. 14381 -0, 77477
L1T0RT 0. BEREE
L0L016T -1, 2772
. 14047 -0, 78668
03512 -1, 2477
. 21405 -0, 564589
. 21405 -0, bedEY
L 2bTH3 0. 45986
18395 -0, 64703

e T T T T T T T AT T T T T T T T T T T T T T T T T

L ObBE5E -1, 2198
22742 -0, 53110
L0desZs -1, 3087
L18732 -0, 60936
LOR016T -1, 2772
L 093645L -0, 98bs1 0. 79612 -0, 046816 0, 18675
046823 -1, 3087
L 21739 -0, bhE30
L06354h -1, 1684
L 20087 -0, 60025
. 28094 -0, 40516
L7357 -1,1001
L0B0Z01 -1, 1934
. 22074 -0, 54781
. 040134 -1, 3787
. 093645L -0, 98hs1
CIBTEZ 0069723 0, 71706 0,11529 0, 21396

. 040134 -1, 3787 0. 86575 -0, 0057520 0, 19103
066590 -1, 1446 0, 81973 -0. 051574 0. 18606
L080301 -1, 0032 0. 79839 -0, 038423 0. 18727
10368 -0, 93677 0. 77831 -0, 056977 0. 18663
L1036 0093677 0, 77831 0, 053242 0, 20215

oo B s s Y s o o

pa e o B B B an oo Jan B

|p =z qval alpha fst |

L026TE09 -1, 5608 0, 871964 -0, 0023432 0,19128
L BEREE 0.021966 0.19570

L 82529 0.025038 0.19630

LTA23T -0,13403 0,1778%

LT1224 -0, 24207 0.17220

"ameterg

Prob
Log10(PO)

. B4967 -0. 0017856 0. 19160
.T4603 -0. 11568 0.18107 (:?\/63|
.B4143 0. 015627 0.19509

fae e o B o B oo B B o o)

66346 -0, 19938 0. 17088
L 66346 —0. 26810 0. 16958 Alpha
|52365 0. 20244 0. 23109

|69597 0, 20268 0. 17417 e Fst
123534 0. 027735 0. 19692

|62347 -0, 30716 0. 16427

|85523 0. 023728 0. 19610

63997 0. 75624 0. 16793

|24967 -0, 0020146 0. 19173

L85bEE 0. 00012744 0,19173
L 64596 0, 21543 0, Z3h44

L 82529 0, 0036964 0, 19251

. 65403 0, 14675 0, 22020
L4718 -0, 39857 0, 16018
L80855 0, 021770 0, 19545
L83213 0. 0026949 0, 19255
L635d4h -0, 28400 0, 16673
L8B5TH 0, 0072718 0, 19250
0.79612 -0, 040213 0. 18765



L Bt B 3 Tl YW i I e

Fvidence for outlier

oo o - o B o o o

e T T T T T T T AT T T T T T T T T T T T T T T T T

L1T0RT 0. BEREE
. 14047 -0, 78668
. 21405 -0, 564589

rob  lozlQ(PO) val alpha fst

L 0267009 1. 5608 0, 871964 -0, 0023434 0.191%28
04623 -1, 3087
. 06354b -1, 1684

. 8bbE3 0. 021966 0.
. 82529 0, 025038 0.
L7437 -0, 13403 0,
LT1224 -0, 24207 0.
84367 -0, 0017856
L T4603 -0, 11568 0.
. 834143 0, 015627 0.19509
66346 -0,19938 0, 170:38
LBBE346 -0, 26510 0, 164955

. 02365 0, 20244 0, 23109
LBY59T -0, 20668 0, 17417

. 83534 0, 027730 0, 19692
LBE34T -0, 30716 0, 16422
L8053 0. 043728 0, 19619
19732 -0, 60936 0, 68997 -0, 25624 0, 16793
LOR016T -1, 2772 0. 84967 -0, 0020146 0, 19173
. 093645 0. 98581 0. 79612 -0, 046816 0. 18675

19570
19630
17785
17420
0.19160
18107

14381 -0, 77477
050167 -1, 2772
053512 -1, 2477

oo B s s Y s o o

oo oo o oo

. 21405 -0, bedEY
L 2bTH3 0. 45986
18395 -0, 64703
L ObBE5E -1, 2198
22742 -0, 53110
L0desZs -1, 3087

046823 -1, 3087 0, 8585 -0, 00012744 0,19173
L 21739 -0, bRE30 0, 64596 0, 21543 0. 25544
L06354h -1, 1684 0. 82529 0. 0036964 0. 19251
20087 -0, 60025 0, 68403 0. 14675 0. 22020

28094 -0, 40816 0. 48718 -0, 39557 0, 16016
LOT35TS -1,1001 0, 30955 0, 021770 0, 19548
LOB0Z01 -1.1934 0. 83213 0. 0026949 0, 19205
L 22074 =0, 54781 0. 63545 -0, 28400 0, 16673

g s e s

L 040134 -1, 3787 0.865T5 0. 0072718 0. 19280
. 093645 0. 98581 0. 79612 -0, 040213 0. 18765
CIBTEZ 0069723 0, 71706 0,11529 0, 21396

. 040134 -1, 3787 0. 86575 -0, 0057520 0, 19103
066590 -1, 1446 0, 81973 -0. 051574 0. 18606
L080301 -1, 0032 0. 79839 -0, 038423 0. 18727
10368 -0, 93677 0. 77831 -0, 056977 0. 18663
L1036 0093677 0, 77831 0, 053242 0, 20215

l0g10 (

DO)

P(az0) Bayes Factor (BF) | loglOQ(BF) Jeffreys' interpretation
0.50 - 0.76 1->3 0 - 0.5 | Barely worth mentioning
0.76 - 0.91 3> 10 05 > 1 Substantial
0.91 - 0.97 10 - 32 1> 15 Strong
0.97 = 0.99 32 - 100 15 = 2 Very strong
0.99 - 1.00 100 - oo 2 > oo Decisive

Jeffreys' scale of evidence

Logl0 (PO) , PO is meaning posterior odds (different from posterior

probabilities)

As a result, a Bayes factor of 3 corresponding to a posterior probability of
0.76, is already considered as being a “substantial” evidence for selection,
it was also considered evidence for outlier behaviour .

In the output data , the parameter of log10(PO) also regard as
log10(BF)(said in manual).



L Bt B 3 Tl YW i I e

Other parameters

oo o - o B o o o

T T T T T T T T AT T T T T T T T T T T T e e T T

rob  1oz10(P0)

val

alpha f=t

0Z6TH58 -1, 5608 0. 871964 -0, 0023432 0, 19128

046823 -1. 3087
063545 -1, 1684
14381 -0, 77477
17057 -0, 68688
050167 -1, 2772
14047 -0, 75668
053512 -1, 2477
21405 -0, 56453
. 21405 -0, bedEY
L 2bTH3 0. 45986
18395 -0, 64703
L ObBE5E -1, 2198
22742 -0, 53110
L0desZs -1, 3087
L18732 -0, 60936
LOR016T -1, 2772

oo oo o oo

. 8b5hE3
. 34529
. 14237

0
0
0
0.
0
0
0
0

71424

. 34367
. 74603
. 34143

66346
. BE346
. 52365
. BY5aT
. 83534
L BE34T
. 8h5E3
. BEI9T
. 34967

0. 021966 0.
0. 025038 0.
—0, 13403 0.
—0. 24207 0.
-0, 0017856
—-0.11568 0.
0. 015627 0.19509
-0, 19938 0,17085
—-0. 26810 0, 16958
0. 20244 0, 23109
—-0. 20868 0,17417
0. 027735 0, 19692
-0, 30716 0, 16422
0. 023728 0,19619
=0, 25624 0, 16793
-0, 0020146 0, 19173

19570
19630
17785
17420
0.19160
18107

. 093645 0. 98581 0. 79612 -0, 046816 0. 18675

046823 -1, 3087
L 21739 -0, bhE30
L06354h -1, 1684
L 20087 -0, 60025
. 28094 -0, 40516
L7357 -1,1001
L0B0Z01 -1, 1934
. 22074 -0, 54781
. 040134 -1, 3787

g s e s

. B55E3
. 64596
. 84529
. 65403
48718
. 80950
L 83213
. 63545

. 86575

=0, 00012744 0, 19173
0. 21545 0, 23h44

0. 0036964 0, 19251
0. 14675 0. 22020

=0, 39857 0,16018

0, 021770 0,19548

0. 0026949 0, 192b5
=0, 25405 0, 16673

0. 0072718 0. 19280

. 093645 0. 98581 0. 79612 -0, 040213 0. 18765
CIBTEZ 0069723 0, 71706 0,11529 0, 21396

. 040134 -1, 3787 0. 86bTH
066590 -1, 1446 0. 81973
L080301 -1, 0032 0. 79539
10368 -0, 93677 0. 77831
L1036 0093677 0, 77831 0, 053242 0, 20215

-0, 0057520 0, 19103
—0. 051574 0. 18606
-0, 038423 0. 18727
=0, 056977 0. 18668

* Prob: posterior probability

* Alpha: A parameter.

* Fst: Itis used to measure the degree of
population differentiation. The value is from
0 to 1. 0 meaning didn’t differentiation,1
meaning total differentiation.



Another output file

locusl locusZ2 locusd locusd locush locus6 locusT locusdE locus9 locusl0 locusll locuslZ 1

popl 0.711584 0. 0383577 0. 731650 0. 00381943 0, 39649 0, 417643 0, 00426047 0, 557452 0, 76187
popZ 0.255519 0,0577707 0.660167 0.0204644 0, 936715 0.5589003 0, 00362909 0, 995954 0, 69720
pop3 0. 250208 0.0770814 0. 3958216 0. 0335085 0, 997712 0, 378452 0, 00514242 0, 979112 0, 46125
popd 0.245807 0.205442 0, 662913 0. 00536396 0, 935056 0, 44395 0, 00331673 0. 995431 0. 727716
popb 0.706489 0,0109266 0. 824454 0. 0048077 0.994599 0, 26173 0. 0202165 0.995303 0.708924
popb 0.399883 0.148074 0, 447008 0, 0671366 0. 996436 0. 137650 0. 0059532 0.994701 0. 697022
popT 0.379191 0.132689 0,967713 0,0353966 0. 996781 0.414805 0. 00353171 0. 99698 0. 86373
popd 0.174303 0.0109931 0. 950117 0. 0382055 0.997245 0.165354 0. 0509697 0. 96492 0. 754974
popd 0. 0686699 0, 598477 0, 953177 0. 00475556 0. 995543 0. 116455 0. 00343044 0, 996451 0, 5559

popll 0. 363761 0.16842%9 0, 942655 0, 00335977 0. 396564 0. 750001 0. 00259939 0, 995668 0, 5H82

Also can output a “prefix-freq” document,
iIncluding the allele frequencies of various
locus In different populations.



Thank you for your
watching
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