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Ap_proach

Intuition

Representative tests

Methods for

macroevolution

Gene-based methods

Synonymous substitutions are
(assumed to be) selectively neutral.
Thus, they tell us about the
background rate of evolution. If the
rate of nonsynonymous substitution

differs significantly, it is suggestive

of selection.

K./K; (also referred to as
dn/ds or w)

McDonald-Kreitman test
(MKT)

Other rate-based
methods

Levels of polymorphism and
divergence should be correlated
(because both are primarily
functions of the mutation rate)
unless selection causes one to

exceed the other.

Hudson-Kreitman-
Aguadé (HKA) test
MKT

Regions that undergo accelerated
change in one lineage but are
conserved in related lineages are
probable candidates for selection.

Identification of
accelerated regions
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TGCAGAGTAAGACCT species 1

TGCAGAGTAAGACCT species 2
Positive selection

TGC AGA GTA AGA CCT |Ancestalsequence
oo* oo* OH e o0 o*o Species 4

* Nonsynonymous substitutions

* Synonymous substitutions




MK o5 b 2 s s,

MKT > 1 = Positive selection

McDonald—Kreitman test (MKT) = —2etween —, Weak negative selection
bl = = or balancing selection

Swithin

Within species Between species
Synonymous a b

Non-Synonymous ¢ d

X* =n(ad-bc)2 /[(a+b)(a+c)(b+d)(c+d)]
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Neutrality

Divergence o
polymorphism

&g95 Oledb| 5l oolatwl

1,519 o (diversity)
(divergence)

Positive selection

Divergence >
polymorphism

Genomic position

[ substitution | Mutation
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Soft sweep

Incomplete sweep

Population diversity

Complete sweep from standing variation

Complete sweep de novo

Genomic position
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Frequency spectrum Linkage disequilibrium Population differentiation
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Detection of selection signatures

Intra-population Inter-populations
statistics statistics

Linkage
disequilibrium
(LD)

Site frequency
spectrum (SFS)

Reduced local Single site Haplotype based
variability differentiation differentiation

Relative Runs of Cross population
Tajima's D extended homozygosity extended
haplotype (ROH) haplotype
homozygosity homozygosity
(rEHH) (XP-EHH)
Composite Pooled
likelihood heterozygosity

) Integrated
e haplotype score L)

(iHS)

Fay and Wu's

H-statistic Linkage
disequilibrium
decay test (LDD)
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Detection of selection signatures

Intra-population Inter-populations
statistics statistics

Linkage
disequilibrium
(LD)

Site frequency
spectrum (SFS)

Reduced local Single site Haplotype based
variability differentiation differentiation

Relative Runs of Cross population
Tajima's D extended homozygosity extended
haplotype (ROH) haplotype
homozygosity homozygosity
(rEHH) (XP-EHH)
Composite Pooled
likelihood heterozygosity

) Integrated
e haplotype score L)

(iHS)

Fay and Wu's

H-statistic Linkage
disequilibrium
decay test (LDD)




SFS: Tajima’s D

(S) 35 Jb 3o b AShuss U5 sloxi b (T) uSlee o> Wgls 1)4A4 Tajima e

D = 0 = under neutrality

D > 0 = balancing selection

B 2(n? + n + 3)

2 In(n — 1)




SFS: Fay and Wu's H statistic
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Detection of selection signatures

Intra-p Zion
statis®cs

Linkage
disequilibrium
(LD)

Site frequency
spectrum (SFS)

Relative

Tajima's D extended
haplotype
homozygosity
(rEHH)

Composite
likelihood

ratio (CLR) Integrated

haplotype score
(iHS)

Fay and Wu's

H-statistic Linkage
disequilibrium
decay test (LDD)

Inter-populations
statistics

Reduced local Single site Haplotype based
variability differentiation differentiation

Runs of Cross population
homozygosity extended
(ROH) haplotype

homozygosity
(XP-EHH)
Pooled
heterozygosity
(HP)
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Intra-population

FREQ_A FREQD
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uniHS(s) — mean(uniHS|p,)

iHS(s) =

sd(uniHS|p, )

IHS < -2 = Selection on derived allele

IHS > 2 = Selection on ancestral allele
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Mutation occurs in a gene in ancestral chromosome |

Over time through
different
generations,
recombinations
between mutation
and loci (A-H)
results in
disequilibrium
decay




Detection of selection signatures

Intra-population
statistics

Linkage
disequilibrium
(LD)

Site frequency
spectrum (SFS)

Relative

Tajima's D extended
haplotype
homozygosity
(rEHH)

Composite
likelihood

ratio (CLR) Integrated

haplotype score
(iHS)

Fay and Wu's

H-statistic Linkage
disequilibrium
decay test (LDD)

Inter-populations
statistics

Reduced local Single site Haplotype based
variability differentiation differentiation

Runs of Cross population
homozygosity extended
(ROH) haplotype

homozygosity
(XP-EHH)
Pooled
heterozygosity
(HP)




ROH
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Presenter
Presentation Notes
This statistic estimates the deviation of expected local heterozygosity depression in chromosomal windows from the average heterozygosity of the genome



L 4 4

PRl SO O g0 4 Carox plod

Detection of selection signatures

Intra-population =populations
statistics statistics

Linkage
disequilibrium
(LD)

Site frequency
spectrum (SFS)

Reduced local Single site Haplotype based
variability differentiation differentiation

Relative Runs of Cross population
Tajima's D extended homozygosity extended
haplotype (ROH) haplotype
homozygosity homozygosity
(rEHH) (XP-EHH)
Composite Pooled
likelihood heterozygosity

) Integrated
e haplotype score L)

(iHS)

Fay and Wu's

H-statistic Linkage
disequilibrium
decay test (LDD)
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Presenter
Presentation Notes
http://www.uwyo.edu/dbmcd/popecol/maylects/fst.html

There were several other FST estimators proposed: Nei's GST (Nei, 1973), Weir & Cockerham's FST (Weir and Cockerham, 1984), Hudson's FST (Hudson et al., 1992), drift model-based FST (Nicholson et al., 2002) and Bayesian model-based FST (Gianola et al., 2010).
An advantage of FST over other methods based on LD or SFS is that FST is SNP-specific and can detect the actual genetic variants under selection. 
It is more advisable to scan for several consecutive SNPs with average FST score (by use of genomic windows).



Inter-population
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&
*, *,
p<d *

pq (frequency of allele 4 in Pop. 1) = (2*125 + 250)/1,000 = 0.50 p-bar (frequency of allele 4) over all populations
g1=0.5 (2%125 + 250 + 2%50 + 30 + 2*100 + 500)/(1,000 + 200 + 2,000) = 1.33
P2 =(2*%50 + 30)/200 = 0.65 or
g2=0.35 (0.5%1,000 + 0.65*200 + 0.35%2,0(

g-bar (frequency of allele a) over all populations

(2%125 + 250 + 2%20 + 30 + 2%400 + 500) / (1,000 + 200 + 2,000) = 1,870 / 3.2000 =0.5844



Presenter
Presentation Notes
http://www.uwyo.edu/dbmcd/popecol/maylects/fst.html

There were several other FST estimators proposed: Nei's GST (Nei, 1973), Weir & Cockerham's FST (Weir and Cockerham, 1984), Hudson's FST (Hudson et al., 1992), drift model-based FST (Nicholson et al., 2002) and Bayesian model-based FST (Gianola et al., 2010).
An advantage of FST over other methods based on LD or SFS is that FST is SNP-specific and can detect the actual genetic variants under selection. 
It is more advisable to scan for several consecutive SNPs with average FST score (by use of genomic windows).



Inter-population
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&
*, *,
p<d *

pq (frequency of allele 4 in Pop. 1) = (2*125 + 250)/1,000 = 0.50 p-bar (frequency of allele 4) over all populations

q1 =05 (2125 + 250 + 2*50 + 30 + 2*100 + 500)/(1,000 + 200 + 2,000) = 1.33

P2 =(2*%50 + 30)/200 = 0.65 or
g, =0.35 (0.5%1,000 + 0.65%200 + 0.35%2,0(
g-bar (frequency of allele a) over all populations

(2%125 + 250 + 2%20 + 30 + 2%400 + 500) / (1,000 + 200 + 2,000) = 1,870 / 3.2000 =0.5844

H_per = 30/100
H_ps3 = 500/1000

Expected heterozygosity (2pg):

Hexpy =2%0.5%0.5 =05 [Observed = Expected]

[Observed < Expected]

=0.46 [Observed = Expected]
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Presentation Notes
http://www.uwyo.edu/dbmcd/popecol/maylects/fst.html

There were several other FST estimators proposed: Nei's GST (Nei, 1973), Weir & Cockerham's FST (Weir and Cockerham, 1984), Hudson's FST (Hudson et al., 1992), drift model-based FST (Nicholson et al., 2002) and Bayesian model-based FST (Gianola et al., 2010).
An advantage of FST over other methods based on LD or SFS is that FST is SNP-specific and can detect the actual genetic variants under selection. 
It is more advisable to scan for several consecutive SNPs with average FST score (by use of genomic windows).



Inter-population
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&
*, *,
p<d *

pq (frequency of allele 4 in Pop. 1) = (2*125 + 250)/1,000 = 0.50 p-bar (frequency of allele 4) over all populations
g1=0.5 (2%125 + 250 + 2%50 + 30 + 2% 100 + 500)/(1,000 + 200 + 2,000) = 1,330 /3,200=  0.4156
P2 =(2*%50 + 30)/200 = 0.65 or
g, =0.35 (0.5%1,000 + 0.65%200 + 0.35%2,000) / 3,200
g-bar (frequency of allele a) over all populations

(2%125 + 250 + 2%20 + 30 + 2%400 + 500) / (1,000 + 200 + 2,000) = 1,870 / 3.2000 =0.5844

Observed heterozygosity (here we are counting heterozygous genotypes):

H_p = 250/500

. Heterozygosity indices (over individuals, subpopulations and total population)
Houer = 30/100

. Hg based on expected heterozygosities in populations
Hope3 = 500/1000

= (Hoery1 *Ny + Hoed ™ Ny + Ho "N )/N- =(0.5%500+ 0.46*100 + 0.46*10 /1,600=0.4691
Expected heterozygosity (2pg): = expl 71 &xps - exp3 '3 ) TOTAL] ( ’

Hep =2%0.5%0.5 0.5 [Observed = Expected] Hr based on expected heterozygosities overall:

[Observed < Expected] [= 2*p-bar *g-bar] =2 * 0.4156 * 0.5844 = 0.0.4858

=0.46 [Observed = Expected]
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http://www.uwyo.edu/dbmcd/popecol/maylects/fst.html

There were several other FST estimators proposed: Nei's GST (Nei, 1973), Weir & Cockerham's FST (Weir and Cockerham, 1984), Hudson's FST (Hudson et al., 1992), drift model-based FST (Nicholson et al., 2002) and Bayesian model-based FST (Gianola et al., 2010).
An advantage of FST over other methods based on LD or SFS is that FST is SNP-specific and can detect the actual genetic variants under selection. 
It is more advisable to scan for several consecutive SNPs with average FST score (by use of genomic windows).
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Presentation Notes
http://www.uwyo.edu/dbmcd/popecol/maylects/fst.html

There were several other FST estimators proposed: Nei's GST (Nei, 1973), Weir & Cockerham's FST (Weir and Cockerham, 1984), Hudson's FST (Hudson et al., 1992), drift model-based FST (Nicholson et al., 2002) and Bayesian model-based FST (Gianola et al., 2010).
An advantage of FST over other methods based on LD or SFS is that FST is SNP-specific and can detect the actual genetic variants under selection. 
It is more advisable to scan for several consecutive SNPs with average FST score (by use of genomic windows).



FLK (Bonhomme et al., 2010)

| pL—p)

p = (py, ., D), -, Pn) be the n-vector
of allelic frequencies of an allele in the
n populations

The kinship matrix
from neighbor-
joining (NJ) tree



Presenter
Presentation Notes
FLK (Bonhomme et al., 2010): FLK (or TFLK) is an extension of the original LK statistic (TLK) (Lewontin and Krakauer, 1973) which compares observed and expected variances of FST estimated from data and through variance ratio test under neutrality respectively 
FLK uses a phylogenetic estimation of the population's kinship (F) matrix and thus, it accounts for dynamic changes in effective population sizes over time and incorporates the hierarchical branching of populations
Compared to the FST approach, FLK efficiently reduces the type 1 error (false-positives)
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Detection of selection signatures

Intra-population
statistics

Linkage
disequilibrium
(LD)

Site frequency
spectrum (SFS)

Relative
extended
haplotype

homozygosity
(rEHH)

Tajima's D

Composite
likelihood

ratio (CLR) Integrated

haplotype score
(iHS)

Fay and Wu'’s

H-statistic Linkage
disequilibrium
decay test (LDD)

Reduced local
variability

Runs of
homozygosity
(ROH)

Pooled
heterozygosity
(HP)

Inter-populations
statistics

Single site
differentiation

Haplotype based
differentiation

Cross population
extended

haplotype
homozygosity

(XP-EHH)

hapFLK

Inter-population




XP-EHH (Sabeti et al., 2007)
and Rsb (Tang et al. 2007)
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Presenter
Presentation Notes
The statistics XP-EHH (Sabeti et al., 2007) and Rsb (Tang et al. 2007) are constructed in the same way with the two alleles replaced by two populations and while Rsb is normalized to 1 at the 


XP-EHH (Sabeti et al., 2007)
and Rsb (Tang et al. 2007)
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The statistics XP-EHH (Sabeti et al., 2007) and Rsb (Tang et al. 2007) are constructed in the same way with the two alleles replaced by two populations and while Rsb is normalized to 1 at the 
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hapFLK (Fariello et al. 2013)
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Presenter
Presentation Notes
hapFLK (Fariello et al. 2013): this method proposed a haplotype-based FLK which is based on both haplotype information and hierarchical structure of populations.
Like FLK, it accounts for varying effective population sizes.
The estimation of the population's kinship (F) matrix is similar to the FLK method, but instead of computing from allele frequencies, the statistics are determined from haplotype frequencies
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(Saravanan et al., 2020) sl

Program/tool

Arlequin
BayeScan
cgaTOH

DetectRUNS R-package

DnaSP

Hapbin

HapFLK

HGDP Selection
Browser

HierFstat R-package

OmegaPlus
Pcadapt R-package
PLINK

PoPoolation

PopGenome

Rehh R-package

Selscan

SNP Variation Suite
(5Vs)

SweeD

Sweep

Sweepfinder2

TRES

VariScan

VCFtools

XP-CLR

ZANARDI

Latest
version’
3.5.2.2 (2015)
2.1 (2012)
(2013)

0.9.6 (2019)
6.12.03
(2019)

(2015)
1.4 (2017)
(2009)

0.04-22
(2015)

2.2.2 (2013)
4.3.1 (2020)
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Source link'

http://cmpg.unibe.ch/software/arlequin35/
http://cmpg.unibe.ch/software/BayeScan/index.html
http://www.cs.kent.edu/~zhao/TOH/
https://CRAN.R-project.org/package = detectRUNS
http://www.ub.edu/dnasp

https://github.com/evotools/hapbin
https://forge-dga.jouy.inra.fr/projects/hapflk/files
http://hgdp.uchicago.edu/Software/

https://CRAN.R-project.org/package = hierfstat

http://www.exelixis-lab.org/software.html
https://CRAN.R-project.org/package = pcadapt
http://zzz.bwh.harvard.edu/plink/
https://sourceforge.net/projects/popoolation/

https://CRAN.R-project.org/package =PopGenome

https://CRAN.R-project.org/package =rehh
https://github.com/szpiech/selscan
https://www.goldenhelix.com/forms/SNP_Variation

https://cme.h-its.org/exelixis/web/software/sweed/index.html

https://software.broadinstitute.org/mpg/sweep/
http://degiorgiogroup.fau.edu/sf2.html
http://mlkd.csd.auth.gr/bio/tres
http://www.ub.edu/softevol/variscan
https://github.com/vcftools/vcftools
https://reich.hms.harvard.edu/software
https://github.com/bioinformatics-ptp/Zanardi
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