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Table 1. A comparison between population genetics and neutral macroecology.

[tems

Population genetics

Macroecology

Operational units
subdivision
focal unit

observed data
Neutral definition
Driving forces

Spatial structure

model

medsurement

Parameters

Assembly rules

Population

Subpopulations

Gene

Allele frequency

Alleles are selectively neutral, selection
coefficient =0, or <1/2N,

Genetic dnft (1/2M,)

Mutation

Gene flow among subpopulations
Population genetic structure

Island model
Stepping stone model
Isolation by distance
Mainland -island
Cline pattern (speciation phases)
1— Fi.'i

at
Spatial autocorrelation
6 =4N.v
Average number of migrants (Nm)
Effective population size (N,)
Distribution of allele frequency
Fixed (extinct) probability of an allele
Times to equilibrium or extinction
for a mutant
Genetic drift/mutation
Genetic dnft/migration
Genetic dnft/migration/mutation

Metacommunity

Local communities

Species

Species abundance

Individuals have equal vital rates

Ecological drift (1/Jy; or 1/])

Speciation

Dispersal among local communities

Species distribution and abundance variation
among local communities

Island biogeography

Dispersal limitation
Metacommunity-local community

a-diversity

p-diversity

Species-area power law
B=2lyvor2lv

Average number of migrants (J; m)
Effective community size (Jy; or Ip)
Distribution of species abundance
Fixed (extinct) probability of a species
Times to equilibrium or extinction
of a species

Ecological drift/speciation
Ecological drift/dispersal

Ecological drift/dispersal/speciation

From Hu et al (2006; Oikos)
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Ancient

Time

Modern

FIGURE 1.2. The evolution of species through time. (Left) Each line indicates a population of
individuals. (Insef) Sexual individuals that make up the population.

Evolution © 2007 Cold Spring Harbor Laboratory Press

From Evolution 2007 Cold Spring Harbor Laboratory Press (Figure 2.43)
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Polyphyly Paraphyly Monophyly
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B6 B6 B6
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B2
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Time

Figure 6.15 The progression from polyphyly to monophyly in two recently separated, reproductively
isolated populations that are undergoing lineage sorting. A and B refer to the populations in which the
different alleles were found. After the populations are first separated they are polyphyletic, because some
of the alleles in population A are most closely related to some of the alleles in population B, and vice versa.
Over time, alleles are both gained (following mutation) and lost (following selection or drift), leading to an
intermediate stage in which population A is paraphyletic with respect to population B. Eventually the
populations become monophyletic, which occurs when all A alleles are genealogically most similar to one
another, and all B alleles are genealogically most similar to one another.

FPUHEHSENEER;ERAES K, BA2KEINAFII 2 KF T T K

From Mol Ecol (Freeland et al. 2011)
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FiGung 6.—Relationship between the probability of obtaining a cerain type of evolutionary
relationship in Figure 5 and the divergence time of two populations.

—I I_-| i o MEEETEES, BERAKAEN
pegort Pegerh M2 T 1

FiGure 5.—Expected evolutionary relationships among four nucleons sampled from two pop-
ulations, c.g., populations A and B, which diverged ! generations ago. It is assumed that two
nucleons are sampled from population A and the other two nucleons are sampled from population
B. N is the effective population size in each population.

From F. Tajima 1983, Genetics 105: 437-460
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%>1 when s>0(1Ei&#E, =kDarwin i%&#¥);
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From S. Kryazhimskiy et al. PloS Genet 2008
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From S. Kryazhimskiy et al. PloS Genet 2008
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—-o-Positive selection(s=0.02)

—-o-Negative selection (s=-0.02)
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Lotka-Volterraiz FEEIAI D FHLH
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RUBFEEZE Y™, BIIRTRIE=IM, AiRAEIEN, ERYMHUES
2, RAS-IAER (branch-site model) & MIELITKa/KsLAR 15632 &

Sorghum C
Tomato F

e

__ Oat A

Rice A

[[ Zea mays A
Sorghum A

—— Pea Al

L Soybean A

PetroseleniumA
TobaccoA

—lj[ Tomato A

Potato A
Cucumber A

0.1 Arabidopsis A

Arabidopsis C

Uﬁi

u
a

From Z Yang Computational Mol Evol 2006
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M2a/Mla

M3/MO

M8/M7

From Z. Yang Computational Mol Evol 2006

EOEE
o Human
@ Chimpanzee
“ Orangutan
(a) Model 0

oy Human

we Chimpanzee

@0 Orangutan

(b) Model 1

Table 8.2 Parameters in models of variable w

ratios among sites

Model p Parameters

MO (one ratio) | w

MIla (neutral) 2 po(p1=1-=po)
wy < .o =1

M2a (selection) 4 po.p1 (p2=1—po—p1)-
wg<l.op =10 =1

M3 (discrete) S5 po.pr(p2=1—po—p1)
wy. 1. W

M7 (beta) 2 p.g

MS (beta&w) 4 po(p1=1-—po),
pP.q.ws > 1

p s the number of parameters in the e distribution.
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Table 8.3
among sites for 192 MHC alleles

Log likelihood values and parameter estimates under models of variable e ratios

Model 2 £ Estimates of parameters Positively selected sites

MO (one-ratio) 1 —8225.15 0612 None

Mla (neutral) 2 —7490.99 Po=0.830. (p; =0.170), Not allowed
wp =0.041. (w] = 1)

M2a (selection) 4 —7231.15 ”0 =0.7706, OF 24A 45M 62G 63E 67V
pl =0.140 (p> = 0.084) JO0H 71s 77D 80T S1L
wp =0.058 (w1 = 1). B82R 94T 95V 97R 99Y
@y = 5.389 113Y 114H 116Y 151H

152V 1561 163T 167W

M7 (beta) 2 —7498.97 p=0.103, g =0.354 Not allowed

MBS (beta&&kw) 4 —7238.01 Po=0.915(p; = 0.085) OF 24A 45M 63E 67V 69A
p=0.167,g=0.717. JO0H 71Ss 77D 80T S1L
wy = 5.079 S82R 94T 95V 97R 99Y

113Y 114H 116Y 151H
152V 156L 163T 167W
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From Z Yang Computational Mol Evol 2006
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Table 8.4 The w ratios assumed in branch-site model A

Site class

Proportion

Background @ Foreground @

0
1
2a
2b

Po 0 <wy <1

P1 w =1
(I =po—ppo/(Po+p1) 0 <wy <]l
(I =po—pr0p1/(Po+p1) wy =1

0 <wy <1
w1 = 1
wy > 1
wy = 1

The model involves four parameters: pg. p{. @q. @1.

——

Sorghum C

Tomato F
Arabidopsis C

Oat A

Rice A
Zea mays A
Sorghum A

Pea Al
Soybean A
PetroseleniumA
TobaccoA
Tomato A
Potato A

Cucumber A
0.1 Arabidopsis A

Table 8.6 Log likelihood values and parameter estimates under various models for the

phytochrome gene phy AC&F subfamilies

Model p { Estimates of parameters

(a) One-ratio (M0) I —29984.12 »=0.089

(b) Branch model (2-ratios) 2 —29083.48 wp=0.090, @1 =0.016

(c) Branch-site model A, with 3 —29704.74 po="0.774,

wy =1 fixed p1=0.073 (py +p3 =0.153),
(I)[] =0.078, W= = I

(d) Branch-site model A, with 4 —29694.80 po=0.813,

) > | p1=0.075(py 4+ p3=0.111),

& =0.080, &y = 131.1

From Z Yang Computational Mol Evol 2006
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O’ahu

B
(3.0-2.6 Ma) ® Q&
=

pom— Maui Nui
50 km (2.0-1.2 Ma)

The Islands of Hawaii

1

1

1

globosa

_I__ sarmentosa
008! menziesii
L salicaria

— adamantis

ligustrina
mannii

1 kealiae

spergulina

Jjacobii

1

1 : laui
nuttallii
pentandra

kaalae

kauaiensis
perimanii
stellarioides

1 obovata
L E trinervis
viscosa
verticillata
| I |
0.005

Nothoschiedea

e nelleri

Alsinidendron

Polyneura

. N Q€@ QKAlCNSIS

apokremnos | Anestioschiedea

Mononeura

—— membranacea | Alpha-
schiedea

Unrooted tree of 27 Schiedea
species representing
perennial herbs, vines, and
shrubs occurring in a range
of contrasting environments.
The phylogeny was
estimated using a
concatenated alignment of 36
nuclear genes using
MrBayes (Ronquist and
Huelsenbeck 2003)

Mol Biol Evol, Volume 30, Issue 5, May 2013, Pages 1051-1059,
https://doi.org/10.1093/molbev/mst013
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=B. Schiedea [B2TSUSHIF Vs. KFHHIFY

EEISRIAR Bt (mainland) 475

Asteraceae(El): 22 species

Fabaceae(S#&l): 21 species

Poaceae(RAF}): 28 species

Tribe Cichorieae(HEj%), Helianthus([A HX), Solanum(JE3X): 6-8 species
Citrus(tH#%), Populus(tzti): 6-8 species

Number of genes: 11-21 genes

5 datasets of 6-8 I T T LKER ( tribe Cichorieae, Helianthus, Solanum,
genera Citrus, Populus )
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MHEEREYT SRE :
Fisher(1937):

at k— + mpq, speed ¢ = 2(km)1/?

Zhang et al. (2020; Heredity):

ca=<2<sd+sh+(sd—sh)2

1 1
—a=0
" TN a=0.05
0.6 0.6 —a=0.5
Pa - —a=0.95

o ] Pa .. —a=1.0
0.2 - 0.2 -1

0 . h \ i 0 T - T

0 10 20 30 40 50 0 > 10

Geographical distance Geographical distance
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Baker’'s law (1955)
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