Importance of Population
Genetics

Gene trees do not necessarily reflect
phylogenetic relationships among
species (species tree or population tree).

Established Tree of
Hominoidea

" Chimpanzees and bonobos
are closer to humans than to
gorillas . This relationship

My was established by Satoshi
Horai in 1990’s with the
mitochondrial genome
analysis, but ...
.4
T+
gibbon
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Number of genes significantly (PP>0.95) supporting the 3
topologies among human, chimp and gorilla

((Human,Chimp),Gorilla) 3,814 78.9
((Chimp,Gorilla),Human) 504 10.4*
((Human,Gorilla),Chimp) 492 10.2*

*: Incongruent trees (20.6%)
Modified from Table 3 of Ebersberger et al. (2007,
Mol. Biol. Evol. 24, 2266-2276)

Under the neutral evolution, a separation in a Hasegawa, Kishino & Yano (1989)

gene tree is expected to be older than the J. Human Evol. 18, 461-476
speciation time by 2N, generations .

2017/5117



Molecular evolution rate

Evolution rate: v (substitutions/site/year)

Effective

population size: N,

Mutation rate: H
Probability of fixation of the gene: u

v =2N

oMU = p : Under the neutral theory(u = 1/2N,)

Fig. 3.1. Behavior of mutant genes following their appearance in a
finite population. Courses of change in the frequencies of mutants
destined to fixation are depicted by thick paths. N_ stands for the
effective population size and v is the mutation rate,
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Incongruent gene tree from the
Incongruent genetree species tree by incomplete lineage
sorting of ancestral polymorphism

ncestral polymorphism
HBHEDSZE The time separation the two speciation
events is shorter than 2N, generations

~ 2Ne

generations

Human Chimp Gorilla

N,: Effective population size

Gene trees incongruent with species tree

Time
¥
2N
* T X X X X
t
JL t Y Y Y, Y
vt
human  chimp gorilla human  chimp gorilla |human chimp gorilla chimp  human gorilla
P 1 - exp(-t/2N) (1/3)expl-t/2N) (1/3)exp(-t/2N) (1/3)exp(-t/2N)

Relationships between the species tree and the gene tree for the case of
the three species of human, chimpanzee and gorilla. Redrawn from
Pamilo and Nei (1988).

P: Probability of a gene tree under the neutral theory.




Probabilities of gene trees

1-e'T/2Ne (2/3)e'T/2Ne
0.5 59.6% 40.4%
1 75.5% 24.5%
2 91.0% 9.0%
4 98.8% 1.2%

Number of genes significantly (PP>0.95) supporting the 3
topologies among human, chimp and gorilla

((Human,Chimp),Gorilla) 3,814 78.9

((Chimp,Gorilla),Human) 504 10.4*

((Human,Gorilla),Chimp) 492 10.2*
*: Incongruent trees (20.6%)

Modified from Table 3 of Ebersberger et al. (2007,
Mol. Biol. Evol. 24, 2266-2276)
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10% of the genes: (Chimp, Gorilla)
10% of the genes: (Human, Gorilla)
3% of the genes: (Human, Bonobo)
0.56% of the genes: Orang not basal
among great apes

Hominoidea

Ebersberger et al. (2007) Human Genetic Ancestry 2271
A 0,4
% of gene trees -+ T
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FiG. 3.—(A) Variation of the probability to observe a sequence tree
significantly rejecting the human—chimp sister group (P!(HC}) among the
human chromosomes. (B) Variation of the effective population size
estimate of the human—chimp ancestral species among the human
chromosomes. Bars denote the 95% CL

X-chromosome is % of
those of autosomes, ...




Autosome g X-chromosome ;444
A 0.0059 A P
0.0022 Human __:
0.0065 .
0.0086 _: Chimp Chimp
Lot Gorilla 20 Gorilla
—— (AN Orang
ah Rhesus
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Fi. 4—Sequence tree of the 5 species under study reconstructed
from the autosomal sequences (A) and X chromosomal sequences (B),
respectively. Splitting times were dated assuming the split of the

Ebersberger etal. (2007) orangutan lineage 16 MYBP. Trees are not drawn to scale.

The branching date estimated from X-chromosome is younger
than that from autosomes (closer to species branching?)

-> Effective population size of mitochondria is % of that of
autosome, and therefore the branching date estimated from
mitogenome may be closer to species divergence than those
estimated from nuclear genes, but there is another problem...

Another possibility is introgression by hybridization

A B C

Effective population size of mitochondria is 4 of autosomal genes, and therefore
the introgressed haplotype lineage can be fixed more easily in mitochondrial
genomes than in nuclear ones.
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Caprinae

Mitochondria
introgression

Pty e - = i . 7
| mouflon(Qvis musimon) ‘lJlgllOl‘ﬂ(OWS canadensis) sheep (Ovis aries)

While Himalayan tahr is a sister-group to Capra in the mtDNA tree, it is close to
bharal in the nuclear gene tree.

Merit and demerit of mitochondrial
tree

 Effective population size of mtDNA is % of those of
nuclear autosomal genes (haploid and maternal
inheritance)

- Incomplete lineage sorting of ancestral
polymorphism is less of a concern for mtDNA tree
than for nuclear gene trees.

* On the other hand, small effective population size of
mtDNA may facilitate fixation of introgressed
haplotype lineage.
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Gene 576 ( 2016) 593-602

Contents lists available at ScienceDirect GENH

Gene

journal homepage: www.elsevier.com/locate/gene

Speciation of two gobioid species, Pterogobius elapoides and Pterogobius @MM“
zonoleucus revealed by multi-locus nuclear and mitochondrial
DNA analysesst

Akihito ®, Fumihito Akishinonomiya ™, Yuji Ikeda®, Masahiro Aizawa %, So Nakagawa ., Yumi Umehara ¢,
Takahiro Yonezawa “¢, Shuhei Mano & Masami Hasegawa "%, Tetsuji Nakabo ", Takashi Gojobori ®+*

Pterogobius elapoides
X\

Pterogobius zonoleucus
FvHZ

Fig. 2 Prerogobius 20

(A)The Sea of Japan, Ishikawa Prefecture { BLIH20050:
(B) The Padific Ocear

ture (BLH20060883 ).

g 1 Aermpbicn
B D il C

Peerogobius zomoleucus

Pacific Ocean 1| Pacific Ocean

A130° 140° F130° 140*

Fig 4 The sampling localities of Pterogobius elapoides and Prerogobius zonmoleucus: The Sea of Japan population{ 0}, The Padfic Ocean population (@); each number of localities are
shown inTable 1. [llshows the coast of the Sanriku District; [llshow the warm currents, [Jlhows the cold current.

Akihito et al. (2008)
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RAG-1

Some individuals of the Sea of
Japan population of P. zonoleucus

are closer to P, elapoides. 2 Peiireshima b
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Analysis of concatenated sequences
1 2 3 4 5

o 0O @™ >
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Since gene trees can be incongruent among different genes, it
cannot be justified to analyze concatenated sequences.

)

Problems of the “concatenated sequence’
analyses

* Each gene has its own history, and gene trees
can be different among different genes.

* Concatenation of different genes ignores this.
* Gene tree vs. Species tree
Importance of population genetics
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coalescent model

« Orangutan

¢« Mouse lemur

‘Tree shrew e—
1, Boreocutheria

11, Atlantogenata

i, Euarchontoglires

ii, Laurasiatheria

iii, Afrotheria

iv, Xenarthra

Resolving conflict in eutherian mammal phylogeny
using phylogenomics and the multispecies

Sen Song™', Liang Liu™, Scott V., Edwards®, and Shaoyuan wWu™32
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Molecular Phylogenerics and Evolution
Vol. 15, No. 2, May, pp. 319-326, 2000 ®
doi: 10. 1006/mpev. 1999.0730, available online at http:/fwww.idealibrary.com on ||E%|.

Phylogeography of Mitochondrial DNA Variation
in Brown Bears and Polar Bears

Gerald F. Shields, Deborah Adams, Gerald Garner,*! Martine Labelle, Jacy Pietsch,
Malcolm Ramsay, T Charles Schwartz,  Kimberly Titus,§ and Scott Williamson

of Biology and Wildlife,
, Alaska Science Centc
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o Wildlife Conservation
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440
ABC Islands IR

FIG. 1. Locations (open circles) on Admiralty, Baranof, and
Chichagof islands and on the coastal mainland of southeast Alaska
where tissues of brown bears were obtained.
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MITOCHONDRIAL DNA OF BEARS 323
nuclectide position
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lineage
1 G TTCAGCAGC CGAG T C T BrownBears, ABC Islands (n=30) €—
2 « s s+ o G e s T s e & » T s PolarBears: Canadian Arctic Hudson Bay, Siberia (n=42)
3 A ¢ ¢« « G e « T + « « « T =« PolarBears, Hudson Bay (n=9)
4 « s s 8 G e« o T s s « C T = PolarBears: Canadian Arctic, Siberia (n=4)
5 « C o« TG T CTAG A « T C BrownBears, Southeast mainland, Kenai (n=5)
6 « C TGTCTAG A « T C BrownBears, Southeast mainland (n=7) ]
7 « C s T G T ¢« T ¢« G A « T C BrownBears, Kenai(n=19)
FIG. 7. Condensed dot matrix of variable nucleotide positions among 286 nucleotides (15243 to 15529) of the middle portion of the
cvtochrome b gene of bears of this study.

MtDNA of brown bear from ABC Islands is closer to those of polar bears
than to those of brown bears from other areas.

SHIELDS ET AL.

(2000) MPE 15:319-326
Black Bear

Brown Bears:
ABC islands (n=30)

Polar Bears:
Canada, Siberia (n=4)

Pelar Bears:
Hudson Bay (n=19)

Pelar Bears:
Canada, Hudson Bay,
Siberia (n = 42)

FIG.8. Unweighted maximum-parsimony tree for the 286 nucleotides of the seven mtDNA lineages of bears of this study.

Brown Bears:

Southeast Alaska
Mainland, Kenai Peninsula
(n=5)

Brown Bears:
Southeast Alaska
Mainland (n=7)

Brown Bears:
Kenai Peninsula
(n=19)
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Nuclear Genomic Sequences
Reveal that Polar Bears Are an Old
and Distinct Bear Lineage

Frank Hailer,™ Verena E. Kutschera, Bjrn M. Hallstrdm,” Denise Klassert,” Steven R. Fain,”
Jennifer A. Leonard,” Ulfur Arnason,” Axel Janke™**
A Nuclear DNA 14 nuclear genes B Mitochondrial DNA
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Nuclear Genomic Sequences
Reveal that Polar Bears Are an Old
and Distinct Bear Lineage

Frank Hailer,™ Verena E. Kutschera,® Bjrn M. Hallstrdm,* Denise Klassert, Steven R. Fain,”
Jennifer A. Leonard,” Ulfur Arnason,” Axel Janke™**
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" . s Nuclear Genomic Sequences
- 3 Reveal that Polar Bears Are an Old
and Distinct Bear Lineage

Frank Hailer,™ Verena E. Kutschera,® Bjrn M. Hallstrdm,* Denise Klassert, Steven R. Fain,”
Fig. S1 Jennifer A Leonard,” Ulfur Arnasen,® Axel Janke™**

Statistical parsimony networks (43) of genetic variation at 14 nuclear intron loci in pelar, brown and
black bears. The giant panda haplotypes were too distantly related to be connected at the 95% credibility

Blue: polar bear; dark brown: brown bear; light brown: ABC Isl. brown bear; black:
black bear.

20 APRIL 2012 VOL 336 SCIENCE

Figure 1
(A) Two evolutionary models

B Brown bear lineage
Polar bear lincage

MRCA (brown bears mnd polar bears) and MRCA (brown bears) MRCA (ot hedricant palic i)

(7 s = 603 Ka)

MRC A (brown bears)
(Tt = 125Kkn)

Standard Model

New Model
E TomcruTunceal = 100 T

NACiuw Tx.'\:l - 0.21
(B} Histogram of T /T, under the “Standard Model™
Sarou TMRCA—uar/TMRCA—alL: Test statistics which
) OCTA - - -
e discriminates two
a0 0 i
o 7741 g models
M gall | MRCA: Most Recent Common Ancestor
£z T
¥ Comment on “Nuclear Genomic
Jo
- i Sequences Reveal that Polar Bears
E . = = = "
ol _ Are an 0ld and Distinct Bear Lineage
(@ATPI2ZA R p "1
Badu-® “#s Shigeki Nakagome,™ Shuhei Mano,* Masami Hasegawa™
nw"" 81 0 03 04 0f 04 0T OF 0% 10 01 12 1% 14 1S 18
Tocsw'Tincau 1522-a 29 MARCH 2013 VOL 339 SCIENCE

2017/5117

17



i i%

Brown bear (Grizzly)

JULELL 2484 _%"

\\\\\ :
/

7z ,tl_ \

g W ﬁmm A

=y

MY

Polar bear

A

IENoR5EMDHEL ]
J.-B. de Panafieu

o5

2017/5/17

18



