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Homozygote==
=for=inserDon=

CRISPRJCas9=
Very=precise=method=for=genomeJediDng=

Emmanuelle=CharpenDer=&=Jennifer=Doudna==

Heterozygote=
=for=inserDon=



CRISPRJbased=Gene=drive==



CRISPRJbased=Gene=drive==

mosquitoes=infecDng=naDve=Hawaiian=birds=
with=malaria=
weed=called=Palmer=amaranth=that=has=
become=resistant=to=herbicides=and=a=scourge=
for=some=farmers.=
Mosquitoes=(Aedes%aegyp*)=to=control=zika/
malaria=



Geographic=populaDon=structure=
&==

SpeciaDon=



•  SpeciaDon=is=the=evoluDon=of=biological=barriers=to=gene=
flow.=SpeciaDon=forms=a=bridge=between=popgen=&=macroevol=

•  Species'are'set'of'alleles/traits'held'in'linkage'disequilibrium'
through'evolu9on'of'biological'barriers'to'gene'flow'

Speciation 

species=are=groups=of=actually=or=potenDally=
interbreeding=populaDons%in%nature,=
reproducDvely=isolated=from=other=such=groups.==

Biological=Species=Concept:=



SpeciaDon=consists=of=the=evoluDon=of=biological=barriers=to=gene=flow=

Postma9ng,'prezygo9c'(PotenDal=mates=try=to=mate=but=can't=form=a=zygote)=
=IncompaDble=genitalia=
=IncompaDble=gametes==

Postzygo9c'isola9on'(Hybrids=are=formed=but=have=low=fitness)=
="Intrinsic"=mechanisms=
= =Hybrid=lethality=
= =Hybrid=sterility=(physiological)==
="Extrinsic"=mechanisms=
= =Ecological:=hybrids=don't=fit=into=either=ecological=niche=
= =Mate=recogniDon:=maDng=behavior=not=appropriate=for=either=species=

Pre@ma9ng'isola9on'(Organisms=occur=in=the=same=area=but=don't=mate)=
=PotenDal=mates=don't=meet:=
= =Different=habitats=
= =Different=maDng=seasons/Dmes=
=PotenDal=mates=meet=but=don't=mate:=
= =Different=maDng=behavior=in=animals=
= =Different=pollinators=in=plants=



Geographic=populaDon=structure=
•  Low=levels=of=migraDon=between=populaDons=
allow=LD=to=be=maintained=even=between=nonJ
epistaDc=(or=nonJassortaDve=maDng)=
combinaDons.====
– Allows=build=up=of=locally=adapDve=alleles,=forming=
locally=adapted=forms=(ecotypes/races).=

– Neutral=differenDaDon=

•  Local=adaptaDon,=through=selecDon=against=
migrants,=can=further=lower=effecDve=migraDon=
rate=



"Heliconius=Melpomene=Rosina"=by=Wikifan75=J=Own=work.=h"p://
commons.wikimedia.org/wiki/File:Heliconius_Melpomene_Rosina.jpg=

Melpomene=aglaope=



Recently=diverged=populaDons=differ==
at=few=loci,=divergence=builds=over=Dme=
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coastal=perennial=and=inland=annual==

coastal=perennials=(blue),=inland=annuals=
(orange),=and=inland=perennials=(purple),=
as=well=as=obligate=selfJferDlizing=species=
M.=nasutus=(yellow)=
=
=
Local=adaptaDon=mediated=by=inversions=
Also=seen=in=Drosophila=&=Mosquitos==
And=likely=many=other=species=

A=Widespread=Chromosomal=Inversion=
Polymorphism=Contributes=to=a=Major=LifeJ
History=TransiDon,=Local=AdaptaDon,=and=
ReproducDve=IsolaDon.=2010=Lowry=&=Willis==



=Pairwise=nucleoDde=divergence=between=
ecotypes=(DXY)=is=shown=in=yellow,==
nucleoDde=diversity=in=annuals=(πA),==
perennials=(πP)=in=blue.=

Twyford=&=Friedman.=Adap9ve'divergence'in'the'
monkey'flower'Mimulus'gu)atus'is'maintained'by'
a'chromosomal'inversion'
=



Allopatric=speciaDon=is=potenDally=easy=
=

=
No=(low)=interbreeding=due=to=geographic=
barriers=
=
Anagenesis=proceeds=independently=
=
Barriers=to=reproducDon=evolve=as=a=
passive=side=effect=of=anagenesis=
=
=
This=may=happen=rapidly=if=ecology=of=the=
populaDons=differs=
=
=
=



The=difficulty=with=
sympatric=speciaDon=

•  DisrupDve=selecDon=on=phenotype=has=to=be=very=
strong=
–  i.e.=selecDon=against=intermediates=has=to=be=strong=

•  And:=
•  Individuals=must=mate=assortaDvely=with=others=of=
similar=phenotype.=

•  The=process=is=helped=if=alleles=have=a=pleiotropic=
effect=on=both=phenotype=and=choice==

•  Or=if=they=are=closely=geneDcally=linked.=
•  …But=if=they=are=geneDcally=closely=linked=then=gene=
flow=can=occur=in=rest=of=genome=



Allopatric=speciaDon=is=potenDally=easy=
=

=
No=(low)=interbreeding=due=to=geographic=
barriers=
=
Anagenesis=proceeds=independently=
=
Barriers=to=reproducDon=evolve=as=a=
passive=side=effect=of=anagenesis=
=
=
This=may=happen=rapidly=if=ecology=of=the=
populaDons=differs=
=
=
=



IsolaDon=allows=the=evoluDon=of=
DobzhanskyJMuller=(intrinsic=

=hybrid=sterility/inviability)=IncompaDbiliDes=

AA=
BB=
=

AA=
bb=

aa=
BB=

Aa=
Bb=

One=locus=model=does=not=work.=
=
SubsDtuDons=at=two=or=more=loci=
can=generate=incompaDble=
genotypes=
=
These=have=never=been=tested=in=
the=background=of=the=other=
=
=
Such=incompaDbiliDes=are=termed==
DobzhanskyJMuller=
IncompaDbiliDes=(DMIs)=
(This=is=an=example=of=epistasis=)=
=
=

Hybrid=

AJ>a=
BJ>b=



SubsDtuDons=accumulate=linearly,==
but=DMI=pairs=accumulate=faster=than=

that=

=
=
=
=
d=fixes=in=pop=2,=
PotenDal=DMIs===6=…=
(c=&=b,=c=&=A,=b=&=a,=
d=&=c,=d=&=a,=d=&=B)=
=

Subs9tu9ons' DMIs'
0= 0=
1= 0=
2= 1=
3= 3=
4= 6=

aBCD=

= = = = =AbCD=

Pop=1==================================Pop=2=

Ti
m
e=

ABCD=

= =aBcD=
= = = = =AbCd=



Slide'from'Alisa'Sedghifar''



House=mouse==
Hybrid=zone=



homozygotes=M.=domesDcus=alleles,=homozygotes=for=M.=musculus=
= = = = = =heterozygotes=

Saxony=transect=

Bavaria=transect=



Hybrid=zones=can=form=when=once=isolated=populaDons==
spread=back=into=secondary=contact.===
Gene=flow=(migraDon)=moves=alleles=between=populaDons=
SelecDon=acts=acts=against=this=flow=at=loci=Dghtly=linked=to=genes==
Involved=in=reproducDve=isolaDon=
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Mus%musculus%%

Mus%domes*cus%

LocaDon=(km)=

LocaDon=(km)=
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ornithologycourse.blogspot
.com/2009/12/
speciaDon.html=

Indigo=BunDng=(P.=cyanea)=
Lazuli=BunDng=(P.=amoena)=

LocaDon=(km)=
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Average=plum
age=hue=(redness)==

Two=redJbacked=fairyJwren=(Malurus%melanocephalus)=subJspecies=

SelecDon=can=someDmes=favour=the==
Introgression=of=parDcular=alleles=across=
Hybrid=zones=


