CRISPR-Cas9
Very precise method for genome-editing
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CRISPR-based Gene drive
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CRISPR-based Gene drive
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Panel Endorses ‘Gene Drive’ Technology

That Can Alter Entire Species mosquitoes infecting native Hawaiian birds

3y AMY HARMON JUNE S, 2016 with malaria

weed called Palmer amaranth that has
become resistant to herbicides and a scourge
for some farmers.

Mosquitoes (Aedes aegypti) to control zika/
malaria
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Speciation

Biological Species Concept:
species are groups of actually or potentially
interbreeding populations in nature,
reproductively isolated from other such groups.
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* Speciation is the evolution of biological barriers to gene
flow. Speciation forms a bridge between popgen & macroevol

* Species are set of alleles/traits held in linkage disequilibrium
through evolution of biological barriers to gene flow



Speciation consists of the evolution of biological barriers to gene flow

Pre-mating isolation (Organisms occur in the same area but don't mate)
Potential mates don't meet:
Different habitats
Different mating seasons/times
Potential mates meet but don't mate:
Different mating behavior in animals
Different pollinators in plants

Postmating, prezygotic (Potential mates try to mate but can't form a zygote)
Incompatible genitalia
Incompatible gametes

Postzygotic isolation (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 recognition: mating behavior not appropriate for either species



Geographic population structure

* Low levels of migration between populations
allow LD to be maintained even between non-

epistatic (or non-assortative mating)
combinations.

— Allows build up of locally adaptive alleles, forming
locally adapted forms (ecotypes/races).

— Neutral differentiation

* Local adaptation, through selection against
migrants, can further lower effective migration

rate
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A Widespread Chromosomal Inversion
Polymorphism Contributes to a Major Life-

History Transition, Local Adaptation, and
Reproductive Isolation. 2010 Lowry & Willis
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Also seen in Drosophila & Mosquitos
And likely many other species
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Allopatric speciation is potentially easy
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The difficulty with
sympatric speciation

Disruptive selection on phenotype has to be very
strong

— i.e. selection against intermediates has to be strong
And:

Individuals must mate assortatively 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 genetically linked.

...But if they are genetically closely linked then gene
flow can occur in rest of genome
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Isolation allows the evolution of
ide Dobzhansky-Muller (intrinsic
£ 9 hybrid sterility/inviability) Incompatibilities

B->b
A>a/

\ /

Bb

One locus model does not work.

Substitutions at two or more loci
can generate incompatible
genotypes

These have never been tested in
the background of the other

Such incompatibilities are termed
Dobzhansky-Muller
Incompatibilities (DMls)

(This is an example of epistasis )



Substitutions accumulate linearly,
but DMI pairs accumulate faster than

that
| Substitutions | DMIs
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Adapted from Buerkle and Lexer 2008

Slide from Alisa Sedghifar



House mouse
Hybrid zone




Saxony transect 100 200 300

1 i
! Il IR ML)

[ I ! I
L !

: l| I’l

i IItI_.II

4129

=g28
w0~

lll : _ ICRE UL R

90 00 8 4~ OV 05 Gh

: : r|‘| U1
| LI ‘ -3‘, :
| 11 m
Sors ‘*ln'"rrﬂn I‘Ill“lllill‘ Immln“nnI ||||1|-|||1||
LABULELE LI I T Lot L
iy ey w' Tl

B=358

M. domestlcuf N

LJ\
f‘& A ¢:‘

si1oyIen

TR

| l- IIIII "Il-" llll'll

H‘lhl'n'u'n'l' o A

. lllrllll'll III

.!TI -]
homozygotes M. domesticus alleles,

heterozygotes

Bavaria transect Individuals
100 200 300 400

i SRS, 'l {lﬂﬂll]lr“lulllllr T |l'|I LT

LUE R R un IJ. L] | Llll*llllll { ' [ l |
.l.l_'“lj;llﬂ”_l. _"._'_I.'_I:. ” ' l.:ﬁ 1 ] 11 'l:lltui.“II‘I:IHIII,IIHI'I |||1|I ! | 1' | : i iEas

T TTTTT W T T TT O ll]'ﬂll || ll.lr“Jl I|L| i ) . II.H:HﬁT'IIIill ﬂlmdl.l ""“.”.m s
Il l = ]l Il“., l xk 1'1“'1 llulr | ||||

gl ol
= e K

Be ey - 1 } i '

e llll'llll Ill I’l;,.lll_ Al i iJ"‘"”' a ’x|x ll}lxl do L

12081 lllll“ T B i | = | lj. ll Illl .ﬂ'm [ TR

:gm T | ll II --ml?ﬂﬂrllllll

i *H AT
I 1'\

b=+
-

S28E

23283

258

llllllll'lllll lllI i
’Il pla inim aem i

@

FEPE

o
=
-

10

sioMIe
H

1704 f'l“ “ i I"1|1'|lrrn|.'|1 i i o

! | '.I“ ‘ - “

J"h“'“ nin
L‘llll’l lll I' : :

THE VARIABLE GENOMIC ARCHITECTURE OF ISOLATION  ia0e:
BETWEEN HYBRIDIZING SPECIES OF HOUSE MICE 19.052

Katherine C. Teeter &, Lisa M. Thibodeau, Zachariah Gompert, C.Alex Buerkle,

l[ III

Michael W. Nachman, Priscilla K. Tucker



Hybrid zones can form when once isolated populations

spread back into secondary contact.

Gene flow (migration) moves alleles between populations
Selection acts acts against this flow at loci tightly linked to genes
Involved in reproductive isolation
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Frequency of the M. domesticus allele
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Speciation in Passerina buntings: introgression patterns
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MATTHEW D. CARLING*and ROBB T. BRUMFIELD



1 2 3 4 56 781213 14 15 16 J<>
- | | T I B | o
2 Q1. — o
q) A
=1 R 5
o . =
4= 3
@ . o
Q T
= © id
a0 o
o =
() D
> o
< g— ——t +| 3
| | | | | | — &
0 500 1000 1500 2000 2500 3000
Transect distance (km)
Two red-backed fairy-wren (Malurus melanocephalus) sub-species D

GENOMIC AND MORPHOLOGICAL ANALYSIS
OF A SEMIPERMEABLE AVIAN HYBRID ZONE
SUGGESTS ASYMMETRICAL INTROGRESSION
OF A SEXUAL SIGNAL

Daniel T. Baldassarre,’23 Thomas A. White,? Jordan Karubian,® and Michael S. Webster'-2

Selection can sometimes favour the
Introgression of particular alleles across
Hybrid zones




