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Transposable elem
ents

S
elfish D

N
A

 that proliferates w
ithin genom

es, even to the 
detrim

ent of the host



TE
s com

e in different flavours



D
ifferent transposition m

echanism

S
ultana et al. 

(2017) N
R

G



The battleground

B
lum

enstiel 2011
Trends in G

enetics

oocyte

Tw
o strategies:

-
S

om
a activity, virus-like 

particles, e.g gypsy
-

G
erm

line activity

N
urse cells

Follicle 
cells



S
om

e virus particles m
igrate from

 som
a to oocyte



TE
 com

position varies dram
atically; a) betw

een 
species

Feschotte 2007



TE
 com

position varies dram
atically; a) w

ithin species
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M
any open questions

-
W

hat are the fitness consequences? D
FE

: D
eleterious, beneficial, neutral?

-
H

ow
 often are TE

s invading new
 species and w

hat is the vector?
-

H
ow

 is the host defending against this onslaught?
-

C
an the host defence lead to vertical extinction (no active copies survive in a 

lineage)?
-

Is a stable coexistence possible?
-

W
hy is TE

 abundance so variable betw
een species?



Insights from
 a natural invasion of the 
P

-elem
ent



W
hat is the P

-elem
ent?

A
 2907bp D

N
A

 transposon



H
ow

 do cut-and-paste TE
s m

anage to increase in 
copy num

bers?

E
ngels 1990 C

ell



H
ow

 w
as the P

-elem
ent discovered?

B
y doing this to a fly ovary

H
ill, S

chlötterer and B
etancourt (2006) P

LoS
 G

enetics



H
ybrid dysgenesis



W
hy are natural strains infected but lab strains not?



R
apid invasion in natural D

. m
elanogaster 

populations



N
ever found in related D

rosophila species

B
rookfield 1986 N

ature



until..
w

e sam
pled D

. sim
ulans from

 S
outh A

frica in 2012

C
ape of G

ood H
ope



C
om

paring the TE
 abundance betw

een D
m

el and 
D

sim
: a signal w

here none should be found

K
ofler et al. 2015 P

LoS
 G

enetics



G
enom

ic distribution in tw
o populations of D

m
el and 

D
sim

K
ofler et al. 2015 P

N
A

S



O
rigin: probably H

T from
 D

.m
elanogaster

K
ofler et al. 2015 P

N
A

S



D
sim

 P
-elem

ent is m
ostly full length and has a 

single S
N

P

K
ofler et al. 2015 P

N
A

S



R
apid spread in w

orldw
ide populations



A
n unique opportunity: m

onitoring a 
natural TE

 invasion



A
 natural population at an early stage of a P

-elem
ent 

invasion



E
xperim

ental populations

K
ofler et. al; subm

itted



E
stim

ate TE
 abundance in pooled sam

ples



Fast invasion in hot - slow
 at cold; 

P
lateauing of invasion in hot

K
ofler et. al; subm

itted



O
nly the P

-elem
ent rises in frequency; all other 

fam
ilies rem

ain at a constant level

K
ofler et. al; subm

itted



Low
 frequency insertions em

erge



A
verage population frequency increasesK

ofler et. al; subm
itted



 P
-elem

ent expression is low
er at cold tem

p.



D
ynam

ics of hot invasion



P
ossible causes of the decreasing activity



1)
N

o fixation of insertions suggests that the m
ajority 

of possible insertion sites is not occupied



2) Truncated P
-elem

ents m
ay dow

nregulate activity 
by blocking binding sites 



Truncated copies rapidly em
erge - som

e rise in 
frequency

K
ofler et. al; subm

itted



TE
s m

ay be selected at tw
o levels



Insights from
 truncation trajectories

W
e used a "fitness landscape", in w

hich the frequency of a truncation reflects its 
relative fitness. For every position in the P

-elem
ent w

e averaged the frequency of 
all truncations covering the site.



Fitness landscape of truncations allow
s to test 

hypothesis

drift, 
hitchhiking

pos. selection of 
truncations 
suppressing P

-elem
ent 

activity

differential 
m

obilization



D
ifferential m

obilization governs trajectories of 
truncations

K
ofler et. al; subm

itted



3.) piR
N

A
s suppress TE

 activity



piR
N

A
s em

erge in the course of the invasion

K
ofler et. al; subm

itted



Fast em
ergence of piR

N
A

s at hot - slow
 at cold



O
nly P

-elem
ent piR

N
A

 levels increase at cold



Low
 piR

N
A

 levels at cold consistent w
ith incom

plete 
suppression of the P

-elem
ent



The ping-pong cycle am
plifies TE

 silencing



P
ing-pong requires sense and antisense m

R
N

A



S
ingle m

olecule R
N

A
-FIS

H
 show

s sense and 
antisense transcripts in the germ

line



P
ing-pong signature show

s extent of silencing 
am

plification



A
m

plification of silencing increases during the 
invasion



S
um

m
ary: W

hy is activity decreasing



S
hotgun silencing



A
 problem

 w
ith our understanding of TE

 
abundance



W
e know

 that TE
 abundance varies w

ithin species

D
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K
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P
revious explanation - differential equilibrium

 w
ith 

transposition selection balance

K
ey:

Transposition 
rate differences 
am

ong fam
ilies

K
ofler 2015 P

LoS
 G

enetics



The novel “trap m
odel” 



Trap m
odel predicts equal TE

 abundance irrespective 
of the transposition rate

-
68 m

illion possible insertion sites
-

3 m
illion piR

N
A

 cluster sites 
-

R
ecom

bination rate of D
. m

elanogaster
-

P
opulation size of 1000

-
N

eutrality of  TE
 insertions

-
S

tart insertions: 1000 random
ly distributed over the 

population

1.)
S

am
e plateauing level irrespective 

of the transposition rate.
2.)

P
lateauing level m

aintained over 
m

any generations



S
olely varying piR

N
A

 cluster sizes m
ake a 

difference; B
ut that’s identical w

ithin species



M
ajor Q

uestion:
W

hy is the abundance of TE
 fam

ilies so 
different w

ithin species?



P
ossible explanations



Incom
plete quantitative understanding of trap m

odel

S
om

e fam
ilies m

ay require m
ore than one piR

N
A

 cluster insertion.



Tw
o differentially silenced groups of TE

s (som
a vs 

germ
line) suggests incom

plete understanding)

D
ata from

 
K

ofler 2015 P
LoS

 G
enetics

S
tar: som

atic TE
s, w

ith retrovirus like particles



R
apidly evolving piR

N
A

 cluster size



D
ifferential neg. selection am

ong fam
ilies



D
ifferent stage at the life cycle



TE
s certainly are at different stages of the life cycle

D
ata from

 
K

ofler 2015 P
LoS

 G
enetics

B
lue: segregating - recent activity

R
ed: fixed - ancient activity



W
hich factors dom

inate? 
A

re they all equally im
portant?

H
ow

 can w
e test this?
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