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Abstract

When Drosophila mothers lacking P-element-piRNAs (i.e. 
ISO1) mate with certain fathers harboring active P-
elements (i.e. Harwich, Har), hybrid daughters suffer 
from gonadal dysgenesis (GD), where ovaries collapse 
from uncontrolled P-element transposition. To discover 
the P-element driving GD, we selected hybrid D. 
melanogaster lines with portions of Har DNA within the 
ISO1 genome. We generated HISR-D and HISR-N lines 
retaining or losing GD induction, respectively. Despite 
greatly-reduced numbers of P-elements, HISR-D lines 
produced as many P-element piRNAs as parental Har. In 
these lines, we discovered a highly-truncated P-element 
variant: “Har-P”, which mobilized de novo in all HISR
lines. Crossing P-transposase with Har-Ps in HISR-N lines 
restored GD and revealed a paternal P-element-piRNA-
directed imprint on Har-Ps to suppress lethal somatic 
transposition. Har-P may weaponize P-transposase 
during catastrophic transposition. 
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Hybrid dysgenesis is a fertility disease 
from missing P-elements & piRNAs
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Diversity in P-element copy numbers 
and hybrid dysgenesis severity

0%

20%

40%

60%

80%

100%

%
 G

o
n

ad
al

 D
ys

ge
n

es
is

 f
ro

m
 p

at
er

n
al

 in
d

u
ct

io
n

N
o

rm
. P

-e
le

m
en

t 
lo

ad
 b

y 
ge

n
o

m
ic

 q
P

C
R

0%

50%

100%

150%

Paternal strain ♂

Paternally induced GD with ♀ ISO1
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◄Strong GD
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Can we genetically isolate a “Super” 
P-element from Harwich ?

TIDAL-Fly analysis of TE landscape in 
HISR hybrids

P-element and Total distinct TEs in “Unique” portion of genome

Rahman et al 
Nucleic Acids 
Research 2015. 

TE insertion

Track locus
annotation▼

75-150bp SE reads

TE end

Reference genome end

2X read 
length 

window

Intact locus 
conforming to 

reference genome
sequence.

◄

▲Insertion CR = (TE reads) / (RefGen
reads+1)   
i.e. CR =  6 / (3+1) = 1.5.
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Altered P-element piRNA patterns in HISR hybrids PCR and cloning in HISRs
uncovers Har-P as a highly 

mobile short P-element variant

Deleted segment

Full length 2.9kb P-element
Only ~1% correct synapsis at 6hrs!

~180-fold difference!

629bp P-variant from Pi-[2] strain
~15% correct synapsis at 30min!

Atomic Force 
Microscopy 
quantitation

Earlier studies of naturally short P-element variants

Crossing back a Full-length P-transposase 
into HISR-N strains “restores” strong GD…

Low conservation of parental Harwich P’s 
in HISRs - de-novo P-element mobilization

Full Length P-transposase is the bow; 
Har-P’s are arrows that drive strong GD
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HISR hybrids with reduced P copies 
Strong GD (HISR-D) versus Low GD (HISR-N)

Dysgenic 
cross
♀ ISO1 x 

♂ HISR_D43

Nondysgenic cross
♀ HISR_D43 X ♂ ISO1

Paternal GD with ♀ ISO1
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-Celniker lab 
Reference Genome strain

-No P-elements

-Theurkauf lab P-strain

-~130 P-elements 
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P0: Har ♀ (very dark red eyes) x  ISO1♂ (“white” eyes)
↓

F1: Har/ISO1 ♀ (select for colored eyes) x ISO1♂
↓
F2: Har/ISO1 ♀ (select for colored eyes) x ISO1♂
↓Repeat cross of F2 & F3 H/I ♀ x ISO1 ♂
↓
F4:  ISO1 ♀ x Har(~6%)/ISO1(~94%) ♂
[colored eyes single ♂ cross]
↓  
Screen >100 vials, save F5 ♂ when sib ♀►100% GD
↓

Repeat Self crosses for 11 generations 
[only colored eyes selected] 
↓
F16:  ISO1 ♀ x HISR ♂
[colored eyes single male cross]

↓  
Screen >50 vials, saving only F17 ♂
-Sib ♀ show 100% GD → HISR-D (Dysgenic)
-Sib ♀ >50% make eggs → HISR-N (Nondysgenic)

Selfcross older F5 ♀ x HISR (Har/Iso1 Self Red) F5 ♂
↓

↓
Two rounds of single-siblings crosses amongst HISR lines
↓
Establish 4 HISR-D and 4 HISR-N lines
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HISR-D29

HISR-D43

HISR-D46

HISR-D51

HISR-N10

HISR-N17

HISR-N25

HISR-N31

127

77

68

36

34

23

15

12

22

ChrX -  30▼P -element copy # ► Chr2L -  22 Chr2R -  26 Chr3L -  25 Chr3R -  23

Chr4 - 1

▼P -element copy #► 127 77 68 36 34 23 15 12

Har HISR-D29 HISR-D43 HISR-D46 HISR-D51 HISR-N10 HISR-N17 HISR-N25

77 HISR-D29 42

68 HISR-D43 19 9

36 HISR-D46 9 9 7

34 HISR-D51 11 11 7 27

23 HISR-N10 5 3 4 1 1

15 HISR-N17 0 1 1 1 0 2

12 HISR-N25 1 1 0 0 0 0 0

22 HISR-N31 2 3 1 0 1 2 1 0
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Chr X

SV-2672

PCR Genotyping of HISR-N strains
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Genome-wide SNP  profiles using GATK

Whole genome sequencing of HISR hybrids

0%

20%

40%

60%

80%

100%

Summary count of SNP profiles P-element load by consensus read mapping

0%

20%

40%

60%

80%

100%

N
o

rm
. P

-e
le

m
e

n
t 

co
p

ie
s

(c
o

n
se

n
su

s 
re

ad
s)

%
 G

e
n

o
m

e
-w

id
e

 S
N

P
s 

d
if

fe
re

n
t 

fr
o

m
 IS

O
1

2907bp

Full length P-transposase
Har, Lerik-P, HISR-Ds & 
Original Consensus

793bp689bp 1.5kb Har long P-variant

353bp817bp 1.1kb KP2 Inhibitor element
389bp819bp 1.2kb OreR-MOD Major P-variant

Full length P-element 
ORF 
0 IVS1 IVS2 IVS3

5' TIR 3' TIR
ORF 
1

ORF 2 ORF 3

491bp138bp 629bp Har-P 
430bp174bp 604bp pi[2]-P

D

3.0kb-

2.0-

1.0-

0.5-

◄ ◄

◄

◄
◄

◄

3.0kb-
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0.5-

◄

◄

◄

284bp395bp 679bp Birm-P

◄

◄
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◄

◄

◄
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◄

◄ ◄

◄

◄

◄◄

◄

◄

◄

◄◄

◄ ◄

◄

HISR-N31

HISR-D46 ◄

◄

◄

◄ ◄ ◄

…and reveals a paternal piRNA-silencing imprint 
on P-elements that resists somatic mobilization?!
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(Germline-expressed P-transposase)
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