Supplemental 1 Zili cDNA sequence. The 5’ and 3’ UTR are indicated in lower case.

Supplemental 2 piRNAs binding to Ziwi and Zili. (A) RNA isolated from immuno precipitations
with Ziwi or Zili antibodies was **P end-labelled and analyzed by electrophoresis. Ziwi and Zili
antibodies both pull down a complex containing a distinct class of small RNAs of about 27nt long. (B)
Size distribution of cloned piRNAs, showing a distribution around 26 nucleotides for Zili and 27 for
Ziwi. (C) Annotation of identified RNA species. piRNA population can be divided into piRNAs
mapping to ‘repetitive elements’, ‘coding regions’ or ‘not annotated’. ‘Other RNAs’ consists of tRNA,
rRNA, snRNAs and snoRNAs. Percentages are given for each group. Four libraries; Ziwi and Zili
immunoprecipitations from ovary and testis, all show distinct mapping to repeat associated regions and
a smaller proportion to coding regions. (D) Coding piRNAs usually map once, while piRNAs mapping
to repetitive regions more often map to several locations in the genome. piRNAs classified as ‘not
annotated’ show a distribution very similar to that of piRNAs from repetitive elements, indicating that
‘not annotated’ piRNAs may very well hold many piRNAs that map to repetitive sequences.

Supplemental 3 Ziwi and Zili bind piRNAs of opposite polarity. (A) Part of chromosome 14 in
UCSC genome browser showing piRNA clusters with distinct strand switching corresponding to blocks
of repeats that switch orientation (arrows). Blue bars are sense piRNAs and red bars are antisense
piRNAs. (B) Graphic representation showing Ziwi and Zili piRNAs mapping to the same loci on
chromosome 8. The x-axis shows complete chromosome 8, while the y-axis shows plotted unique reads
(red) and weighted reads (blue), clustered in loci on the basis of a maximum distance of 100 kilobases
(kb) between two consecutive loci. Ziwi piRNA loci are depicted above the midline, while Zili piRNA
loci are depicted below the midline.

Supplemental 4 Evidence for piRNA ping-pong. (A) Left graph showing a 10-nucleotide overlap
between Ziwi piRNAs on opposite strands, while the right graph shows nucleotide distributions at the
5’ and 3’ ends of these overlaps. (B) Left graph showing a 10-nucleotide overlap between Zili piRNAs
on opposite strands, while the right graph shows nucleotide distributions at the 5’ and 3’ ends of these
overlaps. (C) Graph showing a 19-28 nucleotide overlap between Ziwi piRNAs on the same strand,
suggesting a preference for certain sequences in the primary processing or amplification. (D) Graph
showing a 19-28 nucleotide overlap between Zili piRNAs on the same strand, suggesting a preference
for certain sequences in the primary processing or amplification.

Supplemental 5 Transposon-derived piRNAs show a ping-pong signature. Nucleotide distribution of
piRNAs mapping to several transposon species, showing a clear preference for 5’ uracil, most
prominent in Ziwi antisense (minus) piRNAs. While Zili sense (plus) piRNAs have a distinct
preference for adenosine at position 10. This holds true for LTR transposons (BEL, Gypsy), as well as
non-LTR (CRI, SINE) and DNA transposons (EnSpm, Helitron).

Supplemental 6 Exonic piRNAs show a ping-pong signature. (A) piRNA population mapping to
genes, either antisense or sense to the gene. (B) Graphical representation of piRNA population
mapping to genes in different libraries. Ziwi piRNAs are mostly antisense to coding regions of genes,
while Zili piRNAs are mostly sense. Left panel represents piRNAs that are antisense to genes and the
right panel represents piRNAS that are sense to genes. Left and right panel together are 100%. (C)
Graph shows a 10-nucleotide overlap between Ziwi and Zili piRNAs mapping to exons of genes (C) or
to a set of exonic piRNAs selected for unique mapping-positions and excluding genes with alternative
splicing (C’). (D) Graphs showing nucleotide distributions at the 5” and 3’ ends of these overlaps,
showing a 5” preference for uracil and a 3’ preference for adenosine in overlapping piRNA sequences
in these exons. This suggests that piRNA amplification, as seen in transposon classes, also takes place
with exonic piRNAs.

Supplemental 7  zili” gonads. (A) Zili (brown) staining is lost in zili” gonads (6 wpf), indicating that
Zili antibody staining is specific. Scale bars are 100uM. (B) At 5 wpf, gypsyDRI and ngaro transcripts
(LTR elements)(purple) are found in the nucleus of germ cells of female and male gonads.
Supplemental 8 Transposon transcripts in zili”” and zili**”"" gonads.
Elevated levels of transposon transcripts in zili” gonads at Swpf compared to female and male gonads
at Swpf. Since zili"” gonads are phenotypically more similar to male gonads they may be compared

with those. However in quantitative PCR analyzes both male and female zili*’"*gonads were pooled.

Transposon levels in zili***"" ovary are not increased compared to zili** ovary. GypsyDR1 (LTR),



LTR2 (LTR), DIRS1a (LTR), ngaro (non-LTR) were tested (purple). Scale bars are SOuM.

Supplemental 9 Characteristics of zili” germ cells.

(A) At 5 wpf, nanos (purple) is present in oocytes but cannot be detected in developing testis. zili”
gonads are negative for nanos, indicating that female development does not occur. Scale bars are
100uM. (B) At S wpf, proliferating cell nuclear antigen (PCNA) (purple) is present in female and
male germ cells, as well as in zili”germ cells, indicating that zili”’germ cells are still proliferating. Scale
bars are 100uM. (C) At 5 wpf, cleaved Caspase-3 is rarely seen in zili*"* gonads. zili” gonads are
negative for cleaved Caspase-3, indicating that these mutant germ cells are not undergoing apoptosis. A
mouse intestine serves as a positive control and has several apoptotic cells. Scale bars are 100uM.

Supplemental 10 Model for piRNA amplification pathway. (a) Initiation of the cycle begins with a
piRNA cluster, often annotated as transposons sequences, which generate primary piRNAs. These
piRNAs are antisense to expressed transcripts and bind to Ziwi. (b) These Ziwi-piRNA complexes can
identify and cleave mRNA, between position 10 and 11 of the 5° end of the piRNA. This generates
sense piRNAs, which bind to Zili. (c) These Zili-piRNA complexes mediate cleavage of the piRNA
cluster transcript, resulting in new antisense piRNAs capable of binding to Ziwi. As long as these
secondary antisense piRNAs are able to bind and silence their targets, more sense piRNAs will be
generated thereby amplifying this silencing loop. (d) Zili-piRNA complexes may target complementary
DNA sequences, possibly resulting in epigenetic modifications. (e) Ziwi is maternally deposited in the
embryo, providing the offspring with a pool of piRNAs, capable of passing on the epigenetic profile of
the germ cells and providing an early defense against transposons. (f) If Zili protein is lost, a primary
pool of piRNAs will be present however amplification of the cycle is less effective with only Ziwi left
to cleave transcripts. (g) This leaves the developing germ cells with a reduced ability to fight
transposon threats, resulting in increased levels of transposon transcripts. This is accompanied by a
defect in germ cell differentiation, ultimately followed by germ cell loss. (h) With an altered Zili
protein, Zili function may be reduced or changed. Meiotic defects in the female germ line are observed

®.
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tgcattecaccgtectetcacaggtgtcaaacagaattacagttgecagtgaagtgcaacagaggaagaaATGGATCCA
ARACGACCAACCTTTCCCAGTCCCCCAGGGGTCATCCGGGCACCATGGCAGCAGTCGACAGAGGATCAGAGTCAAC
TTTTAGATCAGCCCTCATTGGGACGGGCCAGAGGTCTTATCATGCCCATAGATGAACCTCTTCCTGGACGAGGTAG
AGCTTTTAGTGTACCCGGAGAAATGCCGGTGAGATTTGGTAGAGGGATAACTCAGTCTATAGCTGCTGAGCCTCTG
GTGGGCATGGCTAGAGGTGTGAGGTTACCTGTGGAAGAGGGAGGTTTTGGGCGAGGACGAGGTTTTTTGCTGCCCA
CTCCTGAGCCCACTGTTGGGATAGGGAGAGGGGCTGCTATTGGACCAGTGCCTACACTGGACATTCAAAARAGTAGA
GGTGCAGGAAAAGATGCCTGAGCTGCAAGCGGAGGTGGCTCCAACTGTTGCCAAGGTTGGTTCCCCTGGGACTGGA
TCGTCACTGGTGTCCATGTTCAGGGGTCTGGGAATTGAGCCAGGARAGACATGGGEGTAGAGGAGCTGCACCTGTTG
GACGGGGTGCAGCAGGCGATATGGGGGCAGATTTGCAGCCARAACCCACCATCATTGCGAGCATCTCTGACTCCAGA
AAGAGAAGAGGTTCGCTCAGAAGAATCCGATCAGTTTCCTGGGAAGAGGCTTTACTGGTTTTGGCAGAGCAGCAATG
CCTCATATGACTGTTGGGCGTGGACCGATTGCCCCATTAAGTCCTTCACCTTCTCGTCGCTGCCCCTTTCTCTTTGA
TTTCTGCTTCCTCTGCCTCTGAAGATGCCCCGGTTGCTCCAGGAACACCTCCTARAGT TGAAGTCAARAATTGAGAC
AGTGAAGGAGCCTCTGCAGAAGATAGGAACTAAAGGCAGTCCCATACCCATTGGATCARACTACATCCCTATCTGC
TGCAAAAACGATGCAGTGTTTCAGTACCATGTTACTTTTACGCCGAACGTTGAATCACTTAGCATGCGCTTTGGAA
TGATGAAGGAGCATCGGCCCACTACTGGAGAAGTAGTGGCTTTTGACGGATCTATCCTCTACCTGCCAAAACGTCT
GGAAGAGGTGGTTCATCTAAAAGCTGAAAGGAAARACCGACAATCAGGAGATCGACATCAAGATCCAATTGACGAAG
ATTCTGCCTCCCAGCTCTGACCTTTGTATCCCGTTTTACAACGTGGTCTTAAGGAGAGTGATGARAAATACTGGGGC
TGAAGCTGGTGGGCAGAAACCATTACGACCCCAATGCGGTTGTGATCCTGGGCAAACACAGGCTTCAGGTGTGGCC
TGGATACTCCACCAGTATTAAGCACACTGACGGTGGCCTCTACCTGGTTGTGGATGTCTCGCATAAGGTGCTGCGA
AACGACTCTGTGCTGGATGTCATGAATCTGATTTACCAAGGAAGCCGTGAGAGCTTTCAGGATGAATGCACAAAGG
AGTTTGTGGGTTCAATCGTCATCACACGCTATAATAACCGCACTTACCGTATTGATGACATCGAGTGGTCCAAGTC
TCCCAAAGACACTTTCACCTTGGCTGATGGATCTGTGACCACGTTTGTCGATTACTACAGAAAGAACTATGGGATT
ACCATAAAGGAACTGGACCAACCGCTGCTCATTCATCGTCCARAAGAGAGGTCCACGACCAGCAGGAARGGTTATAA
CAGGTGARATCCTTTTGTTGCCGGAGCTTTCCTTCATGACTGGCATCCCTGAGARAATCGAGGAAAGACTTCAGGGC
CATGAAGGATCTGACCATGCACATCAATGTGGGAGCTCAGCAACACACCCAGAGTCTCAAGCAGCTGCTGCACAAC
ATCAACAGCAACAATGAAGCTCTCTCAGAGCTGGGCCGCTGGGGCCTCAGCATCAGCCAGGAGATTCTAGTGACTC
AAGGAAGAACTCTGCCCAGTGAGACCATCTGCTTGCATTCAGCCTCTTTTGTCACATCTCCGGCAGTAGACTGGTC
CAGAGAGTTGGTTCGAGACCCCTCCATCAGCACTGTCCCTCTGAATTGCTGGGCTGTTTTCTATCCCAGACGGGCA
ACCGATCAGGCTGAGGAGCTGGTGACCACTTTTTCAAGGGTAGCTGGTCCTATGGGCATGAGAGTGGAACGACCCA
TCCGTGTAGAGTTGCGCGATGATCGAACCGAGACCTTCGTCAAGAGCATTCACTCTCAACTCACCAGCGAGCCTCG
TGTACAGCTAGTCGTGTGCATCATGACAGGAAACAGAGATGACCTGTATAGTGCCATCAAAAAGCTTTGCTGCATC
CAGAGTCCAGTACCATCACAGGCAATCAACGTTCGGACCATCTCACAGCCGCAGAAGCTCCGCAGTGTTGCTCAAR
AGATCCTTTTGCAGATTAACTGCAAGCTTGGAGGAGAGCTGTGGACGGTGAACGTTCCTCTGARAATACTTGATGGT
GATTGGAGTGGATGTTCACCATGATACCAGCAAGAAGAGCAGATCTGTCATGGGCTTCGTGGCAAGTCTCAACAGC
ATGTTGACCAAATGGTACTCCAGGGTGACCTTCCARATGCCTAATGAGCAGATTATCAACGGCTTTAGAGTGTGTC
TTCTCGCTGCCCTGCAGARATACTATGAGGTGAACCATGCCTTCCCTCGAGAAGATTGTCATCTATCGCGACGGTGT
GTCTGACGGACAGCTGAAGACCCTGGAGCACTACGAGATCCCTCAGATTCTGAAATGCTTCGAGACCATCCCAAAC
TACGAGCCTAAGCTTGCATTCATCGTGGTGCAGAAAAGAATCAGCACAACCCTGTACTCCTACGGGTCAGACCALCT
TCGGGACACCCTCGCCAGGAACTGTGCTGGACCACACTGTGACARACAGAGACTGGGTGGACTTCTACCTAATGGC
ACATTCCATTCGACAGGGTTGTGGCCTGCCCACTCATTACATAACAGTGTACAACACCGCAAACCTCACCCCTGAC
CACCTGCAGAGGTTGACCTTCAAGATGTGTCACCTGTACTGGAACTGGCCTGGAACAATACGCGTTCCTGCACCGT
GCAAATATGCCCACAAACTGGCTTTCCTGTCTGGCCAGTACCTCCATTCAGAGCCTGCAATCCAGCTGTCAGAGAA
ACTGTTTTTTCTGTGAATGAAAGGCATTCAgcatctcaacagaaccctggatgggtcagacctttgactttegtte
ttagttttgttttaatcctgttecttaggaaagtgctaatacgtgttgtttacatgttaaaaaagaaatectcecaag
ttttgtttttgtgatttttagtttgttitttgtggagtgttaataaa



B

SRR # sequences ovary
NN 8000
MR
7000
6000
5000
4000
50 —_ 3000
40 — 2000
30 — ' 1000 ' I l
0 . . ‘ | -
20— y 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
# sequences testis
10 — 8000
7000
6000
5000
100% 1 i 4000
90% 3000
80% -
2000
70% - miRNAs ' I
1000
60%
oot | Hother RNAS . -..' ..-___
40% | M not annotated 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
30% M genes
20% - M rep_elements
10%
0% - T T
Ova_Ziwi Tes_Ziwi Ova_zili Tes_zZili
Ova_Ziwi Tes_Ziwi Ova_Zili Tes_Zili
rep_elements 22355| 48.2% 9191| 31.6% 13847| 35.5% 8976/ 23.3%
genes 7318 15.8% 6267 21.6% 6553| 16.8% 7354| 19.1%
not annotated 16393 35.3% 13169 45.3% 17116] 43.9%| 21516| 55.9%
other RNAs 151 0.3% 207| 0.7% 846 2.2% 364| 0.9%
miRNAs 181 0.4% 210/ 0.7% 660 1.7% 262 0.7%
total 46398 29044 39022 38472
#ofpiRNAS  coding regions BofpRNAS — rep elements # ol pRNAs not annotated
12000 10000 30000
10000
\ s000 1 25000 \
8000 \ \ 20000
6000
6000 \ g \ g 15000 \ g
4000 ‘ g | |00 \ £ | |00 \ g
2000 2 2000 2 5000 \ 2
£ x £ £
135 7 9111315171921 2325 135 7 9 1113 15 17 19 21 23 25 13 5 7 9 11131517 19 21 23 25

Houwing_ Sup2

M Ziwi
M zili

#nt

B Ziwi
W Zili

#nt



A

Houwing_Sup3

CER T

Zili_ovary

Ziwi_testis

i Zili testis BOQABIAII W kRN !
| BCOS4EST

sine| | RRTIINN vmnn :?msm\;\ ] eyt

Lire ! ] Li .I. il W oy
ou Cump’ir:?t'; ‘l IIIHI‘IF”IFI Illlulirlllllfllil.illllllﬂi.lul IIIIIIIIII \‘IIHLHII‘ l I IIF‘I} i \‘I‘H II‘HI”I‘ Ir‘j‘“l ‘l‘l‘ll ?l I ! “1 Il "Il 'Ill Ill

koo 1 0L LBLAE 10000 — e ——— 01 0L LRI L i
| -
< 2 > —

| o Ziwi
.|ji\l!|l L L
e
e Zil
10

| T T T T U B B B O A
1 20 a0 o S0



Houwing_Sup4

# sequences Opposite strand 2000
1400 1800
1200 A 1600
" 1400
1000 ” 1200
800 1000
600 ’ \ 800
|1 600
400 400
200 4 200
0 T 0
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 #nt 5 Ova 5 Tes 3 Ova 3’ Tes
# sequences Opposite strand 900 .
1000 800 Zili
900 ﬁ 700 -
800
[ 600 - HA
700
600 ’ ‘ 500 - HU
500 ’, “ 400 A G
400 T 300 - mC
b 200
200 P i p— i
100 | N~ TN 100 -
I e I e B SRS S 0 -
1 3 5 7 9 11 13 15 17 19 21 23 25 27 #nt 5 Ova 5 Tes 3 Ova 3 Tes
# sequences Same strand
1400
1200
1000 //\\
800 / \
600 l \
400 / \
200 /
f—_— )
1 3 5 7 9 11131517 192123 252729 31333537 #nt
# sequences Same strand
1400
1200 =)
1000 I‘ \\
800 A
600 AN\
400 ll \\
200
. —

1 3 5 7 9 11131517 19 21 23 2527 29 31 33 35 #nt




CR1 {non-LTR)

(it

Ziwi_plus ffggmﬂhﬂms-ﬁﬂﬂﬂ&tﬂﬂﬁ?%:%%ggg R E
U

JﬁﬂHﬁHﬂHH WUAﬁUHAAHU mNNMIN

Ziwi_minus : CCccCCCc::ccCC("!CACCQ ééég_ )

ZhhechiGoceChb GRS cac o=t
= NN PErEPELNNARGNRAS

B s
Egé@ g A AAM.«QR‘J@

nnnnnnnnnnnnnnnnnnnnnnnnnn
—————————————————————

Zili_plus

Wi

Zili_minus € cCCUcCccCCCCCUCC

nnnnnnnnnnnnnnnnnnnnnnnnnnnn
—————————————————————

EnSpm (DNA)

JU%%AUAA K chugﬁug HﬂWNINﬂ

ACCcCUAUUACA
Zini_plus S0 S SRety CEU e E gos

————————————

J%UAUUUAMA AAUUAUCAUWN'NN

Uuu EUAA NCZeU

Ziwi_minus :9&9.999 ,,,,,,,,,,, Gnee chedel]

—————————————————————

uAUﬁﬁUAUHA%ﬁQgiAAEUH‘C’MNmﬂ

Zili_plus Seloct cluccety U Ll S

____________

UﬂAAUUAUUﬂuUﬁ AAAAAAAAClmNhNN

cCC ugu
Zili_minus ‘3% mmmmm 9‘.?@9“ "Uc,,g???%%ni‘%% ol

—————————————————————

JAAAUE AAAA AAAﬁHAAAUAﬁgﬂHMN

mmmmmmmmmmmmmmmmmmmmmmmmmm
—————————————————————

CLCCHCU N]!N

A UUCE' A
CHAA ARE
=CUCLGLCACCCUUCT UAUGRNAZE e

UAGAA | AAUGAUUUAGAAN
" e
Zili_plus CUcCCC=gé6gACESC ..... YR

rrrrrrrrrrrrrrrrrrrrr

cC
Zili_minus AUUUCUC AL ':J@L.!Umu Hﬁu&'&g,a@

———————————————————

Houwing_Sup5

BEL (LTR)

JﬁuuAAAUUAA uU czggﬁﬁcA:UHNhN

z

U
Ziwi_plus = NQQEQQQQQQQQGQLJ e R

UUUAwUUAUuuwcuuuuw
JAAAU AAAUACAcmﬁcgccc NmN

AccU
Ziwi_minus 2G.CC.C..GCA ACASANARSSSSH

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
—————————————————————

sl

Zili_plus *C
_ S G e L A A o Y
NNNNNNNNNNNNNNNNNNNNN

Uﬁﬁumg U CﬂA ccﬂ Uu N

Zili_minus Kecesece cCAAcUACﬂACEhﬁg%

THATGerRaS S an¥ReE R ORE

Ziwi_plus
- —“"”””e:ﬁzs‘eetszaaﬁ

LAY
gﬁnﬁé Uc CUﬂA”l‘*EE MN

Ziwi_minus 2gAgeseAcss ﬁaemgggzu%'ﬁ‘ae mmmmm
NNNNNNNNNNNNNNNNNNNNN

i i
Zili_plus U?l;'ggﬁhnu%,mﬁ.negg@'f!?!egggﬁaa

—————————————————————

G

NUUA
Zili_minus -menehm&%eaﬁ mmmmm e

ne———

Gypsy (LTR)

JUUUUAﬁUUU CLAUCCU -GN NINN
U
Ziwi_plus :Qﬂeén‘.??%gé&gljéggg ,ngggccgs 2

A
------------- RAOERR

e

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
NNNNNNNNNNNNNNNNNNNN

A €CCeee
it e RN
Zili_plus CAAMUMB”"%%%ES% :

UUAﬂUAﬂé% AﬂCCACC CTE‘NNN
U

CAA
A CCA
Zili_minus Cc CCCUCCcCCU&S%ﬁ-,U.yNA

———————————
AmSeerO T RRIRRCRCRRAR

A
q




Houwing_Sup6

A type Ova_Ziwi Tes_Ziwi Ova_Zili Tes_Zili
intergenic 33062 22903 28063 27250
Antisense_Boundary 94 80 22 46
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