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Fig. S1. Early embryogenesis of Oncopeltus fasciatus and morphological identification of putative PGCs. (A—C) The Oncopeltus syncytial blastoderm forms as
a single layer of nuclei spread evenly across the surface of the yolk. (A) 8-12 hours after egg laying (h AEL) syncytially dividing nuclei are visible beneath the yolk
surface. (B) Energid nuclei populate the yolk surface within 12 hours, and (C) undergo repeated mitosis and cellularisation to form a uniform cellular blastoderm by
approximately 20 hours. Consistent with previous reports (Butt, 1949), we did not detect pole cell-like cells at any time during syncytial blastoderm or early cellular
stages. (D) By 24-28 h AEL the posterior of the embryo has begun to invaginate into the yolk (arrows indicate direction of embryonic movements), forming the
posterior pit (asterisk) where gastrulation takes place. This embryonic invagination is the beginning of the axial elongation process that will create the abdominal
segments (Liu and Kaufman, 2004; reviewed by Panfilio, 2008). Immediately before posterior pit formation (~21 hours AEL), we observed putative PGCs on the
inner surface of the blastoderm adjacent to the yolk (E-H’). (E) Medial section of a 19-21 h AEL embryo viewed with DIC optics and (E’) stained with Sytox
Green to reveal nuclei. Boxed region is enlarged in (F-H) and (F'-H’). (F,F’) In 19-21 h AEL embryos, the early blastoderm is single-layered. (G,G") Between
21-23 h AEL, the embryonic posterior becomes multilayered, and the first cells visible within the yolk mass are the presumptive PGCs (arrowheads). (H,H') By
27-29 h AEL the putative PGCs (arrowhead) have fully entered the yolk. These putative PGCs are visible as a mesenchymal cluster with large round, centrally
located nuclei, directly adjacent to the epithelialized somatic cells of the posterior blastoderm (asterisk), which are columnar in shape with smaller, basally located
nuclei. (LI") As the germ band elongates and its posterior end invaginates into the yolk at 28-32 h AEL (arrows indicate direction of movement), the putative PGCs
remain in a mesenchymal cluster at the germ band posterior. During early stages of germ band elongation (28-32 hours AEL), ongoing gastrulation produces
mesodermal cells on the dorsal surface of the ectoderm (I-L"). The single-layered amnion (4mn.) is ventral to the ectoderm (Ect.); anterior mesoderm (Mes.) is on the
dorsal surface of the ectoderm. Boxed region is enlarged in (J,J"). (J,J") Putative PGCs (arrowhead) form a cluster of cells at the posterior of the germ band, distinct
from the adjacent ectoderm and amnion. (K,K") By 32-36 h AEL the embryo has nearly completed germ band elongation and its posterior end begins to curl towards
the anterior of the egg within the yolk (arrows indicate direction of movement). Mesoderm now extends along its entire anteriorposterior extent. Boxed region is
enlarged in (L,L"). (L,L") Putative PGCs (arrowhead) remain in a distinct cluster dorsal to the mesoderm and begin to migrate anteriorly along the dorsal surface of
the mesoderm (see Fig. 3). Scale bars: 500 pum in A-D, 100 um in E-L’. Egg anterior is to the left in all panels.



Milkweed bug germ cell origin S2

P_hawai _Vasa B |: D_melanogaster Piwi =

D_melanogaster_Vasa D_melanogaster_Aubergine

O_fasciatus_Piwi
N_vitripennis_Vasa 84 A_meliifera_Aubergine PIwI
T_castaneum_Vasa 90 G_bimaculatus_Piwi-1
" B_mori_Siwi
A_mellifera_Vasa - = .
i of T_castaneum_Aubergine
)_fasciatus_Vasa ZIWI -1
) Vertebrate
G_bimaculatus_Vasa MIWI piwi
S_gregaria_Vasa Vasa Miwi2 -
) A_mellifera_Piwi_like1
D_rerio_Vasa T_castaneum_Piwi
100 o
M_musculus_Mvh B_mori_AGO3
74 eSS
= 0 X_laevis_VLG1 B_mori_Siwi2 AGO3
i v D_melanogaster_Ago3
_gigas_Vasa 2u
73
= P_dumerilii_Vasa MILI .
U_unicinctus_Vasa A_mellifera_Argo1
- 100 D_melanogaster_Argo1
D_melanogaster_Belle 50
100 T_castaneum_Argo1 Argon aute
X_laevis_PI10 PL10 / 100 D_melanogaster_Argo_2 1+2
88 7 87
D_rerio_PI10 belle po— T_castaneum_Argo2a
100 T_castaneum_Argo2b
M_musculus PL10 —castanaum_Arg
A_meliifera_Argo2
C A_mellifera_Nanos D
L B_mori_NanosM
9 C_elegans_Nos2
1 5
B_mori_Nanos_O BRI T
|:C_elegans_Nos1 .
0. fasciatus Nanos DVEYFORTNG SKDY---HHR LEEPVGNGQK VVEPVLRKYT -EKICNATGD NAETLTHEPL
- M. vectensis nanos 2 QVEVFORNNG ESEEVYASHV LESADG---K TTEPILRAYT -CPICKASGD DSETIKYCPQ
O_fasciatus_Nanos 5. purpuratus nanos 2 SWEVFCXNNG ESEMVYASHK TTEPILRAYT -EPLEGTHGD RAETIKYEPL
C H. vectensis nanos 1 NVEVFCRNNG ESKEVYSSHV TTEPILRAYT -CPLCKASGS QSHTIEKYCPEK
i _li A. mellifi TECVFERNNG EEEAYYRERL VEEPVLRAYT -CPICGACGD IANTVEYERK
) 4 N_vectensis_Nos-like “ripennis nanos WEGVFERNEG £D1RITEXHL ILERIzaNIT -CPICGANGD AABTIRYEE-
£ QUEVFCRNNK EAVALYTTHI VLEPVLRRYT -EPLEGASGD NAETIKYEPL
o S_americana_Nos i QVEVFERNNE EANALYTTHI VLEPVLERYT -EPLEGASGD NAETIKYGPL
o 20 29 nanos-0 EECRFEKNNG ERAAYYRSHA VAEPVLRAFV -CARCGARGD AAHTAKYCPR
. B. moi nos-H FECAFCKKNG ESVSWYRTHA LEKDGRG---R VEKEPVLRGFR -CPREGATGD RAHNTIKYCPQ
N—VECte"EIS—NDE'2 8. mrj::n:'n::n- TWECAPCRNNG ESDEIFRSHQ LEDNYG-=--K TVEPILOKYV -CPPCKATGP EANTVEYCPEK
> 53 B. mori nanos-P KICSFCREKNG EAPNVYGTET VAQKRS---V VHEPILRREV -ENTEGETGD NABRTITYERT
36 N_vectensis_Nos1 b. melancgaster nanos RECVFEENNN EPEAVINGHS VAD---NFNR VLEPELRTYV -EPICGASGD SAETIKYCPK
m za e C. quinquefasciatus nanos DYCVFEYNNG EHQEVYMSHV VQEPRLRRYI -CPYCFATDR NAETEKYCP-
o LCECPEr--G TASEFARLET VVEPELRSHY -EGIGGATGD NARTTEH=--
> g S_purpuratus_Nos2 YGEGTERSVG YMR--WETHT --CpRLSSLA PEKIGGARGE MNETETTEPN
O LECYREEHYQ LPAEEVSSHN LWEEHMEK-I KE€GHCEATGE QGHHPLICPK
e B_mori_NanosP CSEREVRELG
m C_elegans_Nos3
1 F 2
P_hawaiensis_Nanos
s = i
C_quinquefasciatus_nanos
o
D_melanogaster_Nanos
22

H_sapiens_Nos1

M_musculus_Nos1

Fig. S2. Phylogenetic analysis of vasa, piwi, and nanos. Best-scoring maximum likelihood cladograms are shown with bootstrap values from 2000 replicates at
nodes. (A) Oncopeltus Vasa is a member of the Vasa family of RNA helicases, not the closely related PL10/belle proteins. (B) Oncopeltus Piwi is a member of
the piwi clade of PIWI proteins, closely related to Drosophila Piwi and Aubergine. (C) Phylogenetic reconstruction fails to resolve the internal relationships of
nanos genes, because the conserved region of these proteins suitable for alignment (48 amino acids) is too short to provide sufficient phylogenetic signal. (D) A
protein alignment of Oncopeltus Nanos protein with known orthologues demonstrates the presence of the diagnostic 2x(CCHC) zinc finger domain.
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A ~__||B Bsg25D || C CG16817|| D CycB||E mael
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:j,.'&‘; =5 T o Fig. S3. Expression of additional germ plasm candidate
(blstodern) Y - - - 'j 4 markers in Oncopeltus ovaries and embryos. Transcripts were
T sanel | — ] chosen for analysis based on their expression in the germ plasm
(Sesiting) 3s~wnl__ - - - m ‘ and PGCs of Drosophila melanogaster (supplementary material
. - s Table S2). (A) Schematic figure showing the tissues depicted in
sra || G UeviA || H Unr bel || J elF5 subsequent panels. Embryonic ages shown in hours AEL.

Coloured shading in ovariole schematic indicates spatial
expression pattern of genes shown in boxes outlined in the
corresponding colours. Blue = throughout entire tropharium in
all nurse cells, as well as oogonia and resting oocytes; red =
posterior nurse cells, oogonia and resting oocytes; green =
oogonia and resting oocytes but absent from or very low in only
posterior nurse cells of tropharium; magenta = posterior nurse
cells of tropharium but not oogonia or resting oocytes.

(B—0) Expression patterns of genes studied in ovaries (top of
each panel), blastoderm stages from 0-28 hours AEL (arranged
vertically along the left of each panel), and in mid-germ band
stages (to right of each panel), when PGCs are easily discernable
in embryos stained for vasa, tudor or boule (Figs 3, 4). None of
the 14 genes shown here were asymmetrically localised within
oocytes, or to PGCs in later stages of development. (O) aret was
strongly expressed in a population of cells located at the
posterior, dorsal surface of the head at germ band stages, perhaps
implicating this gene in foregut development. Scale bars:

500 um for ovarioles and non-germ band embryos, 200 pm for
germ band embryos.
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Fig. S4. Spermatogenesis in wild type Oncopeltus adult testioles. (A) Sperm tubule (testiole) from a two-week old male. Germ line stem cells (primary
spermatogonia) and their putative niche are located at the anterior apex of each testiole. Cysts of clonally related secondary spermatogonia, spermatocytes, spermatids
and spermatozoa are arranged in order posterior to the niche. All cells of a given cyst proceed synchronously through all stages of spermatogenesis, and all cysts at the
same position along the anterior—posterior axis of the testiole are also roughly synchronised with each other (Economopoulos and Gordon, 1971). PSG: primary
spermatogonia; SSG: secondary spermatogonia; PSC: primary spermatocytes; SSC: secondary spermatocytes; ST: spermatids undergoing spermiogenesis; SZ:
spermatozoa. (B) Testiole from a ten week-old male. All stages of spermatogenesis continue to progress normally, although a greater number of mature
spermatodesms are present. (C) Primary spermatogonia divide mitotically to form cysts of two to eight cells, and remain connected by actin-rich cytoplasmic bridges
(red arrows). (D) Secondary spermatogonia undergo six synchronous mitotic transit amplifying divisions to produce cysts of 64 nuclei that retain cytoplasmic bridges
(green; red arrows) (Economopoulos and Gordon, 1971). (E) Primary spermatocytes undergo the first meiotic division to produce 128 clonally related diploid cells,
still connected by cytoplasmic bridges (red arrows). (F) Secondary spermatocytes undergo the second meiotic division synchronously; two cysts at anaphase (left) and
metaphase (right) are shown. Each cyst is accompanied by a single large somatic sheath cell (arrowheads). (G) Nuclei of early “shell stage” spermatids appear hollow
or shell-shaped (Kaye and McMaster-Kaye, 1966) and begin to develop elongated tubulin-rich tails (red); cytoplasmic bridges are no longer present. (H) Mid-stage
(“dot stage™) spermatid nuclei condense (top cyst) and begin to elongate; tubulin-rich tails continue to elongate and actin-rich elongation complexes proceed
posteriorly along the growing sperm tail (white arrows). (I) Late stage (“orzo” and “needle” stage) spermatid nuclei are further elongated. (J) Mature spermatozoa
remain associated in spermatodesms containing all clonally related products of a single primary spermatogonium. Arrowheads in (F-J) indicate somatic sheath cells
that are associated with each cyst. White = nuclei (Hoechst 33342), green = F-actin (FITC-phalloidin), red = anti-alpha Tubulin. Scale bars: 100 um in A (applies
also to B); 50 um in C-J. Anterior is to the top in all panels.
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Table S2. Genes included in Oncopeltus germ plasm in situ screen.

Transcript Expression
in Drosophila Germ
Plasm and PGCs

Drosophila germ line

Drosophill Drosophill Drosophil Germ Pole Stage 9 mutant phenotype Functional conservation
Gene Name  gene symbol CG # Plasm Cells PGCs (Molecular function) outside Drosophila References
Boule bol CG4760 No No No Spermatogenesis Germ line expression/func-  [Lécuyer et al., 2007;
defects (RNA binding) tion across bilateria, often Shah et al., 2010]
specific to spermatogenesis
tudor tud CG9Y450 No* No* N.D. Pole cell formation defects Germ line expression/ [Golumbeski
(tudor domain protein) function across bilateria et al., 1991;
Bardsley et al., 1993;
Ewen-Campen
et al., 2010]
orb orb CG10868 Yes Yes No Oogenesis defects N.D. [Lécuyer
(RNA binding) et al., 2007]
sarah sra CG6072 Yes Yes No Oogenesis defects N.D. [Lécuyer
(Calcineurin regulation) et al., 2007]
Cyclin B CycB CG3510 Yes Yes N.D. Fertility defects in both N.D. [Lécuyer
sexes (Cyclin protein) et al., 2007]
arrest aret CG31762 Yes Yes Yes Oogenesis defects N.D. [Lécuyer
(bruno) (RNA binding) et al., 2007]
concertina cta CG40010 Yes Yes Yes No germ line phenotype N.D. [Lécuyer
reported (G-protein et al., 2007]
alpha subunit)
Gapl Gapl CG6721 Yes Yes Yes No germ line phenotype N.D. [Lécuyer
reported (PH & C2-domain, et al., 2007]
Ras GTPase activation)
c elF5 elF5 CGI177 Yes Yes Yes No germ line N.D. [Lécuyer
(<)) phenotype reported et al., 2007]
Q (translation initiation)
©) Blastoderm- Bsg25D CG14025 Yes Yes Yes No germ line phenotype N.D. [Lécuyer
> specific reported (Unknown) et al., 2007]
8’ gene 25D
re) UeviA UeviA CG10640 Yes Yes Yes No germ line N.D. [Lécuyer
el phenotype reported et al., 2007]
(ubiquitin-protein ligase)
CG16817 - CG16817 Yes Yes Yes No germ line phenotype N.D. [Lécuyer
reported (Unknown) et al., 2007]
Tao Tao CG14217 Yes Yes Yes No germ line N.D. [Lécuyer
phenotype reported et al., 2007]
(Protein S/T kinase)
Upstream of Unr CG7015 Yes Yes N.D. No germ line phenotype N.D. [Lécuyer
N-ras reported (RNA and et al., 2007]
protein binding)
Belle bel CG9748 N.D. Yes No Oogenesis and spermato- N.D. [Tomancak
genesis defects (ATP- et al., 2007]
dependent RNA helicase)
maelstrom mael CG11254 No Yes Yes Oogenesis and spermato- Germ line [Lécuyer
genesis defects (HMG- function in mouse et al., 2007]
box DNA binding )
*Tudor protein is localised to both pole plasm and pole cells in Drosophila. N.D. = no data available.
Table S3. Effects of RNAi on Oncopeltus PGC formation.
RNAI Total # Scored # embryos with non-specific defects* (%) # surviving embryos with PGCs (%)
DsRed 39 4 (10.3%) 34 (97.1%)
vasa 16 0 15 (93.8%)
tudor 20 0 20 (100%)
vasa and tudor 19 9 (47.4%) 10 (100%)
boule 22 18 (81.8%) 4 (100%)

*“Non-specific defects” includes failure to develop a germ band as well as the formation of grossly defective germ bands, both of which ultimately resulted in
embryonic lethality before 40-54 hours AEL, the time when we scored for PGCs. These embryos were not scored for PGC presence/absence.






