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Abstract

Phenotypic traits can vary based on genes or environment. Nevertheless, some
quantitative traits remain invariant. Understanding the developmental mechanisms that
generate such invariance can reveal how phenotypic robustness evolves. Insect
reproductive capacity is largely determined by the number of gamete-producing
subunits within the gonad, providing a tractable system to investigate these
mechanisms as they operate on a quantitative trait that impacts fitness. In most insects,
gonad subunit number varies within and between species. Here, we investigate gonad
development in the milkweed bug Oncopeltus fasciatus, wherein subunit number is
invariant. We show that subunit number is established during embryogenesis, when
some abdominal segments, but not others, specify somatic gonad precursors. The
position and number of these precursors depend on segment identity, and
experimentally modified segment number or Hox-mediated segment identity changes
the number of gonad subunits. Thus, O. fasciatus establishes invariant subunit number
by coupling gonad development to segmental patterning machinery. We propose that
co-option of the Hox code provides a developmental mechanism for generating
robustness in gonad subunit number and may thereby contribute to the evolution of
reproductive capacity in other insects.
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Introduction

Developmental processes can produce highly stereotypic and reproducible
anatomical structures despite genetic, environmental, and stochastic variation .
Standing variation is often considered a prerequisite for evolutionary change 2.
Likewise, evolvability can correlate positively with adaptability 4, leading to the prediction
that some level of trait variation should be favoured by natural selection °. Nevertheless,
some traits show remarkably little variation between or even within lineages 7, even
traits that, if changed, might be predicted to increase organismal fitness &.

Reproductive organ formation depends on multiple morphogenetic processes,
including cell specification °-'2, migration 315, proliferation '¢'7, and differentiation °,
each of which can vary within and between species '8-?”. Understanding how
developmental mechanisms buffer variation and generate consistent phenotypes is
central to understanding such phenotypic robustness '. Here we address this problem
using a quantitative trait that can directly impact reproductive capacity and therefore
fitness: insect ovariole and testiole number.

All insects have paired gonads composed of functional subunits called ovarioles
in females and testioles, testicular follicles, or sperm tubes in males 28-30 _ In this work,
we collectively call these subunits “gonadioles”. Between species, the number of
gonadioles varies from one to many hundreds per gonad & (Figure 1A). Within species,
gonadiole number usually also exhibits species-specific variation, on the order of 10%
of the mean 82831, However, some species show invariant gonadiole numbers & (Figure
1A), providing an example of phenotypic robustness. Gonadiole number therefore
provides a tractable system for investigating how developmental mechanisms can either
promote phenotypic variation, or constrain it, yielding robustness.

Most developmental studies of gonadiole number have focused on ovariole
number in Drosophila (Diptera) species of fruit flies. Amongst these species, mean
ovariole number, though genetically regulated and therefore heritable '832-3° also
shows within-species variation, including species-specific phenotypic plasticity with
temperature 4042, altitudinal and latitudinal clines*?>=*8 and nutritional conditions 314149,

The developmental regulation of ovariole number variation in Drosophila
melanogaster begins with establishment of the embryonic gonad, which consists of both
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germ cells and somatic gonadal precursors (SGPs) °. Primordial germ cells form at the
posterior of the early embryo *° and subsequently migrate through the embryo '3 to
associate with SGPs derived principally from the mesoderm of parasegments 10-12
951 These cells coalesce to form the embryonic gonad %253, During late larval
development, a subset of somatic ovarian cells form multicellular structures called
terminal filaments at the anterior of the ovary 5455, Each terminal filament leads to the
establishment of one mature ovariole, making larval terminal filament number a
determinant of adult ovariole number 55,

Variation in adult ovariole number in Drosophila can be caused by developmental
variation in almost any stage of ovarian development, including the specification and
proliferation of somatic gonadal precursors 9, the allocation of somatic cells to the
terminal-filament lineage 81941, and the number of cells incorporated into each terminal
filament 3841. Differences in these processes contribute to ovariole-number variation
within and between Drosophila lineages 1819313841,

Much less is known about the developmental regulation of the invariant ovariole
number seen in other insects. Classical embryological studies suggest that some
ametabolous insects establish ovariole primordia in defined abdominal segments, such
that the number of contributing segments corresponds to the adult ovariole number 57:%8,
Similarly, in the European fire bug Pyrrhocoris apterus (Hemiptera), eight pairs of
gonadiole primordia reportedly form in abdominal segments A1-A8 %°. The A1 primordia
subsequently degenerate, leaving seven gonadioles on each side %°. These
observations suggest a relationship between segmental organization and gonadiole
number, but the mechanisms that might specify the identity and number of gonad-
forming segments remain unknown.

The milkweed bug Oncopeltus fasciatus provides an opportunity to investigate
these mechanisms genetically. Adult females possess seven ovarioles per ovary, and
adult males possess seven testioles per testis 6961 with no variation in gonadiole
number reported in the literature 628", nor observed in our laboratory over hundreds of
adult dissections. The gonadioles in both sexes are reported to be established by
hatching, suggesting that their number is determined during embryogenesis 067,
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99 Here, we examine germline and somatic gonad development in O. fasciatus. We
100  provide evidence that instead of using the D. melanogaster mechanism of variable
101  postembryonic cellular organisation within the gonad, O. fasciatus co-opts embryonic
102  segment identity programs to produce an invariant number of gonadioles per gonad. We
103  propose that this developmental coupling of body plan and gonadal organization
104  provides robustness to this reproductive trait, and may represent a more general
105  mechanism for establishing invariance in organ system anatomies.
106
107 Results
108
109  Gonadiole number in Oncopeltus fasciatus is established during embryogenesis
110 Adult Oncopeltus fasciatus have seven ovarioles per ovary and seven testioles
111 per testis (Figure 1A-B), with no intra-species variation in gonadiole number 6061
112 (Tables S1, S4). To determine when adult gonadiole number is established during
113 development, we examined gonads at progressively earlier developmental stages,
114  identifying nymphal instars based on characteristic wing morphology 2. We observed
115  seven testioles (Figure 1C) and seven ovarioles (Figure 1D) in all five nymphal instars,
116  suggesting that gonadiole number is established during embryogenesis.
117 We next examined embryonic gonad development using previously defined
118 developmental stages 83, further adapted for this study (Figure S1A; Table S2). By late
119 stage 15 (approximately 60% of the way through embryogenesis, just over two days
120  before hatching), seven distinct gonadiole primordia associated with primordial germ
121  cells (PGCs) were evident (Figure 1E), confirming that the seven gonadioles are
122 established during embryogenesis. We discovered that acetylated Tubulin, a post-
123 translationally modified form of Tubulin associated with stable, long-lived microtubules
124 5485 was enriched at the distal tips of each of the seven embryonic gonadiole primordia
125  (Figure 1E). Using acetylated Tubulin as a marker of gonadioles, we then examined
126  earlier embryonic stages. The earliest stage at which we detected acetylated Tubulin
127  associated with these structures was stage 12, at which point individual gonadiole
128  primordia were already distinguishable (Figure S1B, white arrowheads).
129
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130  Segment-specific mesodermal expression domains of O. fasciatus traffic jam and

131 tinman orthologs form the somatic gonad precursors.

132 To identify potential molecular markers for the gonadiole primordia at earlier

133  stages, we examined the embryonic expression of the O. fasciatus homologs of genes
134  expressed in or near the embryonic somatic gonad in D. melanogaster (Figure 2, Figure
135  S1C-D, Table S3; also see Methods). In D. melanogaster, tinman (tin) expression is
136  required for the specification of the somatic gonad precursors (SGPs) from the

137 abdominal mesoderm of parasegments 10, 11 and 12 5385 and is also expressed in the
138 dorsal vessel spanning segments T2—A6 57-69, All embryonic SGPs in D. melanogaster
139  express Traffic jam (Tj) protein 7%, and Tj-positive somatic cells are intermingled with the
140  germ cells throughout larval development 7%71, We found that in O. fasciatus late stage
141 15 (S15l) embryos, each putative gonadiole primordium appeared to consist of

142  mesodermal regions with distinct gene expression profiles: a lateral domain expressing
143  Ofas-tin and a medial domain expressing Ofas-{j (Figure 2M—M”). To characterize the
144  emergence and morphogenesis of these domains, we examined Ofas-tin and Ofas-tj
145  expression throughout embryogenesis (Figure 2).

146 We first detected Ofas-tin expression at stage 8 in segmentally repeated

147  domains along the lateral margins of the mesoderm (Figure 2A; white arrowheads),

148  coincident with the formation of coelomic cavities. These primary expression domains
149  appeared sequentially from anterior to posterior, beginning in the labial segment (Figure
150 S2A, A’; white arrowheads). During stage 8, a second Ofas-tin-expressing domain

151 emerged sequentially only in abdominal segments A1-A7 (Figure 2A"; white

152  arrowhead), positioned anterior and medial to the primary Ofas-tin domain within each
153 segment. At the same stage, we detected mesodermal Ofas-tj expression appearing
154  sequentially in the posterior compartments based on co-expression with the O. fasciatus
155  ortholog of invected (Ofas-inv) "? of segments A1-A6 (Figure 2A’; white arrow), but not
156 inthe head or thoracic segments (Figure S2A, A"). By early stage 9, secondary Ofas-tj-
157  expressing domains emerged immediately adjacent to the secondary Ofas-tin domains
158  (Figure 2B, B'-B"; white arrows). By the end of stage 9, the initially separated medial
159  secondary Ofas-tj- and lateral Ofas-tin-expressing domains formed seven repeated
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160  Ofas-tin and Ofas-fj units along the anteroposterior (AP) axis in segments A1-A7

161  (Figure 2C, C'; white arrowhead).

162 At stage 10, the Ofas-fj-expressing domains in A2—A7 expanded anteriorly and
163  appeared contiguous along the AP axis (Figure 2D-D'; white arrows). In contrast, the
164 A1 Ofas-tj domain was not comparably anteriorly expanded (Figure 2D-D’). At stage 11,
165 the secondary Ofas-tin-expressing domains also appeared expanded and were

166  connected with each other, resulting in contiguous Ofas-tin- and Ofas-tj-expressing
167 domains associated with seven repeated structures, one in each of segments A1 to A7
168  (Figure 2E, E'; white arrowheads).

169 At stage 12, we detected Ofas-tin expression along each lateral side of the

170  embryo from the labial segment to the posterior abdomen (Figure 2F; DV). We refer to
171  these as longitudinal Ofas-tin-expressing domains, and interpret them as being derived
172 from the primary Ofas-tin domains first observed at stage 8 (Figure 2A; white

173 arrowheads). We speculate that these longitudinal Ofas-tin-expressing domains may
174  correspond to the developing dorsal vessel (Figure 2F—-G; DV). In addition, seven tube-
175  like Ofas-tin-expressing structures, corresponding spatially to the earlier secondary
176 Ofas-tin domains, extended medially from the longitudinal tin-expressing domains

177  (Figure 2F, F'; asterisks).

178 During stages 13—14, as the embryo further shortened and widened, the lateral
179  ends of the tube-like Ofas-tin expression domains became tapered while remaining
180  connected laterally to the longitudinal Ofas-tin-expressing domain (Figure 2G—I; white
181 arrowheads in G=G'). We interpret these tube-like Ofas-tin-expressing domains as

182  gonadiole primordia, noting that they are associated with PGCs and also correspond
183  spatially to the region enriched in acetylated Tubulin in each segment (Figure 2M-M").
184  We therefore considered this connected group of tube-like Ofas-tin and Ofas-tj-

185  expressing cells to be the embryonic gonad primordium.

186 The embryonic gonad primordium initially formed in the dorsal mesoderm of the
187  embryo (Figure 2A”—F”) and extended across abdominal segments A1-A7 up to stage
188 12 (Figure 2F). Following katatrepsis (stage 13) and during dorsal closure (stage 14
189  onward), it progressively condensed along the AP axis (Figure 2G—J). During this

190  process, the lateral ends of the Ofas-tin-positive structures appeared to shift anteriorly
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and converge (Figure 2K). The morphology and final position of these structures are
consistent with their contribution to the previously described suspensory ligaments that
connect the gonads to the thoracic body wall 6'. Concurrently, the seven gonadiole
primordia became bundled and reoriented approximately parallel to the AP axis (Figure
2K). Nearly two days prior to hatching (stage 16l), each embryonic gonad had
condensed to lie almost entirely within segment A2, excluding the suspensory ligaments
and primordial gonoduct (Figure 2L). We detected no consistent differences in
morphology or in Ofas-tin or Ofas-tj expression that were suggestive of sexual
dimorphism from stage 8 through late stage 16 (nearly two days before hatching),
consistent with previous reports that sexual differentiation of the gonads is not apparent

during these embryonic stages 7.

Ofas-tin and Ofas-tj expression patterns are mutually independent in gonadiole-forming
domains, and neither is required for gonadiole formation.

Because gonadiole primordia comprise cells associated with both the Ofas-tin
and Ofas-tj expression domains (Figure 2), we wished to determine whether reduction
of one or both genes would disrupt gonadiole primordia formation. We therefore
performed embryonic RNA interference (eRNAI) targeting Ofas-tin and Ofas-tj
individually (Figure 3A—C") or simultaneously (Figure 3D-G"), and confirmed reduction
of target transcript with hybridisation chain reaction (HCR) (Figure S3). These
experiments yielded two major results relevant to gonadiole number determination.
First, we found that expression of these two genes in gonadiole primordia was mutually
independent. Following Ofas-tin RNAI, the Ofas-fj expression domains, organized into
seven primordia, remained detectable at stage 13 in all embryos examined (n =
135/135; Figures 3B, S6A; Tables S4, S5), and formed primordia comparable to those
observed in eRNAi control embryos (n = 209/209; Figures 3A, S6A; Tables S4, S5).
Similarly, Ofas-tin expression remained detectable following Ofas-tj eRNAi (n = 41/41;
Figures 3C, S6A; Tables S4, S5), organized into seven primordia. In both eRNAI
conditions, however, knockdown appeared incomplete, based on faint expression of the
targeted gene detected with HCR (Figure 3B-C"; white arrowheads). Thus, these

results indicate that partial reduction of Ofas-tin or Ofas-tj expression does not abolish
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222  the expression domain of the other gene, although the incomplete knockdown precludes
223 us from excluding a requirement for Ofas-tin or Ofas-{j in establishing or maintaining the
224 respective expression domains.

225 Second, we observed that in both single knockdown conditions, seven gonadiole
226  primordia remained identifiable (Figure 3E—E", F—F"; S5). In the double knockdown

227  condition, expression of both genes remained detectable with HCR, albeit at lower

228 levels than in controls, and we could also still detect formed gonadiole structures

229  (Figure 3G-G”). However, because of the residual expression noted above (Figure 3E’,
230 F”, G'-G"; white arrowheads), we cannot rule out the possibility that complete loss of
231  Ofas-tin and Ofas-tj would disrupt gonadiole primordia specification or formation.

232

233 Germ cells populate the gonad after gonadiole primordia formation.

234 The O. fasciatus embryonic gonad at stage 15 comprises two cell populations:
235  the somatic gonad precursors and the PGCs (Figure 2M—-M"). PGCs are first observed
236  at the cellular blastoderm stage (Table S2; stage 3). We 2" and others 7* previously

237  described the location of PGC emergence as being immediately inside the posterior pit,
238  which is an indentation at the ventral posterior of the blastoderm into which the germ
239  band invaginates during its formation. PGCs then migrate towards the anterior, along
240 the dorsal side of the germ band 2'.637475 By stage 8, most PGCs are organised into
241 segmental clusters, with one cluster located in each of abdominal segments A4—AG;
242  many embryos also have an additional cluster in A7 (Figure 4A). At stage 9, coincident
243  with neuroectodermal invagination, each cluster separates bilaterally along the ventral
244  midline, to yield a total of six to eight clusters, one in each hemisegment of A4 through
245 A6 or A7 (Figure 4B—C). During stages 10-12, the clusters on each of the left and right
246  sides of the embryo merge to form two longitudinal groups of PGCs oriented parallel to
247  the AP axis (Figure 4D—F), spanning abdominal segments A4—A6. By stage 13, small
248  numbers of cells from these longitudinal groups begin to appear in columnar formations
249  perpendicular to the AP axis of the embryo (Figure 4G; asterisks). By early stage 15,
250  seven distinct such columnar groups of PGCs are distinguishable (Figure 4H; asterisks).
251 In contrast, the seven somatic gonadiole primordia are already established by late stage
252 9, including in segments A1-A3 (Figure 2C), where PGCs are not present (Figure 4C).
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253  Thus, the seven somatic gonadiole primordia are established before PGCs become
254  organised into seven corresponding groups. This temporal sequence suggests that
255 PGCs are unlikely to determine gonadiole number.

256 To ask whether PGCs influenced gonadiole morphogenesis or final gonadiole
257  number determination, we used RNAI to abrogate the function of the O. fasciatus

258  homolog of the vasa gene (Ofas-vas), which is required for survival of many 7677 (but
259 not all; see ?>78) studied animal germ cells ?*. Ofas-vas is expressed throughout

260  embryonic development (Figure S4A), with its transcript detectable at low levels in most
261  embryonic cells, and at somewhat higher levels in PGCs 2'75. Ofas-Vas protein is

262  specifically detectable in PGCs during their formation, migration, and gonad

263  coalescence . We found that depletion of Ofas-vas, either embryonically (eRNAi;

264  efficacy confirmed by assessment of Ofas-Vas protein expression; Figure S6B; Table
265  S6) or maternally (through depletion in adult parental females, pRNAI; efficacy

266  confirmed by Ofas-Vas protein expression; Figure S6B; Table S6), did not appear to
267  alter PGC organisation (Figures 4J-J', S4C-C’), and did not change gonadiole number
268  (eRNAIi n = 32/32; pRNAIi n = 12/12; Figures 4J-J’, S4C-C’, S6A; Tables S4, S7).

269  Though we did not detect Ofas-Vas expression in Ofas-vas RNAi embryos (Figures 4J’,
270  S4C,S6B; Table S6), we were nonetheless able to identify PGCs based on their low
271 levels of acetylated Tubulin expression (Figure S4C-C’). Ofas-vas function therefore
272  appears dispensable for the correct establishment of seven gonadiole primordia.

273  However, because, as previously reported 7°, PGCs were not eliminated by Ofas-vas
274  RNAI (Figure S4C—-C’), we cannot formally exclude a role for PGCs in this process.

275

276  Reduction of gonadiole-producing segments leads to fewer gonadiole primordia.

277 Our observation of Ofas-tin and Ofas-{j expression in segmentally repeated

278  groups of somatic gonadiole primordia suggested that the number of gonadiole-

279  producing segments might determine the number of gonadioles formed. We therefore
280  hypothesised that reducing the number of these segments would reduce gonadiole

281  primordium number. To test this hypothesis, we examined somatic gonad development
282  following two distinct perturbations of the segmentation gene regulatory network.
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283 First, we knocked down the O. fasciatus homolog of the gap gene giant (gt) &.
284  Gap genes are expressed in and required for the specification of contiguous regions of
285  the insect body plan, and disruption of their function can result in the loss of groups of
286  adjacent segments 8183, In O. fasciatus, the first four abdominal segments (A1-A4) are
287  missing in Ofas-gt knockdown embryos &°. Because A1-A4 normally contribute four of
288 the seven segmentally repeated gonadiole primordia, we predicted that their loss would
289  reduce the number of gonadiole primordia. Consistent with this prediction, stage 13
290  Ofas-gt dsRNA-injected embryos (eRNAi) showed both reduced numbers of abdominal
291 segments (Figures 5B—C, S6B; Table S6) as previously reported 8, and a reduction in
292  gonadiole primordium number that corresponded to the reduced number of abdominal
293  segments (n = 40/91; Figures 5A-C, S6A; Tables S4, S5).

294 Second, we examined gonadiole primordium number in O. fasciatus mutants
295  homozygous for a previously generated hypomorphic Ofas-Blimp12%-'2 allele, which is
296  predicted to yield a non-functional protein product missing the zinc finger domains . In
297  embryos of these mutants, the segment pairs T1/T2, T3/A1, A2/A3, A4/A5 and A7-A10
298 are consistently fused, while A6 is sometimes unaffected, and sometimes incorporated
299  into the A7—A10 fusion 84. We found that at stage 13, homozygous Ofas-Blimp1 mutant
300 embryos contained only two to four gonadiole primordia (n = 56/56; Figures SD-F, S6A,
301 Table S4), and had reduced numbers of abdominal segments (Figures S5E-F, S6B;

302 Table S6) as previously reported 84. The relationship between the number of

303  morphologically distinguishable segments and gonadiole number was less pronounced
304 in Ofas-Blimp1 mutants (Figure 5F) than following Ofas-gt knockdown (Figure 5C). One
305 possible explanation is that fusion between adjacent segments alters or produces

306 variable segmental identities, such that the number of morphologically distinguishable
307 segments does not directly reflect the number or identity of segmental domains

308 competent to produce gonadiole primordia. Together these findings support a model in
309  which the segmental organisation of the embryo establishes the repeated somatic

310 gonadal units that determine the final number of gonadioles. Thus, loss of any of

311 segments A1-A7 results in correspondingly fewer gonadiole primordia.

312

313
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314  Posterior Hox genes regulate gonadiole primordium formation.

315 Our observations of wild type embryos and of embryos with abnormal numbers of
316 abdominal segments suggested that the segmental organisation of the embryo

317 establishes the repeated somatic gonadal units that determine the final number of

318 gonadioles. Further, the restriction of gonadiole primordia to A1-A7 suggested that

319 segmental identity may determine whether a segment is competent to form a gonadiole
320  primordium. The conserved role of Hox genes in specifying regional identity along the
321 AP axis of animals 8 led us to hypothesise that they might be involved in conferring this
322 competence upon some, but not all, abdominal segments in O. fasciatus. Previous work
323  showed that, the posterior Hox genes Ultrabithorax (Ofas-Ubx), abdominal A (Ofas-
324  abd-A) and Abdominal B (Ofas-Abd-B) pattern the O. fasciatus abdomen 8, and we

325 detected their expression in the abdominal mesoderm before and during gonadiole

326  primordium formation (Figures 6A, S5A-B). We therefore asked whether these genes
327 regulate the segment-specific formation of gonadiole primordia.

328 We individually depleted Ofas-Ubx, Ofas-abd-A and Ofas-Abd-B using eRNA..
329  We confirmed the efficacy of eRNAi based on homeotic transformations observed in the
330 RNAi embryos (Figure S6B; Table S6). In Ofas-Ubx knockdown embryos, the

331 secondary Ofas-tin and both Ofas-tj domains were not detected at early stage 9 in A1 or
332 A2 (Figure 6G), and gonadiole primordia were also absent from A1 and A2 at stage 13,
333  resulting in five gonadiole primordia (n = 34/56; Figures 6C, S6A; Tables S4, S5). In

334  contrast, Ofas-Abd-B knockdown resulted in ectopic Ofas-tin and Ofas-tj expression

335 domains in A8 and A9 at stage 9 (Figure 6l), and ectopic gonadiole primordia in A8—A10
336  at stage 13, producing a total of ten gonadiole primordia (n = 23/60; Figures 6E, S6A;
337 Tables S4). Despite their abnormal gonadiole numbers, however, the primordial gonads
338  of Ofas-Ubx and Ofas-Abd-B eRNAi embryos underwent normal coalescence (Figure
339 6J-L).

340 Depletion of Ofas-abd-A alone had little apparent effect on gonadiole primordium
341 formation, with seven gonadiole primordia observed in nearly all embryos (n = 86/87;
342 Figures 6D, S6A; Tables S4). A previous study provided evidence that Ofas-abd-A

343  knockdown leads to expansion of Ofas-Ubx expression domain into posterior abdominal

344  segments, a phenomenon known as posterior prevalence 8% This results in formation
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345  of ectopic legs (which are normally only formed in the thorax) in abdominal segments
346  A2-A8 8. We therefore hypothesised that Ofas-abd-A RNAi embryos generate

347 gonadiole primordia in A2—A7 because Ofas-Ubx expression expands posteriorly and
348 promotes their development. This hypothesis predicts that Ofas-abd-A and Ofas-Ubx
349  might play overlapping or redundant functions in promoting gonadiole primordium

350 formation. To test this prediction, we performed double eRNAI for Ofas-Ubx and Ofas-
351 abd-A simultaneously. In contrast to either single knockdown, combined depletion of
352  these two genes resulted in complete loss of the secondary Ofas-tin and Ofas-tj

353  expression domains at stage 11 (Figure S50-R), and loss of gonadiole primordia at
354 stage 13 (n = 102/112; Figures 6M—P, S6A; Tables S4). However, the longitudinal Ofas-
355  tin expression domain that likely corresponds to the developing dorsal vessel appeared
356  unaffected (Figures 6M—P, S50-R; Tables S4). We conclude that Ofas-Ubx and Ofas-
357 abd-A are specifically required for the Ofas-tin and Ofas-fj-expressing domains

358 associated with gonadiole primordium formation, but not for the primary Ofas-tin-

359  expressing domain.

360 The results of parental RNAi (pPRNAI) experiments were consistent with those of
361  the embryonic RNAIi experiments with respect to the segments in which gonadiole

362  primordium formation was affected (Figures S5C—F, S6A; Table S4, S7). In nymphs
363  produced by injected mothers, we observed morphological defects consistent with the
364  homeotic transformations reported in previous studies of Hox genes using pRNAI

365 (Figure S5G-L) 8. These transformations were weaker than those observed with eRNAI
366 (Figures S5C-F, S6A-B; Tables S4 S6). Accordingly, for example, in A1 of Ofas-Ubx
367 pRNAIi embryos, we observed gonadiole primordia that appeared incomplete, or

368 disconnected from the rest of the primordia at stages when control embryos had all

369  seven primordia linked through their Ofas-tj domain (n = 25/25 had seven gonadioles
370  that were at least partially formed, but 11/25 of these were disconnected in A1; Figures
371  S5D, S6A; Table S4). Similarly, in A8 and A9 of Ofas-Abd-B pRNAi embryos, we

372  observed gonadiole primordia in 5/16 embryos, but in all of these embryos, the

373  gonadiole primordia appeared incomplete (Figures S5F, S6A; Table S4).

374 The O. fasciatus ortholog of the Hox gene Antennapedia (Ofas-Antp) is

375 expressed predominantly in the thoracic segments immediately anterior to the Ofas-Ubx
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376  domain . Based on the principle of posterior prevalence, Ofas-Antp expression is

377  predicted to expand into segments A1-A2 upon Ofas-Ubx knockdown. Thus, the loss of
378 gonadiole primordia from A1-A2 in the Ofas-Ubx condition (Figure 6C, G) could result
379  either from the loss of a primordium-promoting function of Ofas-Ubx in A1-A2, or to the
380 gain of a primordium-suppressing function of Ofas-Antp in those segments. To try to
381 distinguish between these alternatives, we knocked down Ofas-Antp with eRNAi. We
382  found that depletion of Ofas-Antp did not affect gonadiole primordium formation, either
383 alone (n = 35/35; Figures S5M-N, S6A; Tables S4), or in combination with Ofas-Ubx
384  knockdown (n = 7/42 had seven gonadioles, while n = 35/42 had five gonadioles,

385 recapitulating the Ofas-Ubx single eRNAi phenotype; Figures S5S-V, S6A; Table S4).
386 These data suggest that loss of Ofas-Antp activity is not sufficient to confer gonadiole-
387 forming identity upon thoracic segments.

388

389 Discussion

390 We have shown that unlike in Drosophila, where adult ovariole number is

391 determined through larval proliferation and terminal filament assembly, the number of
392 gonadioles in O. fasciatus is established through the segmental specification of discrete
393  primordia during embryogenesis. Our results further suggest that posterior Hox genes
394  determine the abdominal segments that are competent to produce gonadioles. Under
395  this model, one or both of Ofas-Ubx and Ofas-abd-A are required for formation of the
396  secondary Ofas-tin and Ofas-tj expression domains in A1-A7 that prefigure gonadiole
397  primordium formation, and Ofas-Abd-B restricts gonadiole formation posteriorly, either
398 by repressing Ofas-tin and Ofas-tj transcription in these domains, or by failing to

399  promote it.

400

401  Hox genes in somatic gonad precursor specification

402 Our Hox gene knockdown experiments suggest that Ofas-Ubx and Ofas-abd-A
403  promote gonadiole primordium formation in their respective expression domains (Figure
404  6), suggesting that they regulate the same target genes in these positions. There is
405 ample precedent for such a regulatory paradigm: these two Hox genes can occupy

406  common binding sites °', and share regulatory targets during body-wall and alary
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407  muscle determination 92 and appendage formation °' in D. melanogaster, and

408  abdominal trachea formation of O. fasciatus %*.

409 As we report here for O. fasciatus, somatic gonad precursor (SGP) specification
410 in D. melanogaster also depends on the Hox genes abd-A and Abd-B. In D.

411  melanogaster, Abd-A alone specifies an anterior SGP population in parasegments 10
412  and 11, whereas Abd-A and Abd-B jointly specify a posterior SGP population in

413  parasegment 12 °. These SGP populations are molecularly distinct: escargot (esg) is
414  expressed only in the anterior population, whereas eyes-absent (eya) is expressed only
415 in the posterior population °. In the adult ovary, esg is expressed in escort cells %,

416  whereas eya is expressed in follicle stem cells %, suggesting the possibility that the two
417  embryonic cell populations might give rise to distinct cell types in D. melanogaster adult
418 ovaries. In O. fasciatus, however, we observed no morphological differences between
419  adult gonadioles whose specification required Ofas-Ubx (A1-A2) and those specified by
420  Ofas-abd-A alone (A3-A7).

421 Formation of both primary and secondary Ofas-fj-expressing domains depends
422  on Ofas-Ubx or Ofas-abd-A, whereas the two Ofas-tin-expressing domains are

423  differentially regulated - Following Ofas-Ubx and Ofas-abd-A double knockdown, which
424  transforms the affected segments towards more anterior identities, the primary Ofas-tin
425  domains still form and give rise to the presumptive dorsal vessel (Figures 6P, S5R).
426  However, the secondary Ofas-tin domains, which contribute to the somatic gonadiole
427  precursors, fail to form (Figures 6P, S5R). These results suggest that Ofas-Ubx and
428  Ofas-abd-A are specifically required for the formation of the somatic gonad-associated
429  Ofas-tj and secondary Ofas-tin domains, but not for the primary Ofas-tin domain that is
430  putatively associated with the dorsal vessel.

431 We find that depletion of either Ofas-tin or Ofas-tj does not abolish expression of
432  the other gene, and that gonadiole precursors still form even if both are depleted. This
433  could be because we were unable to achieve complete knockdown, such that the low
434  levels of residual Ofas-tin and Ofas-tj expression remaining were sufficient to support
435  gonadiole precursor formation. Alternatively, these genes may not be required for

436  gonadiole precursor specification, but may instead act following specification to regulate
437  the morphogenesis or function of these cells. This possibility is consistent with findings
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438  in D. melanogaster, where traffic jam is not required for SGP specification 79, but is

439  expressed in SGPs as they come into contact with PGCs 7%%7, and is required for

440  intermingling of somatic and germ cells during embryogenesis 7°. Similarly, raw, a

441  negatively regulator of JNK signaling, is expressed in SGPs and required for the

442  extension of SGP protrusions that surround the germ cells during gonad coalescence,
443  but is dispensable for SGP specification %.

444 The initial mesodermal domains of Ofas-tj expression in segments A1-A7 directly
445  overlie ectodermal stripes of Ofas-inv expression (Figure 2A-B), which also express
446  Ofas-hedgehog %°. Similarly, somatic gonad precursors in D. melanogaster arise from
447  mesoderm overlying ectodermal stripes of engrailed and hedgehog expression 1%,

448  Future studies should investigate the hypothesis that Hedgehog signaling contributes to
449  the specification of tj-expressing somatic gonad precursors in O. fasciatus, as it does in
450  D. melanogaster 1.

451 By contrast, no mesodermal expression domain analogous to the secondary

452  Ofas-tin domain that produces Ofas-tin-expressing somatic gonad precursors has, to
453  our knowledge, been described in D. melanogaster. Future studies could also test the
454  role of Hedgehog signalling in specifying the Ofas-tj-expressing population and identify
455  the signals that specify the Ofas-tin-expressing population. Such experiments, however,
456  will likely require spatial or temporal control of gene knockdown or overexpression to
457  minimize the pleiotropic effects of manipulating Hedgehog and other candidate

458  pathways '°1°2. To our knowledge, such methods have not yet been established for O.
459  fasciatus (but see '°%). These studies should clarify how the genetic pathways specifying
460  distinct mesodermal cell types have evolved across insects.

461

462  Adult gonad development and function

463 Wick and Bonhag ° identified four distinct regions of each ovariole in first-instar
464  O. fasciatus nymphs: the anterior ovarian strand, posterior ovarian strand, epithelial

465  sheath, and germ cells. Comparison of our embryonic expression data (Figure 2M—M")
466  with their descriptions leads us to hypothesise that the anterior ovarian strand

467  corresponds to the Ofas-tin-expressing domain, whereas the posterior ovarian strand
468  corresponds to the Ofas-fj-expressing domain.
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469 The anterior ovarian strand ultimately forms the terminal filament, which in O.
470  fasciatus is reported to be a syncytial structure at the anterior tip of each adult ovariole
471 8981 The embryonic Ofas-tin-expressing domain that gives rise to the terminal filament
472  is directly associated with the dorsal vessel (Figure 2G’) and is enriched in acetylated
473  Tubulin (Figures 1E, 2M’), a marker of stable microtubules 6485, Together with the

474  observation that the Ofas-tin expressing domain elongates and becomes more

475  filamentous as development progresses (Figure 2E”, G’), these features suggest the
476  possibility that the anterior ovarian strand may be subject to mechanical tension. We
477  speculate that during dorsal closure, the cardioblasts migrate and coalesce medially %4,
478  thereby exerting force on the terminal filaments. Testing this model in future studies will
479  require direct analysis of tissue movements and mechanical interactions between the
480  dorsal vessel and developing ovary.

481 The testes and ovaries of first-instar O. fasciatus differ in morphology. In the

482  testis, germ cells surround an apical complex that is thought to provide a niche for

483  germline stem cells in adults '9°. We found that the apical complex expresses Ofas-tin in
484  adult testioles (Figure S2G—-H’), consistent with the possibility that it is derived from the
485  same embryonic cell population as the anterior ovarian strand. Alternatively, adult Ofas-
486  tin expression may be unrelated to its embryonic expression, and the apical complex
487  may arise from another, unidentified cell population. We also detected Ofas-fj and Ofas-
488  tin in regions of the adult testis that house primary spermatogonia and secondary

489  spermatocytes, respectively (Figure S2H-J'). The specific functions of these genes

490  during spermatogenesis, if any, remain unknown.

491 Ofas-tj is also expressed in follicle cells in the adult ovary (Figure S2B—F’). In D.
492  melanogaster, tj is expressed in intermingled cells, and loss of #j disrupts germ-cell

493  ensheathment and differentiation 7°. The adult expression pattern of Ofas-tj in O.

494  fasciatus suggests that it may perform a similar function in gonadal somatic cells.

495  Furthermore, the failure in oogenesis observed following Ofas-tj knockdown suggests
496  an additional role in this process (Figure S3A-C).

497

498

499
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500 Developmental basis of gonadiole number across insects

501 Since gonadioles are the functional subunits of the adult gonad, their number can
502  constrain an individual's maximum capacity for gamete production 819, Here we have
503  provided evidence that the invariant gonadiole number of O. fasciatus is determined by
504 the spatial distribution of the specified somatic gonadal precursors, rather than by the
505 PGCs. Similarly, in Drosophila, variable ovariole numbers are determined by the

506 number, specification and organization of somatic cells, in this case called terminal

507  filament cells '819:3841.55 Thus, in both systems, irrespective of the variability or lack

508 thereof in gonadiole number, this potentially significant component of reproductive

509 fitness appears to be regulated by cellular behaviours within the developing somatic
510 gonad rather than the germ line itself.

511 Most Heteroptera have an invariant number of seven gonadioles per gonad 8197,
512 and ancestral reconstruction studies have suggested seven as the ancestral gonadiole
513  number for true bugs 9. We hypothesise that the developmental and genetic

514  mechanisms establishing this number in O. fasciatus may be conserved across the

515  suborder. However, unlike O. fasciatus, embryos of the European firebug P. apterus are
516  reported to form eight gonadiole primordia, with the anteriormost primordium

517 subsequently degenerating before hatching %°. In embryos of the kissing bug Rhodnius
518  prolixus, Heming and Huebner %8 reported that seven gonadiole primordia form as in O.
519 fasciatus, but across segments A3—A6. We hypothesise that evolutionary changes in
520 the Hox-mediated regulation of segmental identity within the Heteroptera could

521  determine segment competence to form, maintain or eliminate SGPs and gonadiole

522 primordia, while still maintaining invariance in adult gonadiole number. This hypothesis
523 is consistent with another instance of Hox-mediated morphological invariance: the case
524  of the number of cervical vertebrae in mammals. In this case, almost all studied

525 mammals have exactly seven vertebrae in the neck %' a phenomenon attributed by
526  some authors to Hox-mediated identity regulation of these vertebrae '10butsee 112,113 |
527  sloths, which are one of the two reported exceptions to this rule 415 (the other being
528 manatees 109.111.116-118) 3 correlative study suggests that changes in Hox gene

529  expression boundaries may promote formation, maintenance or elimination of cervical

530 vertebrae, while maintaining their number invariant within a lineage '°.
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531 Invariant ovariole number evolved independently in multiple insect orders 8. In
532  the firebrat Thermobia domestica (Zygentoma), Woodland °7 reported that an invariant
533  number of segmentally organized gonad rudiments first appear during the third nymphal
534  instar. Whether similar mechanisms operate in other lineages with invariant ovariole
535  numbers, such as butterflies and moths (Lepidoptera), which typically have four

536  ovarioles per ovary, or weevils (Curculionoidea: Coleoptera), which typically have two,
537  remains unknown 8120 Notably, to our knowledge no insect species with an invariant
538  ovariole number has been reported to possess more than seven ovarioles per ovary &.
539  Thus, we speculate that the maximum observed invariant ovariole number could

540  potentially be constrained by segmental mechanisms within the 10-12 abdominal

541 segments that characterise the insect body plan.

542

543  Evolutionary implications of invariant morphologies

544 The timing of gonadiole number specification may influence its sensitivity to

545  environmental conditions, including whether it displays phenotypic plasticity. In D.

546  melanogaster, ovariole number is variable, established during larval development 555,
547  and can display phenotypic plasticity in response to non-genetic factors including

548  nutrition and temperature 384148121122 The |arval stage is a feeding stage, and variation
549  in nutritional input is sensed by larval tissues via the insulin and TOR signaling

550 pathways '23-27_ The activity levels of these pathways regulate proliferation of most cell
551  types 128130 including somatic gonad cells 3'. This in turn alters the number of terminal
552 filament cells, the number of terminal filaments formed, and ultimately the number of
553  ovarioles in the adult 3'. By contrast, gonadiole number in O. fasciatus is invariant 8961,
554  and specified during embryogenesis, a non-feeding embryonic stage that by definition is
555  not sensing nutritional inputs. Even if O. fasciatus mothers were to experience different
556  nutritional regimes, we predict that the gonadiole number of their offspring would be
557  unaffected, since that number is tied to the Hox code that establishes the invariant body
558  plan. The offspring of starved females can be smaller than those of well-fed mothers,
559  but they still have the same body plan for their species '2".13".132_ Comparative

560 developmental genetic studies across a broader range of species with invariant and

561  variable gonadiole numbers will be needed going forward, to test the correlation
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562  between gonadiole number variability and the developmental stage during which that
563  number is determined. Such work will be relevant to the long-standing question of why
564  some traits display more phenotypic plasticity than others '33-35. We suggest that the
565  specific developmental stages during which traits are established may have predictive
566  value in this regard, because different developmental stages interact in distinct ways
567  with the environment.

568 Among female insects, there is strong evidence that ovariole number correlates
569  positively with reproductive output in some clades, including but not limited to

570  Drosophila 34136-138butsee 139 Qyariole number can also evolve independently of body
571  size 18140 such that insects could in principle evolve higher reproductive outputs without
572 having to evolve larger bodies. Further, when accounting for body size, there is a

573  negative correlation between ovariole number and egg size, which is weak across all
574  studied insect groups '#°, but very strong in others, including Drosophilidae fruit flies
575 136140 |In some animals, larger eggs can give rise to offspring with higher fitness by
576  metrics including hatching rate '#!, nutrient contents '#? and juvenile size and survival
577  143-146 We previously showed that there is no universal correlation between egg

578  morphology and duration of embryogenesis across all insects '#°, and studies in some
579  vertebrates and invertebrates show that there is not always a predictable relationship
580 between egg size and offspring fitness metrics #7150, However, this does not preclude
581 the possibility that for specific insect clades, there could be a positive relationship

582  between egg volume and offspring fitness 3-1%4, Although it could seem counter-

583 intuitive to potentially limit offspring number by both reducing ovariole number and

584  eliminating its variance, and thereby its evolvability, we speculate that convergent

585  evolution of invariant gonadiole numbers across insects — rather than simply evolution
586  of lower ovariole numbers & — might be linked to increased egg size, and in turn,

587 increased offspring fitness. A thorough, phylogenetically informed investigation of the
588 evolutionary and genetic mechanistic relationships between ovariole number, lifetime
589  reproductive capacity, egg size, and offspring fitness across clades showing

590 independent evolution of gonadiole number invariance, would be a valuable avenue for
591  future studies.

592
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593  Materials and Methods

594

595  Animal rearing

596  O. fasciatus were maintained as previously described 2'63.155.15 on sunflower seeds in
597  the laboratory on a 12h:12h light/dark cycle at 28°C with 70% relative humidity. Since
598  the Ofas-Blimp122-'2 allele is homozygous lethal, bugs carrying this allele were

599  maintained as a heterozygous stock. Every two or three generations, individual bugs
600  were genotyped using PCR as previously described 8 to ensure the mutant allele was
601  maintained. Homozygous mutant embryos were identified in experiments as embryos
602 that had fewer segments and were shorter than wild type embryos; we have

603  independently verified by PCR that all such embryos are indeed homozygous mutant.
604

605  Generation of cladogram with ovariole number in different species of insects

606  Ovariole and testiole counts from multiple insect species were collated from the

607 literature (Table S1). The evolutionary relationships between the species were drawn
608  using the Interactive Tree of Life v7 %7 using the relationships reported by Misof and
609  colleagues "%,

610

611  Adult and nymphal dissection and fixation

612  Adult gonads were dissected from seven-day old adults, a stage by which oogenesis
613 and spermatogenesis have commenced. Gonads were dissected in 1X PBS (phosphate
614  buffered saline) and then imaged in droplets of 1X PBS under white light using a Zeiss
615 SteREO Discovery.V12 or a Zeiss Axio Zoom.V16 stereomicroscope. For

616  immunohistochemistry and in situ hybridisation, the sheath surrounding the adult

617 gonads was removed before the gonads were fixed in 4% PFA (paraformaldehyde) in
618 11X PBS (4% PFA in PBS).

619 Nymphal instars were identified using characteristic wing morphology as

620  previously described '%°. Nymphs were pinned, opened along the dorsal midline,

621 eviscerated and fixed in 4% PFA in PBS. Following fixation, gonads were removed from
622 the body cavity for subsequent whole mount immunohistochemistry.

623
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624  Embryo collection, fixation and dissection

625  O. fasciatus were allowed to lay eggs in dry cotton for four hours, after which eggs were
626  picked out of the cotton with plastic insect forceps and aged under the same

627  environmental conditions as the animal cultures, until they reached the appropriate
628  stage for analysis. Embryonic staging was based on the developmental series

629  previously described ¢, expanded and adapted for the present study (Figure S1A; Table
630  S2). All embryonic stages described herein are defined by the range of hours after egg
631 laying (h AEL). Thus, embryos given the same stage number can show all, or only

632  some, of the morphological features described for that stage in Table S2, as they may
633  be up to four hours different in chronological age. O. fasciatus eggs of desired ages
634  were stuck to the bottom of a 60 mm Petri dish with double-sided tape and a slit was
635 created in the eggshell with a microscalpel. 4% PFA in PBS was then poured into the
636 dish to fix the embryos for 30 minutes at room temperature, followed by at least three
637  washes with PBT (1X PBS with 0.1% Triton X-100). Embryos were then dissected free
638  of their yolk in PBT with fine forceps. Embryos were washed at least three times with
639  PBT at room temperature before continuing with staining or dehydration in methanol.
640

641  Gene identification

642  Genes of interest were identified from the O. fasciatus genome assembly '6° according
643  to existing annotations or based on tBLASTn searches of the genome using homologs
644  from D. melanogaster as queries. In all cases, genes for study were considered O.

645  fasciatus homologs of the D. melanogaster queries, if these sequences were returned
646  as the top hit in reciprocal BLASTp searches. All genes were also amplified from mixed
647  stage embryonic cDNA to verify their sequences using Sanger sequencing (data not
648  shown). When full-length coding sequence was not available, RACE was performed
649  using the SMARTer RACE 5'/3' Kit (Takara Bio 634859) on mixed stage embryonic
650  cDNA following manufacturer’s instructions. See Table S3.

651

652  Molecular biology

653  For RNA extraction and cDNA synthesis, embryos or tissues of interest were

654  homogenized in TRIzol (Invitrogen 15596026), and RNA was extracted with phenol—

Page 22 of 81


https://doi.org/10.64898/2026.10.09.752918
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.64898/2026.10.09.752918; this version posted October 16, 2026. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY 4.0 International license.

655  chloroform extraction and isopropanol precipitation. cDONA was synthesized with

656  SuperScript lll First-Strand Synthesis SuperMix for gRT-PCR (Invitrogen 11752250)
657  following manufacturer’s instructions.

658 For cloning and in vitro transcription, fragments of genes of interest were PCR-
659 amplified from embryonic cDNA and each cloned into the pGEM-T Easy vector

660 (Promega A137A) using manufacturer’s instructions. A fragment of GFP was subcloned
661  from an existing plasmid containing the GFP sequence. Insertion was confirmed by

662  Sanger sequencing. Primers used are listed in Table S8.

663 For in situ probe synthesis, gene fragments were PCR-amplified from plasmids
664 using T7 and Sp6 primers. In vitro transcription was performed using T7 RNA

665 polymerase (Promega P2075) or Sp6 RNA polymerase (Roche 10810274001) with DIG
666  RNA labelling mix (Roche 11277073910). 100 ng of template was used for a 20-pl

667  reaction run at 37°C overnight. RNA was purified with LiCl/ethanol precipitation, then
668 resuspended in 20 yl DEPC-treated water. Concentration was measured using a

669  NanoDrop Spectrophotometer (Thermo Fisher), and the sample was diluted to 100 ng/ul
670  with hybridisation buffer (50% formamide, 1X PBS, 5x SSC (saline—sodium citrate),

671  0.1% Triton X-100, 0.1% CHAPS ((3-((3-cholamidopropyl) dimethylammonio)-1-

672  propanesulfonate), 5 mM EDTA (ethylenediaminetetraacetic acid), 50 pg/mL heparin, 1
673  pg/mL yeast tRNA). Probes were stored at —20°C.

674 For double-stranded RNA (dsRNA) synthesis, gene fragments were PCR-

675 amplified from plasmids using T7 and T7-Sp6 primers to generate a template for in vitro
676  transcription with T7 promoter sequences on both ends. /n vitro transcription was

677  performed using the MEGAscript T7 Transcription Kit (Invitrogen AM13345). 100 ng of
678 template was used for an 80-pul reaction run at 37°C overnight. RNA was purified with
679  LiCl/ethanol precipitation, then resuspended in 100 yl DEPC (diethyl pyrocarbonate)-
680 treated water. To anneal the two strands, this solution was heated to 95°C on a heat
681  block for 5 minutes, then allowed to cool slowly by leaving the tube on the heat block
682  with the power switched off. A 1:10 dilution of annealed RNA was analysed using a

683  NanoDrop Spectrophotometer (Thermo Fisher) to measure its concentration and purity,
684  then run on a 1% agarose gel to confirm its size and integrity. For RNAi, dsRNA was
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685  diluted in DEPC-treated water with 0.05% Texas-Red. Concentrations of injected

686 dsRNA used in each experiment are shown in Tables S5 and S7.

687

688  Search for somatic gonad markers

689  Somatic gonad precursors in D. melanogaster form distinct subpopulations: an anterior
690 population expressing escargot (esg) and a posterior population expressing eyes

691 absent (eya) °. escargot is one of three snail-type transcription factors in D.

692  melanogaster 61:162161.162 _Qur search of the O. fasciatus genome ¢ yielded only one
693 gene in this family. This gene, Ofas-snail, was expressed most highly in the embryonic
694  nervous system (Figure S1C). These data are consistent with previous studies in other
695 arthropods suggesting that the three D. melanogaster snail-type family members are the
696  result of gene duplications specific to Diptera '3-65. We found that Ofas-eya was

697  expressed most strongly in the embryonic optic lobes (Figure S1D). Although both Ofas-
698  snail and Ofas-eya were also expressed in a segmental pattern in the thorax and

699 abdomen in O. fasciatus, neither of these expression patterns obviously corresponded
700  to the embryonic gonad, so we did not pursue these candidate genes further.

701

702 Microinjection and RNA interference (RNAI)

703  O. fasciatus were allowed to lay eggs in dry cotton for four hours, after which eggs were
704  picked out of the cotton for injection. Two glass microscope slides were taped together
705  with double-sided tape to create a ledge with exposed double-sided tape against which
706  embryos were lined up. Eggs were then submerged in tap water for at least 20 minutes
707  to soften the eggshell before injection. Slides with injected eggs were kept at 28°C in a
708  humidified dish to continue development until the desired age. Needles for embryonic
709 injection were made by pulling glass capillaries (World Precision Instruments 1B100-4)
710  with a Sutter P-97 Flaming/Brown micropipette puller. Needle tips were manually

711  opened with fine forceps just prior to injection. Eggs were injected with a Narishige

712 IM300 microinjector.

713 Adult O. fasciatus six or more days after the final moult were anesthetised with
714 CO:2 and injected between the fourth and fifth abdominal segments using a Hamilton
715  syringe and then reared with same-age adults of the opposite sex. Adult RNAi gonad
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716  phenotypes were scored five days after injection (Figure S3). Embryonic pRNAI

717  phenotypes were scored in embryos collected within a 24-hour window seven or eight
718  days after injection, and aged until the desired stage of analysis. Concentration of

719  injected dsRNA used in each experiment is shown in Tables S5 and S7.

720

721  Quantitative RT-PCR

722 Quantitative RT-PCR was performed on an AriaMx Real-time PCR system (Agilent)
723 using PerfeCTa SYBR Green SuperMix, Low ROX (Quantabio 95056). Fold-change
724  differences were calculated using log-transformed relative normalised expression 1% for
725  gene expression changes over time. Expression levels were normalised against Ofas-
726  Gapdh1 and Ofas-6-Tubulin (See Table S3). All primers used are listed in Table S8.
727

728  Colorimetric in situ hybridisation

729 Dissected embryos were stored in methanol at —20°C overnight or longer before
730 in situ hybridisation. After rehydration in PBT and washing in hybridisation buffer,

731  embryos were hybridised overnight in a 70°C water bath with 1 ng/pl probe in

732 hybridisation buffer. The next day, the following series of 20-minute washes were

733 performed at 70°C: once in hybridisation buffer, three times in wash 1 (2X SSC, 0.1%
734  CHAPS) and three times in wash 2 (0.2X SSC, 0.1% CHAPS). Embryos were then

735  washed three times for ten minutes each at room temperature in KTBT (1X Tris-

736  buffered saline with KCIl and 0.1% Triton X-100) followed by an hour-long incubation at
737  room temperature in in situ blocking solution (1X PBS, 0.1% Tween-20, 5% normal goat
738  serum, 2 mg/mL bovine serum albumin, 1% dimethyl sulfoxide). Embryos were

739  incubated for two hours at room temperature with sheep anti-digoxigenin—AP (Roche
740  11093274910), diluted 1:2000 in in situ blocking solution, then washed at least four

741  times over two hours with KTBT and incubated in KTBT overnight at 4°C. The following
742  day, embryos were washed with NTMT (100 mM Tris pH 9.5, 100 mM NaCl, 50 mM
743 MgClz, 0.1% Tween-20), then developed in the dark at 37°C with NBT (nitro blue

744  tetrazolium)/BCIP (5-bromo-4-chloro-3-indolyl phosphate) in NTMT with §% polyvinyl
745  alcohol. Development was monitored at least every hour under a dissection microscope.
746  To stop development of the enzymatic reaction, embryos were washed in PBT, post-
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747  fixed in 4% PFA in PBS, then incubated in 70% glycerol before mounting in 100%

748  glycerol.

749

750  Fluorescent hybridisation chain reaction (HCR)

751  All HCR probes except Ofas-inv were designed using HCR Probe Maker (Ozpolat lab,
752 Washington University St. Louis '%”) and ordered from IDT as oPools (oligo pools)

753  (Table S9). The Ofas-inv probes were obtained from Molecular Instruments by

754  submitting a partial cDNA sequence (Table S9). Dissected samples were stored in

755  methanol at —20°C overnight or longer before in situ hybridisation. After rehydration in
756  PBT and washing in probe hybridisation buffer (Molecular Instruments), samples were
757  hybridised overnight in a 37°C water bath with 10 nM probe in probe hybridisation

758  buffer. The following day, samples were washed four times for 15 minutes each in probe
759  wash buffer (Molecular Instruments) at 37°C followed by two five-minute washes in

760  SSCT (56X SSC, 0.1% Tween-20) and at least 30 minutes in amplification buffer

761  (Molecular Instruments) at room temperature. Samples were then incubated overnight
762 with 60 nM hairpins (Molecular Instruments) in amplification buffer at room temperature
763  in the dark. On the third day, samples were washed four times for 15 minutes each in
764  SSCT. If applicable, samples were then immunostained as described below. Otherwise,
765  samples were incubated with 2 ng/ul Hoechst 33342 in PBT at room temperature for
766  one hour, post-fixed for 30 minutes in 4% PFA in PBS, then incubated in 70% glycerol
767  before mounting in 100% glycerol.

768

769  Immunohistochemistry

770 Immunohistochemistry was performed on embryos as previously described 3. Primary
771  antibodies used were rabbit anti-Ofas-Vasa (1:100; %), mouse Monoclonal anti-

772 Acetylated Tubulin (6-11B-1, 1:1000; Sigma-Aldrich catalog number T6793) and mouse
773  anti-Schistocerca gregaria Pairberry (Pax3/7, DP312, 1:10; '®8; see also Key Resources
774  Table).

775

776

777
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778  Imaging and image analysis

779  Fluorescently labelled tissues were imaged on a Nikon CSU-W1 spinning disc inverted
780  confocal microscope or a Zeiss LSM 980 with Airyscan. Colorimetric in situs were

781  imaged on a Zeiss Axio Observer 7 inverted or a Zeiss Axio Imager Z1 upright

782  compound microscope. Whole mounted adults and dissected and unstained adult

783  gonads were imaged on a Zeiss SteREO Discovery.V12 or a Zeiss Axio Zoom.V16

784  stereomicroscope. Images were analysed in Fiji v1.54 169 and figures were edited in

785  Inkscape v. 1.1 (retrieved from https://inkscape.org). The SNT Plugin '"? in Fiji was used
786  to highlight segments in both the Ofas-gt RNAi and Ofas-Blimp1 mutant experiments as
787  described below. Zen Blue v. 3.4 (Zeiss) and NIS Elements Viewer v. 5.21.00 (Nikon)
788  were used to visualise data.

789

790  Segment counts in Ofas-gt RNAi and Ofas-Blimp1 experiments

791  Segment counts were based on Ofas-inv signal, which marks posterior segment

792  boundaries 2. The Ofas-inv stripe defining the posterior boundary of T3 was used as
793  the reference point for abdominal segment identification and was identified by the

794  presence of legs anterior to the stripe. All Ofas-inv stripes posterior to T3 were

795  considered abdominal and traced toward the posterior end of the embryo. The final

796  analysis focused on the number of segments present within the A1-A7 region, with A7
797  defined as the most posterior gonadiole-bearing segment. Individual segments were not
798  otherwise assigned specific identities. The total number of segments present was

799  recorded independently for each side of each embryo, along with the corresponding
800  number of gonadiole primordia. Only embryos with clearly visibly thoracic and

801  abdominal morphology and segment boundaries, based on Ofas-inv signal, were used
802  for analyses.

Page 27 of 81


https://doi.org/10.64898/2026.10.09.752918
http://creativecommons.org/licenses/by/4.0/

803
804

805
806

807

available under a CC-BY 4.0 International license.

Key Resources Table

bioRxiv preprint doi: https://doi.org/10.64898/2026.10.09.752918; this version posted October 16, 2026. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

REAGENT or RESOURCE \ SOURCE/CITATION \ IDENTIFIER
Antibodies
Rabbit anti-Oncopeltus fasciatus Vasa (1:100) 63
Mouse Monoclonal anti-Acetylated Tubulin (6-11B-1; 1:1000) | Sigma-Aldrich T6793
Mouse anti-Schistocerca americana Pairberry (Pax 3/7; 1:10) | 168 DP312
Chemicals, peptides, and recombinant proteins
TRIzol Invitrogen 15596026
Phalloidin Alexa 647-conjugate (1:50) Thermo Fisher A34054
Hoechst 33342 (2 ng/pl) Sigma-Aldrich B2261
Critical commercial assays
PerfeCTa SYBR Green SuperMix, Low ROX Quantabio 95056-02K
SuperScript lll First-Strand Synthesis SuperMix for gRT-PCR | Invitrogen 11752250
pGEM-T Easy vector Promega A137A
DIG RNA Labelling Mix Roche 11277073910
MEGAscript T7 Transcription Kit Invitrogen AM13345
SMARTer RACE 573" Kit Takara Bio 634859
Experimental models: Organisms/strains
Oncopeltus fasciatus wild type strain Carolina Biological

Supply Company

(Burlington, NC)
Oncopeltus fasciatus Blimp1?%2 strain 84
Software and algorithms
Fiji with SNT Plugin 169,170 1.54p
Zen Blue Zeiss 3.4
Agilent Aria 2.0 Agilent 20
NIS Elements Viewer Nikon 5.21.00
Inkscape https://inkscape.org 1.1
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Figure 1. O. fasciatus gonadiole number is established in the embryo. (A) Cladogram illustrating the phylogenetic
relationships amongst previously studied insect species. Ovariole number per ovary and testiole number per testis for
each species (Table S1) are shown as a single value, a reported range (minimum — maximum), or an approximate mean
(indicated by *). (B) Paired gonads of the adult hemipteran bug O. fasciatus. Gonads on the left are shown intact, whereas
those on the right are dissected to reveal individual gonadioles. Asterisks denote each individual gonadiole, totalling
seven ovarioles per ovary in females (n=20) and seven testioles per testis in males (n=20). Scale bars = 500 ym. (C-D)
Gonad development across five nymphal stages. Individual testes (C) or ovaries (D) from each nymphal stage are shown,
with asterisks denoting individual gonadioles. In later stage gonads, tissue architecture is visualised using phalloidin
staining which labels filamentous actin (magenta). In earlier stage gonads, immunostaining against Ofas-Vas (magenta) is
used to identify germ cells. Scale bar lengths are 500, 200, 100, 50 and 50 um for 51, 4t 31 2" gand 1st instar panels
respectively. Insets above 3", 2" and 1%t instar ovary panels show transverse sections of the ovary where each ovariole is
clearly resolved (inset scale bars = 20 ym). Nuclei are stained with Hoechst 33342 (green). (E) Embryonic gonad in a late-
stage 15 embryo. Seven embryonic gonadiole primordia are outlined by dotted lines. Ofas-Vasa (magenta) labels the
germ cells, while acetylated Tubulin (Ac Tubulin, cyan) highlights somatic gonadal structures and is detectable at low
levels in the germ cells. Nuclei are stained with Hoechst 33342 (green). Scale bars = 50 um.
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Ac Tubulin

Figure 2. Segment-specific domains of Ofas-traffic jam and Ofas-tinman expression form the somatic gonad
precursors. (A-L) Selected abdominal regions where Ofas-tin and Ofas-{j expression are detected across sequential
stages of O. fasciatus embryonic development. Ofas-{j (magenta) and Ofas-tin (yellow) mark somatic gonad precursors.
Ofas-inv (cyan) marks the posterior compartment of each segment. Segment identity is indicated in each panel. In (A),
arrowheads indicate the primary and lateral Ofas-tin domain. In (F-G), the dorsal vessel (DV) is indicated with dotted lines.
Tapered regions of Ofas-tin expression are highlighted with arrowheads in (G). (A’-F’) Magnified views of the right
hemisegment of segments A1 and A2 from the embryos shown in (A-F). In (A’), arrowhead shows the secondary domain
of Ofas-tin expression while the arrow points out the primary Ofas-{j expression domain. In (B’), the secondary domain of
Ofas-tj is highlighted with a white arrow. In (C’), the adjacent Ofas-tin/Ofas-tj units are indicated with a white arrowhead.
White arrows and arrowheads in (D’) and (E’) show the expansion of the Ofas-{j and Ofas-tin domains leading the
formation of a contiguous expression domain from A1-A7. Asterisks in (F’) show individual Ofas-tin/Ofas-tj gonadiole
precursors. (A”-F” and G’) Transverse sections through the right hemisegment of segment A2. Only Ofas-tin and Ofas-tj
are visualized in these panels. Dotted lines indicate the embryonic surface while the hash denotes the midline. In (B”), the
arrowhead shows the adjacent expression of Ofas-fin and Ofas-tj. In (G’), the arrowhead highlights the tapering Ofas-tin
domain. (M-M’’) show a coalesced embryonic gonad in a late-stage 15 embryo. Ofas-Vas labels the germ cells which are
present in the Ofas-tj -positive (magenta) region of the gonad. Acetylated Tubulin (Ac Tubulin) is detected in the Ofas-tin -
positive (yellow) region of the gonad and at lower levels in the germ cells. Scale bars = 50 ym.
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tin+4j eRNA
13

Figure 3. Ofas-tin and Ofas-tj are expressed independently of each other. (A-C’’) Representative
images of selected abdominal segments of embryos from double eRNAi experiments. (A-A”) A GFP
dsRNA-injected (GFP eRNAi) embryo (n=209/209); (B-B”) an Ofas-tin dsRNA-injected (tin eRNAI)
embryo (n=135/135). Ofas-traffic jam (&) expression is still detectable, and seven gonadiole primordia still
form. Ofas-tin expression is still present weakly (B’; white arrowheads); (C-C”) Ofas-tj dsRNA-injected (t
eRNAI) embryo (n=41/41). Ofas-tin expression does not appear to be affected while Ofas-tj continues to
be weakly expressed (C”; white arrowheads). (D-G’’) Representative images of selected abdominal
segments of embryos from double eRNAi experiments. (D-D”’) A GFP+GFP double eRNAi (GFP+GFP
eRNAI) embryo (n=14/14); (E-E”) GFP+ Ofas-tin dsRNA-injected (GFP+tin eRNAi) embryo (n=17/19).
Ofas-traffic jam () expression does not appear to be affected and forms seven precursors (E”). Ofas-
tinman (fin) expression is still present weakly (E’; white arrowheads); (F-F’) a GFP+ Ofas-{j -dsRNA-
injected (GFP+tj eRNAIi) embryo (n=15/16). Ofas-tin expression does not appear to be affected (F’) while
Ofas-tj continues to be weakly expressed (F”; white arrowheads). Seven precursors are formed. (G-G”) a
tin+ tj-dsRNA-injected (tin+tj eRNAIi) embryo (n=20/23). Weak expression of both tin and {j is detectable
(G’-G”; white arrowheads) and precursors-like structures are visible. Ofas-{j (magenta) and Ofas-tin
(yellow) mark somatic gonad precursors. Ofas-inv (cyan) marks the posterior compartment of each
segment. Asterisks indicate individual gonadiole primordia. Scale bars = 50 ym.
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Figure 4. Germ cells begin to form seven independent clusters after the somatic gonad precursors are established. (A-H) Germ cells,
labelled by Ofas-Vas (magenta in A-E; grey in F-H), across sequential stages of embryonic development. Pax3/7 (cyan) marks the posterior
compartment of each segment up to S8 and segmentally iterated neuroblast clusters thereafter. (I-J’) Representative images of selected
abdominal segments of (I-I') a GFP dsRNA-injected embryo (GFP eRNAIi, n=49/49); (J-J’) an Ofas-vas dsRNA-injected embryo (Ofas-vas eRNA,
n=32/32).
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Figure 5. Reducing the number of gonadiole-producing segments decreases gonadiole number. (A-B, D-E) Representative images of
selected abdominal segments of embryos (A) injected with dsRNA targeting GFP (GFP eRNAI, n=66/66); (B) injected with dsRNA targeting Ofas-
giant (n=40/91 show a reduction in gonadiole primordium number); (D) Ofas-Blimp1?%'2/+ heterozygotes (n=29/29) have wild type numbers of
gonadiole precursors; (E) Ofas-Blimp1??-'2 homozygotes (n=56/56) show a reduction in gonadiole primordium number. Ofas-tj (magenta) and
Ofas-tin (yellow) mark somatic gonad precursors. Ofas-inv (cyan) marks the posterior compartment of each segment. Red dotted line denotes the
posterior of the third thoracic segment and white dotted lines delineate the seven abdominal segments. Asterisks indicate individual gonadiole
primordia. Scale bars = 50 um. (C, F) Plots showing the relationship between gonadiole precursor number (y-axis) and the number of the first
seven abdominal segments still present (x-axis) in (C) GFP eRNAIi and Ofas-giant eRNAi embryos and (F) Ofas-Blimp1??'?heterozygous and
Ofas-Blimp1?¢2homozygous mutant embryos in each hemisegment. The diagonal indicates a perfect one-to-one correspondence between the
total number of gonadiole primordium-producing segments and gonadiole primordia number in each hemisegment.
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Figure 6. Posterior Hox genes regulate gonadiole primordia formation. (A) Posterior thoracic and abdominal
expression of Ofas-Ultrabithorax (Ubx, magenta), Ofas-abdominal A (abd-A, yellow) and Ofas-Abdominal B (abd-B, cyan)
at stage 12. Individual expression patterns are shown in Figure S5A. Scale bar = 50 um. (B-E) Representative images of
selected abdominal segments of embryos injected with dsRNA targeting (B) GFP (GFP eRNAi), (C) Ofas-Ubx, (D) Ofas-
abd-A or (E) Ofas-Abd-B. Ofas-Ubx eRNAi embryos form only five gonadiole precursors, with the precursors missing in
A1 and A2 (n=34/56). Ofas-Abd-B eRNAi embryos form ectopic gonadiole precursors in A8-A10 (n=32/60). GFP eRNAi
(n=69/69) and Ofas-abd-A eRNAI (86/87) embryos show no change in gonadiole precursor number. (F-G) Neither Ofas-tj-
nor Ofas-tin-expressing somatic gonad precursors are specified at stage 9 in A1 or A2 in Ofas-Ubx eRNAi embryos (white
arrows). (H-1) In Abd-B eRNAi embryos, ectopic Ofas-{j- and Ofas-tin-expressing somatic gonad precursors are specified
in segments A8-A10 in stage 9 in the same location within each segment as in the anterior abdominal segments (white
arrows). (J-L) In Ofas-Ubx and Ofas-Abd-B eRNAi embryos, gonads coalesce normally despite having an abnormal
number of gonadioles. Anterior (A) and posterior (P) are indicated on the images. (M-P) Representative images of
selected abdominal segments of embryos from double eRNAi experiments. Ofas-Ubx+ Ofas-abd-A double eRNAI
embryos have no detectable gonadiole precursors in any segment (n=102/112). Lateral secondary Ofas-tin domains
connect to each other forming a contiguous expression domain. GFP+ GFP double eRNAi (GFP+GFP eRNAi n=98/98)
and GFP+ Ofas-abd-A double eRNAI (n=79/79) embryos show no change in gonadiole precursor number, whereas GFP+
Ofas-Ubx double eRNAi embryos have only five precursors (n=89/102). In panels (B-P), Ofas-tj is shown in magenta,
Ofas-tin in yellow, Ofas-inv in cyan, and Ofas-Vas in green. Asterisks denote individual gonadiole primordia. Scale bars =
50 pm.
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Figure S1. Acetylated Tubulin is expressed strongly in the presumptive embryonic somatic gonad primordia and weakly in the germ
cells. (A) Embryonic stages used in this study, indicating ranges of developmental time (hours after egg laying (h AEL) spanned by each stage.
(See also Table S2). (B) Cells in seven lateral abdominal domains expressing acetylated Tubulin (Ac Tubulin, cyan) are shown associated with the
germ cells expressing Ofas-Vas (magenta) across three sequential stages of embryonic development. White arrowheads point to individual gonad
precursors. A and P depict the anteroposterior axis of the embryo. Scale bars = 50 ym. (C-D) Colorimetric in situ hybridisation of (C) Ofas-snail
(snail) and (D) Ofas-eyes absent (eya) across three stages of embryonic development. Scale bars = 1000 pm.
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Figure S2. Ofas-tj and Ofas-tin are expressed in the adult gonads. (A) Head and thoracic segments of a stage 8 embryo. (A’) Ofas-tin (yellow) marks heart
precursors in all segments including and posterior to the labial segment. Ofas-inv (cyan) marks the posterior compartment of each segment. (A”’) Ofas-tj
(magenta) expression is not detected in the head or thoracic segments. Abdominal expression of Ofas-tj and Ofas-tin at this stage is shown in Figure 2A. Nuclei
stained with Hoechst 33342 (grey) show embryonic morphology. Segment identity is indicated in each panel. Scale bar = 50 um. (B) In adult ovaries, Ofas-tj was
expressed in follicle cells surrounding developing oocytes throughout oogenesis, whereas Ofas-tin expression was detected in the terminal filament of each
ovariole. Scale bar = 100 ym. (C-E) Higher magnification of boxed regions in (B) showing Ofas-tin and Ofas-{j expression in distinct regions of the ovariole: Ofas-
tin is expressed in the terminal filament (C-C’). Ofas-tj is expressed in follicle cells of both the tropharium (D-D’) and developing oocytes (E-E’; Oo). Scale bars =
25 ym. Ofas-tj expression is not detected in late-stage oocytes (E-E’) or early oocytes (F-F’; yellow arrowheads). Scale bar = 50 pym. (G) In adult testes, Ofas-tin
was expressed in the apical complex of each testiole, whereas Ofas-tj was detected in the somatic cells surrounding the primary spermatogonia. In addition to its
apical expression, Ofas-tin was strongly expressed in a discrete region near the middle of the testiole corresponding to the secondary spermatocytes. Scale bar =
100 um. (H-J) Higher magnification of insets in (G) showing Ofas-tin and Ofas-{j expression in distinct regions of the testioles. Ofas-{j is expressed in the region
surrounding the germline stem cells (GLSC) where both presumptive gonialblasts and cyst progenitor cells can be found, whereas Ofas-tin is expressed in the
apical complex and in secondary spermatocytes. The stages of spermatogenesis '""'72 are labelled. Scale bars = 25 um.
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Figure S3. Ofas-tj is required for oogenesis. We performed RNAi against Ofas-tin and Ofas-{j in adult females and males. Reduction of Ofas-tin
produced no readily detectable defects in oogenesis (A, C), whereas Ofas-fj RNAI resulted in a failure of oogenesis (B), suggesting a requirement
for Ofas-tj during female gametogenesis under these conditions. (A-C) Representative ovaries, five days after injection, from adult females
injected with (A) GFP dsRNA (GFP RNAI, n=12), (B) Ofas-tj dsRNA (& RNAi, n=16) or (C) Ofas-tin dsRNA (tin RNAi, n=18). Scale bars = 1000
pm. By contrast, neither Ofas-tin nor Ofas-{j RNAi produced an overt defect in spermatogenesis: all morphological stages of spermatogenesis
remained detectable in dsRNA-injected males. (D-F) Representative testes from adult males injected with (D) dsRNA targeting GFP (GFP RNA,
n=24), (E) Ofas-tj (tf RNAi, n=37), or (F) Ofas-tin (tin RNAI, n=29). Testes were stained with Hoechst 33342 (grey) to visualise the stages of
spermatogenesis, which appear unaffected by either Ofas-tj or Ofas-tin RNAI. Scale bars = 10 um.
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Figure S4. Maternal Ofas-vas RNAi reduces Ofas-vas expression but does not prevent formation of gonadiole primordia. (A) Relative
Ofas-vas expression levels across sequential stages of wild type embryonic development quantified by gPCR and presented as fold change
relative to embryos collected 0-12 hours after egg laying. (B-C’) Representative gonads in stage 15 embryos laid by mothers injected with (B-B’)
GFP dsRNA (GFP pRNAI) or (C-C’) Ofas-vas dsRNA (vasa pRNAI), stained with anti-Ofas-Vasa (grey) to detect Ofas-Vas protein levels,
Acetylated Tubulin (Ac Tubulin, green) to highlight somatic gonadal structures and germ cells. Asterisks indicate individual gonadiole primordia.
Scale bars = 50 um.
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Figure S5. Posterior Hox genes regulate gonadiole primordia formation (previous page). (A) Expression of Ofas-
Ultrabithorax (Ubx), Ofas-abdominal A (abd-A) and Ofas-Abdominal B (Abd-B) in the stage 12 embryo shown in Figure
5A, displayed as individual channels. (B) Relative Ofas-Ubx, Ofas-abd-A and Ofas-Abd-B expression levels across
sequential stages of embryonic development, quantified by gPCR and presented as fold change relative to expression in
eggs collected 84-96 hours after egg laying. (C-F) Representative images of selected abdominal segments of stage 13
embryos from adult females injected with (C) dsRNA targeting GFP (GFP pRNAI), (D) Ofas-Ubx (Ubx pRNAI), (E) Ofas-
abd-A (abd-A pRNAI), or (F) Ofas-Abd-B (Abd-B pRNAI). In Ofas-Ubx pRNAi embryos, the A1 gonadiole appears to form
(white arrowheads) but does not connect to the rest of the gonad (n=11/25). In Ofas-Abd-B pRNAi embryos, Ofas-{j is
expressed ectopically in A8 (red arrowheads, n=5/16). GFP eRNAi (n=42/42) and Ofas-abd-A pRNAi (n=30/30) embryos
show no change in somatic gonad precursor specification. Asterisks indicate individual gonadiole primordia. Scale bars =
50 um. (G-l) Segment transformations in nymphs hatched from eggs laid by adult females injected with (G) dsRNA
targeting GFP (GFP pRNAi, n=30/30), (H) Ofas-Antp (Antp pRNAI; n=5/11) and (l) Ofas-Ubx (Ubx pRNAIi; n=4/11).
Ventral views are shown with the anterior to the left. Red arrowheads indicate the distal femur of the first leg, and yellow
arrowheads indicate ectopic leg-like appendages. Scale bars = 200 ym. (J-L) Segment transformation in nymphs hatched
from eggs laid by adult females injected with dsRNA targeting (J) GFP (GFP pRNAi, n=30/30), (K) Ofas-abd-A (abd-A
pRNAI; n=3/11) and (L) Ofas-Abd-B (Abd-B pRNAI; n=2/20). Dorsal views of the abdomen are shown with the anterior to
the left. Yellow arrowheads indicate abdominal segment A3, and black arrowheads indicate abdominal segment A7. Scale
bars = 200 uym. (M-N) Representative images of selected abdominal segments of stage 13 embryos injected with dsRNA
targeting (M) GFP (GFP eRNAi, n=69/69) and (N) Ofas-Antp (Antp eRNAi; n=35/35). There is no apparent change in
gonadiole formation in either condition. (O-R) Representative images of selected abdominal segments of stage 11
embryos injected with dsRNA targeting (O) GFP+ GFP double eRNAi (GFP+GFP eRNAI), (P) GFP + Ofas-Ubx (2 ug/ul
each), (Q) GFP+ Ofas-abd-A (2 ug/ul each) and (R) Ofas-Ubx+ Ofas-abd-A (2 ug/ul each). (S-V) Representative images
of selected abdominal segments of stage 13 embryos injected with dsRNA targeting (S) GFP+ GFP double eRNAi
(GFP+GFP eRNAI), (T) GFP+ Ofas-Antp (2 ug/ul each), (U) GFP+Ofas-Ubx (2 ug/ul each) and (V) Ofas-Antp+ Ofas-Ubx
(2 ug/ul each). Additional knockdown against Ofas-Antp does not change the Ofas-Ubx knockdown phenotype. In panels
(C-F; M-V), Ofas-tj (magenta) and Ofas-tin (yellow) mark somatic gonad precursors. Ofas-inv (cyan) marks the posterior
compartment of each segment. Scale bars = 50 ym.
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Figure S6. Phenotypic penetrance of dsRNA-induced phenotypes. (A) Bar plots showing the
percentage of hemisegments containing an abnormal number of gonadioles (n # 7) for each experimental
manipulation. The corresponding figure number is indicated to the left of each plot, and the ratio of
abnormal hemisegments to the total number of hemisegments analysed is indicated to the right.
Abnormal hemisegments are shown as a hatched bar while wild type hemisegments are shown as a solid
grey bar. (B) Bar plots showing the penetrance of expected dsRNA induced phenotypes as a percentage
of the total number of individuals examined. The efficacy of dsRNA was assessed as the percentage of
embryos lacking detectable Ofas-Vas protein expression in the germ cells (absence of Ofas-Vas
expression; Figure 41-J’, Figure S4B-C’). The efficacy of Ofas-gt dsRNA and the penetrance of the Ofas-
Blimp 1222 homozygous phenotype were assessed as the percentage of embryos with a reduced number
of abdominal segments (Reduced number of abdominal segments; Figure 5A-D). The efficacy of Hox
gene dsRNA was assessed as the percentage of embryos exhibiting homeotic transformations, as
described in Table S6. Efficacy was not quantified following embryonic injection of Ofas-Abd-B dsRNA
because the injected embryos did not hatch and lacked an easily identifiable embryonic phenotype. The
corresponding figure number is indicated to the left of each plot, and the ratio of individuals with expected
dsRNA phenotypes to the total number of individuals analysed is indicated to the right. dsRNA-induced
phenotypes are shown as a hatched bar; wild type individuals are shown as a solid grey bar.
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Table S1. References for gonadial numbers presented in Figure 1A. This list includes the literature sources from

which ovariole and testiole numbers were obtained.
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Species

Thermobia domestica
Cloeon dipterum
Gryllus campestris
Gryllus assimilis
Periplaneta americana
Oncopeltus fasciatus
Nasonia vitripennis
Tribolium castaneum
Bombyx mori
Anopheles gambiae
Aedes aegypti
Drosophila sechellia
Drosophila melanogaster

Drosophila virilis

Ovariole references

57,173-175
177179
181

183

184

60,61

186
188-191
196,197
199
201,202
19,31,38,39,205,206
19,31,38

209

Testiole references

57,173,176
180

182

183

185
60,61
187
192-195
196,198
200
203,204
207
207,208

210
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Table S2. Staging table for stages of wild type O. fasciatus embryonic development considered in this study.
Descriptions of embryonic stages, adapted from 62 with corresponding descriptions of somatic gonad development,
through to 100 hours after egg laying (h AEL). All times correspond to wild type development at 28°C and 70% relative

humidity.
Stage | h AEL | Stage description Somatic gonad development
1 0 Freshly laid egg. Not yet specified.
2 20-26 Uniform blastoderm. Not yet specified.
3 26-28 | An indentation appears at the posterior end of the egg, Not yet specified.
called the posterior pit.
4 28-32 The germ band has invaginated into the posterior pit and Not yet specified.
extends toward the anterior. The orientation of the germ
band is reversed with respect to the eqgg; i.e., the posterior
end of the germ band is closer to the anterior of the egg.
5 32-36 | The thorax region is wider than the abdomen region Not yet specified.
(mediolaterally), but limb buds are not yet distinct.
Segments have been specified up to A5-A7 based on gene
expression, but are not yet morphologically distinguishable.
6 36-44 Limb buds are now distinct semicircles. Segments have Not yet specified.
been specified up to A7-A9 based on gene expression, but
are not yet morphologically distinguishable.
7 42-50 | Segments start to become visibly distinct in the anterior Not yet specified.
abdomen around the time A9 is specified. Posterior tip is
still round. Neural groove has formed at most up to A3.
8 48-54 Legs and gnathal appendages are triangular rather than Primary Ofas-tin expression domains appear at the lateral
semicircular lobes. A11 starts to thicken but the posterior margin of each segment sequentially from anterior to
tip is still mostly round. posterior, from the labial segment to segment A10.
Secondary Ofas-tin expression domains appear anterior and
medial to the primary domains in segments A1-A7, at the
same time as the appearance of primary Ofas-tj expression
domains in the posterior compartments of segments A1-A6.
9 52-64 Neural groove has formed up to A8-A9. Coelomic cavities In early stage 9 (9e), secondary Ofas-tj expression domains

are visible as pits in all abdominal segments up to A9,
though they may sometimes be obscured by germ cells,
especially in A4-A6. Posterior end has folded over to form
the proctodeum. Lateral margins of the germ band are
thickening in the gnathal and thoracic segments.

appear medial and adjacent to the secondary Ofas-tin
domains. As the stage progresses (9l), primary and
secondary Ofas-fj domains and secondary Ofas-tin domains
are connected in segmentally repeated units
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10 60-64 Lateral margins of the germ band are thickening in the Ofas-ij is expressed in a single continuous domain spanning
abdomen. Ganglia appear as two parallel rectangles in A1-A7.
each segment, separated at the midline. Coelomic cavities
are no longer distinct.

1 64-68 Midline neuroblasts appear at segmental boundaries. Ofas-tin expression is continuous along the lateral margin of

the embryo.

12 68-72 | Abdominal cross commissures have formed. Ganglia Gonadiole primordia are clearly identifiable with the Ofas-tin-
within a segment appear as pairs of half circles facing expressing portion of each gonadiole parallel to the medial-
away from each other. lateral axis.

13 72-76 | The germ band is wider at the thorax, such that the trunk is | The embryonic gonad begins to condense along the AP
now roughly triangular. The germ band as a whole has axis, now spanning segments A2-A6. As the embryo
retracted to roughly the length of the egg, and is concave becomes wider laterally, the lateral end of the gonadiole
on the ventral side. primordium becomes tapered.

14 76-80 The embryo undergoes katatrepsis and begins dorsal The embryonic gonad continues to condense along the AP
closure. axis.

15 80-88 | The embryo continues dorsal closure. At early stage 15 (15e), the embryonic gonad continues to
condense along the AP axis. Gonadioles remain roughly
parallel to the medio-lateral axis. Later on during this stage
(15l), gonadiole begin to rotate to become parallel to the AP
axis.

16 88-100 | Abdominal ganglia start to fuse. Gonadioles are bundled together and are no longer lined up
in a single plane. By the end of this stage, the gonad is
positioned almost entirely within segment A2.

138-144 | Hatching. Gonads are morphologically distinguishable as ovaries or

testes.
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Table S3. List of analysed genes. Genes analysed in this study, identified by their gene ID and scaffold number in
Official Gene Set 1.2 (accessed between 10 March 2022 and 14 September 2024) of the O. fasciatus genome '®°. The
“‘Annotated?” column indicates whether the gene was already previously identified and named in Official Gene Set 1.2.
The “RACE?” column indicates whether RACE was performed to obtain full-length coding sequence. Full-length
sequences obtained through RACE were deposited to GenBank and can be accessed with the accession numbers listed
in the “GenBank Accession” column.

O. fasciatus gene name Gene ID Scaffold # | Annotated? | RACE? | GenBank accession
Ofas-snail (sna) OFAS025184 1781 yes yes PZ910024
Ofas-eyes absent (eya) OFAS018834 4793 yes yes PZ910023
Ofas-tinman (tin) OFAS005760 212 yes yes PZ276395
Ofas-traffic jam (tj) OFAS000984 14 no yes PZ276396
Ofas-invected (inv) OFAS025056 112 yes no

Ofas-giant (gt) OFAS025035 3738 yes no

Ofas-Antennapedia (Antp) OFAS006718 307 yes no

Ofas-Ultrabithorax (Ubx)? OFAS025026 3423 yes no

OFAS004892 220

Ofas-abdominal A (abd-A) OFAS025133 1365 yes no

Ofas-Abdominal B (Abd-B) OFAS025323 293 yes no

Ofas-Gapdh1 OFAS009253 1053 no no

Ofas-6-Tubulin® OFAS012604 982 no no

@ The Ofas-Ubx gene model is split across two different scaffolds which have not yet been assembled together as of the most recent release.
025026 is exon 1 (5’ end) and 004892 is exon 2 (3’ end). The dsRNA sequence used in this study falls entirely within exon 1.

® The Ofas-d-Tubulin gene we report here, which was used for g°PCR normalization (see Table S8), was amplified with primers that we previously
79 reported as amplifying Ofas-B-Tubulin, before the current genome assembly '6° was available. Based on the current genome assembly, we now
believe that the primers used in this study amplify Ofas-d-Tubulin, as all reciprocal BLAST hits of the amplicon obtained with these primers are
identified as &-tubulin.
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Table S4. Raw gonadiole counts. Gonadiole counts across various experimental conditions
described in this study. For embryonic gonadiole number quantification, each data point represents

the number of gonadioles on either the left or the ride side of an embryo (corresponding to the

number of gonadioles that would be in one adult gonad).

gonadiole number

Figure n 0 |1][2]3]4][5]6] 7 [8]9]10
wild type adult gonadiole number
1B testiole number per adult testis 20 O |0j0jJO0O|O0|O0]|0O|20|0|0] O
ovariole number per adult ovary 20 O |0j0jJO0O|O0O|O0]|0O|20|0|0]O0
embryonic gonadiole number per side in genetic manipulation experiments
3A-C” GFP eRNAiI (2 pg/ul) 209 0 |[0j0|O0O|0O]|]0O0O|0]|209|0|0]| O
Ofas-tj eRNAI (2 ug/ul) 41 0O |[0j0O|jO|0O0O]|]O0O|0|41]|0|0O]O
Ofas-tin eRNAI (2 ug/ul) 3% 0 (00| 0|0]0|0]|135|0|0] O
41-J GFP eRNAiI (2 pg/ul) 49 0O |[0j0|JO0O|0O0O]|]0O0|0|49|0|0] O
Ofas-vas eRNAI (2 ug/ul) 32 0O |0j0jJO0O|0O0]0|0]32]|0|0]O0
S4B-C’ GFP pRNAI (5 pg/ul) 18 0O |[0j0OjO|O]|]O0O|0O|18|0|0] O
Ofas-vas pRNAI (5 ug/ul) 12 0O |0j0jO0O|0O0O]0|0]12]|0]|0] O
5A-C GFP eRNAi (2 pg/ul) 66 0O |[0j0|jO|0O]|]O0O|0O| 66 |0|0]O
Ofas-giant eRNAI (2 pg/ul) 91 0O |[0|5|10| 8 |10|7| 51 |0|0]| O
5D-F Ofas-Blimp1?22/+ 29 0O |[0j0|JO|0O0]|]0|0|29|0|0] O
Ofas-Blimp1?2'2/Ofas-Blimp 12212 56 0 |0|8|23|23|2|0|] 0 |0|O]O
6B-E, J-L; GFP eRNAi (2 pg/ul) 69 0O |[0j0|jO|O]|]O0O|0|69]|0|0] O
S5M-N Ofas-Antp eRNAI (2 pg/ul) 35 0O |[0j0O|jO|0O]|]O0O|0| 35 |0|0]O
Ofas-Ubx eRNAI (2 pg/ul) 56 0O |[0/0|O0O|0|34|0| 22 ]|0|0]O0
Ofas-abd-A eRNAI (2 ug/ul) 87 0O |[0j0O|jO|O]|1|0| 86 |0|0]O
Ofas-Abd-B eRNAiI (2 ug/ul) 60 0 |0J0]J]O0O| 0| 0|0| 28 |4|5]|23
6M-P; GFP eRNAi (4 ug/ul) 98 0O |[0j0O|jO|0O]|]O0O|0|9 |0|0]O
S50-V GFP + Ofas-Antp eRNAI (2 pg/ul each) 24 0O |[0j0|O0O|0O0O]|]0O0|0|24|0|0] O
GFP + Ofas-Ubx eRNAI (2 ug/ul each) 102 0 (00| 0| 0|8|0|13|0|0] O
GFP + Ofas-abd-A eRNAi (2 ug/ul each) 79 0O |[0j0O|jO|0O]O0O|0|]79|0|0]O
Ofas-Antp + Ofas-Ubx eRNAI (2 ug/ul each) 42 0O |[0j0O|O|O0|35|0| 7 |0|0O] O
Ofas-Ubx + Ofas-abd-A eRNA.i (2 pg/uleach) 112 102|002 |1 ]2 |0 5 |0|0| O
S5C-F GFP pRNAi (1 pg/ul) 42 0O |[0j0|O0O|0O0O]|0O0|0| 42 ]|0|0] O
Ofas-Ubx pRNAI (1 pg/ul) 25 0O |[0j0|JO|0O0O]|]O0O|0|25|0|0] O
Ofas-abd-A pRNAI (1 ug/ul) 30 0O |[0j0OjO|O]O0O|0O|]3 |0|0]O
Ofas-Abd-B pRNAi (1 pg/ul) 16 0O |0j0JO0O|0O0]0|0]11]0]|0] 5
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Table S5. Embryonic injection statistics. Survival statistics for embryonic injection experiments. All
embryos were injected at 0-4 hours after egg laying. An embryo was scored as “survived” if it was still
intact 24 hours after injection.

_Figure dsRNA Concentration (ug/pl) # injected # survived % survival
3A-C” GFP 2 444 357 80.41
Ofas-t 2 114 67 58.77
Ofas-tin 2 470 388 82.55
3D-G” GFP 4 106 86 81.13
GFP + Ofas-tin 2 each 105 104 99.05
GFP + Ofas-tj 2 each 104 103 99.04
Ofas-tin + Ofas-tj 2 each 159 147 92.45
41-J GFP 2 119 117 98.32
Ofas-vas 2 114 89 78.07
5A-C GFP 2 392 330 84.18
Ofas-gt 2 510 465 91.18
6B-E, J-L; | GFP 2 615 558 90.73
S5M-N Ofas-Antp 2 113 109 96.46
Ofas-Ubx 2 450 397 88.22
Ofas-abd-A 2 559 485 86.76
Ofas-Abd-B 2 437 406 92.91
6M-P; GFP 4 355 306 86.20
S50-V GFP + Ofas-Antp 2 each 123 120 97.56
GFP + Ofas-Ubx 2 each 355 326 91.83
GFP + Ofas-abd-A 2 each 353 344 97.45
Ofas-Antp + Ofas-Ubx 2 each 128 110 85.94
Ofas-Ubx + Ofas-abd-A 2 each 354 337 95.20
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Table S6. Penetrance of dsRNA-induced phenotypes. Phenotypes scored in addition to gonadiole primordia number in
embryos and hatchlings following dsRNA treatments. For Hox gene knockdown experiments, representative images of
homeotic transformations are included in Figure S5G-H", and are consistent with those described in previous reports .

. i # embryos # displaying | ,
Figure | Condition analysed phenotype % penetrance | Observed phenotype
41-J GFP eRNAI (2 pg/ul) 61 1 1.64 NA
Ofas-vas eRNAI (2 ug/ul) 40 40 100.00 Absence of Vasa expression
S4B-C’ | GFP pRNAI (5 pg/pul) 27 0 0.00 NA
Ofas-vas pRNAI (5 ug/ul) 26 26 100.00 Absence of Vasa expression in laid embryos
5A-C GFP eRNAiI (2 pg/ul) 22 0 0.00 NA
Ofas-gt eRNAI (2 pg/pl) 30 17 56.67 Reduction in the total number of abdominal
segments
5D-F Ofas-Blimp1?%'%/+ 15 0 0.00 NA
Ofas-Blimp1??'2/Ofas- 28 28 100.00 Reduction in the total number of abdominal
Blimp 12212 segments
6B-E,J- | GFP eRNAI (2 pg/ul) 24 0 0.00 NA
L;
S5M-N | Ofas-Antp eRNAI (2 ug/ul) 24 22 91.67 Complete transformation of all thoracic limbs to
antennae
Ofas-Ubx eRNAI (2 pg/pl) 12 9 75.00 Legs on segment A1
Ofas-abd-A eRNAI (2 ug/ul) 24 18 75.00 Ectopic appendages on segments A2—A8
Ofas-Abd-B eRNAiI (2 ug/ul) NA NA NA No visible embryonic phenotype prior to
hatching; embryos do not hatch
S5C-L | GFP pRNAI (1 pg/ul) 30 0 0.00 NA
Ofas-Antp pRNAI (1 pg/ul) 11 5 45.45 Swelling of the distal femur
Ofas-Ubx pRNAI (1 pg/ul) 11 4 36.36 Partial legs on segment A1
Ofas-abd-A pRNAI (1 ug/ul) 14 3 21.43 Pigmentation in A5/A6
Ofas-Abd-B pRNAi (1 pg/ul) 20 2 10.00 Ectopic pigmentation on segment A7
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Table S7. Adult injection statistics. Survival statistics for adult injection experiments.
An individual was scored as “survived” if it was still living ten days after injection.

Figure dsRNA Concentration (ug/ul) sex # injected # survived % survival
S3 GFP 1 females 27 13 48.15
Ofas-tin 1 females 15 9 60.00
Ofas-tj 1 females 14 8 57.14
GFP 1 males 31 15 48.39
Ofas-tin 1 males 21 4 19.05
Ofas-tj 1 males 16 11 68.75
S4B-C' GFP S females 6 6 100.00
Ofas-vas 5 females 10 8 80.00
S5C-L  GFP 1 females 10 4 40.00
Ofas-Antp 1 females 10 6 60.00
Ofas-Ubx 1 females 10 6 60.00
Ofas-abd-A 1 females 10 4 40.00
Ofas-abd-B 1 females 20 9 45.00
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Table S8. Primers used. Primers used in this study for experiments indicated in the headers. gPCR amplification
efficiency for each primer pair was calculated from the slope of a standard curve generated by plotting Cq4 values against
the logarithm of the input cDNA concentration for four serial dilutions 2'".

RACE
Ofas-tj forward (3’ RACE) CAGCCGTTAGACCTGAGGCCACACTGTGCC
reverse (5’ RACE) GGCACAGTGTGGCCTCAGGTCTAACGGCTG
Ofas-tin forward (3’ RACE) GGTCTGCATGCCACACAAGCCCACTGAGAG
reverse (5 RACE) CTCTCAGTGGGCTTGTGTGGCATGCAGACC
dsRNA synthesis dsRNA size (bp)
GFP forward GGGTCCATGCCGAGAGTGATCC 482
reverse TCGTCCATGCCGAGAGTGATCC
Ofas-vas forward GGACTGGCAATGATGGTAGAGAAG 495
reverse GGAAATTTGCACATGGTTCTACTCTTA
Ofas-tin forward GGAGCGGAAGGGTACTCACCGT 467
reverse GGCTTGTGTGGCATGCAGACCT
Ofas-tj forward ATGACATGGTCTGGATGCCCCA 537
reverse GGCCGTTCGGGTCTACCATCCT
Ofas-gt forward GTTCTCTGCCCCCAAACCGCTC 460
reverse CTCCCACCTTGCTGCTGCTTCC
Ofas-Antp forward AACGGCCACCAGACGCCAGT 306
reverse GAGAGGGCTGGGTAGGTTGGAGTTG
Ofas-Ubx forward TTTCGAGCAGACGGGATTCTACGGT 512
reverse TGGTGTTCAGACTGCACTGGTTCCA
Ofas-abd-A forward GCACGGCGACTAACAACAGTTCCTC 374
reverse AGCTGATACCTGTGTCGTGCAGGAG
Ofas-Abd-B forward ACGAGCAGCCGTCCATAAAGACGTC 371
reverse CCAGGAGTTCCCGAACGACTGATGG
gqPCR Amplicon size (bp) Primer efficiency (%)
Ofas-0-Tubulin forward CCCGCAAGGAAATCACTCT 199 99
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Ofas-GapDH1
Ofas-vas
Ofas-Ubx
Ofas-abd-A

Ofas-Abd-B

colorimetric in situ hybridisation

Of-sna

Of-eya
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reverse
forward
reverse
forward
reverse
forward
reverse
forward
reverse
forward
reverse

forward
reverse
forward
reverse

TGATCCCTTACCTCGACACA
TGGCAAACTAACTGGCATGGCA
ACAACCTGGTCATCAGTGTACGCCA
TTGCATAGCCTATGGTGGGACAGT
GCAGCAACATCTTCTCAACCGC
CAGACGCTGGAGCTGGAGAAGGA
CGTTCAGCTCCTTGATCGCCTGG
TCTACGGACTGCACCACCAGAAC
AACGGGCTCATCCAATCGGTGA
TCTCCACATGCCATCAGTCGTT
CGTCCATTCCAGGGGGTTGTTA

AAGATCACCACCGGCCACTGGA

TGGAGATGGGCTCGGAGGTTGG
CACCACCAGACTGGCAGGCATG

GGAGCCAGTGAGCAAGCTGTGG

171

209

169

226

263

667

926

98

118

99

98

98
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Table S9. Sequences of oligos used in hybridisation chain reaction (HCR) experiments. All HCR probes except for
that for Ofas-inv were designed using HCR Probe Maker (Ozpolat lab, Washington University Saint Louis '¢7) and ordered
from Integrated DNA Technologies as oPools (oligo pools). The Ofas-inv probes were obtained from Molecular
Instruments by submitting a partial cDNA sequence (shown below).

Sequences for pool name B1_Of-tin_20_DIa0
GAGGAGGGCAGCAAACGGaaTTTATTCAGTTCCTGGGTTACAGAC
AAAATAAAGGCAGGAAAATCTGCTTtaGAAGAGTCTTCCTTTACG
GAGGAGGGCAGCAAACGGaaTATCACTCTTCATTAATTACTTGTA
TTTTATATAACTTTCTTTGACTTCTtaGAAGAGTCTTCCTTTACG
GAGGAGGGCAGCAAACGGaaAATGACTGATTAAACAGAATGGGAC
TACAAATCTATGGAAACAAAATAAAtaGAAGAGTCTTCCTTTACG
GAGGAGGGCAGCAAACGGaaTTTATTCCTATCATAATTTTAAAAC
AAGCGTAATTATTATTAATAATTTAtaGAAGAGTCTTCCTTTACG
GAGGAGGGCAGCAAACGGaaTGTAGAGATCTCTTCTTAGGGCTTT
AATATTTGTAAATTAACACTCATGAtaGAAGAGTCTTCCTTTACG
GAGGAGGGCAGCAAACGGaaCACAGCAGCTACTATTTTCACAATT
TTTTCTACAGTGCGCTTTAGTTAAGtaGAAGAGTCTTCCTTTACG
GAGGAGGGCAGCAAACGGaaAAATCACATACGCTAACTTAAAGAA
AGAATCTCTAGGAGATAAGTTATAAtaGAAGAGTCTTCCTTTACG
GAGGAGGGCAGCAAACGGaaCCTCAGAATAGTGAGGGTGAGGGAT
TCCAATTAGGGTCATGAGTGAGGAGtaGAAGAGTCTTCCTTTACG
GAGGAGGGCAGCAAACGGaaTGGTTGTTGATAAAAGGATTGGTAC
TGGAAGGGTTGGCTGAAAGGTTAGTtaGAAGAGTCTTCCTTTACG
GAGGAGGGCAGCAAACGGaaTACCAGTAGTTACTCTCAGTGGGCT
GGTTGACTTGGGTCCTCCATACTTGtaGAAGAGTCTTCCTTTACG
GAGGAGGGCAGCAAACGGaaCTCCAGGCTCAGATTTAACAACAAT
GTGGCATGCAGACCTTGGTTACTTCtaGAAGAGTCTTCCTTTACG
GAGGAGGGCAGCAAACGGaaCCTTCTGTTTTGAAACCAAATTTTA
ATCACTCTTCATCCGCTTCACTTTGtaGAAGAGTCTTCCTTTACG
GAGGAGGGCAGCAAACGGaaGCCATCACCTCTCGTTCTGAGGCAG
TGTGTGGAAGTTAGTTTGATTGCGTtaGAAGAGTCTTCCTTTACG
GAGGAGGGCAGCAAACGGaaCCAATTCATATACTTGAGCCTGAGT
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AATATCGCTGCTGCTTGAATCTCCTtaGAAGAGTCTTCCTTTACG
GAGGAGGGCAGCAAACGGaaCTGTTTAGAATCTTTCTTGTTATCA
TAATATTCTAGGCTTTCTTTTCCCAtaGAAGAGTCTTCCTTTACG
GAGGAGGGCAGCAAACGGaaTTGACTGTGGAGGAGACCTGTGGAG
TCTCGTGATCTATGCTTTAGGGGAAtaGAAGAGTCTTCCTTTACG
GAGGAGGGCAGCAAACGGaaACTCGCCCCAGTCCAGCGGGTAGCC
GTGTCTGTGCGAGATCGGTCCATGCtaGAAGAGTCTTCCTTTACG
GAGGAGGGCAGCAAACGGaaGAGGTTCAGAATGTCCTTCACCGAG
TAGCTCGAGGGGTTCCATTTCTCCAtaGAAGAGTCTTCCTTTACG
GAGGAGGGCAGCAAACGGaaTACATCGCTACCATAACCCCTGCAA
GGTGAGTACCCTTCCGCTCCGTAGCtaGAAGAGTCTTCCTTTACG
GAGGAGGGCAGCAAACGGaaACGAATCAACTGATATCAAGCTCTG
GAGGCAATGGTAGTTGTAAGAAGAGtaGAAGAGTCTTCCTTTACG
GTCCCTGCCTCTATATCTHTTTATTCAGTTCCTGGGTTACAGAC
AAAATAAAGGCAGGAAAATCTGCTTHCCACTCAACTTTAACCCG
GTCCCTGCCTCTATATCTHTATCACTCTTCATTAATTACTTGTA
TTTTATATAACTTTCTTTGACTTCTHCCACTCAACTTTAACCCG
GTCCCTGCCTCTATATCTHAATGACTGATTAAACAGAATGGGAC
TACAAATCTATGGAAACAAAATAAALCCACTCAACTTTAACCCG
GTCCCTGCCTCTATATCTHTTTATTCCTATCATAATTTTAAAAC
AAGCGTAATTATTATTAATAATTTAHCCACTCAACTTTAACCCG
GTCCCTGCCTCTATATCTHTGTAGAGATCTCTTCTTAGGGCTTT
AATATTTGTAAATTAACACTCATGAttCCACTCAACTTTAACCCG
GTCCCTGCCTCTATATCTttCACAGCAGCTACTATTTTCACAATT
TTTTCTACAGTGCGCTTTAGTTAAGHCCACTCAACTTTAACCCG
GTCCCTGCCTCTATATCTHAAATCACATACGCTAACTTAAAGAA
AGAATCTCTAGGAGATAAGTTATAAHCCACTCAACTTTAACCCG
GTCCCTGCCTCTATATCTtHCCTCAGAATAGTGAGGGTGAGGGAT
TCCAATTAGGGTCATGAGTGAGGAGttCCACTCAACTTTAACCCG
GTCCCTGCCTCTATATCTHTGGTTGTTGATAAAAGGATTGGTAC
TGGAAGGGTTGGCTGAAAGGTTAGTHCCACTCAACTTTAACCCG
GTCCCTGCCTCTATATCTtHTACCAGTAGTTACTCTCAGTGGGCT
GGTTGACTTGGGTCCTCCATACTTGHHCCACTCAACTTTAACCCG
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GTCCCTGCCTCTATATCTttCTCCAGGCTCAGATTTAACAACAAT
GTGGCATGCAGACCTTGGTTACTTCHCCACTCAACTTTAACCCG
GTCCCTGCCTCTATATCTHCCTTCTGTTTTGAAACCAAATTTTA
ATCACTCTTCATCCGCTTCACTTTGHHCCACTCAACTTTAACCCG
GTCCCTGCCTCTATATCTttGCCATCACCTCTCGTTCTGAGGCAG
TGTGTGGAAGTTAGTTTGATTGCGTttCCACTCAACTTTAACCCG
GTCCCTGCCTCTATATCTttCCAATTCATATACTTGAGCCTGAGT
AATATCGCTGCTGCTTGAATCTCCTttCCACTCAACTTTAACCCG
GTCCCTGCCTCTATATCTHCTGTTTAGAATCTTTCTTGTTATCA
TAATATTCTAGGCTTTCTTTTCCCAtCCACTCAACTTTAACCCG
GTCCCTGCCTCTATATCTHTTGACTGTGGAGGAGACCTGTGGAG
TCTCGTGATCTATGCTTTAGGGGAAHCCACTCAACTTTAACCCG
GTCCCTGCCTCTATATCTHACTCGCCCCAGTCCAGCGGGTAGCC
GTGTCTGTGCGAGATCGGTCCATGCHtCCACTCAACTTTAACCCG
GTCCCTGCCTCTATATCTHGAGGTTCAGAATGTCCTTCACCGAG
TAGCTCGAGGGGTTCCATTTCTCCAttCCACTCAACTTTAACCCG
GTCCCTGCCTCTATATCTttTACATCGCTACCATAACCCCTGCAA
GGTGAGTACCCTTCCGCTCCGTAGCHtCCACTCAACTTTAACCCG
GTCCCTGCCTCTATATCTHACGAATCAACTGATATCAAGCTCTG
GAGGCAATGGTAGTTGTAAGAAGAGHCCACTCAACTTTAACCCG

Sequences for pool name B5_Of-tj_32_DIla0
CTCACTCCCAATCTCTATaaTCAAGTATTTATTGCTTATTCCAAT
ATTGTACAATTGATATGGTGTAATCaaCTACCCTACAAATCCAAT
CTCACTCCCAATCTCTATaaTTTAGTAAAACTTATTACCAAAAGT
ATCTATGGAAGCTAAAATATTTACAaaCTACCCTACAAATCCAAT
CTCACTCCCAATCTCTATaaCTATTCGAAAATTATCAGCTTAAAT
AAAAGTTATTTACAAAATTACAGTCaaCTACCCTACAAATCCAAT
CTCACTCCCAATCTCTATaaATTGACCCGTTTTGTGACTTGTTTG
AATAACTCATGAACGTGTTGTAATTaaCTACCCTACAAATCCAAT
CTCACTCCCAATCTCTATaaGACAGAACTTCCTGGCAAGGAGAGG
GGAATGGAGAAGGAAACCAGCTGTAaaCTACCCTACAAATCCAAT
CTCACTCCCAATCTCTATaaAGGTACTGAGTAACTATGGTCAGTT
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TTTTCATGAATCTATTTGTATTCTAaaCTACCCTACAAATCCAAT
CTCACTCCCAATCTCTATaaTCTTTAAAATGAAAACAATATATTT
TTTGGAATGCAATCTATATGTATGCaaCTACCCTACAAATCCAAT
CTCACTCCCAATCTCTATaaCTATAAAACAATAATCTTATTGCAA
AAAATTATACTTTAAACATTATTAAaaCTACCCTACAAATCCAAT
CTCACTCCCAATCTCTATaaCGAAGAGGCGGTCATGATATGATAA
AAAATATTGTCCCTCATCTTTCACTaaCTACCCTACAAATCCAAT
CTCACTCCCAATCTCTATaaATAATACTCTACAATAACGATTCTA
TTTTCAATGTAACTGACACATCAGTaaCTACCCTACAAATCCAAT
CTCACTCCCAATCTCTATaaTCATTTTATATAAATGTACAATAGC
AGTAGTAAAATATTTGAAACCTCTCaaCTACCCTACAAATCCAAT
CTCACTCCCAATCTCTATaaTACTCGTCAGATACTGCTACGAAAT
TAAGAGAGCTTATGTTAAATATAATaaCTACCCTACAAATCCAAT
CTCACTCCCAATCTCTATaaTGTACATAACAGCCTAAACAGGCGT
AACATTTACAGCGTAGATCAAAGTTaaCTACCCTACAAATCCAAT
CTCACTCCCAATCTCTATaaAATATATATATATTATATTATATAT
TAAATTAAATCTTCATATTATATATaaCTACCCTACAAATCCAAT
CTCACTCCCAATCTCTATaaGTTACACGAATCAAACTAAAGACTG
ATATATATCTTCATATAAATCTCCAaaCTACCCTACAAATCCAAT
CTCACTCCCAATCTCTATaaCATGTAAACATCCTGGCCGTTCGGG
CCTCTAGAGCTGGGATTACCTGTGTaaCTACCCTACAAATCCAAT
CTCACTCCCAATCTCTATaaGCTTCCAACTTCTGTTTGTAGAGAT
ACCATCCTCTCTCTCTTCCTGAGAAaaCTACCCTACAAATCCAAT
CTCACTCCCAATCTCTATaaACTTCAGCGTGTGGATCTCTCTCTG
GTTCGCAGGATACGTTGTTCAAATCaaCTACCCTACAAATCCAAT
CTCACTCCCAATCTCTATaaCCGCTGGTGCAGCCTCTTGCTGCGA
CTCCCTGTTCATCATCTCCAGCTCGaaCTACCCTACAAATCCAAT
CTCACTCCCAATCTCTATaaGTCCGTCGCTTCTGCTTCAATTTGA
TTCTGGGCGTATCCGCGGTTCTTCAaaCTACCCTACAAATCCAAT

Sequences for pool name B1_Of-Antp_12_DIla0

GAGGAGGGCAGCAAACGGaaCCGAGGTCTCCCTTCGTCTTATTCT
GGGGATAAGTCGCTTCCTTCGTTGGtaGAAGAGTCTTCCTTTACG
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GAGGAGGGCAGCAAACGGaaACCAGATCTTGATCTGCCGCTCGGT
TCTTCCACTTCATCCTCCTGTTCTGtaGAAGAGTCTTCCTTTACG
GAGGAGGGCAGCAAACGGaaCCGCCTCCTCGTCAGGTACCTGTTG
GCAGAGGGCGTGGGCTATCTCTATCtaGAAGAGTCTTCCTTTACG
GAGGAGGGCAGCAAACGGaaTGGTACCTCGTGTAGGTCTGCCGCC
TGGAACTCCTTCTCCAGCTCCAGCGtaGAAGAGTCTTCCTTTACG
GAGGAGGGCAGCAAACGGaaAGGGGTAGAGAGGGCTGGGTAGGTT
TCTTCCTCTCGAACTGACTCCTCATtaGAAGAGTCTTCCTTTACG
GAGGAGGGCAGCAAACGGaaTCATGGTGTGCTGGGGCTGGGGCTG
GGGGTGGTGGGGCCCCGTTGTTGTAtaGAAGAGTCTTCCTTTACG
GAGGAGGGCAGCAAACGGaaCATGTGGTGACCCTGGTGGTGATGG
CTGGGCGGCCGCGTGGTGGCTCTGGtaGAAGAGTCTTCCTTTACG
GAGGAGGGCAGCAAACGGaaGGCCCGCCAATGCCGTTGCCGACGG
TTCATGTCCATCTCCGGAGGGCTCTtaGAAGAGTCTTCCTTTACG
GAGGAGGGCAGCAAACGGaaCTGGCGTCTGGTGGCCGTTCTGGCC
CCTGGAGCTTGCAAGAAGCGTACACtaGAAGAGTCTTCCTTTACG
GAGGAGGGCAGCAAACGGaaGCGAGTCCGCCCGGTAGTCCATGCC
CCCCGCCACCGCCGCCCATGGAGGCtaGAAGAGTCTTCCTTTACG
GAGGAGGGCAGCAAACGGaaGCCCACCGCTGCGTAGTGGTGCTGC
GGGGTCGCAAGCGGTGGGGTCCTCGtaGAAGAGTCTTCCTTTACG
GAGGAGGGCAGCAAACGGaaCCGTTACGCAGGTCCGGCATGTACG
TGAGGGTGTTCGGCCGGCACCACACtaGAAGAGTCTTCCTTTACG

Sequnces for pool name B5_Of-Ubx_16_DIla0
CTCACTCCCAATCTCTATaaTGCCGCTGCCGCTGCGGCCTTCTGC
CTAGTGGTCCTGCTGCTGAGCGACCaaCTACCCTACAAATCCAAT
CTCACTCCCAATCTCTATaaTCCTTGATCGCCTGGATCTCCTTCT
TGCGCCTGCTTCTCCTGCTCGTTCA2aaCTACCCTACAAATCCAAT
CTCACTCCCAATCTCTATaaTCTTGATCTGCCGCTCGGTGAGGCA
GCTTCATCCTCCTGTTCTGGAACCAaaCTACCCTACAAATCCAAT
CTCACTCCCAATCTCTATaaCCTCGTGAGGTAGTGGTTCGTGTGG
GGCGTGGGCCATCTCTATCCTCCGCaaCTACCCTACAAATCCAAT
CTCACTCCCAATCTCTATaaCTCGTGTAGGTCTGTCGTCCGCGCC

Page 77 of 81


https://doi.org/10.64898/2026.10.09.752918
http://creativecommons.org/licenses/by/4.0/

TCCTTCTCCAGCTCCAGCGTCTGGTaaCTACCCTACAAATCCAAT
CTCACTCCCAATCTCTATaaCCATCCATGGGTAAAATGTGTGATT
GGAGGCCGTTCGCTCCTGCTGCAATaaCTACCCTACAAATCCAAT
CTCACTCCCAATCTCTATaaCTGGGTGGCAGTGGTGTTCAGACTG
AGGCTGTTGATGGAGTTGTCCTGCCaaCTACCCTACAAATCCAAT
CTCACTCCCAATCTCTATaaGCCGAGGAAGTCCTGCTCACCGCAC
TGGTTCCAGGAGGCAGGAGCGAGGGaaCTACCCTACAAATCCAAT
CTCACTCCCAATCTCTATaaTGTCTGGAGTGCAGGCGGCCGGTCG
GACTCCCATCCCCGCCGAGATAACGaaCTACCCTACAAATCCAAT
CTCACTCCCAATCTCTATaaGGCCGCCGACTGCCAGACGTCTTTG
CAAGGGATTGGCCGAGGGAGTGCCCaaCTACCCTACAAATCCAAT
CTCACTCCCAATCTCTATaaCCGTTCTGGTGGGTGGCGGGCTCCG
GCGGCGGCTGCCACAACAGCGGCATaaCTACCCTACAAATCCAAT
CTCACTCCCAATCTCTATaaAGTTGACGCTGGTCTGGTTCTCGCC
TGGAGCAGTCCGGCTTCGTGGTGGAaaCTACCCTACAAATCCAAT
CTCACTCCCAATCTCTATaaGACGGAGGCGTCGTACGGCGAGTCC
GGCCGAGGAGTACAGCTTGCAGGCGaaCTACCCTACAAATCCAAT
CTCACTCCCAATCTCTATaaTGGTGGTGGTGCTGCGTCGAGGCGT
GGCGGCCTCGACTGGTGCAGTGAGTaaCTACCCTACAAATCCAAT
CTCACTCCCAATCTCTATaaTGTACGCCGCGGCCGTCTGGTCATG
GCGACATGCCTATGCCCAAGGGGAAaaCTACCCTACAAATCCAAT
CTCACTCCCAATCTCTATaaTGAACCGTAGAATCCCGTCTGCTCG
GGCCGCCGTGGCGCTCTGATGGTGAaaCTACCCTACAAATCCAAT

Sequnces for pool name B3_Of-abd-A_16_DIa0
GTCCCTGCCTCTATATCTHTTTGAGGAGGTCGGCTCCCGTGCCC
CTATGTCTGCACTTTGGTGACGACAtCCACTCAACTTTAACCCG
GTCCCTGCCTCTATATCTHGTTCTGTGGGTTCTGGGGCTGTTCC
GGGGTCGTGTATCTGGTGGTGCTGTttCCACTCAACTTTAACCCG
GTCCCTGCCTCTATATCTHTCCTGTTCCTCCCGTTCCCTCCTCG
TTCTGCTGCTTCTCCTTGTTCATCCtCCACTCAACTTTAACCCG
GTCCCTGCCTCTATATCTttGCTCCTTCTTCAGCTTCATCCTCCT
GCTCGTTTATCTCCTTCACCGCCCTtCCACTCAACTTTAACCCG
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GTCCCTGCCTCTATATCTttGGTGAGGCAGAGGGCGTGGGCTATC
CTGGAACCAGATCTTGATCTGCCGCHCCACTCAACTTTAACCCG
GTCCCTGCCTCTATATCTHTTAAAGTGAAATTCCTTTTCCAGCT
ATCCTCCGCCTCCTCGTCAGGTAGTHCCACTCAACTTTAACCCG
GTCCCTGCCTCTATATCTHHGGCCTCTTCGTCGTGGGCAGCCGTT
GTGTCTGGAATCGGGTGTAGGTCTGttCCACTCAACTTTAACCCG
GTCCCTGCCTCTATATCTHHGAACGGGCTCATCCAATCGGTGATG
TCCTGGTAACATACATACGACTCTGHCCACTCAACTTTAACCCG
GTCCCTGCCTCTATATCTHATGGGCTGGCCAGCGGCCGCGGCAG
ATCCAGGGGTAGCGAGGGATGTCGGHCCACTCAACTTTAACCCG
GTCCCTGCCTCTATATCTHCTGGTGGTAGAACTGAGCCGCCGCT
GGGGTCGGCGGCAGAAGCCGCAGCCLttCCACTCAACTTTAACCCG
GTCCCTGCCTCTATATCTttGCCGCCGACGCCCCGTTCTGGTGGT
ATGGAAGCCGATGCCGCCGACACCGttCCACTCAACTTTAACCCG
GTCCCTGCCTCTATATCTHAGCCCGTGTACCTGCAGGACTTGTC
GTCCGTAGACGGGGTCTGTCGTGGCtCCACTCAACTTTAACCCG
GTCCCTGCCTCTATATCTHGTTGGTGGTGGTGGTGTGCGGCCAC
CCCCGGCTCCCGCGAACAGTCCCTGttCCACTCAACTTTAACCCG
GTCCCTGCCTCTATATCTHHGAGTGACGGTGGAGGCGAGGAAGAC
CGGGTACATCCTCGAGGCGGAACTGHCCACTCAACTTTAACCCG
GTCCCTGCCTCTATATCTHCTGTAATTCACTGCTGACGGACTGT
GAGGAACTGTTGTTAGTCGCCGTGCHtCCACTCAACTTTAACCCG
GTCCCTGCCTCTATATCTHHGCTGATGATGATACTGCTGGTGGTA
AACTCGTCGTGATCACTGGGTTCAAHCCACTCAACTTTAACCCG

Sequences for pool name B4_Of-Abd-B_16_DIla0
CCTCAACCTACCTCCAACaaGGGAGGGTGATGGGGTACCATCTGA
TCACTGGTGGTGTTTCATGGCTCCAatTCTCACCATATTCGCTTC
CCTCAACCTACCTCCAACaaTTGTTCGCGGCGCTGCTGTTGTTGT
GGAGGGTGGTGAGCGTGGTGGTTGGatTCTCACCATATTCGCTTC
CCTCAACCTACCTCCAACaaTGTTCTTCTTGTTCTTCATCCGTCT
TGGCGGCCTGGGCCGCCTGCCGCTGatTCTCACCATATTCGCTTC
CCTCAACCTACCTCCAACaaGGTCAGGTTGAGGTTCCTCGCCAGC
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CTGGAACCAGATCTTCACCTGCCGCatTCTCACCATATTCGCTTC
CCTCAACCTACCTCCAACaaTTGAAGAGGAACTCCTTCTCCAGCT
CACCTCTTCTGCTTAGAGACGTAGGatTCTCACCATATTCGCTTC
CCTCAACCTACCTCCAACaaGCTTCTTCCTCACCGTCACCTGGCC
GGGTCTGGAACTTGGAGTAGGGCTTatTCTCACCATATTCGCTTC
CCTCAACCTACCTCCAACaaACCTGGTGGAGGGTAAGGGGTGGAC
CCCCATGCCGGGCATCCCCACACCAatTCTCACCATATTCGCTTC
CCTCAACCTACCTCCAACaaAAGTCGTGGCCGAATCCGGGGCCAG
ACGGGTTCGGGCGGAGGGTAGTTCCatTCTCACCATATTCGCTTC
CCTCAACCTACCTCCAACaaCCGTCGAAGGCAGGTAGCCGGGCTC
ACCCGTCACTCATCGCTCGCCGCTCatTCTCACCATATTCGCTTC
CCTCAACCTACCTCCAACaaGTAGCCGCACCAGGAGTTCCCGAAC
GTGATGTCGTCCGGCAGAGTAGGGCatTCTCACCATATTCGCTTC
CCTCAACCTACCTCCAACaaGCCGATGTCCCGGGAGTCACCGTCG
TGATGGCATGTGGAGACCGCCGGATatTCTCACCATATTCGCTTC
CCTCAACCTACCTCCAACaaTCCAGAAGAGGCTCGACTTGCGGTC
TGTACTTGTACTCCTGAGAGGCCGGatTCTCACCATATTCGCTTC
CCTCAACCTACCTCCAACaaCTGGGCGGGGTAGTCCGAGTACTCG
CCCGTCCGGCAGGTTGTAGTAGGTGatTCTCACCATATTCGCTTC
CCTCAACCTACCTCCAACaaTGGCGTATCACCCCGCCCGAGCCCT
GAGTAGTTCCAGTGGCCGTGGTGAGatTCTCACCATATTCGCTTC
CCTCAACCTACCTCCAACaaGGATGTGGAGAGGCCCGCTCTGACT
CGCACTCGTAGCCCAGTCTCTTGGCatTCTCACCATATTCGCTTC
CCTCAACCTACCTCCAACaaGGTGGTGACCGGTGTCGAGCTGGGC
CACCGGCGAGGTGGACGAGGCCGAAatTCTCACCATATTCGCTTC

Sequence for B4 Of-inv
GAGCGCAGGCCGTCGGCCTTCCACAGGATCGAGCTGTTAACGCTGAAAGAGCCCGCGGTGGAGCCTTCAGCACTCCCCTTCTCGGTGGA
CAACATCCTGCGACCGGAGTTCGGACGGCGGGTGCGACCTCCATTGGTCGCCGAGGAGCAGGACGAAGGACCTCCGCCGAACAAGATTG
ACCCACCCATTCCTGATGAACCGAATGGTCCTGTCTGGCCGGCCTGGGTCTACTGCACCCGCTACTCGGACAGGCCCAGCTCAGGAGGTA
GGAGACCCCGATCTCGAAGGATCAAGAGGAAAGACAAGAGCAAGGAAGACAAGAGGCCGAGGACGGCATTCAGCGGCGAACAGCTGGCC
AGACTCAAGACAGAGTTCAGCATCAACAGGTATCTTACTGAGCGACGGCGTCAAGCGTTGGCCTCCGAGCTTGGGCTGAACGAGGCTCAG
ATCAAGATCTGGTTCCAGAACAAGCGAGCCAAGATCAAGAAGGCCTCCGGGAACCGGAACCCTCTGGCACTCCAGCTGATGGCCCAGGGA
CTGTACAACCACTCGACGGTGCCCATGTCGGACGAGGAGTGCGACGAGAACACCAACTCCAACGGCCACTGACTGAGCGGGCTTCCTGAA
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GAGCGTTCCCACGTGTCTCAGCACGGCTCCAGAGGAAGTCAGAGTCTTCGGCCATCCAGAACTTCCAAAGGAAACAATGAGAAATTCCATT
CAGACATTGGTTACATTATTATTGTAATCTTATAAAATTATTTGTTAATCGTTATCTTTGAGAACACACTTGATGTCTTTTCCACTGAAGGATGT
CATAATGGCAAGAACCGTTGCCGAAAAATTCAAGCGAAGCAACAATGATCAACCCCCCAACATAGACTTTGCATTGACACGAAGAGTAGATG
TGATTGCGGATTGGGCTTTGAAAAGAAATGAAACTCTGCATCATATTATGTCCGACTGCCTCTGTACCCAATGTCCATAGAGATTCTTCTAAT
GACAAATAATAATAATTGTCGTTGTTTAGCGGTAACTGCTTTACACTAACTTTAAACAATTAACGTTGAAAAAAGTGGATGGGAACTCATTACA
AGCTTTCTTCGATAACCAAGTATATTTTGGAAAGGGATACTACTCTTTAAAACGTTAAGATACATAAAAACTACATTTAAAGTTCGATAAACTT
CCTTAATTCCTAAAATGCTCTCAGAACAAAAGAAATGTAGAAGGAATGTACATCATCCAGAGAATTGACTGGTAAGCTCCTCTTCTGTCTTCT
AATCGTCTTCTGTGATGGGAAAGATATTCATGGCATGAAGTTTATGAAAGTAGAAGATTCATCTGTAGCCTGAATATTTCTTGCTTGAGATTT
GTGGAAGATACTTTCTGTTGAAGCCTTGAAACTCTCTTGGATAATATGATGACAAATACTCACCAGAATCACCCGACGAAGGATTTAAACAAA
GTGTGCTTAGGATTCCTAAGGGCGATTCGCCCTGTTTCGAAATAATTATTGCTTTTGAGAATTTTATTCAATCAGAGGTTTATATGTTATATGC
GAATGAAATTCCTGCTAGTTTTTCCTTAATCTCAATTTGTTTTGAGGGAGTAATTCACCTTTATGATTGGAATTTAAAGCTGTGTTTCAAATTTT
CAGCTGAGCCTCAGACTCAGACTAAGACTCAAAAGAACACTGCCAATAAAATCAACAATCCAAGAATCCGATACTCGATCATGGGATCTCAA
ATCCAAGACTGGGAAAATCCAAGAAACTGGGGCTTAATTTTGCCTTTTATTATATTATGTATTATGTTCCTATTAAGCCGTTTCTTTTTTATATT
ATTCTCAAGAGAAGGATTTGCATCATTATTAACTCTACATTTCCTTAGGTAGCTGATATTTTCAGTGAGTGATTTTAGTCCGTAAAGATGTTAA
AGGAAGAAAACAACTTGATAAGAAGAATAAAACAACTCGCATGAATAATCCAATAACAACTGATTGCAAAGTTGGTTAAAAAGCAGACATAAA
ATTGTTTGAATGTGTATTGTTTCTTTCTCTTCCTTAATGTCTGACTAGAGGCCCTCACAGATCAAATACTCGAA
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