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Abstract

Comparative genomic analyses of microRNAs (miRNAs) have yielded myriad insights
into their biogenesis and regulatory activity. While miRNAs have been deeply annotated in a
small cohort of model organisms, evolutionary assessments of miRNA flux are clouded by the
functional uncertainty of orthologs in related species, and insufficient data regarding the extent
of species-specific miRNAs. We address this by generating a comparative small RNA (sRNA)
catalog of unprecedented breadth and depth across the Drosophila genus, extending our extant
deep analyses of D. melanogaster with sRNA data from multiple tissues of 11 other fly species.
Aggregate analysis of several billion SRNA reads permits curation of accurate and holistic
compendia of mMiRNAs across this genus, providing abundant opportunities to identify species-
and clade-specific variation in miRNA identity, abundance, and processing. Amongst well-
conserved miRNAs, we observe unexpected cases of clade-specific variation in 5' end
precision, occasional antisense loci, and some putatively non-canonical loci. We also employ
strict criteria to identify a massive set (649) of novel, evolutionarily-restricted miRNAs. Amongst
the bulk collection of species-restricted miRNAs, two notable subpopulations of rapidly-evolving
miRNAs are splicing-derived mirtrons and testis-restricted, clustered (TRC) canonical miRNAs.
We quantify rates of miRNA birth and death using our annotation and a phylogenetic model for
estimating rates of miRNA turnover in the presence of annotation uncertainty. We show striking
differences in birth and death rates across miRNA classes defined by biogenesis pathway,
genomic clustering, and tissue restriction, and even identify variation heterogeneity amongst
Drosophila clades. In particular, distinct molecular rationales underlie the distinct evolutionary
behavior of different miRNA classes. We broaden observations made from D. melanogaster as
Drosophilid-wide principles for opposing evolutionary viewpoints for miRNA maintenance.
Mirtrons are associated with a high rate of 3' untemplated addition, a mechanism that impedes
their biogenesis, whereas TRC miRNAs appear to evolve under positive selection. Altogether,
these data reveal miRNA diversity amongst Drosophila species and permit future discoveries in

understanding their emergence and evolution.
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Introduction

MicroRNAs (miRNAs) are ~22 nucleotide (nt) RNAs that play important regulatory roles
in diverse eukaryotic species by promoting transcript degradation or by translational repression
[1,2]. In the canonical metazoan pathway, primary miRNA (pri-miRNA) transcripts bearing
hairpins are first cleaved in the nucleus by the RNase Il cleavage enzyme Drosha. Upon export
to the cytoplasm, these precursor miRNA (pre-miRNA) hairpins are further processed into
miRNA duplexes by Dicer, another RNase Il enzyme. One duplex strand, termed the “mature”
mMiRNA strand, is preferentially retained in an Argonaute (AGO) complex and guides it to
complementary mRNA targets. Its partner miRNA* strand, or “star” species, is preferentially
degraded, although functional capacity of star strands has been documented. Beyond the
canonical pathway, diverse non-canonical biogenesis pathways involving RNases that function
in other cellular processes have been uncovered [3]. Chief amongst these is the "mirtron"
pathway, in which the Drosha cleavage is substituted by the spliceosome to define either or
both pre-miRNA hairpin termini [4-6].

In the evolutionary context, comparative and population genomics have been crucial to
our understanding of the functional roles of miRNAs. Such efforts helped define features such
as ultra-conservation of the miRNA “seed” sequence (positions ~2-8 of the miRNA strand that
mediate target recognition), and the overall higher constraint upon the miRNA and star strands
compared to other partitions of the pre-miRNA hairpin [7-9]. With the availability of Drosophila
population data, primarily from D. melanogaster, deeper insights into miRNA evolution on a
more recent timescale emerged, such as the accelerated, adaptive evolution of miRNAs within
clusters of testes-restricted expression [10-12]. Additionally, advances in high-throughput
sequencing and the availability of miRNA prediction software that leverages this data [13,14],
there has been a surge in the annotation of miRNAs across taxa, many of which comprise
recently-evolved loci. Overall, miRNAs have now been associated with phenotypic diversity, and
their expansion has been correlated with organismal complexity, body-plan innovation, and life
cycle [1,2,15].

mMiRNA catalogs are continually augmented across broad phylogenetic branches, but
these have mostly been assessed at the level of presence/absence of miRNA loci [15-17]. Much
remains to be explored about miRNA evolutionary features across sets of related species, such
as patterns and rates of gene emergence, decay, and expansion, and consistency in processing
across orthologs. To date, only a few deep comparisons have been conducted. These include
analysis of four Caenorhabditis species [18,19] (sRNAs from additional nematode species have

been cloned [20], but not analyzed for miRNA emergence), up to six Mammalian species
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93 [21,22], and three Drosophila species [23,24]. A net gain estimate of 12 miRNA genes/million

94  years (Myr) was first estimated in Drosophila [23]. However, this estimate was later revised to

95 0.82-1.6 genes/Myr using a refined, conservative collection of miRNA genes [24], which proved

96 relatively concordant with a subsequent estimate of 0.83 genes/Myr in mammals [21]. Since

97 these studies, the annotation of Drosophila and mammalian miRNAs has expanded by many

98 fold [25]. Nevertheless, despite now thousands of miRNAs collected within the miRBase

99  repository for constituent species of these clades, numbers of pan-Mammalian (94) [21], or pan-
100  Drosophilid (123) miRNAs [8] have not changed much over the past decade. Thus, there are
101  perhaps an order of magnitude more recently-evolved miRNAs than well-conserved loci in some
102  metazoans.
103 A relevant consideration is that most previous studies of miRNA evolutionary flux
104  considered them as a unitary class. However, our recent studies provide evidence that
105  subclasses of miRNAs exhibit distinct evolutionary parameters [8,11,17]. For example, we noted
106  that Drosophila mirtrons evolve more quickly than canonical miRNAs [24]. This observation was
107  substantiated by our recent strict annotation of ~500 mirtrons in both mouse and human, nearly
108 all of which are specific to rodents or primates, respectively [26]. One can recognize, then, that
109  expression levels of the minority of conserved miRNA loci dwarf those of the collective majority
110  of miRNA loci, which include both canonical and non-canonical loci. We speculate from this that
111 there should be diverse mechanisms that can drive characteristic evolutionary behaviors of
112  various miRNA classes. However, a foundation to study these may require a deep empirical
113  analysis of species-specific miRNAs across a phylogeny.
114 In this study, we set out to characterize class-specific properties of miRNAs within 12
115  species of the Drosophila genus, which diverged from the common Dipteran ancestor ~60 Myr.
116  Advantages of the Drosophila system include its wealth of phenotypic diversity, straightforward
117  culture of a wide species collection, access to high-quality whole-genome assemblies, and most
118  importantly, the increased power of fine comparative assessment of evolutionary features within
119  sub-groups of closely-related species [27]. Building on a collection of approximately 1.9 billion
120  sRNA sequences from D. melanogaster (summarized in [28,29]), we sequenced an additional
121 ~1.5 billion sRNAs from embryos, heads, male bodies and female bodies of the other 11
122  species. This comparative dataset permits evolutionary miRNA analysis at an unprecedented
123 scale. In particular, we elaborate myriad features of miRNA annotation and evolution, and show
124  how these differ with respect to miRNA biogenesis types, tissues with an animal, and between

125  different branches of the fruitfly phylogeny.
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Results

Compendia of sRNA data across 12 Drosophila species

We previously annotated D. melanogaster miRNAs from ~1.9 billion small RNA
reads, spanning >100 different developmental stages, tissue types, cell lines, and
genetic and environmental manipulations [28,29]. While this scale is not currently
feasible to achieve across other Drosophilids, we sought parameters of data collection
that would permit deep annotations in other species, and thus serve as an empirical
foundation for comparative analyses of miRNA evolution.

Our experience with D. melanogaster suggested that mixed embryos, adult
heads, male bodies and female bodies are efficacious for broad capture of miRNA
diversity. To test this, we performed recovery analyses of D. melanogaster miRNAs by
subsampling data from these four tissue types (see Methods). At an aggregate depth of
100M reads, we recovered 94-98% of conserved (128) miRNAs with at least 30 mature
mMiRNA reads and three miRNA* reads from 100 simulation experiments (Figure 1A). Of
the 135 miRNAs that emerged recently in the melanogaster-group, we recovered 21-
27% of miRNAs using these miRNA/star thresholds. Increasing this depth to 200M reads
resulted in a maximal recovery gain to 30-34% of newly-evolved D. melanogaster
miRNAs (Figure 1B and/or Supplementary Figure S1). In other words, doubling the
sequencing depth allowed recovery of at most only 7% more newly-evolved miRNAs.
Thus, we considered 100M reads from the four tissue types as a strong empirical
foundation across these species that would permit broad insights into miRNA evolution.

We deeply sequenced 52 small RNA libraries (~1.5 billion total reads) from these
four tissue types across 11 species, exceeding 100M reads for nearly all species
(Figure 1C). As expected, read lengths of most libraries peaked at 21-22 nts,
representing miRNAs, and most body libraries showed an additional 24-28nt peak
representing the piRNA population (Supplementary Table S1, Supplementary Figure
S$2). These datasets broadly extend the limited collection of publicly available sSRNA data
from other fly species, primarily D. simulans (~200M reads) and D. virilis (~700M reads),

which we aggregated with our libraries (Figure 1D, Supplementary Table S2).

A genus-wide catalog of Drosophila miRNA annotations
Several strategies to annotate miRNAs from small RNA data have been

developed over the years. These collectively have distinct merits, but no single strategy
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160  suffices to discover the full range of confident miRNAs, especially ones with atypical

161 structures and/or non-canonical biogenesis. Therefore, we deployed a multi-pronged
162 framework (see Methods) including (1) miRDeep2 (to cast a wide net of candidate

163  hairpins with evidence of cloned small RNA duplexes), (2) an independent set of

164  predicted hairpin structures (especially useful for identifying miRNAs from extended

165  hairpin precursors that are disallowed by miRDeep2), (3) intron annotations (to identify
166  mirtrons and tailed mirtrons, which are systematically overlooked by canonical miRNA
167  finders such as miRDeep2), and (4) whole-genome alignments to identify putative

168  miRNA orthologs across multiple Drosophila species (to "rescue" miRNA loci from the
169 candidate pool that have confidently cloned orthologs). Since all initial computational
170  scans include substantial false positives, we subsequently utilized stringent criteria (e.g.,
171 abundance, distribution, and patterns of sSRNA read alignments indicative of Drosha and
172  Dicer cleavage) and systematic visual inspection of all loci before assigning final

173  annotations to various categories (Supplementary Figure S3).

174 We first queried miRBase (v21) loci for Drosophilid orthologs whose cloned small
175 RNAs had not previously been explicitly identified. This exercise served as an initial

176  check on the overall quality of the datasets, since a basic inference from genomic

177  conservation of a miRNA locus is that it is likely processed into mature small RNAs. Our
178  data support the first cloning evidence for 592 unannotated orthologs of conserved

179  Drosophilid miRNA loci (Figure 2A). 512 of these loci were cloned at thresholds of at
180 least 30 miR reads and 3 miR* reads, which would have supported high-confidence de
181  novo annotation. The remainder were cloned at lower thresholds, and would initially
182  have been segregated as "candidates”, but could be recovered based on their orthology
183  to loci well-cloned in other species (80 candidate-rescued, and 42 candidate miRNAs).
184  This supported a rationale to "rescue" certain candidate miRNA loci that fall below high
185  stringency thresholds, but that could be reasonably considered as genuine based on
186  high sequence orthology to a confident miRNA annotation in one or more other species.
187  On the other hand, our deep datasets supported our decision to demote 47 annotations
188  from Drosophilid miRBase loci. These were primarily D. pseudoobscura loci for which
189  our present data indicate previous annotations were based on non-miRNA reads

190 (Supplementary Figure S4, Supplementary Table S$3). Our reassessment of these
191 miRBase loci emphasizes the rigor of current miRNA scoring criteria.

192 For the remainder of our analysis, we grouped the newly-cloned orthologs of

193 miRBase loci along with extant miRBase miRNAs, so as to emphasize the truly novel
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194  collection of miRNAs that is unique to our de novo annotation effort. In particular, our
195  data support the annotation of 649 novel, confident miRNAs across 12 Drosophilid

196  species (Figure 2A). Perhaps not unsurprisingly, many of the highest expressed novel
197  miRNAs are from the virilis subclade, which is most distant from D. melanogaster. The
198 example of dvi_264 was cloned at >100,000 reads (Figure 3A). At such depth recovery,
199  we observe not only precision of 5p and 3p reads, but we also observe cloned loop

200 reads, which provide evidence of a dominant diced product and indicate 3'-trimming of
201  the predominantly cloned 20 nt species (Figure 3A). However, perhaps unexpected was
202 that even in species relatively close to D. melanogaster, we still recovered scores of
203 novel confident miRNAs, even though we sampled their small RNAs at <1/10 the read
204  depth and tissue/cell diversity assayed in D. melanogaster. For example, der_50 is but
205 one example of a melanogaster subclade miRNA expressed only in D. erecta and

206 recovered at a depth of >1000 reads, but absent from D. melanogaster (Figure 3A).
207  Such observations provide indications of evolutionary flux that we explore later in this
208  study.

209 Figure 3B illustrates dsi_ 14614 as a novel non-canonical miRNA of the splicing-
210  derived "mirtron" class. D. melanogaster mirtron-3p reads are associated with a high
211 rate 3' untemplated uridylation [30], and nearly all dsi_14614-3p reads are uridylated
212  (Figure 3B). Our comparative sRNA data afforded us the unique capability of recovering
213 candidate miRNAs orthologous to confident ones, which we termed as “candidate-

214 rescued” miRNAs; i.e., that we consider as genuine miRNA products. As an example,
215  dse_989 was classified as a candidate mirtron originally due to the lack of miR* read
216  recovery (Figure 3B), however, its synteny to dsi_14614 allowed us the ability to elevate
217  the confidence of this mirtron. From an initial collection of 765 "candidate" loci bearing
218 small RNA evidence reminiscent of miRNAs, we re-classified 82 as candidate-rescued
219  miRNAs or mirtrons that were clearly orthologous to confident loci (Figure 2A,

220  Supplementary Figure S5).

221 The remaining 683 "candidate" loci have small RNA evidence that are

222  reminiscent of miRNAs, but do not meet minimum criteria and are therefore set aside
223  (Supplementary Figure S5). We do not presently consider these as genuine miRNA
224  species, even though the veracity of some of these may emerge from deeper or

225  specialized sequencing, and/or they may provide fodder for eventual evolutionary

226  emergence. Nevertheless, our massive set of small RNA data allows us to expand the

227 collection of 1965 known and unannotated miRBase loci of confident and rescued status
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228  with 732 novel miRNAs and mirtrons to arrive at a final collection of 2697 total miRNAs
229  and mirtrons present within the Drosophila genus. A master table of these loci and their
230 properties is provided as Supplementary Table S4. These annotations can be explored
231 in the supplemental website, which provides extensive information regarding read

232  pileups, secondary structures, aligned sequences in other Drosophilid species and so
233  forth (http://compgen.cshl.edu/mirna/12flies/12flies_alignments.html). This miRNA

234  compendium represents one of the largest in any single genus, and we sought to exploit
235 these empirical data to derive insights into miRNA biogenesis and evolution.

236

237 miRNA classes, alignments, and expression

238 We segregated our aggregate annotations into loci of distinct biogenesis and
239 genomic clustering classes. We first separated canonical miRNAs from mirtrons, a group
240  of small hairpin introns that mimic pre-miRNAs [4,5,31], and further partitioned canonical
241 miRNAs to segregate Testes-restricted, Recently-evolved, Clustered miRNAs (TRC

242  miRNAs) [11]. We previously utilized D. melanogaster-centric miRNA annotations and D.
243  melanogaster population data to provide evidence that miRNAs of these three classes
244  evolve by distinct selective pressures, as discerned from their patterns of precursor and
245  “seed” sequence conservation, copy number, and signatures of positive selection [11].
246  Our highly expanded pan-Drosophilid miRNA annotations provided opportunities to test
247  some of these notions later in this study.

248 More than half (374 loci; 51.1%) of the novel miRNAs identified in our study and
249  72.6% (1427) of known and unannotated miRBase loci were solo canonical miRNAs
250 (Figure 2B). On the other hand, TRC miRNAs comprised 31.7% (126) of our novel

251  collection, and mirtrons accounted for 17.2% (232). These findings affirm that specific
252  pools of hairpins, namely non-canonical and testis-restricted loci, contribute

253  disproportionately to the aggregate catalog of miRNA substrates. When all miRNAs were
254  evaluated together, we observed 4.5 times more non-TRC canonical miRNAs (66.8%)
255  than TRC miRNAs (15.9%), an enrichment that reproduced across species

256  (Supplementary Figure S6).

257 Curation of accurate miRNA orthologs was paramount to our comparative

258 analyses. We grouped miRNA orthologs into alignments by building upon previous,

259  manual alignments for D. melanogaster miRNAs [8], and assigning new miRNAs into
260  groups via genome-wide homology identification and multi-species whole genome

261 alignments (see Methods). Altogether, we grouped 2697 miRNAs into 1004 miRNA
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262  alignments. From these alignments, we observed that species-specific miRNAs

263  (comprising the majority of loci newly annotated in this study) were the dominant class
264  (65.4%), and miRNAs with one cloned ortholog the next largest class (15.2%). On the
265 other end, 115 alignments (11.4% of loci) contained 10 or more members, and thus were
266 present at the base of the Drosophilid phylogeny (Figure 2C).

267 We next assessed miRNA expression across orthologous miRNAs to understand
268 the range and variation of miRNA expression among alignments. To compare miRNA
269 expression and to assign an expression value per alignment, we computed the

270  logz(reads per million mapped miRNA reads, RPMM) score for all loci and recorded the
271 maximum expression level per miRNA in any individual library. We evaluated this metric,
272  instead of the "average" expression of miRNAs, to account for the tissue-specific

273  deployment of many miRNAs. In comparisons of miRNA age, we observed that 92.3% of
274  conserved miRNA alignments had a maximum expression >32 RPMM [i.e. log2(5)],

275  while 24.1% of newly-evolved miRNA achieved such an expression (Figure 2D). At a
276  relaxed cutoff threshold, however, we observed that 80.2% of novel miRNA alignments
277  achieved expression of >1 RPMM in at least one library. On the other hand, in

278  comparisons of mMiRNA class, we observed that TRC miRNA alignments outperformed
279  other classes at conservative maximum expression cutoff (>32 RPMM) (e.g., 45% for
280 TRC versus 19.7% for mirtron and 34.1% for other canonical miRNA) (Figure 2E).

281

282  Novel, deeply-conserved miRNAs

283 Catalogs of well-conserved miRNAs are considered largely complete, as it is

284  generally believed that the set of "clonable" hairpins with miRNA-like evolutionary

285  signatures were exhausted years ago. However, some conserved miRNAs continue to
286  be found, many of which derive from unusual genomic locations or non-canonical

287  pathways, perhaps explaining why they were overlooked earlier. For example, deeply-
288  conserved, non-canonical, dme-mir-10404 was recently reported to be processed from
289 the internal spacer regions of highly repetitive rRNA loci [32]. Indeed, we find this miRNA
290 is well-cloned from across the Drosophilid phylogeny (Supplementary Figure S7).

291 Amongst our novel miRNA annotations, a handful of loci appeared to be cloned
292  from a broad range of Drosophilid species (Supplementary Figure S8). The behavior of
293 pasha 5' UTR hairpins was instructive. A feedback loop in which Drosha cleaves 5' UTR
294  foldbacks in pasha/DGCRS8 is conserved from mammals to fruitflies, and we previously

295  validated this in vivo regulatory interaction using engineered transgenes [33,34]. It was
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296 reported that mammalian DGCR8 5' UTR hairpin products of Drosha cleavage are

297 retained in the nucleus, thereby preventing further maturation by Dicer [33].

298 Nevertheless, sufficient mature reads of DGCRS8 hairpins are found in mammalian deep
299  sequencing data to justify annotation of mir-3618 and mir-1306. We identified small RNA
300 duplexes from the corresponding species ranges for both the deeply conserved

301  (dme_422) and melanogaster group-restricted (dme_474) pasha 5' UTR hairpins

302 (Supplementary Figure S8). Although their resultant small RNAs are not particularly
303 abundant, the coupling with our prior evidence of in vivo cleavage of these hairpins by
304  Drosha provides de facto indication of the depth of our deep small RNA profiling.

305 Amongst novel conserved miRNAs, a notable pair is dme_373 and dme_ 164,
306  which are clustered in the first intron of clockwork orange (cwo). Both loci are highly
307  conserved, exhibit greater loop divergence relative to the hairpin arms that is diagnostic
308  of evolutionarily constrained miRNAs, and are processed into small RNA duplexes

309 across the Drosophilids (Figure 3C). However, both loci exhibit atypical features:

310 dme_164 harbors a conserved, A-rich lower stem that likely precludes Drosha access,
311 while dme_373 contains an unusually large (~50 nt) loop (mean loop size of 209 D.

312  melanogaster miRNAs is 22 nt). While corresponding reads were detected throughout
313  the Drosophilid phylogeny, we note that their accumulation was modest and efforts to
314  detect them by Northern blotting were negative (data not shown). Thus, while the deep
315  conservation of these hairpins implies functional utility, it remains to be seen if cwo

316  miRNAs are matured via non-canonical mechanisms, or if they serve another regulatory
317  role but happen to be sampled in small RNA sequencing. Additional examples of

318  conserved miRNAs are shown in Supplementary Figure S8 with read details in

319  Supplementary Figure S9.

320

321 Evolutionary shifted processing of some conserved miRNA loci

322 It is generally assumed that genomic conservation of miRNA loci goes hand-in-
323  hand with conserved processing of mature small RNAs, which in turn are locked into
324  conserved regulatory networks. Since even a 1-nt shift in miRNA &' identity can redirect
325 its target network, conserved miRNAs are inferred to maintain precise processing.

326  However, in the absence of systematic small RNA sequencing analysis across a genus,
327  the tenets of this assumption have not been challenged by empirical data.

328 We investigated the consistency in 5' end processing for 129 well-conserved

329  Drosophilid miRNAs using our comparative data. As expected, the strong majority of
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330 conserved miRNAs exhibit 5" identities (Supplementary Figure S$10). Of note, some
331 mMiRNA loci are documented to generate substantial iso-miR species bearing distinct 5'
332 ends. In general, we observed concordance in iso-miR abundance across these

333  Drosophila genomes. For example, two iso-miRs from the 3’ arm of pre-mir-79

334  accumulated at a consistent abundance of approximately 3:1 ratio in all species (Figure
335 4A). Such conservation in iso-miR 5’ end processing supports the notion that multiple
336  species from a single locus are incorporated into evolutionarily constrained regulatory
337  networks. By contrast, the heterogeneous processing of D. melanogaster mir-193 [29] is
338  not consistent across the Drosophilid phylogeny (Figure 4B). In particular, its 5' end
339  shifts by two nucleotides in the virilis subclade relative to the other species. Thus, this
340 conserved miRNA locus appears to be altering its targeting capacity in different species.
341 We identified other cases of clade-specific shifts in processing register for

342  conserved mature strand miRNAs. For example, all drosophila-group species

343  consistently processed mir-959 into a particular species, but a different iso-miR appears
344  substantially in the Dana/Dpse/Dper/Dwil ancestor, while Sophophora-group species
345  dominantly accumulate a completely distinct, third iso-miR-959 (Figure 4B). We also
346  observe evolutionary shifts for non-canonical loci. This is illustrated by clade-specific
347  shifts in 5' processing for mirtron-derived miR-1014-3p (Figure 4B). Such alterations in
348 targeting capacity of conserved miRNAs were hidden until the availability of deep,

349  evolutionary profiling of small RNAs across the genus, and remind us that miRNA

350 processing cannot be well predicted from genomic sequence alone.

351
352  Antisense miRNAs
353 Certain miRNA loci are transcribed and processed on both strands [35]. A

354  marquee example in Drosophila is mir-iab-4/mir-iab-8, for which sense and antisense
355 miRNAs have distinct and genetically overt neural functions [36,37]. Since

356  sense/antisense transcription of this miRNA locus has been observed in beetles [38],
357  one might assume this is a conserved feature throughout the Drosophilids. Indeed, we
358  confidently annotated mir-iab-4 and mir-iab-8 in all Drosophila species, except for D.
359  persimilis and D. grimshawi where the lower-expressed mir-iab-8 locus had reads but
360 had to be recovered through the "candidate-rescue" pipeline (Figure 4C).

361 We observed 18 other confident sense/antisense miRNA pairs, as well as

362 several dozen candidate antisense miRNAs (Supplementary Table S5). A few of these

363  involve conserved miRNAs. The most broadly conserved antisense locus was mir-307-
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364  AS, which was confidently or candidately detected in seven related Drosophilid species
365 (Figure 4C). The modest, but clear, cross-species accumulation of mir-307-AS might
366  simply reflect low expression, but alternatively it may have spatially or temporally

367 restricted deployment. However, most antisense miRNAs were poorly conserved, and in
368 fact a substantial fraction of them were present in species other than D. melanogaster
369 (Supplementary Figure S11). For example, D. mojavensis generated a novel

370 sense/antisense locus dmo_105/dmo_309 adjacent to the deeply conserved intronic
371 miRNAs mir-994/mir-318 (Figure 4D). We present several additional example of

372  sense/antisense miRNA pairs in Supplementary Figure S11, including loci that

373  originated apparently de novo in individual species. Overall, it appears that only

374  sense/antisense miRNA pairs have originated across all branches of the Drosophilid
375 phylogeny, but few instances have been retained over substantial periods of evolution.
376

377  Tailed mirtrons

378 Amongst miRNAs of non-canonical biogenesis, mirtrons form the dominant class.
379 In the originally described pathway, splicing directly generates a pre-miRNA mimic that
380 is appropriate for export from the nucleus and then cleavage by Dicer [4,5]. Later,

381 alternative "tailed mirtrons" were described, for which further trimming from either the 5'
382  or 3' end must occur to generate the pre-miRNA substrate [31]. In D. melanogaster, we
383 identified one 3'-tailed mirtron (mir-1017) that is broadly conserved in other flies, along
384  with a handful of other 3'-tailed mirtron candidates [6]. Recently, we appreciated that
385 mammals express a few dozen conventional mirtrons and 3'-tailed mirtrons, but

386  hundreds of hundreds of 5'-tailed mirtrons [26]. Thus, there is differential utilization of
387  tailed mirtron pathways between invertebrates and mammals.

388 Of the 236 novel mirtrons annotated across the Drosophila genus in this study
389  (Figure 2B), nearly all are of conventional subtype. Thus, flies do not seem to have

390 propensity for tailed mirtrons. Moreover, while our compendia of candidates includes
391 some potential 5'-tailed mirtrons, we do not feel confident in the read patterns to classify
392  any of this class in any Drosophila species. Thus, this seems to be a substantial

393 distinction from mammals. Amongst 3'-tailed mirtrons, we recovered mir-1017 in all

394  species excepting D. grimshawi, which has a slightly lower total library size (mir-1017 is
395  known to be restricted to the nervous system). We also recovered the other five previous
396  proposed 3'-tailed mirtrons in our forward annotation pipeline [6], all of which were

397  known supported by much higher read depth.
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398 We also recovered 6 novel confident 3' tailed mirtrons (Supplementary Table 4).
399 Anexample is D. sechellia dse 288, which requires removal of a ~12 nt tail following
400 splicing and debranching (Figure 4E). Although it is clearly supported by >110 mature
401  and >20 star reads, this locus is not processed as a tailed mirtron in its closely related
402  sister species in the simulans clade. We provide details of another novel 3' tailed mirtron
403 from D. erecta der_70 in Supplementary Figure 12. Der_70 is notable not only as an
404  atypical mirtron, but also for bearing a non-canonical GC splice donor within the

405 corresponding splice junctions of the CYLD gene of all five melanogaster-group

406 orthologs; the other Drosophilid species harbor a typical GT splice donor. This is the first
407  recognized example of non-canonical mirtron splicing. Curiously, none of the eleven
408 confident 3'-tailed mirtrons we detected have conserved processing, even in closely
409 related sister species.

410

411 Massive evolutionary flux of testes-restricted miRNA clusters

412 The second largest class of novel miRNAs we annotated classified as testis-
413  restricted, clustered (TRC) miRNAs, based on their residence in genomic clusters and
414  preferred or exclusive accumulation in male body/testis libraries relative to other tisssue
415 libraries. We identified 126 novel TRC miRNAs, all of which were recently-evolved,

416  which represented 17% of all new miRNA annotations. Collectively, this abundance of
417  novel miRNAs clustered into nine novel genomic regions within the genomes of different
418  Drosophila species (Supplementary Figures S$13-16).

419 Strikingly, we find one or more novel TRC clusters specific to each major

420  Drosophilid branch. Beyond the previously described miRNA clusters composed of

421 conserved and recently-emerged testis-expressed miRNAs [11], we discovered many
422  new TRC specific to D. ananassae (2 TRC, containing 34 miRNAs) (Figure 5A) or D.
423  willistoni (1 TRC, containing 19 miRNAs), and orthologous clusters that were only

424  traceable between closely related sister species, such as between D. virilis and D.

425  mojavensis (2 TRC shared by these species, containing 31-34 miRNAs, with 2 additional
426  virilis-specific clusters containing 18 miRNAs), or between D. pseudoobscura and D.
427  persimilis (2 TRC shared by these species, containing 47-50 miRNAs) (Supplementary
428  Figures $13-16). Some of these clusters dwarf the largest previously known fly miRNA
429  clusters. For example, we expanded the membership of the D. pseudoobscura

430 dps_3416—dps-mir-2536 TRC to 36 miRNAs, and identified an orthologous 26-member

431  D. persimilis cluster (Figure 5B). Small RNA expression showed significantly higher
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432  expression in male body and testis libraries than other tissues (Figure 5B, C).

433 Interestingly, while miRNAs in the 3’ region of this cluster preserve their order between
434  the two species, miRNAs near the 5’ end the cluster evolved rapidly via both local gene
435  duplication and de novo miRNA emergence, as evident from precursor and miRNA

436  sequence alignments (Figure 5B family assignments and Supplementary Figure $15).
437 The wealth of male-body sRNA libraries for all 12 genomes and testis data for D.
438  pseudoobscura and D. virilis permitted the evaluation of the relative expression of TRC
439 miRNAs to that of age-matched solo canonical miRNA cohorts. In D. virilis, the species
440  with the greatest number of TRC miRNAs (66 in total including known and novel TRC
441  miRNAs), we observed significantly higher expression for TRC miRNAs than for solo
442  canonical miRNAs (Mann-Whitney U-test p < 10®) (Figure 5D). Although we observed a
443  similar shift for substantially increased average expression of TRC miRNAs in D.

444  pseudoobscura, this did not quite achieve significance over age-matched non-TRC

445  canonical miRNAs due to a small number of highly-expressed loci in the latter category
446  (Supplementary Figure S17).

447 Altogether, the massive flux of clustered testis miRNA loci across the Drosophilid
448  phylogeny generalizes their distinct evolutionary features that we had established from
449  studies based on a D. melanogaster-centric viewpoint. These data provide strong

450 evidence that TRC miRNAs are unlikely to be evolving along a purifying selection route,
451 but instead may be utilized for adaptive regulatory purposes.

452

453 Distinct rates of gain and losses between miRNAs classes

454 Estimating rates of evolutionary turnover for genomic elements, be they non-
455  coding RNAs, cis-regulatory elements, or protein-coding genes, remains an active area
456 of investigation. miRNA turnover rates have been estimated within Drosophila, but these
457  efforts have been limited by uncertainty in miRNA annotations and the number of

458  species considered [23,24,39]. Consequently, many newly-evolved loci have been

459  unaccounted for. In light of new evidence that miRNA sequence and structure evolution
460 are influenced by multiple factors, including biogenesis pathways, clustering state, and
461  testes-biased expression [2,8,11,29], we sought to understand whether such factors
462  influence miRNA birth and death rates.

463 Using our updated Drosophila miRNA collection, we set out to characterize and
464  compare rates across our three miRNA classes. To accomplish this, we developed a

465  phylogenetic probabilistic graphical model with the intention of estimating miRNA gene
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466  birth and death rates by maximum likelihood (see Methods, Figure 6A). This method
467 allows us (1) to infer universal, clade-, or branch-specific birth (A) and death (u) rate

468 parameters, (2) to predict node-wise ancestral miRNA presence or absence; and (3) to
469 estimate expected counts of edge-wise gain and loss events. We acknowledge that

470 some small RNAs were sampled more deeply in certain species, especially in D.

471  melanogaster (Figure 1). However, besides D. melanogaster, there is in general not a
472  strict correlation between the depth of sampling and the number of confidently annotated
473  miRNAs per species. This is due in part to the "rescue" approach (Figure 3). Therefore,
474  we chose to apply our estimates of miRNA flux using our full collection of annotations,
475  rather than by attempting to make a new set of annotations by subsampling a lower,
476  fixed number of reads from across the species, since this would inevitably decrease

477  annotation confidence.

478 We applied our method to the pooled collection of miRNA families from our three
479 classes and estimated model parameters (i.e. A, u). Using these rate estimates, we then
480 reconstructed node-wise presence and absence of ancestral miRNAs, and subsequently
481 branch-wise miRNA birth and death events, for each miRNA alignment family and

482  across all miRNA classes (summarized in Figure 6B-D, see Supplementary Figure
483  S18 for examples of all possible tree configurations, and Supplementary Figures $19-
484  S21 for trees per miRNA alignments across three miRNA classes). Consistent with

485  previous studies, the canonical miRNA class contained the largest number of ancient
486 miRNAs, that is, those present at the root of the Drosophila phylogeny. Of 236 D.

487  melanogaster canonical miRNAs, 106 were clearly present in the Drosophilid ancestor
488  (Figure 6B). As mentioned, there are more canonical miRNAs annotated in D.

489 melanogaster than any other fly species owing to its depth of sequencing; otherwise, the
490  majority of canonical miRNAs that are not testis-restricted are conserved (Figure 6B).
491 The tables are turned when examining the fraction of conserved loci in the other
492  categories of miRNAs. The strong majority of testes-restricted canonical miRNAs across
493  the Drosophilid phylogeny, most of which are arranged in genomic clusters, are not

494  conserved. Indeed, only 13 such miRNAs are deeply conserved, and include specific
495 members of the mir-972—979 cluster and the mir-959—964 cluster. Otherwise, most fly
496  species harbor dozens of lineage-restricted TRC miRNAs (Figure 6C). Similarly, the
497  mirtron class also contains very few conserved loci. This notion was suggested earlier
498  [24], but we now broadly extend this principle using empirical annotation of mirtrons

499  across 12 Drosophila species. While the genomes of several well-profiled and deeply-
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500 mined, extant species contained >45 mirtrons (e.g., D. melanogaster with 52, D.

501  pseudoobscura with 50, D. virilis with 47 mirtrons), only 7 mirtrons were present at the
502 root of the Drosophilid phylogeny (Figure 6D).

503 Next, we computed rates of miRNA birth and death by first aggregating birth and
504  death events across important clades (melanogaster-group, obscura-subgroup and

505 virilis-subgroup) or the entire phylogeny for each miRNA class, and normalizing them by
506  both the total branch length [in Millions of years (Myr)] and by conserved members of
507 each class. These clade-specific and tree-wide rate estimates permitted additional intra-
508 miRNA-class comparisons of total miRNA flux (i.e. birth plus death) in each of these
509 representative clades or across the entire phylogeny. Interestingly, we saw striking rate
510 variation across the three classes of mMiRNAs (Figure 6E). In general, canonical non-
511 testes-restricted miRNAs exhibited the lowest rates of birth, death, and total miRNA flux
512 in each clade and across the Drosophila phylogeny when compared to the two other
513 classes. At the other end of the spectrum, mirtrons exhibited the highest rate estimates.
514  This is attributable not only to the large collection of single-species mirtron annotation in
515  our collection (Figure 6D), but also to certain atypical patterns of mirtron presence within
516  extant species that do not group along clade boundaries. For example, dps 22 is

517  present within both obscura-subgroup species and D. virilis, but absent in other

518  Drosophilids. This and other cases are shown in Supplementary Figure S22.

519 Testes-restricted canonical miRNAs exhibited birth, death and total flux rates in
520 between those of canonical non-testes-restricted miRNA and mirtrons, but showed a
521  significantly elevated death rate within the obscura-subgroup when compared to the
522  other miRNA classes. This observation adds to our previous findings of TRC miRNA
523  death within this clade. That is, orthologs of both D. pseudoobscura and D. persimilis are
524  missing in part or entirety for two pan-Drosophilid TRC miRNA clusters (dme-mir-959 —
525 964 and dme-mir-972 — 979) [11].

526 Altogether, these findings support the previous hypothesis for the non-

527  homogeneity in mirtron and canonical miRNA rates of evolution [2]. Moreover, we

528 highlight differential behavior along certain lineages; i.e., with accelerated flux of TRC
529  miRNAs within the obscura-group species.

530

531  Multiple mechanisms underlie distinct flux behaviors of different miRNA classes

-16-


https://doi.org/10.1101/125997
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/125997; this version posted April 11, 2017. 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

532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564

aCC-BY 4.0 International license.

We explored several molecular strategies that could underlie the distinct
evolutionary behaviors of different miRNA classes using these comprehensive novel
miRNA annotations.

1. cis-mutations. The impact of nucleotide changes themselves, especially
those that are sparse among orthologous pre-miRNAs sequences, are little known on
mMiRNA expression, genesis or decay. We identified compelling sets of miRNA orthologs
for experimental tests, including ones exhibiting large variations in apparent biogenesis
despite sometimes full genomic identity in the mature miRNA species.

For example, the melanogaster-subgroup-specific locus mir-4984 is well-aligned
across five genomes and exhibits only a few substitutions restricted to the miRNA*
region of its pre-miRNA, yet large expression differences between orthologs (Figure
7A). Only D. melanogaster, D. simulans, and D. sechellia orthologs are processed, and
no reads were mapped to the D. yakuba and D. erecta orthologs are not expressed.
Even between expressed orthologs, there is a >10-fold reduced normalized RPM
expression in D. simulans (0.06) as compared to D. melanogaster (0.66) and D.
sechellia (0.82) orthologs that may be driven by a single miRNA* A-to-G substitution. We
validated these expression levels deduced from the sRNA-seq data with independent
Northern blot assays (Figure 7B). That is, we detected both the pre-miRNA and mature
products for dme-mir-4984, yet failed to detect mature species for both dya-mir-4984
and dsi-mir-4984. Another example is the alignment of dps_41 and dpe 2484, which are
specific to the obscura-subgroup. dps_41 is >100 times higher expressed than dpe 41
in the sSRNA data (Figure 7C) and dpe_41 is undetectable in the corresponding Northern
blot (Figure 7D).

We broadened this analysis using D. pseudoobscura/persimilis, which had
advantages for being a closely related (0.93 Myr) sister pair for which we had identified
numerous novel miRNA annotations that might potentially be subject to expression
fluctuation. We labeled miRNA alignments with >= 6-fold log1o(RPMM) expression
difference as differentially-expressed, and identified six conserved and nine newly-
evolved miRNAs as such (Supplementary Figure S23). The conserved loci included
several members of the mir-309 cluster and seemed to be a sampling artifact given they
are expressed as a highly stage-specific operon [40]. Otherwise, there was a high
correlation (0.938) between the remaining 205 D. pseudoobscura and D. persimilis

ortholog pairs (i.e. < 6-fold change) (Supplementary Figure S$23).
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565 We sought to investigate the sequence features between the 15 differentially-
566  expressed, obscura-group ortholog pairs by investigating the patterns of the miR:miR*
567  duplex conservation. In all cases, orthologs shared high sequence and structure

568  similarity apart from a few substitutions. For example, we identified dps-mir-2567 and
569 dpe_2484 as differentially-expressed, recently-evolved orthologs (dps-mir-2567 = 12.97
570 RPM; dpe_2484 = 0.11 RPM) (Supplementary Figure $23). Between these two

571 species, we observed five duplex substitutions, one of which resides in the seed region
572  of the dominant 5" arm. In light of these apparent substitutions, we asked if duplex

573  substitutions were more prevalent between differentially-expressed miRNAs than non-
574  differentially expressed ones for both conserved and newly-evolved miRNAs. Indeed,
575  within the obscura-group we saw significantly more differentially expressed miRNAs with
576  duplex substitutions within the newly-evolved group (Fisher’'s Exact Test [FET] P <

577  0.003), and within the conserved group (FET P = 0.03) (Figure 7E).

578 2. Adaptive seed mutations of TRC miRNAs. Functional miRNAs are not

579  expected not to diverge between closely related species, especially within seed regions.
580 However, we previously used D. melanogaster population data and melanogaster group
581  species orthologs to provide evidence for adaptive evolution of TRC miRNAs in this

582 clade, including within seeds [11]. There is limited population data in other Drosophilids,
583  but we investigated polymorphisms from whole genome sequences of 11 North

584  American D. pseudoobscura strains and 2 D. pseudoobscura bogotana sub-species

585 (data available from http://pseudobase.biology.duke.edu/) [41]. To identify unambiguous

586  divergences between species, we focused on miRNAs with clear 1-to-1 orthologs, such
587  as the miRNAs within the 3’ sub-cluster region of the dps_3416— dps-mir-2536 cluster.
588 We identified two TRC miRNAs with seed divergences in this sub-cluster. For
589  example, the mature (3’) arm of dps-mir-2523 contained a G-to-T substitution at the 8"
590 seed position relative to its D. persimilis ortholog dpe_106 (Figure 7F). Analysis of the
591 D. pseudoobscura population data indicated that all individuals were monomorphic for
592 the ‘T allele (i.e. a fixed difference). We also observed several other non-seed positions
593  of divergence within the star strand even within the D. pseudoobscura population, which
594  is unusual and suggests fast evolution. As another example, we observe that both

595  mature and star arms of dps-mir-2542-1 exhibit multiple positions of seed divergence
596  with its ortholog dpe 1071 (Figure 7F). Despite the impracticality of applying formal tests
597  for evidence of natural selection given such a small sample, it is evident from these

598 examples that several obscura TRC loci defy conventional behavior for purifying
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599  selection of seed regions and instead are quickly altering their seed regions between
600 closely related species while still maintaining miRNA biogenesis.

601 3. Preferential 3' untemplated uridylation of mirtrons. Approximately 54%
602 (232/428) of mirtron and tailed-mirtron annotations in Drosophila are new to our study,
603 and are recently-emerged. This massive set of novel spliced miRNAs prompted us to
604  ask if they exhibit characteristic properties of 3’-untemplated uridylation, as we reported
605 in D. melanogaster [42,43]. In comparisons of 1777 canonical miRNAs and 289 mirtrons
606 (Supplementary Table S6), we observed that mirtrons exhibited a massively greater
607 rate of 3’ untemplated uridylation than canonical miRNAs (Figure 7G, H). This was

608 evident on a per-locus basis on CDF plots (Supplementary Figure S24A), and was also
609 the case even after conditioning on canonical miRNAs whose 3’ arm read ended in AG
610 dinucleotide as with mirtrons. However, conditioning on 3'-AG enhanced the frequency
611  of 3' uridylation observed on canonical miRNA-3p species (Supplementary Figure

612  S24A), consistent with the notion that the mirtron uridyltransferase Tailor has some

613  intrinsic preference for hairpins terminating in 3'-G/AG [42,43].

614 Next, we examined whether the elevated frequency of uridylation at canonical
615 miRNAs and mirtrons whose 3’ read ended with G was consistent across conserved and
616  newly-evolved loci. For the conserved loci, we recapitulated previous signatures of

617  uridylation (Figure 71). Namely, mirtrons exhibited a significantly higher frequency of
618  uridylation than canonical miRNAs (Mann-Whitney Test [M.W.T] p < 10%"), and

619 comparisons among canonical miRNAs revealed that loci whose 3’ arm read ended with
620 G were more uridylated than loci ending in a base other than G (i.e. IUPAC ‘H’ ambiguity
621 character) (M.W.T p < 10™"%). Of note, newly-evolved mirtrons and canonical miRNAs
622  also exhibited the same signature as conserved loci (Figure 7J), and comparisons of
623 loci within individual species revealed similar significant results in many species

624  (Supplementary Figure S24B). Altogether, these findings from small RNA sequencing
625 across the Drosophilid phylogeny broadly support the notion that adventitious access of
626  splicing-derived hairpins to Dicer (i.e., mirtrons) continually creates a cohort of largely
627  undesirable miRNA substrates, that are suppressed via Tailor-mediated uridylation that
628 s in part sensitive to terminal hairpin "G".

629
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630 Discussion

631

632 A deep and broad empirical analysis of miRNA flux across the Drosophila genus
633 We are now 15 years into molecular evolutionary analysis of Drosophila miRNAs,
634  but until now, there have been only limited attempts to address using the empirical data
635 sampled throughout the Drosophila genus. In this study, we extended our curation of
636  miRNAs from ~1.9 billion D. melanogaster sSRNA reads by sequencing ~1.5 billion

637 sRNAs from 11 other Drosophila species, assessing a diversity of samples optimized for
638 miRNA discovery. Beyond the first experimental cloning of 592 orthologs of conserved
639 miRNAs, we used a multitude of annotation pipelines and rigorous scoring criteria to
640 annotate 649 completely novel miRNAs across 12 genomes. We carefully assessed

641  these for ortholog relationships as a foundation for assessing evolutionary flux, including
642  meticulous manual assignment of orthologs, paralogs, and newly-emerging members of
643  genomic clusters (i.e. rapidly evolving TRC loci).

644 Overall, these data yield myriad insights into miRNA loci that are hidden from
645 genomic alignments. These include the surprising existence of novel conserved

646  miRNAs, unexpected clade-specific shifts in processing register, and post-transcriptional
647  modifications of mMiRNAs. Beyond conserved loci, we uncover hundreds of "young"

648 miRNAs that could not be identified by genomic sequence alone. These data allow us to
649  quantify distinct rates of miRNA flux according to biogenesis type, genomic locale, tissue
650 restriction, and evolutionary clade. We identify patterns of structural change and

651  associated with flux in expression of evolutionarily nascent canonical miRNAs, providing
652 a mechanistic basis for their instability. We also develop a new phylogenetic model to
653  characterize rates of small RNA evolution in the presence of annotation uncertainty.

654  Overall, we solidify the perspective that miRNAs do not comprise a unitary class, but
655 encompass a diversity of functional loci with distinct evolutionary imperatives.

656 While our study provides the deepest perspective of miRNA evolutionary novelty
657 across a genus to date, clear challenges remain for the future. We previously described
658  evolutionary nascent miRNA-like loci in D. melanogaster that defy clear annotation by
659 current standards [28,29]. In the future, analysis of a greater diversity of Drosophilid

660 tissue and cell samples, combined with AGO1-IP sequencing, will be critical to interpret
661 the earliest stages of miRNA emergence. At the same time, it worth appreciating that the
662 current depth and breadth of sequencing is sufficient to identify hundreds of species-

663 restricted, and even species-specific miRNAs with high confidence.
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664

665 Divergent rationales for rapid evolution of mirtrons and TRC miRNAs

666 Amongst our extensive collection of recently-emerged miRNAs, we discern two
667  major subclasses of rapidly evolving loci, splicing-derived miRNAs (i.e., mirtrons) and
668 testis-restricted clustered (i.e., TRC) miRNAs. We propose divergent functional

669  explanations for their distinct evolutionary behavior, relative to the bulk collection of

670 recently-emerged miRNAs that either evolve under mild purifying selection or lack

671  substantial utility and evolve neutrally [8].

672 Mirtrons mature via the dominant non-canonical mechanism that bypasses the
673 Drosha/DGCRS8 "Microprocessor", which otherwise serves as a molecular gatekeeper for
674  generation of specific and accurate Dicer substrate hairpins. Mirtrons occasionally yield
675 regulatory species that incorporate into beneficial regulatory networks, but the vast

676  majority are not retained during evolution. We hypothesize that most mirtrons are

677 adventitious Dicer substrates whose net regulatory capacity may be undesirable. By
678 analogy, expressing synthetic, random, siRNAs are often used as a control situation, but
679  probably one can imagine that they would impart fortuitous gene regulation that would
680 not be tolerated over evolution. Indeed, molecular mechanisms involving uridylation

681 have recently been shown to selectively suppress splicing-mediated miRNA biogenesis,
682  which can accelerate the evolutionary flux of these miRNA substrates [42,43].

683 Our current studies across the Drosophila genus broadly confirms that the

684  accelerated evolutionary dynamics of mirtrons is well-correlated with their tremendously
685  high rates of 3' uridylation and evolutionary turnover. Indeed, only six of the >400

686  mirtrons we annotated across the Drosophilid phylogeny were present in the fruitfly

687  ancestor. We and others recently showed that the mechanism is mediated by the

688  uridyltransferase Tailor, which has capacity to recognize hairpins bearing 3'-(A)G, which
689 is characteristic for splicing-derived hairpins [42,43]. We hypothesized that this may
690 have carryover effect on suppressing the evolutionary emergence of canonical miRNAs
691  that happen to end in 3'-(A)G. Indeed, our broad survey using de novo miRNA

692  annotation in eleven new Drosophila species provides evidence that newly-emerging
693  canonical miRNA hairpins that end in 3'-G have more uridylation than ones than end in
694  the other three nucleotides. This can explain the rapid evolutionary turnover of mirtrons,
695 as well as the preferential uridylation of canonical miRNA-3p species ending in G of
696  various evolutionary ages, which we observed to be depleted in the collection of deeply

697  conserved, canonical miRNAs [42,43]. This supports the overall view of how molecular
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698 mechanisms that restrict the biogenesis of non-canonical miRNA substrates can affect
699 the evolution of both non-canonical and canonical miRNA evolution.

700 We note also that almost all our annotations of the related 3'-tailed mirtrons,
701 excepting mir-1017, have been lost from the Drosophilid phylogeny. In this case, since
702  their hairpin tails are trimmed, they lack a characteristic 3' nucleotide for potential

703 identification. We have also annotated a class of confident novel antisense miRNAs,
704  although excepting mir-iab-4/mir-iab-8 and possibly mir-307/mir-307AS, it appears that
705  all other instances of these have been purged over evolution. Thus, each of these

706  specialized biogenesis pathways seems largely to exist to manufacture one or perhaps
707  two miRNAs, even though biochemical capacity to make more exists in most species.
708  Therefore, we speculate that there may be additional strategies to suppress miRNA
709  biogenesis than we currently appreciate, especially that are suited to recognize aberrant
710 miRNA substrates. For example, at least some 3' tailed mirtrons are associated with
711 untemplated 3' additions (Supplementary Figure S$12). It remains to be seen if this is
712 also associated with an inhibitory role as with conventional mirtrons, and if so, how 3'-
713  tailed substrates are recognized.

714 On the other hand, the extraordinarily rapid dynamics of TRC miRNAs in all
715 subclades of the Drosophila genus provides strong evidence for their positive selection
716  and adaptive evolution. Not only do TRC miRNA sequences evolve more quickly than
717  canonical miRNA substrates of matched age, the total flux in TRC miRNA numbers
718  between Drosophila subclades outpaces that of canonical miRNA loci. For example, a
719  clear sequence ortholog of 106/497 canonical miRNAs not in the TRC class were

720  present in the pan-Drosophilid ancestor, whereas this is only true of 13/265 TRC miRNA
721  loci (Figure 6C). We entertain an alternative interpretation that some TRC miRNAs,
722 owing to positive selection, have evolved in primary sequence so quickly that their

723  ancestral relationships are not possible to assess. In any case, it is clear that the

724  wholesale appearance and disappearance of massive TRC loci in different clades

725  reflects a fundamentally different usage of these miRNAs than for maintenance of

726  conserved seed-driven target networks as with typical canonical miRNAs.

727 Moreover, the atypical dynamics of TRC miRNAs are dramatically accelerated in
728  both species examined in the obscura subclade. In fact, D. pseudoobscura and D.

729  persimilis themselves exhibit substantial differences in their TRC repertoire, underlying
730 nearly an order of magnitude greater birth estimate in the obscura branch than other

731 branches of the phylogeny. The functional underpinnings of this remain to be tested, but
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they go hand-in-hand with the observation of dramatic proliferations of testis-restricted
AGO2 paralogs specifically in the obscura subclade, and not in other Drosophila
subclades [44,45].

Overall, our study provides a wealth of small RNA data that can guide functional
studies of miRNA biogenesis, regulation of miRNA processing, and will underlie
discovery of novel small RNA types (such as siRNAs and piRNAs). In addition, our deep
and broad sampling across an entire genus provides myriad insights into the distinct
evolutionary trajectories of multiple miRNA subtypes, affirming that miRNAs cannot be

considered a unitary class with respect to their functional impact and utilization.

-23-


https://doi.org/10.1101/125997
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/125997; this version posted April 11, 2017. 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
aCC-BY 4.0 International license.

741  Materials and Methods

742

743  Drosophila samples and small RNA library sequencing

744 To analyze miRNA evolution in Drosophila species, we obtained cultures of
745  whole-genome sequenced D. simulans, D. sechellia, D. yakuba, D. erecta, D.

746  ananassae, D. pseudoobscura, D. persimilis, D. willistoni, D. virilis, and D. mojavensis
747  strains from the UCSD Drosophila Species Stock Center. Adult D. grimshawi samples
748  were a gift of Dr. Kevin White (University of Chicago). Small RNAs (~18-28nt) were
749  isolated from male bodies, female bodies, heads, and mixed embryos using

750  polyacrylamide gel electrophoresis, and we prepared libraries as described. Libraries
751  were sequenced on lllumina GAxIl or Hi-Seq 2000 instruments.

752

753 Recovery of D. melanogaster miRNAs from simulated libraries

754 We simulated four libraries each representing 25 million randomly sampled reads
755  from the pooled collection of D. melanogaster sRNAs from male bodies, female bodies,
756  mixed embryos, and heads respectively. We created 100 samples of 100M reads each
757  (25M X 4 libraries), and determined the recoverability of conserved and newly-evolved
758 D. melanogaster miRNAs at varying minimum mature and star read expression

759  thresholds. These artificial libraries, allowed us to investigate the amount of miRNAs at
760 two different age groups (i.e. conserved and newly-evolved) that could be recovered in
761  the other 11 Drosophila genomes. We defined conserved D. melanogaster miRNAs as
762  those with unambiguous orthologs in the obscura-group species, D. willistoni, or the
763  Drosophila-group species. Recently-evolved D. melanogaster miRNAs were defined as
764  those with orthologs within the melanogaster-group species only.

765

766  Annotation of miRNA genes

767 To identify novel miRNAs and assess the expression levels of all miRNA loci, we
768 first mapped reads from each of the 11 Drosophila species unto their reference

769  genomes. All reference genomes, except for D. simulans, were obtained from Flybase.
770  We utilized a revised D. simulans genome assembly created from an isogenic w501
771 female within our analysis [46]. Reads were mapped using the Bowtie program by

772  allowing for up to 3 mismatches (parameters: -v 3 -k 20 --best --strata). Perfectly

773  mapped reads, and reads with 3’ end mismatches characteristic of untemplated

774  additions, were used for the identification of miRNAs.
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775 We supplemented existing Drosophila miRNA annotations from miRBase v21
776  with novel miRNAs and mirtrons identified in this study using a multi-stage pipeline [25].
777  First, canonical miRNA and mirtrons were predicted using miRDeep2 using default

778  software settings [13]. To identify short mirtron and long pre-miRNA hairpins, two

779  classes systematically missed by miRDeep2, we mapped sRNA datasets to introns

780  obtained from FlyBase gene annotations, and predicted hairpin structures from the

781  einverted program of the EMBOSS package [47] in a genome-wide manner per species.
782  We used the invert_it.pl utility script from the ShortStack program [48] to filter the

783  einverted results. The parameters specified to this script were: -£ 0.6 -p 30. Introns
784  or hairpin structures with at least one mapped read were retained and ranked by p-

785  values calculated from a Random Forest classifier. We trained this classifier with a

786  balanced set of positive training examples comprised of known D. melanogaster and D.
787  pseudoobscura miRNAs download from miRBase (v21), and a negative training set

788  composed on non-miRNA predictions identified manually in this study. We used a total
789  of 37 features per training case representing sequence, structure, and sRNA read

790 alignment features (Supplementary Table S7). Minimum free energy, and sub-optimal
791 secondary structures were predicted using RNAfold and RNAsubopt in the Vienna RNA
792  Software [49].

793 All miRNAs predicted from this pipeline were vetted manually and

794  bioinformatically for miRNA and mirtron candidacy. In the manual phase, all miRDeep2
795  predictions, and intron and hairpin structures with p > 0.5 were examined for evidence of
796 cleavage by Drosha and Dicer based on the sRNA read alignment, a hairpin secondary
797  structure, and synteny with other miRNA predictions. Putative canonical miRNA were
798  further classified bioinformatically using criteria based on (1) expression, (2) clonability of
799  Drosha/Dicer products, such as the miR, miR*, loop, or MOR sequences, (3) structure
800 pairing of the miR:miR* duplex, (4) 5’ end consistency of miR and miR* reads, and (6)
801 ratio of background to miRNA reads (Supplementary Figure S3). Mirtrons were

802 classified using the same features as for canonical miRNAs, but an additional criterion
803 for untemplated modifications of the 3° arm reads was specified. Canonical miRNA or
804  mirtron predictions that met all criteria were labeled as “confident” while those that failed
805 some or all criteria were labeled as “candidate” or “FALSE,” respectively. “Candidate”
806 loci that were orthologous to “confident” annotations were re-classified as “candidate-
807 rescued.” Confidence classifications for all miRNA and mirtrons are provided in

808 Supplementary Table S4. Finally, novel “confident”, “candidate-rescued”, and
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“candidate” miRNAs and mirtrons were segregated from miRBase annotation and their

unannotated orthologs.

Identification of miRNA clusters and testes-restricted miRNAs

miRNA clusters were identified by grouping genes within a 10 Kb window of each
other. Mirtrons were excluded from this classification. The majority of miRNA clusters
identified in this study comprised genes with testes-restricted expression. Testes-
restricted miRNAs were characterized as genes with > 4-fold logo(RPMM) testis or
male-body expression enrichment when compared against all other tissue and
developmental-timepoint libraries. If >75% of miRNA genes within a cluster were
classified as testes-restricted, then all genes within said cluster were labeled Canonical,

Testes-restricted, Clustered miRNAs.

Identification of miRNA orthologs and alignments

miRNA orthologs were identified using the LASTZ program with the following
parameters: H=2000 Y=3400 L=4000 K=2200 Q=HoxD55.q [50]. Hits were ranked by a
score based on the consistency, continuity, and percent identity metrics from LASTZ. A
12-species sequence alignment were created for each miRNA prediction using best
scoring orthologs and the Fast Statistical Aligner program [51]. Paralogs were a
byproduct of this procedure because they attained lower rank during orthology
assignments. All orthologs and paralogs were automatically included in our annotation
pipeline, and were vetted by the same criteria.

Our process of collating accurate miRNA synteny information played a crucial
role within our annotation procedure because it allowed us to “rescue” low-evidence,
candidate miRNA and mirtron predictions contingent on the availability of one or more
confident orthologs. Automated approaches were inept for identifying testes-restricted,
clustered miRNA orthologs due to their close genomic proximity, low sequence
conservation, and high rates of tandem duplication. For these miRNAs, orthologs and
paralogs were identified from multiple sequence alignments of all members of a
particular cluster in all species with homologs (see Supplementary Figures S9 for
examples). MiRNA alignments were further grouped into three classes: (1) TRC

mMiRNAs, (2) solo canonical miRNAs, and (3) mirtrons.

Birth and Death Model
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843 To assess birth and death rate variation across classes of miRNAs and across
844  Drosophila clades of interest, we designed and implemented a phylogenetic probabilistic
845  graphical model. This model permits estimation of parameters of gene birth (A) and

846  death () (Figure 6A) based upon our assignments of miRNA presence and absence in
847  each species per miRNA family alignment. Parameter estimation required two sets of
848  precomputed data. The first datum needed was a binary encoding of miRNA presence
849 (1) and absence (0) as leaf node labels of the phylogenetic model. In this regard, we
850 labeled non-miRNAs and “candidate” miRNAs as cases of absences, and “confident” or
851  “candidate-rescued” miRNAs as cases of presences. We assigned each miRNA for

852  which no orthologs were identified to its own singleton miRNA alignment, to be counted
853 as an independent birth event. The second datum needed was phylogenetic branch-
854  length estimates for the 12 Drosophila species phylogeny [27]. We estimated branch
855 lengths (1) in units of substitutions per site, using fourfold degenerate sites (i.e. sites
856  within a codon in which all four possible nucleotide substitutions are synonymous) and
857  the maximum-likelihood program RaXML [52]. Fourfold degenerate sites were extracted
858 from a de novo 12 Drosophila species whole genome alignment constructed using the
859 LASTZ and MULTIZ programs and the chaining and netting protocol used for the UCSC
860  Genome Browser. The resulting maximum-likelihood newick-formatted tree was:

861  ((((((dm3:0.055153,(droSim1:0.027716,droSec1:0.023941):0.024430):0.050893,(droY ak
862  2:0.090814,droEre2:0.079010):0.032754):0.328435,droAna3:0.466508):0.162763,(dp4:0
863 .018457,droPer1:0.018684):0.407262):0.120336,droWil1:0.593093):0.118858,((droVir3:
864  0.244781,droMoj3:0.335567):0.082788,droGri2:0.319783):0.118858);

865 Given these two datasets, we used our model to infer maximum-likelihood

866  parameter estimates (i.e. A, y) using the standard belief-propagation algorithm to

867  compute likelihoods, and the Broyden-Fletcher-Goldfarb-Shanno (BFGS) algorithm to
868  obtain maximume-likelihood parameter estimates [53]. Parameter estimates were

869 computed for the merged miRNA collection (final estimate: A = 0.292, y = 0.694), which
870  we later used to compute (1) ancestral gene presence or absence states, and (2)

871  probabilities of observable edge-wise birth and death events (Supplementary Figure
872 $18-21). To assess cumulative counts of observable birth and death events per miRNA
873 class or Drosophila clade, we computed edge-wise joint posterior probabilities (i.e.

874  P(child, parent)) by belief propagation. For simplicity, we called birth [P(1, 0)], death
875 [P(0, 1)], and “no change” events [P(0, 0) or P(1, 1)] if these probability estimates were
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876 >=0.5 (Figure 6B-D). This method is implemented as a Java software package and
877  available upon request.

878

879 Data access

880 Drosophila sSRNA sequencing data are under submission for access via the NCBI
881 Gene Expression Omnibus. Read pileup, structure prediction, and 12-fly sequence

882  alignments of all Drosophila miRNAs are provided as Supplementary material via an
883  online website (http://compgen.cshl.edu/mirna/12flies/12flies_alignments.html).
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1026  Figure Legends

1027

1028  Figure 1: Summary of small RNA sequencing data and analysis of sequencing depth

1029  sufficiency. (A) The recovery rate of known D. melanogaster miRNAs using sets of 100 million
1030 (M) total reads sampled randomly from D. melanogaster head, mixed embryo, male-body,

1031  female-body public libraries. These libraries mimic those we sought to create for the 11 other
1032  Drosophila genomes. Bars represent the fraction of conserved or newly-evolved D.

1033  melanogaster miRNAs recovered at various miRNA and miRNA* minimum read thresholds, and
1034  error bars represent the standard error of the recovery rate across 100 different samples of
1035 100M reads. (B) Saturation curve of miRNA (mature and star) strand recovery at varying

1036  minimum read depth cutoffs. Based upon these results, we sequenced 100M reads per species.
1037  (C) Actual read sequencing depth and library conditions profiled within this study, or (D)

1038 acquired from public repositories for 11 Drosophila species. Datasets for D. melanogaster are
1039  not shown.

1040

1041 Figure 2: Summary of all known and novel miRNAs recovered within 12 Drosophila genomes.
1042  (A) Counts of known and novel miRNAs recovered or identified, respectively, at our two highest
1043  confidence classes — “confident” and “candidate-rescued.” MiRNAs from a third confidence
1044  class - “candidate” miRNAs - are shown in Supp. Fig S5. (B) The proportion of miRNAs

1045 recovered within three classes defined by biogenesis pathway, and testes-restricted, clustered
1046  status. Pie charts are provided for all novel or known annotations, and for the merged collection.
1047  (C) The distribution of alignment sizes upon assignment of all miRNAs into 1031 alignments.
1048  Paralogous miRNAs were assigned to single species alignment. The majority of miRNAs

1049 identified are singletons (species-specific) or doubletons (clade-specific). (D) Cumulative

1050 distribution function of alignment expression. Alignments are segregated based upon age and
1051  miRNA class. Empirical CDFs are plotted using the maximum expression values computed
1052  across all constitutive members of each alignment. RPMM = Reads per Million mapped miRNA
1053 reads.

1054

1055  Figure 3: Examples of novel miRNAs identified in this study. (A) dvi_264 and der_50 are

1056 examples of confident, canonical miRNAs. Small RNAs were cloned from both arms of their pre-
1057 miRNA, and an alignment of these sequences reveal patterns of precise 5’ end cleavage and 1-
1058 2nt 3’ blunt end overhang in the hairpin structure. These are all signatures of Drosha- and Dicer-

1059 mediated cleavage. (B) An example of orthologous confident (dsi_14614) and a candidate-
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1060 rescued (dse_989) mirtrons within the two sister species D. simulans and D. sechellia. Total
1061  cloned reads for dse 939 fell below our threshold for “confident” classification and was

1062  effectively placed into the “candidate” confidence group. We “rescued” this locus due to its
1063  synteny with dsi_74614, a confident mirtron. (C) Two novel, conserved, canonical miRNAs
1064 identified within the host gene cwo. dme_ 164 sequence alignment indicates higher conservation
1065 of the miR and miR* arms in comparison to the loop and flanking basal stem regions, a classic
1066  signature of pre-miRNA sequence conservation. However, it possesses conserved A-rich

1067  regions that flank the duplex, which are seemingly incompatible with a lower-stem needed for
1068 Drosha processing. dme_373 exhibits a large terminal loop atypical of most canonical miRNAs.
1069

1070  Figure 4: Shifted processing and alternate biogenesis pathways of Drosophila miRNAs. (A-B)
1071 Consistency in 5’ end processing for conserved miRNAs. (A) sRNA read alignment for mir-79,
1072  represented compactly in these bubble plots, show two miR sequences with unique 5’ ends.
1073  These represent two seed-distinct iso-miRs, that are both produced in several Drosophila
1074  species. Position 0 represents the proportion of reads that begin with the base of the most
1075 abundant 5’ arm sequence at either the 5’ strand (miR*) and 3’ strand (miR) for all 12

1076  Drosophila genomes. Proportions shown at positions less than or greater than 0 represent
1077  proportion of reads with shifted processing. For mir-79, two iso-miRs are produced in similar
1078  proportions. (B) Panels of bubble plots depicting the heterogeneity of 5’ end processing for the
1079  miR sequence of other conserved miRNAs and mirtrons. Greater than 4 alternate iso-miR-193
1080 sequences in D. melanogaster were noted previously. This heterogeneity is preserved in the
1081  genomes of the other Drosophilids, and a conserved, dominant iso-miRs is not apparent. We
1082 identified clade-specific iso-miRs for one canonical miRNA (mir-969) and one mirtron (mir-
1083  1014). Specifically, two unique iso-miR-969 sequences are each preferentially abundant in the
1084  Sophophora-group and Drosophila-group species, respectively, and for mir-1014, the

1085 melanogaster-group species produces one iso-miR-1014 sequence that is distinct from the
1086 dominant iso-miR of other Sophophorans. (C) mir-iab-4/8 and mir-307/mir-307-as are the only
1087  two reasonably conserved miRNAs with sense and antisense transcription and processing
1088 based upon our genus-wide data. (D) Dozens of other recently-evolved antisense miRNAs were
1089 identified in our study however, such as dmo_105/dmo_309 that arose adjacent to the

1090 conserved mir-994/318 cluster. (E) Example of an atypical splicing derived, 3’ tailed mirtron,
1091 identified from our data, dse_288. It requires trimming of ~12 nts from the debranched 3' splice
1092  site to generate the pre-miRNA hairpin.

1093
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1094  Figure 5: Testes-restricted, Recently-evolved, Clustered (TRC) canonical miRNAs in

1095  Drosophila. (A) An example of a novel TRC miRNA cluster (dan_86 — dan_373) in D.

1096  ananassae. The majority of miRNAs show high expression in the male-body libraries. (B) An
1097 example of a TRC miRNA cluster (dps_3416 — dps-mir-2536) in the obscura-group species.
1098 The D. pseudoobscura cluster contains 36 miRNAs while its sister species, D. persimilis,

1099 contains 26 miRNAs. MiRNAs within the 3’ end region of these orthologous clusters (orange
1100 highlight) have preserved their order while miRNAs within the 5’ region show high gene

1101  duplication. Colored circles and numbers represent miRNAs of the same family. (C) Expression
1102  heatmap for all D. pseudoobscura copies reveals a predominant testes-restricted profile. (D)
1103  Comparison of expression difference between TRC and solo canonical miRNAs present in D.
1104  virilis alone or within the virilis/mojavensis clade alone. TRC miRNAs of the virilis-subgroup
1105  show significantly higher expression than their age-matched solo canonical cohorts (Mann-
1106  Whitney Test p < 10®). All Drosophilid subclades have their own distinct TRC loci, and details of
1107  all the novel TRC loci cloned in this study are provided in Supplementary Figures S13-S17.
1108

1109  Figure 6. Estimation of miRNA birth and death rates in Drosophila. (A) A probabilistic,

1110  phylogenetic graphical model for estimating rates of gene birth and death. The model takes
111 binary data representing miRNA presence or absence at the leaves of the tree and uses

1112  maximum likelihood and numerical optimization methods to estimate model parameter (u, A)
1113  values. Branch lengths (1) are fixed. Maximum likelihood parameters are then used to

1114  reconstruct node-wise miRNA counts and edge-wise birth and death events. (B-D) Summary of
1115  estimated ancestral miRNA content and edge-wise birth and death events for three classes of
1116  miRNAs. MiRNA classes are canonical miRNAs (B), Testes-restricted, canonical miRNAs
1117  (TRC) (C), and mirtrons (D). Estimates of edge wise birth and death events are shown in green
1118  and red, respectively. Net emergence rate (i.e. total birth - death events / Myr) are shown in
1119  each class for the melanogaster-group, obscura-group, and virilis-subgroup species. (E) Net
1120  miRNA gain rate for three clades- melanogaster-group, obscura-group, and virilis subgroup —
1121  are shown. Note that mirtrons and TRC miRNAs exhibit much higher rates of flux than do

1122  canonical non-testis-restricted miRNAs.

1123

1124  Figure 7. Multiple distinct cis-molecular signatures associated with miRNA flux. (A-D) Duplex
1125  alterations that affect miRNA processing. (A) mir-4984 hairpin is similar across 5 related

1126  melanogaster subgroup species and its mature (green) arm is identical in all these species.

1127  However, small RNA sequencing indicates substantial accumulation only in Dmel, very modest
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in Dsim/Dyak, and not in Dyak/Dere. (B) Experimental tests of UAS-DsRed-mir-4984 expression
constructs transfected into S2 cells shows that only the Dmel construct was effectively
processed into miRNAs. DsRed expression confirms that all constructs were expressed. (C)
dps_41/dpe_2484 ortholog pair, with only a few duplex divergences, exhibits divergent
expression between very closely related species. (D) Experimental tests in S2 cells confirm
differential biogenesis of these miRNAs. (E) Transcriptome comparison of miRNAs differentially
expressed between sister species Dpse and Dper. In general, significantly more duplex
divergent miRNAs are differentially-expressed miRNAs for both newly-evolved and conserved
miRNAs. (F) Adaptive evolution of seed regions of testis-restricted, clustered (TRC) miRNAs.
Shown are examples of 1-to-1 orthologs of TRC miRNAs between Dpse and Dper, including
available Dpse population data. Highlighted are examples of seed divergence between
expressed TRC miRNA orthologs between these closely related species, indicating adaptive
evolutionary behavior. (G-J) Impact of terminal uridylation system on evolutionary suppression
of mirtrons and behavior of canonical miRNAs. (G-H) Compared to canonical miRNAs (G),
mirtrons (H) in every Drosophilid species acquire extraordinarily high rates of terminal
untemplated uridylation (purple) on the 3' ends of their 3p species, compared to any other
nucleotide modifications. (I-J) 3' uridylation of canonical miRNAs is sensitive to terminal hairpin
nucleotide. In these graphs, miRNA loci are divided by biogenesis type (canonical vs. splicing-
derived), by terminal nucleotide (3'-G vs. 3'-A/U/C, i.e. "3'-H"), and by evolutionary age. Analysis
of deeply conserved miRNA loci (I) and recently-evolved loci (J) shows that canonical miRNA
hairpins that end in G acquire higher levels of 3' uridylation than do other canonical miRNA

hairpins.
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across the Drosophila genus

Supplementary Figures and Tables

Supplementary Table S1: Small RNA libraries for 11 Drosophila species created for and
analyzed in this study.

Supplementary Table S2: Small RNA libraries for Drosophila species acquired from public
repositories and analyzed in this study. (A) Libraries for D. melanogaster. (B) Libraries for D.
simulans, D. yakuba, D. erecta, D. pseudoobscura, and D. virilis.

Supplementary Table S3: miRBase Drosophilid loci that were demoted from miRNA status.
Supplementary Table S4: Master list of all known and novel miRNAs in Drosophila.

Supplementary Table S5: List of all sense and antisense miRNA pairs identified and analyzed
in this study.

Supplementary Table S6: 3' Untemplated nucleotide addition counts to canonical miRNA-3p
and mirtron-3p species.

Supplementary Table S7: miRNA sRNA read, sequence, and structure features for Random
Forest and logistic regression classifiers.

Supplementary Figures Legend

Supplementary Figure $1: Conserved and newly-evolved D. melanogaster miRNAs recovered
at varied read depth thresholds using in silico simulated libraries. These libraries are composed
of randomly sampled reads across all D. melanogaster sSRNA-seq male-body, female-body,
head, and mixed embryo libraries used within this study. miRNA recovery rates are computed
per read-depth sample at various miR or miR* read thresholds. Error bars depict the standard
error of the recovery rate across 100 simulations.

Supplementary Figure S2: Read length distribution for all small RNA libraries sequenced in
this study. We extended our previous broad and deep analysis of D. melanogaster by sampling
11 additional Drosophila species as listed to the right, by analyzing mixed embryos, adult heads,
male bodies and female bodies; a testis library was also generated for D. simulans. A subset of
libraries were sequenced in replicates, especially ones where the expected dominant miRNA-
sized peak (21-22 nt) peak was not initially observed. A piRNA peak is seen in most of the body
libraries. Due to the technical difficulty in culturing D. grimshawi, it was only feasible to generate
two libraries for male and female bodies.

Supplementary Figure S3: Detailed flow-chart of miRNA and mirtron identification pipeline and
scoring criteria.
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Supplementary Figure S4: Drosophilid miRbase loci demoted for lack of compelling small RNA
evidence. Examples of 47 demoted miRBase (v21) miRNAs and mirtrons. 37 of these represent
piRNAs within D. pseudoobscura and D. virilis previously classified as miRNAs.

Supplementary Figure S5: Total miRNA and mirtron annotation count within 12 Drosophila
species. Annotations are further subdivided within (1) three confidence categories- “confident”,
“candidate-rescued, and candidate”, and (2) between known and novel annotations. Note that
“candidate” annotations were not utilized for analyses of miRNA flux in this study.

Supplementary Figure S$6: Distribution of miRNAs for three classes of miRNAs within each
Drosophila species. These classes are defined by biogenesis pathway and canonical miRNAs
are further divided by their testes-restricted expression. Only “confident” and “candidate-
rescued” loci are included; loci that are considered “candidate” only and lack further rationale to
be rescued based on a confidently processed miRNA ortholog are not included in these pie
charts.

Supplementary Figure S7: Read alignments for mir-10404, a conserved non-canonical miRNA
generated from the ITS1 spacer in ribosomal RNA, across the Drosophilid phylogeny.

Supplementary Figure S$8: Other well-conserved miRNAs identified within this study.
Alignment and representative hairpin structure for each conserved miRNA. Included is dme_474
which is not well-conserved but is one of the Drosha-cleaved hairpins within the pasha 5 UTR.
Note that unlike most other conserved miRNAs, these loci generally accumulate modest
amounts of small RNAs and/or have atypical structural features. This might reflect that their
processing is atypical and/or regulated, or that their conservation reflects a role other than, or in
addition to miRNA-type function. For example, besides the pasha 5° UTR hairpins, two of these
loci are located in CDS or 3'UTR, and thus cleavage could mediate host MRNA downregulation.

Supplementary Figure S§9: Alignment and small RNA read details for novel conserved miRNAs
annotated in this study.

Supplementary Figure $10: Evolutionary patterns of 5’ end cleavage precision for all
conserved D. melanogaster miRNAs.

Supplementary Figure $11: Supplementary Figure S11: Additional examples of novel
sense/antisense miRNA pairs. (A) Example of novel sense/antisense miRNA pair from D.
willistoni (dwi_62/dwi-98). (B) Example of novel sense/antisense miRNA pair from D. ananassae
(dan_100/dan_244).

Supplementary Figure $12: Example of a novel, atypical 3’ tailed mirtron. A 3’ tailed mirtron
from D. erecta, Der_70. This locus produces a dominant 3p miRNA, which is trimmed by ~13
from the splice acceptor site. Note that there is 3’ untemplated uridylation (purple) associated
with a subset of Der_70-3p reads. While Der_70-5p reads are modest, there are also apparent
partially diced products that include the terminal loop that phase precisely with the Der_70-5p
species, supporting this as a Dicer position. Bottom alignment shows that Der_70 tailed mirtron
resides in the conserved gene CYLD, and is associated with a non-canonical splice “GC” donor
in the five melanogaster group species, which is instead a conventional “GT” splice donor in
most other insects. Note D. willistoni seems to have lost both splice sites.

Supplementary Figure $13: Annotation of novel Testes-restricted, recently-evolved, clustered
(TRC) miRNA clusters identified within D. ananassae.
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Supplementary Figure S14: Annotation of a novel Testes-restricted, recently-evolved,
clustered (TRC) miRNA cluster identified in D. willistoni. Tissue code indicates the miRNAs are
all highest expressed in male body libraries.

Supplementary Figure S15: Annotation of novel Testes-restricted, recently-evolved, clustered
(TRC) miRNA clusters identi- fied in obscura group species, D. pseudoobscura and D.
persimilis. (A) Genomic organization and small RNA read density of orthologous dps_3416 —
dps-mir-2536 TRC clusters in D. pseudoobscura and D. persimilis. (B) Genomic organization
and small RNA read density of orthologous dps-mir-2510 — dps_23 TRC clusters in D.
pseudoobscura and D. persimilis. Tissue code indicates the miRNAs are all highest expressed
in male body/testis libraries. Note that there are also additional copies of some of these TRC
loci located outside of these clusters.

Supplementary Figure S16: Annotation of novel Testes-restricted, recently-evolved, clustered
(TRC) miRNA clusters identified in virilis clade species. (A) The dvi_66 — dvi_40 cluster. This
cluster has a clear homologs in mojavensis. The small RNA mappings to their respective
genomic loci are shown. (B) The dvi_24637 — dvi_197 cluster has clear homologs in D.
mojavensis. The small RNA mappings to their respective genomic loci are shown. (C)
Annotation of three additional novel Testes-restricted, recently-evolved, clustered (TRC) miRNA
clusters identified in virilis clade species. The dvi_43 — dvi_207 cluster has two copies in D.
virilis (i.e. roughly similar members can be found on scaffold_12723 and scaffold_12963). The
other cluster is D. mojavensis dmo_62 and dmo_330.

Supplementary Figure S$17: Expression difference between D. pseudoobscura-specific or
obscura-group-specific TRC and solo canonical miRNAs. Points reflect the maximum
expression per locus assessed over all D. pseudoobscura libraries. P-value computed from two-
tailed Wilcoxon Rank Sum Test.

Supplementary Figure $18: All possible phylogenetic reconstruction of ancestral miRNA
presence and absence for 3 miRNA classes using a phylogenetic probabilistic graphical model
with universal parameters of A = 0.292 and y = 0.694. These parameters were computed by
running the phylogenetic reconstruction algorithms on all mirtrons and miRNAs pooled together.
These trees illustrate how the method’s maximum likelihood reconstruction performs for all
possible configurations of extant miRNAs presence and absence per alignment. Blue text
indicates count of alignments with this particular configuration in each class. Summary of
miRNA birth and death (Figure 6) are based upon these estimates of ancestral miRNA presence
and absence.

Supplementary Figure $19: Individual phylogeny of extant and inferred ancestral miRNA
presence and absence for all canonical miRNAs that are not in the testis-restricted clustered
subclass.

Supplementary Figure $20: Individual phylogeny of extant and inferred ancestral miRNA
presence and absence for all mirtrons.

Supplementary Figure $21: Individual phylogeny of extant and inferred ancestral miRNA
presence and absence for all testis-restricted clustered (TRC) canonical miRNAs.
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Supplementary Figure $22: Examples of mirtrons with atypical emergence and decay
patterns. Expression profiles and mirtron alignments are shown per example to highlight the
non-clade specificity of mirtron presence.

Supplementary Figure $23: Differential expression of miRNAs between obscura group
species. Scatterplot depicting the correlation of miRNA expression of all D. pseudoobscura and
D. persimilis ortholog pairs (RPMM = Reads Per Million Mapped MiRNA Reads). All miRNA
alignments with orthologs in both species are shown. Points that lie on or near the diagonal
represent similarly expressed ortholog pairs. Orthologs with > 6-fold log10(RPMM) difference
(denoted by the blue-dashed line and labeled points) are examples of significantly differentially
expressed orthologs. Points are colored by miRNA age, and shapes represent miRNAs with or
without miR:miR* duplex region substitutions (fraction of duplex sites with substitutions are
labeled). Note that the mir-309 cluster (yellow) loci are expected to be expressed in the very
early embryo, and given that the embryo development and timing were not controlled in library
preparation, their differential accumulation may not be genuine. Amongst loci changed by >6-
fold, dme-mir-2b-1 and dme-mir-310 are deeply conserved, but all others are specific to the
obscura group species.

Supplementary Figure $24: 3’ end untemplated nucleotide additions for canonical miRNAs
and mirtrons in 12 Drosophila species. (A) Proportion of AG ending 3’ arm miRNAs and mirtrons
that contain reads within mono-A, C, G or U untemplated additions. Error bars represent the
standard error of the mean. More mirtrons contain untemplated uridylation than comparable 3’
end AG-ending canonical miRNAs. (B) Species-specific empirical cumulative distribution
function of mono-uridylation for mirtrons and canonical miRNAs with 3’ end ‘G’ nucleotide or
non-‘G’ nucleotides (i.e. IUPAC ambiguity code ‘H’). P-value computed from two-tailed Wilcoxon
Rank Sum Test between canonical 3’-end ‘H’ miRNAs and mirtrons. Significant differences in
mono-uridylation distributions between these two classes are noted in blue text. P-values from
comparisons between canonical 3’ end ‘H’ miRNAs and 3’ end ‘G’ miRNAs are all non-
significant and not shown.
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Supplementary Figure S1: Conserved and newly-evolved D. melanogaster miRNAs recovered at
varied read depth thresholds using in silico simulated libraries. These libraries are composed of
randomly sampled reads across all D. melanogaster sRNA-seq male-body, female-body, head,
and mixed embryo libraries used within this study. miRNA recovery rates are computed per
read-depth sample at various miR or miR* read thresholds. Error bars depict the standard error of
the recovery rate across 100 simulations.
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Supplementary Figure S2: Read length distribution for all small RNA libraries sequenced in this study. We extended our
previous broad and deep analysis of D. melanogaster by sampling 11 additional Drosophila species as listed to the right, by
analyzing mixed embryos, adult heads, male bodies and female bodies; a testis library was also generated for D. simulans. A
subset of libraries were sequenced in replicates, especially ones where the expected dominant miRNA-sized peak (21-22 nt)
peak was not initially observed. A piRNA peak is seen in most of the body libraries. Due to the technical difficulty in culturing D.
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3. [pairing] Hairpin structure with at least 13 paired nucleotides
in miR:miR* duplex

4. [can-top3] Top 3 iso-miR reads account for 85% of the miR
arm reads

5. [back] miR:mir* duplex to background read ratio is > 1
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Supplementary Figure S3: Detailed flow-chart of miRNA and mirtron identification pipeline and

scoring criteria.
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Drosophila MiRNA Annotation Summary
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Supplementary Figure S5: Total miRNA and mirtron annotation count within 12 Drosophila species.

Annotations are further subdivided within (1) three confidence categories- “confident”, “candi-
date-rescued, and candidate”, and (2) between known and novel annotations. Note that “candidate”
annotations were not utilized for analyses of miRNA flux in this study.
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Distribution of all confident + candidate-rescued miRNAs by class

dm3 (359) droSim2 (245) droSec?2 (238) droYak3 (205)
79.1% 69.4% 69.7% 73.2%
droEre2 (209) droAnag3 (187) dp5 (253) droPer2 (240)
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Supplementary Figure S6: Distribution of miRNAs for three classes of miRNAs within each Drosophila
species. These classes are defined by biogenesis pathway and canonical miRNAs are further divided
by their testes-restricted expression. Only “confident” and “candidate-rescued” loci are included; loci
that are considered “candidate” only and lack further rationale to be rescued based on a confidently
processed miRNA ortholog are not included in these pie charts.
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Supplementary Figure S7.

Read alignments for mir-10404, a conserved non-canonical miRNA generated from the
ITS1 spacer in ribosomal RNA, across the Drosophilid phylogeny.
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dme-mir-10404 Complete

dme-mir-10404 Complete Alignment

file://IC|/Users/jaavedm/Box%20Sync/alignments/dme-mir-10404%20Complete.htm[11/6/2016 10:28:03 PM]

Species| Name |[Confidence Read alignment

am3 idne_417 [candidate- Total
rescued TTATTTTAGGTATATAAAAT -ACATTTATTGAAGGAATTGATATATGCCAGTAAAATGGTGTATTTTTAATTTCTTTCAATAAAAACATAATTGAC-——————————— ATTATATAAAAA Size Hits Total Norm
N (CErEE [(CCOCERRE N (e 23333333--33300333))-00II))) - - e e - - D )))) EP)) Norm RPM
.......................... TATTGAAGGAAT TCATATATGC - - e e e e e e e e e e e e e e e e e e e e e et e e e e e e e eammma e e eeea s 22 20 4840.05 20.61
.......................... TATTGAAGGAAT T AT AT AT G - e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eaeeaam e 21 20 2663.15 10.58
............................ TTGAAGGAAT TGAT AT AT GC CA - - - o e i e e e e e e e e e e e e e e e e e e e e e e eaaaaaa e e e e e e e eeeaeaaaaaaaaaan 22 20 2142.20 10.51
............................ TTGAAGGAAT TGAT AT AT G C - - - o o e o e e e e e e e e e e e e e e e e e e e e e e e e e m e e e e e e e e aaaaaaaaaaan 21 20 1075.05 3.22
.......................... TATTGAAGGAAT TCATATATGCC . - e e e e e e e e et e e e e e e e e e e e em e maaae e e e e eeeaeaaaaaaa e e 23 20 907.95 4.95
.......................... TATTGAAGGAAT TGAT AT AT G C A - .« - e e e e e e e e e e e e e e e e e e e e e e e e eeeaaaa e e aaaeas 24 20 405.20 1.34
............................ TTGAAGGAAT TGAT AT AT G - - o o o o e e e e e e e e e e e e et e e e e e e e e e e e e e e e e e e e e e e eeaaeaaaaaaan 20 20 193.85 0.93
........................................................... TCTATTTTTAATTTCTTTCAATAAL - - - e et eeea e e e e e e aaeaeeas 25 20 179.50 1.66
......................... TT AT TGAAGGAAT TGAT AT AT G- o o o e e e e e e e e e e e e e e e e e e e e e e e e a e e e e e e e e e eeaaaaaaa e aaaas 22 20 171.75 0.73
......................... TTATTGAAGGAAT TGAT AT AT G - - - o e e e e e e et e e e e e e e e e e e e e e e e m e e e e e e e eeammmaa e e aeaea s 23 20 103.35 0.60
........................... ATTGAAGGAAT TGAT AT AT G - - o e e e e e e e et et e e e e e e e e aeeaaaaaa e e e e e ieeeeaaaaaaaaaaaa s 21 20 101.20 0.55
.......................... TATTGAAGGAAT TGATATATGCCAME . . - - - o o o o e e e e e e e e e e e e e e et e e e e eemaaa e e e e aaaa s 26 20 94.35 374.83
.......................... TATTGAAGGAAT TCAT AT AT G A - - - o o o o oo o o e e e e e e e e e e e e e e e e e e e e eeeamemaaa e e e e e e e e meeeeeaeaenann 23 20 93.10 0.53
........................................................... TGTATTTTTAATT T CT T TCAATAA . i e oot eeeeaaaaaaaaan 24 20 88.65 0.54
............................. TGAAGGAAT TGAT AT AT GC A - - e e e et e e e e e e e e e e e e e e e e e e e e e e eeea e e 21 20 70.45 0.35
........................................................... TOTATTTTTAAT T TCT T T CAAT - i e e e e e e e e e e e eeaeemaaaaann 22 20 52.50 0.20
.......................... TAT TGAAGGAAT T AT AT AT - e e e e e e e e e e e e e e e e e e e e e e e e ea e aa e e e e e e e i eeeaeaaaaaa e 20 20 51.00 0.69
............................ TTGAAGGAAT TGAT AT AT G- - o o o o o e e e e e e e e e e e e et e e e e e e e e e e e e e e e e e e e e e e e eeeaaaaaaaaaa 19 20 47.10 0.18
........................... ATTGAAGGAAT TGATATATGCC - - e e e e e et e e e e e e e e e e e e et e e e e e e e e e e e e e e aeaeeaaaa e aaaaea 22 20 44.85 0.22
.......................... TAT TGAAGGAAT T AT AT A L o e e e e e e e e e e e e e e e e e e e e e e e e e eaeaa e e e e e e e e eeeeeaaaaaa e 19 20 44.15 0.22
........................................................... TGTATTTTTAATTTCT T TCAATAAA .« i i eaeaaaaaaaan 25 20 38.35 0.34
.......................... TATTGAAGGAAT TCAT AT AT GCCA . - - - - e e e e e e e e e e e e e e a e e e e e e e eeeaeaaaaaaa e e e aeaeann 25 20 31.05 0.27
.......................... TATTGAAGGAAT TGATATATGCCAG . - - e e et e e e e e e e e e e e e e a e e e e e e e e e eeeaaaaa e aaeas 25 20 29.70 0.18
.......................... TATTGAAGGAAT T AT AT AT G - - - o o o o o i e e e e e e e e e e e et e e e e e e e e e e e e am e m e e e e e e e e e e e e e 22 20 29.10 0.15
.......................... TATTGAAGGAAT TCAT AT AT GCCAGT -« e e e e e e e e e e e e eeaeaaa e e e e e e eeeeaaaaaaaaaaaaa e 26 20 25.65 0.18
........................... AT TGAAGGAAT TGAT AT AT G- o o o e e e e e e e et e e e e e e e e e e e e e e e e e e e e e e e e e eaa e 20 20 23.90 0.20
........................................................... TGTATTTTTAATTTCTTTCAATAAL - - - - i e e e e e eeemaa e e e e e aeaeaeeas 25 20 23.85 0.28
.......................... TATTGAAGGAAT TGAT AT AT G - - - - o o o o e e e e e e e e e e e e e e e e e e e e e e e eemaaaaaaa e e e e e e eemeeeeeaaaaaaann 22 20 20.60 0.13
............................ TTGAAGGAAT TGAT AT AT GCCAG T A A A A . i e e e e e e e e e e e e e e e et e e e e iieaaaaaaan 28 20 17.90 0.12
......................... TT AT TGAAGGAAT TOAT AT AT - o o o e e e e e e e e e e e e e e e e e e e e e e e e e e m e e e e e e e eaeaamaaaa e 21 20 16.90 0.06
........................................................... TGTATTTTTAAT T TCT T T CAAT A . i e e e e e e et e oo ieeeeeaaaaaaaaann 23 20 16.40 0.11
............................. TGAAGGAAT TGATATATGCCAG - -« e e e et e e e e e e e e e e e e e e e e e e e e e e e e eeeeaaa e e e e 22 20 15.55 0.06
......................... TTATTGAAGGAAT TGATATATGCCAG . - e e e e et et e e e e e e et e e e e e aam e m e e oo e eeaeaaaaaaa e 26 20 15.00 0.10
......................... TT AT TGAAGGAAT TGAT AT A L L o o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeaaaaaa e 20 20 14.15 0.06
................... T—ACAT T T AT TGAAGGAAT TG AT AT A - - o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e a e e e e e e e e e eeeeeaaann 25 20 13.60 0.10
........................ TTTATTGAAGGAAT TOAT AT AT G C . - e e e e e e e e e e e e e e e e e e e e e em e ma e e e e e e eeeaeaaaaaaaaa e 24 20 13.50 0.06
................................................... TAAAAT GG T GTAT T T T TAAT T T T T T e e e e e et e e eeeeaaaa e e aaaeman 26 20 13.20 0.36
........................... ATTGAAGGAAT TGAT AT AT GC A - - e e e e e e e e e e e e e e e e a e e e e e e e e e e eemeeaaaa e aaaeas 23 20 12.75 0.09
.......................... TATTGAAGGAAT TCAT AT AT GCCAGT A . - - e e e e eaeaaeaaa e e e e e e eeeeaaeaaaaaaaaaa s 27 20 12.35 0.06
............................................................ GTATTTTTAAT T TCT T TCAATAA . - . i ieaeaaaa e 23 20 11.55 0.11
......................... TTATTGAAGGAAT TGAT AT AT GCCAGT - - e e e e e e e e e e e e e e e e e e e m e e e e e e e e emmmmama e aeaema s 27 20 10.90 0.04
............................. TGAAGGAAT TGAT AT AT G - - e et e e e e e e et e e e e e e e e e eeeeaaaaa e e e e e meeeeaaaaaaaaaaaa e 19 20 10.45 0.05
....................... ATTTATTGAAGGAAT TGAT AT AT G - - o e e et e e e e e e e e e e e e e e e e e e et e e e e e e e eememaa e e e e eaea s 25 20 9.30 0.04
............................. TGAAGGAAT TGAT AT AT GCCAGT AAAA « - - - e e e e e e e e e e e e e e e e e e e e e e e eeaeeaaaa e aaaaema 27 20 9.05 0.06
............................... AAGGAAT TGATATATGCCAG T AA A A L e e e e et et e e e e e e e eeeeaaaaaa e e e e e ieeeeeaaaaaaaaann 25 20 8.60 0.09
............................. TGAAGGAAT TGATATATGCC - - e e e e e et e e e e e e e e e e e e e e e e e e e e e e e aeeaa e 20 20 8.35 0.04
........................ TTTATTGAAGGAAT TCATATATGCCAG . - - e e e e e e e e e e e e e e e e e e e e e e e e e emmemamaea e e e aaaea 27 20 7.60 0.05
.......................... TATTGAAGGAAT TGAT AT AT G T - - - - - o o o o o o e e e e e e e e e e e e e e e e e e e e eaaaaaaa e e e e e e e e e emeeeeeaaann 23 20 6.70 0.06
................... T = ACAT T T AT TGAAGGAAT TG AT A L - - e e e e e e e e e e e e mm e e e e e e e e e e e em e amaa e e e e e e e i e eeeeaeaaann 23 20 6.05 0.03
............................................................ GTATTTTTAAT T T T TTCAAT - e e et e e e e e e e eeeaeaaaaaaanann 21 20 5.55 0.10
............................. TGAAGGAAT TGAT AT AT GCCAG T AA - - . o e e e e e e e e e e e e e e e e e e e e e e e eeeaaa e e e e a s 25 20 5.55 0.05
.......................... TATTGAAGGAAT TCATATATGCCARA . . - - - e e e e e e e e e e e e e e e e e e e e e e eaeaeaaaaaaaa e e 26 20 5.35 0.07
........................ TT T AT TGAAGGAAT T AT AT A L e e e e e e e e e e e e e e e e e e e e e e e e e e e e aa e e e e e e e e e e eeeeaaaaaa e e 21 20 5.30 0.02
............................................................ GTATTTTTAATTTCT T TCAATAAA .« i eaaaaaa e 24 20 5.00 0.07
........................................................... TGTATTTTTAATTTCTTTCAATAAA - - - e e eeemaaa e e e aaaaes 26 20 4.75 0.06
........................ TTTATTGAAGGAAT TGAT AT AT GCCAGT - - e e e e e e e e e e e e e aeaaa e e e e e e e e eeeaaaaaaaaa e e 28 20 4.75 0.02
............................. TGAAGGAAT TGAT AT AT GCCAGT AAA « - - - o o e e e e e e e e e e e e e et e e e e i eeeeaaa e e aaae e s 26 20 4.70 0.04
....................... ATTTATTGAAGGAAT TGATATATGCC - - e e e e e e e e e e e e e e e e e e e e e e e e e mam e e e e e eeaeaeaaaaaaa e 26 20 4.60 0.03
......................... TTATTGAAGGAAT TGATATATGCC - - e e e e e e e e e e e e e e e e e e e e e e e e a e e e e e e e e e eemmaa e e eaeas 24 20 4.55 0.02
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........................ TT T AT TGAAGGAAT T AT AT AT - e e et e e e e e e e e e e e e e e e e eeaaaaaaa e e eeeeaaaaaaaaaaa e aaennn 22 20 1.40 0.01
........................... ATTGAAGGAAT TGAT AT AT - o e i e e e e e e e e et e e e e e e eeaeaaaaac e cceacaaaaaaaaaaaaaaaaeann 19 20 1.35 0.02
........................................................... TGTATTTTTAATTTCTTTCAATAAG . - . i et e i ieeemaaeas 25 20 1.35 0.03
.......................... TATTGAAGGAAT TCAT AT AT G B - - - - - o o i i i e e et et e e e eaa e e e e e eesaesaaaaaaaaa e e e mceeaaaaaaaannnn 22 20 1.35 0.02
Total 14076.90 8.62
droSimZ{dsi_301 [confrdent Total
TTATTTTAGGTATAHAAAHT A"ATTTATTGAAGGAATTGATATATGCCAGTAAAA.GGTGTATTTTTAATTTCTTTCAATAAAAACAEEATTGAC ———————————— ATTATATAAAAA size Hits Total Norm
(O (G G (CCCCE (e 2333333--330033303)-500))) - - - - - D))o ) Norm RPM
.......................... TATTGAAGGAAT TGATATATGCC. - - o e e e et e e e e e e e i eea e eea s eeeccesaceeaceeaaeaeaaanannn 23 3 6985.33 26.56
.......................... TATTGAAGGAAT TGAT AT AT G . - e e i et e e eeaamaaaaa oo eeeecacaaaaaaaa e aaaaann 22 3 6952.00 26.43
........................................................... TGTATTTTTAATTTCTTTCAATAA. - i iieceeeaaaaaas 24 4 4980.00 22.93
............................ TTGAAGGAAT TGATATATGCCA L - e e e e e it e e i eeecieeaceccceseccsacceaaeeaaeaaaenanan 22 3 3239.00 12.31
........................................................... TGTATTTTTAATTTCT T TCAATAAA . & i iieeeeaaaaaan 25 4 2913.75 11.66
.......................... TATTGAAGGAAT TGAT AT AT G - e e o it e et e et e e ea i eeameemesaccosaccesacceaacceaaacaaaaaaanannn 21 3 2552.33 9.70
............................ TTGAAGGAAT TGAT AT AT GCC - - - o o e e e e e e e e e e e e e e e e eeeaeaaaaaaaaa e eeeeeaaaaanaannann 21 3 2229.67 8.48
.......................... TATTGAAGGAAT AT AT A L i e e e e e oo e e e eaeaaamaaa o ececsccacaaaaaaaaaaaaaaeann 19 3 1976.67 7.90
........................................................... TGTATTTTTAATTTCTTTCAATAAAA . L i i e e cieaaaaaas 26 4 1776.75 14.71
.......................... TATTGAAGGAAT TCAT AT ATGCCA . - e e i e e e eeaeaaeaaaaaa e e ceeeaaaaaaaaaaaaaaaaaaennn 24 3 1405.00 6.11
.......................... TATTGAAGGAAT AT AT AT - e it e e e e e e e e i e e e eeaeaasmcacccccccececsaaaaaaaaaaaaaaaaaennn 20 3 1267.67 5.07
.......................... TATTGAAGGAAT TGATATATGC A . - - e i e e e e e e e i eeam i eeaamsacceaaccesaccecacaaaaaaaaaaaaannnnn 23 3 1021.67 4.76
........................................................... TCTATTTTTAATTTCT T TCAAT A . et eeecaaaaaaanann 23 4 854.25 3.42
........................................................... TGTATTTTTAATTTCT T TCAAT . et e e e e e e et ieeeecaaaaaaannan 22 4 818.25 3.11
............................ TTGAAGGAAT TGAT AT AT - e et et e e e e e e e e i eee i eeacieeaeeeccesecccaaccaa e eaaannann 18 3 602.00 3.18
........................................................... TCTATTTTTAATTTCT T TCAA . e eeeceaaaaaaaaan 21 4 570.00 3.08
........................................................... TGTATTTTTAATTTCT T TCA . < et i i ieeeecaaaaaaanaan 20 4 565.25 3.34
............................ TTGAAGGAAT TGATATATGC. - - o e et e e e e it e e it e e i eeeceeacceecccsecseeea e aaaennnnn 20 3 530.33 2.12
............................. TGAAGGAAT TGAT AT AT G A . . i e e e et eeeeaamaa e ccececacaaaaaaaaaaaaaennn 21 3 517.00 2.38
........................................................... TGTATTTTTAATTTCTTTCAATAAAAA. .« . i iiiceceaaaaaaas 27 4 511.00 3.21
........................... ATTGAAGGAAT TGATATATGCC . - e e e e e e e e e e e e e e e e e e aeeaaaaaa e e e e eeeaeaaaaaaaaa e annn 22 3 478.33 1.82
............................................................ GTATTTTTAATTTCT TTCAATAAA. . . i iieeaaaaaaaaaas 24 4 461.50 3.17
............................ TTGAAGGAAT TGAT AT A L L o et et e e e e aa i eaacceaacceacccsaccaaaccaaac e aaaaannann 17 3 429.67 11.94
.......................... TAT TGAAGGAAT T AT AT - o e e e e e e e e e e e e e e e e e eeaeaaaaaaaca e ceeaaaaaaaaaaaaaaaaaaaennn 18 3 428.67 1.93
............................................................ GTATTTTTAATTTCT T TCAATAA. - i ieeecaaaaaaaaaas 23 4 396.50 1.85
............................ TTGAAGGAAT TGAT AT AT G v e o o e e e e e e e e i eac i eeammeemmeeccesaccsacccaacaaaaaaaannans 19 3 343.33 1.68
........................................................... TOTATTTTTAATT T T T . o o i e i e e e e e e et ieeeeaeaaaaaaann 19 4 322.25 5.30
............................. TGAAGGAAT TGAT AT A L e e e e e e e e e e eeesesaaacccccccccccccacaaaaaaaaaaaaaaaennn 16 3 316.67 5.57
......................... TTATTGAAGGAAT TGAT AT AT G -« v e o e e e et e e e e e i eeameemcesaccesacccsacceaacaaaaaaaeaannannn 23 3 250.33 1.11
............................. TGAAGGAAT TGAT AT ATGCC . - e et e e e e e e e i e e e eeseeeaaaaac e cececaaaaaaaaaaaaaaaennn 20 3 245.00 1.45
............................. TGAAGGAAT TGATATATGCCAG. - et e e e e i e e e e it eeesssaacacacacaaaccccceaaaaaaaaaaaaaaaaeeeann 22 3 241.67 1.13
............................. TGAAGGAAT TGATATATGCCAGTAAAA L L . e e e e i e e cieecceeceecccea e aaaaaaann 27 3 234.33 1.14
............................. TGAAGGAAT TGATATATGCCAGT AA L L . i e eaeeeaaaaa e ececacaaaaaaaaaa s 25 3 233.67 1.09
........................... ATTGAAGGAAT TGAT AT AT G . e e e e et e e e e i e e e i i i eeeessssacaccacccaccccccceaaaaaaaaaaaaaaaaeaaann 21 3 209.33 0.97
............................................................ GTATTTTTAATTTCTTTCA. - e e e i eeemieeemmeeemmnns 19 4 208.25 1.43
......................... TTATTGAAGGAAT TGATATATGCC . - e i e e e e e oo e eeeeeaaaacc o ccccccecaaaaaaaaaaaaaaaaennn 24 3 207.00 1.07
............................................................ GTATTTTTAATTTCT T TCAATAAAA. . . i iieeeeeaaaaaaas 25 4 201.75 1.51
............................................................ GTATTTTTAAT T T T TTCAAT A . e e e ceeaeaaaaaaaann 22 4 176.75 0.86
......................... TTATTGAAGGAAT TGAT A L L o et ee e e e i e e e e eeseeaaacc o cceecacacaaaaaaaaaaaaaaennn 18 3 172.67 0.79
............................................................. TATTTTTAAT TTCT T TCAATAAA . . e i e e i eaeieaaaas 23 4 157.00 1.21
.......................... TATTGAAGGAAT TCAT AT AT G A - - - o o o oo et e e e e e e e e e e e eeeaaeaaaaaaaa e ececaaaaaaaanann 22 3 144.33 0.86
......................... TTATTGAAGGAAT TGAT AT A L e e e e e e e e e e e e i e e e it eeesesascccacccacccccceacaaaaaaaaaaaaaaaeennn 20 3 130.00 0.55
........................................................... LI I I 1 B O 18 4 126.50 2.61
.......................... TATTGAAGGAAT TGATATATGCC . - - - -ttt e e it et e eaaaaama o cccecsesacsccaacaaaaaaaaaeeaaanann 24 3 122.00 0.64
......................... TTATTGAAGGAAT TGAT AT AT - o o e e e et e e e ea i eeaeeaceaacceaacccaacceaaccaaaaaaaaaaannannn 21 3 115.33 0.49
............................. TGAAGGAAT TGAT AT AT G e it et e e e e e e e e e e e e eesasaaaaaaae e ceeaaaaaaaaaaaaaaaaaeennn 18 3 111.67 2.93
............................................................ GTATTTTTAAT T T T TTCAA . it eeeacaaaaaaaaaan 20 4 103.25 0.82
......................... TTATTGAAGGAAT TGAT AT AT G o e c it e it e et e e ea e i eeaeemeeacceaaccoaaccaaacceaaaaaaaaannannn 22 3 100.33 0.40
............................................................. TATTTTTAATTTCT T TCAATAA. e et ieeaemaaaaaaaann 22 4 93.25 0.53
............................................................ GTATTTTTAATTTCTTTCAATAAAAA. . . i iieeeaaaaaaaaas 26 4 89.25 0.88
........................... ATTGAAGGAAT TCAT AT A L e e e e e et e e i eea e eec s ceeaccaeaccaaaccsaaacaaaaeaaaeannnnn 18 3 84.33 0.81
............................. TGAAGGAAT TGAT AT AT G - - et e e e e e e e e i e e e e eeeeaaaaae e eceeacaaaaaaaaaa e aaaennn 19 3 80.67 0.52
............................... AAGGAAT TGATATATGCCAG . - - o i i e i e e e et e e e e e e e e i i e eeeesessacacacacaccccceaaaaaaaaanannnn= 20 4 73.75 1.08
............................ TTGAAGGAAT TGATATATGCCAG . - - e c e e e e e e e i eee i eeaieeacceacccsecceaacccaac e aaannnnnn 23 3 70.67 1.03
.......................... TATTGAAGGAAT TCAT AT AT G T - - - - - o oo oo i i e i it ettt e e e e e e oo eeeacacemacacaaaaaacccceeeaaaannn 23 3 69.00 0.36
............................. TGAAGGAAT TGATATATGCCAGT AAA L L . i teeeacacacaacccccecscaacaaaaaaaaaaaaann 26 3 66.00 0.42
.......................... TATTGAAGGAAT TGAT A L . e e e e et e e i ea i eeaee s esacceeaceeaceeaaeaaaanannn 17 3 61.00 0.50
........................... ATTGAAGGAAT TGAT AT AT G e e e e e e e e e e e e i e e e e eeeeemaaccc e ccceecacaaaaaaaaaaaaaennn 20 3 57.33 0.35
............................................................. TATTTTTAAT TTCT T TCAATA . L i iieemieeaameaaans 21 4 54.00 0.47
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......................... TTATTGAAGGAATTGATATATGOCA - - - -« c e e e c et ettt e e et aaeetaaaecaaaaacaaaaanaaaaacnaaaaacaa. 253 8.00  0.06
.......................... TATTGAAGGAATTOAT . . . -« - o e e et e e e e et e e e e e e et e eoiaeeiaiaaaiaiaaanaaaaacaaaaaaaaaaeo. 16 4 7.75  0.06
.......................... TATTGAAGGAATTGATATATGCCAGTAAAA - - - . ..o e et e e e e e e aae e e aaaeaaaaeaaaaaaaaaaanaaaaaon 30 3 7.33  0.07
............................ TTGAAGGAATTGATATATGCCE - - - -« - s« e e e e e et e e m e et a e e oaieeeaaaeoaaaaaaaaaaacaaaaacaaa. 22 3 7.00  0.16
...................... AATTTATTGAAGGAATTGATATATGC - - - - -« « - e e et e et e c e e e e o e e e e maaaeeaiaeaaaaaamaaaaaaaaaaanaaaaan 262 7.00  0.05
.......................... TATTGAAGGAATTGATATATGCCE - - - - -« - e e e e e e e e e e e e aee e aeeeeaaaeaaaaeaaaaaanaaaaeaaaa. 24 3 6.67  0.05
................... T-AAATTTATTGAAGGAATTGATATATGC . . . .« - - e e et e c e e m e et e et e iaatiiiaiaaioaiaaiaaaacaaaaacaaaeao. 28 2 6.50  0.05
....................... ATTTATTGAAGGAATTGATA. . . . -« o« e e et e et e e e et e e e aieeeaaaeeaiaaamaaaeanaaaaanaaaaanaaa. 20 3 6.33  0.04
............................ TTGAAGGAATTGATAT . . - - - e e o e e et e et e e e ae e e ae e e aeaeaaeaaaaaaaeaaaaanaaaaanaaaaao. 16 3 6,00 0.06
.......................... TATTGAAGGAATTGATATATGCE - - - - <« o e e e e e e e et e e e aaeeeaaaaimaaaaamuaaacaaaaaanaaaaaeaaa. 23 3 6,00  0.05
............................ TTGAAGGAATTGATATATGCCARA. . - - - . . e e et c e et e e e aee e e aieteiaaaaaiaaaaaaaaaanaaaaanaaao 24 3 6,00  0.07
.......................... TATTGAAGGAATTGATATATGCCAGTAA . . .« o .ot ot e et e et e e iieeeaeaeaaaaeaaaaeaaaaaanaaaaao. 28 3 6,00 0.04
............................. TGAAGGAATTGATATAT . . - - .. e e ot et ettt e e e e e a e e iaiaeiaiaeiaaaacaiaaacaaaaacaaa.. 17 3 6.00  0.17
.......................... TATTGAAGGAATTGATATATGCCAGTAAA . -« - .. e e e e et e e e e e e aae e maaaaaaaaaaaaaaanaaaaanaaaaeo. 20 3 5,67  0.05
...................... AATTTATTGAAGGAATTGATATA - - - . e o et m e et et e e et e e it e aiaeaiiaiaiiaiiiaiacaaaaaaaaaeoc. 232 5,50 0.17
............................................................ GTATTTTTAATTTCTTTCAATAAR . - .. eecmaeecaaaaacaaaaacnaaaanneaaa 24 4 5.25  0.07
......................... I YTy T O SN Lo B o M
............................ TTGAAGGAATTGATATATOR. . - - . . e e ottt ettt e et et i eeaaaiiiaiaaiaaaaaaaaaaaaaaaccae. 20 3 5,00  0.04
.......................... TATTGAAGGAATTGATATATGCCH - - - - -« - - e e e c e e e e e e e e e aeaeemaiaeamaaaaaaaaaaaaaaanaaaaaaaaa. 24 3 5,00  0.04
.......................... TATTGAAGGAATTGATATE . - . - - - - e e o e e et e e e e e e e e aeeeeaeaeaaaaaaaaaeaaaaaaaaaaaeaaaa. 19 3 5,00  0.06
............................ TTGAAGGAATTGATATATGCM . - - - - - e« e e e e c et e e e e et e e ieaeeiaiaaaiaiaaamaaaaaaaaaanaaaeaaae. 21 3 467  0.04
............................ TTGAAGGAATTGATATATGCCAT . - - -« - - e e e e e e e e e e e e e maaa e eaeaeeaaaeaaaaaaaaaaaaaaaaeaaaae 23 3 467  0.13
........................ TTTATTGAAGGAATTGATATATGCCAGT - - . -« - . e e et e e me e e e aee e e aeeeaaeeecaaaeamaaaaanaaaaacaaaaeaaa. 28 3 4.33  0.03
............................ TTGAAGGAATTGATATATGCCAGT - . - - .« e ot e e et e et e it e eiiiaeiiiiaaaaaaaaaaaaaaaaaaao. 24 3 433 0.04
........................ TTTATTGAAGGAATTGATATATGCCAG - - - - -« - e e e e e e e e e e e e e e e eaeemaaaeemaaaeamaaaaamaaaaanaaaaannaa. 27 3 4.33  0.04
............................. TGAAGGAATTGATAT - . . oo ot e e e e et e et e e aee e iaeeeeiaeeeiaeeaiaaaeiaiaeaiaaaeacaa... 15 3 4.33  0.22
...................... AATTTATTGAAGGAATT . . - - - . e et e e et et ettt e et e e ot eiaiaeaaiaiaiiaacaaacoaaaaeaaaeoo. 17 3 433 0.05
............ TAAAAA-T-AAATTTATTGAAGGAATTGA . .« - o .. e e ot e e e e e e e e m e e e e e e e emaeaeemaeaeamaaaaaaaaaaaaaaaaaaaaaeaa. 27 3 4.33  0.04
............................. TGAAGGAATTGATATATGCCAG - - - - - ¢« e e e et e et e m it e e eemaaaeamiaaaamaaaaaaaaaaaaaaaaeaae 22 3 4.00  0.08
............................................................ GTATTTTTAATTTCTTTCAATAAN . .o eeiieeeaiaeaaaaaaaaaaaanaaa. 24 4 4.00  0.06
........................... ATTGAAGGAATTGATATATGR. . - - - . o e e e e e e e et e e ae e e iaeeeecaaaeiaaaecaaaaanaaaaanaaaaaaaa. 21 3 3,67  0.04
........................ TTTATTGAAGGAATTGATATATGCCA . - - . -« ¢ o et e e et e et e e a e et i eaiaiaaacaaaamaaaaaoaaaaaaaaaaaaaa. 26 3 3.67  0.03
............................... AAGGAATTGATATATGOCA - - - - -« - e e ec e e e e e e e e e et e e e iaaaeaaaaaaaaaaanaaaaacaaaeaaaa. 19 4 3,50  0.10
..................... AAATTTATTGAAGGA - - - - <« - e e e ot e et e e e e e e e e e e e e e e iaeeeeiaaeeiaaeeaaaaeacaaaeanaaaaanaaaaao. 15 5 3,40 0.05
............................. TGAAGGAATTGATATATGCCAGTAAAAR. . . - . ..ot o ittt aetiaiaaaaiaaacaiaaacaaaaaaaaaaaaaaaae 283 3.33  0.03
......................... TTATTGAAGGAATTGATATATGR . - - . .« o e ec e ee e e e e e e e iaaeeiaaeaiaaaaacaaaaacaaaaanaaaaaenaaaae 23 3 3.33  0.06
.......................... TATTGAAGGAATTGATATATGCCAGTA - . . -« ot e e e e et e e e e aeeeiaiaeaaaaeaaaaeaaaaaanaaaaeo. 27 3 3.33  0.03
....................... ATTTATTGAAGGAATTGA . - - - .« <« c e e et e e et e e et et e e et eemaiaaacaiaeaiaiaaanaaaaanaaaeanaaao 18 4 3.25  0.03
............................................................... TTTTTAATTTCTTTCAATAAA. ..ot eaiaia e aaaaaaaaaaaaaao. 20 4 3.00  0.03
............................... AAGGAATTGATATATGC . - - - - e« e e e e e e e e e e iee e aeeeeaaeeeaaaeaaaaeanaaaaanaaaaeeaa. 17 4 3,00  0.05
............................ TTGAAGGAATTGATATATGCCR - - - -« « e e e et e e e e e e et e e e eiaaaeeaaaaoaaaacaaaaaacaaaaeoaaa. 22 3 3.00  0.08
............................. TGAAGGAATTGATATATGCCAR . - - - . <« - e e e e e e e e e ae e e e aeaeeaaaeaaaaeaaaaaaaaaaaaaaaaaeaa. 22 3 3.00  0.08
........................ TTTATTGAAGGAATTGAT . - - . . e ettt ettt et e e et e m ot et iaeeiaiaeacaaaaoaaaaaoaaaaacaaaaeaae. 18 4 3.00  0.03
....................... ATTTATTGAAGGAATTGATATATG . - - - .« e ot e et e et et e e et aaeeemaaaaacaaaaamaaaaanaaaaanaaaaanaaaee 24 3 3.00  0.02
....................... ATTTATTGAAGGAATT . . - - - . et et e et e e et et e e oo e eee e aeeeeaeaeaiaaaeanaaaaaaaaaaaaaao. 16 4 2,75 0.03
........................................................... TGTATTTTTAATTTCTTE - et ciie e e aie e aae e aaaeeaaaeecaaaea. 18 8 275 0.06
............................................................... TTTTTAATTTCTTTCAATAAAA L ..ot e e iiia e iaaaaaaaaaaaaaaaa. 22 4 2,75 0.03
.......................... TATTGAAGGAATTGATATATI. - - -« - e e e e e e e e et e e iee e aeeeiaeeeaiaeaeaaaaaaaaaaaaaaaeaa. 21 3 2,67  0.03
............................ TTGAAGGAATTGATATATGCCAGTA . - . . e o et c et e e et i e et aiaeaiiaaaiiaaaaaaaaaaaaaaaaaaaao. 25 3 2,67  0.02
.......................... TATTGAAGGAATTGATATATGCCA . - - - - -« e e e e e e e e e e et ae e e eaaaaecaaaaamaaaaamaaaaanaaaaaeaaaae 25 3 2,67  0.04
........................ LI LY. s = S - N~ -7 A o B
.......... TATAAAAA-T-AAATTTATTGAAGGAA . - - - .« o et e et e m e et m e et e e e e e e @ teiaaaaiaaacaaaacaaaaacnaaaeecaa. 25 4 2,50  0.03
............................................................. TATTTTTAATTTCTTTCAATAAAAA . . .. iimaaaaaaaaaaaaannaaaaan 25 4 2,50 0.09
............................... AAGGAATTGATATATG . . - - - . et e et et e e et e e et et i e eiaaaacaaaaaoaaaaacaaaaaaaaaaaoaa. 16 4 250  0.13
.......................... TATTGAAGGAATTGATATATGIA - - - - - <« ot ec e ee e e e e e e aeaeeaaaeioaaaeamnaaacaaaaaanaaaaeeaaa. 23 3 2.33  0.03
............ TAAAAA =T AAATTTATTGAAGGAATT . - . . .o oottt e et e e e e e e e et e e aeaeeaiaeaiaaaaaaaaaaaaaaanaaaeaeaa. 25 3 2.33  0.04
........................... ATTGAAGGAATTGATATATGCM. - - - - <« o et et et et e e e et e aia e e iaiaeeaiaeamaaaamaaaaanaaaaeaaa. 223 2.33  0.02
............................ TTGAAGGAATTGATATATGCCAR . - - - - - - e e ot e e e e e i e e aaaeeaeaeaaiaaaaaaaanaaaaeaaaaaeaaaa. 23 3 2.33  0.12
........................ TTTATTGAAGGAATTGATATATG . . - - - - et o e ee e e m e e e e o e e e aeeeeaeeeemaaaeamaaaaanaaaaanaaaeeaaa. 23 3 2.33  0.03
............................................................... TTTTTAATTTCTTTCAATA. « it ii e aiaia e caia e caaaeeaaaaee. 19 4 2,25 0.03
.......................... TATTGAAGGAATTGATATATGH. - - - -« « o e e e c e et e et e e e e e e caaaaeiaaaaamaaaaanaaaaanaaaaaaaa. 22 3 2,00  0.09
................................. GGAATTGATATATGCCA . - . - - <. e e e oo e e e e e e et e e aee e aeeeeiaeeeamaiaeaaeaaaaaaaanaaaoe 17 4 2,00 0.10
Total 51325.98 195.11

drosecidse 184l ﬁgggaggte'TTATTTTAGGTATAQAAAET AHATTTATTGAAGGAATTGATATATGCCAGTAAAATGGTGTATTTTTAATTTCTTTCAATAAAAACAﬂﬁATTGAC ------------ ATTATATAAMADL sjse nits TOtal Total

(G (= (- - (Ll € - - - - - 3333333)--33300003) DM - - - - M- » Norm  Norm RPM
.......................... TATTGAAGGAATTGATATATGC .- - - - oo oo oo o]0 22 20 206.4512.82
.......................... TATTGAAGGAATTGATATATGCC . . - -« - e e o e et e e e e e e e e e e e ae e e e aeaeaaaaeamaaaaanaaaaanaaaaeeae 23 20 122.203.47

file://IC|/Users/jaavedm/Box%20Sync/alignments/dme-mir-10404%20Complete.htm[11/6/2016 10:28:03 PM]



https://doi.org/10.1101/125997
http://creativecommons.org/licenses/by/4.0/

dme-mir-10404 Complete

file://IC|/Users/jaavedm/Box%20Sync/alignments/dme-mir-10404%20Complete.htm[11/6/2016 10:28:03 PM]

[eNeNoNoNeoNeoNoNoNeoNoNoNeoNoNoNoNeNoNoNoNeNoNoNoNeoNooNooNoNoNoNoNoNoNeloNoNoNeoNoNoNoNeNoNoNoNo i Sl il S VISR SIS0 e Jil0)

[eNeNeoNoNoNeoNoNoNoNoNoNoloNeoNoNoNoNoNolNoNoNooNoNoNoNoNoNoNoNoNoNoNooNeoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNoNooNoNoNeoloNoNeoNeo ol



https://doi.org/10.1101/125997
http://creativecommons.org/licenses/by/4.0/

dme-mir-10404 Complete

file://IC|/Users/jaavedm/Box%20Sync/alignments/dme-mir-10404%20Complete.htm[11/6/2016 10:28:03 PM]

............................ TTGAAGGAATTGATATATGECCAR - - - - - - - - - - -+ e e e e e e e e e e e e e e i, 23 20 0.10 0.00
......................... TTATTGAAGGAATTGATATATGCCAGTA . - - - - - o o o o e e e e e e e e ool iiiiillllll.l1.0..00 28 20 0.10 0.00
............................ TTGAAGGAATTGATATATGCA - - - - - - - - -+« « e+ e e e oot iiiiiiiiiiiiiiiiii... 21 20 0.10 0.01
............................. TGAAGGAATTGATATATG - - - - - -+ + + e oo e e e e e e il lolllll...0 18 20 0.10 o0.01
.......................... TATTGAAGGAATTGATATAR - - - - - - - - - -+« e e e oo, 20 20 0.10 0.01
............................. TGAAGGAATTGATATATGCCAGTAAAAT - - - - - - - o o o e e e e e e oo e e e e iiiiiii....... 28 20 0.10 0.01
........................ TTTATTGAAGGAATTGATAT - - - -+« + + + e e e e e e e e e e iiiiiiiiiiiiiiiii. 20 20 0.10 0.01
....................... ATTTATTGAAGGAATTGATATA - - - - -+« -+ o e o e e iiiiiiiiiiiiiiii. 22 20 0.10 0.01
................... T AAATTTATTGAAGGAATTGATATATGC - - - - -+« + + <+ <o o o e e e e e e et ee et iiiiiiiiiiiiiiiiii.. 28 20 0.10 0.01
............................................................ GTATTTTTAATTTCTTTCAATAAT - - - - -+ v v oo, 24 20 0.10 0.01
......................... TTATTGAAGGAATTGATATATGCCAGT - - - - - - - - e e e e e e e e e e et e e e e e iiiiiiiiiiiiiiii. 27 20 0.10 0.01
........................... ATTGAAGGAATTGATATATGCA - - - - - - - -+« + e e e e e ettt iiaeeoiiiiiiiiinn.. 22 20 0.10 0.01
............................ TTGAAGGAATTGATATATI- « - - - - - - - -+ + e oo e b0 19 20 0.10 o0.01
....... AGGTATAAAAA ~T-AAATTTATTGAAGGA - - - - - -+« + + e+ < e o e e e e e et i 27 20 0.05 0.00
......................... TTATTGAAGGAATTGATATATGA - - - - - - - -+ + e oo e e e e e e e iliiiii ... 23 20 0.05 0.00
..................... AAATTTATTGAAGGAATTGATATATG - -+« + o o e o e e e e e e 000000000 26 20 0.05 0.00
...................... AATTTATTGAAGGAATTGATATA . - -+« + + + o e e e e e e et e iiiiiiiiiiiiiii. 23 20 0.05 0.00
.............................. GAAGGAATTGATATATGCCAG -« + + - o o e e e e e e e iiiiiiiiiiiii.. 21 20 0.05 0.00
............................................................. TATTTTTAATTTCTTTCAATA - -+« + v e oo oiiiiieeeiiii. 21 20 0.05  0.00
............................... AAGGAATTGATATATGCCAGTAA - - - - -+« e e e e e e e e e e et et et iiiiiiiii... 23 20 0.05 0.00
....................... ATTTATTGAAGGAATTGATATATGCCA - « - - - - - - - - o o o e e e oo e e tiiiiiiiiiiiiii. 27 20 0.05 0.00
........................... ATTGAAGGAATTGATATATGCCAGE - - - -+« + + < o e e e ettt 25 20 0.05 0.00
.......................... TATTGAAGGAATTGATATATGCCAM - - - - - - -+« + + =+ e e e e e e ettt eiaaieeiiiiiiiiian... 25 20 0.05 0.00
.......................................................... GTGTATTTTTAATTTCTTTCAAR - - - - - - - o ooooooooiiiiiiiiiaao... 23 20 0.05 0.00
.......................... TATTGAAGGAATTGATATATOIA - - - - - - -+« + e e e e e e e e e e e et iiiiiiiiiiiii... 23 20 0.05 0.00
..... TTAGGTATAAAAA-T-AAATTTATTGAAGG - « « « - e e e e e e e e e e e e e e e e e e et e iiiiiiiiiiiiii.. 28 20 0.05 0.00
............................ TTGAAGGAATTGATATATGI - - - - - - - o o o« e e oo oo e e e iiiliioooi100 20 20 0.05 0.00
.............. AAAA T AAATTTATTGAAGGAAT - - - - - -+ -« e+« + e oo e e e e e iiiiiiiiiiiiiia.. 22 20 0.05 0.00
.......................... TATTGAAGGAATTGATATATGCCAGTA - - - - o o o e e e e e e oo lllll10000000000000 27 20 0.05 0.00
................. A-ToAAATTTATTGAAGGAATTGA - - - - - - -+« e e+« oot e e e e e 00 22 20 0.05 0.00
............................. TGAAGGAATTGATATATGCCH - - - - - - - - -« « + « e oo e e ettt iiiiiiiiii... 21 20 0.05 0.00
........................... ATTGAAGGAATTGATATATGA - « - - - - - - -+ e o oo e ettt 21 20 0.05 0.00
.......................... TATTGAAGGAATTGATATEEE. - - - - - - - - - - - -+« + + oo e et 21 20 0.05 0.00
.......................................................... GTGTATTTTTAATTTCTTTCAAT « « « + e e oo, 23 20 0.05  0.00
................................................................. TTTAATTTCTTTCAATAAN - -+ - oo oo eoiiiiieeiiiii 19 20 0.05  0.00
.............................. GAAGGAATTGATATATGCCAGTAARAT - - - - - - - - o e e e e e et e e e e illlii....... 27 20 0.05 0.00
................. A—ToAAATTTATTGAAGGAATTOAT « - - - - - -+« « e e e e e e e e e e e e e e e ettt oo iiiiiiiiiiiiiiiii... 23 20 0.05 0.00
........................... ATTGAAGGAATTGATATATGCCAG -« « + + + o mooo e e e e e ool lLlll 1000000000000 24 20 0.05 0.00
.......................... TATTGAAGGAATTGATATI - - - - - - - - - - -+« + + e et e e e ettt 19 20 0.05 0.00
............................ TTGAAGGAATTGATATATGCH - - - - - - - - - - o o e oo bbbl 21 20 0.05 0.00
........................................................... TGTATTTTTAATTTCTTTCAATAAAT - - - - - -+ v e oooooooooooiiiiiiaeooo. 26 20 0.05  0.00
................ AAZTAAATTTATTGAAGGAA - - - - - - - - - - - e« e e e e et e e e e e e e e e e e et e e e iiiiiiiiiiiii.. 19 20 0.05 0.00
...................... AATTTATTGAAGGAATTGATATATGCC - - - - - - o o e e e e e e e ool lilll110000.00000000 27 20 0.05 0.00
.......................... TATTGAAGGAATTGATATATI - - - -+« + + + e e e e e e ittt 21 20 0.05 0.00
Total 541.157.78

e e e © ™ | TTATTTTAGGTATAAAART-ACATT TATTGAAGGAATTGATATATGCCAGT AAAAT GG TETATEFTAATTTCTITCAATARAAABATIATTGAC - - ————— ARTATATABAAA oo Total jotal
-aasEa-aTe - TG T E@U@enee> I233)32)--33303200000)) - - - - - M) -)))I)DD)- Norm  pey
.......................... TATTGAAGGAATTGATATATG - - - -+« e e e e e e e e e e e et e e e e e eeeeieiiiiiiii. 21 20 251.353.67
.......................... TATTGAAGGAATTGATATATGC - - -+« + + o o e e e e e e e ittt 22 20 242.903.85
.......................... TATTGAAGGAATTGATATATGCC -« - - - + o e e e e e e e e et e e e e et iiiiiiiiiii. 23 20 92.60 0.93
............................ TTGAAGGAATTGATATATGCCA - - - -+« + + o e e e ittt 22 20 34.15 0.40
............................ TTGAAGGAATTGATATATGCC « - - - - -+« + + e e e e e e e e ittt 21 20 26.45 0.41
......................... TTATTGAAGGAATTGATATATGC - - - -+ + + + o o o o o oo e iiiiiiiiiiiiiiii. 23 20 15.50 0.19
........................... ATTGAAGGAATTGATATATGCC - - - -+« + o o o e e e e e e iiiiiiiiiiiiiii. 22 20 14.65 0.23
.......................... TATTGAAGGAATTGATATAT - - - -+« + + + e o e e e e e e e iiiiiiiiiiiiiii.. 20 20 13.30 0.15
............................ TTGAAGGAATTGATATATGC - - - - - - -+« + + oo oo e e iiiiiiiiiiii.... 20 20 13.25 0.15
......................... TTATTGAAGGAATTGATATATG - - - - -+« + + e e e e e e e e e iiiiiiiiiiiiiill 22 20 12.80 0.14
........................... ATTGAAGGAATTGATATATGC - - - -« + + + o e e e e e e e et e e ettt 21 20 12.20 0.21
........................................................... TGTATTTTTAATTTCTTTCAATA - - -« v v o oo 23 20 8.25 0.17
........................................................... TGTATTTTTAATTTCTTTCAATAAA -+« + + oo oo 25 20 7.60 0.15
............................. TGAAGGAATTGATATATGCCA . - -+« + - e e e e e e e e e et e e e e et iiiiiiiiiiiiiiiiii. 21 20 5.55 0.07
........................... ATTGAAGGAATTGATATATG - - - - - -+« + + oo oo e e e iiiiiiiiiiiiiii.. 20 20 5.35 0.10
.......................... TATTGAAGGAATTGATATA . - - - - -+« + - o e e e e e e iiiiiiiiiiiiiiil. 19 20 3.80 0.06
........................ TTTATTGAAGGAATTGATATATGC « - - - - - - - e o e e e e e e e e e e iiiiiiiiiiiiii.. 24 20 3.40 0.04
........................................................... TGTATTTTTAATTTCTTTCAAT - - - -+ v e oo oo 22 20 3.00  0.10
........................................................... TGTATTTTTAATTTCTTTCAATAA - -+« v o oo oo 24 20 2.70  0.05
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............................ TTGAAGGAATTGATATATGCCAG . - - - -« - w e o e e m e e e e e e e e et ae e maeeeaaecaaeiaaecaaanaaanaaanaaaaaa. 23 20 0.10 0.00
........... ATAAAAA-T-ACATTTATTGAAGGAATTG . - - - - -« e e e e m e e e e e e e e e e e e e e e e e e iee e aeeeaaeeaeeeaaecaaaeaaanaaeeaae 27 200 0.10 0.00
................. A-T-ACATTTATTGAAGGAAT . . . .. - . oottt e et e et e e e et ie e ae e eaeeaeemaeemaaamaaanaaaaaaaaaaaaaeaaaaae 19 20 0.10 0.00
........................... ATTGAAGGAATTGATATATGCCAG - - - - « - -« o e e e e e e e e e e e e ae e e ae e maeeeaaemaaanaaeaaanaaanaaaaaaae 24 20 0.10 0.00
..................... ACATTTATTGAAGGAATTGATAT . . - . o oot e e e e e e e e e e e oe e e iee e ieeeaaecaeeeaaacaaaaaaacaaacaaeaa. 2320 0.10 0.00
Total 837.408.44

drotrecider 5.8 |candidate=| TTATTTTAGGTATARAAAGT-ACAT T TATTGAAGGAATTGATATATGCCAGTAAAATGGTGTATTTTTAATTTCTTICAATAAAAACABAATTGAC- —— -~ =~~~ -~ ATTATATAAMMA i Lits TOtal Total
(CCRERY ((CEPPRPES ===+ - (OOl CCCCCCCC- - - - - - DD DD B0 D DD DD D E D D D ) D D R D)) EEEERE » Norm  Norm RPM
.......................... TATTGAAGGAATTGATATATGC - - - - e e et e e c e e e e e e e e e e ie e ce e eaeemaeeeaaenaaanaaanaaanaaanaaaa. 22 20 330.954.34
.......................... TATTGAAGGAATTGATATATG . - - < -« e e e e e e e e e e e e m e e e e e e e e e e e eaeeemeeeaaecaaeaaaacaaeeaaeeaaaoe 21 20 139.405.17
............................ TTGAAGGAATTGATATATGCCA . . - - -« o e e e e e e m e e e e e e e e e e e e e ieeeieeeaeeaaaecaaaaaaeaaaaeaaa 22 20 62.85 0.94
.......................... TATTGAAGGAATTGATATATGCC . - . - -« e e e e e e e e e e e e ee e e e e e e e e eaeeaaeeaaeaeaaeeaaeeaaaeaaanaaae. 23 20 58.60 0.79
............................ TTGAAGGAATTGATATATGCC - - - - - - e« o e e e e e e e e e e e e e mae e mae e eeeaaeaaeoaaaaaaaaanaaaaaaeaaa 21 20 30.15 0.48
......................... TTATTGAAGGAATTGATATATG . . - - . oo oot e et e et e ae e a e ae e ae e aeeaeeaaeaaaaaaaaaaaaaaaa. 22 20 29.70 0.32
.......................... TATTGAAGGAATTGATATAT . . - . o e et e e e e e e ie e e e ieeeeeeaeeaeeaaeaeaaeeaaaaaaaeaaanaaae. 200 20 14.25 0.15
............................ TTGAAGGAATTGATATATGC - - - < - w e e o e e e e e e e e e e e e e mae e ae e aeeaaeaaeaeamaaanaaanaaanaaeeaaan 20 20 12.90 0.35
........................... ATTGAAGGAATTGATATATGC . - - - - - -« e e e e e e c e e e e e e e e e e ie e e iee e ieeeceeeaeeeaaeeaaeaaaeeaaeeaaa 21 20 10.45 0.17
........................... ATTGAAGGAATTGATATATGCC . - - - - e e e e e e e e e e m e e e e e ee e eeeeeeoeeeeeeeeenaaeaaaenaanaaaeaaae 22 20 8.00 0.11
........................... ATTGAAGGAATTGATATATG . - - .« - - e e e e e e e i e e e e e e e e ie e e ieeeieeaaeeeaaeeaaaeaaaeaaaaaaaeaaae 20 20 7.05 0.09
............................. TGAAGGAATTGATATATGCCA . - - - - e e e e e e et e e e e e e e e e e ae e ae e maeeaaeaeenaaenaaanaaaeaaaaa. 21 20 6.15  0.10
......................... TTATTGAAGGAATTGATATATGC . - - - e e e e e e e e e e e e e e e ae e eae e maeemaeemaeemaeenaaanaeanaaanaaanaaaaa. 23 20 5.90 0.10
............................ TTGAAGGAATTGATATATG . - - - .« o e e o e e e e e e e e e e e e e ae e ae e aemaenaaeaeaaaaaaanaaanaaeeaaa 19 20 5.85 0.11
.......................... TATTGAAGGAATTGATATATGCCA . - - - < o et e e et e et e e e e e e e e e ie e eieeeceeaaeeeaaeeaaeaaaaaaaanaaae. 24 20 4.00 0.06
........................................................... TGTATTTTTAATTTCTTTCAAT . oo et eiia e e eaaaeaaaaaaaaaaaeaaa. 22 20 3.95 0.05
........................................................... TGTATTTTTAATTTCTTTCAATA . - o e e iieieecaaaaeaaaaaaaaaaaa. 23 20 3.95 0.07
.......................... TATTGAAGGAATTGATATA. . . - . e ot e et et e e e e ee e e e iee e e e emeeeieeeaeaeaaeeaaaeaaaeaaanaaan. 19 20 3.65 0.07
.......................... TATTGAAGGAATTGATATATGCA . - - -« - - e e e e e e e e e e e e e e ee e e e e meeemeeemeeaaaaeaaaeaaeeaaanaaeeaa. 23 20 2.85 0.04
........................ TTTATTGAAGGAATTGATATATGC - - - -« -« e e e e e oo e e e e e e e e e ae e e ae e aeeaeemaaamaaanaaaaaaaaaaaeeaaae 24 20 2.40 0.03
......................... TTATTGAAGGAATTGATATAT . . .. .ottt e e e e e e e e iaeeeaeemaeemaaenaaanaaamaaanaaanaaanaaaaa. 21 20 2.30 0.03
......................... TTATTGAAGGAATTGATATATGCC - - - - <« e« o e e e e e e e e e e e e e e e e ae e ae e aeeaeeaacaaenaaaaaanaaaaa. 24 20 2.25 0.02
......................... TTATTGAAGGAATTGATATA . - . .« o . oottt e e et et e e ae e ae e aeeaeeaaemaaanaaaaaaaaaaaaaaaaaaa. 200 20 2.15 0.03
.......................... TATTGAAGGAATTGATATATGCCAG . - - - - e e e e e e e m e e e e e e e e e e e emeeeaeeeaeeeaaenaaenaaanaaanaaannaaan 25 20 2.15 0.04
....................... ATTTATTGAAGGAATTGATATATGC - - - - - - e« o e e e e c e e e e e e e e e e e ee e e mieeeieeeaeeeaeeaaaecaaeeaaenaaeee 25 20 1.85 0.02
.......................... TATTGAAGGAATTGATATATGCCI - - - e o e e e e e e e e e e e e e e e ae e eoe e amenaeeeaeenaaanaaanaaanaaaaaan 24 20 1.80 0.07
.......................... TATTGAAGGAATTGATATATGR. - - - - -« e e e o e et e e e e e e e e e e ae e eaeemaeeeaaemaaenaaamaaanaaanaaaaa. 22 20 1.75 0.02
.......................... TATTGAAGGAATTGATATATIN. . . - - .« oo e e e oot e et e e ee e iee e iee e ceeeceeaaiecaaeaaaecaaeeaaaea. 21 20 1.50 0.02
......................... TTATTGAAGGAATTGATATATGCCA . . -« - . e o e e e e e et e e e ae e eae e am e aeeaeeaaanaaanaaanaaanaaanaaaaa. 25 20 1.45 0.02
.......................... TATTGAAGGAATTGATATATGCCAGT - - . - - -« e e e e e e e c e e e e e e e e e e eaeeemeeeaeaeaaeaaaaeaaeeaaaeaaae. 26 20 1.40 0.03
.......................... TATTGAAGGAATTGATATATGII. - - - - - . e ot et e e e e e e e e e de e aeeaeeeaaeaaecaaaaaaaaaaaaaaa. 22 20 1.35 0.05
......................... TTATTGAAGGAATTGATATATGCCAG . - - - - < o e e c e e e e e e e e e ae e aeeaeemaaemaeanaaamaaanaaanaaanaaaaa. 26 20 1.35 0.02
............................. TGAAGGAATTGATATATGCC . - - - <« e e e e e e e e e e e e ae e ee e aeeeeecaeeaaeaaanaaanaaanaaanaaaae 200 20 1.35 0.04
............................................................ GTATTTTTAATTTCTTTCAATA ..o ie i i iaa e caaaaaaaaaaaaa. 22 20 1.30 0.03
............................................................ GTATTTTTAATTTCTTTCAAT . L.ttt it iieiaeeiaaeaaenaaaa. 21 200 1.30  0.02
.......................... TATTGAAGGAATTGATATATGCH. - - -« - - e e e e e e e e e e e e e e e ee e ae e eeeieeeieaaeeeaaacaaaeaaeeaaeeaa. 23 20 1.20 0.01
...................................... TGATATATGCCAGTAAAATGGTGTA . . . - . e o e e e e e e ce e aeeae e aaeaeeaaenaaenaaannaaae. 25 20 0.95 0.11
....................... ATTTATTGAAGGAATTGATATATGCC . - - - -« o e e e e e e e e e e c e e e ee e e e eoeeeaeaeaaacaaaaaaaaaaaaaaaaaaaoe 26 20 0.95 0.01
........................................................... TGTATTTTTAATTTCTTTCAATAA . ..o o e ieeiaaaaaaaaaaaaaaaaaaaa.. 24 20 0.85 0.02
............................. TGAAGGAATTGATATATGCCAGT - - - - - e e e e e e e e e e e e e e e e e e me e emeenaeenaeenaaenaaanaaanaaanaaaaa. 23 20 0.80 0.01
........................................................... TGTATTTTTAATTTCTTTCAA. . e o e iieeiiaeaaaaaaaeaaaaaaaaaaaaaaa 21 20 0.80 0.02
............................. TGAAGGAATTGATATATGC . - - - - <« e e e ee e et e e e e et e e ie e ie e eae e aeeiaaeaeenaaanaaaaaacaaaoa. 19 20 0.75 0.01
....................... ATTTATTGAAGGAATTGATAT - . . . o . e ettt e e e e e e ae e ee e aeeeeeeeaeaaaeaeaaeaaaeaaaaeaaanaaane 21 20 0.75 0.02
................... T-ACATTTATTGAAGGAATTGATATA . . . .« .. c e ec e m e e e e e e e e e e e e eae e eaaecaaemaaamaaanaaanaaaaaanaaaaaaa 25 20 0.70 0.02
........................ TTTATTGAAGGAATTGATATATGCCA . - - - - -« o e e oo e e e e e e e e ae e ae e aeeaeeaeaaaeaaaaaaaaaaaaaeaa. 26 20 0.65 0.01
........................ TTTATTGAAGGAATTGATATATG . . - . o o e e e e e e e e e e e e e mae e emeemaeemaeemaaanaaanaaanaaanaaaaaaaaaae 23 20 0.60  0.01
............................. TGAAGGAATTGATATATGCCAG - - - - -« « e e e e e m e e me e e e e e e e e ae e eme e maeemaaecaaenaaenaaanaaaaaaeaa. 22 20 0.60 0.03
...................... CATTTATTGAAGGAATTGATATATGC - - - - - - <« o e e e e e e e e e e e e e e e e ee e e e ieeeeeeaeaeaeaaaaaaaaeaaaeaaae. 26 20 0.60 0.01
....................... ATTTATTGAAGGAATTOATA . - - .« o e et et e et e e e e e e ee e eeeeeeeeaieaaaeaaaaeaaaeaaaaeaaaaaaaae 200 20 0.55 0.02
....................... ATTTATTGAAGGAATTGATATA. . - - .« e c e et e m e e e e e et e e e e e ee e ieeeaeeeoeeeaeacaeaeaaaaaaeaaaanaaaa. 2220 0.55 0.01
......................... TTATTGAAGGAATTGATAT . . - . .« o e ettt e e e e e e e e e ae e ae e aeeaeemaeeaaanaaanaaanaaaaaaanaaaaa. 19 20 0.55 0.01
.............................. GAAGGAATTGATATATGC . - - - - - e e e e e e e e e e e e e e e eeeemeeeeeeeeaaeeeaaeeaaaaaaeeaaaeaaaeaaae 18 200 0.50 0.01
..................... ACATTTATTGAAGGAATTGATATATGCCAGT . - - .« - . e o e e e e e e e e e ae e eae e aeemaaeaaemaaanaaaaaaaaaanaaaaaaa 31 20 0.45 0.08
.............................. GAAGGAATTGATATATGCC . - - - -« e e ee e e m e e e e e e e e e e ie e meeemeeeaeeeaeeaaaeaaaaaaaanaaaeaaae 19 200 0.45  0.01
....................... ATTTATTGAAGGAATTGATATATG . - . .« -« e e et e e ee e e e e e e e e e ea e eeeaeeaeaaaaaaaaaaaaaaaaaaaaaeaaae 24 20 0.40 0.01
.......................... TATTGAAGGAATTGATATE . - - - - - -« e e oo e m e e e e e e e e e e e iee e aeeeaeecaeeeaaenaaanaaanaaacaaaaao. 19 20 0.40 0.01
....................... ATTTATTGAAGGAATTOAT . . - . o o e e e et e e e e e e e e aeemeeeeeeeeeeeeeeaaeaeaaaaaaaaaaaeaaaeaaaae 19 20 0.40 0.02
........................... ATTGAAGGAATTGATATATGCCAGTA . - - -« o e e et e e e e e e e e ieeeaeeeaeeeaaaeaaeaaaeeaaaenaaaaaaaeaaa 26 20 0.40 0.01
......................... TTATTGAAGGAATTGATA. . . - . oot o ettt e e e e e e e e ae e ae e aeeaeeaaemaaanaaenaaanaaaaaaanaaaaa. 18 20 0.40 0.01
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................ AA-T=ACAT T TAT TGAAGGAAT T - - o o e o e e e e e e e e e e e e e e e e e e e m e e e e e e e e ceceacaacaeceeceacececaeaae e aaenan 21 20 0.10 o0.00
............................................................. TATTTTTAATTTCT TTCAATAA .« L e e e e e e eee e 22 20 0.10 o0.00
....................... ATTTAT TGAAGGAAT TCAT AT B - - - - e e e e i e e e e e e e e e e aac e aaacaaaaeacaaeaaeaea e aaaaaaaaaaaaanann 22 20 0.10 o0.01
..................... ACAT TTAT TGAAGGAAT TCAT AT A . - i o e i e e e e e e e e e e e m e e e e e aacaacaaccaccaeccecaacaeceaeaaeaeaaeceeaaaenan 24 20 0.10 0.00
................. A-T-ACAT TTAT TGAAGGAAT TCAT AT AT - - o o o o o i o i e e o e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e 27 20 0.10 o0.03
...................... CAT TTAT TGAAGGAAT TG AT AT - e e e e e e e e e e e e e e e e e e e e e e e e aem e aaaem e aeaem e aaeae e aaea e e aaaannan 22 20 0.10 0.00
........................................................ TGGTGTATTTTTAAT T TCT TTCAATAA - - - o i o e e e e e e ec e meeceeaanan 28 20 0.10 0.02
......................................................... GGTGTATTTTTAATTTCT TTCAATAAA L L e e e ceeeeaaaaa 27 20 0.10 0.00
............................ TTGAAGGAAT TGAT AT AT G  C A A - - - o e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 23 20 0.10 0.00
.............................................................. ATTTTTAATTTCTTTCAATAAAA . e e e e e e e ee e aeaaaas 23 20 0.10 o0.00
................................................ CAGTAAAATGGTGTAT T T T TAAT T T C . - o o i i e i i e e e e e d e e e e e eeeeeeaa s 26 20 0.10 o0.01
............................ TTGAAGGAAT TGATATATGC I - - - - - e e m e e e e e e o e m e e e e e e m e e e e e e et e e e e e e e e e aea e 22 20 0.10 0.01
............. AAAAA-T-ACAT TTAT TGAAGGAAT TGAT A « « L o o i o e e e o e o e e e e e e e e et e e e e e e e e e e e e e e e e e e e e e e ee e eee e ea s 28 20 0.10 o0.01
.......................... TATTGAAGGAAT TGAT AT AT G I - - - - - e o c e e e o e e o e m e e e e e m e e e e e e e e e e me e meceaaaeameaaann 24 20 0.10 0.00
.............................................................. ATTTTTAATTTCTTTCAATAA . - e e e e e e e e e ceeeeaaeaaans 21 20 0.10 o0.00
......................... TTATTGAAGGAAT TGAT AT AT G B . - - - o o o e e e e e e e e e e e e e e e e e e e aem e e eemm e ceeececaeec e caaaaaaenn 23 20 0.10 o0.00
....................... ATTTATTGAAGGAAT TGAT AT AT GC CAGT - - o o e e e c e e e e e e e e e e e e e e aem e e e eae e e e aeae e c e e aaaaaeaaann 29 20 0.10 0.02
................ AA-T-ACAT TTAT TGAAGGAAT TGAT A - - o e i e e e e e e e e e e e e e e e e e e e e a e aeaeccaccacaecaeceeceececeecaeaaeaaaaaannn 25 20 0.10 o0.00
.......................... TATTGAAGGAAT TCAT AT AT G AT - - - - - o o i o i o e e e f e e f e d e d e e e e et e e e e e e e e e e e e aa e 24 20 0.10 0.02
................ AA-T—ACAT TTAT TGAAGGAAT TG AT AT - o o o o e e e e e e e e e e e e e e e e e aaec e aaameaaeaeaeaaeaaa e aaaanann 26 20 0.10 o0.01
........................................................... TGTATTTTTAATTTCTTTCAATAAAA . e e e e e ee e eeeaaaaans 26 20 0.10 o0.00
..................... ACAT TTAT TGAAGGAAT T G - - o o o o o i o e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 19 20 0.10 0.00
.......................................................... GTGTATTTTTAATTTCT TTCAATAAAA L L e e e e e eeeeeaaaann 27 20 0.10 0.00
........................... ATTGAAGGAAT TGAT AT AT Gl - - - - o o o o o e e o e o e e o e e e e e e e e e e e e e e e e et e e e e e e e e 21 20 0.10 o0.01
...................... CAT T TAT TGAAGGAAT TGAT A L - o o o o i e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeeaa s 21 20 0.10 0.00
........................ TTTATTGAAGGAAT TGATATATGCCAG . - - o c e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e meamaaaeaan 27 20 0.10 0.01
.......................... TATTGAAGGAAT TCAT AT AT GCCAGT A - o o o o o e e e e e e e e d e e e e e e e e e e e e e e e e e e e eeeeaa s 27 20 0.10 o0.00
........................... AT TGAAGGAAT TGAT AT AT - e e i e e e e e e e e e e e e e e amm e e e aae e e aaacaaaaeaaeaaeeaa e aaeaaaaaaaann 19 20 0.10 0.00
............................ TTGAAGGAAT TGATATATGCCAGE - - - - o i oo e e e e e e e e e e e e aecaecceccacaccaccaeceaeacaaaaaaanan 24 20 0.10 0.01
...... TAGGT AT AAAAA - T = ACAT T T A L L o o i o e o i e e o f e o e e o e e o e e e e e et e e e e e e e e e e e e e e e e e e e e 20 20 0.10 o0.00
...................... [0 I I 7 I 17 Y A € Y N I I C 18 20 0.10 0.00
............ TAAAAA-T = ACAT TTAT TGAAGGAAT T - - o o o o e o e e e e e e e e e e e e e e e e e e e e e a e e e e e e e e e e e a e e e e mee e e aaeaann 25 20 0.10 o0.00
...................... CAT T TAT TGAAGGAAT TGAT AT A L L L o o o e e e e e e e e e e f e o e e e e e e e e e e e e et e e e e e s 23 20 0.10 o0.00
............................................................ GTATTTTTAATTTCTTTCAATAA - - e i i i e e e e e e e e aaaaann 24 20 0.10 0.00
Total 800.80 7.59
[droAna3|dan_24035 [confident TTATTTTA Total
GGTATARAAART - A"ATTTATTGAAGGAATTGATATATGCCAGTlAAATGGTGTATTTTTAATTTCTTTCAATAAAAAHATAA.TGAC ATAﬂ size Hits Total \orn

R (G (N G (M (e 225022 H55333)15533355)))) 1)) JHNN_ e Norm  ppy
.......................... TATTGAAGGAAT TGAT AT AT G . o o o i e e e e e e e e e e e e e e e e aaea e aaacaaaaeac e aasaaeaaaaaaaaaaaann 22 20 223.257.42
.......................... TATTGAAGGAAT TCAT AT AT Gn o o e o o e e e e e e e e e e e e e e e e e e e aae e aacceeeccaccacaecaeceecaaeecaeaaaanan 21 20 119.751.71
............................ TTGAAGGAAT TGAT AT AT G C - - - - o o o o o e o e e e e e e e e f e e et et d e e et 21 20 57.35 0.60
.......................... TATTGAAGGAAT TGAT AT AT GC C . o o o e e e i e e e e e e e e e e e e e e d e aamm e e aaeee e e caee e e aeeae e aaaann 23 20 51.65 0.53
............................ TTGAAGGAAT TGATATATGC A - - o o e i i e e e e e e e e e e e e e e e aecceccacaecaecaeceacaaeacaaaaeaaaann 22 20 35.95 0.81
............................ TTGAAGGAAT TGAT AT AT G - - - - o o o o e e o e o o e e e e e e e e e e e e et e e e e e e e e 20 20 28.40 0.37
........................................................... TGTATTTTTAAT T T T T TCAAT A . (o e e e e e e e e e caeeaaaaann 23 20 21.75 0.30
........................... ATTGAAGGAAT TGAT AT AT G C - - - o o e o e o e e e e e e e e e e e e e e e e e e e e e a e e camaaa e aa e e ceecaeaanan 21 20 20.85 0.26
.......................... TATTGAAGGAAT TGAT AT AT G A - - o o o o e e e o e e e e e e o e e e e e e e e e et e e e e e e e e e e e e 23 20 20.25 0.21
........................................................... TCTATTT T TAAT TTCT TTCAAT - o o i e e e e e e e e e e eaeaeaaaann 22 20 16.90 0.26
......................... TTATTGAAGGAAT TGAT AT AT G - - o o e o e i e e e e e e e e e e e e e e e e e e e e e e e e m e e cemcaeaaaea e e e e aaaan 23 20 16.85 0.22
.......................... TAT TGAAGGAAT T AT AT AT - - o o i o e o e e e e e e e o e e e e e e e e e e e e e e e e e e e e e e e e 20 20 15.75 0.32
......................... TTATTGAAGGAAT TGAT AT AT G o o o e e e e e e e e e e e e e e e e e e e e e e e e aemm e aeaem e e aeee e c e e aaamnnn 22 20 13.40 0.27
.......................... TATTGAAGGAAT TCAT AT AT Gll - - - - o o e o e o e o e e o e e e e e e e e e e e e e e e e e e e e e e e e 22 20 5.40 0.07
............................ TTGAAGGAAT TGAT AT AT Ge v e o o e e e e e e e e e e e e e aem e e aam e aaamaeaaeacaeeaaee e caeaeaaaaaann 19 20 5.35 0.06
.......................... TATTGAAGGAAT TCAT AT A . - o o e o e e e e e e e e e e e e e e e e e aacaacaaceaeccaccacaeaecaeecaaeaaaaaaaaanan 19 20 5.25 0.06
............................. TGAAGGAAT TGCAT AT AT GCC - - - o o L o o e f e e e d e et e e e e e e e e d et e e 20 20 4.20 0.04
.......................... TATTGAAGGAAT TGAT AT AT G - - - e i oo o e e e e e e e e o e e e e e e e e e e d e eamm e e aaeec e e caeae e aaaaaaan 22 20 4.05 0.12
........................................................... TGTATTTTTAATTTCTTTCAATAAA .« e e e e e e eeeceeaeeaeaaans 25 20 3.85 0.07
.............................. GAAGGAAT TGAT AT AT GCC - - - - o o i o e e e e f e f e e f e e e e e et e e e e e e e e e e e 19 20 3.50 0.08
............................................................ GTATTTTTAATTTCT TTCAATA . e e e e e e e e ceeee e e eaaeannn 22 20 3.30 0.06
........................... AT TGAAGGAAT TGAT AT AT Gn - o o e o e e e e e e e e e e e e e e e e e e e e e e m e e e d e demd e e e e e e ce e aaaaaaaann 20 20 3.30 0.05
.......................... TATTGAAGGAAT TGAT AT AT GCCAGT - - - - o o o o e e e e e e e e e e e d e e e e e e e e e e e e e e e eeeeee e e e 26 20 2.85 0.04
......................... T AT TGAAGGAAT TG AT AT AT -« o o o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aae e e aeee e e e e e aaannn 21 20 2.85 0.03
.......................... TATTGAAGGAAT TGAT AT AT - - - o o o o o o o o e o e e f e e f e e d et e e e e e e e e et e e e e e eea e 21 20 2.75 1.10
........................... ATTGAAGGAAT TCAT AT AT G C - - . o o oo e o i e e e e o f e e f e e e e e e e e e e e e e e e e e e e e e e e ee e eae e 22 20 2.70 0.11
........................ TTTATTGAAGGAAT TGATATATGCC - - e o e e m e e e e e e e e m e e e e e e e m e e e e e e e e e e e e e e e e e e meamaaaeaan 25 20 2.45 0.03
........................................................... TGTATTTTTAAT TTCT TTCAA .« o e e e e e e e e e e e e e eeeeeaaa s 21 20 2.30 0.05
......................... TTATTGAAGGAAT TGAT AT AT GCCAGT - e e i e e e e e e e e e e e e e e e aea e e aaem e aaeacaaaaaeac e aaeaaaaaaaaannnn 27 20 2.20 0.03
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........................................................... TOTATTTTTAATTTCTTTCA - - o e e e e e e e e e e e e e e 20 20 0.25 0
............................ TTGAAGGAATTGATATATOM - - - -« o o e oo e e e e e e e e e e e e e e e e e 20 20 0.25 0
............................. TGAAGGAATTGATATATGCCAGTTAAA . - - - o e e e et e e e et e e e e e e e e e e e e e e e e e e 27 20 0.25 0
............................................................. TATTTTTAATTTCTTTCAAT - - o - o e e e e e e e e e e e e e 20 20 0.25 O
....................... ATTTATTGAAGGAATTGATAT - - . o o o et e e e e e e e e 21 20 0.25 O
.......................... TATTGAAGGAATTGATATATGCCAG - - -« - - e - e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeeaae 25 20 0.25 0
................................................................................... AAATATAAATGACGAATTGTAG. - oo oo .. 22 20 0.25 0
......................... TTATTGAAGGAATTGATATATON - - - - - - e oo et e e e e e e e e e e e e e e e e e e e e e e e e e 23 20 0.25 0
................. A=ToAAATTTATTGAAGGAATTOATA . - - - e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 24 20 0.25 0
............................................................................... ATAAAAATATAAATGACGAATT - . oo oo 22 20 0.25 0
........................ TTTATTGAAGGAATTOATA . -« o oo e e e e e e e e e e e e e e e e e e e e e e e e e e e 19 20 0.25 0
.......................... TATTGAAGGAATTGATATATGCCAGT T - - - e - e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eans 27 20 0.25 O
..................... AAATTTATTGAAGGAATTGATATATGOC | - - - - o o o e e e e e e e e e e e e e e e e e e e e e e e 27 20 0.25 0
................................................. AGTTAAATGGTGTATTTTTAAT T -« o oo et et et e e e e e e e e e 23 20 0.25 0
............................................................... TTTTTAATTTCTTTCAAT - - e e e e e e e e e e e e eee 18 20 0.25 0
............................ TTGAAGGAATTGATATATGCCABAA - - -« - - o o oo oo e e e e e e e e e e e 25 20 0.25 0
........................ TTTATTGAAGGAAT TOATAT -« o o e e et et e e e e e e e e e e e e e e e e e e e e e e e 20 20 0.25 0
............... AAA=T = AAATTTATTGAAGGAATT - - - o - o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 22 20 0.25 0
.......................... TATTGAAGGAATTGATATATGCE - - - - - o o oo oo o e e e e e e e e e e e e e e e e 24 20 0.20 0O
........................... ATTGAAGGAATTGATATATGCCT - - - - - e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeeaas 23 20 0.20 O
............ TAAAAA-T-AAATTTATTGAAGGAATTOA . - - - - - o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 27 20 0.20 O
..................................................................................... ATATAAATGACGAATTGTAT . . oo 20 20 0.20 0O
........................................................... TOTATTTTTAATTTCTTTCAATAA . - - o e e e e e e e e e e e e e eee e 24 20 0.20 O
.......................... TATTGAAGGAATTGATATATGCE - - - - - - o o e e e e e e e e e e e e e e e e e e e e e e e e e 23 20 0.20 O
............................................................... TTTTTAATTTCTTTCAATA . - - o e e e e e e e e 19 20 0.20 0
................... T—AAATTTATTGAAGGAATTGATATATOC . - - - - - e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeas 28 20 0.20 O
................................................................ TTTTAATTTCTTTCAATA .« oo oo e e e e 18 20 0.20 0
........................... ATTGAAGGAATTGATATATGCCAGT - - - - - e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 25 20 0.20 O
................................................................................. AAAAATATAAATGACGAATTGTAT - - o e n . 24 20 0.20 O
............................ TTGAAGGAATTGATATATGCI - - -« - - o e o e e e e e e e e e e e e e e e e e e e 21 20 0.20 O.
.......................... TATTGAAGGAATTGATATATGCCT - - - - - o - e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 25 20 0.20 O.
............................ TTGAAGGAATTGATATATGCCI - - - - - - o e e e e e e e e e e e e e e e e e e e e e e e e e e e 23 20 0.20 O
............................. TGAAGGAATTGATATATGOCCAG . - - - - - o o e e e e e e e e e e e e e e e e e e e e e 22 20 0.20 O
....................................... GATATATGCCAGTTAAATG . - -« - e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 19 20 0.20 0
.................................... ATTGATATATGCCAGTTAAAT - - - - o o e e e e e e e e e e e e e e e e e e e 21 20 0.20 O
....................................... GATATATGCCAGTTAAAT - -« o o et e e e e e e e e e e e e e e e e 18 20 0.15 0
................................................ CAGTTAAATGGTGTATTTTTAAT - - - e o e e e e e e e e e e e e e e e e e e e e eeean 24 20 0.15 0
............................ TTGAAGGAATTGATATATGCCAGTTAAA . - - - - o oo e e e e e e e e e e e e e e e e e e e 28 20 0.15 0

ATTTTAGGTATAAAAA-T-AAATT . o e e e e e e e e e e e e e e e 22 20 0.15 0
......... GTATAAAAA-T-AAATTTATTOAAGGA . - - « - e« e e e e e m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 25 20 0.15 O
............................ TTGAAGGAATTGATATAT OB - - - - & o oo e e e e e e e e e e e e e 20 20 0.15 0
................................................................................. AAAAATATAAATGACGAATTGE . - - oo ee e eee e 22 20 0.15 0
.............. AAAA-T-AAATTTATTOAAGGAATTOATA . - - - - o e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 27 20 0.15 0
......................... TTATTGAAGGAATTGATATATGCCAGTTA . - - - o o e oo e e e e e e e e e e e e e e e e e e 29 20 0.15 0
............................ LR ETYYCTcT:V ey N - cTolo7-c U 24 20 0.15 0
............................................................ GTATTTTTAATTTCTTTCA - - o oo e e e e e e e e e 19 20 0.15 0
............................ TTGAAGGAATTGATATATGCCAR - - - - - - o e e e e e e e e e e e e e e e e e e e e e e e e e e e 23 20 0.15 0
.................................................................................... AATATAAATGACGAATTGTAT . .o v oo 21 20 0.15 0
....................... ATTTATTGAAGGAAT TGATATAT - - o o e o e e e e e e e e e e e e e e e e e e e e e e e e e 23 20 0.15 0
................................................................................... AAATATAAATGACGAATTGTAT . . .o 22 20 0.15 0
..................................................... AAATGGTGTATTTTTAATTTC . - - - e e et e e e e e e e e e e e e e e e e e e e eees 21 20 0.15 0O
........................... ATTGAAGGAATTGATATATOR - - - - o e oo e e e e e e e e e e e e e e e e e e e e e e e 21 20 0.15 0
.............................. GAAGGAATTGATATATGCCAGT - - - - - e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 22 20 0.15 0
.......................... TATTGAAGGAATTGATATB - - - - - e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 19 20 0.15 0
.............................................................. ATTTTTAATTTCTTTCAATAAA . - o oot 22 20 0.15 0
........................................... TATGCCAGTTAAATGOTGOTA - - - o e e e e e e e e e e e e e e e e e e e e e e e e e e e e 20 20 0.15 0
....................................... GATATATGCCAGTTAAATGOTOTA . - - o o e e e e e e e e e e e e e e e e e e e e e e e e 24 20 0.15 0
..................................................... AAATGGTGTATTTTTAATTTCTTTC . - - o o e e oo e e e e e e 25 20 0.15 0
....................................... GATATATGCCAGTTAAATGGTG - - - - - e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eee e 22 20 0.15 0
..................... AAATTTATTGAAGGAATTOATA . - - o o e e e e e e e e e e e e e e e e e e e e e e e e e e e 22 20 0.15 0
Total 759.25 7

dp5 dps 4 confident
TETTTTAGGHATAHAA-THAHATTTATTGAAGGAATTGATATATGCCAGTAAAATGGTGTATTTTTAATTTCTTTCAATAAA@ACATA-TGAC——T=AA=A size Hits Jotal
(G (O - (- ceceee - - - - - 02200000 X953)1555555))))) ) FrNrii ==--)))-))- - .- Norm
.......................... TATTGAAGGAATTGATATATGC . - - - - o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 22 2 3336.00
.......................... TATTGAAGGAATTGATATATGCC - - - - - o o e e e e o e e e e e e e e e e e e e e e e e e 23 2 1893.50
.......................... TATTGAAGGAATTGATATATG - - - - - e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 21 2 1818.00
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............................ TTGAAGGAAT TGAT AT AT GCC - - - o o e e et et e e e e e e e e e e e e e e e aeaaeaaaaa e e eeeeaaaaaaaaaaann
............................ TTGAAGGAAT TGATATATGCCA L e e e e e e e oo i i i eeeeeaeamacaaaaeceeecaaaaaaaaaaaann
............................ TTGAAGGAAT TGAT AT AT G . - o o et e e e et e e i ea i eeaceaaccsecccsacccaaccaaacaaaaaaaannann
........................... ATTGAAGGAAT TGAT AT AT G - - e et e e e e et e e e e e e e e eseaeeaaaaaaaa e ceaeaaaaaaaaaaaaaaaaennn
.......................... TATTGAAGGAAT TGATATATGCCA. . . it eeeeaemacacaaccecscsacacaaaaaaaaaaaaaeannn
......................... TTATTGAAGGAAT TGAT AT AT G . - v - o et e et e e e it e e i eea e meeaacceaaccaeacceaacaaeaeaaaaaannenn=
........................................................... TGTATTTTTAATTTCT TTCAATAAA. .« . i ieeeeaaaaaaaan
........................................................... TGTATTTTTAATTTCT T TCAATA . i ieeeeaaaaaaaaan
........................... ATTGAAGGAAT TGATATATGCC . - e e o i e e e e e it e e it e e i eecmeeaccecaccsecccsacccsac e aaaaaannnnn
.......................... TATTGAAGGAAT TGAT AT AT - o o o e e e e et et e e e e e e e e e eeaeaaamacaaaa e ceceeaaaaaaaaaaannnn-
............................ LIS 2 A 1 I I B N
........................... ATTGAAGGAAT TGAT AT AT G - o et e e e e e e e e e eem s eeameeaceeecccsecesaeeaceeaeeeaaeennnnn
........................................................... TGTATTTTTAAT T TCT T TCAAT . e eeeceeaaaaa e
.......................... TATTGAAGGAAT TGATATATGCCAG. - e e et e e e e e e e i e i i i i it esesscscecacacaaaccccecsaaaaaaaaaaannnnn-
.......................... TATTGAAGGAATTGATATATGC . - - - e e e e e et e e e e e ee e i eeecmmeaceeecccscesaeea e eennnnnn
.......................... TATTGAAGGAAT TGAT AT AT G A . - - o o e it e e e e e e e e e e ecsssecscccccacaccaacecccaaaaaanannn
.......................... TATTGAAGGAAT TGAT AT AT GIT - - - oo i e e e e e e e e i eemmeemccsecccaecccsaccaaccaaaaaaaaannnn
............................. TGAAGGAAT TGAT AT AT GCC A . et e e e e e e e e e aesaeaaaaaa e cecaaaaaaaaaaaaaa s
........................................................... TGTATTTTTAATTTCT T TCAATAA. L i i ieeecaaaaaaaaan
........................................................... TGTATTTTTAATTTCTTTCAATAAAA . . . e e ieeeieeaas
......................... TTATTGAAGGAAT TGAT AT AT G i e et e e e e e e e e e e e e e eeseeamaaaca e meccecaaaaaaaaaaaaaaaaennn
......................... TTATTGAAGGAAT TGATATATGCC. - e et e e e e e e e i e e e et eeessesaacacacccccccccscacaaaaaaaaaaaaaeannn
......................... TTATTGAAGGAAT TGATATATGCCAG . - - e e o et e e e e e it e e e eea e eecmmeaccesacceeaeeeaeae e ennn
............................. TGAAGGAAT TGAT AT AT G . - e e e e e e e e e aeeamamaae e ceceescaaaaaaaaa e aaaaann
............................. TGAAGGAAT TGATATATGC . e et e e e e e e e e i i i it eeeeesemacaccaccccccccccaaaaaaaaaaaaaaaaaeeaann
........................ TTTATTGAAGGAAT TGATATATG . - o o e e e e et e it e e i eeaceeaesecccsacccsacceaeaeeaaaaaanannnn
............................................................ GTATTTTTAATTTCT TTCAATA. . i ieeeeaaaaaaaaas
.......................... TAT TGAAGGAAT TGAT AT A L < o e et e e e e e e e aa e cecsssscscccccacaacacaaaaccccsaaaaaaaaannannnnn-
.......................... TATTGAAGGAAT TCAT AT AT A - - - e e et eaeeaaaaaae e eceasaaaaaaaaaaaaaa e aeaannnn
............................................................ GTATTTTTAATTTCT T TCAATAAA. . . iieceaaaaaaaaas
....................... ATTTATTGAAGGAAT TGAT AT AT G . - o o e e e e e e e e i eemc i eeameaccsacccsacccaaaaaaaaaaannnns
............................................................ GTATTTTTAAT T T T TTCAAT . i eecaeaaaaaaaaans
............................................................. TATTTTTAATTTCT T TCAATAAA. . i ieeceeaaaaaaaan
................................................................................. AAAGACATATCTGAC--AAATA. . . aas
........................ TTTATTGAAGGAAT TGATATATGCCAG. - - e et e e eeaeaaaaaaaa e aecececcaaaaaaaaaaaaa e aaaeann
...................... AATTTATTGAAGGAAT TGATATATG . - e e e e e i i i i eeeeseamccacaaaccaccccccsccacaaaaaaaaaaaaaaenannn
.............................................................. ATTTTTAATTTCTTTCAATA. L e e e iee e cieeemean
................... TAAAAT TTAT TGAAGGAAT TGAT A . - e et e aeeaaaaa i cececaaaaaaaaaaaa e eeaaaaanannn
.......................... TATTGAAGGAAT TGATATATGCCAGT - e et e e e e e e e e e i i e it csesscscecccacacacaccccecsaaaaaaaaaaannnnn-
......................... TTATTGAAGGAAT TGATATATGCCA. - - et e e e it e e i eecceeacecaceecccaecceaeaeeaa e annn-
........................ TTTATTGAAGGAAT TGATATATGCC. - . e e ettt eeemamaaaa e cececsecacaaaaaaa e aaeaann
.................................................................................... GACATATCTGAC--AAATAAATGAAT —————. . ...
.............................. GAAGGAAT TGAT AT AT G C - - o e e e e e e e e e e e e e e e e e e e e et aeaeeaaaaaa e e e eeeeaaaaaaaaaaaannn
............................................................. TATTTTTAATTTCTTTCAATA . e et ieeeaeaaann
........................................................... TGTATTTTTAATTTCTTTCAATAAL . . . i e e e e i ieeemeamas
................................................................................. AAAGACATATCTGAC--AAAT . . . i eeas
.............................................................. ATTTTTAATTTCTTTCAATAAA . e iieeeaaaas
............................................................. TATTTTTAAT TTCT TTCAATAA . e i iie e i eaemeeaaaas
.............................. GAAGGAAT TGAT AT AT G . - et e e e e e i i i e eeeaeaaamaaaa e cececsaaaaaaaaaaaaaaaaaennn
................................................................................. AAAGACATATCTGAC--AAATAAATGA. . - e e e
.......................... TATTGAAGGAAT TGATATATGC . - - - e e et e e e e e e e e e e e e eemceeacceeaccscacceeeeaaeaeaa e nenn-
........................... ATTGAAGGAAT TGAT AT AT GCC A . . e e e et eeeemmaa e ccescacaaaaaaaaaaaaaaennn
............................................................ GTATTTTTAATTTCTTTCAATAA. L e e et ee e i ieeamaaamaaas
............................ TTGAAGGAAT TGATATATGCC I - - e e e e e e e e e e e e e e eeaemaamaaac e meeeaaaaaaaaaaaaaaannnnns
........................................................... TGTATTTTTAATTTCT T TCAA . e i eeeecaaaaaaaaaas
............................. TGAAGGAAT TGATATATGCCAG - - - - o i e e e e e e e e i eea i eeaeeccsacccsacaaac e aaaaaannnn
................................................................................. AAAGACATATCTGAC--AAATAAATGAAT —————_ . . ..
............................................................................... ATAAAGACATATCTGAC--AAATA. . .o a
......................... TTATTGAAGGAAT TGAT AT A . - o e e e e e e i eea i eeamemecceeacceaaccaaacceaaaeaaaaeaa e nenn=
............................................................................... ATAAAGACATATCTGAC--AAATAAATCGA. . .o ea
................................................................................. AAAGACATATCTGAC--AAATAAAT . . i e e
.................................... ATTGATATATGCCAGTAAAAT G . - e et e it e e i eeacieeaccsecccsacccaacceaeaaaaanennn
............................ TTGAAGGAAT TGAT AT AT G . - - - e e e e e et e eeemamamao oo eeesacacaaaaaaa e aaaaeann
........................... ATTGAAGGAAT TGATATATGCCAG. - e e e e e e e i e i i eecesscacacaaaacccccecacaaaaaaaaaaaaaeann
........................... ATTGAAGGAAT TGAT AT AT G . - - - e e e et e et e e e e it ee e eecmmeeccesaccesaccceaeaaaaaeaeannnnn-
............................................................. TATTTTTAATTTCT T TCAAT . e e eeacaeaaaaaaann
............................ TTGAAGGAAT TGAT AT AT Gl - - - - - o et e e e e e e i ee i eaacsaaccaaacesaccesaccaaeaanaananannn
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6.21
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2.11
1.69
1.30
1.29
1.00
0.91
0.86
0.81
0.75
0.76
0.66
0.65
0.49
0.51
0.49
0.51
0.43
0.48
0.31
0.41
0.41
0.40
0.34
0.32
0.28
0.25
0.22
0.22
0.25
0.18
0.17
0.16
0.14
0.56
0.13
0.15
0.12
0.13
0.14
0.13
0.13
0.12
0.11
0.13
0.13
0.09
0.10
0.11
0.08
0.11
0.10
0.09
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0.09
0.09
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............................................................... TTTTTAATTTCT T TCAATAAA . it eemeaaaaaaann
.......................... TATTGAAGGAAT TGATATATGC I - - - - - o o oo o i e e e e e e e e e e e e e e e e e e e e e
.......................... TATTGAAGGAAT TGATATATGCCAGT A . - . o o et e e e e i e e eea o eeeaeaaccesacceaacceaaaaaaaaaannn
........................................................... TOCTATTTTTAATTTCT T TCAAT . - - - i e e e et et e e eeem e e e e e e e icieeanannn
......................... TTATTGAAGGAAT TGATATATGCCAGT -« e e e e e i e eeeeeaaacccccccccccacaaaaaaaaaaaaaeennn
....................................... GATATATGCCAGTAAAAT G . - - o et e e i it e e i eeaeieeaeeeccesacccsaccaacaaaaaaaaannnnn
.................................................................................. AAGACATATCTGAC--AAATAAATGAAT —————_ . . ..
................................................................................. AAAGACATATCTGAC--AAATAAATGAAT-----A. ..
................... TAAAAT TTAT TGAAGGAAT TGAT AT A L L o e e e e e it e i eeaeeacceecccscccesacceac e aaaaaaaannnan
.......................... TATTGAAGGAAT TGATAT AT GCCA A . - i e et eeeaamaaaaa e eeeecacaaaaaaaaaaan-
........................................................... TCTATTTTTAATTTCTTTCAATAAT . - . i i e ee i iieeameaan
.................................................................................. AAGACATATCTGAC--AAATAAATGA. . .. oo o
........................................................... TGTATTTTTAATTTCTTTCAAR - - - - o e iea e ieea e eeee -
.............................................................. ATTTTTAATTTCTTTCAATAA . L e e e e i ieacieeaaaaan
.................................................................................... GACATATCTGAC--AAATAAATGAAT -----AA--A
..................... AAATTTATTGAAGGAAT TGAT AT AT GC . - e i i e e e e eeeeeamaacc e ccecacacaaaaaaaaaaaaaaannn
.................................................................................. AAGACATATCTGAC--AAATAAAT . . oo ea ot
......................... TT AT TGAAGGAAT TCAT AT AT o o e et e e e e e e et e e e e e e eaeeaaaaanaa e eeeeaasaaaaaaaaaaaaa s
....................... ATTTATTGAAGGAAT TGATATATGC . - e i e e e e e e i it esesaaoaccccccccccccccaaaaaaaaaaaaaaaaaeeannn
............................ TTGAAGGAAT TGAT AT AT G A . . . e o et e e e e e e e e e i eecmeaaceeacceeacceaaccaceaa e aannannn
.................................................................................... GACATATCTGAC--AAATAAATGA. . ..o ee e
............................ TTGAAGGAAT TGATATATGCCAGT A . et e e e e e e e e i e i i i i esesasacccccaccacaaceceasaaaaaaannaaannnn
........................... ATTGAAGGAAT TGATATATGC . - - - e e et e e e e e e i eem e eemmeecceeccceeceseeea e eennannn
............................................................................... ATAAAGACATATCTGAC--AA. . .o i
................................................ CAGTAAAAT GGTGTAT T T T TAAT ¢ et et e e e e e e e e e e i i i eesecacsaaaaaaaaaaaaaann
............................. TGAAGGAAT TGAT AT AT G v e e e et e e et et e e e eem s eeaeeceseccesecsaceaa e aaaeannnnn
........................... AT TGAAGGAAT TGAT AT AT - e i e e e e e e e e e e e e e e e aeeaeamcccce o ecccccacaaaaaaaaaaaa e aeeann
............................................................................... ATAAAGACATATCTGAC--AAAT . . o i e eea -t
.................................................................................. AAGACATATCTGAC--AAATA. - o e e
............................ TTGAAGGAAT TGATATATGCCAGT - e et e e e e e i e i i it e eeeeamaaacccccacccceceaaaaaaaaaaanann
....................... AT TTAT TGAAGGAAT TGAT A . - o o e e et e e e ea i eeaceeceaacceaacccaaccaaacaaaaaaaaaaaaannnns
.................................... ATTGATATATGCCAGTAAAAT GG G T A . et e e e e e e e e e i i i eeeacaeaaaaaaa e e eeeaaaaannnn
............................................................ GTATTTTTAATTTCT TTCAATAAAA . « e e e e e e eaaa et
................................................................ TTTTAATTTCTTTCAATAAA . L et e cieeaaeaas
............................................................. TATTTTTAATTTCTTTCAATAAL . - - e e e e e e e e e eeieas
.......................... TATTGAAGGAAT TGATATATGCC B - - - - - o o et e e e e e e e e i ea i eeameeammeeaaaaccaaaaaaaann-
............................................................... TTTTTAATTTCTTTCAATAA. L e e i e cieeemeeeas
.......................... TATTGAAGGAAT TGAT AT AT G- - - - - - o oo o e e e e e e e e e e et e e e e e e e eea e
............................................................................... ATAAAGACATATCTGAC--AAATAAAT . . e
.................................................................................. AAGACATATCTGAC--AAAT . o e e et
........................... ATTGAAGGAAT TGAT AT AT G A . - - - e e et e e e e e e e e e e oo eescscsaacacaaaaaaaacceaaaaaannn
.............................................................. ATTTTTAATTTCTTTCAATAAAA. . e e i ieea s
....................................................................... TTCTTTCAATAAAGACATATCTGAC—= . ¢ i e e e e eeeeeeae e e e e e
............................ TTGAAGGAAT TGATATATGCCA A . - e e e eeeeaaeaaaaaaaccccceaaaaaaaaaaannnnn-
............................. TGAAGGAAT TGATATATGCCAGT A . - o o e e e e e e it a i eeacieeccseccaaccaaccaaaaaaaaaannnns
............................................................. TATTTTTAATTTCTTTCAATAAAA . .« . e ieaaaaa e e
...................................... TGATATATGCCAGTAAAAT G . o o e i e e et et e e e e e i e e e e i eesscacccacaaaaaa e ceeaaaaannn
......................... TTATTGAAGGAAT TGATATATGCCAGT A . - . o o et e e e e e e e i ee e ceecceeeccesacceeaeaaaaaaaaaenn
............................................................................... ATAAAGACATATCTGAC--AAATAAATGAAT ———-——_ . . ..
........... ATAAAAT = TAAAAT T TAT TGAAGGA . - - - o ottt e e e e aaa oo e eeeecscsaeaacacaccacccaacceecacaaaaaaaaaaaaaaaaaeeannn
............................. TGAAGGAAT TGATATATGCCAGT AAA L . e e e e et e e e ieeamseccceeccceacceaeaaaaaaaannnnn
............................ TTGAAGGAAT TGATATATGCCAG . - e e e e et e e e e e e e i e i eeesaeaaaccac e ceceaeaaaaaaaaaaanann
........................ TTT AT TGAAGGAAT TGAT AT - e et et e e e e e e e e e e it eessssesccccacacccacccecscsacaaaaaaaaaaaaaaaeeann
............................ TTGAAGGAAT TGATATATGCCAGTAAAA L . . e e e e et ee e ceec e eeeccccaaeeeaaaaaennnn
........................................................ TGGTGTATTTTTAAT T TCT T TCAATAA. - i iieeeaaaaaaaaa
........................ TTTATTGAAGGAAT TGATATATGCCA L . o oot e e e e e e e eea o aeeaaccesacceaaccaaaccaaaaaaaaaannnn
............................ TTGAAGGAAT TGATAT AT GCCAG T AA . - et e e e e e e e e i eeeaeaaaaaaaaaa e aeceaeaaaaanaaaannn-
.................................................................................... GACATATCTGAC--AAATAAATGAAT -----A
.......................... TATTGAAGGAATTGATATATGCCAGTAA L . . o e e it e e i e e e meeaceaeceaacceaacaaaaaaaannann
................................................................................. AAAGACATATCTGAC--AAATAAATG . - - e eaee e
.......................... TATTGAAGGAAT TGAT AT AT M. - - - et e e eeeamacaccccccccccecsecaaaaaaaaaaaaaaaeaeeeaaaaannnn
.................................... ATTGATATATGCCAGTAAAATGGTGTAT - e e e e e e e e it e e i eemieeaccecccceccacaaaaeaaaaeannann
............................................................ GTATTTTTAATTTCTTTCAATAAL . - - . e e e e e e i e ieaas
............................................................ GTATTTTTAATTTCT T CAA. et eeeecemaaaaaaaan
.................... AAAAT TTATTGAAGGAAT TGAT AT AT G . - - - o e e e e e e e e e e e i eee e meammseccesacceeaceeaaaeaaeee e ennn
............................................................................... ATAAAGACATATCTGAC--A. - oo ee s
.............................................................................. AATAAAGACATATCTGAC--AA. . oo
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........................ TTTATTGAAGGAATTGATATATG - - -« e e e e e e e e e e e e e e e e e e e ettt 23 2 200 0.02
.................................................................................. AAGACATATCTGAC—~AAATAAATGAAT -~ -A 27 2 2.00  0.03
.......................... TATTGAAGGAATTGATATATGCCTIM - - - - - - - -+« « + + < e e e e e e ettt oottt 25 2 2.00  0.03
............................ TTGAAGGAATTGATATATGCCE - - - - - - - - - - - = e e oo e e e ffiiiiiiiiiiiiii.. 222 2.00 0.0
..................................... TTGATATATGCCAGTARAATG « -« + + + + o oo e e 00 21 20 200 0.03
.................................................................................. AAGACATATCTGAC——AAATAAATG. - --......... 23 2 2.00  0.03
......................... TTATTGAAGGAATTGATAT - - - - - -+« + e oo e e e e e tiiiiiii.. 19 2 2.00  0.03
........................ TTTATTGAAGGAATTGATATATGCCAGT - - - - - - - - - o - - e e oo e e iiiiiiiiiiiiiii. 28 2 2.00  0.03
............. AAAAT ~TAAAATTTATTGAAGGAATT - - - - « -« + + + e+ e e e e e e e e e et i, 25 2 2,00 0.17
................................................................................... AGACATATCTGAC--AAATAAATGA. ... ........ 23 2 2.00  0.03
...................... AATTTATTGAAGGAATTGATATATGCC - - - - - - - - o o e o e e e e e oo e el 27 2 2,00 0.17
............................ TTGAAGGAATTGATATATECCAGTAAA - - - - - - e e e e e e e e e e e e e e e e iiiiieies 27 2 2,00 0.02
........................................................... TGTATTTTTAATTTCTTTCAATAR - - - - -« e v e e 24 2 2.00 0.02
.............. AAAT ~TAAAATTTATTGAAGGA - - - - - - - - -+« + + e e et e e e e e e e e e e e e e e e e e et iiiiiiiiiiiiiiiia.. 21 2 2.00  o0.08
................. ToTAAAATTTATTGAAGGAATTGATA - - - - - -+ + e e oo e e e e e e iiiiiiiiiiiiiii. 25 2 2.00  0.02
........... ATAAAAT ~TAAAATTTATTGAAGGAATT - - - -+« + oo e e e e il 27 2 2.00 0.17
............................................................................ TCAATAAAGACATATCTGA - - - - v o o190 2 2.00 0.02
.............................. GAAGGAATTGATATATGCCA - - - - -« + + + oo e e e e iiiiiiiiiiiiii.. 20 2 2.00  0.03
....................................... GATATATGCCAGTAAAATGGTGT - - - - o o e o o e e oottt 23 2 2,00 0.03
........................................................... TGTATTTTTAATTTCTTTCAAR - - <o eeeeeeeaeooiiiiiiniaaaae. 22 2 2.00  0.03
.................................................................................. AAGACATATCTGAC--AAATAA- oo iio. 20 2 2.00  0.03
.......................... TATTGAAGGAATTGATATATGCCARA- - - - - - - -+« + + < e e e e e e et 26 2 2.00  0.02
............................. TGAAGGAATTGATATATECCAGT - -« -+ + -+ e e e e e e e e e e e e e et e iiiiiiiiieei.. 23 2 2.00 0.03
............ TAAAAT - TAAAATTTATTGAAGGAAT - - - - - -+« + + + + e e e e e e e e i 25 2 2.00 0.0
............................................................... TTTTTAATTTCTTTCAATAAG - - - - oo 21 2 1.50  0.13
.................................................................................... GACATATCTGAC--AAATAAATGAAT-----BB--. 26 2 1.50  0.13
................................................................................ TAAAGACATATCTGAC--AAATAAATGAAT----—..... 28 2  1.50  0.02
....................................................................................... ATATCTGAC--AAATAAATGA. - .. --...... 19 2 1.50  0.02
............................ TTGAAGGAATTGATATATGCCARR - - - - - - - - - -« « « e e oo et 24 2 1.50 0.02
......................... TTATTGAAGGAATTGATATATGCA - - - - - - -+ -+ e oo e e e e e el 2420 1.0 0.13
........................... ATTGAAGGAATTGATATATORA - - - - - - - -« e e e e e e e e e e et iiiiiiiiiiee. 21 2 1.50 0.02
............................................. TGCCAGTAAAATGGTGTATTTTTAATT - - - o o o o e o oo iiiiiieiiiiis 27 2 1.50 0.13
........................ TTTATTGAAGGAATTGATATA . - - -« + + e e e e e e e e e e et e e ettt 22 2 180 0.02
......................................................... GGTGTATTTTTAATTTCTTTCAAT -+ - oo 24 2 1.50  0.02
....................... ATTTATTGAAGGAATTGATATATG - - -« + + + o e o e e e e e e e e e e e e e e e ettt 24 2 150 0.02
.......................... TATTGAAGGAATTGATATATGCCAGA - - - - -+« « e o e e e e e e oot 26 2 1.50 0.02
.............................. GAAGGAATTGATATATGCCAGT - - - - - - e e e e e e e e e e e e e e e e e e iiieeiiiiiiias 22 2 150 0.08
.............................. GAAGGAATTGATATATGCCAGTAARAT - - - - - - - - -+ e e e oo e e e tiiiiiiiiiiiiis 27 2 1.0 0.09
.................................................................................. AAGACATATCTGAC——AAATAAA- - --oooownnnno. 21 2 1.50  0.02
............................. TGAAGGAATTGATATATGCCAGTAA - - - - - - e e e e e e e e e e et e e e et 25 2 1.50  0.02
........................................................... TGTATTTTTAATTTCTTTCAATAAG - - - - -« v e e s oo eaeeeeee. 25 2 1.50 0.02
.......................................................... GTGTATTTTTAATTTCTTTCAAT « « « v e e oo 23 2 1.50 0.02
............................. TGAAGGAATTGATATATGCCAGTAAAATG « « - - - - - - e e e e e e e e e oot 29 2 1.50  0.13
................................................................................ TAAAGACATATCTGAC—~AAATA - - oo v vovnoaaaee. 21 2 1.50  0.02
Total 11193.50 82.44

rorerdidpe carr feontident TR T TTAGGEATAZAATE TEABAT T TATTGAAGGAATTGATATATGCCATAAAATGGTGTATTTTTARTITCTITCARTAAAAACATATIETCAC - INNEMINIEIA TEREEEAAEEA ;5 1y Total lotal

-------------- R (U 2000 )0 ) 1503 ) ) D ) ) ) ) ) ) ) B Norm  ppy
.......................... TATTGAAGGAATTGATATATEC « - -« e e e e e e e e e e e e e e e e e e e e ettt 22 12 256.753.97
.......................... TATTGAAGGAATTGATATATG - - - -+« + + o o e e e oot e iiiiiiiiiiiiii. 21 13 167.232.58
.......................... TATTGAAGGAATTGATATATGCC « - - - - e e e e e e e e e e et e e et iiiiiiiiiiiii.. 23 12 84.00 1.30
............................ TTGAAGGAATTGATATATGCC - - - - -+« + + + e e e e e e iiiiiiiiiiiii. 21 12 45.25 0.70
............................ TTGAAGGAATTGATATATGCCA - - - -+« + + e e e e e e ittt 22 12 39.25 0.61
............................ TTGAAGGAATTGATATATGC - - - - - -+« + + oo e e e it 20 12 26.67 0.41
.......................... TATTGAAGGAATTGATATATGCCA - - - - - - o o o e o o e e oo it 24 12 16.08 0.25
........................... ATTGAAGGAATTGATATATGC - - - -« + + + + e e e e e e e ettt 21 12 15.92 0.25
.......................... TATTGAAGGAATTGATATATGCCAG « - - - - - - - - o o - o e e oo e iiiiiiiiiiiiiii.. 25 12 15.83 0.32
......................... TTATTGAAGGAATTGATATATGC - - -+« + + o e o o e e e e e it 23 12 15.75 0.24
.......................... TATTGAAGGAATTGATATAT - - - -+« + + e e e e e e e e e iiiiiiiiiiiiiii. 20 13 13.15 0.20
......................... TTATTGAAGGAATTGATATATGCCAG - - - - - o o o o o e e e e e e e it 26 12 11.92 0.54
........................................................... TGTATTTTTAATTTCTTTCAATAAAA -+« - oo iiiieeeeeeeiiis 26 2 10.50 0.54
.......................... TATTGAAGGAATTGATATATOM - - - - - -+« + + e e e e e e e e e e e et et e oot 22 13 8.38 0.16
............................ TTGAAGGAATTGATATATG - - - - - - -+ + e o oo e e e e il iooio0I00 19 13 8.00 0.15
......................... TTATTGAAGGAATTGATATATG - - - -+« + o e e o e e e et e ettt 22 13 7.54 0.12
............................. TGAAGGAATTGATATATGC - - - - -+ + + + e e e e e e e e e e e et e i, 19 12 6.42 0.10
.......................... TATTGAAGGAATTGATATATGCA - - - - - -+« + + +++ e e e et 23 12 6.33 0.10
........................................................... TGTATTTTTAATTTCTTTCAAT -+« e e e e oo 22 15 6.00  0.16
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.................................... ATTGATATATGCCAGTAAAATGGTOTA . - - - - e e e e e e e e e e e e e e e e e e e e e e e e e e 27 13 0.15 0.01
....................................... GATATATGCCAGTAAAATG . . _ - o o oo e e e e e e e e e 19 13 0.15 0.01
........................ TTTATTGAAGGAATTOAT - - - o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 18 13 0.15 0.01
................................................ CAGTAAAATGGTGTATTTTT . - - o e e e e e e e e e e e e e e e e e e e 20 14 0.14 0.05
................................................ CAGTAAAATGGTGTATTTTTAA . o o oot e et 22 14 0.14 0.05
........................................................... TOTATTTTTAATTTCTTTCA - - o e e e e e e e e e e e e e e e e 20 15 0.13 0.05
......................................................... GGTGTATTTTTAATTTCTTTCAAT - - - o oo e e e e e e e e e e e e 24 15 0.13 0.01
............................................................. TATTTTTAATTTCTTTCAAT - - o oo 20 15 0.13 0.01
.............................................................. ATTTTTAATTTCTTTCAATAA . - - - e e e e e e e e e e e e e e e e eee e 21 15 0.13 0.01
............................................................ GTATTTTTAATTTCTTTCAA . - - o e e e e e e e e e e e e e 20 15 0.13 0.01
......................................................... GGTGTATTTTTAATTTCTTTCAATAAA . - o oottt 27 15 0.13 0.00
......................... TTATTGAAGGAATTGATATATGCA- - - - - e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eens 24 12 0.08 0.03
...................... AATTTATTGAAGGAATTGATATATGCCA - - - - - o o o e e o e e e e e e e e e e e e e e e e e e e e 28 12 0.08 0.01
Total 877.95 13.56

romTAdin T8 jcanddate- TEETETTEGCTET AN AR TTTATTGAAGHAATTGATATATGCCAGTAAAATGGTGTATTTTTAATTTCTTTCAATAAAAAHAT“ATTGACHAAEA size Hits Total Egﬁg'
CCCC--CC-CC-CCC- - ===~ (- ceceeee - - - - - I233332)--5200333)-00000000)) - - - - - - D220 15))))) BNt Norm  ppy
.......................... TATTGAAGAAATTGATATATGC . - - - -« e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e 22 2 29.50 0.29
........................................................... TOTATTTTTAATTTCTTTCAAT - - o oo et 22 20 14.10 0.26
........................................................... TGTATTTTTAATTTCTTTCAATAAA . - o oo oot e e e e e e e eeees 25 20 10.05 0.13
.......................... TATTGAAGAAATTOATATATG - - - - o oo e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e 21 2 7.50 0.08
........................................................... TGTATTTTTAATTTCTTTCAATAA . « o o oo e e e e e e e 24 20 6.10 0.09

GT-TTGGGT-TAAGA-————- 0 7 U 20 20 5.65 0.21
...... TGGGT-TAAGA - === —=TTTTATTOAAGAAAT . - - - o o o e oo e e e e e e e e e e e e e e e e e e 25 2 4.50 0.09
.......................... TATTGAAGAAATTGATATATGCC - - - - - e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e 23 2 3.50 0.05
........................................................... TOTATTTTTAATTTCTTTCAA . - - e e e e e e e e e e e e e e e e e eeeens 21 20 3.20 0.05
..... TTGGOT-TAAGA - === =TTTTATTOAA . -« o o oo o e e e e e e e e e e e e e e e e e e e e e e e e 21 20 3.10 0.11
............................ TTGAAGAAATTGATATATGCCA . - - - o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 22 2 3.00 0.06
........................................................... TGTATTTTTAATTTCTTTCAATA . - - o e e e e e e e e e e e e 23 20 2.85 0.06
.................................... ATTGATATATGCCAGTAAAATG . - _ - o o o o o o e e e e e e 22 20 2.70 0.04
...... TOGGT=TAAGA === == TTTTATTOAA . - - o e o e oo e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 20 20 2.65 0.05
COT-TTGGGT-TAAGA-————— I - 21 20 2.40 0.05
...................................... TGATATATGCCAGTAAAATG . « - -« o o o e e e e e e e e e e e e e e e e e 20 20 2.30 0.05
..... i ccley i V.V YcT NN, o o o 7 c.Y.Yc7.Y. I 26 2 2.00 0.07
............................ TTGAAGAAATTGATATATGCC - - - -« - e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 21 2 1.50 0.06
........................................................... TGTATTTTTAATTTCTTTCAATAAAA . -« . oot 26 20 1.35 0.05
GT-TTGGGT-TAAGA-————- LI U 19 20 1.35 0.03
........................................................... TOTATTTTTAATTTCTTTCA - - o oo e e e e e e e e e e 20 20 1.30 0.02
............................................................ GTATTTTTAATTTCTTTCAATAAA . « - o o e et oo e e 24 20 1.15 0.04
............................. TOAAGAAATTGATATATGOCCA - - - - e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 21 2 1.00 0.02
............. PV NCT N, o o o Y.V Y Y-V 20 2 1.00 0.04
........................... ATTGAAGAAATTOATATATGOC - - - - e o e e e e e e e e e e e e e e e e e e e e e e e e e e e 21 2 1.00 0.02
............................ R ECTY YT YV i ey /2 7 oAU 20 2 1.00 0.04

T-TTGGGT-TAAGA—-———— LI 8- 19 20 0.95 0.04
..................................... TTGATATATGCCAGTAAAATG . - - - - e e e e e e e e e e e e e e e e e e e e e e e e e e e e 21 20 0.95 0.02
........................................................... TGTATTTTTAATTTCTTTCAATAAAAA . - - - o o et e e e e e e e e 27 20 0.90 0.03
......... GT=TAAGA === ==TTTTATTOAAG - - - - - - o e e e e e e e e e e e e e e e e e e e e e e e e e e e 18 20 0.90 0.03
...... TOGGT=TAAGA == === —TTTTATTOAAG - - - -« -« e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e et ieieiieiiiaaeo... 21 20 0.85 0.02
................................................................................. AAAAATATTATTGACGTA . -« eeee e e e 18 20 0.85 0.03
..... TTGGOT-TAAGA === ——=TTTTATTGAAG . - - - - - o e e oo e e e e e e e e e e e e e e e e e e e e e 22 20 0.85 0.03
............................................................ GTATTTTTAATTTCTTTCAATAA . - - - e e e e e e e e e e e e e e e eee e eee s 23 20 0.80 0.02
TCGT-TTGGGT-TAAGA—-———— I 22 20 0.80 0.01
....................................... GATATATGCCAGTAAAAT « - . o oo e e e e e e 18 20 0.75 0.03
GT-TTGGGT-TAAGA-————- 8 I 3 7YY 24 20 0.65 0.02
............................................................. TATTTTTAATTTCTTTCAATA . - - oo e e e e e e e e e e e 21 20 0.50 0.01
.......................... TATTGAAGAAATTGATATATGCCA . - - - o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 24 2 0.50 0.02
......................... TTATTGAAGAAATTGATATATGC - - - -« e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 23 2 0.50 0.02
........................ TTTATTGAAGAAATTGATATATG . - - - - o e e e e e e e e e e e e e e e e e e e e e e e e e e e 23 2 0.50 0.03
............................... AAGAAATTGATATATGCCAGTAAAA . .« o e e e e e e e e e e e e e e e e e e e e e 25 2 0.50 0.02
.......................... TATTGAAGAAATTGATATATGCCT - - - - e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ee e eans 24 2 0.50 0.02
......... GT=TAAGA === =TTTTATTOAAGA . - - - - o e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e i 19 2 0.50 0.02
........................................................... TOTATTTTTAATTTCTTTCAATI - - - o o e e e e e e e e e e e e e e eees 23 20 0.45 0.01
.................................... ATTGATATATGCCAGTAAAATGGT - - - - o o oo e e e e e e e e e e e e e e e e e 24 20 0.40 0.02
.............................................................. ATTTTTAATTTCTTTCAATA . - o oo e e e et 20 20 0.40 0.01
................................................................................... AAATATTATTGACGTAAT .« o oo oo eeeen 18 20 0.40 0.02
CGT-TTGGGT-TAAGA—————— 1 20 20 0.40 0.01
GT-TTGGGT-TAAGA-————- 8 I 7 NN 23 20 0.35 0.02
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............................................ ATGCCAGTAAAAT GG T GT A - - o e o ot e e e e e e e e e e e e e et e e e e e e e aaaaan 19 20 0.05 0.00
......................................................... GGTGTATTTTTAATTTCT TTCA . & - oo e e e e e e e e e e e e 22 20 0.05 0.00
..... TTGGGT=TAAGA — === = =TT T TAT TGAAGE - - - - - o e o e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e et e e e e e e e e e e emecmama e 23 20 0.05 0.00
...................................... TGATATATGCCAGTAAAAT - o o e o e e e e e e e e e ae e e aeaaecceccacaacacceaaaaaeeaaaaamnn 19 20 0.05 0.00
......................................................... GGTGTATTTTTAAT TTCT T .« o o oo e e e e e e e e e e e e e eeeeeeae s 21 20 0.05 0.00
............................................................ GTATTTTTAATTTCTTTCAAA. - oo e e e e e eeeee e e aaeaaaaann 21 20 0.05 0.00
.................................... ATTGATATATGCCAGTAAAAT GG T G- - o i e i e e e o e e e e e e e d e e e e e e damaaeaee e e e e e ceeaaeaanan 25 20 0.05 0.00
....................................................... ATGGTGTAT TTTTAAT T T T TTCA . - oo e e e e e e e e e e e eee e 24 20 0.05 0.00
........................................................ TCGTGTAT T T T TAAT T T T - e i i i e e e e e e ed e eae e e c e e e aaaannn 19 20 0.05 0.00
................................................ CAGTAAAATGGTGTAT T T T TAAT T T - o o o e e i e e e e e e e e d e d e e aeeceecaaaanan 25 20 0.05 0.00
................................................................................... AAATATTATTGACGTAATGA . - - i i i e et 20 20 0.05 0.00
........................................................... TCTATTTTTAAT TTCT TTCAAT G- - e i i i e e e e e e e e e e e e 23 20 0.05 0.00
_.CGT-TTGGGT-TAAGA-----— O I I 1720 22 20 0.05 0.00
..................................... TTGATATATGCCAGTAAAAT GG TG - o e e e e e i e e e e e e e aeeaa e e asaccaaaeaac e aaaacaaaaaaaaaaaann 25 20 0.05 0.00
.. .T-TTGGGT-TAAGA------ I 720 20 20 0.05 ©0.00
.......................................................... GTGTATTTTTAAT TTCT TTCAA .« L e e e e e e e e e eee e 22 20 0.05 0.00
.................................................................................. AAAATATTATTGACGTAATGAA . - o e et 22 20 0.05 0.00
TCGT-TTGGGT-TAAGA-—-—-— B I 727 2 24 20 0.05 0.00
........................................ ATATATGCCAGT AAAAT GO - - o o o o i e e e o f e e e d e d e e e e e f e e e e e e e e e 20 20 0.05 0.00
........................................................................................ TTATTGACGTAATGAAAT . - o v e ee e s 18 20 0.05 0.00
........................................................ TGGTGTATTTTTAAT TTCT TTCAATAAA .« e e e e e e e e e ee e eea e 28 20 0.05 0.00
...................................... TGAT ATATGCCAG T AAAA e e e e e e e f e d e e e e e e e e e e e ee e 18 20 0.05 0.00
.................................... ATTGATATATGCCAGT AAAA . .« o o e e e e e e e e e e e e e aaac e aasec e e aeec e aaeeaaaaann 20 20 0.05 0.00
. .GT-TTGGGT-TAAGA-----— B I 172 I 72 A 24 20 0.05 0.00
................................................................................. AAAAATATTATTGACGTAATGAAA . . o o oo i 24 20 0.05 0.00
..... LIS I Y Y I 17 I C 19 20 0.05 0.00
.. .T-TTGGGT-TAAGA------ B I I 172 17 21 20 0.05 0.00
........................................................ TGGTGTAT TTTTAAT T TCT T TCAAT - - e i i i e e e e e e e e caeeme e aaaaannn 25 20 0.05 0.00
........................................................... TGTATTTTTAATTTCTTTCAATAALG . - - - oo e e e e e c e cmemceaaan 26 20 0.05 0.00
............................................................. TATTTTTAAT TTCT TTCAA .« o e e e e e e e e e eee e 19 20 0.05 0.00
...................................................... AATGGTGTATT T T TAAT T T T . o o i e e e e e e e e e aeeea e caaaaaaann 21 20 0.05 0.00
................................................ CAGTAAAATGGT GTAT T T T TAA L - o e e e e e e e e e e e e d e e e e e ceeaeeaaaan 22 20 0.05 0.00
................................................................. TTTAATTTCTTTCAATAAAA L e e e ee e eeaaae s 20 20 0.05 o0.00
................................................................................. AAAAATATTATTGACGTAA. . oo i e e e eeaa e 19 20 0.05 0.00
....... [CT el e I Y Y €7 A I I 17N I 1€ L C 20 20 0.05 0.00
........................................................ TGGTGTATTTTTAAT T T T TTCAAT AA L e e e e e e e e e e eeaeeaaan 27 20 0.05 0.00
................................................................................... AAATATTATTGACGTAATGAAAT . - o eii e a 23 20 0.05 0.00
................................................ CAGTAAAATGGTGTAT TT T TAAT T T C . - oo i e e e e e e e e e e d e m e e ae e e camaanan 26 20 0.05 0.00
................................................................ TTTTAATTTCTTTCAATAAA L i et e e eeeceaaaaan 20 20 0.05 0.00
............................................................... TTTTTAATTTCT TTCAATAAA . o e e e e e e e 21 20 0.05 0.00
................................................... TAAAAT GG T GTAT T T T TAAT -« - o o e o e e e e e e e e e e e e e e e e e e eaeeaaa s 20 20 0.05 0.00
............................................................... TTTTTAAT T T T T TCAAT A L e e e e e e e e ee e eeaeea e s 19 20 0.05 0.00
...................................... TGATATATGCCAGTAAAAT GG TG T - - o e i e e e e e e e e e e cecaecaec e eaeacecee e amaaaanan 24 20 0.05 0.00
................................................. AGTAAAATGGTGTAT T T T TAAT T T C . o oo o e e e e e e e e e e e e ee e eeeeee e 25 20 0.05 0.00
.......................................... ATATGCCAGTAAAAT GG T G T A - - o e e o e e o e e e e e e e e e e e e e e e e e e e meemaeamaaaaann 21 20 0.05 0.00
........................................................... TGTATTTTTAATTTCT TTCAATAN - - - o o i e e e e e ceeaeaaaamnn 24 20 0.05 0.00
................................... AAT TGATATATGCCAGT AAAAT GO - - - o o o o o e i e e e f e e e e e e e e e e et e e e e e e e e s 25 20 0.05 0.00
............................................................ GTATTTTTAATTTCTTTCAATAAAA L e e e e e e e eaaeaaan 25 20 0.05 0.00
Total 143.57 1.22
droVir3|dvi_24632|candidate- Total
rescued ERATTTTAGGTATARA R -ANITTTATTGAAGGAATTGATATATGCCAGTAAAATGGTGTATTTTTAATTTCTTTCAATAAAAACAT IS T GACIEYNITY YNV ARt e AATIA size Hits Jotal  \orm
N (A (@ (@@ 250> H533)15333335555)))) 951115 1)) JNNNNNE . Norm  ppy
.......................... TATTGAAGGAAT TGAT AT AT G . o o o e e e e e e e e e e e e e e e e e e aaea e e aaaccaaaaeec e aeea e aaaaaaaaaaeann 22 20 591.70 4.79
.......................... TATTGAAGGAAT TCAT AT AT Gn - o e o e e e e e e e e e e e e e e e em e e e e e aeacaacceeccaccacaecaecaecaaeacaaaaaanan 21 20 421.80 5.11
.......................... TATTGAAGGAAT TGAT AT AT GC A - - o o o o e e e e e e e e e e e e e e e e et et e e e e e eee e s 24 20 143.90 1.52
.......................... TATTGAAGGAAT TGAT AT AT GC . o o o e e e i e e e e e e e e e e e e e e d e aam e e aaeac e e caea e e aeeae e aaaann 23 20 117.65 1.92
............................ TTGAAGGAAT TGAT AT ATGC A - - - o oo oo e e e o e e e e e e e e e e e e e e e e e d e e e e e e e cmeaaaaaan 22 20 98.25 1.20
............................ TTGAAGGAAT TGATATATGC CAGT AAAA | L i e e e e e e f e e e e e e e e e e et e ee e eea e 28 20 45.80 1.42
........................................................... TGTATTTTTAAT T T T TTCAAT A . < o i e e e e e e e e aaeeaaaaann 23 20 43.70 0.56
............................ TTGAAGGAAT TGATATATGCCAGT AAA - o o i e e e e e e e e e e e e e e e e e e e e d e e e e m e e ae e aee e 27 20 33.25 1.15
............................ TTGAAGGAAT TGAT AT AT GCC - - - o o e o e e e e f e o f e e e e e e e e e e e e e e e e e e e e e e e e e e e eee e 21 20 33.20 0.68
........................... AT TGAAGGAAT TGAT AT AT G e « c o o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeem e e aeee e e caeea e e aaenn 21 20 28.55 0.33
............................ TTGAAGGAAT TGATATATGCCAGT AA L - o o o o e e e e e e e e e e e e e e e e e e e e d e c e e e e e e e e e e e 26 20 28.15 1.11
.......................... TAT TGAAGGAAT TGAT AT AT - - o o o o e o e e o e e o e e e e e e e e e e e et e e e e e e e e e e e e e eee e 20 20 25.75 0.44
.......................... TAT TGAAGGAAT T GAT AT AT Gl - - - o e ot e e e e e e e e e e e e e e e e m e e e e e e e e e i a e e 22 20 22.45 0.24
......................... TTATTGAAGGAAT TGAT AT AT G - - o o o o o i o e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eeeaan 23 20 21.75 0.15
........................................................... TCTATTTTTAAT TTCT TTCAATAA L L e e e e e eeeec e e caaaaaaann 24 20 20.45 0.24
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................................................................ TTTTAATTTCTTTCAATAAAAACATTTGT - - oo 29 20 0.25  0.02
............................................................. TATTTTTAATTTCTTTCAATAA - <« + e e oo oo iiieeeoei. 22 20 0.20  0.01
..... TTAGGTATAAAC———~AATTTTATTGAAGGAAT - - - - - - - - e o e e e e et e e e e e e e e e e ittt 29 20 0.20  0.01
........................................................................ TCTTTCAATAAAAACATTTG - - - - oo oo 20 20 0.20 0.01
............................................................... TTTTTAATTTCTTTCAATAAAAACA - -+« + o oo oo 25 20 0.20  0.02
............................... AAGGAATTGATATATGCCAGTAAAA - - -+ - e e e e e e e e e e e e et iiiiiiiiiiie. 25 20 0.20  0.01
............................................................ GTATTTTTAATTTCTTTCAATAAR - - - - - v e s eooeeeoooooo oo, 24 20 0.20  0.02
................................................................................... AAACATTTGTGACGTAATGAAATA. .. .- ---..... 24 20 0.20 0.01
.......................... TATTGAAGGAATTGATATATGCCAGTAAAATGGTGTATTTTTE - -+« -+ oo e et ettt eeeiaaaaeeieennn. 43 20 0.20  0.01
........................................................... TGTATTTTTAATTTCTTTCAATE - - - - -+ v oo ooooooooooioiiiieieieooo.. 23 20 0.20 0.01
......................... TTATTGAAGGAATTGATATATE - - - - - - - -+« e e e e e e e e e e e e e ettt 22 20 0.20 0.03
................................................................................... AAACATTTGTGACGTAATGAAAT - - ... oooonoao. 23 20 0.20  0.06
....................................... GATATATGCCAGTAAAATGGTGTAT « - - - - - - - o o o o o e eeeeii ool 25 20 0.20  0.03
....................................................................................... ATTTGTGACGTAATGAAAT - - - - .- --...... 19 20 0.20 0.02
....................... TTTTATTGAAGGAATTGATA - - - - - -« + + o oo e e e ieiiiiiiiiiii. 20 20 0.20  0.02
.................................... ATTGATATATGCCAGTAARA - - - - - -+« e oo e ettt 20 20 0.20  0.01
.................................................................................... AACATTTGTGACGTAATGAAATAAA ... ....... 25 20 0.20 0.0l
....................... TTTTATTGAAGGAATTGATATATG - - -+« -+ o e e o e e e oo et 24 20 0.20  0.01
................................................................ TTTTAATTTCTTTCAATAAAAACATTTG - oo oooiieeeeeo. 28 20 0.20  0.01
.............................. GAAGGAATTGATATATGCCA - - -+« + + -~ o e e e e e et et e e e e e oo iiiiiiiiiiiiiiii.. 20 20 0.20 0.02
................................................................................... AAACATTTGTGACGTAATGAA - - - - oo -oovoonnn. 21 20 0.20 0.02
............................ TTGAAGGAATTGATATATGCCAGTAAAATGETGTATTT - - - -+ -+ o o o ettt eiiiiiiiionnn.. 38 20 0.20 0.01
........................... ATTGAAGGAATTGATATATGCCE « - - - - - - - - -+« + e e e e e e e ettt oot itiiiiiieiiiiiiiiiiaa.. 23 20 0.20 0.01
....................................................................................... ATTTGTGACGTAATGAAATAAAC-————CAATA 28 20 0.20  0.01
............................ TTGAAGGAATTGATATATGCCE - - - - - - - - - -+« + + e et e ettt 220 20 0.20  0.02
.................................................................................... AACATTTGTGACGTAA- o vveoeeeeaaaaae. 16 20 0.20  0.01
............................................................................................. GACGTAATGAAATAAAC——---CAATA 22 20 0.20  0.01
................................................................................... AAACATTTGTGACGTAATG - - - v v e v v e eeeeeaeee 19 20 0.20  0.04
.................................. GAATTGATATATGCCAGTAAAATGGTGT - - - - - - - - - - o e e e oot 280 20 0.15  0.01
.............................................................. ATTTTTAATTTCTTTCAATAAAA - - -+ + oo ooooooooooiiiieeeieee. 23 20 0.15  0.01
................ o e AATTTTATTGAAGGAATTGATATA. - - - -+« + + o+ oo e e e e e et et e e e ettt 25 20 0.15  0.01
Total 1950.45 3.09

AroNoy S0 32 e e e T AGGT AT AT AAARTIRERITTTATTGAAGGAATTGATATATGCCAGT AAAAT GGTGTATT T TAATTTCTTTCAATAAASAGATALET GAC BTN YIA oA AAA Size Hits TOtal fotal
e ((E (. [T @@ 32205000 885)321555333)030)0 )51 ) ) 15 ) ) L Norm RPM
.......................... TATTGAAGGAATTGATATATGC - - -+ e e e e e e e e e e e e e e e e e e e e e e 227 739.14 7.22
.......................... TATTGAAGGAATTGATATATGCC « - « - - - e e e e e e e e e e et e e e e e iiiiiiiiiiiii. 237 470.00 4.59
.......................... TATTGAAGGAATTGATATATG - - - -+« + + o o e e e e e e e e iibbiiiiiiiiiiil 217 350.00 3.42
............................ TTGAAGGAATTGATATATECC - - - - -+« + + + e e e e e e e e it 217 119.29 1.17
............................ TTGAAGGAATTGATATATGCCA - - - - -+« + o e e e e i 227 89.14  0.87
........................................................... TGTATTTTTAATTTCTTTCAAT - - -+ v v e oo 22 7 70.43  0.87
........................................................... TGTATTTTTAATTTCTTTCAATA - -+« v e e oo ieiieieeeee 237 5871 0.76
.......................... TATTGAAGGAATTGATATATGCCA - - -+« -+ e eoe e e e e e e e e e e e iiiiiiiiiiiiiii. 24 7  56.86 0.56
........................... ATTGAAGGAATTGATATATGCC - - - - - -+« + + e e e e e e e ittt 227 45.43 0.44
........................... ATTGAAGGAATTGATATATGC - - - -+« + + o e e e e e e e e e e e it 21 7 43.29  0.42
......................... TTATTGAAGGAATTGATATATGC - - -+« + o o e e e o e e oo e e it 237 42.00 0.41
............................ TTGAAGGAATTGATATATGC - - - - -« + + + oo e e e e e e e e ittt 207 3757 0.37
.......................... TATTGAAGGAATTGATATAT - - - - - -+« + e e e e e e e e ittt 20 7 31.43 0.31
........................................................... TGTATTTTTAATTTCTTTCAATAAA .+« o oo 25 7 29.14  0.38
........................ TTTATTGAAGGAATTGATATATGC - - -« + + -+ o e e e e e e e e e e et e e e e e e e ettt 247 23.43 0.24
....................... TTTTATTGAAGGAATTGATATATGC - - - - - - o o o e e e e e e e e e e e e e, 257 20.14 0.20
............................................................ GTATTTTTAATTTCTTTCAAT - - -« v v oot 21 7 16.86  0.23
...................... TTTTTATTGAAGGAATTGATATATGC - - - - - - - - - - - o e e e e e e e e e e e e e e et iiiiiiiiiiiiiiiii.. 26 6 15.50 0.16
.......................... TATTGAAGGAATTGATATATGCCH - - - - - - - - - -+« « + = e e e e e e e e e ettt eieiiiiioiiiiiiiiien. 24 7 15.43 0.15
.......................... TATTGAAGGAATTGATATATGCA - - - - - -+« + + e e e e e e fbiiiiiiiiilli... 23 7 14.86 0.15
.................................................................................... CATATATGTGACGTAATGAAATAAAC——-——-.... 26 5  14.60 0.20
........................................................... TGTATTTTTAATTTCTTTCAATAA - « « e e e 24 7 14.29  0.19
........................................................... TGTATTTTTAATTTCTTTCAA - « -+« v oot 21 7 13.86  0.19
..................................................................................... ATATATGTGACGTAATGAA. - ---.oovnnnnn.. 19 6 13.83 0.21
..................................................................................... ATATATGTGACGTAATGAAAT - - - .- -........ 21 5 13.20 0.19
......................... TTATTGAAGGAATTGATATATG - - -« + « + oo e e e e e e e i 227 12,29 0.12
............................ TTGAAGGAATTGATATATG - - - - - - -+« + e e e e e e e e e e e e e it 190 7 12014 0.12
............................................................ GTATTTTTAATTTCTTTCAATA -+« v o oo 2207 11.43 0.12
................................................................................. AAACATATATGTGACGTAAT - - - - oo ooonneeeeee. 20 6 10.00 0.14
................................................................................. AAACATATATGTGACGTAATGAAAT .. ..o oooon... 25 5 9.60  0.13
............................. TGAAGGAATTGATATATGCCA - - - -+« + -+ e e e e e ettt 217 9.43 0.09
........................... ATTGAAGGAATTGATATATG - - - - -+« + + e e e e e e et ettt 20 7 8.86  0.09
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......................... TTATTGAAGGAAT TGAT AT AT GCCAGT - - e e e e e e et e e e e e e e meemaaaam e e e e eeeaeaaaaaaaaaa e
..................... TTTT T TAT TGAAGGAAT TGAT AT - . i e e e e eeeemaaa o eceecacaaaaaaaaaa e aeeaaaaannn
.................................................................................. AACATATATGTGACGTAATGAAATA. ... oe e at
.................................................................................... CATATATGTGACGTAATGAAATAAAC-----CAA

.......................... TATTGAAGGAAT TGAT AT ATG T - - - - - i i e i i e it e et e eaaaaa e cecsssacacccacacaacaaaaeceeaaaaaannnn
....................... TTTTATTGAAGGAAT TGATATATGCCAGT - - - - e et e e e e e i eem i eeaceeaccsacccaacceaaccaaaaaaaaaaannnnn
........................... ATTGAAGGAAT TGATATATGCC M. - - - e et et eeeaaaa e ccececacaaaaaaaaaa e eaaannn
.................... TTTT T T TAT TGAAGGAAT TGAT A L e e e e e e e e e i e et eesasscemaccccccececcaaaaaaaaaaaaaaaennn
..................... TTTTTTATTGAAGGAAT TGATATATGC . - - o o e e e e e et e e i ee e e eemmmmeceeaccesaccceaceaaaaae e ennn
..................................................................................... ATATATGTGACGTAATGAAATAAAC -----CAA

................................................................................... ACATATATGTGACGTAATGAAAT . o v v e eee e oot
........................... ATTGAAGGAAT TGATATATGC . - - oot e i e e i ite e i eeeceeacceccccecaacaaaaeaaa e nann-
........................ TTT AT TGAAGGAAT TOAT AT AT - i et e e e e oo e e eeeeaaamaac o cececeeeaaaaaaaaaaaaaaaaennn
............................................................................... ATAAACATATATGTGACGT - v e e e i ee e e e e e
........................ TT T AT TGAAGGAAT T AT AT - o i e e et e e e e e e e e e e e e e e e e e e eeeaaaaaa e e e e eeeaeaaaaaaaaaa e aaaann
................... TTTTT T T TAT TGAAGGAAT TGAT AT A . . e e et eeaeaaaaa o eesescacaaacaaaaa e cceaaaaaannn
..................... TTT T T TAT TGAAGGAAT TG . - o o e it e et e et e e eam i eemmseamaacceaacceaacceaaccseaccaaaaaaaa e nannn
....................... TTTTATTGAAGGAAT TGAT AT AT GCCA . - e i e e et e e i e emesaaaaamaaa e cceeaaaaaaaaaaaaaaaaaaennn
........................................................... TGTATTTTTAATTTCTTTCAATAL - . i i i ieac i e
............................................................. TATTTTTAAT TTCT TTCAAT . - et e e i ieeeieaemeeanns
................................................................................. AAACATATATGTGACGTAATGAAATAAAC——--—_ . ...
..................................................................................... ATATATGTGACGTAATGAAA. - . e a
...................... TTTTTATTGAAGGAAT TGAT AT A . . e et e e e et e e e e e ee e i eeeceeacceeccscccsecacaaaeaaeaaanann
..................... TTTT T T AT TGAAGGAAT TGAT AT A . . i e e et eeaaaaaaa e eeecscscsaaaaaaaae e e eeeaaaaannn
................... TTTTTTTTATTGAAGGAAT TGATATATG . - .ottt eeeaeaaa e iccccsscscaaaaaaaaaaaa e aaannnnn
........................................................... TGTATTTTTAATTTCTTTCAAA . . . e i e e ieeemeaas
.......................... TATTGAAGGAAT TCAT AT AT A . - o o oot eee e e e e e e oo eeesasaaacacacaccccceceaaaaaaaaaaannnn
.................................................................................... CATATATGTGACGTAATGAAAT . . ..o eee i eaa s
..................................................................................... ATATATGTGACGTAATGA. - . e eeas
.................................................................................... CATATATGTGACGTAATGAA. . oo i e e oot
.................................................................................. AACATATATGTGACGTAATGA. . . oo e a e a
.................................................................................. AACATATATGTGACGTAATG . - - e eeeea s
..................... TTTTTTATTGAAGGAAT TGAT AT AT G. . . e et et eeeaaacc e icccecscscaaaaacaaaaaaeeeaaaannnnn
............................ TTGAAGGAAT TGATATATGCCE . . . - o o i i i i i i e e i i eecesaccesaccecaccaaaaaeaaeannnn
........................................................... TGTATTTTTAATTTCT TTCAATAN . - - - oo i e e e e e e e e e e e e e e e meeenann
............................................................. TATTTTTAATTTCT T TCAAT A . e et eeeceaaaaaaaan
................................................ CAGTAAAATGGTGTAT T T T TAAT . e e e e i ee e ceecmeeeceeacceeaanann
........................................................... TGTATTTTTAATTTCTTTCAATE - - - i e e e e e i ceaeiea e
............................... AAGGAAT TGATATATGCC . - - o oot e et e e e e e e e e e e i i eessscscccccccccacacccceeeaaaaaaaannnnn
.............................................................. ATTTTTAAT TTCT T CAAT A L e e e e e e e e e e e e e eeeeeaaann
................................................ CAGTAAAATGGTGTAT T T T TAAT TTCT T e i eeeemamacam e e e aeeaean
............................ TTGAAGGAAT TGATATATGCCAG - - - - o i e e e e e e et e i eeacieemccsacccaacccaaccaaacaaaaaaaennnn
............................................................... TTTTTAATTTCTTTCAATA . - e e e e e e e e e e e e e e ieeeeenannn
.................................... ATTGATATATGCCAGTAAAAT GG G T A, e e e e e i e i i i i it ieeecacccacacaaaaaaacceeeaaaaanannn
........................................................................................ TATGTGACGTAATGAAATA. .. ... oo .
............................................................................... ATAAACATATATGTGACGTA . - - e e e e eeeeaeaa e e
...................................................................................... TATATGTGACGTAATGAAATAAAC——--—_ . ...
..................................................................................... ATATATGTGACGTAATGAAATAAAC-----CAAA
...................... TTTTTATTGAAGGAAT TGATATATGCCAG. - - - e et aeaaamaaa e eceaaaaaaaaaaaaaa e aeneann
................................................ (07 R I Y L I I
............................. TGAAGGAAT TGATATATGCCAG - - - e e e et et e e e ee e i eeammeeaeeccceecccsaccaa e e annn-
........................... ATTGAAGGAAT TGATATATGCCAG . - - o e et et e e e e e e e e e e e eesesaaamaaaa e cceeaaaaaaaaaaananen-
............................................................................... ATAAACATATATGTGACGTAATGAAAT . oo oo a oo
...................................................................................... TATATGTGACGTAATGAAAT . . . oo -
............................................................. TATTTTTAATTTCTTTCAATAA . et ieeecaaaaaan
............................................................................... ATAAACATATATGTGACGTAATGAAATA. .. ... ... ...
.................... TTT T T T T AT TGAAGGAAT TG . - - e e i e e et e e e ee e mmmm e meameec e esecesaceeaceeaaeeaeeaneenn-
..................................... TTGATATATGCCAGTAAAAT G . e e e i e e e e e e e e et eeesesaacaaa e cccceaaaaaaanann
.......................................................... GTGTATTTTTAAT TTCT TTCAAT . - o e e i ee e ieeecieeaamaaann
............................................................ GTATTTTTAATTTCT T TCAAT . - - e e e eeeeea e e e e e e e eeimas
.................................... ATTGATATATGCCAGTAAAATGGTGT .« e e e et e e e e e e e e e e e e i i i ieceesscsccaacaaaaaaaa e eenanaannn
............................. TGAAGGAAT TGATATATGCCAGT A . - o o e i e e e e e e i eeam i eeameeccecesaccea e e anannn
.......................... TATTGAAGGAAT TGATATATGCCA A . . . . - e e e e e e eeaaamaaaa o oo eeeecacaaaaaaaaaaaaaeann
.................................. GAATTGATATATGCCAGTAAAAT G . . e e e e i i i i i i i eesecscemacacaaaaaccccesecaaaaaaaannnnn
.............................. GAAGGAATTGATATATGCCAGTAAAAT G . - - et e e e e e i e e e ieeameeccscceaaceaeeaeaaaaeenanan
............................................................ GTATTTTTAATTTCTTTCAATAAR - - . oo i e ieaam s
.............................. GAAGGAAT TGATATATGCCA L L o it et e i ee i eeacieeaccaecccaacccaacccaaceaaaaaaannnn
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............................................................................... ATAAACATATATGTGACGTAATGA. - - - o oo ooeeeeee.. 24 6 0.83  0.02
.................... TTTTTTTATTGAAGGAATT - - - - - - -+« e e oo e e e e et 19 6 0.83 0.02
................................................................................... ACATATATGTGACGTAATGA. - - - v voonnneaeo. 20 6 0.83  0.02
.................................................................................... CATATATGTGACGTAATGA. - - -~ o-onnneooo. 19 6 0.83  0.02
....................................................................... TTCTTTCAATAAACATATATGTGAC .« « + « v oo oo 25 6 0.83  0.02
...................... TTTTTATTGAAGGAATTGATATAT - -« « - e e e e e e e e et e e e et ettt 24 6 0.83  0.02
.................................................................................. AACATATATGTGACGTAATGAAATAAAC ———-C. . - 29 5 0.80 0.02
.................................................................................... CATATATGTGACGTAATGAAATA. - .. ooo.... 23 5 0.80 0.02
..................................................................................... ATATATGTGACGTAATGAAATAAAC ————CA. - 27 5 0.80 0.02
..................................................................................... ATATATGTGACGTAATGAAATAA. - ... ....... 23 5 0.80 0.02
...................................................................................... TATATGTGACGTAATGAAATA. -~ .. .--.... 21 5 0.80 0.02
................................................ CAGTAAAATGGTGTATTTTTA - - -+« + e e et e e e ettt 21 7 0.71 0.02
............................. TGAAGGAATTGATATATGCCAGT - - -« + + e e e e e e e e e e oo ittt 237 0.71 0.01
................................................ CAGTAAAATGGTGTATTTTTAATTTCT - - - e oo oo 27 7 0.71 0.01
........................... ATTGAAGGAATTGATATATECCAGT - - « - e e e e e e e e e e e e e et iiiiiiiiiiiin. 257 0.71  o0.01
.............................................................. ATTTTTAATTTCTTTCAATAAA - - - - -+ e oot 227 0.71 0.01
..................................................................... ATTTCTTTCAATAAACATATATGTGAC . + -~ oo oo 27 6 0.67  0.01
.............................................................................. AATAAACATATATGTGACGT - - - - v oooonneeeoooo. 20 6 0.67  0.01
................... TTTTTTTTATTGAAGGAATTOA - - -+« e e e e e e e e i 226 0.67  0.01
................. A—TTTTTTTTATTGAAGGAATTGATAT - - - - - -+« + + o oo e e e e e ettt 266 0.67  0.01
.................... TTTTTTTATTGAAGGAATTGATATATGCC - - - - - - - - o - e e e oo e e e e e e il 29 6 0.67 0.01
.................... TTTTTTTATTGAAGGAATTGATATATG - - - - - - - - - - - o e oo oo e e e 27 8 0.67  0.01
................................................................................. AAACATATATGTGACGTAATGAAA. - - oooonnnoo. 24 6  0.67  0.01
.................................................................................... CATATATGTGACGTAATGAAA. - - ..---nooo.. 21 6 0.67 0.01
....................................................................... TTCTTTCAATAAACATATATGTGACGT - -« - oo oo 27 6 0.67  0.01
...................... TTTTTATTGAAGGAATTGATATATG - -+« -+ e e e e e e e et e e e e e ettt 25 6 0.67  0.01
................. A=TTTTTTTTATTGAAGGAAT « - - - - - - - - -« « e e e e e e e e ittt 20 6 0.67  0.01
......................................................................................... ATGTGACGTAATGAAATAAAC————C. . 22 5 0.60 0.01
..................................................................................... ATATATGTGACGTAATGAAATAAA. . ......... 24 5 0.60 0.01
................................................................................... ACATATATGTGACGTAATGAAATA. - ...~ -.-.... 24 5 0.60 0.01
....................... TTTTATTGAAGGAATTGAT - - - - -+« + + o e e e e e e ettt 19 7 0.57 0.0
................................................. AGTAAAATGGTGTATTTTTAATTTCT -+« + e e e s oo iaeeeeeeeeiiaaaeee. 26 7 0.57  0.01
............................................................. TATTTTTAATTTCTTTCAATAAA - -+« v oo oo 237 0.57  0.01
.......................... TATTGAAGGAATTGATATATE - - - - - - - - -+« + + e e e e e e e e et et ot iiiiiiieaeees 227 0.57  0.01
................................. GGAATTGATATATGCCAGTAAAATG - - - - - - - o o e o e e e e oo il 257 0.57 o0.01
............................ TTGAAGGAATTGATATAT - - - - -+ -+« + e e e e e e e i 187 0.57  0.01
............................................................. TATTTTTAATTTCTTTCAATAAG - - - - - - e e v e e eeeeaaeooeeeaaaanaaaee. 237 0.57  0.01
.......................... TATTGAAGGAATTGATATATGCCAGTA - - - - - - o e e e e e e e e oo e e e e l00 277 057 o0.01
............................ TTGAAGGAATTGATATATGCCAT . - - - - - - - -« - - -+« « e e e ettt 23 7 0.57  0.01
............................. TGAAGGAATTGATATATGCCAGTAARAT - - - - - - o o o o o oo o oo ll1100000000 28 7 057 o0.01
................................................ CAGTAAAATGGTGTATTTTTAATTTC - oo oot 26 7 0.57  0.01
Total 2792.35 27.26

robrradar 23 e ed <~ T=TTTTAGGTAnAT[§A= mTTTATTGAAGGAATTGATATATGCCAGTAAAATGGTGTATTTTTAATTTCTTTCAATAAAHAEAT-TTGAC——HAAAAA Size Hits Total jotal
(Gl G (G N @ (e 03303020 E85333333)00 1953 ) ) ) ) B D ) ) - Norm  ppy
.......................... TATTGAAGGAATTGATATATGC - - -+« e e e e e e e e e e e e e e e e e e e e e e et iiiiii. 22 16 54.31 0.93
.......................... TATTGAAGGAATTGATATATG - - - -+« + + e o e e e e et e e il 21 16 39.31 0.67
.......................... TATTGAAGGAATTGATATATGCC « - - e e e e e e e e e e e et e e e e et iiiiiiiiiiiii. 23 16 25.81 0.44
........................................................... TGTATTTTTAATTTCTTTCAAT - -+« v e oo 22 14 7.21  0.12
............................ TTGAAGGAATTGATATATGCC - - - - -+« + e e e e e e e e e e e et et et iiiiiiiiiiiiiii. 21 16 5.88  0.10
.......................... TATTGAAGGAATTGATATAT - - - - -+« + e e e e e e e e e e e e e e e e iiiiiiiiiiiiiii. 20 16 4.81 0.08
........................................................... TGTATTTTTAATTTCTTTCAATA -+« v oo oo 23 14 4.43  0.13
............................ TTGAAGGAATTGATATATGCCA - - -+« + e e e e e e e e e et et e e e ittt 22 16 3.31 0.06
......................... TTATTGAAGGAATTGATATA - - - - -+« + — oo o e e iiiiiiiii.......... 20 16 3.06 0.05
......................... TTATTGAAGGAATTGATATATG - - - -+ + + + o o e e e e ittt 22 16 2.94 0.05
........................... ATTGAAGGAATTGATATATGC - - - - - - -+« + + e oo e e e ettt 21 16 2.63 0.05
.......................... TATTGAAGGAATTGATATA - - - - -« + + e oo e e e e iiiiiiiiii..... 19 16 2.13 0.04
........................... ATTGAAGGAATTGATATATGCC - - - - - -+« + + o oo e e e e e e il 22 16 1.04 0.03
........................................................... TGTATTTTTAATTTCTTTCAA - -+« v s st iiiaeeeeeeinnee 21 14 1.93  0.05
.......................... TATTGAAGGAATTGATATATGCCH - - - - - - - - - -« e e e e e e e e e e e e e e 24 16 1.75 0.03
............................ TTGAAGGAATTGATATATGC - - -+« + + + + e oo e e e e e e el 100000000000 20 16 175 0.03
............................................................ GTATTTTTAATTTCTTTCAAT -+« + v e oo iiiiaeeeeeeenae 21 14 1.64  0.05
......................... TTATTGAAGGAATTGATATATGC - - - -+« + e oo e e e e e e et e e e e iiiiiiiiiiiiiii. 23 16 1.56 0.03
.......................... TATTGAAGGAATTGATATATGCCA - -+ - - o e o e e e e e e et e e ittt 24 16 1.50 0.03
.......................... TATTGAAGGAATTGATATATGCCAG - - - - - - - - o - e e e e e e e e et e e e e iiiiiiiiiiiiiiiii. 25 16 1.50 0.03
............................ TTGAAGGAATTGATATATG - - - - - - -+« + e e e e it ... 19 16 1.19 0.02
........................... ATTGAAGGAATTGATATATG - - - - -+« + + + oo e e e e e et e iiiiiiiiiiiiiiii.. 20 16 1.00 0.02
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.......................... TATTGAAGGAAT T AT AT AT - - - - o e e e e e e e e e e e e e e e e e e e eaeeaaaaaae e e ceeeaeaaaaanaaanann
.......................... TATTGAAGGAAT TGAT AT AT G A . - - o e i e e e e e e e e e e o e eeeesscecccacaaaaaaaaeceeeeaaaanannn
.......................... TATTGAAGGAAT TGAT AT - - o it et e e e e et a i eea o meeeaaccesacceaaccaaccaaaeaa e aann-
............................ TTGAAGGAAT TGATAT AT GCCAG T A L e e et et e e e e e e e e e eeeaeaaaaaaaaa e eeaeeaaaaanaannann
............................................................... TTTTTAATTTCTTTCAAT - L e e e e e e e i i i ieeeaanns
....................................... GATATATGCCAGTAAAAT G . - - e et e e i it e et eeacieeaceecceaacccsacaac e aaaannnnns
.......................................................... [CRICR I I I I Y O R
............................ TTGAAGGAAT TGATATATGCCAGT - e et et et e e e e e e e i i it eeeecsssccccacaccccececeaaaaaaaaananannnnn
...................... ATTTTATTGAAGGAAT TGATATATGCCA. . . o o et e e it e e i eeeieeacceeacceacccsccccaaacaa e aannann
....................... TTT T AT TGAAGGAAT T AT - - o o o e i e et e e e e e e et e e e eesesaaaaaca e mceceeaaaaaaaaaaaaaaaaaeennn
........................ TTTAT TGAAGGAAT TGAT AT AT - e e e e e e e e e i i eesesacsaccacaccaccccccecsccacaaaaaaaaaaaaaaaeeeann
.......................... TATTGAAGGAAT TGAT AT AT A . . e o o e e e et e e e i ee i eea e eeccesecceseccsaeeaaaeaaaaaeannnan
.......................... TATTGAAGGAAT TGAT AT AT G - - - - o o o o i i e e it et e e e e e e e e e e sesacacsacccacacccccceeeaaaaaannannnn
...................... ATTTTATTGAAGGAAT TCAT AT A L . e e et e e e et e ot e e e aaam e ceaacceeaccsacccsaaaaaaaaaaaanannnn
........................... AT TGAAGGAAT TGAT AT A L - o o e e e e e e e e e e e e e e e e e e eseaaaaaaaaaaa e ceaaaaaaaaaaaaaa s
........................... ATTGAAGGAAT TGAT AT AT - e e e e e e e e e e e e e e e e aeeeemaa e cccescaaaaaaaaaaaaaaaaeann
.......................... TATTGAAGGAAT TGATATATGCCAGT AA . . o o i e et i i eeaceaaceeacceaaccaeaccaaaacaaaaaaaannn
............................................................ GTATTTTTAATTTCTTTCAATAAA . - i iieeaeaaaaaaannn
........................................................... TGTATTTTTAATTTCTTTCAATART - - . o oo i e e i ieaaceeam o
............................................................... TTTTTAATTTCTTTCAATA . . e e e ieeemeaeaeaas
............................................................. TATTTTTAATTTCT T TCAATAAA . i eeecaeaaaaaaann
..................................................................... ATTTCTTTCAATAAATATA . < e e e e e e e e
............................................................. TATTTTTAAT TTCT T TCAATA . L e i iee e iee e meeeanas
........................................................... TGTATTTTTAATTTCT TTCAATAN . - - oo i e e e e e e e e i i e iiieeaas
........................................................... TGTATTTTTAATTTCTTTCAAT G - . e e e e e iieacceaa e
........................................................... TGTATTTTTAATTTCTTTCAATAL . . e e e e iee e eeee e
....................................................................... TTCTTTCAATAAATATATTTTTGAC--A. i eaaa ot
....................................................................... TTCTTTCAATAAATATATTTTTGAC--AAT . . oo a e
........................................................... TGTATTTTTAATTTCTTTCAATAAL . - - - et eeeeaea e e e eeeeeeas
........................................................... TCTATTTTTAATTTCTTTCAATAAG - - - .o o i e iiaaaea s
....................................................... ATGGTGTATTTTTAAT TTCT TTCAATA . L i e e i iee e ieammeeaanan
.......................................................... GTGTATTTTTAAT T T T TTCA . e e e eeeecaaaaaaaann
....................................................... ATGGTGTATTTTTAAT T TCT - o o o e e e e i e e e e e e e e e e i i ceecacaaaaaaanans
........................................ ATATATGCCAGTAAAAT G . . e o e e e e i e i et eee i eecceeacceaaccecacesaaeaaaeaanannn
........................................................................................ TTTTTGAC--AATGAAATAAAC-----AAA.
.............................. GAAGGAAT TGATATATGCCAGT - e e et et e e e e e e e e e e i e csesssscsccccacacacccccececeaaaaaaaaannannnnnn
....................... TTTTATTGAAGGAAT TGATATATGCCAG - - - - - e e e et e e e e e e i eem e imecmmeecceeaccceaceaaeaeaaaaaennnnn
.......................... TATTGAAGGAAT TGATATATGCC . - - - - - o o e e e e e e e e e e e e e et e e e e e e e e ea e eeae e e meea e eeas
..................................................... AAATGGTGTAT TTTTAAT T T T T e o e e e e e e e e e e e e e e e e e e i i eececaaaaaaanans
........................... ATTGAAGGAAT TGAT AT AT G B . - - - - o o i e e i e et et e e e e e e e a e e e eemasaaaaaaa e e e e meeeeaaenannn
.................................................................................. AATATATTTTTGAC--AATGAAATAAAC-----A

............................. TGAAGGAAT TGATATATGCCAGT AA L L it i e e e i eeac i eeaccsecccsacccaacccaacaaaaaaaaannnn
..................................... TTGATATATGCCAGTAAAATGGT G T A . - e et ememeaaaaaaaa e meeeeaeaaaaaaaaanann
.......................... TATTGAAGGAAT TGAT AT A - - - . . o o i i i e e et e e e e e e e e e ee e iea e
.............. TCA-———— AT TTTAT TGAAGGAAT TGAT A . - - o et e e et e e e ee e eeaamaac e ceeaccseccaaaeaa e aaneannnn
.............................. GAAGGAAT TGATATATGCCAG. - e e et eeeaeeaaaaaaaaa e ccecsaaaaaaaaaaaaaaaaaeann
.......................... TATTGAAGGAAT TGAT AT A . . e i it eeeesacacccccaccccecsscaaaaaaaaaaaaaaaaaeenann
............................ TTGAAGGAATTGATATATGCCARL . . - - o o e e e it e i eeacieeacceecccsccceaccaaa e aann-
........................................ ATATATGCCAGTAAAAT GG G A . it e e e e e e e e e e e e eeescsaeaacaaa e eaaaaannn
............................ TTGAAGGAAT TGAT AT AT - - o o oo e e et et e e e e eaeaa oo eceesssscacecacacaccaacaeceesaaaaaaannanannnnn
.................................................... AAAATGGTGTAT T T T TAAT T . e e e e e e i iee e meecceeacceeacceeaaaannn
................ A== AT T T TAT TGAAGGAAT TOAT AT AT - et et e e e e e o e e e eaeaeamaacc e cececseeaaaaaaaaaaaaaaaaennn
............... CA-———=ATTTTATTGAAGGAAT TGATATATGC . - - o o oo e e e et e e e e e e e i e e i i e i eecssscsmccacccaaaaacceceeaaaaaaaaannnnn
........................ TT T AT TGAAGGAAT T AT - - o o e e e e e e e e e e e e e e e e e e e e e e e e meeaama e e e e e eeeaeaaaaaaaaa e e e aaeann
................................................ CAGTAAAAT GG T GTAT T T o e e e e et e e e e e e e e e e e e e eesesacaccmacaaaaaaaaaaaann
.................................................................................. AATATATTTTTGAC--AATGAA. . . oo
......................... TTATTGAAGGAATTCATARG. . - - e e e et eseeeaaaaa e ceeecaaaaaaaaaaaa e eaaaannn
....................................... GATATATGCCAGTAAAATGGTGT . v e i e et eeeseacaacaccccccceaaaaaaanaaannnn
............................ TTGAAGGAAT TGATATATGCCAGT AA . < e i e it e i eeaieeacceeccesacceaacccaac e aaaaannanan
............................ TTGAAGGAATTGATATATGCCEECE. - - - . oo it i i i i i i i i it eeemcaaaaacaaa e acceeeaaaaaaananann
...................... ATT T TAT TGAAGGAAT TG . - - o e i e i et et et e e e e e e e e e e e eesssssecsccccacacccccccccecaasaaaaaaaaaaaaaaeaeann
........................................... TATGCCAGTAAAATGGT G- - v - e e e e e e it e e i eea e meecmeecesac e eaaaaaaanann
....................... TTTTATTGAAGGAAT TGAT AT AT e e e e e e e e e e e e e e aeemmamaae oo eeecscaaaaaaaa e aaaannn
........................... ATTGAAGGAAT TGATATATGCCAGT A . . i i it ieeesmaaccaaaccccesacaaaaaaaaaaaaaaaeeaann
.................................. GAATTGATATATGCCAGTAAAATGGTGT . - - e e e e e e e i e e e i eeaceec s cceacceaceaaaaannnnn
............................. TGAAGGAAT TGAT AT AT GCC M. - - - e it e et e eaaaam e ccecscacaaaaaaaaaaaaaaeeaaannn
.......................... TATTGAAGGAAT TGAT AT AT GA . - o e e e e it a i eeaieeaceaeccesacccsaccaaacaaaaaaaaannnn
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dme_421- Conserved, A-rich, unpaired lower-stem pre-miRNA. Reside at the 3'UTR terminus of an isoform of CG9821
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Supplementary Figure S8: Other well-conserved miRNAs identified within this study. Alignment and representative hairpin
structure for each conserved miRNA. Included is dme_474 which is not well-conserved but is one of the Drosha-cleaved hair-
pins within the pasha 5’ UTR. Note that unlike most other conserved miRNAs, these loci generally accumulate modest
amounts of small RNAs and/or have atypical structural features. This might reflect that their processing is atypical and/or reg-
ulated, or that their conservation reflects a role other than or in addition to miRNA-type function. For example, besides the
pasha 5° UTR hairpins, two of these loci are located in CDS or 3'UTR, and thus cleavage could mediate host mRNA down-
regulation.
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Supplementary Figure S9.

Alignment and small RNA read details for novel conserved miRNAs annotated in this
study.
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22 1 1.00 0.04
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23 1 1.00 0.05
27 1 1.00 0.08
27 1 1.00 0.04
106.00 0.14
AroSim2| GraACTTGAATTGCGC BEET I GCTTTCECATTITGTEC - GA - - CA- ATTAGGCAGAATCCATEGCGAAAGACGCAGCEAGTAGCARNCGTTTA . .
..((((<.<((((((..((<(<(<....((((((((.((—..——..—....)))))))m...!))))))..n.>)—)=>)..))).‘))... Size Hits Total NormTotal Norm REM
.................................... TCC—GA-——CA- AT TAGGCAGA A . &t i ittt et ettt ettt ettt atneeeneenan 18 1 1.00 0.07
........................................................ AATCCATCGCGAAAGACGCAG.— R 22 1 1.00 0.03
........................................................ AATCCATCGCGARAGACGCAG. « v v v e e veeennnn 21 1 1.00 0.05
................................ TTTGTCC—~GA==CA=ATTAGGCA . + v e et ee e ee e eieeeiaeannnennaaananas 19 1 1.00 0.05
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drovak CTTGAATTGCGC © C-RAA--CABATTAGGCAGAATCCATEGCCGARAGACGCAGCARGTAGCARCGTTTE . .
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............... AGTAGAAGCCAAAGGGAGG TG . « v v v vttt ettt et ittt ittt eeeeeeeeeeaeannnnnnns 22 1 2.00 0.09
............... AGTAGAAGCCAAAGGGAGG T Gt v vttt ittt e ettt e ittt ittt 21 1 1.00 0.06
........... AAGTAGTAGARGCCARAGG - « « v e e e e et e e e e e e e et et e e e e ettt e e e et 19 1 1.00 0.04
............... AGTAGAAGCCAAAGGGAGGT .+ vttt ittt ettt et ittt ettt i e e e e e 20 1 1.00 0.03
.................................................... ACATCCTTTTGGCTTCTACTGA . « v v v v e eeene 22 1 1.00 0.03
.............. TAGTAGAAGCCAAAGGGAGG TG G .t v v it ittt ettt ettt et e ii ettt 23 1 1.00 0.06

Supplementary Figure S11: Additional examples of novel sense/antisense miRNA pairs.
(A) Example of novel sense/antisense miRNA pair from D. willistoni (dwi_62/dwi-98). (B) Example of novel
sense/antisense miRNA pair from D. ananassae (dan_100/dan_244).
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Supplementary Figure 12. Example of a novel, atypical 3’ tailed mirtron. A 3’ tailed mirtron from D. erecta,
Der_70. This locus produces a dominant 3p miRNA, which is trimmed by ~13 from the splice acceptor site.
Note that there is 3’ untemplated uridylation (purple) associated with a subset of Der_70-3p reads. While
Der_70-5p reads are modest, there are also apparent partially diced products that include the terminal loop
that phase precisely with the Der_70-5p species, supporting this as a Dicer position. Bottom alignment shows
that Der_70 tailed mirtron resides in the conserved gene CYLD, and is associated with a non-canonical splice
“GC” donor in the five melanogaster group species, which is instead a conventional “GT” splice donor in most
other insects. Note D. willistoni seems to have lost both splice sites.
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Supplementary Figure S14: Annotation of a novel Testes-restricted, recently-evolved, clustered (TRC) miRNA
cluster identified in D. willistoni. Tissue code indicates the miRNAs are all highest expressed in male body libraries.
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Supplementary Figure S15: Annotation of novel Testes-restricted, recently-evolved, clustered (TRC) miRNA clusters identi-
fied in obscura group species, D. pseudoobscura and D. persimilis. (A) Genomic organization and small RNA read density of
orthologous dps_3416 — dps-mir-25636 TRC clusters in D. pseudoobscura and D. persimilis. (B) Genomic organization and
small RNA read density of orthologous dps-mir-2510 — dps_23 TRC clusters in D. pseudoobscura and D. persimilis. Tissue
code indicates the miRNAs are all highest expressed in male body/testis libraries. Note that there are also additional copies

of some of these TRC loci located outside of these clusters.
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Supplementary Figure S16: Annotation of novel Testes-restricted, recently-evolved, clustered (TRC) miRNA clusters identified in virilis clade species.

A. The dvi_66 — dvi_40 cluster. This cluster has a clear homologs in mojavensis. The small RNA mappings to their respective genomic loci are shown.

B. The dvi_24637 — dvi_197 cluster has clear homologs in D. mojavensis. The small RNA mappings to their respective genomic loci are shown.

C. Annotation of three additional novel Testes-restricted, recently-evolved, clustered (TRC) miRNA clusters identified in virilis clade species.

The dvi_43 — dvi_207 cluster has two copies in D. virilis (i.e. roughly similar members can be found on scaffold_12723 and scaffold_12963). The other cluster is D. mojavensis dmo_62 and dmo_330.
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Supplementary Figure S17: Expression difference between D. pseudoobscura-specific
or obscura-group-specific TRC and solo canonical miRNAs. Points reflect the maximum
expression per locus assessed over all D. pseudoobscura libraries. P-value computed
from two-tailed Wilcoxon Rank Sum Test.
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Supplementary Figure S18: All possible phylogenetic reconstruction of ancestral miRNA presence and absence for 3 miRNA classes using a phylogenetic probabilistic graphical model with universal parameters of A = 0.292 and p = 0.694.
These parameters were computed by running the phylogenetic reconstruction algorithms on all mirtrons and miRNAs pooled together. These trees illustrate how the method’s maximum likelihood reconstruction performs for all possible config-
urations of extant miRNAs presence and absence per alignment. Blue text indicates count of alignments with this particular configuration in each class. Summary of miRNA birth and death (Figure 6) are based upon these estimates of ances-
tral miRNA presence and absence.
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Supplementary Figure S22: Examples of mirtrons with atypical emergence and decay patterns. Expression
profiles and mirtron alignments are shown per example to highlight the non-clade specificity of mirtron presence.
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Supplementary Figure S23. Differential expression of miRNAs between obscura group species. Scatterplot
depicting the correlation of miRNA expression of all D. pseudoobscura and D. persimilis ortholog pairs (RPMM
= Reads Per Million Mapped MiRNA Reads). All miRNA alignments with orthologs in both species are shown.
Points that lie on or near the diagonal represent similarly expressed ortholog pairs. Orthologs with > 6-fold
log10(RPMM) difference (denoted by the blue-dashed line and labeled points) are examples of significantly
differentially expressed orthologs. Points are colored by miRNA age, and shapes represent miRNAs with or
without miR:miR* duplex region substitutions (fraction of duplex sites with substitutions are labeled). Note that
the mir-309 cluster (yellow) loci are expected to be expressed in the very early embryo, and given that the
embryo development and timing were not controlled in library preparation, their differential accumulation may
not be genuine. Amongst loci changed by >6-fold, dme-mir-2b-1 and dme-mir-310 are deeply conserved, but
all others are specific to the obscura group species.
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Supplementary Figure S24: 3’ end untemplated nucleotide additions for canonical miRNAs and
mirtrons in 12 Drosophila species. (A) Proportion of AG ending 3’ arm miRNAs and mirtrons that
contain reads within mono-A, C, G or U untemplated additions. Error bars represent the standard
error of the mean. More mirtrons contain untemplated uridylation than comparable 3’ end AG-ending
canonical miRNAs. (B) Species-specific empirical cumulative distribution function of mono-uridyla-
tion for mirtrons and canonical miRNAs with 3’ end ‘G’ nucleotide or non-‘G’ nucleotides (i.e. IUPAC
ambiguity code ‘H’). P-value computed from two-tailed Wilcoxon Rank Sum Test between canonical
3’-end ‘H’ miRNAs and mirtrons. Significant differences in mono-uridylation distributions between
these two classes are noted in blue text. P-values from comparisons between canonical 3’ end ‘H’
miRNAs and 3’ end ‘G’ miRNAs are all non-significant and not shown.
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