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The mosquito Aedes aegyptis a major vector of numerous viral  mMRNA 3" UTRs through complementarity in the seed region of tt
diseases, because it requires a blood meal to facilitate egg developiRNA (nucleotides 2-8). Once bound, AGO and associated fact
ment.The fat body,a counterpart of mammalian liver and adiposeposttranscriptionally modulate the expression of a large proport
tissues,is the metabolic centeplaying a key role in reproduction. transcripts in both animals and plants (12). For many miRNAs, t
Therefore, understanding of regulatory networks controlling its fupsgulatory activity has been demonstrated to carry fomctional
tions is critical, and the role of microRNAs (miRNAs) in the proces&&ﬁtance in both developméraakitions and homeost&sis.

largely unknown. We aimed to explore miRNA expression and potgRample, the lin-4 and let-7 miRNAs control developmental timi
tial targets in the female fat body of Aeaegypti,as well as their the nematode Caenorhabditis elegans (13, 14); miR-430 |
changes postblood megPBM).SmallRNA library analysis revealed gastrulation and brain formation in the zebrafish Danio re
five unigue miRNA patterns sequentially expressed at five sampl%d a number of miRNAs impact the development of he
time pointsJikely responding to, and affecting, waves of upstrean}nuscleand other tissues in mammals (16itSijarlyseveral
horR”,\‘&”ZISignals a”dhgsne expression in the same periol. Iinkd miRNAs have been phenotypically characterized in the
mi identities with downstream targets, transcriptome-wide - . .

mRNA 3" UTR ipteraction sites were experimentally determin.ed.ath(:Sgﬁgyihn; egzzgg;wﬁQS A"‘?g&ﬁ%’;ﬂ%ﬁggn ;tr;(rjng?v\\lliec;
72 h posteclosion and 24 h PBM through Argonaute 1 cross-linkin rofiling techniques serve as valuable tools to characterize the

and immunoprecipitation followed by high-throughput sequencing. . ; i . .
Severaltarget sites were validated by means of in vitro luciferase ortant tissue- and time-specific expression patterns of miRNAs

assays with wild-type and mutated BTRs for six miRNA families. theirtargeting repertoiasding to a comprehensive molecular
With established transgenic linesonsistent results were observed Understanding of animal development (21, 22).

with spatiotemporal knockdown of miR-8 and luciferase assays. We Previously, the application of 454 pyrosequencing has reveale
further investigated miRNAs potentially regulating various physiofé: firstsetof miRNA and precursor sequences from midgut

ical processes based on Clusters of Orthologous Groups functionap@mples of female Agegypthosquitoesgither nonblood fed
categories.Hence, the present work comprehensively elucidated (NBF) or blood fed at 24 h postblood meal (PBM) (23). Another
miRNA expression and target dynamics in the female mosquito fatecent study uncovered miRNA expression profiles in ovaries of
body, providing a solid foundation for future functionatudies of Ae. aegypti at several time points before and after blood feedin
miRNA regulation during the gonadotrophic cycle. (24).0Observed differences in miRNA levels in NBF and PBM
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Aedes aegypti| fat bodyl microRNAl microRNA targets| Argonaute 1 Significance

osquitoes transmit numerous pathogens of dangero| A potential avenue to controlthe spread of mosquito disease
man diseases because of their obligatory blood feed vectors lies in reproductive events that follow a blood meal. |A key
The Aedesaegyptinosquito isthe majorvectorof arboviral | component is the massive production of yolk proteins in the|fat
diseasesuch as dengue fevgellow fevechikungunyand body tissuegoverned by regulatory networks triggered by th
Zika virus (2-4). With the exception of yellow fever, there available nutrients. MicroRNAs play a critical role in mosquitop egg
specific drugs or vaccines against these illfbeseforejn- maturation, and deciphering their dynamics and targets is neces-
tegrative vector population control must be implemented sary to fully realize these regulatory processes. We carried out a
of their preventioMosquitoes have evolved a plethora of ¢ tissue-specifiand time-resolved characterization ofmicroRNA
aptations for hematophaggking them exceptionally efficig expression in the Aedes aegypfat body and integrated these
disease carrier§tudiesof mosquito-specific processesild | results with transcriptome-wide determination dheir mRNA
provide valuable information fdesigning novealontrolap- targets,followed by validationThis extensive analysis lays the
proaches using genetic manipulation. groundwork for a systemic understanding of the gene regulation
In hematophagous mosquitobkod meal activates nume that underpins reproductive events in the female mosquito.
ous processes and genes essential for digestion of the bloou e
gut, massive synthesis of yolk protein precursors (YPPs) iAutteechatributions: X.Z., AS.R., and FVK. designed research; X.Z. and E.A. performed
body (FB)accumulation of yolk proteins in developing OOCYARET: X276 and X conbuted e eagensanabic ooz A on
and eventuagg productioifhese processes are governed lfié/v
complex regulatory networks, which have been extensive N
(5-9). Recent studies have also implicated microRNAs (miTl%f\fAtshfrsl declare no conflict of interest. o
in these regulatory networks in mosquitoes (10, 11). ~ Lot eiostantne tas eporin 1 s sepes nave e deponten p e cene
miRNAs are endogenous small noncoding RNAs of 21—214,0 %otnbgtrres q be addressed. Email: alexander raikhel
. B . pondence may be addressed. Email: alexander.raikhel@ucr.edu or fedor.
are generated from either the5g) or 3'(-3p) side ofonger  ,rginoveucr.edu.
double-stranded hairpin pFECMBUIHE mMiRNAs complex Witlﬂwis article contains supporting information online at www.pnas.org/lookup/suppl/doi:10.
Argonaute (AGO)proteinsand targethem to specific sit@  1073/pnas.1701474114/-/DCSupplemental.
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female mosquitoes suggest miRNA regulatory fundsiomgs. CLIP-seq)—to elucidateniRNA dynamicsand their targets
high-throughpudequencingseveralstudieshave conducted throughout the gonadotrophic cycle in Ae. aegypti FBs. Five m:
comparative investigations of miRNA levels in NBF and PBMRNA expression peaks were observed in the FB within the 4¢
Ae.aegypti and Anopheles gambiae mosqui@s (25, PBM period. AGO1 CLIP-seq has provided insighito their

The mosquito FB, the counterpart of the vertebrate livedewdsiream gene targéhereforethe presentvork yields a
ipose tissue, is the center of metabolism and protein synthagisniaridrnview of miRNA expression and targetairgipti
female mosquitoes, a blood meal triggers a chain of regukBergffegiadsa solid foundation for future functional studies.
that results in activation of mMRNA expression and synthesis of YPPs
in the FB. The amino acid (aa)-induced target of rapamycﬁ‘%‘F@R)
signaling pathway and 20-hydroxyecdysone (20E) are theViRaih Eaptersion Dynamics in the Fat Body of Female Aegypti
controlling YPP gene expression (5, 6, 27). The vitellogenMofdgitgesile, examine miRNA expression profiles in the FB
widely taken as an indicatdfB¥itellogenic statteaches its during the gonadotrophic cywkecollected this tissue at 72 h
maximal expression at 24 h PBM and declines dramaticallyotttecéadsten (PE) and &4,36,and 48 h PBM.SmallRNA
at around 36-40 h PBM (28}erautophagy is initiated and hdraries were constructed with three biological replicates at ea
programs the FBetting the stage for a successive gonadoobpidctime points and sequenced to the total depth of 299 mil
cycle (287 recent study found four major expression pattdiots refads96.76% ofwhich were mapped to the genome (SI
genes throughout the 72 h PBM time span in Ae. aegypti ABpehdidable S1).Read counts for 124 Aaaegyptinature
differentially regulated by 20E, JH, and nutritional amino aaiBblA2)in miRBase v21 were normalized to numbergesf
Previoustudiesllustrated thaniR-275miR-1174miR-8,and nome-mapped reads each library,expressed aseadsper
miR-1890 are essentwalthe normalrogression bfood meal million (RPM) (Dataset S1). Principle componentanalysis
digestion and egg development of Ae. aegypti (29-32). HRCA)evasyrerformed on raw read counts (Sl Appendix, Fig. S1)
knowledge of the role of miRNAs in posttranscriptional regaksttbaroPC1 separatioml) three biologicakplicates corre-
the FB genes affecting these tissue functions is limited. lated welbt three time points—72 h P&,h PBM, and 24 h

Here, we have used two complementary approaches—sPkiM. For 36 h and 48 h PBMtwo replicates were separated
RNA sequencing and Argonaute 1 cross-linking and immufmom the other time point&verages ofhree replicates were
precipitation followed by high-througlgegfuencing (AGO1 taken to represent expression levels at various time points.
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Fig. 1. A time course of miRNA expression in the Ae. aegypti fat body following a blood meal. (A) Top 10 abundant miRNAs over the time coursg (note the I
based horizontal axis). (B) Hierarchical clustering (Pearson correlation and complete linkage) of top 100 mature miRNAs over the time course; expression le
represented by averages of normalized expression from three biological replicates. (C) Expression trend lines of five expression patterns peaking at 72 h PE
V), 6 h (clade VII), 24 h (clade 1), 36 h (clade Il), and 48 h PBM (clade 1V). For each miRNA, expression profiles were converted to represent percentages of n
malized reads at each time point. Averages were taken at each time point within clusters to display trend lines. Cluster colors are consistent with those in B

|6 h PBM peak
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First, we examined the most abundant FB miRNAs throup & 6 1 -
out the time course indicated abéveraging the expressior o 5 4
value at the five time points, the top 10 miRNAs are prese & 41
Fig. 1A. Notably, even the less abundant -5p arm of miR-¢ £~ 3 1
the top 10consistenwvith the idea thait is the mosthighly e 2 1
expressed FB miRNA precursbr.agreement with these dati ~ & 17
miRNAs miR-8, miR-184,and bantam were also among the 3 _2 ]
mostabundanmiRNAs in sugar-fed and blood-fed females < _, ]
of An. gambiae (253uggesting function conservation of th NN
miRNAs between these two mosquito spectasthermore, Q_.ig"iqf’ig :Q,:bz(,:b?bgq f’ic,';a“’q@“é\ ‘Q_:Is’rb@%ﬁ?@“b
miR-8-3p and miR-275-3p (ranked 11th; Dataset S1) haw S FaPevePalv ¥ o & § 4\‘@‘2‘ ;3’6&
shown previously to be critical the normalprogression of F&e e “\\6"& NS 6’\3'
Ae.aegypti egg development PBM3[D)9, . . . .
To examine changes in miRNA expression patterns duriP miR-184  miR-308-5p miR-275-3p  MIR-305-5p
time course, we analyzed mature miRNAs with a total nor g 0.4 1 1.4 5 * 3.3 1 i
value over 10 RPM. Unsupervised hierarchical clustering 1 © 5 1.2 1 3 1 I
seven major clades representing distinct expression patte S W 0.3 1 I 25 4
1B and Sl Appendix, Table S2). Five of these clades, encoi £ 0.8 A 2
83 of 100 mature miRNAs, displayed expression peaks at 2 3 1 0.2 4 i 5
time point—6 h, 24 h, and 36 h PBM (VII, |, and Il, respect 2 . 2
Fig. 1C), or two consecutive time points—designated as 4 & * 014l * 04 17
and 72 h PE peaks (IV and ¥espectivellig. 1C).Clades lll 1 0.2 - 0.5 -
and VI contained miRNAs with less defined expression pe ¢ | 04 0 4 o M B
(Fig. 1B and SI AppendiXable S2).Altogetherthe observed & & & & & & = S
expression patterns indicate substhffeedntialegulation of PO PO OIS PO s o
FB miRNAs during the 48 h PBM. > > > s 33
D@
. . o . . T X ifferential expression of miRNAs at 72 h PE and 24 h PBM. (A) =
of the vitellogenic transition in the FB more rigorously, W%ﬁ*é d WS expressepd MIRNAs at 72 h PE and 24 h PBM (edgeR package a

To define the miRNAs that may participate in the establ}sh@eg%

differential expression analysis package edgeR (33) to quasifYafBi&ion is highlighted by blue for down-regulation and yellow for
differences between the replicates at 72 h PE and 24 h PBMe@ihgréh. () qPCR validation for four miRNAs, normalized to U6
expression of Vg, an indicator of vitellogenic status, exhibitsna. pe@k.independent biologicalreplicates were performed and sta-
Sixteen miRNAs passed filtering criteria of statgtifi@bnce tisticalsignificance was calculated using unpaired t tesBxpression levels
and abundanaeith 5 down-regulated and 11 up-regulateda(Figgpresented as mean + SEM (*P value < 0.05; **P value < 0.01).
2A). A total of 2 up-regulated miRNAs from the 24-h PBM ex-

pression peak (miR-275-3p and miR-305-5p) and 2 down-requlated

: i ‘. ‘. _ sion (38and its Aeaegyptrtholog shares 86% amino
species from the 72-h PE peak (miR-184 and miR-308 Spfg ?gjentity (3 secondruncated copy ialso prosent39).

selected for validation using quantitative PCR (gqPCR) reIaE ) T . . .

U6 snRNA. Levels of all four miRNAs in independently collBEF&YS€ immunoprecipitation is a crisigyp in CLIP-seq li-

FB samples were significantly modulated at 24in BBMe- brary preparation, we conﬁrmeq the efficiency a_nd specificity of
ment with analysis of the small RNA librari@B(Figne four AGO1 pulldown using a GenScript aae-AGO1 antibody (order
miRNAs ranked 2n@th,24thand 48, based on edgeR-com/D 218004-6jot no. A31307045&! Appendixfig. S2 and

ted abund , firming the broad d i Experdmenttocedures).
gkm? |ifraﬁﬂesiﬂcgugﬁgfyri%n%iRﬁA ;c:(e:)res)époanrﬁlc range o 6% igent?fy miRNA target sites and capture their dynamics PBM

Deep sequencing afmallRNA libraries, particularly from CLIP-seq libraries were constructed from three biological replica
specific tissues and developméirte pointsalso allows for ©f female FB tissues at 72 h PE and 24 h PBM using established
novel miRNA identification in animals and plants (34). Usi@§peP!s (40Df the total~157 million sequenced rea@s,
default parameters of miRDeep2, we identified 206 new ¢BHHRIENtained inseftmgerthan 15 nt,53.62% ofwhich
miRNA loci in our FB libraries (Dataset S2). Eighteen of th@&Red to the Asegypgienome (Aaegl3) (SI Apperidble
producing 15 unique miRNAs, agreed with two recent studidsR#ags were counted by the number of unique 4-nt random
applied additional screening to define genuine new miRNR3readgs in the 5’-adapter (to avoid PCR amplification bias) and
new miRNAs identified in smaNA libraries constructed atannotated based on the Aaegl 3.3 gene set and miRBase v21 cc
sequentialevelopmentsttages (35F matched our candidat@rdinate¢SI Appendixig. S3A). Countsof mature miRNAs
loci (aae-miR-news5, -9, -12, -17, -18, and -19; Dataset S2{NAfMAlized to totmapped counts) showed substantially higher
tionally, 9 out of another 30 new miRNAs identified in theP&agson correlation coefficients asthpposed to betwéea, .
cell line with or without dengue virus 2 infection (36) agré&@ wahditions (SI Appendix, Fig. S3B), implying distinct physiol
our data (aae-miR-11900, -11903b, -11905, -11907, -1190%ca33ep1in the FB at 72 h PE and 24 h PBM, as well as high re-
-11918,11921and -1192@®ataset S2Further efforts are es-producibility of CLIP-seq library prepardtiensroportions of
sential to confirm these candidate loci as genuine miRNAgRmetaged categories were consistent among the three replicate
reveal their biological functions. the high fraction afoding DNA sequence (CDSWTR-, and

miRNA-annotated readsnfirmed the AGO1 specificitytioé
Transcriptome-Wide Identification of miRNA Targets in the Fat Bod§¢LIP-seq (S| Appendix, Fig. S3A). The lower proportion of 3" UTR
Using AGO1 CLIP-Sebp understand miRNA-guided regulationyv&.CDS reads (compared with mammalian CLIP libraries) is likely
is essentidlb uncover the downstream mRNA targets in adekplained by the relatively short 3" UTRs in Ae. aegypti, which t:
tion to profiling miRNA identitieBross-linking and immuno-only 15.83% of annotated transcript length (SI Appendix, Table
precipitation othe core miRNA binding partnekrgonaute,  The CLIP-seq analysis pipeline is outlined in Fig. 3A. Because
has been used successfully to identify miRNA tsitgstand productive miRNA targeting occygemarily in the 3'UTR
their changes during cellular transitions (37). In D. melandgastgn, perfect complementarity to the seed (nucleotides 2-7 ¢
a single Argonaute protein (AGO1) mediates miRNA-guidet+-8) of the miRNA (41)we focused on characterizing AGO1

Zhang et al. PNAS | Published online February 21, 2017 E1897
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interactionsn these regionsOverlapping omadjoining reads  We sought to define a set of high-confidence miRNA target
were collected into well-resolved peaks representing indivalndidates and to quantify the strengthesfe AGO1-target
AGOL1 binding sites, 5,512 of which occurred in 3" UTRs  interactions, and their dynamics, before and after a blood mea
(Dataset S3)To assess the recovery of expected miRNA seBécause the observed CLIP signal for each peak depends on th
signaturesequences underneath th8BR peaks were sub- abundance of the underlying mRNA, normalizing it to transcrip
jected to de novo motif discovery using DREME (42). Thredbgilance would be more reflective of the inherent regulatory
of 10 identified motifsmatched in reverse complemen powgrof the |ntera;hori?urthermorespch normal!za§|on is
seeds ofabundanmiRNAs—miR-8-3p;11-3pand -279/286 Particularhappropriate when comparing AGO1 binding be-
(GTATTV, TGTGATH, and CTAGTCM, respectively; Fig. 3B). tween cond|t|onsa§ it would jcake into accoun_thangesn
This finding provided independent confirmation that our CLfBVA levels.To this end, we intersected the filtered AGO1
seq libraries captured sites of bona fide AGO1 associatio data with previously measured corresponding transcript
A

, . . . ndances in the female FB7A2 h PE and 24 h PBM (7),
mRNA 3" UTRs through canonical miRNA targeting. To fur @Tding 608 sitétsing the MRNA levels as peak-specific nor-

narrow a set of reliable miRNA-mRNA targeting interactiofjs,,._ _ = . . ; ;

the AGO1 CLIP peaks were filtered for abundance: considéﬂf“Zsaetlogefgﬁtggﬁor:t %lgft%r?:tﬁaégé%rzes(zg)r}daennatli}h/isecg {gein-

only those with a total sum of more than six read counts i, i%%s with an adjusted P value of <0.05 (Datas@e-S4).
Iibrarie_syielded 65'1 3UTR sites. To gauge the regulatory 5 se the AGO1 targeting of these mRNAs is changiese
potentialof these siteswe scored forthe presence obmer ~eyents may contribute to the reprogramming of expression pal
(nucleotides 2-7) or the more efficacious 7mer (nucleotidgsgs@liring the vitellogenic peritaio of the differentially

(41) seed complements to the top 60 miRNAs in their seoigeesd lociare potentiallyexplained by interaction with a
Confirming and extending the de novo motif disc846rgf mjRNA that is changing in the same direction (FRA and

651 filtered TR peaks harbored 6mees)d 147 containedDataset S4): makorin (AAEL007476) is targeted by miR-275-3¢
7mer matche€onsistent with the three significant motifs digd AAEL002512 is targeted by miR-184nverselyamong
covered by DREME (Fig. 3B), the most frequently encountgredour miRNAs that themselves were shown to be differential
6mers belonged to the miR-11rBR;8-3pand miR-279/286 expressed between 72 h PE and 24 h PBM By, we iden-

families with 486,and 22 instanceespectively. tified five, six, and three potential targets for miR-275-3p, -18¢
A Barcode counts, Abundance mRNA level miRNA seed Target selection
alignment and peak | = | filtering (651 = | normalization | = | filtering (140 | = and validation
calling (5512 sites) sites) (608 sites) sites) (12 sites)

DREME motif Differential Gene ontology
searching binding enrichment

2° meta- Energy
bolite roduction and

B C

%LAATAC POORLY Inorganic
,,,,,, CHARACTERIZED ions g 1
miR-8-3p AAUAC AAAG/ 43

miR-279 ACUA [ \UL Lipids
miR-286a ACUAGA U ( CELLUL ORMATION

miR-286b ACUA ¢ f PROCESSES AND STORAGE AND

miR-996 ACUA PROCESSING

. SIGNALING Transport and
miR-2945-3p ACUA v \ nietboRsn e

E]TATCACA Cell cycle control Replication
Posttrans- cell division A

nnnnnnn recombinatioh

miR-11-3p CAUCACA( ‘ lational and repair

miR-2a-3p AUCACA modification,

miR-2b AUCACA U protein 9

miR-2¢c JAUCACA AG( [ turnover,

miR-308-3p AUCACA ( chaperones T

miR-13-3p AUCACAGC

miR-2944a-3p JAUCACA ! 5

mIR-2944b'3p AUCACA ( \ 2 Intracellular RNA re and
trafficking and mo i

and secretion

Fig. 3. Identification of miRNA targets in the fat body by CLIP-seqA) Summary of the analysis pipelinéB) Characteristic motif logos of 3JTR peaks.
Characteristic reverse complement logos identified by DREME analysis of 3" UTR peaks are shown with corresponding miRNA seed regions. Peak calling was
performed from six AGO1 CLIP-seq libraries, and 3" UTR peaks were used as input for DREME with a minimal core width as 6 nt. (C) Clusters of Orthologous
Groups functional assignments for the 140 high-confidence targets. In the detailed illustration of cellular processes and signaling, two instances were each
counted twice, because both were assigned to two different functional groups.
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T & ®WT Tmer site biologicatransitionCandidates were also filtered to exclud
81 = Scrambled 7mer site caseswhere the identified peak iamong many comparable
6 1 peaks on the 3JTR, suggesting unusaald potentially com-
plicating regulation (SI Apperfdix,S4).DNA corresponding

] to 3" UTRs of 12 candidate targets was successfully cloned into
kd luciferase reporter vector (Fig. 4). To measure reporter response
to the targeting miRNAsge took advantage of 293TRex cells,
which do not endogenously express high levels of those miRNA:
but carry the conserved protein machinery to repiesect
targets with exogenously provided miRNAs (44).

Normalized luciferase activity waeasured in cellsrans-

cognate miRNA / control siRNA
E e ok

e N

S 5 g £2 5 g g £ 3 _2 % fected with the reporter and cognate miRNA mimic (compared
T = T g 3= - 2 8 §E§ = with a nontargeting contsiRNA). Remarkablyl0 of the 12

E E =2 E E %EE candidateslemonstrated statistically significaptession of

< & BE < < £ luciferase activity through th&J3R in the presence otthe
e el e M e e, I . W miRNA (Fig. 4). The strongest down-regulation was observed for

miR-11-3p and AAEL013070 and miR-286b and AAEL010015.

Fig. 4. In vitro validation of miRNA targets. For each 3’ UTR, five and threeDistinct 3" UTR CLIP signals (Fig. 5) and luciferase assay results

biological replicates were measured for the wild-type (bluegnd mutated  suggestthat those are authentictargetsof corresponding

(red) reporters, respectively.Statisticalsignificance wascalculated using  mjRNASs. In addition, to assess whether the miRNA binding sites

?*"Ppa'rled O“;‘Ot;;'eé‘l StUdet”tfskt testData f‘ri‘ rtffptr_esf“_ted_f?s mean + SD within the CLIP-identified peaks are responsible for the 3" UTR
value <0.05). Blue asterisks represent statistical significance in comp ; ; ; ; ;

the effect of mMiRNA mimic and negative control siRNA on wild-type re- arré@u[J:t?r?\évfiumc?g:ea:aegetgeelgssﬁreedmceor:‘?splsehrgvevgtdagtéler'?egll?erls _I,n

porters; red asterisks represent statistical significance between wild-type %nc? h p - f d hi . pres

mutated reporters with transfected miRNA mimicGene list is as follows: QI" the mE:‘IJOI’Ity of mutated construeaching staUs’gcat_;-

VHA16, AAEL000291,V-type proton ATPase 16-kDa proteolipid subunit; ~ Nificance in four of the targets. Thus, we have validated t

MESR, AAELO01659 misexpression suppressor of ragoly(p)/ATP NAD ki-  Of the tested targets identified by biocheassmtiation with

nase, AAEL000278; GSD, AAEL006834, glutamate semialdehyde de- AGO1 are repressed by their cognate miRNAs, and mutat

hydrogenase; GRH, AAEL000577, ortholog of D. melanogaster grainy heada single binding site leads to a significant loss of regulatic

LSD2, AAEL006820, lipid storage droplets surface binding protein 2; cholingédyeral cases.

ethanolamine kinase,AAEL008853;and Vg-B, AAEL006138 Vitellogenin

isoform B. SpatiotemporakKnockdown of miR-8 Confirms CLIP-Seq Targets in

the Female Fat Body. To validate the identified miRNA-target

. i hips in vivo, we turned to a transgenic mosquito systen
and -305-5p, respectively. Although the extent of AGO1 tg?é%tﬂ ) .
may notbe changing for some thfese sitegheir constitutive VNEr€ miR-8 sponge cassette hiasen previously used to

regulation may be necessary in the FB during vitellogenegi g'e\(’?e’lt)'.?vigergfeocr'fé%mﬂgzd&vm;ﬁ'ii Inat:i fg?:éfnfgtctivat-
The resulting set of peaks was further filtered for sites Rg')s/equence (UES)—scramble-sponge ?UAS-Spcr-SPand

taining 7mer matche$ the top 60 miRNAs,producing 140 UAS-miR-8-sponge (UAS-miR-8-SPWwere crossed with a

high-confidence BTR targeting sitesheir normalized CLIP

strengthand the normalized change in targeting efficiency be-

fore and after blood meal (Dataset Hi}. set represents the

likely miRNA-regulatory interactions that are important in 1,000 bp

pre- or postblood meaktate.lt is worth notingthat with 6E-5 72 h PE - strand

the current analydise miRNAs that most frequently target AAEL010015 I
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these siteswith the exception oMmiR-316,were themselves
highly expressed (ppendixJable S5), reinforcing the ex-
pectation thaabundanmiRNAs regulate wider sets tifan-

scripts. A Clusters of Orthologous Groups (COG) analysis I

0
6E-o 24 h PBM - strand

gene se{Fig. 3C) indicated thathe broad categories ofe-
tabolisminformation storage and processing,cellular pro- =y
cesses and signaling, are well represeittedhetabolic genes ; ik

occupying the largest portion. Furthermore, we performer miR-279

ontology (GO) enrichment analysis on the set of 140 high

fidence 3UTR miRNA-targeting sites against the backgrouo.oos ~strand | 0.0012 P etiand
of 651 filtered 3’ UTR peak&gain,our analysis revealed tha Vg-B Gsb
miRNA-targeted mRNAs encoded proteins enriched in am
acid,lipid,and sugar metabolism and transport fundoors, o = ol|— -

sistent with the metabolic and secretory role of the fat bo”*” -strand | 0.0012 + strand
vitellogenesis and the regulatory role of the miRNA mach
in orchestrating these functions (S| App&@tdiS6). "

R R —
In Vitro Validation of CLIP-Seq Targets.To assess the regulatory AAEL006138 AAEL006834
potentiabf the identified interactiotendidates for targetinc miR-989 miR-275-3p
by miR-8-3p;275-3p;279/28614,and -11-3p families were_,

lected b d . lativelv high lized i § Examples of distinct 3" UTR binding sites of AGO1 on AAEL010015,
selected based on possessing relatively high normalized {ial)d ap| 006138vitellogenin isoform B),and GSD (AAEL006834gluta-

binding site Signal- The miR-989 target candidate Vitellogﬁgﬂ@s ialdehyde dehydrogenase). Read counts (vertical axis) are depicted
(AAELOO6138Dataset 5_4) also pa_ssed the_se selection (;rlt@flaafraction of all mapped counts. Seed sites for the microRNAs of interest
and was added to the list due to its functional connectionate dépited in green; others are shown in gray.
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driver line encoding an AedesVitellogenin (Vg)promoter-  Among the abundarind differentially expressed miRNAs,
linked yeast transcriptional activator Gal4 protein (Vg-GalR&¥b-3p, previously shown to be essential for blood digesti
progeny expressing both were seldaietody samplesere and ovary developme@9), exhibited an expression peak at
collected at 24 h PBM from Vg-Gal4/UAS-Scr-SP and Vg-Q4l&/PBM (S| AppendiXable S2).InterestinglymnRNAs that
UAS-miR-8-SP female adult mosquitoes. Simultaneously, da¢ bpehegulated in the FB between 12 h and 36 h PBM respon
tissues were collected from wild-type female mosquitoes (b&pniemfistic action afmino acids and 20E (7In a similar
24 h PBM. In agreement with previous observations (31), waynég;miR-275-3p isinduced in the FB by a combined
Gal4/UAS-miR-8-SP hybrids exhibited reduced follicle sizeér@aRdhdnt of amino acids and 20E (PBcursors of mir-305
PBM. We further confirmed miR-8-3p inhibition and the came-mir-275 are closely clustered in the genome (~9 kb apart)
sponding derepressioftefpreviously identified tasgeteted Both miR-275-3p and miR-305-5p are up-regulatedt
Wg-interacting molecule (SWIM) in the fat body at 24 h PBBMnN(Fig. 2B and S| Appendifable S2),suggesting common
Vg-Gal4/UAS-miR-8-SP mosquitoes (Fig. 6 A and B). To exgwstneam transcriptionadntrols.In Drosophila,miR-8 and
the specificity of miR-8-3p knockdown, we quantified the deiReistadre repressed by 20E and affect the insulin pathway (4
miR-275-3p and one ofts validated targetdutamate semi-Howeverpur smalRNA library analysis revealed that miR-8-
aldehyde dehydrogenase (GSD) in luciferase assay)sABig. 3p displayed a similar expression pattern to that of miR-275-3|
expectedheithershowed significatttangein Vg-Gal4/UAS- suggesting its activation by 20E (S| Appendix, Table S2). miR-8
miR-8-SP animals (SI Appendix, Fig. S5 A and B). We next3jestesl been previously shown to directly inhibit the expression
two mRNAs, AAEL006904and choline/ethanolamikiease, SWIM in the long-range Wingless signaling pathway and contrc
whose 3" UTRs showed significant repression with added ehi®<$:Gption of YPPs from FB (3Mhereas bantam mediates
mimics in luciferase assays (Fig. 4). Consistently, expresswutigeele pfoduction under the regulation of insulin signaling i
these two genes were significantly up-regulated in Vg-Gal#éUdydthoracic gland (4ihlis miRNA peaked at 6 h PBM in
miR-8-SP mosquitodsdicating derepression upon reductiothefmosquito FB (S| Appendi¥able S2), indicating possible
miR-8-3p levels (F@B).Thusthe application and validationigfibition by 20E and activation by amino acid3. In the
AGO1 CLIP-seq expands our understandimgiRNA-mRNA  cockroach Blattella germamimabined treatment of 20E and
interactions in the female fat body tissue. JH significantly reduced the lexfeiniR-276-3p (47Whereas
) , miR-276-3p displayed an expression peaking at 24 h PBM in th
Discussion mosquito FB (SIAppendixTable S2),implying potentialp-
Our study has revealed miRNA levels and their broad dynaimigsn regulation @0E and amino acid&ecause JH,20E,
concomitanwith the physiologicahanges thaticcur in the  amino acidsand HR3 signaling pathways modulate gene ex-
Ae. aegypti FB after a blood meal (Fig. 1C). We have idenifiegkfovein Ae. aegypti (7), it is intriguing to further examine tt
major expression patterns of miRNAs, with their respectivie §grit& 8t functions of these miRNAs in the FB. Future in vitro
72 h PE,6,24,36,and 48 h PBMPrevious work has found foygt body culture assays, similar to that of miR-275-3p (29), wo
major clusters of protein-coding genes in the FB with theisip@dkght on how these signaling pathways affect miRNA level
occurring at the same time points PBM as miRNA peaks detegtefration of miRNA (this study) and mRNA (7) abundance
in this workihe four protein-coding gene cludésignated asprofileswith the targeting information obtained by CLIP-seq
earlyearly-midate-midand late genesre under differentiala|jows us to narrow a set of potential regulatory miRNA-target
activation or inhibition effects of 20E, juvenile hormone (JiélafiBflships that may play a role in several critical physiologic
amino acid signaling pathwawselbs of hormone receptor }rocesses. Importantly, the experimental identification by CLIP
(HR3) (7). Expression pattero miRNAs potentially provideseq can significantly reduce the set of bioinformatically predict
relevant clues to their specific upstream regulation. Deterq)RIQ®@8rgets, which often number in the several hundred for
of miRNA patternghe timing of which coincides with thos%p@e miRNA.For the 140 high-confidencelBR sites, as-
protein-coding genslsongly suggeshatthey are undethe  signment of COG functionaitegories indicated that miRNAs
control of similar factors. extensively regulate metabolic procesges;ially lipid trans-

port and metabolism (Fig. 3C), consistent with the major physi

logical role of the FB. This observation was further corroborate

A B choline/ by GO enrichment analySisAppendiXable S6) The largest
miR-8-3p swim AAEL006904 ethanclamine kinase  proportion of miRNA targets in the “cellular processes and sig-
s R i PP : naling” category is occupied by genes involved in polsting,
'—‘: > ® s Y ! 25 iy translationahodificatiorgnd turnover oproteinsas wellas
S & & 5 5 intracellular trafficking and secretion and molecular processes
£ e are also crucial to yolk protein production and deposition. Amo
2 =i 15 15 proteins involved in information storage and processing, miRN,
Bos o g i targeta large number dfanscripts responsible for translation,
= ribosomastructureand biogenesis (Fi§C). This fraction in-
03 & cluded interaction sites on ribosqmudkins revealed through
0 0 0 0 AGO1 CLIP-seq, which may be caused by high lev&fidhe

mRNAs themselves. However, this functional group also includ
interaction sitesn eukaryotic translation initiation fadbr
Fig. 6. Spatiotemporal knockdown of miR-8-3p using the Gal4/UAS systenbinding protein (4EBP, AAEL001864) and eukaryotic translatior
At 24 h PBM, levels of miR-8-3p (A)and SWIM, AAEL006904 and choline/ elongation factofAAEL004500)which are criticalfor the
ethanolamine kinase (AAEL008853) (BJere measured by gPCR in the fe- mRNA translation procesEi_na”y,a |arge proportion ofhe
galf/LfJaAtSbOd%tésssupes from ,LtJGAE'- wild t_ypelvg‘lGa"‘/UAs‘S“‘ls_FBgdtV?r; . identified miRNA targets (43 instances) lacked furariiunal

a -MIR-6- mosquitoeExpression levels were normalize (o] a H g H H
of U6 snRNA for miR-8-3p and to RPS7 for protein coding genes. Three in- tatl.on' .exempllfled .by AAEL006904’ a validated t‘?rget of mIR-(qf
dependent biologicalteplicates were performed and statisticsilgnificance 3p In Vltrp ,and n VI,VO (FIgS. 4 an,d 6B), underscorlng the need
was calculated using unpaired t testsfor each gene, average of relative  urther bioinformatics and experimefftats to annotate the
expression was taken as one from UGAL wild-type mosquitoeBxpression MOsquito transcriptomeéeractions of individual miRNAs with
levels are represented as mean + SD (*P < 0.05; **P < 0.01). specific functional groups are summarized in SI Appendix, Tabl

M UGAL M Vg-Gal4/UAS-Scr-SP M Vg-Gal4/UAS-miR-8-SP
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which provides clues into how a particular miRNA contrib&sgsetomental Procedures

the intricate homeostasis within the female mosquito FB hsistifs and Tissuedie. aegyptimosquitoes were maintained under labo-
SeveraindividuaniRNA-target relationships in the high-carery conditions as described previously (54Three days PE, female ab-

fidence set illustrate the potential relevance to the develdpmentedlls with adhered FB tissue were collected as 72 h PE. Mosquitoes

and metabolic processes in the FB (SI AppEigdBG).miR- within the same cage were subsequently provided a blood meal from white

_ : : . . leghorn chickens.Only fully engorged mosquitoeswere dissected for FB

275-3pwhich IS esser}]}t.'m €99 pro.dUCt.lc.m I(?gargetiGl.SP c?Jl?ections at 6 h24 h, 36 h,and 48 h PBM. Biologicalmaterials were col-

(AAEL00683_4:'|9' 5)‘T Is enZym_e IS C”t'Fa In metabo lzmge on three separate occasions for each experiment.

abundant nitrogen from blood into proline through glutamate soon

after a blood meal (4B)e slow increase of GSD MRNA levedsall RNA Library Preparation and Sequencing. Total RNA was extracted from

(peaking at 36 h PBM) (7) may be reversed toward the entsofshki@red in TRIzol (Invitrogen). Small RNA libraries were prepared using

digestion process by the observed up-regulation of miR-2M8mBwp BtSeq Small RNA Library Preparation Kits. For each time point, 1 pg

24 h PBM (Sl Appendix, Table S2) and the corresponding i#¢p 51%'1/* Wasluseg- Equal "°'“mef of l-lf?rzry PCF:\IPVOC‘“TC‘;SEWQ[GI pooled

in AGO1 targeting (Fig. 5). Supporting this view, the GSD ?“U >-10 160-bp range was gelpurified on a Novex TBE gel (Invi-

. h to be requlated by miR-275-3p in luciferase ass roge .Sa@gl.es w_ere seqL_Jenced on an lllumina HiSeq2500 platform. Three

1SS ,O,Wh X 9 : Yy X p T Aderf iological replicates were prepared.

Additionally, miR-275-3p is validated to target a Drosophila grh/elf-

1 transcription factor ortholog (AAELO00577) (Fig. 4) and iokesia&tisnal miRNA Profiling of SmBINA LibrariesBasic read processing

with the makorin mRNA (AAEL007476) (S| Appendix, Fig. B&fkrevbrmed on the next-generation sequencing (NGS) files where indi-

protein known to control the juvenile-to-adult transitilen irvidual FASTQ files were separated based on indexes. The systemPipeR

gans(49).Another proteirGSl (AAEL001887qutamine syn_pipeline was applied with modifications to obtain absolute read counts

thetase 1), involved in ammonia detoxification, is criticalq!]ﬁg@§%? b.com/tgirke/systemPipeR). Briefly, 3" adapter sequences

. X GGGTGCCAAGG)were trimmed, and reads were kept with
and mldQUt (50) and was found to be potentlally targete ehé’tﬁg tween 18 and 32 nt.The software Bowtie2 (version 2.2.3as

2940-5p (Dataset S4). Thus, it will be interesting to furth@saxsmiB®eads onto the most recent genome assembly of Azegypti
the effects of miR-275-3p and miR-2940-5p on nitrogen matabmvectorBase:https://www.vectorbase.org)55). Sequencesof Ae.
|ism_FurthermorqniR_8_3ppre\/ious|y shown to affect Vg andaypti mMiRNAs and precursors were downloaded from miRBase (v21,
lipid secretion (31), also targets choline/ethanolamine kin&&e:(F¢gase.orglienomic coordinate file was created in the format of
4 and 6B), a phospholipid biosynthesis enzyme. Further e@foi‘tIBSé‘PeBLAT on AaegL3. A similar rule was applied to extend profiling

) K , K . coordinates as that of miRDeep2: 2 nt upstream and 5 nt downstream (56
required to elucidate the relationship between miR-8-3p &0\ caq counts were obtained for  miRNAs using the function of

lipid metabolism. . . . “summarizeOverlaps” based on profiling coordinates under the mode of
The observed targeting by other abundant miRNAs in th\ﬁeF&dﬁonStrict(W).They were normalized to total number of reads

also likely to be involved in blood digestion and egg produckipsi tbalie genome in each library and presented as RPM. A total of 124

exampld;he interaction between miR-11—3p and AAELO1307@re miRNAs were subject to differential expression analysis using edgeR

results in robust repression in luciferase assays (Fig. 4). THigZARNAd 24 h PBM. miRNAs with a false discovery rate (FDR) lower than

encodes a membrane-bound acid phosphatase that is exﬁééét%mc@ons'dered statistically significant in different&pressionand

\ . . . subsequent abundance filtering included only the predominant (-3p or -5p)
p|aY a ro_Ie n _remqvmg protgln phosphate g.m:lllysosomes arms of the top 60 miRNAs based on edgeR-computed abundance. Default
during digestiGimilarlythe miR-279/286 family strongly d%@ﬁ%‘meters were used with miRDeep?2 for identification of novelmiRNA
regulates AAEL010015, a DNA-binding homeodomain proteisidfigs (56). Candidates with a minimal miRDeep2 score of 0 were listed.
4). Furthermore, the FOXL transcription factor (AAEL005741) was
identified as a potentébet for miR-184-3p (SI AppeFidix, Real-Time PCR. gPCR for miRNA or mRNA expression was performed similarly
S6B),and its knockdown significantly inhibits amino acid-iiedrReRys studies (29). Briefly, the enzyme DNase | (Invitrogen) was used to
expression of vitellogenin in the FB and reduces egg layirfg Hifi5ese © DNA contamination and then inactivated by EDTA (Invi-

. . everse transcription wasperformed using 5x miScript HiSpec
(51)Accord|nglyiecreqsed Ievels. of mlR_184 at 24 h PBM ( er of miScript Il RT kit (Qiagen) for small RNAs and using SupersScript IlI
2B) and a correspondlng reduction in AGO1 targeting of F%&_Sfranscriptase with oligo(gT) gfor protein coding mRNAs, whereas
Appendix, Fig. S6B) may be necessary for homeostasis ofgpOXkagRéhducted using QuantiFast SYBR Green PCR kit (Qiagen). Primer
sustained egg developm&intilarlysix potentidlargetavere sequences are included in Dataset S3ata were normalized to that of U6
suggested for the bantam miRNA by 3’ UTR peak analysis{Rtas@RS7 using the method of %* (58).

S4),including a recently duplicated acetyl-CoA synthetase ) o ,
(AcCoAS,AAEL0150105nd AAEL000321) and a histone dea\eees_tern Blot':tmg and AGO1 ImmunopregpltatlonFor Western blotting,

. cleared FB tissue lysates were loaded with LDS 4 x NuPage sample buffer
tylase (HDAC)RPD3.or'thoIog _(AAI_ELOO4586I30th targeting | vitro en) and 10x sample reducing reagent (Invitrogen) on Novex 10%
events showed statistically significant changes between i’gsfélfv;t\@@gs (Invitrogenpnd transferred to PVDF membranes in 20%
24 h PBM (adjusted P < 0.0A)D. melanogastarpckdown of (vol/vol)methanolin 1x NuPage transfer buffer (Invitrogen)Membranes
either AcCoAS or HDAC RPD3 results in extended life spanvéBEXlocked in StartingBlock (PBSJThermo Fisher),incubated in 1:1,000
53)_Because acetyl_CoA is a critmmektabolic intermediate aerary antibody dilution, and in 1:2,000 dilution of anti-rabbit-HRP (Roche)
acetyl donor for epigenetic modifidatiandd be intriguing tgecondary antibody after stringent washes. Antibody signals were detected
explore the regulatory functions of bantam in repressing tﬁl‘ggséﬁg@?lgnal west pico chemiluminescent substrate (Thermo Fisher) and

DEVELOPMENTAL

. . . expo -ray films.
targetsuture effortespecially modulation of miRNA levels i mmunoprecipitation tests were done using the GenScript Inc AGO1 an-

vivo, would clarify their specific regulatory functions. tibody (lot no. A313070458)nd the protein A immunoprecipitation kit

Overall,our study has provided a comprehensive analysdﬁo@I{e). Centrifuged FB tissue lysate was precleared with protein A agarose
miRNA changes that occur in the Ae. aegypti FB throughaowkrdght at 4 °C, incubated with 5 ug of Ae. aegypti AGO1 antibody for 1 h
gonadotrophic cycle, coupled with quantitative measurenaehts. ofecipitated with protein A agarose for 3 h at 4 °C, and washed with
the AGO1-mRNA targeting repertoire guided by the miRN#gsh buffers 1, 2, and 3. . .
In it, we have delineated the dynamm‘sseveralabundant The Dro;ophlla Abcgm ab5070 antibody Sietects AGO1 at ~98 kDa in the
miRNAs and their possible connections to upstream signa%‘r’n egyptiAag2 cell line and whole mosquito lysates (59)and we con-

. e rmed its specificity in FB protein extracts at 72 h PE with an observed

Furthermore, we have 'dentllﬁed a large number Of_ downs—ﬁ%@%a band (SI Appendix, Fig. S2A). Next, immunoprecipitation from FB
regulatory targets that provide a valuable foundation for fidtid® sates at 72 h PE was performed using a GenScript custom AGO1
functional studies. antibody, probed with either the Abcam ab5070 antibody or the GenScript
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custom antibody in Western blot. A specific band at the same position (~1l@6ter analyses.For DREME, motifs with an E-value lower than 0.05 and
kDa) indicated efficient AGO1 pulldown (Sl Appendix, Fig. S2B). Meanwhileminimal widths of 6 nt were identified. As an abundance filtering step,
during CLIP-seq library preparation, AGO1-RNA complexes migrated aboveeaks were retained if summed read counts across a#lix replicates were
100 kDa after UV crosslinkingand the “high” portion was excised for fur-  higher than 6.Transcript abundances were obtained for 72 h PE and 24 h
ther analyses(SI Appendix, Fig. S2C).Those results suggested thatthe  PBM based on a microarray study of Ae. aegypti fat body (7) and appended
GenScript custom antibody provides sufficient AGO1 specificity. to the peak count table. Raw peak counts and mRNA abundances were used
in DESeq?2 to perform differential analysis (43). Potential binding sites were
CLIP-Seq Library PreparatioGLIP-seq libraries were prepared as previously scored for the presence of 6mer or 7mer seed site complements of top 60
described (40). Briefly, 60 FBs were collected at 72 h PE and 24 h PBM eaGhiRNAs at 72 h PE and 24 h PBM identified from smalRNA libraries.GO
finely sliced, and irradiated to 900 mjfciollowing tissue lysis, lysates were mappings of protein coding genes were obtained from BioMart on Vec-
treated with RQ1 DNase (Promega) and 1:1,000 RNase A (Ambion) dilutiongrpase and GO enrichment analysiswas performed with the package
GenScript custom AGO1 antibody (lot ndA313070458) was bound to Pro- - Gostats (63). COG functional groups were assigned according to inNOG for
tein A Dynabeads (Invitrogen) and immunoprecipitation wasperformed  ;cacts (higher priority) and NOG for abirganisms with EggNOG database

ovgrnight at 4 °C. Beads we.re furthgr dig.ested wiFh 1:1,000 RNase A di- V4.5 (64)Genes with no mappings in iNNOG or NOG were designated into
lution, dephosphorylated with calf intestinal alkaline phosphatase (CIP) functional group [S] Function unknown

(NEB) and ligated to*?P-labeled 3’ RNA linker (RL3-OH) using T4 RNA li-
gase (Thermo Fisher Scientific). Nonradiolabeled 3"RNA linker (5-phos-

phorylated, RL3-P) and T4 RNA ligase were subsequentlyadded for In Vitro Validation of CLIP-Seq TargetRCR products containing full-length

overnight incubation to ensure sufficient ligation. Upon treatment with Ae. aegypt|3 UTRs (based on AaggL3.3 annotations) were prepared from
protein loading buffer, AGO1-RNA complexes were separated on NuPAGE genomic DNA (gDNA) or FB-specific CDNA template};DNA was extraclted
4-12% Bis-Tris gels (Invitrogen) with Mops running buffer (Invitrogen) and from whole-body female adults as previously described (65). TRIzol-isolated
then transferred to nitrocellulose membraneAssisted with autoradiogra- total RNA samlples from female FBS. at72 h PE and 24 h PBM were ljelverse.
phy, nitrocellulose membranesvere excised separately corresponding to transcribed with SuperScript Il (Invitrogen). The 3" UTRs were amplified with
110 kDa (“low”) and 130 kDa (“high”) regions (S| Appendix, Fig. S2C). RNA¥iMers containing BsmBbr Bbsl sites and cloned downstream of Renilla
were extracted from chopped membrane§, phosphorylated with T4 PNK  luciferase in modified pRL-TK vectors (Promega) using Golden Gate Assem-
(NEB), ligated to 5" RNA linker (RL5D) with T4 RNA ligase, and treated withbly (NEB): 4 uL®, 0.75 uL BsmBI or Bbsl, 1 uL Tango Buffer, 1 uL 10 nM DTT,
RQ1 DNase. A degenerate 4-nt barcode was included in the 5" RNA linker t8.25 UL T7 ligase, 1 pL pRL-TK plasmid, 1 pL 10 nM ATP, and 1 pL PCR product,
increase the complexity of unique sequences and avoid artifacts of prefer-with 10 cycles of 37 °C for 10 min and 20 °C for 10 min, followed by Plasmid-
ential PCR duplication. Recovered RNAsunderwent reverse transcription Safe DNase treatment (Epicentre Biotechnologies) to remove linear DNAs.
with DP3 primer, amplification with DP5 and DP3 primers, and separation bor selected UTRs, 7mer miRNA seed complements in the AGO1 binding sites
10% polyacrylamide gel€Gels were excisedrecovered,and further ampli- were mutated using a Q5 Site-Directed Mutagenesis kit (NEB). Cloning and
fied with PCR2-DP5 primer and corresponding index primers (PCR2-DP3, mutagenesis primers are shown in Dataset Sksert sequences were vali-
index X).After the second PCRthe anticipated length with miRNA inserts dated by DNA sequencing.
was around 168 nt. Regions between 150 and 175 nt and regions above 175 HEK T-REx-293 cells were cultured in 96-well plates in 10% FBS in DMEM and
nt were taken as the low and high portions, respectively. PCR products wefigansfected at 50-70% confluency with Renilla reporter plasmid and pGL3
separated with agarose gels and recovered.ibraries of the high portion  (firefly luciferasetransfection normalization plasmid at 100 ng eactand
were pooled in equal amounts.Samples were sequenced on an lllumina  miRNA mimic or AllStars negative contrsiRNA (Qiagen)at 100 nM using
HiSeq2500 platform for single-end data collectiorThree independent bi-  attractene (Qiagen). Cells were assayed 24 h posttransfection using the Dual-
ological repllcates were perf.ormed for each time poinDNA and RNA oli- Luciferase Reporter Assay System (Promega). The effects of miRNA mimics are
gonucleotides are included in Dataset S5. presented by means of ratios of (Renilla/FigefiyA.mimid{Renilla/Firefiyhetar

. ) . ) Each experiment consisted of three technirglicates (wellspnd three to
AnaIyS|§ of CLIP-Seq Librariebhe 3 a.dapter.s (GTGTCAGTCACT]—CCAG(_:GG) five totalbiologicalreplicates were performedtatisticasignificance of the
were timmed and reads were kept if RNA inserts were above 15 nt in biological replicates was calculated using unpaired one-tailed Student’s t tests,

length. Degeperate fl-nt .bar.cc.>de regmn; were |r.1trod'uced in the CL!P-seq because it is generally accepted that miRNAs mostly repress target gene ex-
protocol to differentiate individual ligations during library preparation. Bression through posttranscriptional modulation

Each unique barcode was counted as one read count for each RNA insert t
avoid preferential amplification bias. Barcode sequences were trimmed afﬁ
this initial read collapse. Reads were mapped to VectorBase genome
(Aaegl3, https://www.vectorbase.orgysing Bowtie2 and TopHat (55,60).

%rVivo Validation of miRNA Targets. Ae. aegypti transgenic responder lines—
M3-1, UAS-scramble-spongdyl3-2, UAS-miR-8-sponge—have been estab-
Reads with the same genomic coordinates were further collapsed and Iished previously (31)These responder lines were crossed with a Vg-Gal4
summed to represent read countginnotations were performed following driver line, also devel.olped beft?re (66). Progeny was screened for concurrent
base features of VectorBase AaegL3.3 gene set and miRNA coordinates frgPFesence of eye-specific selection markeEGFP and dsRed Female FBs of
miRBase v21 (mirbase.orgBrowser extensible data (BED) files were gen- the obtained hybrid line were collected at 24 h PBM, and transcript and
erated for each library and visualized in Integrative Genomics Viewer (IGVMIRNA abundance was measured by qPCR.

(61).To identify peaks, collapsed reads were pooled from six libraries and

used as input for Findpeaks v4 (62). Peaks were separated if valleys occurfg&fuencing Data Availabilityhe sequencing data files for the miRNA pro-
with peak heights below 50% and peak shoulders were trimmed if they filing and CLIP-seq experiments are deposited in the Gene Expression Om-
were lower than 10% of peak heights. Based on peak genomic coordinates)ibus with the accession no. GSE93345.

peak read counts were then extracted from each librarydentified peaks

were annotated similarly as described aboveBecause miRNAs mostly in-  ACKNOWLEDGMENTS. This work was supported by NIH Grant RO1 Al113729
teract with 3" UTRs (41),peaks falling into 3" UTR regions were used for  (to A.S.R.).
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