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Supplementary Figure S1. Samples analyzed in this RNAseq study and correlation among 
replicates. (A) Small RNAs were extracted from saliva of adult females (S), adult female salivary 
glands (G), whole adult females (F) and whole adult males (M). Libraries were prepared and 
sequenced by Illumina small RNA-Seq. Number of biological replicates are shown in brackets. (B) 
Small RNA expression-based clustering of An. gambiae samples. Cells represents colour-coded 
Pearson correlation coefficients measuring the similarity of small RNA expression profiles between 
two samples. Hierarchical clustering of samples was performed based on euclidean distances 
between sample expression profiles. Expression values used to build the matrix were calculated as 
log2-transformed CPM values. Only small non-coding RNAs with CPM ≥ 1 in at least three 
samples were used. (C) Multidimensional scaling plots based on Fold Change (left) and Biological 
Coefficient of Variation (right). Plots were generated using the plotMDS function implemented in 
the edgeR software package. Only small non-coding RNAs with CPM ≥ 1 in at least three samples 
were used. 



	
	
	
Supplemetary Figure S2. Predicted secondary structure of three novel abundant An coluzzii 
miRNA precursors. (A) aco-miR-N56, aco-miR-N96 and aco-miR-N951 stem-loops as predicted 
by RNAfold. The Minimal Free Energy (MFE) in kcal/mol is shown. The sequence of the putative 
mature miRNAs is highlighted in red. 
	
	



	
	
Supplementary Figure S3. Conservation of novel miRNAs in different species. Homologues of 
the 36 novel An. coluzzii miRNAs were searched in the genomes of several species by blastn using 
both mature and precursor miRNAs as a query. The cutoffs for inclusion were: (i) ≥70% identity 
over ≥70% of the length for miRNA precursors; (ii) ≥90% identity over the entire length and fully 
conserved seed sequence for mature miRNAs. Shaded positions indicate putative conservation: 
empty, both hairpin and mature conserved; H, hairpin only; M, mature only. Genomes searched 
included: anophelines (several species as indicated), culicines (Aedes albopictus, Aedes aegypti and 
Culex quinquefasciatus), sand flies (Phlebotomus papatasi and Lutzomyia longipalpis), the tsetse 
fly Glossina morsitans, the stable fly Stomoxys calcitrans, the bugs Rhodnius prolixus and Cimex 
lectularius, the human body louse Pediculus humanus, the tick Ixodes scapularis and the non blood 
feeding Diptera Drosophila melanogaster and Musca domestica. 
 
	



	
	
Supplemetary Figure S4. PCR validation of novel miRNA. Correlation between mean CPM as 
obtained by RNAseq and Ct values as determined by Stem-loop Reverse-Transcription Polymerase 
Chain Reaction amplification (Spearman r = -0.8333, p value = 0.0154). The linear regression line 
and names of the different miRNAs are shown. 
 



	
	
Supplemetary Figure S5. Mature miRNA expression profiles. Mature miRNA expression 
heatmap and hierarchical clustering of G, F and M samples. Cells correspond to mean-centered 
log2-transformed colour-coded CPM values. Only mature miRNAs with ≥ 1 CPM in at least three 
samples were used. 
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Supplementary Figure S6. Non-templated 3’-end miRNA uridylation and adenylation.  
The number of miRNA reads carrying non-templated 3’-end uridylation or adenylation in the saliva 
(S), salivary gland (G), adult female (F) and adult male (M) miRNA samples was determined. In all 
cases uridylation or adenylation are expressed as fraction of the total number of U+A non-templated 
additions.	(A) Proportion of non-templated 3’-end uridylation (left) and adenylation (right) in the S, 
G, F and M samples. Mean percentages among the replicate samples are reported, with bars 
representing standard errors. (B) Fraction of uridylated miRNA reads corresponding to the 30 most 
abundant miRNAs from An. coluzzii saliva in the four samples (S, G, F and M). miRNAs are 
ordered from left to right according to their abundance in the saliva sample. The five miRNAs with 
no reads showing A or U additions in the saliva sample were not included in the figure. 	
	



Supplementary Table S1. MiRNA expression profiling by edgeR 

  FDR<0.05 FDR<0.01 FDR<0.001 

G vs F 

Gup 38 36 33 

Fup 103 96 78 

tot. 160 138 111 

G vs M 

Gup 41 39 35 

Mup 84 68 60 

tot. 139 109 96 

F vs M 

Fup 50 48 37 

Mup 18 15 8 

tot. 84 69 45 

Number of miRNAs upregulated (Fold Change >2) in the three different pairwise 
comparisons (G vs F, G vs P and F vs M) according to different False Discovery 
Rates (FDR <0.05, <0.01 and <0.001). Tot., total number of miRNAs below the 
selected FDR independently from the Fold Change. 



Supplementary Table S2. Targets of human orthologues of miRNAs from 

An. coluzzii saliva. 

An. coluzzii miRNA H. sapiens miRNA target PMID 

    aco-miR-7-5p hsa-miR-7-5p EGFR 19073608 

  IGF1R 25394492 

  NF-kB/RelA 27203220 

    RNF183 26818663 

aco-miR-1-3p hsa-miR-1-3p MPL 24043765 

  CCL2 28618950 

    FN1 21924268 

aco-miR-100-5p hsa-miR-100-5p CXCR7 27035873 

    FKB51 24030073 

aco-miR-184-3p hsa-miR-184 NFAT1 19286996 

  IGF1R 28927068 

  FOG2 27825105 

    PDGFB 27825105 

aco-let-7-5p hsa-let-7a IL-13 24105413 

    IL-6 24001203 

aco-miR-92a-3p hsa-miR-92a-3p MKK4 23355465 

  KLF2 25550450 

  KLF4 25550450 

  SIRT1 25550450 

    CCL8 25253336 

aco-miR-8-5p hsa-miR-200b-5p MyD88 22522429 

    c-Jun 24749688 

aco-miR-34-5p hsa-miR-34c-5p PCAF/KAT2B 27993935 

aco-miR-125-5p hsa-miR-125b-5p IRF4 19047678 

  PRDM1/BLIMP1 19047678 

  TNFAIP3 22550173 

    TNFα 17911593 

aco-miR-10-5p hsa-miR-10a-5p IRAK4 25838349 

  MAP3K7/TAK1 20624982 

  BTRC 20624982 

  IL12/IL23p40 22068236 

    BCL6 22544395 

aco-miR-8-3p hsa-miR-141-3p TRAF5 29202848 

    TRAF6 29202848 

The An. coluzzi miRNA, its human orthologue, the name of target genes and PubMed IDentifier 

(PMID) are reported. Whenever possible hyperlinks to the Human Protein Atlas website 

(www.proteinatlas.org/) and to PubMed are provided. 

https://www.proteinatlas.org/ENSG00000146648-EGFR/tissue
https://www.ncbi.nlm.nih.gov/pubmed/19073608
https://www.proteinatlas.org/ENSG00000140443-IGF1R/tissue
https://www.ncbi.nlm.nih.gov/pubmed/25394492
https://www.proteinatlas.org/ENSG00000173039-RELA/tissue#gene_information
https://www.ncbi.nlm.nih.gov/pubmed/27203220
https://www.proteinatlas.org/ENSG00000165188-RNF183/tissue#gene_information
https://www.ncbi.nlm.nih.gov/pubmed/26818663
https://www.proteinatlas.org/ENSG00000117400-MPL/tissue
https://www.ncbi.nlm.nih.gov/pubmed/24043765
https://www.proteinatlas.org/ENSG00000108691-CCL2/tissue
https://www.ncbi.nlm.nih.gov/pubmed/28618950
https://www.proteinatlas.org/ENSG00000115414-FN1/tissue
https://www.ncbi.nlm.nih.gov/pubmed/21924268
https://www.proteinatlas.org/ENSG00000144476-ACKR3/tissue
https://www.ncbi.nlm.nih.gov/pubmed/27035873
https://www.ncbi.nlm.nih.gov/pubmed/24030073
https://www.proteinatlas.org/ENSG00000101096-NFATC2/tissue
https://www.ncbi.nlm.nih.gov/pubmed/19286996
https://www.proteinatlas.org/ENSG00000140443-IGF1R/tissue
https://www.ncbi.nlm.nih.gov/pubmed/28927068
https://www.proteinatlas.org/ENSG00000169946-ZFPM2/tissue
https://www.ncbi.nlm.nih.gov/pubmed/27825105
https://www.proteinatlas.org/ENSG00000100311-PDGFB/tissue
https://www.ncbi.nlm.nih.gov/pubmed/27825105
https://www.proteinatlas.org/ENSG00000169194-IL13/tissue
https://www.ncbi.nlm.nih.gov/pubmed/24105413
https://www.proteinatlas.org/ENSG00000136244-IL6/tissue
https://www.ncbi.nlm.nih.gov/pubmed/24001203
https://www.proteinatlas.org/ENSG00000065559-MAP2K4/tissue
https://www.ncbi.nlm.nih.gov/pubmed/23355465
https://www.proteinatlas.org/ENSG00000127528-KLF2/tissue
https://www.ncbi.nlm.nih.gov/pubmed/25550450
https://www.proteinatlas.org/ENSG00000136826-KLF4/tissue
https://www.ncbi.nlm.nih.gov/pubmed/25550450
https://www.proteinatlas.org/ENSG00000096717-SIRT1/tissue
https://www.ncbi.nlm.nih.gov/pubmed/25550450
https://www.proteinatlas.org/ENSG00000108700-CCL8/tissue
https://www.ncbi.nlm.nih.gov/pubmed/25253336
https://www.proteinatlas.org/ENSG00000172936-MYD88/tissue
https://www.ncbi.nlm.nih.gov/pubmed/22522429
https://www.proteinatlas.org/ENSG00000177606-JUN/tissue
https://www.ncbi.nlm.nih.gov/pubmed/24749688
https://www.proteinatlas.org/ENSG00000114166-KAT2B/tissue
https://www.ncbi.nlm.nih.gov/pubmed/27993935
https://www.proteinatlas.org/ENSG00000137265-IRF4/tissue
https://www.ncbi.nlm.nih.gov/pubmed/19047678
https://www.proteinatlas.org/ENSG00000057657-PRDM1/tissue
https://www.ncbi.nlm.nih.gov/pubmed/19047678
https://www.proteinatlas.org/ENSG00000118503-TNFAIP3/tissue
https://www.ncbi.nlm.nih.gov/pubmed/22550173
https://www.proteinatlas.org/ENSG00000232810-TNF/tissue
https://www.ncbi.nlm.nih.gov/pubmed/17911593
https://www.proteinatlas.org/ENSG00000198001-IRAK4/tissue
https://www.ncbi.nlm.nih.gov/pubmed/25838349
https://www.proteinatlas.org/ENSG00000135341-MAP3K7/tissue
https://www.ncbi.nlm.nih.gov/pubmed/20624982
https://www.proteinatlas.org/ENSG00000166167-BTRC/tissue
https://www.ncbi.nlm.nih.gov/pubmed/20624982
https://www.proteinatlas.org/ENSG00000113302-IL12B/tissue
https://www.ncbi.nlm.nih.gov/pubmed/22068236
https://www.proteinatlas.org/ENSG00000113916-BCL6/tissue
https://www.ncbi.nlm.nih.gov/pubmed/22544395
https://www.proteinatlas.org/ENSG00000082512-TRAF5/tissue
https://www.ncbi.nlm.nih.gov/pubmed/29202848
https://www.proteinatlas.org/ENSG00000175104-TRAF6/tissue
https://www.ncbi.nlm.nih.gov/pubmed/29202848
http://www.proteinatlas.org/


Supplementary Table S3. Known targets of human orthologues of miRNAs from An. coluzzii 

saliva and their involvement in immune and inflammatory responses. 

Target genes hyperlinked to the Human Protein Atlas website (www.proteinatlas.org/). 
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Supplementary Table S4. Differentially abundant An. coluzzii miRNAs. 

Column 1 and 2: miRNAs G-enriched in the pairwise comparisons G-F and G-M (common miRNAs in bold). Columns 3 
and 4: miRNAs M-enriched (column 3) and F-enriched (column 4) in the comparisons M-F. Column 5: miRNAs G-
enriched in the G-F comparison and abundant in saliva (among top 30). miRNAs were considered enriched when FC>2 
and FDR<0.05. 

Genr (G vs F) Genr (G vs M) Menr (M vs F) Fenr (M vs F) Genr (G vs F) and S  
aco-chr3L_118320-5p aco-chr2L_48064-3p aco-miR-10368-3p aco-miR-283-5p aco-chr3R_160384-3p 
aco-chr3R_160262-3p aco-chr2R_55451-3p aco-miR-2c-3p aco-miR-9c-5p aco-miR-100-5p 
aco-chr3R_160384-3p aco-chr3L_118320-5p aco-miR-10366b-5p aco-miR-N56 aco-miR-125-5p 
aco-chr3R_160384-5p aco-chr3R_160262-3p aco-chrX_329630-5p aco-miR-1174-5p aco-miR-263a-5p 
aco-chrX_353716-3p aco-chr3R_160384-3p aco-miR-10366a-3p aco-chr2R_55451-3p aco-miR-281-5p 
aco-miR-100-5p aco-chr3R_160384-5p aco-miR-2c-5p aco-miR-13b-5p aco-miR-317-3p 
aco-miR-10377b-3p aco-chrX_353198-3p aco-miR-10372a-5p aco-miR-N225 aco-miR-317-5p 
aco-miR-12-3p aco-miR-10377b-3p aco-miR-10370-3p aco-chr2L_48064-3p aco-miR-8-5p 
aco-miR-12-5p aco-miR-11-3p aco-miR-34-3p aco-miR-980-5p aco-miR-N56 
aco-miR-125-5p aco-miR-12-3p aco-miR-10372b-5p aco-miR-92a-3p aco-miR-N96 
aco-miR-1889-3p aco-miR-12-5p aco-miR-10367-5p aco-miR-1174-3p  
aco-miR-1889-5p aco-miR-125-5p aco-miR-N636 aco-miR-N645  
aco-miR-2-1-5p aco-miR-1889-3p aco-miR-219-5p aco-miR-1175-3p  
aco-miR-263a-3p aco-miR-1889-5p aco-miR-263b-5p aco-miR-9c-3p  
aco-miR-263a-5p aco-miR-2-1-5p aco-chr2R_93879-5p aco-miR-92b-3p  
aco-miR-275-5p aco-miR-263a-3p aco-miR-275-5p aco-miR-9b-5p  
aco-miR-281-5p aco-miR-263a-5p aco-miR-981-5p aco-chr2L_1641-3p  
aco-miR-283-3p aco-miR-281-3p aco-miR-10379-3p aco-miR-N1354  
aco-miR-283-5p aco-miR-281-5p  aco-miR-10359-3p  
aco-miR-317-3p aco-miR-283-3p  aco-miR-9b-3p  
aco-miR-317-5p aco-miR-283-5p  aco-miR-10371-5p  
aco-miR-34-3p aco-miR-308-3p  aco-miR-N1174  
aco-miR-375-3p aco-miR-317-3p  aco-miR-N1306  
aco-miR-375-5p aco-miR-375-3p  aco-chr2L_4162-5p  
aco-miR-8-5p aco-miR-375-5p  aco-miR-10358-5p  
aco-miR-988-3p aco-miR-8-5p  aco-chr2L_32652-3p  
aco-miR-N10 aco-miR-965-2-5p  aco-miR-N1213  
aco-miR-N1015 aco-miR-980-5p  aco-chr3L_130625-5p  
aco-miR-N1044 aco-miR-988-3p  aco-chrUNKN_283499-3p  
aco-miR-N13 aco-miR-9b-5p  aco-miR-N920  
aco-miR-N135 aco-miR-9c-3p  aco-miR-N1194  
aco-miR-N56 aco-miR-9c-5p  aco-chr3R_150582-5p  
aco-miR-N645 aco-miR-N1015  aco-miR-N629  
aco-miR-N651 aco-miR-N1044  aco-chrUNKN_316148-3p  
aco-miR-N769 aco-miR-N135  aco-chrUNKN_283499-5p  
aco-miR-N794 aco-miR-N56  aco-miR-10360-5p  
aco-miR-N951 aco-miR-N645  aco-chr2L_42099-5p  
aco-miR-N96 aco-miR-N651  aco-miR-N420  
 aco-miR-N794  aco-chr3R_157264-5p  
 aco-miR-N951  aco-miR-N148  
 aco-miR-N96  aco-miR-N680  
   aco-chr2L_42099-3p  
   aco-miR-N1342  
   aco-miR-N652  
   aco-miR-N149  
   aco-miR-10359-5p  
   aco-miR-989-5p  
   aco-miR-10362-5p  
   aco-miR-10357-5p  
   aco-miR-989-3p  



Supplementary Table S5. List of primers used for reverse transcription and qPCR. 

miRNA Primer Sequence 

aco-miR-N96 
SLRT-96 5’-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAGTCCG-3’OH 
F-96 5’-CACGCATTGCATCATGGCAAACA-3’OH 

aco-miR-N56 
SLRT-56 5’-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGGTCAG-3’OH 
F-56 5’-GTCCACGCATACTTCATAAGATCGTA-3’OH 

aco-miR-N951 
SLRT-951 5’-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACACGTGT-3’OH 
F-951 5’-CACGCATGCCGCTCCCCCAATC-3’OH 

aco-miR-N966 
SLRT-966 5’-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTTCAGC-3’OH 
F-966 5’-CAGTCCACGCATGAGTCGTTATCAT-3’OH 

aco-miR-N135 
SLRT-135 5’-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTCCGAA-3’OH 
F-135 5’-CACGCATCGGACACACACACCC-3’OH 

aco-miR-N1044 
SLRT-1044 5’-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAAATGT-3’OH 
F-1044 5’-GTCCACGCAAAGCTACACCTGGTTGA-3’OH 

aco-miR-N645 
SLRT-645 5’-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCTCGGA-3’OH 
F-645 5’-GTCCACGCATAGAGCCGTCTAACTT-3’OH 

aco-miR-N149 
SLRT-149 5’-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGCTCCC-3’OH 
F-149 5’-AGCGTCCACGCATAATGGAAATTTATCA-3’OH 

aco-miR-N629 
SLRT-629 5’-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGCTACA-3’OH 
F-629 5’-GTCCACGCACAAGAGTGTCCAGC-3’OH 

Universal reverse Uni_Rev 5’-CCAGTGCAGGGTCCGAGGTA-3’OH 
 



Legends to Supplementary Files 
	
Supplementary file S1. List of hairpins and mature miRNAs used for mapping. The worksheet 
aga_hairpins includes a total of 273 hairpins: 175 previously known An. gambiae miRNA 
precursors (66 from miRBase, 59 from Biryukova I. et al. 53, 41 from Castellano L. et al. 54, 9 from 
Fu X. et al. 55) plus 39 predicted by miRDeep* 69 and 59 predicted by MapMi 70 70. The worksheet 
aga_mature includes 131 An. gambiae miRNAs from miRBase, 118 from Biryukova I. et al. 53, 81 
from Castellano L. et al. 54, 9 from Fu et al. 55, 39 predicted by miRDeep* 69 and 60 predicted by 
MapMi 70. ID indicates the name of the miRNA according to miRBase, to previous studies or to 
mature miRNAs used as input for the MapMi program. Source, miRBase accession (when 
available), genomic coordinates and sequences are also provided. 
 
Supplementary file S2. Lists of expressed mature An. coluzzii miRNAs. The six worksheets 
include: the complete list of 214 miRNAs (aco_mature_214); the lists of miRNAs found in saliva 
(aco_S_77), in salivary glands (aco_G_147), in adult females (aco_F_196) and in adult males 
(aco_M_171); the lists of miRNAs found exclusively in G, F and M (G_F_M_only). Only miRNAs 
with counts in at least 2 of the 3 replicates (3 of 5 for the S sample) and a mean CPM ≥ 3 in at least 
one of the four samples are included. For each miRNA the An. coluzzii ID, the An. gambiae ID, the 
source, the miRBase and VectorBase accession numbers (when available), the sequence and length 
of the mature miRNA as well as counts and CPM are reported. 
 
Supplementary file S3. List of the 36 putative novel Anopheles coluzzi miRNAs. The An. 
coluzzii ID, the source (miRDeep* or MapMi), VectorBase accession numbers (if available), the 
sequence of mature miRNAs, arm, length, the total counts in the 14 libraries, the number of 
libraries, counts and CPM in the different libraries, the sequence of their precursors with the 
minimal free energy (MFE) of the predicted secondary structures are reported. 
 
Supplementary file S4. Differential Expression analysis. For each pairwise comparison (G-F, G-
M, M-F) differential expression data as obtained by edgeR and with three different cut off (FDR 
<0.05, FDR <0.01 and FDR <0.001) are reported. 
 
Supplementary file S5. Combined list of the 30 most abundant miRNAs in saliva and salivary 
glands. The list was compiled comparing the 30 most abundant miRNAs in saliva and salivary 
glands of An. coluzzii. For the resulting 39 miRNAs the mean CPM in saliva and salivary glands, 
the S/G ratio and the results of differential expression analysis by edgeR are shown. The 21 
miRNAs common to both lists are highlighted (grey shading). miRNAs with S/G ratio > 4.0 and < 
0.25 are shaded in red and light blue, respectively. The remaining miRNAs (0.25 ≤ S/G ratio ≤ 4.0) 
are shaded in green. Source, miRBase and VectorBase accession, sequence, length, counts and 
CPM in individual replicates of all samples are also included (columns hided for clarity). 
 
Supplementary file S6. Conservation of the top 30 Anopheles coluzzii saliva miRNAs in saliva 
or exosomes from other species. The presence of the top 30 An. coluzzi saliva miRNAs in the 
saliva of humans, of the mosquitoes Ae. aegypti and Ae. albopictus, of the tick I. ricinus and in 
exosomal vesicles secreted by the parasitic nematodes B. malayi and H. polygyrus is reported. 
miRNAs were considered as present if among the top 50 in human saliva or the top 30 in all other 
cases. Presence in saliva or in exosomes, seed conservation, number of mismatches (mm) and rank 
are shown. An. coluzzi miRNAs mimicking human miRNAs and their orthologues in saliva or 
exosomes of the different species are highlighted in grey. Positions within the first 50 (human) or 
30 (other) are highlighted in green.  
 




