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Abstract

Hematophagous arthropods harbor several pathogens that cause diseases
of impact in global public health. In view of that, great efforts have been made to
design new strategies for vector and pathogen control. Molecular biology allied to
high-throughput approaches has been a powerful tool to understand this taxa’s
biology, besides providing platforms for discovery of novel pharmacological
compounds and vaccine antigens. Indeed, the field of molecular investigation of
bloodsucking arthropods advanced quickly, as “omics” technologies improve in
terms of cost, sensitivity, throughput and data integration. Here, we summarize
the evolution of high-throughput approaches and discuss its impact on important
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findings about vector-pathogen-host interactions.
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HA: Hematophagous Arthropod; NGS: Next-Generation
Sequencing; SRA: Sequence Read Archive; EST: Expressed Sequence
Tag; DNA: Deoxyribonucleic Acid; CDNA: Complementary
Deoxyribonucleic Acid; MB: Mega bases; RNA: Ribonucleic Acid;
MRNA: Messenger Ribonucleic Acid; MIRNA: Micro RNA;
SIRNA: Small Interfering RNA; PIRNA: PIWI-Interacting RNA;
NT: Nucleotides; 2DE: Two-Dimensional Gel Electrophoresis;
MALDI: Matrix Assisted Laser Desorption/Ionization; TOF:
Time Of Flight; MS: Mass Spectrometry; MS/MS: Tandem Mass
Spectrometry; LC: Liquid Chromatography; 1DE: One Dimensional
Gel Electrophoresis; IEX: Ion Exchange Chromatography; RP:
Reverse Phase Chromatography; '"H NMR: Proton Nuclear Magnetic
Resonance

Introduction

Blood-feeding habits of arthropods evolved independently over
millions of years, leading to several morphological adaptations and a
diversity of strategies to overcome barriers imposed by hosts [1]. One
common adaptation in Hematophagous Arthropods (HA) includes
the development of highly functional salivary glands, which produce
pharmacologically active molecules that counteract host homeostasis,
inflammation and adaptive immunity, besides playing an important
role in the establishment of infections by an infinity of pathogens [2].
Molecular high-throughput approaches applied to the study of these
invertebrates are of major interest for understanding vectors” biology,
enabling to explore new control measures and their pharmaceutical
potential [3]. In this mini-review, we highlight some important
findings achieved by the application of genomics, transcriptomics,
proteomics and metabolomics to the study of blood-feeding
arthropods and provide insights into the progress and contribution
of high-throughput strategies to the molecular investigation of HAs.

Genomics

Genome sequencing is a crucial step to understand the molecular

biology of an organism, while in the last few decades, advances in
computing and robotics allowed high-throughput sequencing
[4]. Some successful decoding of mosquitoes” genomes employed
automated Sanger-sequencing technology [5]. Those include the
genomes of Anopheles gambiae (vector of Plasmodium parasites)
[6], Aedes aegypti (vector of yellow fever and dengue fever viruses)
[7] and Culex quinquefasciatus (vector for filarial parasites and West
Nile virus) [8]. A sequenced genome facilitates further studies, for
example, by providing a basis for approaches aimed to understand
molecular mechanisms implicated in odor mediated behavior and
host seeking by An. gambiae [9]. Furthermore, complete genomes
allow the development of tools for genetic modification, a promising
strategy for vector control, as observed for Ae. aegypti regarding to the
development of transgenic insects to assess their vectorial competence,
larval competition, adult energy reserve and in approaches aimed at
suppression of mosquito population [10,11]. The genome of Ixodes
scapularis (black-legged tick, vector for Lyme disease), although
not fully annotated, was also uncovered by Sanger-sequencing as
a result of the I scapularis Genome Project [12]. The black-legged
tick genomic data have been useful for the identification of tick
immunity-related genes that might be of interest for development of
new strategies for tick control [13].

Despite of the major accomplishments, automated Sanger-
sequencing is highly time-consuming and expensive in a cost effective
point of view. In the last years, innovative technologies for sequencing
(454, TonTorrent, Illumina, SOLiD and Helicos), collectively called
Next-Generation Sequencing technologies (NGS) came up to
obtain cheaper, faster and increased throughput of high quality data
[14]. Development of NGS technologies were basically driven by
interest involving human genomes [14]. Currently is widespread for
several organisms. Indeed they have been successfully employed in
studies focused into genomic analysis of blood-feeding arthropods.
Combined approaches of both Sanger and NGS technologies yielded
the complete genome of Rhodnius prolixus, a triatomine vector of
the Chagas disease parasite, Trypanosoma cruzi [15]. Moreover,
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Table 1: Data collection at NCBI resources of hematophagous arthropods with sequenced genome.
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Table 2: Gene expression data collection at NCBI resources of hematophagous arthropods with no reference genome described.

Number of
species (a

Family/Sub-family Common name SRAP dbEST® GEO¢
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*DNA and cDNA sequence data deposited until December 5, 2014. a. number of genera in parenthesis; b. SRA (Sequence Read Archive) is the NCBI database that
stores raw sequence data from NGS technologies; c. db EST is the Expressed Sequence Tags database from NCBI that stores short single transcript sequences
obtained by Sanger technology; d. GEO (Gene Expression Omnibus) is a functional genomics data repository for Array- and sequence-based studies; e. 186 from
Amblyomma americanum and 6 from Ixodes ricinus; f. 10 from Triatoma infestans; g. 80 from Aedes albopictus; h. 79,292 from Glossina morsitans

application of both technologies also resulted in the genome
sequencing of the Tsetse fly (Glossina morsitans): vector of the
African trypanosomiasis, and led to the discovery of chromosomal
integrations of bacterial (Wolbachia) genome sequences, a family of
lactation-specific proteins, reduced complement of host pathogen
recognition proteins and reduced olfaction/chemosensory associated
genes [16]. The ability of NGS to sequence the whole genome of many
related organisms has also allowed large-scale comparative studies to
be performed [14]. Aimed to investigate the genetic basis of vectorial
capacity of 16 Anopheles mosquito species, a recent NGS-based study
found faster rates of gene gain and loss, elevated gene shuffling on
the X chromosome, and more intron losses, when compared to

Drosophila. The dynamics of anopheline genomes was implicated in
their capacity to adapt to new ecological niches, including humans as
primary hosts [17].

A search at NCBI database resources such as Genome, Sequence
Read Archive (SRA) and Expressed Sequence Tag (EST), provided
a rapid overview about sequence deposition (DNA and cDNA
sequences obtained either by Sanger technology or NGS) from
HAs with sequenced genome (Table 1), as well for those with no
reference genome (Table 2). From 135 Arthropoda genomes at
Genome database, 34 are from hematophagous species. Numerical
data displayed in (Tables 1, 2) revealed which species and/or group
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of species are the most studied. The Vector Base database is also an
important resource for blood-feeding arthropod genomes and pre-
released genome projects [18], at this resource, I. scapularis and A.
aegypti genomes present the largest sizes, over 1,300 Mega Bases
(Mb). Indeed, several NGS-based studies of vector’s whole genome
are expected to emerge with cost constrain and improvements in
NSG, such as longer sequence reads [5].

Transcriptomics

Transcriptomics emerged as a field to understand the whole
set of RNAs transcribed by a genome in a tissue or cell type under
several conditions [19].It is employed to discern the dynamics of
gene expression, helping to interpret the blood-feeding arthropods/
hosts interaction and uncovering novel pharmacologically active
compounds. Up to date, about 75 species of HA without reference
genome present data from gene expression studies (Table 2).

Expressed sequence tags

Most of the molecular high-throughput studies evaluated gene
expression of HAs’ tissues with automated Sanger-sequencing
of reversely transcribed mRNA into ¢cDNA libraries, generally,
yielding hundreds to thousands of ESTs, per study. Due the
potential for discovery of novel compounds or even vaccine subunits
[20], numerous transcriptomes from sand flies, ticks, fleas and
mosquitoes have been produced by traditional sequencing methods;
we emphasize the large amount of studies focused on their salivary
glands [21-36]. Those studies resulted in great advance into the
understanding of gene expression in HAs, allowing the discovery of
a large number of genes coding for several protein families, such as,
housekeeping genes involved in metabolic processes, structure, signal
transduction, protein synthesis among other constitutive functions.
Important tissues for hematophagy, such as midgut (blood digestion)
and salivary glands (saliva production), present a wide range of
transcripts coding for proteolytic enzymes [37] and anti-hemostatic/
immunomulatory proteins, respectively [1]. Of note, disintegrins,
which have been described in the salivary glands of ticks, have been
fundamental on the understanding of integrin function and for the
development of anti-thrombotic drugs [38]. Hard ticks and Tsetse
flies without reference genome present the largest collections of EST
data (Table 2).

Microarrays

Limitations on throughput and cost of Sanger-sequencing also
raised the development of methods based on nucleic acid hybridization
(microarrays) to analyze gene expression. Due to the lack of genome
information of HAs, data generated by EST sequencing have been the
basis of studies that addressed gene transcription of HAs by microarray
technology [9,39-44]. A microarray approach allowed the evaluation
of gene expression profiles from salivary glands of A. americanum
tick, where the transcriptional patterns change dramatically during
blood-feeding. Genes associated with tick survival are increased in
early feeding stages, while in contrast, transcripts associated with
survival were down-regulated at the end of tick infestation [39].
Interestingly, a microarray-based study demonstrated that, infection
with P. falciparum, induced at least 43 genes to be differentially
expressed in the salivary glands of An. gambiae. One of those genes
codes for Agaphelin, whereby the characterization of its ability to
inhibit neutrophil elastase promoted the description of a novel anti-
hemostatic mechanism in hematophagy [44].

RNA sequencing

By overcoming issues raised by traditional methods as cost,
high throughput, time, sensitivity, low sample input and low
background, NGS also impacted the investigation of global gene
expression. Recently, NGS-based transcriptomes were reported for
two triatomines, Rhodnius prolixus [45] and Triatoma brasiliensis
[46], from four Amblyoma ticks [47,48] and Ixodes ricinus [49] ,
some mosquitos [50-55] and for Cimex lectularius, the bed bug [56].
It should be denoted that one advantage of NGS technology over
conventional methods is the significant increase in the amount of
data that is produced. As an example, we have demonstrated that,
in comparison with two Sanger-based sequencing of cDNA libraries
prepared from salivary glands of Amblyomma cajennense ticks,
NGS-based sialotranscriptome yielded approximately 180-fold more
sequences (70% of novel sequences), besides the larger number of
full-length sequences. While conventional methods yielded less
than one Mb of data, the NGS-based dataset produced over 69 Mb
[48]. Furthermore, we were able to demonstrate that the salivary
gland gene expression is affected not only by tick species, but also
developmental stage and host species [48]. Indeed, combination of
biochemical and molecular biology with NGS-based technology
have the potential to define gene structure, gather understanding
into RNA metabolism, provide insights into post-translational
modifications and characterize small non-coding RNAs as miRNA,
siRNA, and piRNA, with lengths shorter than 35 nt [19]. Ixodid ticks
and mosquitoes are the HAs with the largest RNA sequencing data
deposited at NCBI resources (Tables 1 and 2).

Proteomics

One of the significant contributors in the post-genomics
era is the field of proteomics, which is defined by the systematic
identification and characterization of protein sequence, abundance,
post-translational modifications, interactions, activity, sub-cellular
localization and structure in a given sample, e.g. salivary glands from
HAs [57]. Three major proteomic strategies have been used: (i) 2DE-
based separation, spot excision and protein identification by MALDI-
TOF MS peptide mass fingerprint, MALDI-TOF MS/MS, or LC-MS/
MS; (ii) 1DE-based separation, slice excision and protein identification
by LC-MS/MS; (iii) shotgun approaches based on preparation of a
total protein extract, multidimensional peptide fractionation (i.e. IEX/
RP) and identification by MS/MS [58]. Several studies have addressed
the protein dynamics of a diversity of tissues and conditions from
mosquitoes of genus Anopheles [59-69], Aedes [70-78] and Culex
[79,80]; from several tick species [81-92], triatomines [93-96], sand
flies [97-102], fleas [103,104], biting midges [105,106] and black
fly [107]. These studies contributed to validate findings achieved by
evaluation of HAs" patterns of gene expression and, they have been
useful to understand the dynamics of protein networks and biological
processes. Of interest, proteomic investigation of soluble olfactory
proteins in An. gambiae demonstrated that females express a larger
number and higher quantities of odorant-binding proteins in their
antennae than males [68], which corroborate with transcriptional
profiles of molecular mechanisms implicated in odor mediated
behavior and host seeking by An. gambiae [9]. Moreover, proteomic
analysis of Dermacentor reticulatus tick unfed larvae demonstrated
that metabolic and cellular processes involved in protein synthesis as
the most active, suggesting that ticks are very active during this life

Submit your Manuseript | www.austinpublishinggroup.com

Austin J Trop Med & Hyg 1(1): id1004 (2015) - Page - 03



Gardinassi LG

Austin Publishing Group

stage [91]. Furthermore, proteomic approaches have been useful to
the identification of several flea and phlebotomine sand flies [98,104].

Metabolomics

Metabolomics covers qualitative and quantitative analysis of
metabolites found in biological fluids, cells and tissues upon different
conditions that may influence metabolite profiles. The most commonly
used methods of probing the metabolome are: mass spectrometry and
proton nuclear magnetic resonance (‘H NMR) [108]. While large-
scale studies of HAs-derived metabolites are still in their infancy, we
highlight a recent report aimed to evaluate the chemical composition
of feces from three triatomine species (Triatoma infestans, Rhodnius
prolixus and Panstrongylus megistus). This work identified several
putative metabolites with constant frequency among all species,
whereas of prenol lipids, amino acids, glycerolipids, steroids,
phenols, fatty acids and derivatives, benzoic acid and derivatives,
flavonoids, glycerophospholipids, benzopyrans, and quinolines were
differentially identified among the triatomines [109]. These results are
in line with other findings, which showed that ingested blood lipids
are degraded into free fatty acids in the triatomine intestinal tract and
are implicated on the differentiation of Trypanosoma cruzi [110]. The
metabolic profile of vectors and their influence over pathogens and
hosts merits further investigation in order to understand the role of
individual metabolites on vector-parasite-host interactions.

Conclusion

In summary, high-throughput approaches accelerated the study
of several molecular features of disease vectors. Functions, genes,
proteins families and metabolites previously unreported for blood-
feeding arthropods are now described. Therefore, advances and
improvements of current technology provide new perspectives over:
(i) HAs " biology through combined generation of complete genomes
and transcriptomes; (ii) design of innovative strategies for control of
vector-borne diseases; (iii) identification and characterization of new
drugs and their mechanisms of action.

Acknowledgement

This work was supported by Funda¢ao de Amparo a Pesquisa do
Estado de Sao Paulo (FAPESP processes 2011/23819-0, 2012/15464-
0, 2012/04087-0 and 2013/00382-0).

References

1. Ribeiro JM. Blood-feeding arthropods: live syringes or invertebrate
pharmacologists? Infect Agents Dis. 1995; 4:143-152.

2. Fontaine A, Diouf |, Bakkali N, Missé D, Pages F, Fusai T, et al. Implication
of haematophagous arthropod salivary proteins in host-vector interactions.
Parasit Vectors. 2011; 41: 187.

3. Megy K, Hammond M, Lawson D, Bruggner RV, Birney E, Collins FH.
Genomic resources for invertebrate vectors of human pathogens, and the
role of VectorBase. Infect Genet Evol J Mol Epidemiol Evol Genet Infect Dis.
2009; 9: 308-313.

4. James P. Of genomes and proteomes. Biochem Biophys Res Commun.
1997, 231: 1-6.

5. Severson DW, Behura SK. Mosquito genomics: progress and challenges.
Annu Rev Entomol. 2012; 57: 143-166.

6. Holt RA, Subramanian GM, Halpern A, Sutton GG, Charlab R, Nusskern DR,
et al. The Genome Sequence of the Malaria Mosquito Anopheles gambiae.
Science. 2002; 298: 129-149.

10.

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24,

25.

26.

27.

Nene V, Wortman JR, Lawson D, Haas B, Kodira C, Tu ZJ, et al. Genome
sequence of Aedes aegypti, a major arbovirus vector. Science. 2007; 316:
1718-1723.

Arensburger P, Megy K, Waterhouse RM, Abrudan J, Amedeo P, Antelo
B, et al. Sequencing of Culex quinquefasciatus establishes a platform for
mosquito comparative genomics. Science. 2010; 330: 86-88.

Biessmann H, Nguyen QK, Le D, Walter MF. Microarray-based survey of
a subset of putative olfactory genes in the mosquito Anopheles gambiae.
Insect Mol Biol. 2005; 14: 575-589.

Koenraadt CJ, Kormaksson M, Harrington LC. Effects of inbreeding and
genetic modification on Aedes aegypti larval competition and adult energy
reserves. Parasit Vectors. 2010; 3: 92.

Okamoto KW, Robert MA, Gould F, Lloyd AL. Feasible Introgression of an
Anti-pathogen Transgene into an Urban Mosquito Population without Using
Gene-Drive. PLoS Negl Trop Dis. 2014; 8: e2827.

Hill CA, Wikel SK. The Ixodes scapularis Genome Project: an opportunity for
advancing tick research. Trends Parasitol. 2005; 21: 151-153.

Smith AA, Pal U. Immunity-related genes in Ixodes scapularis perspectives
from genome information. Front Cell Infect Microbiol. 2014; 4: 116.

Metzker ML. Sequencing technologies - the next generation. Nat Rev Genet.
2010; 11: 31-46.

Huebner E. 30.4. The Rhodnius Genome Project: The promises and
challenges it affords in our understanding of reduviid biology and their role
in Chagas’ transmission. Comp Biochem Physiol A Mol Integr Physiol. 2007;
148: S130.

International Glossina Genome Initiative. Genome sequence of the tsetse
fly (Glossina morsitans): vector of African trypanosomiasis. Science. 2014
; 344: 380-386.

Neafsey DE, Waterhouse RM, Abai MR, Aganezov SS, Alekseyev MA, Allen
JE, et al. Highly evolvable malaria vectors: The genomes of 16 Anopheles
mosquitoes. Science. 2015; 347: 1258522.

VectorBase: Bioinformatics Resource for Invertebrate Vectors of Human
Pathogen.

. Dong Z, Chen Y. Transcriptomics: advances and approaches. Sci China Life

Sci. 2013; 56: 960-967.

Valenzuela JG. High-throughput approaches to study salivary proteins and
genes from vectors of disease. Insect Biochem Mol Biol. 2002; 32: 1199—
12009.

Alarcon-Chaidez FJ, Sun J, Wikel SK. Transcriptome analysis of the salivary
glands of Dermacentor andersoni Stiles (Acari: Ixodidae). Insect Biochem
Mol Biol. 2007; 37: 48-71.

Aljamali MN, Hern L, Kupfer D, Downard S, So S, Roe BA, et al.
Transcriptome analysis of the salivary glands of the female tick Amblyomma
americanum (Acari: Ixodidae). Insect Mol Biol. 2009; 18: 129-154.

Anatriello E, Ribeiro JM, de Miranda-Santos IKF, Brandao LG, Anderson JM,
Valenzuela JG, et al. An insight into the sialotranscriptome of the brown dog
tick, Rhipicephalus sanguineus. BMC Genomics. 2010; 11: 450.

Andersen JF, Hinnebusch BJ, Lucas DA, Conrads TP, Veenstra TD, Pham
VM, et al. An insight into the sialome of the oriental rat flea, Xenopsylla
cheopis (Rots). BMC Genomics. 2007; 8: 102.

Anderson JM, Oliveira F, Kamhawi S, Mans BJ, Reynoso D, Seitz AE, et
al. Comparative salivary gland transcriptomics of sandfly vectors of visceral
leishmaniasis. BMC Genomics. 2006; 7: 52.

Calvo E, Dao A, Pham VM, Ribeiro JM. An insight into the sialome of
Anopheles funestus reveals an emerging pattern in anopheline salivary
protein families. Insect Biochem Mol Biol. 2007; 37: 164-175.

Calvo E, Pham VM, Lombardo F, Arca B, Ribeiro JM. The sialotranscriptome
of adult male Anopheles gambiae mosquitoes. Insect Biochem Mol Biol.
2006; 36: 570-575.

Submit your Manuseript | www.austinpublishinggroup.com

Austin J Trop Med & Hyg 1(1): id1004 (2015) - Page - 04


http://www.ncbi.nlm.nih.gov/pubmed/8548192
http://www.ncbi.nlm.nih.gov/pubmed/8548192
http://www.parasitesandvectors.com/content/4/1/187
http://www.parasitesandvectors.com/content/4/1/187
http://www.parasitesandvectors.com/content/4/1/187
http://www.ncbi.nlm.nih.gov/pubmed/18262474
http://www.ncbi.nlm.nih.gov/pubmed/18262474
http://www.ncbi.nlm.nih.gov/pubmed/18262474
http://www.ncbi.nlm.nih.gov/pubmed/18262474
http://www.ncbi.nlm.nih.gov/pubmed/9070208
http://www.ncbi.nlm.nih.gov/pubmed/9070208
http://www.ncbi.nlm.nih.gov/pubmed/21942845
http://www.ncbi.nlm.nih.gov/pubmed/21942845
http://www.ncbi.nlm.nih.gov/pubmed/12364791
http://www.ncbi.nlm.nih.gov/pubmed/12364791
http://www.ncbi.nlm.nih.gov/pubmed/12364791
http://www.ncbi.nlm.nih.gov/pubmed/17510324
http://www.ncbi.nlm.nih.gov/pubmed/17510324
http://www.ncbi.nlm.nih.gov/pubmed/17510324
http://www.ncbi.nlm.nih.gov/pubmed/20929810
http://www.ncbi.nlm.nih.gov/pubmed/20929810
http://www.ncbi.nlm.nih.gov/pubmed/20929810
http://www.ncbi.nlm.nih.gov/pubmed/16313558
http://www.ncbi.nlm.nih.gov/pubmed/16313558
http://www.ncbi.nlm.nih.gov/pubmed/16313558
http://link.springer.com/article/10.1186%2F1756-3305-3-92#page-1
http://link.springer.com/article/10.1186%2F1756-3305-3-92#page-1
http://link.springer.com/article/10.1186%2F1756-3305-3-92#page-1
http://www.ncbi.nlm.nih.gov/pubmed/24992213
http://www.ncbi.nlm.nih.gov/pubmed/24992213
http://www.ncbi.nlm.nih.gov/pubmed/24992213
http://www.ncbi.nlm.nih.gov/pubmed/15780833
http://www.ncbi.nlm.nih.gov/pubmed/15780833
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4141456/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4141456/
http://www.ncbi.nlm.nih.gov/pubmed/19997069
http://www.ncbi.nlm.nih.gov/pubmed/19997069
https://www.deepdyve.com/lp/elsevier/30-4-the-rhodnius-genome-project-the-promises-and-challenges-it-0eO2tha0Bg
https://www.deepdyve.com/lp/elsevier/30-4-the-rhodnius-genome-project-the-promises-and-challenges-it-0eO2tha0Bg
https://www.deepdyve.com/lp/elsevier/30-4-the-rhodnius-genome-project-the-promises-and-challenges-it-0eO2tha0Bg
https://www.deepdyve.com/lp/elsevier/30-4-the-rhodnius-genome-project-the-promises-and-challenges-it-0eO2tha0Bg
http://www.sciencemag.org/content/344/6182/380.figures-only
http://www.sciencemag.org/content/344/6182/380.figures-only
http://www.sciencemag.org/content/344/6182/380.figures-only
http://www.ncbi.nlm.nih.gov/pubmed/25554792
http://www.ncbi.nlm.nih.gov/pubmed/25554792
http://www.ncbi.nlm.nih.gov/pubmed/25554792
https://www.vectorbase.org/genomes
https://www.vectorbase.org/genomes
http://www.ncbi.nlm.nih.gov/pubmed/24091688
http://www.ncbi.nlm.nih.gov/pubmed/24091688
http://www.ncbi.nlm.nih.gov/pubmed/12225911
http://www.ncbi.nlm.nih.gov/pubmed/12225911
http://www.ncbi.nlm.nih.gov/pubmed/12225911
http://www.sciencedirect.com/science/article/pii/S0965174806002049
http://www.sciencedirect.com/science/article/pii/S0965174806002049
http://www.sciencedirect.com/science/article/pii/S0965174806002049
http://www.ncbi.nlm.nih.gov/pubmed/19320755
http://www.ncbi.nlm.nih.gov/pubmed/19320755
http://www.ncbi.nlm.nih.gov/pubmed/19320755
http://www.ncbi.nlm.nih.gov/pubmed/20650005
http://www.ncbi.nlm.nih.gov/pubmed/20650005
http://www.ncbi.nlm.nih.gov/pubmed/20650005
http://www.ncbi.nlm.nih.gov/pubmed/17437641
http://www.ncbi.nlm.nih.gov/pubmed/17437641
http://www.ncbi.nlm.nih.gov/pubmed/17437641
http://www.ncbi.nlm.nih.gov/pubmed/16539713
http://www.ncbi.nlm.nih.gov/pubmed/16539713
http://www.ncbi.nlm.nih.gov/pubmed/16539713
http://www.ncbi.nlm.nih.gov/pubmed/17244545
http://www.ncbi.nlm.nih.gov/pubmed/17244545
http://www.ncbi.nlm.nih.gov/pubmed/17244545
http://www.ncbi.nlm.nih.gov/pubmed/16835022
http://www.ncbi.nlm.nih.gov/pubmed/16835022
http://www.ncbi.nlm.nih.gov/pubmed/16835022

Gardinassi LG

Austin Publishing Group

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

Calvo E, Pham VM, Marinotti O, Andersen JF, Ribeiro JM. The salivary
gland transcriptome of the neotropical malaria vector Anopheles darlingi
reveals accelerated evolution of genes relevant to hematophagy. BMC
Genomics. 2009; 10: 57.

Calvo E, Sanchez-Vargas |, Favreau AJ, Barbian KD, Pham VM, Olson KE,
et al. An insight into the sialotranscriptome of the West Nile mosquito vector,
Culex tarsalis. BMC Genomics. 2010; 11: 51.

Francischetti IMB, Anderson JM, Manoukis N, Pham VM, Ribeiro JM. An
insight into the sialotranscriptome and proteome of the coarse bontlegged
tick, Hyalomma marginatum rufipes. J Proteomics. 2011; 74: 2892-2908.

Francischetti IMB, Mans BJ, Meng Z, Gudderra N, Veenstra TD, Pham VM,
et al. An insight into the sialome of the soft tick, Ornithodorus parkeri. Insect
Biochem Mol Biol. 2008 ; 38: 1-21.

Nakajima C, da Silva Vaz |, Imamura S, Konnai S, Ohashi K, Onuma M.
Random sequencing of cDNA library derived from partially-fed adult female
Haemaphysalis longicornis salivary gland. J Vet Med Sci Jpn Soc Vet Sci.
2005; 67: 1127-1131.

Ramalho-Ortigdo M, Jochim RC, Anderson JM, Lawyer PG, Pham V-M,
Kamhawi S, et al. Exploring the midgut transcriptome of Phlebotomus
papatasi: comparative analysis of expression profiles of sugar-fed, blood-
fed and Leishmania-major-infected sandflies. BMC Genomics. 2007; 8: 300.

Ribeiro JM, Alarcon-Chaidez F, Francischetti IMB, Mans BJ, Mather TN,
Valenzuela JG, et al. An annotated catalog of salivary gland transcripts from
Ixodes scapularis ticks. Insect Biochem Mol Biol. 2006; 36: 111-129.

Ribeiro JM, Assumpgéo TCF, Ma D, Alvarenga PH, Pham VM, Andersen JF,
et al. An insight into the sialotranscriptome of the cat flea, Ctenocephalides
felis. PloS One. 2012; 7: e44612.

Santos IKF de M, Valenzuela JG, Ribeiro JMC, de Castro M, Costa JN,
Costa AM, et al. Gene discovery in Boophilus microplus, the cattle tick: the
transcriptomes of ovaries, salivary glands, and hemocytes. Ann N Y Acad
Sci. 2004 ; 1026: 242-246.

Dostélova A, Votypka J, Favreau AJ, Barbian KD, Volf P, Valenzuela JG, et
al. The midgut transcriptome of Phlebotomus (Larroussius) perniciosus, a
vector of Leishmania infantum: comparison of sugar fed and blood fed sand
flies. BMC Genomics. 2011; 12: 223.

Assumpcao TCF, Ribeiro JM, Francischetti IMB. Disintegrins from
Hematophagous Sources. Toxins. 2012; 4: 296-322.

Aljamali MN, Ramakrishnan VG, Weng H, Tucker JS, Sauer JR, Essenberg
RC. Microarray analysis of gene expression changes in feeding female and
male lone star ticks, Amblyomma americanum (L). Arch Insect Biochem
Physiol. 2009; 71: 236-253.

Ingham VA, Jones CM, Pignatelli P, Balabanidou V, Vontas J, Wagstaff SC,
et al. Dissecting the organ specificity of insecticide resistance candidate
genes in Anopheles gambiae: known and novel candidate genes. BMC
Genomics. 2014; 15: 1018.

McNally KL, Mitzel DN, Anderson JM, Ribeiro JM, Valenzuela JG, Myers
TG, et al. Differential salivary gland transcript expression profile in Ixodes
scapularis nymphs upon feeding or flavivirus infection. Ticks Tick-Borne Dis.
2012; 3: 18-26.

Saldivar L, Guerrero FD, Miller RJ, Bendele KG, Gondro C, Brayton KA.
Microarray analysis of acaricide-inducible gene expression in the southern
cattle tick, Rhipicephalus (Boophilus) microplus. Insect Mol Biol. 2008; 17:
597-606.

Stutzer C, van Zyl WA, Olivier NA, Richards S, Maritz-Olivier C. Gene
expression profiling of adult female tissues in feeding Rhipicephalus
microplus cattle ticks. Int J Parasitol. 2013; 43: 541-554.

Waisberg M, Molina-Cruz A, Mizurini DM, Gera N, Sousa BC, Ma D, et al.
Plasmodium falciparum infection induces expression of a mosquito salivary
protein (Agaphelin) that targets neutrophil function and inhibits thrombosis
without impairing hemostasis. PLoS Pathog. 2014 ; 10: e1004338.

Ribeiro JMC, Genta FA, Sorgine MHF, Logullo R, Mesquita RD, Paiva-Silva
GO, et al. An Insight into the Transcriptome of the Digestive Tract of the

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Bloodsucking Bug, Rhodnius prolixus. PLoS Negl Trop Dis. 2014; 8: €2594.

Marchant A, Mougel F, Almeida C, Jacquin-Joly E, Costa J, Harry M. De
novo transcriptome assembly for a non-model species, the blood-sucking
bug Triatoma brasiliensis, a vector of Chagas disease. Genetica. 2014 .

Karim S, Singh P, Ribeiro JM. A Deep Insight into the Sialotranscriptome of
the Gulf Coast Tick, Amblyomma maculatum. PLoS ONE [Internet]. 2011;
6: €28525.

Garcia GR, Gardinassi LG, Ribeiro JM, Anatriello E, Ferreira BR, Moreira
HNS, et al. The sialotranscriptome of Amblyomma triste, Amblyomma
parvum and Amblyomma cajennense ticks, uncovered by 454-based RNA-
seq. Parasit Vectors. 2014; 7: 430.

Schwarz A, von Reumont BM, Erhart J, Chagas AC, Ribeiro JM, Kotsyfakis
M. De novo Ixodes ricinus salivary gland transcriptome analysis using two
next-generation sequencing methodologies. FASEB J Off Publ Fed Am Soc
Exp Biol. 2013; 27: 4745—-4756.

Padrén A, Molina-Cruz A, Quinones M, Ribeiro JM, Ramphul U, Rodrigues
J, et al. In depth annotation of the Anopheles gambiae mosquito midgut
transcriptome. BMC Genomics. 2014; 15: 636.

Chen B, Zhang Y-J, He Z, Li W, Si F, Tang Y, et al. De novo transcriptome
sequencing and sequence analysis of the malaria vector Anopheles sinensis
(Diptera: Culicidae). Parasit Vectors. 2014; 7: 314.

Chagas AC, Calvo E, Rios-Velasquez CM, Pessoa FAC, Medeiros JF,
Ribeiro JM. A deep insight into the sialotranscriptome of the mosquito,
Psorophora albipes. BMC Genomics. 2013; 14: 875.

Akbari OS, Antoshechkin I, Amrhein H, Williams B, Diloreto R, Sandler J,
et al. The developmental transcriptome of the mosquito Aedes aegypti, an
invasive species and major arbovirus vector. G3 Bethesda Md. 2013; 3:
1493-1509.

Choi Y-J, Aliota MT, Mayhew GF, Erickson SM, Christensen BM. Dual RNA-
seq of parasite and host reveals gene expression dynamics during filarial
worm-mosquito interactions. PLoS Negl Trop Dis. 2014; 8: €2905.

Esquivel CJ, Cassone BJ, Piermarini PM. Transcriptomic evidence for a
dramatic functional transition of the malpighian tubules after a blood meal
in the Asian tiger mosquito Aedes albopictus. PLoS Negl Trop Dis. 2014;
8: 2929.

Mamidala P, Wijeratne AJ, Wijeratne S, Kornacker K, Sudhamalla B, Rivera-
Vega LJ, et al. RNA-Seq and molecular docking reveal multi-level pesticide
resistance in the bed bug. BMC Genomics. 2012;13: 6.

Pandey A, Mann M. Proteomics to study genes and genomes. Nature. 2000;
405: 837-846.

Patramool S, Choumet V, Surasombatpattana P, Sabatier L, Thomas F,
Thongrungkiat S, et al. Update on the proteomics of major arthropod vectors
of human and animal pathogens. Proteomics. 2012 ;12: 3510-3523.

Amenya DA, Chou W, Li J, Yan G, Gershon PD, James AA, et al. Proteomics
reveals novel components of the Anopheles gambiae eggshell. J Insect
Physiol. 2010; 56: 1414-1419.

Cézares-Raga FE, Chavez-Munguia B, Gonzéalez-Calixto C, Ochoa-Franco
AP, Gawinowicz MA, Rodriguez MH, et al. Morphological and proteomic
characterization of midgut of the malaria vector Anopheles albimanus at
early time after a blood feeding. J Proteomics. 2014; 111: 100-112.

Chaerkady R, Kelkar DS, Muthusamy B, Kandasamy K, Dwivedi SB,
Sahasrabuddhe NA, et al. A proteogenomic analysis of Anopheles gambiae
using high-resolution Fourier transform mass spectrometry. Genome Res.
2011; 21: 1872-1881.

Choumet V, Carmi-Leroy A, Laurent C, Lenormand P, Rousselle J-C,
Namane A, et al. The salivary glands and saliva of Anopheles gambiae as
an essential step in the Plasmodium life cycle: A global proteomic study.
PROTEOMICS. 2007; 7: 3384-3394.

Dwivedi SB, Muthusamy B, Kumar P, Kim M-S, Nirujogi RS, Getnet D, et
al. Brain proteomics of Anopheles gambiae. Omics J Integr Biol. 2014; 18:
421-437.

Submit your Manuseript | www.austinpublishinggroup.com

Austin J Trop Med & Hyg 1(1): id1004 (2015) - Page - 05


http://www.ncbi.nlm.nih.gov/pubmed/19178717
http://www.ncbi.nlm.nih.gov/pubmed/19178717
http://www.ncbi.nlm.nih.gov/pubmed/19178717
http://www.ncbi.nlm.nih.gov/pubmed/19178717
http://www.jourlib.org/paper/232476#.VOQ3WS6k5kQ
http://www.jourlib.org/paper/232476#.VOQ3WS6k5kQ
http://www.jourlib.org/paper/232476#.VOQ3WS6k5kQ
http://www.ncbi.nlm.nih.gov/pubmed/21851864
http://www.ncbi.nlm.nih.gov/pubmed/21851864
http://www.ncbi.nlm.nih.gov/pubmed/21851864
http://www.ncbi.nlm.nih.gov/pubmed/18070662
http://www.ncbi.nlm.nih.gov/pubmed/18070662
http://www.ncbi.nlm.nih.gov/pubmed/18070662
http://www.ncbi.nlm.nih.gov/pubmed/16327224
http://www.ncbi.nlm.nih.gov/pubmed/16327224
http://www.ncbi.nlm.nih.gov/pubmed/16327224
http://www.ncbi.nlm.nih.gov/pubmed/16327224
file:///E:/JOURNALS/Hematology/V2/2.3/I/ww.ncbi.nlm.nih.gov/pubmed/17760985
file:///E:/JOURNALS/Hematology/V2/2.3/I/ww.ncbi.nlm.nih.gov/pubmed/17760985
file:///E:/JOURNALS/Hematology/V2/2.3/I/ww.ncbi.nlm.nih.gov/pubmed/17760985
file:///E:/JOURNALS/Hematology/V2/2.3/I/ww.ncbi.nlm.nih.gov/pubmed/17760985
http://www.ncbi.nlm.nih.gov/pubmed/16431279
http://www.ncbi.nlm.nih.gov/pubmed/16431279
http://www.ncbi.nlm.nih.gov/pubmed/16431279
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0044612
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0044612
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0044612
http://www.ncbi.nlm.nih.gov/pubmed/15604500
http://www.ncbi.nlm.nih.gov/pubmed/15604500
http://www.ncbi.nlm.nih.gov/pubmed/15604500
http://www.ncbi.nlm.nih.gov/pubmed/15604500
http://www.ncbi.nlm.nih.gov/pubmed/21569254
http://www.ncbi.nlm.nih.gov/pubmed/21569254
http://www.ncbi.nlm.nih.gov/pubmed/21569254
http://www.ncbi.nlm.nih.gov/pubmed/21569254
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3386632/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3386632/
http://onlinelibrary.wiley.com/doi/10.1002/arch.20318/abstract
http://onlinelibrary.wiley.com/doi/10.1002/arch.20318/abstract
http://onlinelibrary.wiley.com/doi/10.1002/arch.20318/abstract
http://onlinelibrary.wiley.com/doi/10.1002/arch.20318/abstract
http://www.ncbi.nlm.nih.gov/pubmed/25421852
http://www.ncbi.nlm.nih.gov/pubmed/25421852
http://www.ncbi.nlm.nih.gov/pubmed/25421852
http://www.ncbi.nlm.nih.gov/pubmed/25421852
http://www.ncbi.nlm.nih.gov/pubmed/22309855
http://www.ncbi.nlm.nih.gov/pubmed/22309855
http://www.ncbi.nlm.nih.gov/pubmed/22309855
http://www.ncbi.nlm.nih.gov/pubmed/22309855
http://www.ncbi.nlm.nih.gov/pubmed/18834453
http://www.ncbi.nlm.nih.gov/pubmed/18834453
http://www.ncbi.nlm.nih.gov/pubmed/18834453
http://www.ncbi.nlm.nih.gov/pubmed/18834453
http://www.ncbi.nlm.nih.gov/pubmed/23500075
http://www.ncbi.nlm.nih.gov/pubmed/23500075
http://www.ncbi.nlm.nih.gov/pubmed/23500075
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4161438/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4161438/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4161438/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4161438/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3886914/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3886914/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3886914/
http://www.ncbi.nlm.nih.gov/pubmed/25233990
http://www.ncbi.nlm.nih.gov/pubmed/25233990
http://www.ncbi.nlm.nih.gov/pubmed/25233990
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3244413/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3244413/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3244413/
http://www.ncbi.nlm.nih.gov/pubmed/25201527
http://www.ncbi.nlm.nih.gov/pubmed/25201527
http://www.ncbi.nlm.nih.gov/pubmed/25201527
http://www.ncbi.nlm.nih.gov/pubmed/25201527
http://www.ncbi.nlm.nih.gov/pubmed/23964076
http://www.ncbi.nlm.nih.gov/pubmed/23964076
http://www.ncbi.nlm.nih.gov/pubmed/23964076
http://www.ncbi.nlm.nih.gov/pubmed/23964076
http://www.pubfacts.com/detail/25073905/In-depth-annotation-of-the-Anopheles-gambiae-mosquito-midgut-transcriptome.
http://www.pubfacts.com/detail/25073905/In-depth-annotation-of-the-Anopheles-gambiae-mosquito-midgut-transcriptome.
http://www.pubfacts.com/detail/25073905/In-depth-annotation-of-the-Anopheles-gambiae-mosquito-midgut-transcriptome.
http://www.ncbi.nlm.nih.gov/pubmed/25000941
http://www.ncbi.nlm.nih.gov/pubmed/25000941
http://www.ncbi.nlm.nih.gov/pubmed/25000941
http://link.springer.com/article/10.1186%2F1471-2164-14-875#page-1
http://link.springer.com/article/10.1186%2F1471-2164-14-875#page-1
http://link.springer.com/article/10.1186%2F1471-2164-14-875#page-1
http://www.ncbi.nlm.nih.gov/pubmed/23833213
http://www.ncbi.nlm.nih.gov/pubmed/23833213
http://www.ncbi.nlm.nih.gov/pubmed/23833213
http://www.ncbi.nlm.nih.gov/pubmed/23833213
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4031193/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4031193/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4031193/
http://www.ncbi.nlm.nih.gov/pubmed/24901705
http://www.ncbi.nlm.nih.gov/pubmed/24901705
http://www.ncbi.nlm.nih.gov/pubmed/24901705
http://www.ncbi.nlm.nih.gov/pubmed/24901705
http://www.ncbi.nlm.nih.gov/pubmed/22226239
http://www.ncbi.nlm.nih.gov/pubmed/22226239
http://www.ncbi.nlm.nih.gov/pubmed/22226239
http://www.ncbi.nlm.nih.gov/pubmed/10866210
http://www.ncbi.nlm.nih.gov/pubmed/10866210
http://www.ncbi.nlm.nih.gov/pubmed/23077092
http://www.ncbi.nlm.nih.gov/pubmed/23077092
http://www.ncbi.nlm.nih.gov/pubmed/23077092
http://www.ncbi.nlm.nih.gov/pubmed/20433845
http://www.ncbi.nlm.nih.gov/pubmed/20433845
http://www.ncbi.nlm.nih.gov/pubmed/20433845
http://www.ncbi.nlm.nih.gov/pubmed/25132141
http://www.ncbi.nlm.nih.gov/pubmed/25132141
http://www.ncbi.nlm.nih.gov/pubmed/25132141
http://www.ncbi.nlm.nih.gov/pubmed/25132141
http://www.ncbi.nlm.nih.gov/pubmed/21795387
http://www.ncbi.nlm.nih.gov/pubmed/21795387
http://www.ncbi.nlm.nih.gov/pubmed/21795387
http://www.ncbi.nlm.nih.gov/pubmed/21795387
http://www.ncbi.nlm.nih.gov/pubmed/17849406
http://www.ncbi.nlm.nih.gov/pubmed/17849406
http://www.ncbi.nlm.nih.gov/pubmed/17849406
http://www.ncbi.nlm.nih.gov/pubmed/17849406
http://www.ncbi.nlm.nih.gov/pubmed/24937107
http://www.ncbi.nlm.nih.gov/pubmed/24937107
http://www.ncbi.nlm.nih.gov/pubmed/24937107

Gardinassi LG

Austin Publishing Group

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Fontaine A, Fusai T, Briolant S, Buffet S, Villard C, Baudelet E, et al.
Anopheles salivary gland proteomes from major malaria vectors. BMC
Genomics. 2012; 13: 614.

He N, Botelho JM, McNall RJ, Belozerov V, Augustine Dunn W, Mize T, et
al. Proteomic analysis of cast cuticles from Anopheles gambiae by tandem
mass spectrometry. Insect Biochem Mol Biol. 2007; 37: 135-146.

Kalume DE, Okulate M, Zhong J, Reddy R, Suresh S, Deshpande N, et
al. A proteomic analysis of salivary glands of female Anopheles gambiae
mosquito. PROTEOMICS. 2005; 5: 3765-3777.

Lefevre T, Thomas F, Schwartz A, Levashina E, Blandin S, Brizard J-P, et al.
Malaria Plasmodium agent induces alteration in the head proteome of their
Anopheles mosquito host. Proteomics. 2007; 7: 1908-1915.

Mastrobuoni G, Qiao H, lovinella I, Sagona S, Niccolini A, Boscaro F, et al. A
proteomic investigation of soluble olfactory proteins in Anopheles gambiae.
PloS One. 2013; 8: €75162.

Sor-suwan S, Jariyapan N, Roytrakul S, Paemanee A, Phumee A,
Phattanawiboon B, et al. Identification of Salivary Gland Proteins Depleted
after Blood Feeding in the Malaria Vector Anopheles campestris-like
Mosquitoes (Diptera: Culicidae). PLoS ONE. 2014; 9: €90809.

Almeras L, Fontaine A, Belghazi M, Bourdon S, Boucomont-Chapeaublanc
E, Orlandi-Pradines E, et al. Salivary gland protein repertoire from Aedes
aegypti mosquitoes. Vector Borne Zoonotic Dis Larchmt N. 2010;10: 391—
402.

Boes KE, Ribeiro JM, Wong A, Harrington LC, Wolfner MF, Sirot LK.
Identification and characterization of seminal fluid proteins in the Asian tiger
mosquito, Aedes albopictus. PLoS Negl Trop Dis. 2014; 8: e2946.

Hugo LE, Monkman J, Dave KA, Wockner LF, Birrell GW, Norris EL, et al.
Proteomic biomarkers for ageing the mosquito Aedes aegypti to determine
risk of pathogen transmission. PloS One. 2013; 8: e58656.

Marinotti O, Ngo T, Kojin BB, Chou S-P, Nguyen B, Juhn J, et al. Integrated
proteomic and transcriptomic analysis of the Aedes aegypti eggshell. BMC
Dev Biol. 2014; 14: 15.

Popova-Butler A, Dean DH. Proteomic analysis of the mosquito Aedes
aegypti midgut brush border membrane vesicles. J Insect Physiol. 2009; 55:
264-272.

Saboia-Vahia L, Borges-Veloso A, Cuervo P, Junqueira M, Mesquita-
Rodrigues C, Britto C, et al. Protein expression in the midgut of sugar-fed
Aedes albopictus females. Parasit Vectors. 2012; 5: 290.

Sirot LK, Hardstone MC, Helinski MEH, Ribeiro JM, Kimura M,
Deewatthanawong P, et al. Towards a semen proteome of the dengue
vector mosquito: protein identification and potential functions. PLoS Negl
Trop Dis. 2011; 5: e989.

Tchankouo-Nguetcheu S, Bourguet E, Lenormand P, Rousselle J-C,
Namane A, Choumet V. Infection by chikungunya virus modulates the
expression of several proteins in Aedes aegypti salivary glands. Parasit
Vectors. 2012; 5: 264.

Wasinpiyamongkol L, Patramool S, Luplertlop N, Surasombatpattana P,
Doucoure S, Mouchet F, et al. Blood-feeding and immunogenic Aedes
aegypti saliva proteins. Proteomics. 2010; 10: 1906-1916.

Djegbe |, Cornelie S, Rossignol M, Demettre E, Seveno M, Remoue F,
et al. Differential expression of salivary proteins between susceptible and
insecticide-resistant mosquitoes of Culex quinquefasciatus. PloS One. 2011;
6: e17496.

Ribeiro JM, Charlab R, Pham VM, Garfield M, Valenzuela JG. An insight into
the salivary transcriptome and proteome of the adult female mosquito Culex
pipiens quinquefasciatus. Insect Biochem Mol Biol. 2004; 34: 543-563.

Cotté V, Sabatier L, Schnell G, Carmi-Leroy A, Rousselle J-C, Arsene-
Ploetze F, et al. Differential expression of Ixodes ricinus salivary gland
proteins in the presence of the Borrelia burgdorferi sensu lato complex. J
Proteomics. 2014; 96: 29-43.

Diaz-Martin V, Manzano-Roman R, Valero L, Oleaga A, Encinas-Grandes A,

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Pérez-Sanchez R. An insight into the proteome of the saliva of the argasid
tick Ornithodoros moubata reveals important differences in saliva protein
composition between the sexes. J Proteomics. 2013; 80: 216-235.

Francischetti IMB, Anderson JM, Manoukis N, Pham VM, Ribeiro JMC. An
insight into the sialotranscriptome and proteome of the coarse bontlegged
tick, Hyalomma marginatum rufipes. J Proteomics. 2011;74: 2892—-2908.

Francischetti IMB, Mans BJ, Meng Z, Gudderra N, Veenstra TD, Pham VM,
et al. An insight into the sialome of the soft tick, Ornithodorus parkeri. Insect
Biochem Mol Biol. 2008 ; 38: 1-21.

Francischetti IMB, Meng Z, Mans BJ, Gudderra N, Hall M, Veenstra TD, et
al. An insight into the salivary transcriptome and proteome of the soft tick and
vector of epizootic bovine abortion, Ornithodoros coriaceus. J Proteomics.
2008; 71: 493-512.

Mans BJ, Andersen JF, Francischetti IMB, Valenzuela JG, Schwan TG,
Pham VM, et al. Comparative sialomics between hard and soft ticks:
Implications for the evolution of blood-feeding behavior. Insect Biochem Mol
Biol. 2008; 38: 42-58.

Oleaga A, Escudero-Poblacion A, Camafeita E, Pérez-Sanchez R. A
proteomic approach to the identification of salivary proteins from the argasid
ticks Ornithodoros moubata and Ornithodoros erraticus. Insect Biochem Mol
Biol. 2007; 37: 1149-1159.

Popara M, Villar M, Mateos-Hernandez L, Fernandez de Mera. Proteomics
Approach to the Study of Cattle Tick Adaptation to White Tailed Deer.
BioMed Res Int. 2013; €319812.

Schwarz A, Tenzer S, Hackenberg M, Erhart J, Gerhold-Ay A, Mazur J, et
al. A systems level analysis reveals transcriptomic and proteomic complexity
in ixodes ricinus midgut and salivary glands during early attachment and
feeding. Mol Cell Proteomics MCP. 2014; 13: 2725-2735.

Sonenshine DE, Bissinger BW, Egekwu N, Donohue KV, Khalil SM, Roe
RM. First transcriptome of the testis-vas deferens-male accessory gland
and proteome of the spermatophore from Dermacentor variabilis (Acari:
Ixodidae). PloS One. 2011; 6: e24711.

Villar M, Popara M, Ayllén N, Fernandez de Mera IG, Mateos-Hernandez
L, Galindo RC, et al. A systems biology approach to the characterization
of stress response in Dermacentor reticulatus tick unfed larvae. PloS One.
2014; 9: e89564.

Villar M, Popara M, Mangold AJ, de la Fuente J. Comparative proteomics for
the characterization of the most relevant Amblyomma tick species as vectors
of zoonotic pathogens worldwide. J Proteomics. 2014; 105: 204-216.

Assumpcéo TCF, Eaton DP, Pham VM, Francischetti IMB, Aoki V, Hans-Filho
G, et al. An Insight into the Sialotranscriptome of Triatoma matogrossensis,
a Kissing Bug Associated with Fogo Selvagem in South America. Am J Trop
Med Hyg. 2012; 86: 1005-1014.

Bussacos ACM, Nakayasu ES, Hecht MM, Assumpgdo TCF, Parente
JA, Soares CMA, et al. Redundancy of proteins in the salivary glands of
Panstrongylus megistus secures prolonged procurement for blood meals. J
Proteomics. 2011; 74: 1693-1700.

Costa CM, Sousa MV, Ricart CAO, Santana JM, Teixeira ARL, Roepstorff
P, et al. 2-DE-based proteomic investigation of the saliva of the Amazonian
triatomine vectors of Chagas disease: Rhodnius brethesi and Rhodnius
robustus. J Proteomics. 2011; 74: 1652-1663.

Sterkel M, Urlaub H, Rivera-Pomar R, Ons S. Functional Proteomics
of Neuropeptidome Dynamics during the Feeding Process of Rhodnius
prolixus. J Proteome Res. 2011; 10: 3363-3371.

De Moura TR, Oliveira F, Carneiro MW, Miranda JC, Claréncio J, Barral-
Netto M, et al. Functional transcriptomics of wild-caught Lutzomyia
intermedia salivary glands: identification of a protective salivary protein
against Leishmania braziliensis infection. PLoS Negl Trop Dis. 2013; 7:
€2242.

Dvorak V, Halada P, Hlavackova K, Dokianakis E, Antoniou M, Volf P.
Identification of phlebotomine sand flies (Diptera: Psychodidae) by matrix-
assisted laser desorption/ionization time of flight mass spectrometry. Parasit
Vectors. 2014; 7: 21.

Submit your Manuseript | www.austinpublishinggroup.com

Austin J Trop Med & Hyg 1(1): id1004 (2015) - Page - 06


http://link.springer.com/article/10.1186%2F1471-2164-13-614#page-1
http://link.springer.com/article/10.1186%2F1471-2164-13-614#page-1
http://link.springer.com/article/10.1186%2F1471-2164-13-614#page-1
http://www.ncbi.nlm.nih.gov/pubmed/17244542
http://www.ncbi.nlm.nih.gov/pubmed/17244542
http://www.ncbi.nlm.nih.gov/pubmed/17244542
http://www.ncbi.nlm.nih.gov/pubmed/16127729
http://www.ncbi.nlm.nih.gov/pubmed/16127729
http://www.ncbi.nlm.nih.gov/pubmed/16127729
http://www.ncbi.nlm.nih.gov/pubmed/17464940
http://www.ncbi.nlm.nih.gov/pubmed/17464940
http://www.ncbi.nlm.nih.gov/pubmed/17464940
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3839933/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3839933/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3839933/
http://www.ncbi.nlm.nih.gov/pubmed/24599352
http://www.ncbi.nlm.nih.gov/pubmed/24599352
http://www.ncbi.nlm.nih.gov/pubmed/24599352
http://www.ncbi.nlm.nih.gov/pubmed/24599352
http://www.ncbi.nlm.nih.gov/pubmed/19877808
http://www.ncbi.nlm.nih.gov/pubmed/19877808
http://www.ncbi.nlm.nih.gov/pubmed/19877808
http://www.ncbi.nlm.nih.gov/pubmed/19877808
http://www.ncbi.nlm.nih.gov/pubmed/24945155
http://www.ncbi.nlm.nih.gov/pubmed/24945155
http://www.ncbi.nlm.nih.gov/pubmed/24945155
http://www.ncbi.nlm.nih.gov/pubmed/23536806
http://www.ncbi.nlm.nih.gov/pubmed/23536806
http://www.ncbi.nlm.nih.gov/pubmed/23536806
https://escholarship.org/uc/item/8wt7830r
https://escholarship.org/uc/item/8wt7830r
https://escholarship.org/uc/item/8wt7830r
http://www.ncbi.nlm.nih.gov/pubmed/19133270
http://www.ncbi.nlm.nih.gov/pubmed/19133270
http://www.ncbi.nlm.nih.gov/pubmed/19133270
http://www.ncbi.nlm.nih.gov/pubmed/23232105
http://www.ncbi.nlm.nih.gov/pubmed/23232105
http://www.ncbi.nlm.nih.gov/pubmed/23232105
http://www.ncbi.nlm.nih.gov/pubmed/21423647
http://www.ncbi.nlm.nih.gov/pubmed/21423647
http://www.ncbi.nlm.nih.gov/pubmed/21423647
http://www.ncbi.nlm.nih.gov/pubmed/21423647
http://www.ncbi.nlm.nih.gov/pubmed/23153178
http://www.ncbi.nlm.nih.gov/pubmed/23153178
http://www.ncbi.nlm.nih.gov/pubmed/23153178
http://www.ncbi.nlm.nih.gov/pubmed/23153178
http://www.ncbi.nlm.nih.gov/pubmed/19882664
http://www.ncbi.nlm.nih.gov/pubmed/19882664
http://www.ncbi.nlm.nih.gov/pubmed/19882664
http://www.ncbi.nlm.nih.gov/pubmed/21448269
http://www.ncbi.nlm.nih.gov/pubmed/21448269
http://www.ncbi.nlm.nih.gov/pubmed/21448269
http://www.ncbi.nlm.nih.gov/pubmed/21448269
http://www.ncbi.nlm.nih.gov/pubmed/15147756
http://www.ncbi.nlm.nih.gov/pubmed/15147756
http://www.ncbi.nlm.nih.gov/pubmed/15147756
http://www.ncbi.nlm.nih.gov/pubmed/24189444
http://www.ncbi.nlm.nih.gov/pubmed/24189444
http://www.ncbi.nlm.nih.gov/pubmed/24189444
http://www.ncbi.nlm.nih.gov/pubmed/24189444
http://www.ncbi.nlm.nih.gov/pubmed/23416086
http://www.ncbi.nlm.nih.gov/pubmed/23416086
http://www.ncbi.nlm.nih.gov/pubmed/23416086
http://www.ncbi.nlm.nih.gov/pubmed/23416086
http://www.ncbi.nlm.nih.gov/pubmed/21851864
http://www.ncbi.nlm.nih.gov/pubmed/21851864
http://www.ncbi.nlm.nih.gov/pubmed/21851864
http://www.ncbi.nlm.nih.gov/pubmed/18070662
http://www.ncbi.nlm.nih.gov/pubmed/18070662
http://www.ncbi.nlm.nih.gov/pubmed/18070662
http://www.ncbi.nlm.nih.gov/pubmed/18725333
http://www.ncbi.nlm.nih.gov/pubmed/18725333
http://www.ncbi.nlm.nih.gov/pubmed/18725333
http://www.ncbi.nlm.nih.gov/pubmed/18725333
http://www.ncbi.nlm.nih.gov/pubmed/18070664
http://www.ncbi.nlm.nih.gov/pubmed/18070664
http://www.ncbi.nlm.nih.gov/pubmed/18070664
http://www.ncbi.nlm.nih.gov/pubmed/18070664
http://www.ncbi.nlm.nih.gov/pubmed/17916501
http://www.ncbi.nlm.nih.gov/pubmed/17916501
http://www.ncbi.nlm.nih.gov/pubmed/17916501
http://www.ncbi.nlm.nih.gov/pubmed/17916501
http://www.hindawi.com/journals/bmri/2013/319812/
http://www.hindawi.com/journals/bmri/2013/319812/
http://www.hindawi.com/journals/bmri/2013/319812/
http://www.ncbi.nlm.nih.gov/pubmed/25048707
http://www.ncbi.nlm.nih.gov/pubmed/25048707
http://www.ncbi.nlm.nih.gov/pubmed/25048707
http://www.ncbi.nlm.nih.gov/pubmed/25048707
http://www.ncbi.nlm.nih.gov/pubmed/21949745
http://www.ncbi.nlm.nih.gov/pubmed/21949745
http://www.ncbi.nlm.nih.gov/pubmed/21949745
http://www.ncbi.nlm.nih.gov/pubmed/21949745
http://www.ncbi.nlm.nih.gov/pubmed/24586875
http://www.ncbi.nlm.nih.gov/pubmed/24586875
http://www.ncbi.nlm.nih.gov/pubmed/24586875
http://www.ncbi.nlm.nih.gov/pubmed/24586875
http://www.ncbi.nlm.nih.gov/pubmed/24382551
http://www.ncbi.nlm.nih.gov/pubmed/24382551
http://www.ncbi.nlm.nih.gov/pubmed/24382551
http://www.ncbi.nlm.nih.gov/pubmed/22665609
http://www.ncbi.nlm.nih.gov/pubmed/22665609
http://www.ncbi.nlm.nih.gov/pubmed/22665609
http://www.ncbi.nlm.nih.gov/pubmed/22665609
http://www.ncbi.nlm.nih.gov/pubmed/21601023
http://www.ncbi.nlm.nih.gov/pubmed/21601023
http://www.ncbi.nlm.nih.gov/pubmed/21601023
http://www.ncbi.nlm.nih.gov/pubmed/21601023
http://www.ncbi.nlm.nih.gov/pubmed/21362504
http://www.ncbi.nlm.nih.gov/pubmed/21362504
http://www.ncbi.nlm.nih.gov/pubmed/21362504
http://www.ncbi.nlm.nih.gov/pubmed/21362504
http://www.ncbi.nlm.nih.gov/pubmed/21699238
http://www.ncbi.nlm.nih.gov/pubmed/21699238
http://www.ncbi.nlm.nih.gov/pubmed/21699238
http://www.ncbi.nlm.nih.gov/pubmed/23717705
http://www.ncbi.nlm.nih.gov/pubmed/23717705
http://www.ncbi.nlm.nih.gov/pubmed/23717705
http://www.ncbi.nlm.nih.gov/pubmed/23717705
http://www.ncbi.nlm.nih.gov/pubmed/23717705
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3896986/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3896986/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3896986/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3896986/

Gardinassi LG

Austin Publishing Group

99. Gonzalez-Caballero N, Rodriguez-Vega A, Dias-Lopes G, Valenzuela
JG, Ribeiro JMC, Carvalho PC, et al. Expression of the mevalonate
pathway enzymes in the Lutzomyia longipalpis (Diptera: Psychodidae) sex
pheromone gland demonstrated by an integrated proteomic approach. J
Proteomics. 2014; 96: 117-1132.

100.Hostomska J, Volfova V, Mu J, Garfield M, Rohousova I, Volf P, et al.
Analysis of salivary transcripts and antigens of the sand fly Phlebotomus
arabicus. BMC Genomics. 2009; 10: 282.

101.Martin-Martin 1, Molina R, Jiménez M. An insight into the Phlebotomus
perniciosus saliva by a proteomic approach. Acta Trop. 2012; 123: 22-30.

102.Rohousova |, Subrahmanyam S, Volfova V, Mu J, Volf P, Valenzuela JG,
et al. Salivary gland transcriptomes and proteomes of Phlebotomus tobbi
and Phlebotomus sergenti, vectors of leishmaniasis. PLoS Negl Trop Dis.
2012; 6: e1660.

103.Andersen JF, Hinnebusch BJ, Lucas DA, Conrads TP, Veenstra TD, Pham
VM, et al. An insight into the sialome of the oriental rat flea, Xenopsylla
cheopis (Rots). BMC Genomics. 2007; 8: 102.

104.Yssouf A, Socolovschi C, Leulmi H, Kernif T, Bitam |, Audoly G, et al.
Identification of flea species using MALDI-TOF/MS. Comp Immunol
Microbiol Infect Dis. 2014; 37: 153-157.

105.Kaufmann C, Ziegler D, Schaffner F, Carpenter S, Pfliiger V, Mathis A.
Evaluation of matrix-assisted laser desorption/ionization time of flight mass
spectrometry for characterization of Culicoides nubeculosus biting midges.
Med Vet Entomol. 2011; 25: 32-38.

106.Lehiy CJ, Drolet BS. The salivary secretome of the biting midge, Culicoides
sonorensis. PeerJ. 2014; 2: e426.

107.Andersen JF, Pham VM, Meng Z, Champagne DE, Ribeiro JM. Insight into
the Sialome of the Black Fly, Simulium vittatum. J Proteome Res. 2009; 8:
1474-1488.

108.Rankin NJ, Preiss D, Welsh P, Burgess KEV, Nelson SM, Lawlor DA, et al.
The emergence of proton nuclear magnetic resonance metabolomics in the
cardiovascular arena as viewed from a clinical perspective. Atherosclerosis.
2014; 237: 287-300.

109.Antunes LCM, Han J, Pan J, Moreira CJC, Azambuja P, Borchers CH, et al.
Metabolic signatures of triatomine vectors of Trypanosoma cruzi unveiled by
metabolomics. PloS One. 2013; 8: e77283.

110. Wainszelbaum MJ, Belaunzaran ML, Lammel EM, Florin-Christensen M,
Florin-Christensen J, Isola ELD. Free fatty acids induce cell differentiation
to infective forms in Trypanosoma cruzi. Biochem J. 2003; 375: 705-712.

Austin J Trop Med & Hyg - Volume 1 Issue 1 - 2015
ISSN: 2472-3681 | www.austinpublishinggroup.com
Gardinassi et al. © All rights are reserved

Citation:

2015;1(1): 1004.

Garcia GR, Maruyama SR, Malardo T, Zangirolamo AF and Gardinassi LG. The Biology of
Hematophagous Arthropods Addressed by Molecular High-Throughput Approaches. Austin J Trop Med & Hyg.

Submit your Manuscript | www.austinpublishinggroup.com

Austin J Trop Med & Hyg 1(1): id1004 (2015) - Page - 07


http://www.ncbi.nlm.nih.gov/pubmed/24185139
http://www.ncbi.nlm.nih.gov/pubmed/24185139
http://www.ncbi.nlm.nih.gov/pubmed/24185139
http://www.ncbi.nlm.nih.gov/pubmed/24185139
http://www.ncbi.nlm.nih.gov/pubmed/24185139
http://link.springer.com/article/10.1186%2F1471-2164-10-282#page-1
http://link.springer.com/article/10.1186%2F1471-2164-10-282#page-1
http://link.springer.com/article/10.1186%2F1471-2164-10-282#page-1
http://www.ncbi.nlm.nih.gov/pubmed/22445778
http://www.ncbi.nlm.nih.gov/pubmed/22445778
http://www.ncbi.nlm.nih.gov/pubmed/22629480
http://www.ncbi.nlm.nih.gov/pubmed/22629480
http://www.ncbi.nlm.nih.gov/pubmed/22629480
http://www.ncbi.nlm.nih.gov/pubmed/22629480
http://www.jourlib.org/paper/233891#.VOVhEC6k5kQ
http://www.jourlib.org/paper/233891#.VOVhEC6k5kQ
http://www.jourlib.org/paper/233891#.VOVhEC6k5kQ
http://www.ncbi.nlm.nih.gov/pubmed/24878069
http://www.ncbi.nlm.nih.gov/pubmed/24878069
http://www.ncbi.nlm.nih.gov/pubmed/24878069
http://www.ncbi.nlm.nih.gov/pubmed/21118284
http://www.ncbi.nlm.nih.gov/pubmed/21118284
http://www.ncbi.nlm.nih.gov/pubmed/21118284
http://www.ncbi.nlm.nih.gov/pubmed/21118284
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4060021/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4060021/
http://www.ncbi.nlm.nih.gov/pubmed/19166301
http://www.ncbi.nlm.nih.gov/pubmed/19166301
http://www.ncbi.nlm.nih.gov/pubmed/19166301
http://www.ncbi.nlm.nih.gov/pubmed/25299963
http://www.ncbi.nlm.nih.gov/pubmed/25299963
http://www.ncbi.nlm.nih.gov/pubmed/25299963
http://www.ncbi.nlm.nih.gov/pubmed/25299963
http://www.ncbi.nlm.nih.gov/pubmed/24204787
http://www.ncbi.nlm.nih.gov/pubmed/24204787
http://www.ncbi.nlm.nih.gov/pubmed/24204787
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1223715/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1223715/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1223715/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1223715/

	Title
	Abstract
	Abbreviations
	Introduction
	Genomics
	Transcriptomics
	Expressed sequence tags
	Microarrays
	RNA sequencing 
	Proteomics
	Metabolomics

	Conclusion
	Acknowledgement
	References
	Table 1
	Table 2

