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Vector-borne diseases are the most feared diseases throughout the world. Mosquitoes are the prime human disease 

vectors as they are responsible for nearly one million human deaths every year. So they are declared as the most dangerous 

insects to mankind. Aedes aegypti and Ae. albopictus are the most significant mosquito species, because of their role in 

transmitting dengue virus. These blood feeding ectoparasites of man and other vertebrates have developed excellent 

adaptations to survive and multiply in and around human habitations. Chemical-based mosquito control method does not 

give good results due to rapid development of pesticide resistance in mosquitoes. The past four decades have witnessed the 

development of several alternate mosquito control methods. Genetic control technologies have been recently developed as 

efficient and ecofriendly methods. Inundate release of genetically modified mosquitoes with lethal or pathogen-resistant 

genes for population reduction is a recent technology in mosquito control programme. Recent developments in molecular 

and genome editing technologies have made it easy to produce thousands of transgenic mosquitoes for field release. The 

present review highlights various scientific reports and research findings on gene silencing and gene drive techniques in 

dengue mosquito control. 
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Introduction 
Mosquitoes are the most harmful public health 

pests in the world as they are vectors of several 

dreadful diseases, viz. dengue, dengue haemorrhagic 

fever, malaria, West Nile fever, brain fever, and 

Yellow fever. In 2015, malaria alone caused 4,38,000 

human deaths globally
1
. Dengue is also a fearful 

mosquito-borne disease, which causes over 20,000 

deaths worldwide every year
2
. Some diseases like 

chikungunya, zika fever, and filariasis lead to physical 

damages and economic losses. Every year, incidences 

of dengue and other mosquito-borne disease are 

increasing due to climate change, globalization and 

viral evolution
2
.  

A total of 3,540 mosquito species grouped under 

two subfamilies and 112 genera have been 

documented throughout the world
3
. Indian mosquito 

fauna consists of 393 species, 49 genera, and 41 

subgenera
4
. The world mosquito fauna includes 950 

species of Aedes, out of which nearly 115 species of 

Aedes are reported from India
5
. Aedes aegypti and Ae. 

albopictus are the two major dengue vector 

mosquitoes widely distributed in India. Dengue fever 

virus (DENV) is spread by Ae. aegypti and Ae. 

albopictus. Every year, 390 million people are infected 

by DENV throughout the world
6
. Some species of the 

genus Aedes, including Ae. aegypti also transmit zika 

virus, the outbreak of which has been recently reported 

in Brazil. Dengue virus has spread into a wide 

geographical area in the world and its vector has spread 

into new areas. In 2012, the World Health Organization 

announced dengue as the “most important mosquito-

borne viral disease in the world”
7-10

. In India, 18 states 

have been identified as endemic to dengue
11

. 
 

Till date, there is no antiviral drug or vaccine to 

combat DENV
12

. The two common ways of 

preventing mosquito-borne diseases are mosquito 

eradication and personal protection from mosquito 

bites. Insecticide application is the most effective way 

of mosquito eradication. Mosquitoes are developing 

resistance to many synthetic insecticides
13 

more 

quickly than any other pests. So they are not easily 

controlled by insecticide application. Natural 

mosquito larvicides obtained from plant extracts and 

plant compounds
14-21

, synthetic plant compounds
22

, 

Actinomycetes
23-25

, and marine sponge
26,27 

have been 

reported as ecofriendly mosquito management 

products. Use of Bacillus thuringiensis israelensis 
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(Bti) for dengue vector control has been reviewed
28

 by 

Boyce et al. 

Apart from natural pesticides, many other 

ecofriendly approaches have been researched for 

dengue mosquito control. 
 

Wolbachia-based dengue vector control 
Wolbachia, the gram negative bacteria are 

endosymbionts found in many insect species 

including some mosquito species. These bacteria pass 

down from one generation to the next through the 

eggs. This bacterium reduces the ability of Aedes 

mosquitoes to become infected with dengue virus. 

Wolbachia do not naturally infect dengue and malaria 

vector mosquitoes
29,30

. So Wolbachia are deliberately 

introduced into Aedes mosquitoes for the eradication 

of mosquito population. Many investigators have 

reported the use of Wolbachia bacteria in shortening 

the lifespan of vector mosquitoes. Dengue virus needs 

a definite period of development inside mosquitoes 

called extrinsic incubation period (EIP) before they 

are transmitted to a human host
31

. The EIP is long 

relative to the normal longevity of adult mosquito and 

so the pathogen transmission is more commonly done 

by older mosquitoes
32-35

. Hence, shortening of the 

vector mosquito lifespan will lead to the reduction of 

its vectorial capacity
36

. 

Xi et al. seeded an uninfected Ae. aegypti 

population with Wolbachia (wAlbB) through infected 

females and found that wAlbB caused high rates of 

cytoplasmic incompatibility in Ae. aegypti
29

. The 

laboratory studies by McMeniman et al.
33

 also clearly 

showed that Wolbachia infection reduced adult life 

span in Ae. aegypti up to 50 %.  
 

Genetic control methods 
Ae. aegypti genome project has identified 15,419 

gene models by using expressed sequence tags and 

gene structure information collected from other 

dipteran insects
37

. Genetic control methods aim either 

to destroy vector mosquitoes or to prevent the virus 

replication inside mosquitoes by inactivating the 

mosquito genes which support virus replication. 

Alphey et al. have reviewed different genetic control 

methods including sterile insect technique (SIT) and 

gene drive systems used in Aedes mosquito control
38

. 

SIT is a genetic control strategy, which is basically a 

population suppression method. It is a species specific 

and ecofriendly approach
39,40

. Sterilization of male 

mosquitoes by means of radiation or chemosterilants 

for field release is the basic requirement in SIT 

technique. The wild female mosquitoes that are mated 

with sterilized males will lay eggs, but the egg 

hatching or development of hatched larvae is arrested 

leading to population decline. In SIT technique, the 

separation of male mosquitoes is a difficult task. 

Moreover, the mating capability of sterilized males is 

affected because the radiation treatment damages the 

somatic cells of male insects
41

, which necessitates 

release of more numbers of sterilized male 

mosquitoes
42

. 

Recent developments in molecular engineering 

have made it possible to eradicate mosquitoes or to 

restrict the pathogen carrying capacity of vector 

mosquitoes by genetic control methods. RNA 

interference and gene drive systems are postulated as 

important genetic methods applicable to dengue 

mosquito control.  
 

RNA interference method of dengue mosquito control 

RNA interference (RNAi) is a novel genetic 

control method, which can be utilized to eradicate 

dengue mosquitoes by knockdown of essential 

mosquito genes. RNAi–mediated gene silencing is 

achieved by the introduction of double-stranded RNA 

(dsRNA). The introduced dsRNA will silence the 

translation of target mRNA in a sequence-specific 

manner. Vector competence in Ae. aegypti to DENV 

is a natural phenomenon and marked differences in 

VC is found among Ae. aegypti populations. RNAi is 

a natural process and a major antiviral innate immune 

pathway in mosquitoes for antagonizing the 

arboviruses
43-46

. In RNAi-mediated gene silencing, 

either the target mRNA is degraded or the translation 

is inhibited. Whyard et al. observed that 37 genes 

were expressed in the testes of Ae. aegypti, of which 6 

genes were found expressed in both testes and 

ovaries
47

. They silenced the testis genes and female 

sex determination gene by delivering dsRNA through 

oral feeding of larvae, which resulted in the arrest of 

sperm production and male-biased population. 
 

siRNA-based interference 

Small interfering RNAs (siRNA) are important 

components in RNAi process. They are short dsRNAs 

with 20-25 bp resulting from the cleavage of dsRNAs. 

Essential mosquito genes responsible for normal 

growth, development, reproduction, and other 

physiological processes of mosquitoes are the 

important targets of siRNA. Some earlier reports on 

RNAi-based Aedes control are presented in Table 1. 

Delivery of dsRNA into mosquito larvae is a 

challenging task; it is achieved by different methods, 
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viz. oral treatment, topical application, and 

microinjection. Microinjection mode of dsRNA 

delivery needs technical skills and is time 

consuming
48

. Oral and topical applications of dsRNA 

are feasible. Microalgae and other microorganisms in 

water are the major food sources for the mosquito 

larvae
49

 and such unicellular organisms can be used as 

vectors for the transfer of dsRNA into mosquito 

larvae. 

Kumar et al. selected the micro algae 

Chlamydomonas reinhardtii as a delivery system for 

dsRNA into mosquito larvae through ingestion to 

silence the 3-hydroxykynurenine transaminase  

(3-HKT), an essential gene of mosquitoes
50

. In the 

study, they developed dsRNA from 328 bp region of 

Anopheles gambiae 3-HKT gene and integrated with 

the chloroplast genome of C. reinhardtii. Maximum 

larval mortality of 53 % was reported in this study 

when transgenic microalgae were eaten by  

An. stephensi larvae.  

Zhang et al. used chitosan nanoparticle as a 

delivery system for siRNA. They targeted two chitin 

synthase genes namely AgCHS1 and AgCHS2 in An. 

gambiae
51

. The results clearly showed that AgCHS1 

transcript level and chitin content in the larvae were 

reduced by 62.8 and 33.8 %, respectively. Kumar  

et al.
52

 investigated the efficacy of oral administration 

of dsRNA through chitosan nanoparticle to suppress 

the expression of wing development gene in Ae. 

aegypti. The oral treatment with dsRNA caused 

abnormal wing growth and down regulated the 

transcription of wing development gene. 

In a recent study, the dsRNA delivery efficiency of 

three types of nanoparticles namely chitosan, carbon 

quantum dot and silica nanoparticles into Ae. aegypti 

was tested to knockdown SNF7 and SRC genes. The 

results clearly showed that carbon quantum dot 

nanoparticles were the most efficient carriers for 

dsRNA to cause silencing of target genes and larval 

mortality
53

. Topical application is also an efficient 

method of delivering dsRNA to inactivate essential 

mosquito genes in Aedes mosquitoes
54

. Silencing of 

the Ae. aegypti inhibitor of apoptosis protein 1 gene 

(AaeIAP1) by topical application of dsRNAs caused 

up to 48 % mortality
54

.  

Though siRNA-based gene knock-down is a rapid 

method, it is a temporary one and not inherited to next 

generation.  

 
miRNA-based interference  

Micro RNAs (miRNAs) are short single-stranded 

RNAs with 20-22 nucleotides formed from the 

processing of noncoding RNAs. They have been 

shown to regulate apoptosis, viral infection, and other 

critical biological events in animals and plants
55-58

. In 

mosquitoes, a large number of miRNAs have been 

reported to exhibit altered profiles during infection 

and regulate the host immune responses
59-63

. Mosquito 

miRNAs can either positively or negatively control 

the host response to pathogen infection. 

Table 1—Different genome editing tools and target genes of vector mosquitoes reported by previous workers 

 

Targeted gene Method used Target mosquito Reference 
    

Testis genes and female sex determination gene RNAi Aedes aegypti 47 

3-hydroxykynurenine transaminase Gene silencing Anopheles stephensi 50 

Chitin synthase genes (AgCHS1&AgCHS2) RNAi Anopheles gambiae 51 

Wing development vestigial gene RNAi Aedes aegypti 52 

SNF7 and SRC RNAi Aedes aegypti 53 

Inhibitor of apoptosis protein 1 gene (AaeIAP1) RNAi Aedes aegypti 54 

miR-1174 miRNA Aedes aegypti, Anopheles gambiae 67 

miR-281 RNA silencing Aedes albopictus 68 

Orco (odorant receptor coreceptor) ZFN Aedes aegypti 75 

miR-275 miRNA Aedes aegypti 75 

AaegGr3 (Ae. aegypti gustatory receptors) ZFN Aedes aegypti 77 

Aaeg-wtrw CRISPR/Cas9 Aedes aegypti 79 

Male determining (nix) genes CRISPR/Cas9 Aedes aegypti 80 

ECFP (Enhanced Cyan Fluorescent Protein gene) CRISPR/Cas9 Aedes aegypti 81 

kmo, loqs, r2d2, ku70, lig4 and nix CRISPR/Cas9 Aedes aegypti 82 

Kmo (kynurenine 3-monoxygenase) gene TALEN Aedes aegypti 85 

v-ATPase, subunit-A gene RNAi Aedes aegypti 92 

axon guidance gene semaphorin-1a (sema1a) Aedes aegypti 

ectoderm-derived AgCHS1 transcripts as well as midgut-specific 

AgCHS2 

RNAi 

RNAi Anopheles gambiae 

 

93 

93 

 

AeCPA-1 (Carboxy Peptidase A-1) RNAi Aedes aegypti 94 
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Wolbachia uses aae-miR-2940 to regulate a 

methyltransferase gene for blocking DENV 

replication
30,64

. The miRNAs, aga-miR-2304,  

aga-miR-2390, and aae-miR-375 are involved in the 

modulation of host immune response in mosquitoes 

and aae-miR-375 enhances DENV-2 infection in an 

Ae. aegypti cell line
65,66

. The mosquito- and  

gut-specific miRNA, miR-1174 is essential for proper 

sugar absorption, fluid excretion, blood intake, egg 

maturation, and survival in female mosquitoes. The 

miR-1174 is very much expressed and localized in the 

posterior midgut, where blood digestion takes place in 

mosquito. The depletion of miR-1174 resulted in 

severe defects in sugar absorption and blood intake. 

Serine hydroxymethyltransferase (SHMT) is a direct 

miR-1174 target and miR-1174 is essential for  

fine-tuning the SHMT transcript to levels necessary 

for normal mosquito gut functions
67

. 

In Ae. albopictus, miR-281 expression was found in 

the midgut and was up-regulated by dengue virus 

infection in the mosquito after 4 days. But the knock-

down or silencing of miR-281 by antagomiRs 

injection into infected mosquitoes down-regulated the 

virus replication
68

. In most of the blood feeding 

mosquito species, the eggs mature only after blood 

meal intake by the females
69

. Blood feeding activates 

the release of neuropeptides from neurosecretory cells, 

which in turn stimulates the ecdysteroid hormone 

production in the ovaries
70-73

. Studies showed that the 

expression of miR8/miR-200 family of miRNAs was 

very high in the fat bodies of female mosquitoes after 

blood meal and miR8 was found to be directly 

regulating a molecule known as ‘swim’ (secreted 

wingless-interacting molecule) in the fat body of 

female mosquitoes; high levels of ‘swim’ is considered 

detrimental to egg development. So the knockdown of 

miR8 leads to abnormal ovarian development
74

. The 

blood meal digestion is also regulated by miRNAs. The 

knockdown of miR275 in female mosquitoes by 

injecting specific antagomiR of miR275 after blood 

meal caused defects in blood digestion, fluid excretion 

and egg development in Ae. aegypti
75

. 
 

Gene drive 
The gene drive systems are designed to enhance the 

inheritance of specific alleles in the vector mosquito 

populations
76

. The developments in genome editing 

technologies help the scientists to make changes in 

the genome of desired organisms. Mass release of 

transgenic Ae. aegypti mosquitoes that carry 

antipathogenic constructs can replace wild-type 

mosquito populations and thus prevent dengue 

epidemics
43

. Previously, some investigators tried to 

generate transgenic mosquitoes using transposon-

based systems and their efforts resulted in some rare 

successes
77-79

; after 10 years of their investigations 

efficient methods for gene transformation were 

developed in mosquitoes
80,81

. In genome editing, the 

genetic code can be modified and gene knockout is 

possible. A double-strand break (DSB) in the 

chromosomes is possible by any one of the three 

common tools namely zinc finger nucleases (ZFN), 

transcription activator-like effector nucleases 

(TALENs), or clustered regularly interspaced 

palindromic repeat associated (CRISPR/Cas) proteins. 
 

ZFN binds on target site of DNA and cleaves at 

desired positions of the genome. It consists of a DNA 

binding domain and nuclease domain. The nuclease 

domain consists of FokI restriction enzyme which 

cleaves the target site of DNA. DeGennaro et al. 

targeted Ae. aegypti odorant receptor coreceptor 

(orco) gene to investigate the role of orco gene in the 

odorant receptor pathway during host identification
82

. 

The study also focused on finding the sensitivity to 

N,N-diethyl-meta-toluamide (DEET). For this 

experiment, initially they injected the designed ZFN 

into Ae. aegypti embryos. The resulted orco mutants 

showed reduced odour-evoked activity than normal 

wild type Ae. aegypti. Liesch et al.
 
used ZFN to 

produce neuropeptide Y-like receptors 1 (npylr1) null 

mutants
83

. In the study, 200 ng/µL designed ZFN and 

850 ng/µL homologous recombination vector was 

injected into Ae. aegypti embryos and it was noticed 

that the host-seeking behavior of npylr1 mutants was 

not inhibited. In another experiment, McMeniman  

et al. used ZFN to mutate Ae. aegypti gustatory 

receptors (AaegGr3) gene by injecting the designed 

ZFNs into Ae. aegypti embryos
84

. AaegGr3 is a 

subunit of the heteromeric CO2 receptor. The 

AaegGr3 mutants produced were found to have 

reduced electrophysiological and behavioral 

responses to CO2. 

Site-specific nucleases namely TALENs and 

CRISPR/Cas9 are considered as important nucleases 

used in genome editing. Gene drive systems based on 

TALENs and CRISPR/Cas9 can spread desirable 

mosquito phenotypes in wild populations. TALENs 

are two component site specific nuclease systems. 

They have been used in genomic editing of many 

different genomes including Ae. aegypti
85

. TALEN 

contains DNA binding domain that consists of 33-34 
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amino acids. There are two variable sites in the 

domain at 12
th
 and 13

th
 amino acids, which recognize 

specific nucleotide in the target genome. Successful 

knockout of kynurenine 3-monoxygenase (kmo) 

gene, which is essential for eye pigmentation in 

insects using TALEN has been reported
85

. Knockout 

of kmo gene resulted in 20-40 % survival in Ae. 

aegypti and nearly 20 % of the survived mosquitoes 

had white eyes. 
 

CRISPR/Cas9 is a flexible tool for making breaks 

in the genomes of wide variety of organisms 

including vector mosquitoes. CRISPR simplifies the 

process of deleting, adding, or modifying genes. 

CRISPR/Cas9 system has been reported as very 

effective genome editing tool to make site-specific 

mutations in Ae. aegypti
86

. The function of the Cas9 

nuclease is to make double stranded break near to 

proto spacer adjacent motif sequence. As of 2014, 

CRISPR/Cas9 had successfully been tested in cells of 

20 species; the edits modified their germline, which 

were found to be inherited. In a study, the male 

determining (Nix) gene was targeted by 

CRISPR/Cas9-mediated gene editing method via 

embryonic microinjection
87

. The resulted mutants 

were feminized genetic males. Dong et al. used the 

CRISPR/Cas9-based gene editing to alter Enhanced 

Cyan Fluorescent Protein (ECFP) gene in Ae. 

aegypti
88

. In this experiment, they used Cas9 enzyme 

and two single guided RNAs (sgRNAs) and targeted 

different regions of ECFP gene. The first generation 

mutants showed 5.5 % knockout efficiency. 

Successful integration of 200-bp single-stranded DNA 

oligodeoxynucleotide (ssODN) donor as a template 

for homology-directed repair was done in Aaeg-wtrw 

locus and mutations were generated using 

CRISPR/Cas9 in Ae. aegypti mosquitoes
86

. Basu et al. 

used CRISPR/Cas9 tool to modify 6 different genes 

namely kmo, loqs, r2d2, ku70, lig4, and nixin in Ae. 

aegypti
89

. In this study, the 40 different sgRNAs 

designed were assessed for their editing potential in 

transient embryo and as a result they achieved 

somatic and germ line mutations in Ae. aegypti 

mosquitoes. 
 

Since genome editing technique by using 

CRISPR/Cas9 system is done at DNA level, it does 

not interfere with the endogenous machinery of cell
90

. 

Off-target effect is a major problem in CRISPR/Cas9 

technique and this problem can be overcome by the 

introduction of mutations in sgRNAs and delivery of 

multiple sgRNAs for a single target
91

. 

Limitations of gene drive 
Gene drive system has some limitations. In many 

cases, gene drive is not reversible and so much care is 

required when organisms with a gene drive are 

released into the environment. Gene drive requires 

many generations to spread through wild mosquito 

populations and may be affected by several factors 

including the survival rate of drive carrying 

mosquitoes, their fitness for mating with wild 

population and gene flow in the natural population. 

Drive-resistant alleles may arise for gene drives. 

Cross-breeding or gene flow may allow a gene drive 

to move outside the target population. Release of gene 

drive mosquitoes in the environment may have 

harmful side effects on other organisms. Further 

studies are needed to overcome these challenges. 
 

Conclusion 
Climate change, global warming, and urbanization 

are supporting the dengue outbreaks in new areas. 

Every year, the number of dengue cases and human 

deaths due to dengue fever is increasing. Hence, 

prevention of dengue virus spread and eradication of 

Aedes mosquitoes are urgent needs throughout the 

world. In addition, non-chemical strategies are need 

of the hour to avoid pesticide resistance development 

in Aedes mosquitoes. RNAi and gene drive systems 

are emerging as promising alternate strategies of 

Aedes mosquito eradication. In India, research in 

these new areas of mosquito control research should 

be intensified. 
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