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ABSTRACT 

 Malaria kills millions of people across the globe and measures to control this disease are 

not simple and definite. While anti-malarial effector genes have been identified and successfully 

engineered into the human malaria vector, Anopheles mosquitoes, a mechanism to drive these 

genes through wild Anopheles populations is needed. This study utilizes and assesses the 

Hztransib transposable element from Helicoverpazea as a potential candidate for the genetic 

drive mechanism. Specifically, this study tries to determine whether Hztransib is capable of 

duplicating and remobilizing the effector within the germ line of the Anopheles mosquitoes. To 

do that a helper line of DsRed representing Transib transgenic line is crossed with the 

ECFP/EYFP donor line. The progeny from this cross (G1 progeny) is examined for the eye 

expression of ECFP, EYFP and DsRed.  Positive DsRed/ECFP/EYFP are then mated with wild-

type mosquitoes and a large sample of individual progeny (G2 progeny) is screened for the 

expression of DsRed, EYFP and ECFP markers to determine the transpositional activity from 

Hztransib. The results from G2 progeny screens showed only Mendelian crossings suggesting 

that Hztransib might have been silenced or not sufficiently activated in the mosquito germ line. 
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INTRODUCTION 

 Malaria affects hundreds of people across the globe and kills over one million annually 

(1). The disease results from the multiplication of Plasmodium parasites within red blood cells 

which can cause symptoms of severe fever and headache. Preventing the development of the 

Plasmodium parasite in the obligate mosquito vector offers a novel means of blocking 

transmission and controlling malaria (2). The anti-malarial effector genes have been identified 

and genetically engineered into Anopheles mosquitoes to render them resistant to malaria (3). 

While considerable progress has recently been made in lowering vectorial capacity by 

introducing new genes into the mosquito germ line, little is known about how such genes could 

be introduced into the wild field populations (4). In other words, a mechanism for driving the 

effector genes through wild mosquito populations and increasing the inheritance rate of 

refractory genes is urgently needed. To successfully drive refractory genes to high frequency or 

fixation in wild populations, a gene drive must possess the capacity to increase its copy number 

and remobilize in the mosquito genome within the germ line tissue (5). One mechanism that 

could accomplish this is to utilize the transposable element, Hztransib which is a mobile genetic 

element (6). Since the transposable element’s job is to change its relative position within the 

genome by a “cut and paste” mechanism, it is a potential gene driving mechanism where this 

enzyme can excise, duplicate and remobilize the target genes within the germ line of Anopheles 

mosquitoes (7). This thesis project will assess the suitability of the transposable element, 

Hztransib as a potential gene drive mechanism for driving anti-malarial effector genes through 

wild mosquito populations. 
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METHODOLOGY 

Anopheles Mosquitoes 

 Mosquitoes were maintained at 37 °C and 70% Relative Humidity with 16:8 Day/Night. 

They were given 10% dextrose for maintenance. Human blood was provided for reproduction via 

a membrane feeding system. 

 

Eye Color Mutants 

Selectable markers are required to identify the transformants. The enhanced green 

fluorescent protein (EGFP) from the jellyfish has been used extensively as a transformation 

marker (8). EGFP is also readily detectable and suitable for use in a wide range of organisms. 

There are two distinguishable mutants of EGFP; a blue mutant variant, ECFP and a yellow 

mutant, EYFP that can be used as independent selectable markers (9). A fourth fluorescent 

marker, DsRed is completely separable from ECFP, EYFP and EGFP and is a highly efficient 

selectable marker for use in insect transgenesis (10). To assess the function of Hztransib in the 

Anopheles mosquitoes, these mosquitoes are engineered with an enhanced eye color fluorescent 

protein. Genetic cross between the helper line, Hztransib line which has a genetic marker of 

DsRed and the donor line of both ECFP and EYFP will bring the transposase protein together. 

Mosquitoes having both genes will have both blue and red fluorescent eyes when examined 

under the appropriate filters of the microscope. Figure 1 represents the diagram of how genes are 

constructed for the helper and donor lines. Figure 1A shows that the Transib helper construct, 

encoding the Transib transposase, will be stably integrated into the Ae. aegypti genome using the 

piggyBac transposable element.  Expression of the Transib transposase will be driven by the 

Drosophila hsp70 promoter.  The DsRed fluorescent marker will be expressed in the eyes and 
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nervous system using the 3XP3 promoter.  Figure 1B shows that the Transib donor construct, 

containing the EYFP fluorescent maker flanked by the Transib inverted terminal repeats, will be 

stably transformed into a second Ae. aegypti line using piggyBac.  The fluorescent marker ECFP 

will be used to identify this line. Figure 1C shows that the pBac helper plasmid, phsp-pBac, will 

provide the piggyBac transposase necessary to insert these constructs into the mosquito’s 

genome. 

 

 

Figure 1. Diagram of the Hztransib and piggyBac helper and donor constructs used for germline 

transformation An. stephensi.  

 

Rearing and Crossing Protocol 

 To determine the function of the Hztrasib in the Anopheles mosquitoes, the rate of 

excision, duplication and remobilization is to be determined. To do that, a helper line of DsRed 

representing Transib transgenic line is crossed with the ECFP/EYFP donor line. After crossing, 

the G1 progeny were examined for the eye expression of both EGFP and DsRed. When EGFP is 

expressed, it is suggested that both ECFP and EYFP are present. Individuals of pupae expressing 

both markers are heat shocked at 39 °C for an hour in a small plastic container in a hot water 

bath. Individuals of adult expressing both markers are heat shocked in the incubator at 37 °C for 

pBacL 3xP3 DsRed hsp70 Transib transposase pBacR

pBacL 3xP3 ECFP Transib L pBacR

hsp70 piggyBac transposase

A

B

C

EYFP Transib R3xP3
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an hour. These heat shocked adults that express all positives of ECFP/EYFP/DsRed are then 

mated with wild-type mosquitoes and a large sample of individual progeny (G2 progeny) is 

screened for the expression of DsRed, EYFP and ECFP markers. If no duplication, excision, and 

remobilization events of the Hztransib-EYFP donor element happen in the germ line tissues, the 

experimental crosses will, just like the control crosses, follow the Mendelian genetics of two loci, 

producing only four eye marker phenotypes; DsRed+/ECFP+/EYFP+, DsRed+/ECFP-/EYFP-, 

DsRed-/ECFP+/EYFP+ and DsRed-/ECFP-/EYFP-. ECFP and EYFP are tightly linked and thus 

behave as a single locus which suggests that there is no function of transposase seen in the germ 

line. But, if there is duplication, excision, and remobilization of the Hztransib-EYFP donor 

element, the ECFP and EYFP markers can become unlinked, resulting in up to four non-

Mendelian eye marker phenotypes in addition to the four Mendelian phenotypes. The possible 

excision, duplication, or remobilization events controlling each of the eight eye marker 

phenotypes are summarized in Table 1 under the Results section. Figure 2 represents the 

summarized overview of which line to cross and all possible genotypes expected from the 

crosses. 
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Figure 2. Genetic screening for post-integration excision, replication, and remobilization events of 

the Hztransib-EYFP donor element.  After a minimum of 5 generations’ outcrossing with wild 

population to reduce founder effects, the pBac[3xP3-DsRed]-hsp70-Transib transgenic (helper) line will 

be crossed with the pBac[3xP3-ECFP]-TsITR-3xP3-EYFP (donor) line. G1 individuals bearing the three 

markers (dsRed/ECFP-EYFP) will be heterozygous for both the helper construct (pBac[3xP3-DsRed]-

hsp70-Transib) and the donor (pBac[3xP3-ECFP]-TsITR-3xP3-EYFP) constructs and will be crossed 

with wild populations. If the Hztransib-EYFP donor element in the donor construct remains inactive in 

the germline of those G1 individuals, there will be only four eye marker phenotypes (see the bottom left 

of the figure). Assuming there is no significant fitness cost for the two transgenes, each of the four eye 

marker phenotypes will be approximately 25% of the total G2 individuals. If Hztransib-EYFP will excise, 

duplicate, and remobilize in those G1 individuals, there will be four more possible eye marker phenotypes 

(see the bottom right of the figure) in the G2 progeny. The two blue boxes represent individuals with the 

Hztransib-EYFP being excised out from the original insertion site, whereas the two yellow/red boxes 

represent individuals with the excised intact Hztransib-EYFP being inserted into novel loci. Based on the 

number of the four additional phenotypes, the frequency of excision and remobilization can be estimated. 

Note: symbols “+” and “-“ indicate having or not having the corresponding marker, respectively. 
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RESULTS 

 All positive DsRed/ECFP/EYFP lines are out-crossed with the wild-type mosquitoes for 

seven generations to minimize the founder effects. This is because each transgenic line originates 

from a single mosquito, thus it is likely that significant deleterious founder effects will occur, 

even if the transgene is not inserted into a deleterious position. In other words, founder effects 

should continue to go down as the lines will be continuously out-crossed with the wild-type 

populations over time. Table 1 summarized the eight possible eye marker phenotypes in the G2 

progeny. First four phenotypes are results of Mendelian crossing where ECFP and EYFP are 

tightly linked and thus behave as a single locus which suggests that there is no function of 

transposase seen in the germ line. The latter four shows that there is duplication, excision, or 

remobilization of the Hztransib-EYFP donor element where the ECFP and EYFP markers can 

become unlinked due to “cut and paste mechanism” of transposase. Collaborators in Dr. 

Xianchun Li’s lab confirmed that the Hztransib transposase transcript was expressed in all 

tissues and that in somatic tissue mobilization of the EYFP marker occurred. This verifies that 

the Hztransib transposase is active, at least in somatic tissue. 

 

Table 1.  Genotypes underlying the eight eye marker phenotypes in the G2 progeny 

1 DsRed+/ECFP+/EYFP+ 

2 DsRed-/ECFP+/EYFP+ 

3 DsRed+/ECFP-/EYFP- 

4 DsRed-/ECFP-/EYFP- 

5 DsRed+/ECFP+/EYFP- 

6 DsRed-/ECFP+/EYFP- 

7 DsRed+/ECFP-/EYFP- 

8 DsRed-/ECFP-/EYFP- 
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 After the seven generations of crossing between the positive DsRed/ECFP/EYFP and the 

wild-type mosquitoes, the results and the description of G2 progeny are organized in Table 2. 

Clearly, it is easy to notice that there is none of EYFP or ECFP alone mosquitoes. This suggests 

that all the G2 progeny’s eye phenotypes are limited to the first four options from Table 1. The 

grand total numbers of G2 progeny screened is 9138 and the percentage of 

DsRed+/ECFP+/EYFP+ out of all screened is 48.2% and 51.7% for DsRed-/ECFP-/EYFP- 

which is close to the expected outcome of 50% to 50% percentage distribution between positive 

and negative groups. 

 

Table 2. Summary data of G2 progeny 

Generation YFP only CFP only CFP/YFP None * Total 

1 0 0 931 1031 1962 

2 0 0 849 827 1676 

3 0 0 565 646 1211 

4 0 0 644 738 1382 

5 0 0 116 136 252 

6 0 0 461 455 916 

7 0 0 845 894 1739 

TOTAL 0 0 4411 4727 9138 

* None = DsRed-/ECFP-/EYFP- 
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DISCUSSION 

 To determine the gene drive potential of the Hztransib, I used fluorescent eye markers to 

detect excision and insertion of the transgene. Individuals expressing ECFP only, EYFP only, or 

both ECFP and EYFP are of particular interest in this study. Individuals expressing ECFP but not 

EYFP (#5 and #6 from Table 1) demonstrate that the Hztransib-EYFP donor element jumped 

from the original construct at the initial insertion site with no gap repair or with incomplete gap 

repair (thus no functional EYFP). In other words, Hztransib-EYFP is excised out but not 

replicated at the initial insertion site. Individuals expressing EYFP but not ECFP (#7 and #8 from 

Table 1) indicate that the excised EYFP is actually inserted into other loci, which represent 

successful remobilization events which this study ideally wanted to observe to confirm the 

function of Hztransib. Presence of EYFP only individuals or ECFP/EYFP individuals markedly 

beyond the expected Mendelian inheritance rate would have suggested that Hztransib is a 

sutiable drive mechanism. Individuals expressing both ECFP and EYFP (#1 and #2 from Table 1) 

represent three possible genotypes: original construct at the initial insertion site, the original 

construct with the Hztransib-EYFP donor being excised out and then being gap-repaired at the 

initial site or the original construct with the Hztransib-EYFP donor inserted in new loci. This 

study suggests that Hztransib may not be the best potential gene drive mechanism which can 

drive good anti-malaria effector genes in the wild-type mosquitoes. The next future direction of 

this study is to focus on identifying the possible silencing mechanism in germ tissue. The 

Hztransib might have been silenced or not fully activated to do its job by unknown mechanism.  

So, studying and identifying the possible reasons or mechanisms behind why Hztransib couldn’t 

work as proposed in the Anopheles mosquitoes is next step. 
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