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1 Summary 

Aedes mosquitoes, namely Aedes albopictus and Ae. aegypti, are competent vectors for several 

arboviruses with substantial public health importance, including dengue, chikungunya, Zika, 

and West Nile viruses, with no effective vaccines or drugs against most of the transmitted 

arboviruses. The control of mosquitoes is challenging and an effective system that could be 

safely and efficiently used against their increasing spread is not available. In addition, resistance 

development against pesticides traditionally used to control Aedes mosquitoes is observed 

worldwide. Modern molecular techniques have enabled the development of new 

environmentally-friendly systems for insect control. One such approach is the use of RNA 

interference (RNAi) triggered by double-stranded RNA (dsRNA). In this work, I focused on 

applying modern molecular techniques to develop efficient sustainable insect control systems. 

In the first study, I optimized a scale-up ready protocol for extraction of bacterially 

produced dsRNA at low cost and good yields. The bacterial cells engineered to synthesize 

dsRNA were efficiently lysed in the early steps of the purification, ensuring no viable bacterial 

cells remaining in the purified dsRNA, which could then be used for several applications in 

insect control and plant protection. In the second study, I explored and discussed the challenges 

of establishing RNAi-mediated gene silencing in Aedes mosquitoes. Here, the versatility of the 

bacterial cells engineered to produce dsRNA and the extraction protocol established in the first 

study were fundamental for the readily production of different sequences of dsRNA on demand. 

The challenges identified in this study highlighted the need for additional research to ensure 

robust RNAi-based methodologies for Aedes control. In the third study, I applied modern 

molecular techniques on a generic approach to advance the concept of neo-classical genetic 

sexing strains (GSS) to support insect control applications based on the sterile insect technique 

(SIT). Specifically, I engineered and investigated the function of a minimal version of the white 

pupae gene in the non-model organism Ceratitis capitata. The pipeline for designing and 

testing the intronless version of the genetic marker described in this study could be extended to 

other species and genetic markers. 

In general, while I developed a protocol for the cost-effective production of dsRNA, I 

also identified barriers to the application of RNAi in Aedes control. Additionally, the results of 

my third research project contribute to the further development of a generic approach for neo-

classical GSS. This approach could improve the efficiency of existing GSS or be expanded to 

species for which GSS are not yet available. 
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1 Zusammenfassung 
Aedes-Mücken, insbesondere Aedes albopictus und Ae. aegypti, sind kompetente Vektoren für 

mehrere Arboviren mit erheblicher Bedeutung für die öffentliche Gesundheit, darunter Dengue, 

Chikungunya-, Zika- und West-Nil-Viren. Gegen die meisten dieser übertragenen Arboviren 

gibt es keine wirksamen Impfstoffe oder Medikamente. Die Bekämpfung von Mücken stellt 

eine Herausforderung dar, da derzeit kein effektives System verfügbar ist, das sicher und 

effizient gegen ihre zunehmende Verbreitung eingesetzt werden könnte. Daneben wird 

weltweit die Entwicklung von Resistenzen gegen traditionell eingesetzte Pestizide zur 

Kontrolle von Aedes-Mücken beobachtet. Modernen molekularen Techniken haben die 

Entwicklung neuer umweltfreundlicher Systeme zur Insektenbekämpfung ermöglicht. Ein 

solcher Ansatz besteht im Einsatz von RNA-Interferenz (RNAi), die durch doppelsträngige 

RNA (dsRNA) ausgelöst wird. In dieser Arbeit habe ich mich darauf konzentriert, moderne 

molekulare Techniken anzuwenden, um effiziente und nachhaltige Systeme zur 

Insektenkontrolle zu entwickeln. 

In der ersten Studie habe ich ein skalierbares Protokoll zur Isolierung von bakteriell 

produzierter dsRNA optimiert, das kostengünstig und ertragreich ist. Die bakteriellen Zellen, 

die zur Synthese von dsRNA veränderte wurden, wurden in den frühen Schritten der Isolierung 

effizient lysiert, sodass keine lebensfähigen bakteriellen Zellen in der isolierten dsRNA 

verbleiben konnten. Diese lässt sich anschließend für verschiedene Anwendungen in der 

Insektenbekämpfung und im Pflanzenschutz verwenden. In der zweiten Studie habe ich die 

Herausforderungen bei der Etablierung einer RNAi-vermittelten Genstilllegung in Aedes-

Mücken untersucht und diskutiert. Dabei erwiesen sich sowohl die Vielseitigkeit der zur 

Produktion von dsRNA konstruierten Bakterienzellen, als auch das in der ersten Studie 

entwickelte Isolierungsprotokoll, als grundlegend für die schnelle und bedarfsorientierte 

Herstellung verschiedener dsRNA-Sequenzen. Die in dieser Studie identifizierten 

Herausforderungen verdeutlichen die Notwendigkeit weiterer Forschung, um robuste RNAi-

basierte Methoden für die Kontrolle von Aedes-Mücken zu gewährleisten. In der dritten Studie 

habe ich moderne molekulare Techniken auf einen generischen Ansatz angewandt, um das 

Konzept der neoklassischen Genetischen Sexing Stämmen (GSS) weiterzuentwickeln und 

damit Anwendungen zur Insektenkontrolle auf Basis der Sterilen-Insekten-Technik (SIT) zu 

unterstützen. Konkret habe ich eine minimale Version des white pupae-Gens im Nicht-

Modellorganismus Ceratitis capitata konstruiert und dessen Funktion untersucht. Der in dieser 

Studie beschriebene Ansatz zur Entwicklung und Testung einer intronlosen Version des 

genetischen Markers könnte auf andere Spezies und genetische Marker übertragen werden. 
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Zusammenfassend habe ich ein Protokoll für die kosteneffiziente Isolierung von dsRNA 

entwickelt und gleichzeitig Barrieren für die Anwendung von RNAi bei der Kontrolle von 

Aedes-Mücken identifiziert. Des Weiteren tragen die Ergebnisse meines dritten 

Forschungsprojekts zur Weiterentwicklung eines generischen Ansatzes für neoklassische GSS 

bei. Dieser Ansatz könnte die Effizienz bestehende GSS verbessern oder auf Spezies 

ausgeweitet werden, für die bisher keine GSS verfügbar sind. 
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2 Introduction 

2.1 Aedes mosquitoes 

Mosquitoes belong to the family Culicidae, within the order Diptera and the suborder 

Nematocera, and comprise over 3,500 species. While most of mosquito species would not 

attract much attention, some few species are intensively studied and monitored due to their 

worldwide spread beyond their original habitats and their role as vector of diseases, posing a 

serious threat to human and animal health (ECDC, 2024c; Hawkes & Hopkins, 2021; WHO, 

2024a; b). Their biology and morphological traits have been reported in detail elsewhere 

(Becker et al, 2020; Das et al, 2024; Hawkes & Hopkins, 2021; Wilkerson et al, 2021). 

Aedes mosquitoes, namely Aedes (Stegomyia) albopictus and Aedes aegypti (Diptera: 

Culicidae), are competent vector for at least 22 arboviruses, with substantial public health 

importance including dengue, chikungunya, and West Nile viruses or dirofilarial worms (Gratz, 

2004; Mitchell, 1991; WHO, 2024a). Chikungunya and dengue infections through local 

transmission have been reported in Europe since 2007 and 2010, respectively. Concomitantly, 

it was shown that local Ae. albopictus populations from Italy, France, and Spain possess vector 

competence for chikungunya, yellow fever and Zika virus, respectively (Amraoui et al, 2016; 

Gutiérrez-López et al, 2019; Lindh et al, 2018; Rezza, 2018; Rezza et al, 2007), including the 

vertical viral transmission in mosquitoes. Data collected until September of 2024 showed local 

transmission of dengue virus in France, Italy and Spain (ECDC, 2024b; Fournet et al, 2023). In 

Brazil, one of the countries with higher rates of notifications, approximately 6.5 million cases 

and more than 5,500 death have been notified in 2024 until October (Saúde, 2024). 

In their life cycle, Aedes mosquitoes go through four different morphological stages: 

from eggs, to aquatic larvae and pupae, and finally, to flying adults. The blood-feeding females 

lay eggs in water bodies or in wet areas in close proximity. The hatched larvae are aquatic and 

survive from filtering particles dispersed in water. After growing through four larval stages, the 

last aquatic stage is a pupa. At this stage, the most morphological changes are apparent with 

fully formed adults eclosing from the pupal cuticle (Figure 1). The development time is 

influenced by environmental conditions, as temperature and food availability, and can take as 

little a one-week from egg to adult. Despite a decrease in hatching rates, eggs of some Aedes 

species are reported to be desiccation resistant and survive for long periods, being viable when 

conditions are again favorable. This ability may specially contribute to the successful 

overwintering and further spread of Aedes mosquitoes in Europe (De Majo et al, 2016; Hawkes 

& Hopkins, 2021; Nicholson et al, 2014; Obholz et al, 2022).  
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Figure 1. Life cycle of Aedes mosquitoes. Adapted from (Hawkes & Hopkins, 2021). 
Created with BioRender.com. 

 
Also known as the Asian tiger mosquito, Ae. albopictus is native to tropical forests of 

South-East Asia but has been identified as an invasive pest worldwide. Similarly, the yellow 

fever mosquito, Ae. aegypti, originally found in tropical Africa, has found its way around the 

globe (Powell et al, 2018). The first record of Ae. albopictus in Europe occurred in Albania in 

1979 (Adhami & Reiter, 1998) and it was found during the following years in Africa, North 

and South America (Aranda et al, 2006; Cornel & Hunt, 1991; Fontenille & Toto, 2001; Hahn 

et al, 2017; Ibáñez-Bernal et al, 1997; Moore & Mitchell, 1997; Schaffner et al, 2004). 

Currently, Ae. albopictus is considered established in several European countries including 

Austria, Belgium, Bulgaria, Croatia, France, Germany, Greece, Hungary, Italy, Malta, Portugal, 

Romania, Slovenia, and Spain. Furthermore, it is considered to have been introduced in Cyprus, 

Czechia, Liechtenstein, the Netherlands, Slovakia and Sweden (ECDC, 2024a). On the other 

hand, Ae. aegypti has been historically reported in Europe in the Mediterranean countries and 

Portugal (ECDC, 2023). Invasion routes have been linked to increased international trade and 

public or private transport (Eritja et al, 2005; Reiter, 1998). 

In Germany, a national program for monitoring the occurrence of mosquitoes is in place 

since 2011, involving also contributions of the population in a citizen science project to track 

the spread of mosquitoes (Pernat et al, 2021; Walther & Kampen, 2017; Werner et al, 2020). 

The first female of Ae. albopictus was detected in the Rhine Valley during the summer of 2011 

(Werner et al, 2012). In 2015, the seasonal occurrence of Ae. albopictus had spread to North 

Rhine-Westphalia, Thuringia, Baden-Württemberg, and Bavaria (Walther et al, 2017), with the 

first mass development of Ae. albopictus in Germany reported in Freiburg (Becker et al, 2017). 

Only one year later, the first evidence of the successful overwintering of the Asian tiger 
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mosquito in Germany was observed in the region of Heidelberg (Pluskota et al, 2016). Last data 

by the end of 2023 indicates established populations in Baden-Württemberg, Rhineland-

Palatinate, North Rhine-Westphalia, Hesse, Bavaria, in Jena (Thuringia), and Berlin (FLI, 

2024). It is likely that Ae. albopictus will spread into all German states in the future, with the 

associated risk of spreading mosquito-borne diseases like dengue, chikungunya, and West Nile 

viruses or dirofilarial worms (Gratz, 2004; Paupy et al, 2009). 

Following the first report of Ae. albopictus in Brazil in 1986, studies on the spatial 

distribution of Brazilian populations of Ae. aegypti and albopictus have indicated a preference 

of Ae. albopictus for areas with high to medium dense vegetation coverage, while Ae. aegypti 

is largely distributed in urban areas (Carvalho et al, 2014; Heinisch et al, 2019; Honório et al, 

2009). Heinisch and colleagues highlighted the possibility of green areas in urban centers work 

as habitats for Ae. albopictus. In addition, contaminated Ae. albopictus could act as a bridge for 

the transmission of pathogens typically circulating in areas of dense vegetation, like the yellow 

fever virus (Carvalho et al, 2014; Couto-Lima et al, 2017; Gratz, 2004). In 2018, the Instituto 

Evandro Chagas (Brazil) reported the occurrence of Ae. albopictus infected with the yellow 

fever virus in Minas Gerais, Brazil (Damasceno-Caldeira et al, 2023). 

The introduction and establishment of Ae. albopictus in several European countries, 

including Germany, associated with its potential to disseminate mosquito-borne diseases, 

highlight the importance of surveillance and control of this highly invasive mosquito. 

Moreover, there are no effective vaccines of broad application or drugs against most of the 

arboviruses transmitted by Aedes mosquitoes (Paupy et al, 2009). 
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2.2 The challenge of controlling mosquitoes 

Despite the awareness of the threat by Aedes mosquitoes, their control is challenging, and an 

effective system that could be safely and efficiently used against the increasing spread of the 

mosquito is not available. Behavioral measures such as the use of repellents and insect screens 

in windows and doors can help to reduce the risk of infectious mosquito bites. However, such 

measures are not effective to control or reduce mosquito populations. Conventionally, mosquito 

control is based on the use of insecticides and on the reduction of breeding sites for egg laying 

and larval development (Paupy et al, 2009).  

Permethrin, diflubenzuron, and lambda-cyhalothrin are classes of insecticides 

commonly used for mosquito control (Muzari et al, 2017; Wymann et al, 2008). As result of a 

global survey with 92 responding countries, the World Health Organization (WHO) estimated 

the use of nearly 6,000 metric tonnes of insecticides for disease vector control in the period 

2010 – 2019 (WHO, 2021). On the other hand, there is still a notable expansion on the 

establishment of disease vectors, e.g., Aedes mosquitoes, into new geographic areas and an 

upward trend on cases of vector-borne diseases (ECDC, 2024a; b; WHO, 2024a; b). 

Resistance development against these chemicals is being observed in field-collected 

Aedes mosquitoes worldwide, including in La Réunion Island (Tantely et al, 2010), Pakistan 

(Khan et al, 2011), Malaysia (Chen et al, 2013), USA (Estep et al, 2018), China (Li et al, 2021), 

and in Brazil (Rahman et al, 2021). In 2011, the Instituto Oswaldo Cruz and Fundação Oswaldo 

Cruz, both linked to the Brazilian Ministry of Health, recommended the interruption of using 

pyrethroids to control Ae. aegypti in Brazil given the kdr (knockdown resistance) mutation 

detected in mosquitoes across the country (FIOCRUZ, 2011). The genetic mutation known to 

confer resistance to permethrin was also reported in Ae. albopictus across Italy and Greece 

(Pichler et al, 2019). 

Science projects involving the population for monitoring the presence of mosquitoes, 

like the Mückenatlas in Germany (Walther & Kampen, 2017) and ZanzaMapp in Italy (Caputo 

et al, 2020), are also relevant for mosquito control. Media presence and citizen science projects 

for mosquito surveillance can increase the community awareness and influence their behavior 

to positively take action to manage mosquitoes’ population, e.g., by eliminating inhouse 

breeding sites for mosquitoes (Braz Sousa et al, 2024; Gubler & Clark, 1996; Pernat et al, 2022). 

Considering the increase in mosquito-borne disease cases, together with the adaptability 

shown by Aedes mosquitoes and their potential for developing insecticide resistance, new 

vector control strategies are needed to enhance the ‘toolbox’ used in mosquito control 

programmes (Achee et al, 2019; Dusfour et al, 2019). Recently, the World Health Organization 
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launched the “Global Arbovirus Initiative: preparing for the next pandemic tackling mosquito-

borne viruses with epidemic and pandemic potential” with focus on viruses transmitted by 

Aedes mosquitoes. In six pillars, strengthening vector control is highlighted to interrupt the 

mosquito-human-mosquito transmission cycle (WHO, 2024a). The vector control of Ae. 

albopictus and Ae. aegypti is also an ongoing concern present in the public health agenda of the 

European Union (EU, 2016). 
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2.3 Modern molecular techniques applied to insect control  

In recent years, modern molecular techniques have been employed to boost and optimize insect 

control. This includes not only the discover of new active substances, but also completely new 

technologies applied to insect control. Among these innovations, RNA interference (RNAi) has 

gained attention for its potential applications in insect control (Christiaens et al, 2020; Fletcher 

et al, 2020; Koo & Palli, 2024; Nitnavare et al, 2021; Ortolá & Daròs, 2024). In parallel, 

advancements in gene editing also offer potential for developing more efficient sex-sorting 

systems for insects in mass-rearing facilities, supporting the cost-effective implementation of 

the sterile insect technique (SIT) (Häcker et al, 2021; Nguyen et al, 2021; Yan et al, 2023). 

 
2.3.1 RNA interference for mosquito control 

RNA interference (RNAi) is an antiviral defense mechanism first discovered in the nematode 

Caenorhabditis elegans that has been harnessed as a molecular technique for gene silencing 

triggered by double-stranded RNA (dsRNA). The post-transcriptional gene silencing can be 

triggered by naturally occurring or user-directed exposure to dsRNA, leading to degradation of 

specific (complementary) gene transcripts. RNAi can be designed to act specifically on target 

genes essential for life and development of the pest. After the dsRNA entered the cell, it is first 

processed into small interfering RNAs (siRNAs), approximately 21 to 23 nucleotides long, and 

one strand of siRNA is loaded into the RNA-induced silencing complex (RISC). The RISC 

localizes complementary messenger RNA (mRNA), promotes its degradation, and, thereof, the 

post-transcriptional gene silencing. While dsRNAs typically consist of longer sequences with 

hundreds of nucleotides, shorter RNA sequences can also be used to trigger RNAi. In this case, 

two complementary strands of approximately 19 to 22 nucleotides are linked by a loop, ranging 

from 4 to 11 nucleotides, to produce a short hairpin RNA (shRNA), which will also be 

processed into siRNAs upon entry in the cell (Fire et al, 1998). 

Regardless of the architecture of the RNA molecule triggering RNAi, this mechanism 

can be used, in the context of pest control application, to specifically silence expression of genes 

essential to life of an insect, causing mortality of the target insect (Burand & Hunter, 2013; Joga 

et al, 2016; Murphy et al, 2016). The species-specific nature of RNAi for pest control highlights 

the environmentally-friendly aspect of this technology (Joga et al, 2016). 

The potential of RNAi for insect pest control is, among other factors, depending on the 

insect species targeted. Multiple studies in different species over the past ten years indicate that 

a major challenge of establishing RNAi for insect control is the dsRNA stability and its uptake 

by the insect (Baum & Roberts, 2014; Bautista et al, 2009; Joga et al, 2016). dsRNA is 
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commonly applied to insects by injection, soaking, or feeding, with only the latter method being 

applicable to pest control. Successful oral application of dsRNA requires that the dsRNA is 

stable on its way to the target. The cellular dsRNA uptake mechanisms in insects have not been 

fully elucidated, but they seem to differ across insect orders and are probably involved in weak 

RNAi effects. While in some insect homologues to essential transmembrane transporters known 

from the RNAi model organism C. elegans seem to be involved, a large-scale study showed 

that the dsRNA uptake in D. melanogaster occurs via endocytosis (Saleh et al, 2006). This latter 

uptake mechanism faces the critical step of endosomal discharge of the dsRNA to reach the 

intracellular RNAi machinery (Varkouhi et al, 2011). The delivery and uptake of stable dsRNA 

into cells is, therefore, a threshold for the efficacy of RNAi (Joga et al, 2016). 

The occurrence of RNases in the saliva and hemolymph as well as an alkaline pH in the 

gut may lead to dsRNA degradation, reducing the uptake by the insect, thus setting a barrier for 

RNAi efficiency (Allen & Walker, 2012; Christiaens et al, 2014). Recently, silencing genes 

expressing endonucleases together with targeting other genes has been investigated to 

potentialize initially low RNAi-based silencing effects observed in Aedes aegypti (Giesbrecht 

et al, 2020), Ostrinia furnacalis (Fan et al, 2021), Ceratitis capitata (Volpe et al, 2024), 

Zeugodacus cucurbitae (Ahmad et al, 2024), Nilaparvata lugens (Gao et al, 2024), and Papilio 

xuthus (Shu et al, 2024). Similarly, the presence of viruses in the hemolymph of some species 

could constrain the RNAi efficiency (Swevers et al, 2013).  

The effect of RNases in the gut and hemolymph of Aedes mosquitoes is not completely 

elucidated. While dsRNA could be partially extracted from mosquitoes after injection (Airs et 

al, 2023) and oral delivery (Coy et al, 2012; Romoli et al, 2024), it was not stable when exposed 

to the gut juice (Figueiredo Prates et al, 2024). Furthermore, the fate of the dsRNA after 

injection or oral delivery is not completely clear. While dsRNA could be traced to homocytes 

and ovaries of injected females, it could not be detected upon oral delivery (Airs et al, 2023). 

In another study, dsRNA could be detected in some gut epithelial cells upon oral delivery, but 

was not followed further (Romoli et al, 2024).  

Nonetheless, several studies reported strong RNAi-induced effects on Aedes mosquitoes 

(Hapairai et al, 2017; Hapairai et al, 2021; Hapairai et al, 2020; Mysore et al, 2014a; Mysore et 

al, 2014b; Mysore et al, 2022; Mysore et al, 2017; Mysore et al, 2019a; Mysore et al, 2019b; 

Mysore et al, 2019c; Mysore et al, 2023; Mysore et al, 2015; Singh et al, 2013; Whyard et al, 

2015). Small siRNAs and shRNAs, as well as long dsRNAs, targeting important genes have 

been reported to trigger RNAi-based responses. The application strategies included soaking of 

larvae in solutions containing the RNAi-trigger, feeding of adult mosquitoes with a mixture of 
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sugar and RNAi-trigger, feeding of larvae with microorganisms expressing the RNAi-trigger, 

and injection of RNAi-trigger into different life stages of Aedes mosquitoes (Munawar et al, 

2020). Encapsulating of RNAi-trigger into nanoparticles has also been tested to increase RNAi-

efficiency in mosquitoes (Das et al, 2015; Dhandapani et al, 2019; Kumar et al, 2016; Zhang et 

al, 2015; Zhang et al, 2010). 

 
2.3.2 Double-stranded RNA production 

Different approaches can be used to obtain dsRNA and these methods have been recently 

reviewed (Guan et al, 2021; Hough et al, 2022). DsRNA can be produced via in vitro 

transcription with different commercially available kits, mostly based on the bacteriophage T7 

RNA polymerase, providing high quality transcribed dsRNA. However, such kits are costly, 

hampering future research and application of RNAi-based strategies. With the advances in gene 

editing, engineering bacterial and yeast cells to produce dsRNA became an alternative to 

produce dsRNA (Hough et al, 2022). 

Since its manipulation to silence expression of RNase III and further insertion of an 

inducible T7-based system for production of dsRNA (Takiff et al, 1989; Timmons et al, 2001), 

E. coli bacterial cells HT115 (DE3) have been broadly used for dsRNA production (Lau et al, 

2014; Taracena et al, 2019; Tenllado et al, 2003; Timmons et al, 2001). While the price for 

dsRNA synthesis has dropped strongly nowadays, with predicted production costs advertised 

as low as 1 USD/g using a proprietary cell-free methodology (www.greenlightbiosciences.com, 

accessed on 27 October 2024), the versality of engineered HT115 (DE3) E. coli cells for dsRNA 

production allows scientists to readily adjust dsRNA sequences according to experimental 

requirements or applications. Having a reliable and cost-effective protocol for extraction of 

dsRNA from large HT115 (DE3) culture volumes would further broaden the usability of this 

bacterially produced dsRNA in larger laboratory applications, such as high-throughput 

screening of potential target genes for RNAi in different species. 

Although the application of bacterial crude extracts to trigger RNAi has been 

investigated (Lau et al, 2015; Lau et al, 2014; Tenllado et al, 2003; Timmons et al, 2001), a 

further purification process is required to obtain purer dsRNA, free of other bacterial nucleic 

acids and proteins. Besides avoiding potential immune responses due to the presence of 

bacterial cells (Li et al, 2019), the further purification of bacterially produced dsRNA is also 

relevant for legislation issues regulating the application of dsRNA-based products (De Schutter 

et al, 2022). 
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Several methods have been described for dsRNA extraction from bacterial cells (Ahn 

et al, 2019; Ongvarrasopone et al, 2007; Papić et al, 2018; Posiri et al, 2013; Solis et al, 2009; 

Verdonckt & Vanden Broeck, 2022). Despite the high yields and good quality of dsRNA 

extracted using phenol/guanidine-based protocol (Ongvarrasopone et al, 2007), the use of 

commercially available solutions of phenol/guanidine, like the costly TRIzolTM (Invitrogen) 

and QIAzol® (QIAGEN), drives up the costs for medium to large scale experiments. 

Undoubtedly, these costs pose an economic issue, especially for large laboratory set ups.  

 

2.3.3 Neo-classical genetic sexing strains 

Genetic sexing strains (GSS) are a proven valuable tool for sex sorting in insect mass-rearing 

facilities, allowing sex separation of insects for use in sterile insect technique (SIT)-based 

applications. The SIT is an environment-friendly technique used for species-specific and area-

wide management of insects. The initial idea of the SIT is dated from the 1930s and 40s, and it 

has ever since benefited from scientific advances in different aspects of its concept and practical 

knowledge from field applications for several insect species (Bourtzis & Vreysen, 2021; Gilles 

et al, 2014; Klassen et al, 2021). 

The SIT is based on mass rearing of the target insect, followed by its sterilization and 

release into a defined area. Sterile males mate with wild females, leading to no offspring, thus 

gradually reducing the insect population in the treated area. Successful SIT application can lead 

to a considerable suppression or even local eradication of an existing insect pest (Gilles et al, 

2014; Klassen et al, 2021). In the case of disease vectors, like Aedes mosquitoes, it could 

effectively control outbreaks of diseases transmitted by the blood-feeding females. 

A key element for SIT programmes is, among other factors, the so-called sexing, i.e., 

an effective sex separation in the mass rearing facilities to enable male-only releases. Although 

bisexual release has been conducted, e.g., to control lepidopteran pests (Marec & Vreysen, 

2019), the SIT efficiency can be improved by male-only releases, as it avoids mating between 

the sterile males with the co-released sterile females instead of the wild females in the field. In 

addition, females of agricultural pests could still damage fruits by laying infertile eggs. 

Ruptured fruit tissues could facilitate the spread of phytopathogenic pests, leading to fungi and 

bacterial infections (Machota et al, 2016), besides the potential impact on fruit appearance and 

consumer perception. Furthermore, ensuring the biological safety of SIT programmes is crucial, 

especially when targeting disease-vectors of public health concern, like some mosquito species, 

as even sterile female mosquitoes remain capable of biting and transmitting diseases. 
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Nonetheless, sorting females out of the rearing process as early as possible reduces the rearing 

costs, therefore increasing the cost-effectiveness of SIT (Gilles et al, 2014; Parker et al, 2021). 

Sex sorting of insects in mass rearing facilities can be achieved by using GSS. 

Classically, a GSS requires two components, i) a selectable mutated marker that allows sex 

separation or elimination of females at the earliest possible stage, and ii) linkage of the wild-

type (WT) allele of this marker to the male sex. A well-known and successfully used example 

of a GSS for SIT is the VIENNA-8 strain, developed in Ceratitis capitata, the Mediterranean 

fruit fly (medfly) (Augustinos et al, 2017; Franz et al, 2021; Franz et al, 1994). This GSS carries 

two selectable markers, the white pupae (wp-) and the temperature-sensitive lethal (tsl-) 

mutations. These mutations were initially not sex-linked, but the wild-type alleles for both 

mutations were translocated onto the Y chromosome using irradiation. Thus, a separation 

system is possible where female flies, homozygous for both mutations, emerge from white 

pupae and are sensitive to high temperatures. In contrast, heterozygous male flies emerge from 

brown pupae and are not affected by the same high temperatures as females. Typically, female 

embryos do not survive a treatment at 34°C for 24 h, while males are unaffected (Franz et al, 

2021). 

The development of GSS strains has been highly time-consuming and luck-dependent. 

For instance, the wp- phenotype, based on natural mutations, was found by chance in the medfly, 

in the melon fruit fly (Zeugodacus cucurbitae), and in the oriental fruit fly (Bactrocera 

dorsalis). In contrast, it could not be found in many other insect species of economic and public 

health importance. Furthermore, GSS based on irradiation-induced translocation of the WT 

alleles onto the Y chromosome are semi-sterile and mass rearing may produce recombinants, 

which could compromise the GSS in mass rearing facilities (Cáceres et al, 2023; Franz et al, 

2021). Sex separation of Ae. aegypti based on naturally occurring size difference between male 

and female pupae is currently possible at large scale (Klassen et al, 2021). However, these size-

based methods are not operationally effective for other mosquito species and prone to variations 

according to the diet used in the rearing (Gilles et al, 2014; Kavran et al, 2022). In sum, the 

current sex sorting of mosquitoes based on size difference is laborious and lacks efficiency 

(Gilles et al, 2014; Kavran et al, 2022; Klassen et al, 2021). The development of general tools 

for faster development of GSS remains a necessity for boosting and expanding SIT to other 

insect species (Bourtzis & Vreysen, 2021). 

The discovery of selectable genetic markers, e.g., the genetic basis of the wp- phenotype 

in medfly (Ward et al, 2021), together with modern molecular techniques, opened up new 

pathways to support and improve the efficiency of SIT as a sustainable control system for 



 15 

insects (Bourtzis & Vreysen, 2021; Häcker et al, 2021; Ward et al, 2021; Yan et al, 2023). One 

of these possibilities is the use of modern molecular techniques to engineer new GSS, the so-

called neo-classical GSS. In this approach, the WT allele of the genetic marker is inserted, e.g., 

via CRISPR-mediated gene editing, into the Y chromosome – or close to the male-determining 

factor - of a mutated strain (Figure 2). This insertion leads to sex separation as observed in the 

classical GSS, but avoids the issues observed from the irradiation-based translocations. Ideally, 

the genetic marker produces a phenotype suitable for efficient sorting in mass rearing facilities, 

either by morphological differences, e.g., body color (Ward et al, 2021), or by conditional 

response to conditions that can be included in the rearing process, e.g., a temperature-sensitive 

phenotype (Sollazzo et al, 2024). 

 

 
Figure 2. Schematic of male individuals of a GSS generated through classical methods with Y-
autosome translocations induced by irradiation compared to the neo-classical GSS based on 
precise editing of the Y-chromosome. Y+: Y-chromosome edited with insertion of the wild type 
allele of the genetic marker. Basic structure of GSS carrying Y-autosome translocation induced 
by irradiation adapted from (Franz et al, 2021). Partially created with BioRender.com. 
 
A general pipeline could be established to develop neo-classical GSS. The first step involves 

identifying potential genetic markers. This may be accomplished through genetic analysis of 

naturally occurring mutations or by analysis of genetic markers already identified in similar 

species. Subsequently, in vivo validation of the identified marker is required. This step includes 

recreating the observed mutant phenotype through editing of the proposed genetic marker, as 

well as testing the capacity of the wild-type (WT) allele to restore, i.e., to rescue, the WT 

phenotype by introducing the WT allele of the genetic marker into the genome of a mutated 

strain of the species. Once the genetic marker’s function and its rescue are confirmed, the next 

phase involves the precise insertion of the WT allele into the Y chromosome or near the male-
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determining factor in a mutant strain. This strategy would achieve sex separation as males carry 

the WT allele, while females express only the mutant phenotype (Figure 3). 

 
Figure 3. Main pillars to develop neo-classical GSS based on precise editing of the Y-
chromosome or male-specific region. Y+: Y-chromosome edited with insertion of the wild type 
allele of the genetic marker. Created with BioRender.com. 
 

In medfly, the maleness-on-the-Y (MoY) has been identified in the Y chromosome 

(Meccariello et al, 2019) and there are ongoing efforts to assembly the Y chromosome in 

Tephritidae (Bayega et al, 2020; Congrains et al, 2024; Sim et al, 2024; Wang et al, 2023). 

Similarly, the male-determining factor (M-factor) has already been identified in Ae. aegypti 

(Hall et al, 2015) and Ae. albopictus (Gomulski et al, 2018). These male-specific genes – or 

male-specific regions in the genome - could be targeted for precise insertion of a genetic 

marker’s WT allele. To enhance the efficiency of gene editing, particularly for CRISPR-

mediated precision edits, the use of minimal gene constructs may be considered, as reducing 

cargo size can improve efficiency of CRISPR/Cas-mediated editing events (Li et al, 2014; Paix 

et al, 2017). 

Taking the medfly as non-model organism with a successful case for GSS applied for 

SIT, it would be possible to directly compare a classical GSS with a neo-classical GSS. The 

genetic basis of the wp- phenotype has been recently identified and confirmed by generating 

several CRISPR-based strains expressing the wp- phenotype (Ward et al, 2021). Furthermore, 

the interspecies nature of this general pipeline has also been explored by the identification and 

validation of the genetic marker responsible for the wp- phenotype in other related Tephritidae 

species (Paulo et al, 2022).  
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2.4 Research objectives 

Modern molecular techniques offer multiple tools and pathways to develop sustainable insect 

control systems. In my thesis, I focused on developing and optimizing such tools. First, I wanted 

to establish new RNAi-based larvicides in Aedes mosquitoes. This project required large 

quantities of dsRNA for the oral delivery to Aedes larvae. While the production of microgram 

to one-digit milligram amounts of dsRNA via in vitro transcription is typically not a problem 

for the budget, the production of higher milligram, or even gram amounts of clean dsRNA, can 

become financially challenging. Therefore, my first objective was to develop a protocol for 

cost-effective extraction of bacterially produced dsRNA. Here, the genetically modified E. 

coli bacterial strain HT115 (DE3) was used as platform for production of dsRNA. The 

developed protocol for extraction of dsRNA could then be used to produce large amounts of 

dsRNA for application in RNAi experiments. 

The dsRNA produced with the protocol developed in my first objective was used in my 

second objective to establish effective methods for dsRNA delivery to Aedes larvae, and to 

further identify genes essential for the development and fitness of the insects, whose 

knockdown produces strong developmental or fitness defects. 

Other useful sustainable systems for insect control are already available for some 

species, which, once fully understood and developed into a generic approach, could be 

transferred and optimized to mosquitoes. One of them is the successful use of genetic sexing 

strains (GSS) to support the sterile insect technique (SIT). In the final part of my thesis, I 

focused on using modern molecular techniques to advance the development of neo-classical 

GSS. My third objective was to design and verify the function of a minimal version of the 

white pupae gene as a genetic marker in the non-model organism Ceratitis capitata. 

 
Figure 4. Schematic representation of the research objectives of this thesis. Partially created 
with BioRender.com.  
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3 Results 

This section contains three manuscripts written with data that resulted from this thesis. Each 

chapter is introduced by a cover page with short information on the manuscript, main results 

achieved, list of authors and their contribution. 

The manuscripts were published under open-access license. In accordance to the 

publisher (MDPI), copyright is retained by the authors. In addition, the article may be reused 

and quoted provided that the original published version is cited.  

 

3.1 Figueiredo Prates LH, Merlau M, Rühl-Teichner J, Schetelig MF, Häcker I 

(2023) An optimized/scale up-ready protocol for extraction of bacterially 

produced dsRNA at good yield and low costs. International Journal of 

Molecular Sciences, 24(11), 9266. 

  https://doi.org/10.3390/ijms24119266 

 

 

3.2 Figueiredo Prates LH, Fiebig J, Schlosser H, Liapi E, Rehling T, Lutrat C, 

Bouyer J, Sun Q, Wen H, Xi Z, Schetelig MF, Häcker I (2024) Challenges of 

robust RNAi-mediated gene silencing in Aedes mosquitoes. International 

Journal of Molecular Sciences, 25(10), 5218. 

  https://doi.org/10.3390/ijms25105218 

 

 

3.3 Figueiredo Prates LH, Aumann RA, Sievers I, Rehling T, Schetelig MF. 

Towards neo-classical genetic sexing strains in Ceratitis capitata (Diptera: 

Tephritidae): engineering a functional intronless version of the white pupae gene 

in the Mediterranean fruit fly. Insect Science. 

(to be submmited) 
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3.1 An optimized/scale up-ready protocol for extraction of bacterially produced 

dsRNA at good yield and low costs 

While the production of microgram to one-digit milligram amounts of dsRNA via in 

vitro transcription is typically not a problem for the budget, the production of higher 

milligram or even gram amounts of clean dsRNA can become financially challenging. 

I optimized a protocol for extraction of bacterially produced dsRNA at good yields and 

low costs using the genetically modified E. coli bacterial strain HT115 (DE3) as 

platform for production of dsRNA. In addition, I also assessed the influence of the 

induction time point for dsRNA expression on the dsRNA yield and performed a 

systematic comparative analysis of the dsRNA purity and yield achieved with the 

optimized protocol compared to five published protocols. Furthermore, I also showed 

that all bacterial cells are effectively lysed during the initial steps of the protocol, 

ensuring a GMO-free dsRNA product. 

 
Title:  An optimized/scale up-ready protocol for extraction of 

bacterially produced dsRNA at good yield and low costs. 

Authors:  Lucas Henrique Figueiredo Prates, Maximilian Merlau, 
Johanna Rühl-Teichner, Marc F. Schetelig, Irina Häcker. 

Status:  Published in the special issue on “RNA-Based Products as New 
Sustainable Strategies to Control Plant Diseases” in the 
International Journal of Molecular Sciences. 

Contributions:  all experiments reported in the manuscript were performed by 
Lucas Henrique Figueiredo Prates. Preliminary experiments to 
measure the amount of dsRNA extracted from bacterial cells 
grown in different media were performed by Johanna Rühl-
Teichner and Maximilian Merlau. 

 
 
 
 
 
 
 
 
 
 
 
 

 
Created with BioRender.com.  
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Supplementary information for “An optimized/scale up-ready protocol for extraction of 

bacterially produced dsRNA at good yield and low costs” 

 
dsRNA extraction protocol 
Notes: Reactions are exemplified for extraction from bacterial pellets 10xOD cells. Scale-up as 
needed, 

1. Calculate the total buffer volumes needed for 0.1 % SDS and for the RNase A. Prepare the buffers 
accordingly: 
a. 12.5 µL of 0.1% SDS per 1 OD/mL cells. 

Ø 125 µL of 0.1% SDS 

b. 16.25 µL of 300 mM sodium acetate, 10 mM Tris-Cl pH 7.5, and 5 mM EDTA, 1 µg RNase A 
per 1 OD/ml cells. Mix very well (vortex for ~ 5 sec). 

Ø 162,5 µL of TRIS buffer containing 10 µg of RNase A 

Prepare a 2 mL tube with 2 x 720 µL of TRIS + 4.46 µL of RNase 

2. Set heat blocks to 95 °C and 37 °C 

3. Resuspend the bacterial pellet using the 0.1% SDS buffer. Mix by pipetting up and down. Use 2 
mL tubes. 

4. Boil at 95 °C for 2 min to lyse the cells. Switch the heat block to 65 °C. 

5. Add the TRIS/RNase A buffer to each tube according to the calculation made on step 1) b. 

6. Incubate tubes at 37 °C for 15 min 

7. Add 1 volume of PCI (25:24:1) for RNA extraction (pH: 4.5) and mix well by vortexing (15 sec). 

8. Incubate at 65 °C for 15 min. 

9. Centrifuge at room temperature (20°C) at 13,000 rpm for 15 min 

10. Transfer the upper phase to fresh 2 mL tubes, avoid the interphase and lower phase. Use 200 µL 
pipette! Aim for 75%, not more than 80%, of the liquid phase volume. 

Note: If the volume of the aqueous phase is higher than 550 µL, transfer half of the aqueous phase to a 
fresh 2 mL tube and proceed to ethanol precipitation. 

11. Add to each tube: 

a. 1/10 volume of 3 M NaOAc pH 5.2. Mix well by vortexing (5 sec). 
b. 2.5 volumes of 100 % EtOH. Mix well by vortexing (5 sec). 

12. Precipitate for at least 1 hour at – 20 °C.  

13. Pellet the precipitated RNA at 13000 rpm for 30 min at 4 °C. 

14. Wash pellet with 500 µL of ice-cold 70% ethanol, vortex briefly, centrifuge at 13,000 rpm for 15 
min at 4°C. 

15. Discard the supernatant. Make sure the pellet is well preserved.  

Note: after removing the supernatant, spin down the tube and use a pipette to remove any leftover of 
ethanol  

16. Resuspend pellet with 100 µL of nuclease-free water and incubate at 55 °C for 10 min 

Note: Protocol can be interrupted here by storing samples at -80 °C to continue purification later 

17. Prepare fresh 0.1 M acetate buffer pH 4.5 

18. If stored at -80°C, thaw samples on ice. 

19. Set heat block to 30°C 
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Steps 21 and 22 are optional, if DNAse digestion is desired.  

20. Prepare DNase mix in a clean 1.5 mL tube by mixing 30 µL of Monarch DNase I + 30 µL of 
Monarch DNase I Reaction Buffer. 

21. Incubate all tubes at 30°C for 15 min 

22. Add 3 volumes of 0.1 M acetate buffer (pH ~4.5) and repeat P/C/I extraction 

23. Add 1 volume of P/C/I (25:25:1) for RNA extraction (pH 4.5) and mix well by vortexing (15 s). 

24. Incubate at 65°C for 15 min. 

25. Centrifuge at 20°C for 15 min at 13000 rpm. 

26. Transfer the upper phase to fresh 2 mL tubes. Avoid the inter- and lower phase.  

Note: depending on the experience of the user, using a 200 µL pipette might be easier to avoid disturbing 
the interphase!  

If the volume of the aqueous phase if higher than 550 µL, transfer half of the aqueous phase to a fresh 
2 mL tube and proceed to ethanol precipitation.  

Ethanol precipitation 

27. Add to each tube: 

a. 1/10 volume of 3 M NaOAc pH 5.2. Mix well by vortexing (5 s) 
b. 2.5 volumes of 100 % EtOH. Mix well by vortexing (5 s). 

28. Precipitate for at least 1 hour at – 20 °C.  

29. Pellet the precipitated RNA at 13,000 rpm for 30 min at 4°C. 

30. Wash the pellet with 500 µL of ice-cold 70% Ethanol, short vortexing to dislodge the pellet from 
the tube wall. 

31. Centrifuge at 4°C for 15 min at 13000 rpm and remove the washing solution. 

32. Repeat the wash step with centrifugation for 15 min. 

33. Remove the washing solution as completely as possible by quick-spinning the tube after taking the 
majority of the supernatant out. Then, remove the rest of the liquid with a fine pipette tip. 

34. Air dry the pellets and resuspend with 100 µL of nuclease-free water. 

35. Gently pipet up and down to homogenize. Incubate at 55°C for 10 min, then place tubes 
immediately on ice. 

36. Asses the quality and quantity of extracted RNA by established methods, as spectrophotometry and 
gel electrophoresis. 
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3.2 Challenges of robust RNAi gene silencing in Aedes mosquitoes 

Following the optimization of dsRNA production, I investigated the efficacy of RNAi 

in controlling Aedes mosquitoes, with a particular focus on the reproducibility of 

previously reported RNAi effects achieved through various oral delivery methods. The 

research spanned various delivery methods and architecture of the RNA molecule 

triggering RNAi, including shRNA, dsRNA and siRNA, targeting genes implicated in 

mosquito viability. Additionally, I also explored the impact of different food 

formulations on RNAi effectiveness. Despite of following detailed published protocols 

and intensive troubleshooting, it was not possible to reproduce previously reported 

strong RNAi effects in Aedes mosquitoes. Similar results were also independently 

observed in other two research groups. Therefore, we decided to collectively publish a 

manuscript with data obtained independently in three laboratories. Our joint publication 

underscores the necessity for rigorous validation of RNAi-based strategies in vector 

control, highlighting potential challenges in their future practical implementation. 

 
Title:  Challenges of robust RNAi-mediated gene silencing in Aedes 

mosquitoes. 

Authors:  Lucas Henrique Figueiredo Prates, Jakob Fiebig, Henrik Schlosser, 
Eleni Liapi, Tanja Rehling, Célia Lutrat, Jeremy Bouyer, Qiang Sun, 
Han Wen, Zhiyong Xi, Marc F. Schetelig, Irina Häcker. 

Status:  Published in the special issue on “Molecular Ecology, Physiology and 
Biochemistry of Insects, 4th Edition” in the International Journal of 
Molecular Sciences. 

Contributions:  Organization, compilation, statistical analysis of all published data 
and follow-up during publication process: Lucas Henrique Figueiredo 
Prates. 

 Justus-Liebig University 

- Production of dsRNA: Lucas Henrique Figueiredo 
Prates 

- Feeding assays, soaking and 
larval microinjections with 
dsRNA and siRNA: 

Lucas Henrique Figueiredo 
Prates, Jakob Fiebig, Henrik 
Schlosser, Irina Häcker 

- Analysis of gene expression: Lucas Henrique Figueiredo 
Prates, Tanja Rehling, Irina 
Häcker 
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- Cloning of expression vectors 
for dsRNA expression in 
bacterial cells and shRNA in 
yeast: 

Irina Häcker, Tanja Rehling, 
Lucas Henrique Figueiredo 
Prates 

- Feeding assays with shRNA: Eleni Liapi, Irina Häcker, 
Tanja Rehling 

- Embryonic microinjections 
with dsRNA: 

Tanja Rehling, Irina Häcker, 
Lucas Henrique Figueiredo 
Prates 

 

 ASTRE, CIRAD 

- Cloning of expression vectors 
for shRNA expression in 
bacterial cells and production of 
shRNA; 

Célia Lutrat, Jeremy Bouyer 

- Feeding assays with shRNA: 

 

 Michigan State University 

- Production of dsRNA; 
Qiang Sun, Han Wen, 
Zhiyong Xi 

- Larval soaking in dsRNA; 

- Analysis of gene expression: 

 

Presentations: 
- Science flash talk on “Development of efficient sustainable control systems for 

disease transmitting mosquitoes” during the virtual DAAD Scholarship Holder 

Meeting (May, 2021). 

 
Partially created with BioRender.com.  
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Supplementary information for “Challenges of robust RNAi-mediated gene silencing in 

Aedes mosquitoes” 

 
Supplementary information includes the list of primer sequences; the list of siRNA, shRNA, 

and dsRNA sequences used in this study; experimental setup of feeding assays; raw data of 

survival rates and phenotypical observations. 

Figure S1 

Figure S2 

Tables S1-S3, and Tables S5-S7 

Table S4 with statistical analysis is provided in the Appendix of this thesis. 
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Figure S1: Percent survival until pupation of Ae. aegypti larvae fed with shRNA-expressing yeast, 
and corresponding transcript levels of targeted genes in the surviving pupae. Shown are the 
average survival rates of the different feeding experiments with shRNA-producing yeasts that are 
summrized in Figure 1 of the study. Insects were monitored until pupation and all viable pupae were 
counted as survivors. In case transcript levels were assessed by RT-qPCR, five pupae were pooled. 
Relative expression was calculated with the Pfaffl method. Bars and error bars represent the average 
survival and standard deviation, respectively, of two technical replicates for experiments 1 to 5, and three 
replicates for experiments 6 and 7. Each replicate contained 20 (exp. 1-4) to 30 (exp. 5-7) individuals. 
Exp. 1-4 and 6 were performed with larvae of the Orlando wild type strain,  exp. 5 and 7 with the 
Liverpool wild type strain. Exp. 1a and 1b were performed with yeast from the same culture batch, but on 
different days. Relative transcript levels of experiments 6 and 7 are shown in Figure 1. “Control” is the 
feeding with yeasts expressing an unspecific shRNA); “Exp” = independent experiment (i.e. biological 
replicate); sem-1a = semaphorin-1a, lcr = leukocyte receptor cluster, fez2 = fasciculation and elongation 
protein zeta2; Raw data are provided in Table S1
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 1 

Figueiredo Prates et al. (2024) IJMS  
 

 
 
Figure S2. Gel electrophoretic analysis of dsRNA incubated with a serial dilution of Ae. 
aegypti gut extract. Guts of ten L3/L4 larvae (fed on fish food or starved for 24 h) were pooled 
in RNase-free 1x TE buffer and homogenized with a pistil. The supernatant was serially diluted 
and incubated as indicated with 200 ng of in vitro transcribed gusA dsRNA. The digestion was 
stopped by proteinase K digest before gel analysis. Arrows indicate the position of the 
undigested gusA dsRNA (size: ~1.8 kb). M = 1 kb plus ladder (NEB). 
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Table S1. General summary of experiments and raw data 
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Supplementary material - Figueiredo Prates et al. (2024) IJMS

Figure 1B relative expression data

Control, day 3 Sem1a, day 3 Control, day 5 Sem1a, day 5 Control, pupae Sem1a, pupae
1 1,128863867 1 0,57288702 1 1,26405353

0,810532194 0,59140946 0,767413261
1,283704058 0,799633637

Figure 1C relative expression data

Control, day 3 Sem1a, day 3 Control, day 5 Sem1a, day 5 Control, pupae Sem1a, pupae
1 1,002571451 1 1,162348625 1 0,907193656

0,841435249 1,010494305 1,0543007
0,982877873 0,865882198 0,748771909

Figure 1D relative expression data

Control, day 3 lrc, day 3 Control, day 5 lrc, day 5 Control, pupae lrc, pupae
1 0,801533758 1 0,663156174 1 1,082308505

1,282367402 0,919453457 1,298959893
1,557145661 1,04915697

Figure 1E

Control, day 3 lrc, day 3 Control, day 5 lrc, day 5 Control, pupae lrc, pupae
1 1,432085699 1 1,681262032 1 1,00647434

1,325369338 1,44720348 0,749632535
0,969209546 0,777034657

Figure 1F relative expression data

Control, day 3 fez2, day 3 Control, day 5 fez2, day 5 Control, pupae fez2, pupae
1 1,176094999 1 0,832362953 1 1,042965329

1,132116769 0,742311815 1,013381281
1,368799731 0,684625401 1,022788857

Figure 1G relative expression data

Control, day 3 fez2, day 3 Control, day 5 fez2, day 5 Control, pupae fez2, pupae
1 0,617411017 1 1,083803082 1 1,316735404

0,811603557 1,197327784 1,253608746
0,892663919 1,470543557 1,272232264
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Supplementary material - Figueiredo Prates et al. (2024) IJMS

Figure 2A (continuation)
target: EGFP (5X) target: EGFP (2.5X) target: EGFP (5X)

day1 day10 survival (%) day1 day13 survival (%) day1 day10 survival (%)
well 1 10 9 90 well 1 10 10 100 well 1 10 9 90
well 2 10 10 100 well 2 10 10 100 well 2 10 10 100
well 3 11 10 90,9090909 well 3 10 3 30 well 3 10 4 40
well 4 10 10 100 well 4 10 10 100 well 4 10 8 80
well 5 10 7 70 well 5 10 10 100 well 5 10 6 60
well 6 10 5 50 well 6 10 10 100 well 6 10 8 80
well 7 10 5 50 well 7 11 5 45,4545455 well 7 11 10 90,9090909
well 8 10 6 60 well 8 10 2 20 well 8 10 4 40
well 9 10 10 100 well 9 10 10 100 well 9 10 6 60
well 10 10 8 80 well 10 10 8 80 well 10 10 8 80
well 11 10 9 90 well 11 10 9 90 well 11 10 7 70
well 12 10 9 90 well 12 10 6 60 well 12 11 6 54,5454545
well 1 10 10 100
well 2 10 9 90 target: βtub 2851 + βtub 4939 (2.5x) target: βtub 2851, 4393 (5X)
well 3 10 9 90
well 4 10 9 90
well 5 10 10 100 day1 day13 survival (%) day1 day10 survival (%)
well 6 10 10 100 well 1 10 9 90 well 1 10 8 80
well 7 10 10 100 well 2 10 5 50 well 2 10 10 100
well 8 10 9 90 well 3 10 1 10 well 3 10 9 90
well 9 10 10 100 well 4 10 10 100 well 4 10 9 90
well 10 10 10 100 well 5 10 5 50 well 5 10 10 100
well 11 10 10 100 well 6 10 3 30 well 6 10 8 80
well 12 10 9 90 well 7 10 5 50 well 7 11 10 90,9090909

well 8 10 10 100 well 8 10 9 90
target: βtub 4939 (5X) well 9 10 9 90 well 9 10 5 50

well 10 10 10 100 well 10 10 10 100
well 11 10 10 100 well 11 10 9 90

day1 day7 survival (%) well 12 10 8 80 well 12 10 9 90
well 1 10 9 90
well 2 10 9 90
well 3 10 10 100
well 4 10 10 100
well 5 10 10 100
well 6 10 10 100
well 7 10 8 80
well 8 10 9 90
well 9 10 9 90
well 10 10 9 90
well 11 10 9 90
well 12 10 10 100
well 1 10 5 50
well 2 11 9 81,8181818
well 3 10 10 100
well 4 10 8 80
well 5 10 9 90
well 6 10 10 100
well 7 10 10 100
well 8 10 6 60
well 9 10 9 90
well 10 10 10 100
well 11 10 7 70
well 12 10 7 70

Number of animals

Number of animals

Number of animals

Number of animals

Number of animals

Number of animals
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Supplementary material - Figueiredo Prates et al. (2024) IJMS

Figure 6

Treatment  Replicate  No. (%) males No. (%) females Could not 
be sexed 

Reached 
adulthood (%)  

Remaining 
larvae/ pupae 
after 1 month 

dsxF1  + dsxF2  + 3 
nucleases  1 17 (50.0 %) 17 (50.0 %) 0 34 (68.0 %) 5 

dsxF1  + dsxF2  + 3 
nucleases  2 19 (54.3 %) 16 (45.7 %) 0 35 (70.0 %) 1 

dsxF1  + dsxF2  + 3 
nucleases  3*  12 (38.7 %)  19 (61.3 %)  0 31 (62 %)  0 

dsxF1  + dsxF2  + 3 
nucleases  4*  11 (45.7%)  19 (54.3%)  5 35 (70%)  0 

dsxF1  + dsxF2  + 3 
nucleases  5*  13 (40.0%)  21 (60.0%)  1 35 (70%)  0 

none  1 12 (60.0 %) 8 (40.0%)  0 20 (40.0 %) 15 

none  2*  14 (50.0%)  14 (50.0%)  2 30 (60%) 0 

scramble  1 18 (56.3 %) 14 (43.8%)  0 32 (64.0 %) 2 

scramble  2 14 (48.3 %) 15 (51.7%)  0 29 (58.0 %) 2 

scramble  3*  13 (35.1%) 24 (64.9 %) 0 37 (74.0 %) 0 
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Table S2

Sequences used in this study. All sequences listed here are shown in 5’ --> 3’ direction.
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mosquito, Aedes aegypti : implications for pest mosquito control. J. Insect Sci. 2013, 13, 69.
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Primer melting temperatures were determined with Geneious software, which uses a modified 
version of Primer3 2.3.7 (Formula: SantaLucia 1998)

General notes:
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Species Target (NCBI identifier or 
literature reference)

Target sequence

fez2 (XM_019709180.1) CATGATGACTAAAGCAGAAATCA
nuclease 1 (XM_019679594.1) GGTAGGATTTCTGACTTACATTG
nuclease 2 (XM_019701402.1) GGGTAAAGAATTCAACACCAAGC
nuclease 3 (XM_019683641.1) CGAGTATCAGCTGAAATTGAATG
dsxF1 (MF682531.1) CAAGCCGTGGTAAATGAATACTC
dsxF2 (MF682532.1) GAAGTGCAAATGCTGTTCAACAA
fez2 v1 (XM_021849792.1) GAGGTCATCAAGGAAATTGACGA
fez2 v2 [31] CTAGCATCATCTTCCGACCGAACCA
lrc  [31] GTATCAGTCAGTATCAGAACCAGAA
nuclease  (XM_001653429.2) ACAAGTACCTCTTGCGGTGGCG

- No target (unspecific sequence 
« scramble »)

GTATAGTATAGTATACCGTATAA

Aedes albopictus

Aedes aegypti

Table S2F. shRNA target sequences used for feeding of Ae. aegypti  and Ae. albopictus  L1 
larvae with shRNA-expressing bacteria. Consistency of target sequences in all tested strains 
were controlled by Sanger sequencing; projects at ASTRE, CIRAD, Montpellier.
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Target siRNA target sequence
fez2; LOC5569012 (AAEL007292) [31] CTAGCATCATCTTCCGACCGAACCA
lrc; LOC5569340 (AAEL007548) [31] GTATCAGTCAGTATCAGAACCAGAA
sem1a;  LOC5575438 (AAEL007548; AAEL007550) [35] ATTATCGTCGCGGTGACGGATT

Table S2G. siRNA sequences used for Ae. aegypti  injection and soaking experiments; 
siRNAs were purchased from Integrated DNA Technologies Ltd.; projects at Justus Liebig 
University Giessen.
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Species Target dsRNA sequence dsRNA length

lrc [31]
CGGGAATTGTCGGAAGTATCAGTCAGTATCAGAACCAGAACCTCCGAAGCAGCAGTCCTCCCAACG
GCTTCGGTCGAAACAGTCAAAATTTCACTCGCAAAAGCGGTAATTCCGTGGGGACTCCGCATTCGC
TTGGATCTCGCCTAGGCAATAAGTCCGGTTCGA

165

sem1a exon 8 [63]
CATCAAAACGGTGAATGCAGAATCAGCCGACTCCAACAAGAAGGTCACCTCGGTTGTCATCGAGGA
GATCGATGCTCTTCCAACTAGTGAACCGGTGCGGAGCTTGGAAATCGTTAGAACCATGCAATACG 131

sem1a exon 15 [35] GGTGATAATTATCGTCGCGGTGACGGATTCTCAACAACGAGAAGCGTGAAA 51

fez2 [31]
ATTTCGGAAACATTTTACCAATCGATTGGTCAAAAACGTACGCGAGACAAATGCATGTACCGGCAC
TGAAACTAGCATCATCTTCCGACCGAACCAACTACAATGACATTCAAGATCTTAGCTCCGAAGATG
AGGCCGTTGCTAACGATTTGGATATGCACGCATTGATTC

171

Aedes 
aegypti

Table S2H. dsRNA sequences designed to contain the published potent siRNA sequences [31, 35, 63 ] shown in bold; 
projects at Justus Liebig University Giessen.
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Table S3. Feeding scheme for bacteria-agar pellets in Orlando, food variant 4. As the 
first day pellet in experiment 1 was not consumed at all, the day 4 pellet was produced with 
less agar to facilitate the young larvae feeding. In experiment 2, the agar concentration of the 
first food pellet was reduced to 2% to account for the putatively low strength in the mouth parts 
of the very young larvae. “Agar content” specifies the concentration (w/v) and the volume of 
the agar solution used to prepare the food pellets. 

Experiment 1 Experiment 2 
Feeding 

day 
Agar content Fish food Feeding 

day 
Agar content Fish food 

1 6% (w/v), 110 µL - 1 2 % (w/v), 110 µL - 
4 4% (w/v), 110 µL - 4 6 % (w/v), 110 µL - 
6 6% (w/v), 55 µL - 6 6 % (w/v), 110 µL - 
8 6% (w/v), 55 µL - 8 6 % (w/v), 110 µL - 
10 6% (w/v), 55 µL - 10 6 % (w/v), 110 µL - 
11 6% (w/v), 55 µL yes 11 6 % (w/v), 110 µL yes 
   13 6 % (w/v), 110 µL yes 
   15 6 % (w/v), 110 µL yes 
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Table S6. Sex-ratio and survival rates in Ae. albopictus (Montpellier strain) fed with 
bacterially produced shRNAs targeted against two female-specific isoforms of 
doublesex (dsxF1 and dsxF2). Two rounds of experiments were carried out. Replicates 
annotated with an asterisk were performed on a different day than replicates without. Each 
replicate contained n = 50 neonate Ae. albopictus larvae at the start. In some of the replicates 
(treatment and control), the agar pellets used for dsRNA feeding were hardly consumed over 
time. Larval development being much slower in such replicates, counting was stopped at day 
30 even though there remained young larvae whose sex could not be determined. dsx-
shRNAs were combined with shRNAs against three different gut nucleases of Ae. albopictus. 
Two types of negative controls were used: « none » means that no bacterially expressed 
shRNA was added to the agar pellet, « scramble » means that an unspecific bacterially 
expressed shRNA was added to the agar pellet. 

Treatment   Replicate   No. (%) 
males  

No. (%) 
females 

Could not 
be sexed  

Reached 
adulthood 
(%)   

Remaining 
larvae/ pupae 
after 1 month  

dsxF1 + dsxF2 + 
3 nucleases   1  17 (50.0 %)  17 (50.0 %)  0  34 (68.0 %)  5  

dsxF1 + dsxF2 + 
3 nucleases   2  19 (54.3 %)  16 (45.7 %)  0  35 (70.0 %)  1  

dsxF1 + dsxF2 + 
3 nucleases   3*   12 (38.7 %)   19 (61.3 %)   0  31 (62 %)   0  

dsxF1 + dsxF2 + 
3 nucleases   4*   11 (45.7%)   19 (54.3%)   5  35 (70%)   0  

dsxF1 + dsxF2 + 
3 nucleases   5*   13 (40.0%)   21 (60.0%)   1  35 (70%)   0  

none   1  12 (60.0 %)  8 (40.0%)   0  20 (40.0 %)  15  

none   2*   14 (50.0%)   14 (50.0%)   2  30 (60%)  0  

scramble   1  18 (56.3 %)  14 (43.8%)   0  32 (64.0 %)  2  
scramble   2  14 (48.3 %)  15 (51.7%)   0  29 (58.0 %)  2  

scramble   3*   13 (35.1%)  24 (64.9 %)  0  37 (74.0 %)  0  
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eGFP dsRNA weak GFP fluoresence phenotype eGFP dsRNA strong GFP fluoresence phenotype

sample name

fold 
change 
eGFP expr avg stdev

sample 
name

fold 
change 
eGFP expr avg stdev

eGFP 1 0,15 0,32 0,20 eGFP 22 0,34 0,38 0,16
eGFP 2 0,26 eGFP 23 0,42
eGFP 3 0,44 eGFP 24 0,36
eGFP 4 0,43 eGFP 25 0,24
eGFP 5 0,30 eGFP 26 0,24
eGFP 6 0,24 eGFP 27 0,68
eGFP 7 0,52
eGFP 8 0,62
eGFP 9 0,80
eGFP 10 0,32
eGFP 11 0,42
eGFP 12 0,21
eGFP 13 0,68
eGFP 14 0,23
eGFP 15 0,11
eGFP 16 0,03
eGFP 17 0,10
eGFP 18 0,21
eGFP 19 0,34
eGFP 20 0,23
eGFP 21 0,16

ddH2O and bacterila extract control strong GFP fluorescence phenotype

sample name

fold 
change 
eGFP expr avg stdev

H2O ctrl 1 0,94 1,12 0,5395706
H2O ctrl 2 0,49
H2O ctrl 3 0,42
H2O ctrl 4 0,81
H2O ctrl 5 0,84
Bact. ctrl 1 0,99
Bact. ctrl 2 1,86
Bact. ctrl 3 0,81
Bact. ctrl 4 1,78
Bact. ctrl 5 1,90
Bact. ctrl 6 1,46

Supplemental Table S7B: Results of the RT-qPCR analysis of the embryonic injections with eGFP dsRNA into 
the eGFP-expressing transgenic line V19. Shown are the fold changes of eGFP transript levels in eGFP-dsRNA-
injected indivial larvae compared to the bacterial extract and water controls. Fold changes were calculated with the ddCt 
method (according to Livak et al. 2001). For this, dCt values were averaged for all the control individuals (ddH2O plus 
bact. extract) and the average dCT(control) subtracted from the dCt value of each eGFP-dsRNA-injected individual to 
obtain the ddCt value. Fold change was calculated for each individual as 2^-ddCt. Shown here are the fold changes in 
eGFP transcript levels for each analyzed individual, the average fold changes and standard deviations for all eGFP-
dsRNA-injected individuals showing a weak GFP phenotype, a strong GFP phenotype, and for the control injected 
individuals.
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3.3 Towards neo-classical genetic sexing strains in Ceratitis capitata (Diptera: 

Tephritidae): engineering a functional intronless version of the white pupae 

gene in the Mediterranean fruit fly 

In the next step of my research on developing efficient sustainable control systems for 

invasive insects, I focused on using modern molecular techniques to advance the 

development of neo-classical genetic sexing strains (GSS). My main goal was to 

engineer an intronless version of the recently discovered white pupae gene to be used 

in the concept of neo-classical GSS. The function of the minimal version of the white 

pupae gene was proven in vivo, as one copy of the intronless gene successfully rescued 

the wild type phenotype in homozygous mutant individuals. The molecular techniques 

and work-pipeline applied for this project could be further used as a toolbox to expand 

or generate novel neo-classical GSS.  
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Abstract: Genetic sexing strains (GSS) are important tools for the sterile insect technique (SIT), 

an environmentally friendly and species-specific insect pest control method. GSS feature sex-

specific phenotypes, enabling sex sorting in mass-rearing facilities and male-only releases, 

which significantly improve the cost-effectiveness and efficiency of SIT programs. In classical 

GSS, sex linkage of marker gene(s), such as white pupae (wp), is achieved through an 

irradiation-induced translocation between the marker-carrying autosome and the Y 

chromosome. However, this approach renders GSS males semi-sterile. The recently proposed 

neo-classical GSS concept suggests using genome editing to achieve sex linkage by directly 

inserting the wild-type marker allele onto the Y chromosome, potentially yielding GSS males 

with higher fertility. In this study, we examined the wp gene as a genetic marker for the neo-

classical GSS concept and developed a minimal, intronless version of this gene, termed mini-

wp. We demonstrate that a single copy of mini-wp is sufficient to restore the wild-type brown 

puparium phenotype and is functional when integrated at various positions within the medfly 

genome, including the X chromosome. Due to its smaller size (4,689 bp, including 2,000 bp of 

putative promoter region) relative to the full WT allele (20,868 bp), mini-wp may facilitate its 

precise insertion into the Y chromosome, representing an important step towards realizing neo-

classical GSS. Furthermore, the methodology developed for designing and testing mini-wp in 

medfly may be adapted to other Tephritidae species with an identified wp gene. 

 

 

Keywords: gene editing, Mediterranean fruit fly, minimal gene, piggyBac, selectable marker, 

SIT.  
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Introduction 

Genetic sexing strains (GSS) are a proven valuable tool for sex-sorting in insect mass-rearing 

facilities and a key element for cost-effective application of the sterile insect technique (SIT) 

for pest control (Franz et al., 2021, Klassen et al., 2021, Mumford, 2021). The SIT is based on 

mass rearing of the target insect, followed by its sterilization and release into the infested area. 

Sterile males mate with wild females, leading to no offspring, thus gradually reducing the insect 

population in the treated area. A GSS classically requires two components: a selectable mutated 

marker that allows sex separation or elimination of females at the earliest possible stage, and 

linkage of the wild-type (WT) allele of this marker to the male sex. A well-known and 

successful example of a GSS is the VIENNA-8, developed in Ceratitis capitata (Wiedemann) 

(Diptera: Tephritidae), commonly known as the Mediterranean fruit fly, or medfly (Franz et al., 

1994, Augustinos et al., 2017, Franz et al., 2021).This GSS carries two selectable markers, the 

white pupae (wp-) and the temperature-sensitive lethal (tsl-) mutations. These mutations were 

initially not sex-linked, but the WT alleles for both mutations were translocated onto the Y 

chromosome using irradiation. This made sex separation possible: female flies, homozygous 

for both mutations, emerge from white puparia and are sensitive to high temperatures. In 

contrast, heterozygous male flies emerge from brown puparia and are not affected by the same 

high temperatures. Typically, during operation in the mass rearing facilities, female embryos 

do not survive a treatment at 34°C for 24 h, while males are unaffected (Franz et al., 2021). 

However, developing GSS strains has been time-consuming and reliant on chance. For 

example, the wp- phenotype in Tephritidae, arising from natural mutations, was discovered by 

chance only in the medfly (Rössler, 1979), the melon fly (Zeugodacus cucurbitae) (McInnis et 

al., 2004), and the oriental fruit fly (Bactrocera dorsalis) (McCombs & Saul, 1992, McCombs 

& Saul, 1995). Furthermore, GSS based on irradiation-induced translocation of the autosomal 

WT alleles onto the Y chromosome are semi-sterile and mass rearing may produce 

recombinants, which could compromise the GSS in mass-rearing facilities (Franz et al., 2021, 

Cáceres et al., 2023). Therefore, the development of general tools for faster development of 

GSS remains a necessity for boosting and expanding SIT to other insect species (Bourtzis & 

Vreysen, 2021). 

Although the wp- phenotype has been used in GSS since decades, the genetic basis for 

this phenotype in Tephritids has only recently been revealed, enabling the creation of multiple 

CRISPR/Cas-based lines with the wp- phenotype in medfly and in the Queensland fruit fly, B. 

tryoni (Ward et al., 2021). Shortly after, the identified domain was also shown to cause the wp- 

phenotype in the melon fly (Paulo et al., 2022). The identification of this and additional suitable 
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marker genes (Robinson, 2002, Chen et al., 2022, Sollazzo et al., 2024), combined with 

advancements in genetic editing in insects using modern molecular techniques (Aumann et al., 

2018, Buchman & Akbari, 2019, Meccariello et al., 2019, Aumann et al., 2020, Gamez et al., 

2021, Häcker et al., 2021, Yan et al., 2023), enables the concept of ‘neo-classical’ GSS. In this 

approach, sex linkage could be achieved by targeted insertion of the WT allele of selectable 

marker(s) into the Y chromosome or near the male determining factor in a strain with mutated 

markers (Nguyen et al., 2021, Yan et al., 2023, Yan et al., 2024). Since the insertion efficiency 

of precise genetic editing with CRISPR/Cas is sensitive to the size of the insert and may 

improve with smaller cargos (Li et al., 2014, Paix et al., 2017), using engineered minimal gene 

constructs instead of the full endogenous allele could enhance editing success. This might be 

particularly relevant for the development of neo-classical GSS, where targeting the gene-poor 

and highly repetitive Y-chromosome is required.  

Considering the identification of the gene responsible for the wp- phenotype in 

Tephritids, we examined the wp gene as a genetic marker for the neo-classical GSS concept in 

the non-model organism C. capitata. Specifically, we report the successful rescue of the WT 

brown pupae phenotype in the medfly by piggyBac integration of an intronless version of the 

white pupae gene into a wp- strain.  
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Materials and Methods 

All primers used in this work are listed in Table S1. 

 

Insect strains and rearing 

Ceratitis capitata (Wiedemann) strains wild-type Egypt-II (EgII), white eye (we-), and white 

pupae (wp-) were obtained from the Insect Pest Control Laboratory, joint FAO/IAEA Division 

of Nuclear Techniques in Food and Agriculture (IPCL/IAEA, Seibersdorf, Austria). The 

CRISPR-modified wp- strain (wp-CRISPR) was previously established in the laboratory (strain 

Cc_D) (Ward et al., 2021). The strain double homozygous for the white eye and white pupae 

natural mutations (we-;we-/wp-;wp-) was produced by inbreeding the naturally mutated white 

eye and the naturally mutated white pupae strains. All insect strains were reared under standard 

laboratory conditions at 25.2 °C, 48 % relative humidity (RH) and 14/10 h light/dark cycle. 

Larvae were reared on carrot-based larval food prepared with 1.4 kg of cooked frozen carrots, 

16 g of sodium benzoate (VWR International GmbH, Darmstadt, Germany), 500 g of carrot 

powder (Van Drunen Farms, Momence, IL, USA), 168 g of yeast hydrolysate enzymatic (MP 

Biomedicals, Solon, OH, USA), 20 mL of hydrochloric acid solution 25 % (v/v) (Carl Roth 

GmbH + Co. KG, Karlsruhe, Germany), blended with approximately 2 L of distilled water to 

adjust to a smooth consistency. Adults were fed ad libitum with a mixture of sugar and yeast 

hydrolysate enzymatic (MP Biomedicals) (3:1, v:v), and water. 

 

Rapid amplification of cDNA ends 

Total RNA was extracted from single pre-pupae of EgII strain using Monarch total RNA 

Miniprep kit (New England Biolabs Inc., Ipswich, MA, USA) following the manufacturer’s 

instructions. Then, 5 µg of DNA-free total RNA was used to isolate mRNA using the NEBNext 

Poly(A) mRNA Magnetic Isolation Module (NEB #E7490, New England Biolabs Inc., Ipswich, 

MA, USA). Both 5’- and 3’-rapid amplification of cDNA ends (RACE) was performed using 

SMARTer® RACE 5’/3’ Kit (Takara Bio USA, Inc., Mountain View, CA, USA) following the 

manufacturer’s instructions with primers P2125 and P2126, designed to include the sequence 

GATTACGCCAAGCTT in the 5’ end of both primers. Cycler conditions were as follows: 5 

cycles 94 °C for 30 s, 72 °C for 3 min, 5 cycles 94 °C for 30 s, 70 °C for 30 s, 72°C for 3 min, 

25 cycles 94 °C for 30 s, 65 °C for 30 s, 72 °C for 3 min. PCR products were analyzed via gel 

electrophoresis, extracted using Zymoclean Gel DNA Recovery Kit (Zymo Research Europe 

GmbH, Freiburg, Germany), cloned into the linearized pRACE vector (Takara Bio USA, Inc.), 

and transformed into XL1-Blue MR Supercompetent cells (E. coli [Δ(mcrA)183 Δ(mcrCB-
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hsdSMR-mrr)173 endA1 supE44 thi-1 recA1 gyrA96 relA1 lac [F proAB lacIqZΔM15 Tn10 

(Tetr)]]; Agilent Technologies, Santa Clara, CA, USA). Individual colonies were grown in LB 

medium containing 100 ng/µL ampicillin (Carl Roth GmbH + Co. KG, Karlsruhe, Germany) 

and plasmids were extracted using NucleoSpin Plasmid Mini kit (Macherey-Nagel GmbH & 

Co. KG, Düren, Germany). Finally, plasmids were pre-selected by restriction digestion with 

EcoRI-HF and HindIII-HF (New England Biolabs Inc., Ipswich, MA, USA) and Sanger-

sequenced (Macrogen). Sequencing results were aligned to the medfly reference genome 

version 2.1 (GCF_000347755.3) (Papanicolaou et al., 2016). 

 

Intronless version of the white pupae gene 

Construction of the intronless version of the white pupae gene (mini-wp) was performed by 

amplifying a 2 kb region upstream of the 5' UTR, assumed to contain the promoter, along with 

the 5' UTR itself (521 bp) using 200 ng of genomic DNA (gDNA) extracted from a virgin 

female adult of the strain EgII and primers P2237 and P2238. The coding sequence, together 

with part of the 5' UTR and the 3' UTR, in total 2,168 bp, were amplified using 3 µL of 1:5 

diluted cDNA from a single pre-pupae of the strain EgII, prepared as above for RACE PCR, 

using primers P2239 and P2240 spanning from the originally annotated 5' UTR to the end of 

the 3' UTR. Phusion Flash High-Fidelity PCR Mastermix was used for both amplifications and 

cycler conditions were as follows: 98 °C for 10 s, 35 cycles 98 °C for 1 s, 50 °C for 5 s, 72°C 

for 1 min, 72 °C for 3 min. 

All primers were designed with Geneious Prime (version 2021.2.2, (Kearse et al., 2012)) 

and contained overhangs for Gibson cloning (underlined). These PCR products  were analyzed 

via gel electrophoresis, extracted using Zymoclean Gel DNA Recovery Kit (Zymo Research 

Europe GmbH, Freiburg, Germany), and assembled into the piggyBac transformation vector 

AH465 (pXLBacII_IE1hr5-DsRed.T3-SV40) (Li & Handler, 2017), previously digested with 

SacII and XhoI, using the Gibson Assembly Cloning Kit (New England Biolabs Inc., Ipswich, 

MA, USA). The resulting plasmid M6620 (pXLBacII_mini-wp_IE1hr5-DsRed.T3-SV40) was 

used to transform XL1-Blue MR Supercompetent cells (Agilent Technologies, Santa Clara, CA, 

USA). Correct assembly and sequence of the mini-wp insert (in total 4,689 bp, including 2,000 

bp of putative promoter region) was verified by restriction digestion with NgoMIV and AfiII 

and Sanger sequencing. Finally, endotoxin-free plasmid DNA was prepared using the 

purification kit NucleoBond® Xtra Maxi EF (Macherey-Nagel GmbH & Co. KG, Düren, 

Germany), following manufacturer’s instructions. 

 



 107 

Germline transformation 

Germline transformation was achieved through microinjection into embryos of the C. capitata 

CRISPR-modified white-pupae strain (wp-CRISPR, Ward et al., 2021), using a mixture of KCl (5 

mM) and NaPO4 (0.1 mM) buffer at pH 6.8, piggyBac donor plasmid M6620 (500 ng/µL), and 

the standard phsp-piggyBac helper plasmid (200 ng/µL) (Handler & Harrell Ii, 1999). 

Microinjection was performed following previously described standard procedures (Handler et 

al., 1998, Rong & Golic, 2000, Aumann et al., 2018). Briefly, embryos of the wp-CRISPR strain 

were collected for up to 40 min, dechorionized in 1.4 % (w/w) solution of sodium hypochlorite 

for 3 min, rowed on double-sided sticky tape and covered with halocarbon oil 700 (Sigma 

Aldrich/Merck KG, Darmstadt, Germany). Needles for injection were made out of siliconized 

quartz glass capillaries (Science Products for Research in Life Science GmbH, Product Number 

Q100-70-7.5, Hofheim, Germany) crafted in a P-2000 laser puller (Sutter Instruments, Novato, 

CA, USA). The injection setup consisted of a MN-151 micromanipulator (Narishige, Tokyo, 

Japan), a FemtoJet 4i (Eppendorf, Hamburg, Germany), and a SZX16 stereo microscope 

(Olympus, Tokyo, Japan). After injection, embryos were placed into an oxygen chamber with 

moistened filter paper at 21 °C. Hatched larvae were carefully transferred into larval food and 

reared under standard conditions at 25.2 °C. Eclosed flies were backcrossed to the parental 

strain, and their progeny were inbred to establish the rescued strain. Screening for transformed 

progeny, i.e., rescued flies, was performed under Leica M205FC stereo microscope for 

expression of DsRed fluorescence and, at pupal stage, for WT color of the puparia. 

 

Screening and image acquisition 

Flies anesthetized with CO2 were screened under Leica M205 FCA coupled to camera 

DMC6200. The microscope was equipped with following fluorescence filters: DsRed filter: 

excitation 530–560 nm, emission 590–650 nm; YFP filter: excitation 490–510 nm, emission 

520–550 nm; GFP filter: excitation 460–500 nm, emission 510 nm (longpass). To facilitate 

image acquisition, flies were cooled down on ice. Pictures were taken using Leica Application 

Suit X software (version 3.8.1.26810, Leica, Wetzlar, Germany).  

 

Non-lethal molecular characterization of mini-wp rescue 

For molecular confirmation of the observed rescued phenotype, PlatinumTM Direct PCR 

Universal Master Mix (Invitrogen, Thermo Fisher Scientific Baltics UAB, Vilnius, Lithuania) 

was used for non-lethal genotyping using gDNA extracted from single legs of adult flies. One 

middle leg was carefully excised from CO2-anesthetized fly, immediately transferred into 20 
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µL of lysis solution in a microcentrifuge tube and shortly spun down to ensure complete 

immersion in the solution. The lysis solution was prepared following manufacturer’s instruction 

and contains 0.6 µL of proteinase K to 20 µL of lysis buffer, all components from the 

PlatinumTM Direct PCR Universal Master Mix. Each fly was kept separately until genotyping 

was concluded and allowed to recover at standard rearing conditions. The lysis supernatant 

containing genomic DNA was used for PCR amplification with primers P1634 and P1936, 

following manufacturer’s instructions. The primers amplify part of the coding sequence from 

exon 1 to exon 3 of the white pupae gene, spanning 135 bp of introns. Therefore, the expected 

size of the amplicon for the naturally occurring wp gene is 786 bp, while the amplicon from the 

mini-wp is expected to be 651 bp. The PCR products were analyzed by agarose gel 

electrophoresis. 

 

Droplet digital PCR 

To confirm the number of integration events in the first generation of positively transformed 

flies and their heterozygous offspring, droplet digital PCR (ddPCR) was performed with the 

BIO-RAD QX200 and Auto-DG System as previously described (Häcker et al., 2023). DsRed 

in the mini-wp cassette was used as target gene. Primers and probe were: P49, P50, and DsRed-

probe (5’FAM-TCGTTGTGGGAGGTGATGTC-BHQ1). 

 

Inverse PCR and sequence confirmation of integration site 

Inverse PCR (iPCR) was performed to determine the genomic location of the piggyBac 

insertions. 600 ng of gDNA was extracted from single virgin flies and digested with 4 Units of 

MspI (New England Biolabs Inc., Ipswich, MA, USA) in a 20 µL-reaction at 37 °C for 1 h. 

Digested DNA was precipitated in 3 M NaOAc and ethanol, and recovered in 50 µL of TE 

buffer. The resuspended DNA was allowed to re-ligate overnight (approximately 18 h) at 16 °C 

with 800 Units of T4 DNA ligase (New England Biolabs Inc., Ipswich, MA, USA) in a 350 µL-

reaction. Ligated DNA was again precipitated in NaOAC and ethanol, and recovered in 50 µL 

TE buffer. Inverse PCR reactions were performed using Phusion Flash High-Fidelity PCR 

Mastermix and 3 µL of the ligated DNA in a total volume of 20 µL. Primers to amplify the 

region flanking the 5’ piggyBac insertion site were mfs11 and mfs10. Primers to amplify the 

region flanking the 3’ piggyBac insertion site were mfs34 and P815. PCR conditions were as 

follows: 1 x 98 °C 10 s; 5x 98 °C 1 s, 66-56 °C (5’piggyBac)/64-54 °C (3’piggyBac) (-2 °C per 

cycle) 5 s, 72 °C 60 s; 35x 98 °C 1 s, 56 °C (5’piggyBac)/54 °C (3’piggyBac) 5 s, 72 °C 60 s, 

1x 72 °C 60 s, 12 °C hold. PCR products were purified by gel electrophoresis and extracted 
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with the Zymoclean Gel DNA Recovery Kit (Zymo Research Europe GmbH, Freiburg, 

Germany). Finally, PCR products were Sanger-sequenced and the results were analyzed for 

fragments of the piggyBac vector and restriction sites of MspI. The sequences were used for 

BLAST search against the reference genome of C. capitata (GCF_000347755.3-Genome 

assembly Ccap_2.1) (Papanicolaou et al., 2016) and the assembly version EGII-3.2.1 

(GCA_905071925.1-Genome assembly EGII-3.2.1)  (Ward et al., 2021) using Geneious Prime. 

In case of weak or no bands observed in the agarose gel, 1 µL of the iPCR reaction was reserved 

for a semi-nested PCR. In this case, iPCR product was diluted 1:100 and 1 µL was used for 

semi-nested PCR with primers mfs10 and mfs31 for the 5’ piggyBac insertion, or primers mfs34 

and P139 for the 3’ piggyBac integration. Cycling conditions were: 1x 98 °C 10 s; 35x 98 °C 1 

s, 54 °C (5’piggyBac)/52 °C (3’piggyBac) 5 s, 72 °C 60 s, 1x 72 °C 3 min s, 12 °C hold. In 

addition, the integration sites were confirmed by PCR with primers binding in the genomic 

regions flanking the integration site paired to another primer within the transgene, followed by 

Sanger sequencing of the produced amplicon. PCR reactions were performed using Phusion 

Flash High-Fidelity PCR Mastermix and 40 ng of gDNA in a 20 µL-reactions.  

 

Remobilization of piggyBac integration 

To generate strains with new integration sites of the mini-wp, the strain piggyBac-Jumpstarter 

3 containing the pMi|Ccwhite+; hspBac| (AH_370) (Schetelig et al., 2009) was used as source 

of transposase to remobilize the piggyBac cassette containing the mini-wp rescue. Since the 

cassette for expression of the piggyBac transposase in the Jumpstarter 3 strain is linked to the 

cDNA of the white gene, thereby rescuing the white-eye phenotype, and to easily identify 

whether this cassette would still be present in the flies after remobilization, it was necessary to 

first obtain the mini-wp rescue in the white eye/white pupae background. As preliminary work 

for the remobilization, the mini-wp strain with the original integration site was outcrossed to a 

strain double homozygous for natural mutations of the white eye and white pupae (we-;we-/wp-

;wp-). After establishing a mini-wp rescued strain with we-;we-/wp-;wp- background, males and 

females of this strain were mated with their counterparts of the Jumpstarter 3 strain. The 

offspring was screened for DsRed fluorescence, color of the eyes and non-lethally genotyped 

with primers binding to the genomic DNA flaking the original integration site and primers 

inside the mini-wp cassette to determine whether the cassette remained in the original 

integration site or possibly remobilized. Primers P2357, P2358 and P2273 were used on the 5’ 

piggyBac end, while mfs34 and P2359 were used on the 3’ piggyBac end. To facilitate 

identification of the flies during genotyping and crosses, all flies were consecutively numbered 
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and the families established thereof were named after their numbers. The family established 

from the fly with the original integration site was named after the plasmid number (M6620). 

Flies with potentially new integration sites were individually outcrossed with counterparts of 

the strain we-;we-/wp-;wp-. The offspring was again screened and rescued flies with white eye 

phenotype were individually outcrossed with the we-;we-/wp-;wp- strain. The white eye 

phenotype indicates the absence of piggyBac transposase expression, therefore, indicating that 

the new integration sites have been successfully stabilized. The offspring was then screened 

again and rescued flies were inbred to establish strains of mini-wp rescued flies in the we-;we-

/wp-;wp- background with different integration sites of the piggyBac cassette (Figure 1). 

Integration sites of the new strains were identified through iPCR and compared to the available 

genomic sequences of the medfly, as described above. Flanking sequences of the integration 

sites for all mini-wp strains are given Table S2. 

 

Functional rescue capability from mini-wp integrated in difference genomic positions 

To verify the functionality of the mini-wp construct to rescue the white pupae phenotype when 

integrated in different genomic positions, homozygous flies expressing the mini-wp rescue were 

outcrossed to their homozygous counterparts of a strain carrying the natural mutation of the 

white pupae gene. Eggs were collected on two consecutive days between oviposition days 5 to 

8, in two to six batches, depending on the total number of laid eggs. Ideally, one hundred eggs 

were collected from each cage per batch. After collection, each batch of eggs was reared 

separately. Pupae were screened for DsRed fluorescence and puparium color and counted as 

“rescued” (brown puparium) or “white pupae” (white puparium). Heterozygous adults eclosing 

from rescued pupae were screened for DsRed fluorescence and again outcrossed to their 

homozygous counterparts of a strain with the natural mutation of the wp gene. Again, pupae 

were screened and counted as rescued or white pupae. Rescue capability is given as percentage 

of pupae with rescued phenotype in relation to the total amount of pupae obtained. Numbers of 

collected eggs, pupae and adults for each experiment are given in Tables S3, S4, and S5.  

 

Statistical analysis 

Data analysis was carried out using the software MiniTab® (Minitab, LLC., State College, CA, 

USA). Data were analyzed via one-way analysis of variance (ANOVA), with Ryan-Joiner test 

for normality and Levene’s test for equal variance. The means were then compared with the 

Tukey simultaneous test for differences of means at 95% confidence level. All statistical 

analyses are provided in Table S6.  
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Results 

Analysis of the white pupae gene structure and cloning of an intronless minimal gene fragment 

into a piggyBac vector 

The structure of the white pupae gene (LOC101451947) (Ward et al., 2021), in silico annotated 

with a total length of 20,868 bp and coding sequence (CDS) of 1,596 bp over four exons, was 

successfully verified via Rapid Amplification of cDNA Ends (RACE) PCR. Mapping the 

obtained sequences to the medfly reference genome (GCF_000347755.3) (Papanicolaou et al., 

2016) placed the start of the 5’UTR at 18,489 bp upstream the start of the predicted CDS, 

signaled by the starting codon. As shorter cargo sequences might facilitate insect transgenesis, 

a minimal gene version of the white pupae gene (mini-wp, mwp) was designed to facilitate 

subsequent insect transgenesis efforts. A putative endogenous promoter region (2,000 bp), 

along with the 5'UTR, the CDS and the 3'UTR of the white pupae gene, in total 4,689 bp, were 

cloned into a piggyBac vector containing a DsRed fluorescent marker (Figure 2A). 
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Figure 1. Schematic of crosses for remobilization of the piggyBac integrated mini-wp rescue 
cassette using the Jumpstarter 3 strain as source of transposase (A). The phenotypical 
differences in expression of the Jumpstarter 3 strain with peach-colored eyes, indicating 
expression of transposase (top), and the white-eye phenotype (bottom), are highlighted in (B) 
and respectively indicated in the schematic of the flies. Partially created with BioRender.com. 
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Positive germline transformation with mini-wp restores wild-type pupal phenotype 

Germline transformation was performed through microinjection into 849 embryos of a 

CRISPR-modified wp- strain (Ward et al., 2021) (Figure 2C). All G0 adults, eight males and 

eight females, were individually backcrossed to the parental wp-CRISPR strain. Offspring was 

screened for DsRed fluorescence and color of the puparium at pupal stage and one out of 124 

pupae from the female #6 showed the rescued phenotype, i.e., wild-type brown puparium color 

and expression of DsRed fluorescence. The transgene copy number in the rescued individual 

and its heterozygous progeny was confirmed to be one by ddPCR, indicating a unique piggyBac 

integration event. The rescued male fly (M6620_M1F6) was backcrossed to females of the wp-

CRISPR strain and their progeny was inbred to establish the rescued strain (Figure 2D). PCR 

amplification with primers spanning two introns between exons 1 and 3 of the wp gene 

performed on gDNA successfully allowed to molecularly distinguish between flies with WT 

color of the puparium due to the engineered mini-wp in comparison to flies with the WT allele 

of the wp gene (Figure 2B-D).  

 

Transposase-mediated remobilization integrates mini-wp in different genomic positions 

To verify that the mini-wp rescue construct could be integrated and functional in other genomic 

positions within the medfly genome, the Jumpstarter 3 strain (Schetelig et al., 2009) was used 

as source of piggyBac transposase to remobilize the integrated mini-wp cassette from its 

original integration site. Following the crossing scheme to mobilize the piggyBac integration 

and to stabilize the newly integrated transgene sites (Figure 1), eight new strains with the 

rescued phenotype have been established. The integration sites for all rescued strains were 

determined and the genomic region flanking the integration site confirmed by Sanger 

sequencing (Table S2). Notably, integration site of strain #160 was identified in a scaffold 

region predicted to be the chromosome X. The integration sites of all other strains were 

identified in autosomal positions, and based on in silico analysis of annotated genes and 

microsatellite sequences (Papanicolaou et al., 2016), likely to be on chromosomes 2 (scaffold 

1), 4 (scaffold 6), 5 (scaffold 5), and 6 (scaffold 4) (Figure 2E).  

 

Mini-wp successfully rescues WT pupal phenotype from different integration sites 

To functionally evaluate the mini-wp rescue integrated in different genomic positions, flies 

from the rescued strains were crossed to flies carrying the natural mutation of the white pupae 

gene, reported as an insertion of ~8150 bp in exon 3 (Ward et al., 2021). The offspring was 

screened for the rescued WT phenotype and DsRed fluorescence at pupal stage and the adults 
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were outcrossed again to evaluate the rescue capability in heterozygosity. The rescue from all 

evaluated positions was proven to be effectively functional, with 100% of the offspring from 

homozygous crosses showing the restored WT phenotype at pupal stage. The rescue was also 

proven to be inheritable and functional in heterozygosity, i.e., a single mini-wp copy can rescue 

a homozygous wp- mutant. Averaging across all strains with different integration sites of the 

mini-wp, 47.43 ± 4.5 % of the offspring expressed the rescued pupal phenotype in the second 

generation of outcrosses, with no significant statistical difference between the strains (p-value 

= 0.297, one-way ANOVA). To functionally validate the integration predicted to be on the X 

chromosome, we outcrossed males of strain #160 to their counterparts carrying the natural 

mutation on the wp gene. As expected for a marker located on the X chromosome, all rescued 

offspring was female, while all flies that eclosed from the white puparia were males (Table 1). 

Interestingly, in a subsequent round of rearing for maintenance of the line #160, when 

outcrossing the rescued male offspring to females of the wp- strain, we observed two males that 

eclosed from rescued pupae. In this occasion, a total of 600 eggs were collected. Upon the 

hypothesis that a recombination event might have occurred, these males were outcrossed to 

females of the wp- strain. Despite several egg collections, no adult offspring was obtained and 

it was not possible to establish new families from these male flies. As these males did not 

survive or produced offspring, no further analysis was carried out as part of this work. Lines 

#104 and #183 were not viable after approximately five generations of inbreeding, suggesting 

that the integration of the rescue cassette in the different lines might have fitness costs, 

impacting their maintenance.  

 

Table 1. Inheritance distribution of rescued phenotype in the offspring of male medflies with 
the mini-wp integrated into the X chromosome crossed to homozygous wp- females  

Phenotype Number of pupae Number of eclosed 
males 

Number of eclosed 
females 

Rescued 208 0 200 

White pupae 263 247 0 
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Figure 2. Functional rescue of the wild-type brown pupae phenotype through piggyBac 
integration of white pupae minimal gene (4,689 bp) in medfly. (A) Schematic of the mini-white-
pupae construct in a piggyBac vector. The total size of the piggyBac cargo was 6,856 bp. ATG 
and TAA represent the position of the wp start and stop codons, respectively. E1, E2, E3, E4 
represent the exon count. Phenotypical expression of the wild-type version of the white pupae 
gene (EgII strain) is show in (B), compared to a CRISPR-mediated wp- strain (C), and the 
phenotype observed after germline transformation of the intronless version of the wp gene, i.e., 
the phenotype of the rescued strain in (D). Each figure with the phenotypical expression is 
followed by a schematic of their respective wp gene version, plus the intronless version in (D). 
Semi-arrows in the schematic of the genes represent primer binding sites used for genotyping 
each version of the different phenotypes. Black stripe in the third exon of the wp gene in (C) 
and (D) represents the CRISPR-mediated deletion reported to cause the white pupae phenotype 
(Ward et al., 2021). 1 kb plus ladder (New England Biolabs Inc., Ipswich, MA, USA) was used 
as marker in gel electrophoresis; kb = kilobases. BF - bright field. DsRed – fluorescence filter. 
(E) displays the integration sites mapped to the medfly genome assembly version 3.2.1 
(GCA_905071925.1). Yellow dot indicates the original piggyBac integration site obtained 
through germline transformation; red dots indicate integration sites following remobilization of 
the original integration site; black dots denote reference genes, known genomic regions, or 
microsatellite (mic) sequences previously mapped to autosomal chromosomes or to the Y 
chromosome (blue dots) (Condon et al., 2007, Papanicolaou et al., 2016, Meccariello et al., 
2021, Ward et al., 2021). AChE – Acetylcholinesterase, hsp70 - heat shock 70, MoY – Maleness-
on-Y, hsp83 - partial gene for heat shock protein 83, Bt st - Bactrocera tryoni scarlet gene, Pgd 
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- 6-phosphogluconate dehydrogenase, Vg2 - Vitellogenin 2, wp - white pupae, Zw - glucose-6-
phosphate 1 dehydrogenase; OX3067C and LA1164A are Y-specific piggyBac transposon 5'-
flanking sequence from transgenic lines reported in the literature (Condon et al., 2007). (F) 
Rescue capability of mini-wp integrated in different genomic positions. Shown are the mean 
values in percentage of offspring that expressed the rescued WT phenotype at pupal stage 
(rescue capability). Data shown is based on 2 to 6 batches of egg collections. Total number of 
eggs collected are given above the bars. Error bars indicate the standard deviation and bars with 
common letter are not significantly different at 95% confidence level (one-way ANOVA). 
 

Unexpected phenotypes derived from remobilization of the piggyBac integration 

Among the flies obtained from the remobilization experiment, flies #171 and #193 stood out 

with unexpected phenotypes. Fly #171 showed no rescued phenotype of the puparium color, 

but positive expression of the fluorescent marker (Figure 3A, 3C). PCR amplification flanking 

the genomic position of the original integration site showed partial amplification of the cassette 

on the 3’ end of the integrated cassette in the original position. However, amplification spanning 

the 5’ end of the cassette was not possible, suggesting that part of the construct is missing 

(Figure 3G). It was also not possible to amplify parts of the mini-wp cassette upstream from the 

fluorescent marker (Figure S1), suggesting that part of the cassette might have been excised 

out. Fly #193 presented a segmented WT phenotype of the puparium (Figure 3B), and no 

expression of the fluorescent marker (Figure 3B, 3D). PCR amplification on both 3’ and 5’ ends 

of the rescue cassette confirmed the integration site of the original strain (M6620_M1F6), 

suggesting that there was no remobilization (Figure 3G). 
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Figure 3. Unexpected phenotypes obtained from remobilization of the mwp-DsRed piggyBac 
cassette. (A) Phenotypical expression of strain #171 at pupal stage (left), natural mutated white-
pupae strain (middle), and rescued strain M6620_M1F6 (right). (B) Two pupae from the natural 
mutated white-pupae strain (left), three pupae with segmented expression of WT puparium 
color (#193) (middle), two pupae from the rescued strain M6620_M1F6 (right). Adults from 
strains #171 in (C), #193 in (D) and M6620_M1F6 in (E). Position of forward (P2357, P2358, 
P53) and reverse (P51, P2359) primers used to check integration of the rescue cassette are 
schematically shown in (F). The original integration site was analyzed in genomic DNA of all 
three strains with the following primer combinations: P2357 and P51 (expected amplicon size: 
6,455 bp), P2358 and P51 (expected amplicon size: 6080 bp), P53 and P2359 (expected 
amplicon size: 2839 bp). PCR products were analyzed via gel electrophoresis (G). 1 kb plus 
ladder (New England Biolabs Inc., Ipswich, MA, USA) was used as marker in gel 
electrophoresis; kb = kilobases. BF - bright field. DsRed – fluorescence filter. 
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Discussion 

The concept of neo-classical GSS provides a generic approach for engineering GSS across 

various insect pest species in a targeted and time-efficient manner (Häcker et al., 2021, Nguyen 

et al., 2021, Yan et al., 2024, Yan et al., 2023). Unlike classical GSS, which depend on the 

chance identification of naturally occurring or chemically induced mutations, the proposed neo-

classical approach employs molecular techniques and targeted genome editing, making the 

process more predictable and efficient. Methods such as CRISPR/Cas can be used to induce 

mutations in suitable marker genes of SIT target species (Ward et al., 2021, Chen et al., 2022, 

Sollazzo et al., 2024), thereby facilitating the establishment of phenotypic mutant strains. Neo-

classical GSS may also overcome the issues of semi-sterility and potential recombination 

commonly associated with classical GSS, which are generated via irradiation-induced 

translocation between an autosome carrying the WT allele and the Y chromosome (Franz et al., 

2021, Cáceres et al., 2023). In the neo-classical GSS concept, genome editing is intended to 

precisely insert a copy of the WT allele of the genetic marker into the Y chromosome or close 

to a male-determining factor in the mutant strain. Here, we investigated the white pupae gene 

as a potential marker for the generic approach to construct neo-classical GSS and demonstrated 

the functional rescue of the wild-type brown pupal color phenotype through piggyBac-mediated 

insertion of an intronless version of the wp gene (mini-wp) into the genome of a white pupae 

mutant strain. 

Previous studies indicate that knock-in efficiency decreases as cargo size increases (Li 

et al., 2014, Paix et al., 2017), and that targeted insertions may be particularly challenging in 

repetitive and heterochromatic regions, such as the Y chromosome (Bernardini et al., 2014, 

Buchman & Akbari, 2019). Consequently, using the complete white pupae gene to establish 

sex-linkage in neo-classical GSS might present a challenge, as the cargo would reach 

approximately 20 kb due to an 18 kb intron located between the 5’ UTR and the start codon of 

the wp gene. To address this challenge, we designed a minimal, intronless version of the wp 

gene with only 4,689 bp, including a 2,000 bp-genomic sequence upstream the 5’UTR, that we 

used as the putative promoter region. Although not investigated in this study, further reductions 

could be achieved by testing a minimal endogenous promoter or alternative promoters. The 

successful piggyBac-mediated integration of the mini-wp and the resulting restoration of the 

WT pupal phenotype in a wp-CRISPR strain demonstrates the feasibility of obtaining complete 

phenotypical rescue using an intronless wp gene. In addition, genotyping with primers spanning 

the original introns of the wp gene enables rapid differentiation between flies carrying the 

naturally occurring WT alleles (wp+/wp+) and those with brown pupae phenotype due to at least 
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one copy of the engineered mini-wp allele (wp-/ wp-; mwp+/mwp+) (Figure 2B, 2D), eliminating 

the need for a linked fluorescent marker. This feature might be important for quality control in 

mass rearing facilities and for identifying recaptured flies in SIT programs. 

During maintenance of the strains generated in the remobilization experiment, we 

observed variations in overall performance (Table S3), with two out of the nine strains (#104 

and #183) unable to be maintained. This variability likely results from the random nature of 

piggyBac integration, as integrations into essential genes or regulatory regions may disrupt gene 

expression and compromise fly fitness. For instance, in strain #104, the mwp integration site 

was located within the locus of a predicted protein-coding gene, identified as cyclic nucleotide-

binding domain-containing protein 2, which disruption may have impacted its viability. The 

white pupal phenotype accompanied by DsRed expression observed in mwp strain #171 (Fig. 

3A, 3G) may also be attributed to remobilization mechanism. It appears that part of the mwp 

cassette was excised, leaving only the section containing the fluorescent marker and the 3’ end 

of the piggyBac vector stably retained at the original integration site. A possible hypothesis for 

the phenotype with WT stripes in the puparium of the strain #193 could involve mutations in 

the regulatory region of the wp gene, in another gene or regulatory element. Zhang et al. (2019) 

examined the role of tyrosine hydroxylase (TH) in Zeugodacus tau pigmentation and found that 

feeding larvae with 3-IT, a specific inhibitor of TH, led to white scattered areas in the pupal 

surface. The predicted protein sequence of Z. tau TH is highly conserved within the Tephritidae 

family, showing over 90% similarity with the medfly homolog (Gene ID 101450123) (Zhang 

et al., 2019). However, such mutations would not account for the lack of fluorescent marker 

expression observed. The potential connection between this phenotype and the remobilization 

experiment remains unsolved, and further investigation into its underlying cause was beyond 

the scope of this study. 

For the next steps in engineering neo-classical GSS, CRISPR/Cas could be used to 

integrate mini-wp into unique regions of the Y chromosome in white pupae phenotype strains. 

The toolkit developed to design and validate the intronless version of the wp gene could be 

extended to related species where this gene has been identified and CRISPR/Cas-mediated wp- 

strains have been generated (Ward et al., 2021, Paulo et al., 2022), but also to other genetic 

markers and insect species with potential target genes that could serve as selectable markers 

(Robinson, 2002, Chen et al., 2022, Sollazzo et al., 2024). 

Overall, our findings mark an important advance toward developing neo-classical GSS 

for use in SIT. To facilitate future gene editing efforts, we have demonstrated that the WT 

phenotype can be restored by integrating an intronless version of the wp gene into various 



 120 
 

genomic sites of medfly. This work supports future gene-editing efforts aimed at engineering 

GSS in various SIT-target species using modern molecular techniques to create sex-specific 

selectable makers. 
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Supplementary information 
 

 
Figure S1. Position of primers used to verify different parts within the rescue cassette are 

schematically shown in (A). PCR products amplified from genomic DNA of strains #171, #193, 

and #160 were analyzed via gel electrophoresis (B). Primer combinations and expected sizes of 

the amplicons are shown in (C). P2359 is specific to the genomic position in the original 

integration site (M6620_M1F6), so amplification with gDNA from strain #160 is not expected. 

M: Marker, 1 kb plus ladder (New England Biolabs Inc., Ipswich, MA, USA); kb = kilobases. 
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Table S1. Primer sequences used in this study. All sequences are shown in 5’ --> 3’ direction 
 

Primer number Primer sequence 
mfs10 ACGACCGCGTGAGTCAAAATGACG 
mfs11 ATCAGTGACACTTACCGCATTGACA 
mfs31 CGACTGAGATGTCCTAAATGCACAG 
mfs34 CGTACGTCACAATATGATTATCTTTCTAGG 
P49 GATCCACAAGGCCCTGAAGC 
P50 GCTCCACGATGGTGTAGTCC 
P51 GTAATGCAGAAGAAGACTATGGGCTGGGAG 
P53 ATGTCCAGCTTGGAGTCCACGTAGTAGTAG 
P139 CTTTTATCGAATTCCTGCAGC  
P815 ATCGGTCTGTATATCGAGGTTTATTTATTAATTTGAATAGATATT 

P1633 TCCAGTGCAGTTCGGCTTAA 
P1634 CGGCTTTTACAACGCTTATGTTC 
P1643 TTGAAGAGCGCACTTGCAAC 
P1936 CAAATAGCACATACGCCAGCC 
P2048 GGTACCGTAGAAGCGTACTGG 
P2100 AACGGTGTTTCGAGTTTGCG 
P2102 TCATTGGTGTAAAAATTCACATCTTTG 
P2125 GATTACGCCAAGCTTGCCTGTAGCCAGTGGGTTGCAACCG 
P2126 GATTACGCCAAGCTTACGCCCGTTACACGTGAGAGCAGCAG 
P2237 TTATCGATACCGTCGACCTCGAGGAGTGTTAATAGATGAAAGAAAAGGA 
P2238 AAATGTGTGCTTTGGTTGTTGTTTAATATATTTGT 
P2239 CAACCAAAGCACACATTTAAGTCACAAAATGCT 
P2240 TAGAGCGGCCGCCACCGCGGTGTTGGTTAAATTGCTTATAAAAC 
P2241 ACGTGCAACACAAGCAACGAAACC 
P2250 CACGAACAACAACAACAACTGCG 
P2273 AGCTGACGTTGTTCTGCCC 
P2278 CTGACCGCTCCAAATTACGC 
P2357 GTAAGCCATGGATTCAGTGTGC 
P2358 GAGTTGGTCCAGCAGTACACG 
P2359 CAGTCATTGAATGTCGTGTGCC 
P2585 ATTTAAGGTTCGATCGATAATTGCGC 
P2586 GTGGTCACTTTCTTCCAGAGTC 
P2587 CACAACTGCGGTAAGGCTAAAC 
P2590 TCACGACACACAAGAATTCTGAAAATTATT 
P2593 GTACCCTGTGAGCAAACAAACG 
P2612 CATTGCCGACTGAGAGTCCCA 
P2614 TTGTGATGCAGTACCAGTCGG 
P2618 ATTCCATTATAGTTCTGGTATACAAGGTG 
P2621 ATGGAATGCATCGAGTTAGACCG 
P2622 TAATATCAATAAATGGGTGAGCATTTGTGG 
P2625 TCAGACTCGTTGCTTGCATACTAC 
P2670 GTCCTGCCACTAAAGCTCTTGC 
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Table S1. Primer sequences used in this study – continuation 
 

Primer number Primer sequence 
P2671 TGAGCCGGCACATATGATACC 
P2672 ATTTAGCCTTCTCGTCGTCTTCG 
P2673 CAAAGCGATTCTGTGTGACTGC 
P2674 TGTTGTGCTGTTGTAGACGGG 
P2675 TTCAGTGACTTCGCTTGGTATGC 

Underlined are overhangs for Gibson cloning. 
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Table S3. Rescue capability in homozygosity. Homozygous rescued flies were crossed to 
their homozygous counterparts carrying the white pupae natural mutation. 

Cage Oviposition 
day 

Number 
of eggs 
taken 

Number of brown 
pupae 

Number of white 
pupae 

 

Female 
adults 

Male 
adults 

Female 
adults 

Male 
adults 

 

M6620_M1F6 

day 5    

100 
59 0  

29 28 0 0  

100 
69 0  

26 42 0 0  

100 
70 0  

37 31 0 0  

day 6    

80 
54 0  

26 27 0 0  

80 
62 0  

26 37 0 0  

80 
61 0  

23 38 0 0  

#84 

day 5 

60 
23 0  

11 12 0 0  

60 
27 0  

10 16 0 0  

60 
23 0  

12 11 0 0  

day 6 

60 
27 0  

14 13 0 0  

60 
20 0  

9 11 0 0  

60 
29 0  

13 16 0 0  

#93 

day 7 

80 
25 0  

13 12 0 0  

/ 
/ 0  

/ / 0 0  

/ 
/ 0  

/ / 0 0  

day 8 
100 

37 0  
21 16 0 0  

/ / 0  
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Table S3. Rescue capability in homozygosity. Homozygous rescued flies were crossed to 
their homozygous counterparts carrying the white pupae natural mutation. 

Cage Oviposition 
day 

Number 
of eggs 
taken 

Number of brown 
pupae 

Number of white 
pupae 

 

Female 
adults 

Male 
adults 

Female 
adults 

Male 
adults 

 

/ / 0 0  

/ 
/ 0  

/ / 0 0  

#104 

day 5 

60 
13 0  

3 10 0 0  

/ 
/ 0  

/ / 0 0  

/ 
/ 0  

/ / 0 0  

day 6 

60 
33 0  

19 12 0 0  

/ 
/ 0  

/ / 0 0  

/ 
/ 0  

/ / 0 0  

#153 

day 5 

60 
32 0  

18 12 0 0  

60 
41 0  

22 19 0 0  

/ 
/ 0  

/ / 0 0  

day 6 

60 
41 0  

15 23 0 0  

60 
47 0  

24 21 0 0  

60 
54 0  

20 27 0 0  

#160 day 5 

100 
86 0  

37 45 0 0  

100 
81 0  

35 37 0 0  

100 
67 0  

36 29 0 0  
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Table S3. Rescue capability in homozygosity. Homozygous rescued flies were crossed to 
their homozygous counterparts carrying the white pupae natural mutation. 

Cage Oviposition 
day 

Number 
of eggs 
taken 

Number of brown 
pupae 

Number of white 
pupae 

 

Female 
adults 

Male 
adults 

Female 
adults 

Male 
adults 

 

day 6 

100 
78 0  

46 35 0 0  

100 
84 0  

39 41 0 0  

100 
78 0  

29 49 0 0  

#183 

day 7 

80 
56 0  

35 20 0 0  

80 
46 0  

28 17 0 0  

80 
42 0  

18 23 0 0  

day 8 

80 
25 0  

16 9 0 0  

80 
27 0  

14 11 0 0  

80 
37 0  

20 17 0 0  

#190 

day 7 

60 
26 0  

12 13 0 0  

60 
33 0  

19 13 0 0  

/ 
/ 0  

/ / 0 0  

day 8 

60 
30 0  

14 16 0 0  

60 
19 0  

4 13 0 0  

/ 
/ 0  

/ / 0 0  

#196 day 6 
60 

24 0  
12 12 0    

60 28 0  
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Table S3. Rescue capability in homozygosity. Homozygous rescued flies were crossed to 
their homozygous counterparts carrying the white pupae natural mutation. 

Cage Oviposition 
day 

Number 
of eggs 
taken 

Number of brown 
pupae 

Number of white 
pupae 

 

Female 
adults 

Male 
adults 

Female 
adults 

Male 
adults 

 

14 13 0 0  

/ 
/ 0  

/ / 0 0  

day 7 

60 
10 0  

6 3 0 0  

60 
13 0  

9 4 0 0  

/ 
/ 0  

/ / 0 0  
"/" indicates that no more eggs were oviposited during the day of egg 
collection   
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Table S4. Rescue capability in heterozygosity. Heterozygous rescued flies were crossed 
to their homozygous counterparts carrying the white pupae natural mutation. 

Cage Oviposition 
day 

Number 
of eggs 
taken 

Number of brown 
pupae 

Number of white 
pupae 

 

Female 
adults 

Male 
adults 

Female 
adults 

Male 
adults 

 

M6620_M1F6 

day 7 

21 
11 5  

3 8 0 2  

/ 
/ /  

/ / / /  

/ 
/ /  

/ / / /  

day 8 

100 
34 27  

8 25 9 15  

100 
30 34  

9 19 10 18  

100 
40 37  

19 19 14 18  

#84 

day 5 

100 
43 41  

19 17 16 24  

100 
32 42  

13 19 19 23  

100 
35 36  

17 14 19 15  

day 6 

100 
38 28  

16 16 14 11  

100 
30 33  

15 12 17 10  

100 
20 32  

6 9 10 16  

#93 

day 6  

100 
34 32  

15 18 12 19  

100 
37 30  

16 19 13 16  

/ 
/ /  

/ / / /  

day 7 
40 

11 9  
3 6 6 3  

40 
6 12  

1 5 6 5  
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Table S4. Rescue capability in heterozygosity. Heterozygous rescued flies were crossed 
to their homozygous counterparts carrying the white pupae natural mutation. 

Cage Oviposition 
day 

Number 
of eggs 
taken 

Number of brown 
pupae 

Number of white 
pupae 

 

Female 
adults 

Male 
adults 

Female 
adults 

Male 
adults 

 

40 
7 10  

1 5 8 2  

#104 

day 5 

100 
30 30  

14 15 9 20  

100 
32 36  

16 14 19 15  

100 
31 36  

18 11 20 15  

day 6  

100 
23 43  

8 13 17 24  

100 
20 41  

10 5 13 21  

100 
26 31  

10 13 14 13  

#153 

day 5 

100 
45 38  

21 23 18 18  

100 
42 44  

23 18 20 23  

100 
33 48  

22 11 22 26  

day 6 

100 
43 37  

15 27 22 13  

100 
42 38  

17 24 21 16  

100 
44 42  

23 20 23 19  

#160 
day 7 

100 
30 38  

15 14 18 18  

100 
41 39  

17 21 19 18  

100 
33 34  

18 13 14 18  

day 8 100 
23 38  

11 11 15 20  
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Table S4. Rescue capability in heterozygosity. Heterozygous rescued flies were crossed 
to their homozygous counterparts carrying the white pupae natural mutation. 

Cage Oviposition 
day 

Number 
of eggs 
taken 

Number of brown 
pupae 

Number of white 
pupae 

 

Female 
adults 

Male 
adults 

Female 
adults 

Male 
adults 

 

100 
39 33  

18 18 17 14  

100 
35 33  

18 11 19 13  

#183 

day 7 

100 
2 4  

2 0 1 2  

100 
6 7  

3 3 2 5  

100 
2 5  

2 0 3 2  

day 8 

100 
19 10  

10 8 7 1  

100 
18 17  

10 8 8 7  

100 
22 18  

11 10 8 9  

#190 

day 7 

80 
7 6  

2 3 2 4  

80 
3 6  

0 3 3 3  

/ 
/ /  

/ / / /  

day 8 

60 
1 3  

1 0 1 2  

60 
9 11  

4 4 5 6  

60 
8 11  

5 3 6 4  

#196 day 6 

100 
33 42  

16 17 21 21  

100 
42 31  

19 21 22 9  

100 
39 32  

15 22 16 16  
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Table S4. Rescue capability in heterozygosity. Heterozygous rescued flies were crossed 
to their homozygous counterparts carrying the white pupae natural mutation. 

Cage Oviposition 
day 

Number 
of eggs 
taken 

Number of brown 
pupae 

Number of white 
pupae 

 

Female 
adults 

Male 
adults 

Female 
adults 

Male 
adults 

 

day 7 

100 
29 39  

13 15 17 22  

100 
39 37  

14 25 19 18  

100 
29 43  

10 19 20 23  
"/" indicates that no more eggs were oviposited during the day of egg collection  
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Table S5. Rescue of strain #160 with mini-wp on the X chromosome. Male flies carrying the 
mini-wp rescue on X chromosome were crossed to their homozygous counterparts carrying 
the white pupae natural mutation. 

Cage Oviposition 
day 

Number 
of eggs 
taken 

Number of 
brown pupae 

Number of white 
pupae  

Female 
adults 

Male 
adults 

Female 
adults 

Male 
adults  

#160 

day 6 

60 
13 22  

13 0 0 20  

60 
21 18  

19 0 0 16  

60 
13 20  

12 0 0 19  

day 7 

50 
5 15  

5 0 0 13  

50 
10 13  

9 0 0 13  

50 
11 21  

11 0 0 20  

Cage Oviposition 
day 

Number 
of eggs 
taken 

Number of 
brown pupae 

Number of white 
pupae  

Female 
adults 

Male 
adults 

Female 
adults 

Male 
adults  

#160 

day 7 

60 
24 29  

24 0 0 25  

60 
27 25  

27 0 0 24  

60 
21 23  

21 0 0 22  

day 8 

60 
17 24  

16 0 0 23  

60 
20 24  

19 0 0 23  

60 
26 29  

24 0 0 29  
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4 Discussion 

4.1 Scale-up ready protocol for extraction of dsRNA 

Several methods have been developed for extraction of bacterially produced dsRNA for 

application of RNAi in crop protection, vector control, functional genomic analysis, among 

other research fields (Ahn et al, 2019; Ongvarrasopone et al, 2007; Papić et al, 2018; Posiri et 

al, 2013; Shen, 2019; Solis et al, 2009; Verdonckt & Vanden Broeck, 2022). Combined with 

the flexibility of designing and cloning different dsRNA sequences into an expression vector, 

having a cost-effective protocol for extraction of the bacterially produced dsRNA expands the 

potential of research on RNAi in different application fields. This could be particularly 

interesting in research projects screening for different target genes, where changes or 

optimization on the dsRNA sequence might be required, or in establishing different delivery or 

application methods, which often demands larger amounts of dsRNA.  

Considering the different methods and promising protocols available in the literature, 

the yield, quality and production costs of phenol-based (Ahn et al, 2019; Solis et al, 2009), 

phenol/guanidine-based (Ongvarrasopone et al, 2007), and ethanol-based (Papić et al, 2018; 

Posiri et al, 2013) extraction methods for a small laboratory-scale application were evaluated. 

Another phenol/guanidine-based protocol for dsRNA extraction using QIAzol® has also been 

recently published (Verdonckt & Vanden Broeck, 2022). Based on the published yields and to 

reduce the costs with the commercially available phenol/guanidine-based reagents for nucleic 

acids extraction, experimental comparisons only with the protocol by Ongvarrasopone et al. 

using TRIzolTM was performed, while still keeping at least one protocol from each class of 

extraction method. Due to mixed results from the published protocols, some producing high 

quality RNA at low yields or high yields at high costs, further optimization to obtain an 

extraction protocol with high yields at reduced costs was necessary. Finally, a comparative 

assessment of yield, purity and costs of the optimized version and other available protocols was 

performed (Ahn et al, 2019; Ongvarrasopone et al, 2007; Papić et al, 2018; Posiri et al, 2013; 

Solis et al, 2009). 

Guanidinium thiocyanate-based methods are commonly used for extraction of nucleic 

acids. Here, cell lysis, protein denaturation and deactivation of nucleases are enhanced by the 

chaotropic agent guanidinium thiocyanate in solution with phenol (Shen, 2019). TRIzolTM 

(Invitrogen), TRI Reagent® (Merck) and QIAzol® (QIAGEN) are examples of commercially 

available phenol/guanidine-based reagents for nucleic acids extraction, that have been used for 

extraction of bacterially produced dsRNA for RNAi application (Ongvarrasopone et al, 2007; 

Verdonckt & Vanden Broeck, 2022). Despite of efficiently extracting dsRNA, these 
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commercially available monophasic solutions of phenol/guanidine are costly, thus driving up 

the costs for extraction of bacterially produced dsRNA. As discussed in the literature, the costs 

with organic extraction, represented by the use of QIAzol®, corresponded to 85 % of the total 

costs of dsRNA extraction (Verdonckt & Vanden Broeck, 2022). Based on list prices of these 

chemicals at the time of performing this study, the costs of these monophasic solutions of 

phenol/guanidine are at least 10-fold more expensive when compared to the alternative 

phenol/chloroform/isoamyl alcohol (P/C/I) solution (25:24:1) at pH 4.5-5.0. The economic 

pressure for a more cost-efficient method for extraction of bacterially produced dsRNA for 

RNAi application and studies in laboratory larger scale has also been pointed out in recent 

publications (Guan et al, 2021; Silver et al, 2021).  

Considering the promising high yields of the phenol/guanidine-based protocol, 

TRIzolTM was replaced with the cheaper chemical P/C/I for extraction of dsRNA in that 

protocol. Despite of the successful isolation of dsRNA, the direct replacement of TRIzolTM by 

acidic P/C/I (25:24:1, pH 4.5-5) led to a stronger co-extraction of bacterial genomic DNA 

(gDNA) together with noise background. 

The co-extraction of gDNA was unexpected, as the DNA should be partitioned into the 

interphase and organic phase under acidic conditions (Shen, 2019). However, the acidity of the 

P/C/I itself was not sufficient for this effect, and also acidifying the reaction before the P/C/I 

addition didn’t improve the partitioning. In a systematic optimization process it was observed 

that acidifying the product of a first P/C/I extraction before performing a 2nd acidic P/C/I 

extraction considerably increases the quality of the extracted dsRNA. These results suggest that 

the pH of the used P/C/I might not always be sufficient to result in effective separation of RNA 

and DNA in phenol-based extractions, and that a pre-acidification of the samples is required to 

obtain better results. 

Pre-treatments to open up bacterial cells, including sonication, heating, and enzymatic 

digestions, in the upstream process have been shown to increase the yields of dsRNA extraction 

(Ahn et al, 2019; Verdonckt & Vanden Broeck, 2022). Despite of the increased yield, quality 

analysis via gel electrophoresis has also indicated that dsRNA extracted from sonicated samples 

presented the weakest bands and smearing in the background, suggesting degradation of dsRNA 

(Ahn et al, 2019; Verdonckt & Vanden Broeck, 2022). From the protocol optimized in this 

study, it is shown that boiling in a reduced volume of anionic surfactant efficiently opens up 

bacterial cells, therefore consisting of a quick and inexpensive approach in the upstream process 

for dsRNA extraction with no further treatments required for cell lysis. 
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Obtaining dsRNA free of viable bacterial cells is important not only to avoid possible 

unwanted immune responses (Li et al, 2019), but also relevant for regulatory issues. In Europe, 

for instance, if no genetically modified organism (GMO) has been used or if it is proven to be 

inactivated, RNAi-based products intended for agricultural pest control would be regulated 

following the same regulations applied for classical synthetic chemical pesticides (De Schutter 

et al, 2022). It is noteworthy that no viable cells were observed in the upstream process of our 

protocol, supporting not only the safety of the next steps of the extraction, but also guaranteeing 

a GMO-free dsRNA as final product. 

Different studies in the literature have induced cells with OD600 ranging from 0.4 to 0.8, 

and harvested after 4 to 5 h of dsRNA production or when OD600 reached 1.0 (Ahn et al, 2019; 

Ongvarrasopone et al, 2007; Papić et al, 2018; Posiri et al, 2013; Solis et al, 2009; Verdonckt 

& Vanden Broeck, 2022). As the bacterial growth consists of an initial lag-phase, followed by 

exponential phase and stationary phase, inducing dsRNA production with IPTG in a late 

exponential phase (OD600 = 0.8) was evaluated. At this point, the culture would have more cells 

and could produce more dsRNA. To avoid any possible limitations from the different extraction 

methods, dsRNA extraction was performed with published ethanol-based, phenol/guanidine-

based methods and with the protocol optimized in this study (Ongvarrasopone et al, 2007; Papić 

et al, 2018; Posiri et al, 2013). Regardless of the extraction method, it was observed that 

induction at later growth stage yielded weaker dsRNA bands and up to two-thirds of dsRNA 

extracted with induction at OD600 0.4 is not recovered when the induction occurred at the later 

stage. 

Based on the quality analysis via gel electrophoresis, the different protocols produced 

dsRNA with different purities. There is still some contamination with gDNA when no DNase 

A digestions is performed in the dsRNA extracted using the protocol optimized in this study 

and the phenol/guanidine-based protocol; for the ethanol-based protocols there is a strong 

contamination with small bacterial RNAs, and the alkaline phenol-based protocol presents the 

best quality, but the lowest quantitative yields. Despite of using ethanol, which is cheap and 

readily available, the ethanol-based protocol presented a strong contamination with bacterial 

RNAs, which drives up the costs of purification once the yield and the estimated amount of 

dsRNA are considered. On the other hand, the phenol/guanidine presented higher yields, with 

less co-extraction of other nucleic acids, but increased costs given the use of the costly 

TRIzolTM. The alternative optimized protocol produced dsRNA at comparable quality and 

yields as the phenol/guanidine-based protocol, but at much lower costs, as the cheaper P/C/I 

was used for extraction. Moreover, the optional DNase I digestion is not expected to 
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significantly increase the costs of the protocol. The alkaline phenol-based protocols did produce 

dsRNA at a considerably good quality, but at low yields, driving up the costs when a scale-up 

in dsRNA production is expected. 

The optimized protocol for extraction of bacterially produced dsRNA combines good 

qualitative and quantitative yields of extraction at a considerable low costs. Together with the 

flexibility of engineering bacterial cells to express dsRNA, it offers a solution for ‘on demand’ 

scalable production of dsRNA in laboratory conditions for further applications. 

 
4.2 Challenges of robust RNAi gene silencing in Aedes mosquitoes 

Several approaches to harness RNAi technology for gene silencing and Aedes control have been 

reported in the last years. The present study sought to replicate and build upon previously 

published results demonstrating the efficacy of RNAi effects in Aedes mosquitoes through oral 

delivery of RNAi-triggering molecules (Hapairai et al, 2017; Mysore et al, 2019c; Singh et al, 

2013; Whyard et al, 2015). Specifically, the experiments first focused on the oral delivery of 

shRNA-expressing yeasts. Despite promising results described in the literature (Hapairai et al, 

2017; Mysore et al, 2019c), it was not possible to successfully reproduce them. Induction of 

RNAi response could be affected by several factors, such as the stability of RNA molecules in 

the environment or during delivery, uptake from the gut lumen, intracellular release, processing 

of the dsRNA by the RNAi machinery, induction of systemic RNAi, among others (Baum & 

Roberts, 2014; Christiaens et al, 2022; Christiaens et al, 2020; Cooper et al, 2019; Joga et al, 

2016; Romoli et al, 2024). To troubleshoot some of these possible factors influencing the 

success of RNAi in Aedes, different RNAi-triggering molecules (si-, sh-, dsRNA) and different 

delivery pathways (oral delivery of naked molecules and of microorganisms producing shRNA 

or dsRNA, soaking into naked molecules and microinjection) were systematically tested. 

Despite of following methods and protocols from publication which presented a strong RNAi 

effect, none of the different combined strategies resulted in robust phenotypic effects. 

If RNAi is to be triggered via ingestion of shRNA- or dsRNA-producing 

microorganisms, these need to be lysed in the gut to set the RNA free. Coon and colleagues 

observed that bacterial cells are needed for normal development of the larvae and can be later 

found dead in the gut of mosquito larvae (Coon et al, 2017). Thus, bacterially produced dsRNA 

could have been set free in the gut of the larvae after feeding. However, since no RNAi effect 

has been observed, dsRNA could have still not been correctly processed into siRNA by the 

RNAi machinery. Recently, Romoli and colleagues investigated the use of RNAi in mosquitoes 

as a potential mechanism to block virus transmission and observed no RNAi effect upon 
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colonization of Ae. aegypti with E. coli bacterial cells producing dsRNA. Additionally, they 

investigated the use of in vitro transcribed dsRNA, but did not observe a RNAi-induced effect 

upon oral delivery. On the other hand, viral replication was completely blocked upon injection 

of the in vitro transcribed dsRNA (Romoli et al, 2024). Similarly, McFarlane and colleagues 

reported successful knockdown of targeted genes upon injection of female Ae. aegypti adults 

with dsRNA. Interestingly, however, no RNAi effect was observed when siRNA was used in 

vivo, although successful knockdown was observed in in vitro experiments with the Ae. 

aegypti-derived Aag2 cells and siRNA (McFarlane et al, 2021).  

Upon successful bacterial expression of dsRNA and its stability in the food, yet with no 

RNAi effect, it is possible that degradation upon uptake by the larvae or lack of correct 

processing of the RNAi-triggers might have undermined the attempts to trigger RNAi. To 

circumvent this issue, soaking and microinjection assays were used to trigger RNAi using 

siRNA. Although these delivery strategies for triggering RNAi might circumvent possible 

barriers from the oral delivery, no improvement in triggering RNAi was observed, except by 

the proof-of-principle embryonic microinjection of the transgenic line expressing eGFP. Here, 

we have additionally confirmed the bioactivity of the bacterially produced dsRNA. 

Additionally, the hypothesis of strains being recalcitrant to RNAi has been tested by using 

different strains, yet with no success in triggering robust RNAi-based effects.  

Despite extensive troubleshooting and experimental adjustments, it was not possible to 

observe the RNAi-based effects in Aedes mosquitoes as published in the literature. Together 

with other studies showing the limitations on RNAi for Aedes mosquitoes, this study suggests 

that establishing RNAi in Aedes mosquitoes might be more complex than previously reported 

or assumed. There is also an indication of several knowledge gaps or inconsistencies in the 

mechanisms underlying RNAi in Aedes mosquitoes. Further basic research into the mechanisms 

and fate of RNAi-triggering molecules inside the mosquito body will be needed for a better 

understanding of the process and the factors influencing it. Currently, the results indicate a clear 

limitation of RNAi as an applicable tool for mosquito control. Furthermore, considering a 

possible practical application under environmental conditions for Aedes control, the RNAi-

based effects should be robust and reproducible enough to withstand environmental variations, 

such as temperature changes, food availability and interaction with other organisms and natural 

conditions. 
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4.3 Minimal version of selectable genetic marker for neo-classical GSS 

The sterile insect technique (SIT) is a well-established strategy for environmentally friendly 

and species-specific control of pest insects. It relies on introducing sterility in a wild insect 

population, causing suppression, containment or local eradication of the targeted insect species 

(Klassen et al, 2021). Genetic sexing strains (GSS) can be used for sex separation in the rearing 

facilities, enabling male-only releases, contributing for the cost-effectiveness of SIT 

programmes (Franz et al, 2021; Mumford, 2021). Classically, a GSS requires a phenotypic 

marker linked to the male sex (Franz et al, 2021). Despite the white pupae phenotype being 

used as a selectable marker for sex separation in C. capitata for several years, its genetic basis 

was only recently elucidated (Ward et al, 2021). Following the logic to use modern molecular 

techniques to create new generation of GSS (Häcker et al, 2021; Yan et al, 2023), the white 

pupae (wp) gene was further explored in this study as a selectable marker to facilitate the 

creation of the so-called ‘neo-classical’ GSS. Specifically, the robust and functional rescue of 

the WT pupal color phenotype through piggyBac insertion of a minimal, intronless, version of 

the wp gene (mini-wp), is reported. 

The identification of the 5’ untranslated region (5’UTR) mapped approximately 18 kb 

upstream the starting codon of the wp gene might pose a challenge for site-specific knock-in of 

the WT allele, e.g., through CRISPR/HDR-mediated knock-in of the wp gene in the Y 

chromosome. Considering the whole gene, the cargo would be about 20 kb long. As observed 

in the literature, the knock-in efficiency is likely to decrease with an increase in the size of the 

cargo (Li et al, 2014; Paix et al, 2017) and a successful targeted insertion might be even more 

challenging in repetitive and heterochromatic regions, as the Y chromosome. A minimal version 

of the gene could help overcome this barrier. At this step and to first evaluate the functionality 

of such construct, the well-established piggyBac transposon system was used for random 

transposon-mediated integration of the mini-wp rescue into the genome of a CRISPR-modified 

wp- medfly strain. 

The successful piggyBac integration of the mini-wp and the expression of the rescued 

WT phenotype indicates the feasibility of obtaining fully functional phenotypical rescue using 

an intronless version of the wp gene. The preserved functionality of the mini-wp rescue 

integrated into different genomic positions, predicted to correspond to different chromosomes, 

confirms its robust function. Despite of not being investigated in this study, a smaller 

endogenous putative promoter region or other (shorter) exogeneous promoters could also be 

evaluated, further reducing the overall size of the rescue. 
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In the next steps of creating neo-classical GSS, the mini-wp designed in this study could 

be inserted into the Y chromosome of a white pupae mutated medfly strain, thereof promoting 

sex sorting based on the pupal phenotype. When applying this pipeline to create neo-classical 

GSS in other insects, the insertion of the WT allele of a genetic marker could be introduced into 

the Y chromosome or close to the male-determining factor (M factor) already identified, for 

example, in Ae. aegpyti (Hall et al, 2015) and Ae. albopictus (Gomulski et al, 2018). 

Despite of being luck-dependent, random piggyBac integrations into the Y 

chromosome, or close to the male-determining factor, could also be used to achieve sex linkage 

of the WT allele. The piggyBac integration into the Y chromosome of the mosquito Anopheles 

gambiae (Bernardini et al, 2014), and as well for several Tephritidae flies have been reported: 

the Mexican fruit fly, Anastrepha ludens (Meza et al, 2011), the Caribean fruit fly, Anastrepha 

suspensa (Schetelig & Handler, 2013), and for the medfly (Condon et al, 2007). However, these 

transposon-mediated integrations on the Y chromosome are reported as rare events and might 

be subjected to position effects, or might be suppressed due to the heterochromatic nature of 

the Y chromosome (Bernardini et al, 2014; Condon et al, 2007; Elgin & Reuter, 2013). In the 

reported piggyBac integration of a fluorescent marker into the Y chromosome of medfly, the 

authors speculated that the observed patchy fluorescence was due to position effect (Condon et 

al, 2007). In case of silent integrations, where expression of an integrated construct is 

completely suppressed due to the heterochromatin or other regulatory elements in the region of 

integration, only the molecular analysis of the integrated cassette and integration site could shed 

light to this matter. Similarly, in a CRISPR/Cas-mediated editing of the Y chromosome, 

offspring with no expression of the expected phenotype might also require genotyping to verify 

for the intended integration event or a possible silent integration. On the other hand, a larger 

experimental setup with mobilization of piggyBac integration might also be sufficient to 

produce Y-specific expression in a useful level (Condon et al, 2007). This approach would, 

however, not be applicable for Aedes mosquitoes, as the piggyBac transposase, and other 

transposable elements, are reported to lack mobility in the mosquito genome (Häcker & 

Schetelig, 2018; Palavesam et al, 2013; Sethuraman et al, 2007). While luck-dependent, if 

successful, such remobilization screening would have the advantage of identifying integration 

sites that are effectively expressed exclusively in males, bypassing the search for unique regions 

to be targeted or possible position effect suppression. 

The toolkit here evaluated could also be extrapolated not only to other related species, 

where the wp gene has already been identified and CRISPR/Cas-mediated mutated strains have 

been generated (Paulo et al, 2022; Ward et al, 2021), but it could also be used in other insect 
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species with potential target genes to be tested as selectable markers (Chen et al, 2022; Paulo 

et al, 2022; Robinson, 2002; Sollazzo et al, 2024; Ward et al, 2021). Altogether, the findings 

reported represent an important advancement toward developing neo-classical GSS for SIT. It 

was demonstrated that the wp gene can be used as selectable marker and that the WT phenotype 

can be rescued by a minimal, intronless, version of the gene integrated into different genomic 

positions. This will facilitate further gene editing approaches for generating neo-classical GSS. 

 
4.4 General regulatory framework 

The advances in modern molecular techniques has enabled new strategies for insect pest 

control, like RNAi-based insecticides, or improvement and expansion of strategies already well 

established, like the SIT (Christiaens et al, 2020; Fletcher et al, 2020; Häcker et al, 2021; Joga 

et al, 2016; Nitnavare et al, 2021; Ortolá & Daròs, 2024; Yan et al, 2023). This occurs in times 

of increased insecticide resistance across several species around the world and search for new 

environmentally friendly approaches for pest control. 

The RNAi mechanism could be used for insect control essentially in two ways: either 

by engineering organisms that produce RNAi-triggers or by external application of such RNAi-

triggers. While the first is more likely in the context of plant protection, e.g., with plants 

engineered to produce dsRNA targeting genes specific of a certain insect pest (EFSA et al, 

2024; EFSA et al, 2018), the last could be applied not only for plant protection, e.g., through 

sprayable dsRNA-based biopesticides (Chakraborty & Ghosh, 2022; Rodrigues et al, 2021; Yan 

et al, 2020), but also for vector control. This external, i.e., topical, application will likely also 

involve some system for packaging or stabilizing the RNAi-triggers in the environment. 

Recently, the genetically modified maize DP23211 was authorized for placing in the 

market, except for cultivation, by the European Commission (EFSA et al, 2024; EU, 2024). 

Among other features, this genetically modified maize expresses DvSSJ1 dsRNA, which 

confers resistance to certain coleopteran pests. Besides the Official Journal of the European 

Union, the European GMO initiative for a unified database system provides a useful platform 

to those who seek accurate information on genetically modified organisms (EUginius, 2014). 

In case of external application of dsRNA to trigger RNAi, it is possible that microbial 

systems will be used for large scale production. In this case, it will be important to guarantee 

the inactivation of the microorganisms used for dsRNA production, safeguarding the 

application of the produced dsRNA. If this requirement is fulfilled and the dsRNA is used, for 

instance, as a topically applied plant protection product, it will likely not be regulated as a 

genetically modified organisms (GMO) within the European Union (EU) (De Schutter et al, 
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2022; Schenkel & Gathmann, 2021). In this sense, the protocol for extraction of bacterially 

produced dsRNA developed in this thesis represents an important step to provide dsRNA at low 

cost and good yields, with efficient lysis of the bacterial cells during the extraction and no viable 

microorganism present in the purified dsRNA (Figueiredo Prates et al, 2023). Yet, dsRNA as 

active substance for pest control would have to be approved under the EU Regulation (EC) No 

1107/2009 (EC, 2022). 

There is an ongoing discussion to change the regulation on plants produced using new 

genomic techniques (NGT) in the EU (EC, 2024a). In the future, the changes in the regulation 

for plants may eventually be extended to insects and regulate the insects produced in mass 

rearing facilities for SIT. The current proposal for the new regulation on plants produced by 

NGT states that, under certain conditions, these engineered plants might be considered 

equivalent to conventional plants (EC, 2024b). Extending these conditions to insects, it is 

possible to hypothesize that insects engineered under the neo-classical GSS concept and 

carrying a WT allele of a genetic marker on the Y chromosome - or close to a male-determining 

factor – could be considered equivalent to conventional insects. 

The simplest scenario would be the targeted insertion of the complete WT allele of a 

genetic marker into a male-specific genomic region. Here, the targeted insertion of a contiguous 

DNA sequence existing in the insect’s gene pool, as long as the genetic modification does not 

interrupt an endogenous gene, would result in engineered insects considered equivalent to 

conventional insects. This would represent the scenario of inserting the WT allele of a genetic 

marker without any further modification. Although possible for short-sequence genetic 

markers, it might become technically challenging to insert genetic markers with longer 

sequences, as the white pupae gene. In the case of a minimal version of a gene, as explored in 

this thesis (Figueiredo Prates et al, 2024), the engineered insects could still be considered 

equivalent to conventional insects according to the point (5) “any other targeted modification 

of any size, on the condition that the resulting DNA sequences already occur (possibly with 

modifications as accepted under points (1) and/or (2)) in a species from the breeders’ gene 

pool”. Since the point (2) indicates that “deletion of any number of nucleotides” would be 

accepted, it is possible to speculate that insects engineered with such minimal version of a gene 

could still be considered as equivalent to conventional insects, and therefore not regulated as 

GMO. 

  



 151 

5 Appendix 

Statistical analysis of data in manuscript  

“An optimized/scale up-ready protocol for extraction of bacterially 

produced dsRNA at good yield and low costs” 

page 152 

Statistical analysis of data in manuscript  

“Challenges of robust RNAi-mediated gene silencing in Aedes 

mosquitoes” 

page 159 

Statistical analysis of data in manuscript  

“Towards neo-classical genetic sexing strains in Ceratitis capitata 

(Diptera: Tephritidae): engineering a functional intronless version of 

the white pupae gene in the Mediterranean fruit fly” 

page 246 

 
  



 152 
 

5.1 Statistical analysis of data in manuscript “An optimized/scale up-ready protocol for 

extraction of bacterially produced dsRNA at good yield and low costs” 

Figure 5a 
Descriptive Statistics 
 
Data source: Data 
 
Column Size Missing Mean Std Dev Std. Error C.I. of Mean  
Papic 04 4 0 5,659 0,364 0,182 0,579  
Papic 08 4 0 5,116 0,470 0,235 0,748  
Prates 04 4 0 13,757 2,812 1,406 4,474  
Prates 08 4 0 15,463 1,905 0,953 3,032  
Ong 04 4 0 12,995 1,546 0,773 2,461  
Ong 08 4 0 9,945 2,636 1,318 4,194  
Posiri 04 4 0 7,335 0,420 0,210 0,669  
Posiri 08 4 0 6,388 0,502 0,251 0,798  
Papic 04 4 0 5,659 0,364 0,182 0,579  
Papic 08 4 0 5,116 0,470 0,235 0,748  
 
Column Range Max Min  Median  25% 75%  
Papic 04 0,796 6,084 5,288 5,631 5,325 6,020  
Papic 08 1,024 5,660 4,636 5,084 4,683 5,581  
Prates 04 5,609 16,911 11,302 13,407 11,344 16,519  
Prates 08 4,168 18,286 14,118 14,725 14,245 17,421  
Ong 04 3,374 14,124 10,750 13,554 11,365 14,067  
Ong 08 5,625 13,822 8,198 8,880 8,245 12,710  
Posiri 04 0,969 7,840 6,870 7,315 6,939 7,751  
Posiri 08 1,061 7,135 6,074 6,171 6,086 6,905  
Papic 04 0,796 6,084 5,288 5,631 5,325 6,020  
Papic 08 1,024 5,660 4,636 5,084 4,683 5,581  
 
Column Skewness Kurtosis K-S Dist. K-S Prob. SWilk W SWilk Prob 
Papic 04 0,273 -3,040 0,231 0,516 0,945 0,684  
Papic 08 0,239 -3,232 0,232 0,509 0,941 0,663  
Prates 04 0,259 -4,488 0,292 0,256 0,853 0,238  
Prates 08 1,852 3,560 0,382 0,042 0,771 0,059  
Ong 04 -1,648 2,649 0,306 0,207 0,825 0,155  
Ong 08 1,783 3,165 0,336 0,121 0,779 0,070  
Posiri 04 0,222 -1,399 0,176 0,692 0,987 0,939  
Posiri 08 1,917 3,709 0,383 0,041 0,735 0,028  
Papic 04 0,273 -3,040 0,231 0,516 0,945 0,684  
Papic 08 0,239 -3,232 0,232 0,509 0,941 0,663  
 
Column Sum Sum of Squares  
Papic 04 22,634 128,474  
Papic 08 20,464 105,357  
Prates 04 55,027 780,704  
Prates 08 61,854 967,363  
Ong 04 51,981 682,686  
Ong 08 39,781 416,468  
Posiri 04 29,340 215,731  
Posiri 08 25,551 163,964  
Papic 04 22,634 128,474  
Papic 08 20,464 105,357  
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One Way Analysis of Variance 
 
Data source: Data 
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,210) 
 
Equal Variance Test (Brown-Forsythe): Passed (P = 0,212) 
 
Group Name  N  Missing Mean Std Dev SEM  
Prates 04 4 0 13,757 2,812 1,406  
Prates 08 4 0 15,463 1,905 0,953  
 
Source of Variation   DF   SS   MS    F    P   
Between Groups  1 5,826 5,826 1,010 0,354  
Residual  6 34,607 5,768    
Total  7 40,433     
 

The differences in the mean values among the treatment groups are not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically 
significant difference  (P = 0,354). 

 
Power of performed test with alpha = 0,050: 0,051 
 
The power of the performed test (0,051) is below the desired power of 0,800. 

Less than desired power indicates you are less likely to detect a difference when one actually exists. 
Negative results should be interpreted cautiously. 

 
 
 
One Way Analysis of Variance 
 
Data source: Data 
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,468) 
 
Equal Variance Test (Brown-Forsythe): Passed (P = 0,628) 
 
Group Name  N  Missing Mean Std Dev SEM  
Ong 04 4 0 12,995 1,546 0,773  
Ong 08 4 0 9,945 2,636 1,318  
 
Source of Variation  DF   SS   MS    F    P   
Between Groups 1 18,607 18,607 3,985 0,093  
Residual 6 28,014 4,669    
Total 7 46,621     
 

The differences in the mean values among the treatment groups are not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically 
significant difference  (P = 0,093). 

 
Power of performed test with alpha = 0,050: 0,308 
 
The power of the performed test (0,308) is below the desired power of 0,800. 

Less than desired power indicates you are less likely to detect a difference when one actually exists. 
Negative results should be interpreted cautiously. 

  



 154 
 

One Way Analysis of Variance 
 
Data source: Data 
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,206) 
 
Equal Variance Test (Brown-Forsythe): Passed (P = 0,877) 
 
Group Name  N  Missing Mean Std Dev SEM  
Posiri 04 4 0 7,335 0,420 0,210  
Posiri 08 4 0 6,388 0,502 0,251  
 
Source of Variation  DF   SS   MS    F        P   
Between Groups 1 1,794 1,794 8,382       0,028  
Residual 6 1,284 0,214    
Total 7 3,079     
 

The differences in the mean values among the treatment groups are greater than would be expected by 
chance; there is a statistically significant difference  (P = 0,028). 

 
Power of performed test with alpha = 0,050: 0,623 
 
 
All Pairwise Multiple Comparison Procedures (Holm-Sidak method): 
Overall significance level = 0,05 
 
Comparisons for factor:  
Comparison Diff of Means t P P<0,050   
Posiri 04 vs. Posiri 08     0,947  2,895 0,028 Yes  
 
 
One Way Analysis of Variance 
 
Data source: Data 
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,384) 
 
Equal Variance Test (Brown-Forsythe): Passed (P = 0,407) 
 
Group Name  N  Missing Mean Std Dev SEM  
Papic 04 4 0 5,659 0,364 0,182  
Papic 08 4 0 5,116 0,470 0,235  
 
Source of Variation  DF   SS   MS    F   P   
Between Groups 1 0,589 0,589 3,331  0,118  
Residual 6 1,060 0,177    
Total 7 1,649     
 

The differences in the mean values among the treatment groups are not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically 
significant difference  (P = 0,118). 

 
Power of performed test with alpha = 0,050: 0,252 
 
The power of the performed test (0,252) is below the desired power of 0,800. 

Less than desired power indicates you are less likely to detect a difference when one actually exists. 
Negative results should be interpreted cautiously. 
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Figure 5C 
One Way Analysis of Variance 
 
Data source: Data 
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,392) 
 
Equal Variance Test (Brown-Forsythe): Passed (P = 0,381) 
 
Group Name  N  Missing Mean Std Dev SEM  
Acid phenol 4 0 79,784 4,550 2,275  
Phenol/guanidine 4 0 77,430 1,643 0,822  
Et I 4 0 51,546 1,510 0,755  
Et II 4 0 54,592 3,119 1,560  
 
Source of Variation  DF   SS   MS  F P   
Between Groups 3 2638,373 879,458 99,346 <0,001  
Residual 12 106,230 8,853    
Total 15 2744,603     
 

The differences in the mean values among the treatment groups are greater than would be expected by 
chance; there is a statistically significant difference  (P = <0,001). 

 
Power of performed test with alpha = 0,050: 1,000 
 
 
All Pairwise Multiple Comparison Procedures (Holm-Sidak method): 
Overall significance level = 0,05 
 
Comparisons for factor:  
Comparison Diff of Means t P P<0,050   
Acid phenol vs. Et I 28,238 13,422 <0,001 Yes   
Phenol/guanidine vs. Et I 25,884 12,303 <0,001 Yes   
Acid phenol vs. Et II 25,192 11,974 <0,001 Yes   
Phenol/guanidine vs. Et II 22,838 10,855 <0,001 Yes   
Et II vs. Et I 3,046 1,448 0,316 No   
Acid phenol vs. Phenol/guani 2,354 1,119 0,285 No   
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Figure 6B 
One Way Analysis of Variance 
 
Data source: Data 
 
Normality Test (Shapiro-Wilk):  Failed (P < 0,050) 
 
Test execution ended by user request, ANOVA on Ranks begun 
 
Kruskal-Wallis One Way Analysis of Variance on Ranks 
 
Data source: Data 1 in Notebook1 
 
Group N  Missing  Median    25%      75%     
AcidPhen 6 0 0,215 0,210 0,227  
PhenGuan 6 0 0,217 0,206 0,228  
EthI 6 0 0,173 0,171 0,191  
EthII 6 0 0,148 0,143 0,153  
AlkPheI 6 0 0,504 0,487 0,569  
AlkPheII 6 0 0,421 0,384 0,487  
 
H = 32,889 with 5 degrees of freedom.  (P = <0,001) 
 

The differences in the median values among the treatment groups are greater than would be expected by 
chance; there is a statistically significant difference  (P = <0,001) 

 
To isolate the group or groups that differ from the others use a multiple comparison procedure. 
 
 
All Pairwise Multiple Comparison Procedures (Tukey Test): 
 
Comparison Diff of Ranks q P P<0,050  
AlkPheI vs EthII 178,000 6,897 <0,001 Yes  
AlkPheI vs EthI 142,000 5,502 0,002 Yes  
AlkPheI vs PhenGuan 90,000 3,487 0,134 No  
AlkPheI vs AcidPhen 86,000 3,332 0,172 Do Not Test  
AlkPheI vs AlkPheII 32,000 1,240 0,952 Do Not Test  
AlkPheII vs EthII 146,000 5,657 <0,001 Yes  
AlkPheII vs EthI 110,000 4,262 0,031 Yes  
AlkPheII vs PhenGuan 58,000 2,247 0,606 Do Not Test  
AlkPheII vs AcidPhen 54,000 2,092 0,678 Do Not Test  
AcidPhen vs EthII 92,000 3,565 0,118 No  
AcidPhen vs EthI 56,000 2,170 0,642 Do Not Test  
AcidPhen vs PhenGuan 4,000 0,155 1,000 Do Not Test  
PhenGuan vs EthII 88,000 3,410 0,152 Do Not Test  
PhenGuan vs EthI 52,000 2,015 0,712 Do Not Test  
EthI vs EthII 36,000 1,395 0,922 Do Not Test  
 
Note: The multiple comparisons on ranks do not include an adjustment for ties. 
 

A result of "Do Not Test" occurs for a comparison when no significant difference is found between the 
two rank sums that enclose that comparison.  For example, if you had four rank sums sorted in order, 
and found no significant difference between rank sums  4 vs. 2, then you would not test 4 vs. 3 and 3 vs. 
2, but still test 4 vs. 1 and 3 vs. 1 (4 vs. 3 and 3 vs. 2 are enclosed by 4 vs. 2: 4 3 2 1).  Note that not 
testing the enclosed rank sums is a procedural rule, and a result of Do Not Test should be treated as if 
there is no significant difference between the rank sums, even though one may appear to exist. 
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One Way Analysis of Variance 
 
Data source: Data in dsRNA band intensities transformations 
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,166) 
 
Equal Variance Test (Brown-Forsythe): Passed (P = 0,866) 
 
Group Name  N  Missing Mean Std Dev SEM  
AcidPhen 6 0 4,582 0,223 0,0910  
PhenGuan 6 0 4,623 0,241 0,0985  
EthI 6 0 5,607 0,376 0,153  
EthII 6 0 6,770 0,238 0,0970  
AlkPheI 6 0 1,943 0,197 0,0804  
AlkPheII 6 0 2,356 0,268 0,110  
 
Source of Variation  DF   SS   MS  F  P  
Between Groups 5 103,975 20,795 299,493  <0,001 
Residual 30 2,083 0,0694    
Total 35 106,058     
 

The differences in the mean values among the treatment groups are greater than would be expected by 
chance; there is a statistically significant difference  (P = <0,001). 

 
Power of performed test with alpha = 0,050: 1,000 
 
 
All Pairwise Multiple Comparison Procedures (Holm-Sidak method): 
Overall significance level = 0,05 
 
Comparisons for factor:  
Comparison Diff of Means t P P<0,050   
EthII vs. AlkPheI 4,827 31,729 <0,001 Yes   
EthII vs. AlkPheII 4,414 29,016 <0,001 Yes   
EthI vs. AlkPheI 3,664 24,086 <0,001 Yes   
EthI vs. AlkPheII 3,252 21,374 <0,001 Yes   
PhenGuan vs. AlkPheI 2,680 17,618 <0,001 Yes   
AcidPhen vs. AlkPheI 2,639 17,350 <0,001 Yes   
PhenGuan vs. AlkPheII 2,268 14,905 <0,001 Yes   
AcidPhen vs. AlkPheII 2,227 14,637 <0,001 Yes   
EthII vs. AcidPhen 2,188 14,379 <0,001 Yes   
EthII vs. PhenGuan 2,147 14,111 <0,001 Yes   
EthII vs. EthI 1,163 7,642 <0,001 Yes   
EthI vs. AcidPhen 1,025 6,737 <0,001 Yes   
EthI vs. PhenGuan 0,984 6,468 <0,001 Yes   
AlkPheII vs. AlkPheI 0,413 2,713 0,022 Yes   
PhenGuan vs. AcidPhen 0,0408 0,268 0,790 No   
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Figure 6C 
One Way Analysis of Variance 
 
Data source: Data 
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,065) 
 
Equal Variance Test (Brown-Forsythe): Passed (P = 0,496) 
 
Group Name     N Missing Mean Std Dev SEM  
Acid phenol 6 0 3,872 0,190 0,0774  
PhenGua 6 0 2,861 0,241 0,0985  
Et I 6 0 1,468 0,135 0,0552  
Et II 6 0 0,954 0,0500 0,0204  
AlkPhe I 6 0 0,710 0,0653 0,0267  
AlkPhe II 6 0 0,579 0,152 0,0622  
 
Source of Variation DF   SS   MS    F    P   
Between Groups 5 53,430 10,686 450,236 <0,001  
Residual 30 0,712 0,0237    
Total 35 54,142     
 

The differences in the mean values among the treatment groups are greater than would be expected by 
chance; there is a statistically significant difference  (P = <0,001). 

 
Power of performed test with alpha = 0,050: 1,000 
 
 
All Pairwise Multiple Comparison Procedures (Holm-Sidak method): 
Overall significance level = 0,05 
 
Comparisons for factor:  
Comparison Diff of Means t P P<0,050   
Acid phenol vs. AlkPhe II 3,294 37,031 <0,001 Yes   
Acid phenol vs. AlkPhe I 3,163 35,555 <0,001 Yes   
Acid phenol vs. Et II 2,919 32,812 <0,001 Yes   
Acid phenol vs. Et I 2,405 27,034 <0,001 Yes   
PhenGua vs. AlkPhe II 2,282 25,656 <0,001 Yes   
PhenGua vs. AlkPhe I 2,151 24,181 <0,001 Yes   
PhenGua vs. Et II 1,907 21,438 <0,001 Yes   
PhenGua vs. Et I 1,393 15,660 <0,001 Yes   
Acid phenol vs. PhenGua 1,012 11,374 <0,001 Yes   
Et I vs. AlkPhe II 0,889 9,996 <0,001 Yes   
Et I vs. AlkPhe I 0,758 8,521 <0,001 Yes   
Et I vs. Et II 0,514 5,778 <0,001 Yes   
Et II vs. AlkPhe II 0,375 4,219 <0,001 Yes   
Et II vs. AlkPhe I 0,244 2,743 0,020 Yes   
AlkPhe I vs. AlkPhe II      0,131  1,475      0,151  No   
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5.2 Statistical analysis of data in manuscript “Challenges of robust RNAi-mediated gene 

silencing in Aedes mosquitoes” 

Figure 1a 
One Way Analysis of Variance  
 

Normality Test (Shapiro-Wilk):  Failed (P < 0,050) 
 
Equal Variance Test (Brown-Forsythe): Passed (P = 0,066) 
 
Group Name  N  Missing Mean Std Dev SEM  
Control 18 0 81,759 15,151 3,571  
sem1a 18 0 87,407 7,632 1,799  
fez2 10 0 76,500 15,937 5,040  
lrc 10 0 68,500 20,942 6,622  
 
Source of Variation  DF   SS   MS    F    P   
Between Groups 3 2484,346 828,115 3,871 0,014  
Residual 52 11125,525 213,952    
Total 55 13609,871     
 

The differences in the mean values among the treatment groups are greater than would be expected by 
chance; there is a statistically significant difference  (P = 0,014). 

 
Power of performed test with alpha = 0,050: 0,653 
One Way Analysis of Variance  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,806) 
 
Equal Variance Test (Brown-Forsythe): Passed (P = 0,480) 
 
Group Name   N  Missing Mean Std Dev SEM  
asinsqrt(control)  18 0 1,172 0,223  0,0526  
asinsqrt(sem1a)  18 0 1,236 0,153  0,0360  
asinsqrt(fez2)  10 0 1,098 0,224  0,0710  
asinsqrt(lrc)  10 0 0,991 0,233  0,0736  
 
Source of Variation  DF   SS   MS    F    P   
Between Groups 3 0,422 0,141 3,350 0,026  
Residual 52 2,185 0,0420    
Total 55 2,608     
 

The differences in the mean values among the treatment groups are greater than would be expected by 
chance; there is a statistically significant difference (P = 0,026). 

 
Power of performed test with alpha = 0,050: 0,558 
 
Multiple Comparisons versus Control Group (Bonferroni t-test): 
 
Comparisons for factor:  
Comparison Diff of Means t P P<0,050   
asinsqrt(con vs. asinsqrt(lrc 0,181 2,238 0,088 No   
asinsqrt(con vs. asinsqrt(fez 0,0748 0,925 1,000 Do Not Test   
asinsqrt(con vs. asinsqrt(sem 0,0641 0,939 1,000 Do Not Test   
 

A result of "Do Not Test" occurs for a comparison when no significant difference is found between two 
means that enclose that comparison.  For example, if you had four means sorted in order, and found no 
difference between means 4 vs. 2, then you would not test 4 vs. 3 and 3 vs. 2, but still test 4 vs. 1 and 3 
vs. 1 (4 vs. 3 and 3 vs. 2 are enclosed by 4 vs. 2: 4 3 2 1).  Note that not testing the enclosed means is a 
procedural rule, and a result of Do Not Test should be treated as if there is no significant difference 
between the means, even though one may appear to exist. 
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Figure 1B 
One-Sample t-test  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,624) 
 
Group Name   N  Missing Mean Std Dev SEM  
4_Sem1a_1,   day 3  3 0 1,074 0,241  0,139  
 
Hypothesized population mean 1,000 
 
t = 0,534  with 2 degrees of freedom.  
 
95 percent two-tailed confidence interval for the population mean: 0,475 to 1,674 
 
Two-tailed P-value = 0,647 
 

The difference between the mean of the sampled population and the hypothesized population mean is 
not great enough to reject the hypothesis that the difference is only due to random sample variability. 
There is not a significant difference between the two means (P = 0,647). 

 
One-tailed P-value = 0,323 
 

The sample mean of the group does not exceed the hypothesized mean by an amount great enough to 
exclude the possibility that the difference is due to random sampling variability. The hypothesis that the 
hypothesized mean is greater than or equal to the true mean cannot be rejected. (P = 0,323). 

 
 
 
 
 
 
 
 
 
 
One-Sample t-test  
 
Normality Test (Kolmogorov-Smirnov):  Passed (P = 0,481) 
 
Group Name   N  Missing Mean Std Dev SEM  
16_Sem1a_1,   day 5  2 0 0,582 0,0131 0,00926  
 
Hypothesized population mean 1,000 
 
t = -45,118  with 1 degrees of freedom.  
 
95 percent two-tailed confidence interval for the population mean: 0,464 to 0,700 
 
Two-tailed P-value = 0,0141 
 

There is a statistically significant difference between the mean of the sampled population and the 
hypothesized population mean (P = 0,014). 

 
One-tailed P-value = 0,00705 
 

The hypothesized mean exceeds the sample mean of the group by an amount that is greater than would 
be expected by chance, rejecting the hypothesis that the true mean of group is greater than or equal to 
the hypothesized mean. (P = 0,007). 
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One-Sample t-test  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,111) 
 
Group Name   N  Missing Mean Std Dev SEM  
28_Sem1a_1,, pupae  3 0 0,944 0,278  0,160  
 
Hypothesized population mean 1,000 
 
t = -0,351  with 2 degrees of freedom.  
 
95 percent two-tailed confidence interval for the population mean: 0,253 to 1,634 
 
Two-tailed P-value = 0,759 
 

The difference between the mean of the sampled population and the hypothesized population mean is 
not great enough to reject the hypothesis that the difference is only due to random sample variability. 
There is not a significant difference between the two means (P = 0,759). 

 
One-tailed P-value = 0,380 
 

The hypothesized mean does not exceed the sample mean of the group by an amount great enough to 
exclude the possibility that the difference is due to random sampling variability. The hypothesis that the 
true mean is greater than or equal to the hypothesized mean cannot be rejected. (P = 0,380). 

 
 
 
Figure 1C 
One-Sample t-test  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,214) 
 
Group Name   N  Missing Mean Std Dev SEM  
4_Sem1a_1,   day 3  3 0 0,942 0,0879 0,0507  
 
Hypothesized population mean 1,000 
 
t = -1,137  with 2 degrees of freedom.  
 
95 percent two-tailed confidence interval for the population mean: 0,724 to 1,161 
 
Two-tailed P-value = 0,373 
 

The difference between the mean of the sampled population and the hypothesized population mean is 
not great enough to reject the hypothesis that the difference is only due to random sample variability. 
There is not a significant difference between the two means (P = 0,373). 

 
One-tailed P-value = 0,187 
 

The hypothesized mean does not exceed the sample mean of the group by an amount great enough to 
exclude the possibility that the difference is due to random sampling variability. The hypothesis that the 
true mean is greater than or equal to the hypothesized mean cannot be rejected. (P = 0,187). 
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One-Sample t-test  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,973) 
 
Group Name   N  Missing Mean Std Dev SEM  
16_Sem1a_1,   day 5  3 0 1,013 0,148 0,0856  
 
Hypothesized population mean 1,000 
 
t = 0,151  with 2 degrees of freedom.  
 
95 percent two-tailed confidence interval for the population mean: 0,645 to 1,381 
 
Two-tailed P-value = 0,894 
 

The difference between the mean of the sampled population and the hypothesized population mean is 
not great enough to reject the hypothesis that the difference is only due to random sample variability. 
There is not a significant difference between the two means (P = 0,894). 

 
One-tailed P-value = 0,447 
 

The sample mean of the group does not exceed the hypothesized mean by an amount great enough to 
exclude the possibility that the difference is due to random sampling variability. The hypothesis that the 
hypothesized mean is greater than or equal to the true mean cannot be rejected. (P = 0,447). 

 
 
 
One-Sample t-test  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,959) 
 
Group Name   N  Missing Mean Std Dev SEM  
28_Sem1a_1,, pupae  3 0 0,903 0,153  0,0882  
 
Hypothesized population mean 1,000 
 
t = -1,095  with 2 degrees of freedom.  
 
95 percent two-tailed confidence interval for the population mean: 0,524 to 1,283 
 
Two-tailed P-value = 0,388 
 

The difference between the mean of the sampled population and the hypothesized population mean is 
not great enough to reject the hypothesis that the difference is only due to random sample variability. 
There is not a significant difference between the two means (P = 0,388). 

 
One-tailed P-value = 0,194 
 

The hypothesized mean does not exceed the sample mean of the group by an amount great enough to 
exclude the possibility that the difference is due to random sampling variability. The hypothesis that the 
true mean is greater than or equal to the hypothesized mean cannot be rejected. (P = 0,194). 
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Figure 1D 
One-Sample t-test  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,702) 
 
Group Name   N  Missing Mean Std Dev SEM  
7_lrc_1,      day 3  3 0 1,214 0,382 0,221  
 
Hypothesized population mean 1,000 
 
t = 0,968  with 2 degrees of freedom.  
 
95 percent two-tailed confidence interval for the population mean: 0,264 to 2,164 
 
Two-tailed P-value = 0,435 
 

The difference between the mean of the sampled population and the hypothesized population mean is 
not great enough to reject the hypothesis that the difference is only due to random sample variability. 
There is not a significant difference between the two means (P = 0,435). 

 
One-tailed P-value = 0,218 
 

The sample mean of the group does not exceed the hypothesized mean by an amount great enough to 
exclude the possibility that the difference is due to random sampling variability. The hypothesis that the 
hypothesized mean is greater than or equal to the true mean cannot be rejected. (P = 0,218). 

 
 
 
One-Sample t-test  
 
Normality Test (Kolmogorov-Smirnov):  Passed (P = 0,481) 
 
Group Name   N  Missing Mean Std Dev SEM  
20_lrc_2,      day 5  2 0 0,791 0,181 0,128  
 
Hypothesized population mean 1,000 
 
t = -1,629  with 1 degrees of freedom.  
 
95 percent two-tailed confidence interval for the population mean: -0,837 to 2,420 
 
Two-tailed P-value = 0,351 
 

The difference between the mean of the sampled population and the hypothesized population mean is 
not great enough to reject the hypothesis that the difference is only due to random sample variability. 
There is not a significant difference between the two means (P = 0,351). 

 
One-tailed P-value = 0,175 
 

The hypothesized mean does not exceed the sample mean of the group by an amount great enough to 
exclude the possibility that the difference is due to random sampling variability. The hypothesis that the 
true mean is greater than or equal to the hypothesized mean cannot be rejected. (P = 0,175). 
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One-Sample t-test  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,234) 
 
Group Name  N  Missing Mean Std Dev SEM  
31_lrc_1, pupae 3 0 1,143 0,136 0,0783  
 
Hypothesized population mean 1,000 
 
t = 1,832  with 2 degrees of freedom.  
 
95 percent two-tailed confidence interval for the population mean: 0,806 to 1,480 
 
Two-tailed P-value = 0,208 
 

The difference between the mean of the sampled population and the hypothesized population mean is 
not great enough to reject the hypothesis that the difference is only due to random sample variability. 
There is not a significant difference between the two means (P = 0,208). 

 
One-tailed P-value = 0,104 
 

The sample mean of the group does not exceed the hypothesized mean by an amount great enough to 
exclude the possibility that the difference is due to random sampling variability. The hypothesis that the 
hypothesized mean is greater than or equal to the true mean cannot be rejected. (P = 0,104). 

 
 
 
 
 
Figure 1E 
One-Sample t-test  
 
Normality Test (Kolmogorov-Smirnov):  Passed (P = 0,481) 
 
Group Name   N  Missing Mean Std Dev SEM  
7_lrc_1,      day 3  2 0 1,379 0,0755 0,0534  
 
Hypothesized population mean 1,000 
 
t = 7,098  with 1 degrees of freedom.  
 
95 percent two-tailed confidence interval for the population mean: 0,701 to 2,057 
 
Two-tailed P-value = 0,0891 
 

The difference between the mean of the sampled population and the hypothesized population mean is 
not great enough to reject the hypothesis that the difference is only due to random sample variability. 
There is not a significant difference between the two means (P = 0,089). 

 
One-tailed P-value = 0,0446 
 

The sample mean of the group exceeds the hypothesized mean by an amount that is greater than would 
be expected by chance, rejecting the hypothesis that the hypothesized mean is greater than or equal to 
the true mean. (P = 0,045). 
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One-Sample t-test  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,627) 
 
Group Name  N  Missing Mean Std Dev SEM  
19_lrc_1,      day 5 3 0 1,366 0,363 0,210  
 
Hypothesized population mean 1,000 
 
t = 1,746  with 2 degrees of freedom.  
 
95 percent two-tailed confidence interval for the population mean: 0,464 to 2,267 
 
Two-tailed P-value = 0,223 
 

The difference between the mean of the sampled population and the hypothesized population mean is 
not great enough to reject the hypothesis that the difference is only due to random sample variability. 
There is not a significant difference between the two means (P = 0,223). 

 
One-tailed P-value = 0,111 
 

The sample mean of the group does not exceed the hypothesized mean by an amount great enough to 
exclude the possibility that the difference is due to random sampling variability. The hypothesis that the 
hypothesized mean is greater than or equal to the true mean cannot be rejected. (P = 0,111). 

 
 
 
One-Sample t-test  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,186) 
 
Group Name  N  Missing Mean Std Dev SEM  
31_lrc_1, pupae 3 0 0,844 0,141 0,0814  
 
Hypothesized population mean 1,000 
 
t = -1,911  with 2 degrees of freedom.  
 
95 percent two-tailed confidence interval for the population mean: 0,494 to 1,195 
 
Two-tailed P-value = 0,196 
 

The difference between the mean of the sampled population and the hypothesized population mean is 
not great enough to reject the hypothesis that the difference is only due to random sample variability. 
There is not a significant difference between the two means (P = 0,196). 

 
One-tailed P-value = 0,0981 
 

The hypothesized mean does not exceed the sample mean of the group by an amount great enough to 
exclude the possibility that the difference is due to random sampling variability. The hypothesis that the 
true mean is greater than or equal to the hypothesized mean cannot be rejected. (P = 0,098). 
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Figure 1F 
One-Sample t-test  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,335) 
 
Group Name  N  Missing Mean Std Dev SEM  
10_fez2_1,   day 3 3 0 1,226 0,126  0,0727  
 
Hypothesized population mean 1,000 
 
t = 3,105  with 2 degrees of freedom.  
 
95 percent two-tailed confidence interval for the population mean: 0,913 to 1,538 
 
Two-tailed P-value = 0,0900 
 

The difference between the mean of the sampled population and the hypothesized population mean is 
not great enough to reject the hypothesis that the difference is only due to random sample variability. 
There is not a significant difference between the two means (P = 0,090). 

 
One-tailed P-value = 0,0450 
 

The sample mean of the group exceeds the hypothesized mean by an amount that is greater than would 
be expected by chance, rejecting the hypothesis that the hypothesized mean is greater than or equal to 
the true mean. (P = 0,045). 

 
 
 
 
One-Sample t-test  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,760) 
 
Group Name  N  Missing Mean Std Dev SEM  
22_fez2_1,   day 5 3 0 0,753 0,0745 0,0430  
 
Hypothesized population mean 1,000 
 
t = -5,743  with 2 degrees of freedom.  
 
95 percent two-tailed confidence interval for the population mean: 0,568 to 0,938 
 
Two-tailed P-value = 0,0290 
 

There is a statistically significant difference between the mean of the sampled population and the 
hypothesized population mean (P = 0,029). 

 
One-tailed P-value = 0,0145 
 

The hypothesized mean exceeds the sample mean of the group by an amount that is greater than would 
be expected by chance, rejecting the hypothesis that the true mean of group is greater than or equal to 
the hypothesized mean. (P = 0,015). 
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One-Sample t-test  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,604) 
 
Group Name  N  Missing Mean Std Dev  SEM  
34_fez2_1, pupae 3 0 1,026 0,0151  0,00873  
 
Hypothesized population mean 1,000 
 
t = 3,023  with 2 degrees of freedom.  
 
95 percent two-tailed confidence interval for the population mean: 0,989 to 1,064 
 
Two-tailed P-value = 0,0942 
 

The difference between the mean of the sampled population and the hypothesized population mean is 
not great enough to reject the hypothesis that the difference is only due to random sample variability. 
There is not a significant difference between the two means (P = 0,094). 

 
One-tailed P-value = 0,0471 
 

The sample mean of the group exceeds the hypothesized mean by an amount that is greater than would 
be expected by chance, rejecting the hypothesis that the hypothesized mean is greater than or equal to 
the true mean. (P = 0,047). 

 
 
 
 
 
Figure 1G 
One-Sample t-test  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,555) 
 
Group Name  N  Missing Mean Std Dev SEM  
10_fez2_1,   day 3 3 0 0,774 0,141  0,0817  
 
Hypothesized population mean 1,000 
 
t = -2,769  with 2 degrees of freedom.  
 
95 percent two-tailed confidence interval for the population mean: 0,423 to 1,125 
 
Two-tailed P-value = 0,109 
 

The difference between the mean of the sampled population and the hypothesized population mean is 
not great enough to reject the hypothesis that the difference is only due to random sample variability. 
There is not a significant difference between the two means (P = 0,109). 

 
One-tailed P-value = 0,0547 
 

The hypothesized mean does not exceed the sample mean of the group by an amount great enough to 
exclude the possibility that the difference is due to random sampling variability. The hypothesis that the 
true mean is greater than or equal to the hypothesized mean cannot be rejected. (P = 0,055). 
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One-Sample t-test  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,553) 
 
Group Name  N  Missing Mean Std Dev SEM  
22_fez2_1,   day 5 3 0 1,251 0,199  0,115  
 
Hypothesized population mean 1,000 
 
t = 2,183  with 2 degrees of freedom.  
 
95 percent two-tailed confidence interval for the population mean: 0,757 to 1,744 
 
Two-tailed P-value = 0,161 
 

The difference between the mean of the sampled population and the hypothesized population mean is 
not great enough to reject the hypothesis that the difference is only due to random sample variability. 
There is not a significant difference between the two means (P = 0,161). 

 
One-tailed P-value = 0,0804 
 

The sample mean of the group does not exceed the hypothesized mean by an amount great enough to 
exclude the possibility that the difference is due to random sampling variability. The hypothesis that the 
hypothesized mean is greater than or equal to the true mean cannot be rejected. (P = 0,080). 

 
 
 
 
One-Sample t-test  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,556) 
 
Group Name  N  Missing Mean Std Dev  SEM  
34_fez2_1, pupae 3 0 1,281 0,0324  0,0187  
 
Hypothesized population mean 1,000 
 
t = 14,998  with 2 degrees of freedom.  
 
95 percent two-tailed confidence interval for the population mean: 1,200 to 1,361 
 
Two-tailed P-value = 0,00442 
 

There is a statistically significant difference between the mean of the sampled population and the 
hypothesized population mean (P = 0,004). 

 
One-tailed P-value = 0,00221 
 

The sample mean of the group exceeds the hypothesized mean by an amount that is greater than would 
be expected by chance, rejecting the hypothesis that the hypothesized mean is greater than or equal to 
the true mean. (P = 0,002). 
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Figure 2a 
t-test  
 
Normality Test (Shapiro-Wilk):  Failed (P < 0,050) 
 
Equal Variance Test (Brown-Forsythe): Passed (P = 0,697) 
 

The result of the equal variance test indicates the likelihood that the two groups are sampled from 
populations with equal variances, but does not guarantee the equality or inequality of the two variances. 

 
Group Name  N  Missing Mean Std Dev SEM  
EGFP IVT 24 0 0,908 0,167 0,0340  
β-tub 2851 IVT 24 0 0,926 0,153 0,0312  
 
Difference of means -0,0181 
 

Use the results of Welch's test, where equal variances are not assumed, if the equality of the population 
variances of the two groups is in doubt. 

 
Equal Variances Assumed (Student's t-test): 
 
t = -0,391  with 46 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -0,111 to 0,0749 
 
Two-tailed P-value = 0,697 
 

The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference 
between the input groups (P = 0,697). 

 
One-tailed P-value = 0,349 
 

The sample mean of group β-tub 2851 IVT does not exceed the sample mean of the group EGFP IVT 
by an amount great enough to exclude the possibility that the difference is due to random sampling 
variability. The hypothesis that the population mean of group EGFP IVT is greater than or equal to the 
population mean of group β-tub 2851 IVT cannot be rejected. (P = 0,349). 

 
Equal Variances Not Assumed (Welch's t-test): 
 
t = -0,391  with 45,666 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -0,111 to 0,0749 
 
Two-tailed P-value = 0,697 
 

The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference 
between the input groups (P = 0,697). 

 
One-tailed P-value = 0,349 
 

The sample mean of group β-tub 2851 IVT does not exceed the sample mean of the group EGFP IVT 
by an amount great enough to exclude the possibility that the difference is due to random sampling 
variability. The hypothesis that the population mean of group EGFP IVT is greater than or equal to the 
population mean of group β-tub 2851 IVT cannot be rejected. (P = 0,349). 
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Box-Cox Transformation 
Two-Sample T-Test and CI: C3, C2 
Method 
µ₁: population mean of C3 when C2 = EGFP IVT 
µ₂: population mean of C3 when C2 = β-tub 2851 IVT 
Difference: µ₁ - µ₂ 
Equal variances are not assumed for this analysis. 
 

Descriptive Statistics: C3 
C2 N Mean StDev SE Mean 
EGFP IVT 24 7698533333 3740213378 763467859 
β-tub 2851 IVT 24 8213715622 3607999659 736479846 

 

Estimation for Difference 
Difference 95% CI for Difference 

-515182288 (-2651732811, 1621368235) 
 

Test 
Null hypothesis H₀: µ₁ - µ₂ = 0 
Alternative hypothesis H₁: µ₁ - µ₂ ≠ 0 

T-Value DF P-Value 

-0.49 45 0.630 
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t-test  
 
Normality Test (Shapiro-Wilk):  Failed (P < 0,050) 
 
Equal Variance Test (Brown-Forsythe): Passed (P = 0,098) 
 

The result of the equal variance test indicates the likelihood that the two groups are sampled from 
populations with equal variances, but does not guarantee the equality or inequality of the two variances. 

 
Group Name  N  Missing Mean Std Dev SEM  
βtub 2851 einfach 12 0 0,875 0,142  0,0411  
EGFP einfach 12 0 0,903 0,0855  0,0247  
 
Difference of means -0,0279 
 

Use the results of Welch's test, where equal variances are not assumed, if the equality of the population 
variances of the two groups is in doubt. 

 
Equal Variances Assumed (Student's t-test): 
 
t = -0,583  with 22 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -0,127 to 0,0714 
 
Two-tailed P-value = 0,566 
 

The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference 
between the input groups (P = 0,566). 

 
One-tailed P-value = 0,283 
 

The sample mean of group EGFP einfach does not exceed the sample mean of the group βtub 2851 
einfach by an amount great enough to exclude the possibility that the difference is due to random 
sampling variability. The hypothesis that the population mean of group βtub 2851 einfach is greater 
than or equal to the population mean of group EGFP einfach cannot be rejected. (P = 0,283). 

 
Equal Variances Not Assumed (Welch's t-test): 
 
t = -0,583  with 18,028 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -0,129 to 0,0727 
 
Two-tailed P-value = 0,567 
 

The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference 
between the input groups (P = 0,567). 

 
One-tailed P-value = 0,284 
 

The sample mean of group EGFP einfach does not exceed the sample mean of the group βtub 2851 
einfach by an amount great enough to exclude the possibility that the difference is due to random 
sampling variability. The hypothesis that the population mean of group βtub 2851 einfach is greater 
than or equal to the population mean of group EGFP einfach cannot be rejected. (P = 0,284). 
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Box-Cox Transformation 
Two-Sample T-Test and CI: C4, C1 
Method 
µ₁: population mean of C4 when C1 = EGFP einfach 
µ₂: population mean of C4 when C1 = βtub 2851 einfach 
Difference: µ₁ - µ₂ 
Equal variances are not assumed for this analysis. 
 

Descriptive Statistics: C4 
C1 N Mean StDev SE Mean 
EGFP einfach 12 6455650412 2557120655 738177149 
βtub 2851 einfach 12 6260875000 3707638894 1070303157 

 

Estimation for Difference 
Difference 95% CI for Difference 

194775412 (-2526521591, 2916072415) 
 

Test 
Null hypothesis H₀: µ₁ - µ₂ = 0 
Alternative hypothesis H₁: µ₁ - µ₂ ≠ 0 

T-
Value DF P-Value 

0.15 19 0.882 
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t-test  
 
Normality Test (Shapiro-Wilk):  Failed (P < 0,050) 
 
Equal Variance Test (Brown-Forsythe): Passed (P = 0,868) 
 

The result of the equal variance test indicates the likelihood that the two groups are sampled from 
populations with equal variances, but does not guarantee the equality or inequality of the two variances. 

 
Group Name  N  Missing Mean Std Dev  SEM  
βtub 2851 6-fach 12 0 0,833 0,156  0,0449  
 EGFP 6-fach 12 0 0,892 0,124  0,0358  
 
Difference of means -0,0591 
 

Use the results of Welch's test, where equal variances are not assumed, if the equality of the population 
variances of the two groups is in doubt. 

 
Equal Variances Assumed (Student's t-test): 
 
t = -1,028  with 22 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -0,178 to 0,0601 
 
Two-tailed P-value = 0,315 
 

The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference 
between the input groups (P = 0,315). 

 
One-tailed P-value = 0,158 
 

The sample mean of group  EGFP 6-fach does not exceed the sample mean of the group βtub 2851 6-
fach by an amount great enough to exclude the possibility that the difference is due to random sampling 
variability. The hypothesis that the population mean of group βtub 2851 6-fach is greater than or equal 
to the population mean of group  EGFP 6-fach cannot be rejected. (P = 0,158). 

 
Equal Variances Not Assumed (Welch's t-test): 
 
t = -1,028  with 20,957 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -0,179 to 0,0605 
 
Two-tailed P-value = 0,316 
 

The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference 
between the input groups (P = 0,316). 

 
One-tailed P-value = 0,158 
 

The sample mean of group  EGFP 6-fach does not exceed the sample mean of the group βtub 2851 6-
fach by an amount great enough to exclude the possibility that the difference is due to random sampling 
variability. The hypothesis that the population mean of group βtub 2851 6-fach is greater than or equal 
to the population mean of group  EGFP 6-fach cannot be rejected. (P = 0,158). 
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Box-Cox Transformation 
Two-Sample T-Test and CI: C4, C1 
Method 
µ₁: population mean of C4 when C1 =  EGFP 6-fach  
µ₂: population mean of C4 when C1 = βtub 2851 6-fach  
Difference: µ₁ - µ₂ 
Equal variances are not assumed for this analysis. 
 

Descriptive Statistics: C4 
C1 N Mean StDev SE Mean 
EGFP 6-fach  12 69763445 31486318 9089317 
βtub 2851 6-fach  12 56486667 30151641 8704029 

 

Estimation for Difference 
Difference 95% CI for Difference 

13276779 (-12894631, 39448189) 
 

Test 
Null hypothesis H₀: µ₁ - µ₂ = 0 
Alternative hypothesis H₁: µ₁ - µ₂ ≠ 0 

T-
Value DF 

P-
Value 

1.05 21 0.303 
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t-test  
 
Normality Test (Shapiro-Wilk):  Failed (P < 0,050) 
 
Equal Variance Test (Brown-Forsythe): Passed (P = 0,228) 
 

The result of the equal variance test indicates the likelihood that the two groups are sampled from 
populations with equal variances, but does not guarantee the equality or inequality of the two variances. 

 
Group Name  N  Missing Mean Std Dev SEM  
β-tub 4939 dreifach 12 0 0,867 0,144 0,0414  
EGFP dreifach 12 0 0,908 0,0793 0,0229  
 
Difference of means -0,0417 
 

Use the results of Welch's test, where equal variances are not assumed, if the equality of the population 
variances of the two groups is in doubt. 

 
Equal Variances Assumed (Student's t-test): 
 
t = -0,880  with 22 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -0,140 to 0,0565 
 
Two-tailed P-value = 0,388 
 

The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference 
between the input groups (P = 0,388). 

 
One-tailed P-value = 0,194 
 

The sample mean of group EGFP dreifach does not exceed the sample mean of the group β-tub 4939 
dreifach by an amount great enough to exclude the possibility that the difference is due to random 
sampling variability. The hypothesis that the population mean of group β-tub 4939 dreifach is greater 
than or equal to the population mean of group EGFP dreifach cannot be rejected. (P = 0,194). 

 
Equal Variances Not Assumed (Welch's t-test): 
 
t = -0,880  with 17,141 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -0,141 to 0,0582 
 
Two-tailed P-value = 0,391 
 

The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference 
between the input groups (P = 0,391). 

 
One-tailed P-value = 0,195 
 

The sample mean of group EGFP dreifach does not exceed the sample mean of the group β-tub 4939 
dreifach by an amount great enough to exclude the possibility that the difference is due to random 
sampling variability. The hypothesis that the population mean of group β-tub 4939 dreifach is greater 
than or equal to the population mean of group EGFP dreifach cannot be rejected. (P = 0,195). 
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Box-Cox Transformation 
Two-Sample T-Test and CI: C4, C1 
Method 
µ₁: population mean of C4 when C1 = EGFP dreifach 
µ₂: population mean of C4 when C1 = β-tub 4939 dreifach 
Difference: µ₁ - µ₂ 
Equal variances are not assumed for this analysis. 
 

Descriptive Statistics: C4 
C1 N Mean StDev SE Mean 
EGFP dreifach 12 70910833 23772348 6862486 
β-tub 4939 dreifach 12 64190000 32285349 9319978 

 

Estimation for Difference 
Difference 95% CI for Difference 

6720833 (-17421947, 30863614) 
 

Test 
Null hypothesis H₀: µ₁ - µ₂ = 0 
Alternative hypothesis H₁: µ₁ - µ₂ ≠ 0 

T-
Value DF P-Value 

0.58 20 0.568 
 
 
 
Box-Cox Transformation 
Two-Sample T-Test and CI: C4, C1 
Method 
µ₁: population mean of C4 when C1 = eGFP 6-fach 
µ₂: population mean of C4 when C1 = βtub 4939 6-fach 
Difference: µ₁ - µ₂ 
Equal variances are not assumed for this analysis. 
 

Descriptive Statistics: C4 
C1 N Mean StDev SE Mean 
eGFP 6-fach 24 6658688051 3411898544 696450874 
βtub 4939 6-fach 24 6329615763 3353619834 684554782 

 

Estimation for Difference 
Difference 95% CI for Difference 

329072288 (-1637809829, 2295954405) 
 

Test 
Null hypothesis H₀: µ₁ - µ₂ = 0 
Alternative hypothesis H₁: µ₁ - µ₂ ≠ 0 

T-Value DF P-Value 
0.34 45 0.738 
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t-test  
 
Normality Test (Shapiro-Wilk):  Failed (P < 0,050) 
 
Equal Variance Test (Brown-Forsythe): Passed (P = 0,768) 
 

The result of the equal variance test indicates the likelihood that the two groups are sampled from 
populations with equal variances, but does not guarantee the equality or inequality of the two variances. 

 
Group Name  N  Missing Mean Std Dev SEM  
βtub 2851 + βtub 4939 einfach 12 0 0,708 0,315 0,0908  
EGFP einfach doppelt 12 0 0,771 0,303 0,0874  
 
Difference of means -0,0629 
 

Use the results of Welch's test, where equal variances are not assumed, if the equality of the population 
variances of the two groups is in doubt. 

 
Equal Variances Assumed (Student's t-test): 
 
t = -0,499  with 22 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -0,324 to 0,199 
 
Two-tailed P-value = 0,623 
 

The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference 
between the input groups (P = 0,623). 

 
One-tailed P-value = 0,311 
 

The sample mean of group EGFP einfach doppelt does not exceed the sample mean of the group βtub 
2851 + βtub 4939 einfach by an amount great enough to exclude the possibility that the difference is 
due to random sampling variability. The hypothesis that the population mean of group βtub 2851 + βtub 
4939 einfach is greater than or equal to the population mean of group EGFP einfach doppelt cannot be 
rejected. (P = 0,311). 

 
Equal Variances Not Assumed (Welch's t-test): 
 
t = -0,499  with 21,968 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -0,324 to 0,199 
 
Two-tailed P-value = 0,623 
 

The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference 
between the input groups (P = 0,623). 

 
One-tailed P-value = 0,311 
 

The sample mean of group EGFP einfach doppelt does not exceed the sample mean of the group βtub 
2851 + βtub 4939 einfach by an amount great enough to exclude the possibility that the difference is 
due to random sampling variability. The hypothesis that the population mean of group βtub 2851 + βtub 
4939 einfach is greater than or equal to the population mean of group EGFP einfach doppelt cannot be 
rejected. (P = 0,311). 
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Box-Cox Transformation 
Two-Sample T-Test and CI: C4, C1 
Method 
µ₁: population mean of C4 when C1 = EGFP einfach doppelt 
µ₂: population mean of C4 when C1 = βtub 2851 + βtub 4939 einfach 
Difference: µ₁ - µ₂ 
Equal variances are not assumed for this analysis. 
 

Descriptive Statistics: C4 
C1 N Mean StDev SE Mean 
EGFP einfach doppelt 12 6789 3951 1141 
βtub 2851 + βtub 4939 einfach 12 5925 3937 1136 

 

Estimation for Difference 
Difference 95% CI for Difference 

864 (-2484, 4212) 
 

Test 
Null hypothesis H₀: µ₁ - µ₂ = 0 
Alternative hypothesis H₁: µ₁ - µ₂ ≠ 0 

T-Value DF 
P-

Value 

0.54 21 0.597 

 
 
 

Box-Cox Transformation 
Two-Sample T-Test and CI: C4, C1 
Method 
µ₁: population mean of C4 when C1 = eGFP 6-fach 
µ₂: population mean of C4 when C1 = βtub 2851, 4393 6-fach (dreifach, 2 targets) 
Difference: µ₁ - µ₂ 
Equal variances are not assumed for this analysis. 
 

Descriptive Statistics: C4 
C1 N Mean StDev SE Mean 
eGFP 6-fach 12 423467 297863 85986 
βtub 2851, 4393 6-fach (dreifach, 2 targets) 12 712110 247972 71583 

 

Estimation for Difference 
Difference 95% CI for Difference 

-288643 (-521316, -55970) 
Test 
Null hypothesis H₀: µ₁ - µ₂ = 0 
Alternative hypothesis H₁: µ₁ - µ₂ ≠ 0 

T-
Value DF P-Value 

-2.58 21 0.017 
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Figure 2B 
 
Descriptive Statistics:  
 
Column Size Missing Mean Std Dev Std. Error C.I. of Mean  
Ache1 2 0 0,718 0,0261 0,0184 0,234  
fez2 2 0 0,850 0,212 0,150 1,906  
lrcE1 2 0 0,750 0,212 0,150 1,906  
Sem1aE8 2 0 0,850 0,141 0,1000 1,271  
Sem1aE15 2 0 0,875 0,106 0,0750 0,953  
VATPase 2 0 0,925 0,106 0,0750 0,953  
eGFP 2 0 0,833 0,101 0,0714 0,908  
ßtub2851 2 0 0,950 0,0707 0,0500 0,635  
 
Column Range Max Min  Median  25% 75%  
Ache1 0,0368 0,737 0,700 0,718 0,700 0,737  
fez2 0,300 1,000 0,700 0,850 0,700 1,000  
lrcE1 0,300 0,900 0,600 0,750 0,600 0,900  
Sem1aE8 0,200 0,950 0,750 0,850 0,750 0,950  
Sem1aE15 0,150 0,950 0,800 0,875 0,800 0,950  
VATPase 0,150 1,000 0,850 0,925 0,850 1,000  
eGFP 0,143 0,905 0,762 0,833 0,762 0,905  
ßtub2851 0,1000 1,000 0,900 0,950 0,900 1,000  
 
Column Skewness Kurtosis K-S Dist. K-S Prob. SWilk W SWilk Prob 
Ache1 -- -- 0,260 0,481 -- --  
fez2 -- -- 0,260 0,481 -- --  
lrcE1 -- -- 0,260 0,481 -- --  
Sem1aE8 -- -- 0,260 0,481 -- --  
Sem1aE15 -- -- 0,260 0,481 -- --  
VATPase -- -- 0,260 0,481 -- --  
eGFP -- -- 0,260 0,481 -- --  
ßtub2851 -- -- 0,260 0,481 -- --  
 
Column Sum  Sum of Squares  
Ache1 1,437  1,033  
fez2 1,700  1,490  
lrcE1 1,500  1,170  
Sem1aE8 1,700  1,465  
Sem1aE15 1,750  1,543  
VATPase 1,850  1,722  
eGFP 1,667  1,399  
ßtub2851     1,900  1,810  
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One Way Analysis of Variance  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,302) 
 
Equal Variance Test (Brown-Forsythe): Failed (P < 0,050) 
 
Test execution ended by user request, ANOVA on Ranks begun 
 
Kruskal-Wallis One Way Analysis of Variance on Ranks  
 
Group N  Missing  Median    25%      75%     
Ache1 2 0 0,718 0,700 0,737  
fez2 2 0 0,850 0,700 1,000  
lrcE1 2 0 0,750 0,600 0,900  
Sem1aE8 2 0 0,850 0,750 0,950  
Sem1aE15 2 0 0,875 0,800 0,950  
VATPase 2 0 0,925 0,850 1,000  
eGFP 2 0 0,833 0,762 0,905  
ßtub2851 2 0 0,950 0,900 1,000  
 
H = 5,605 with 7 degrees of freedom.  (P = 0,586) 
 

The differences in the median values among the treatment groups are not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically 
significant difference    (P = 0,586) 

 
 
One-way ANOVA: Ache1, fez2, lrc_E1, Sem1a_E8, Sem1a_E15, VATPase, eGFP, βtub2851 
 
Method 
Null hypothesis All means are equal 
Alternative hypothesis Not all means are equal 
Significance level α = 0.05 
Equal variances were not assumed for the analysis. 
 

Factor Information 
Factor Levels Values 
Factor 8 Ache1, fez2, lrc_E1, Sem1a_E8, Sem1a_E15, VATPase, eGFP, βtub2851 

 

Welch’s Test 
Source DF Num DF Den F-Value P-Value 
Factor 7 3.21282 1.83 0.324 

 

Model Summary 
R-sq R-sq(adj) R-sq(pred) 

36.99% 0.00% 0.00% 
 

Means 
Factor N Mean StDev 95% CI 
Ache1 2 0.7184 0.0261 (0.4844, 0.9525) 
fez2 2 0.850 0.212 (-1.056, 2.756) 
lrc_E1 2 0.750 0.212 (-1.156, 2.656) 
Sem1a_E8 2 0.850 0.141 (-0.421, 2.121) 
Sem1a_E15 2 0.8750 0.1061 (-0.0780, 1.8280) 
VATPase 2 0.9250 0.1061 (-0.0280, 1.8780) 
eGFP 2 0.8333 0.1010 (-0.0743, 1.7409) 
βtub2851 2 0.9500 0.0707 (0.3147, 1.5853) 
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Games-Howell Pairwise Comparisons 
Grouping Information Using the Games-Howell Method and 95% Confidence 

Factor N Mean Grouping 
βtub2851 2 0.9500 A 
VATPase 2 0.9250 A 
Sem1a_E15 2 0.8750 A 
Sem1a_E8 2 0.850 A 
fez2 2 0.850 A 
eGFP 2 0.8333 A 
lrc_E1 2 0.750 A 
Ache1 2 0.7184 A 

Means that do not share a letter are significantly different. 
 
Games-Howell Simultaneous Tests for Differences of Means 
 

Difference of Levels 
Difference 
of Means 

SE of 
Difference 95% CI T-Value 

Adjusted 
P-Value 

fez2 - Ache1 0.132 0.151 (-4.367, 4.631) 0.87 0.950 
lrc_E1 - Ache1 0.032 0.151 (-4.467, 4.531) 0.21 1.000 
Sem1a_E8 - Ache1 0.132 0.102 (-2.639, 2.903) 1.29 0.846 
Sem1a_E15 - Ache1 0.1566 0.0772 (-1.7231, 2.0362) 2.03 0.650 
VATPase - Ache1 0.2066 0.0772 (-1.6731, 2.0862) 2.67 0.520 
eGFP - Ache1 0.1149 0.0738 (-1.6371, 1.8670) 1.56 0.771 
βtub2851 - Ache1 0.2316 0.0533 (-0.7665, 1.2297) 4.35 0.299 
lrc_E1 - fez2 -0.100 0.212 (-2.054, 1.854) -0.47 0.998 
Sem1a_E8 - fez2 0.000 0.180 (-1.982, 1.982) 0.00 1.000 
Sem1a_E15 - fez2 0.025 0.168 (-2.364, 2.414) 0.15 1.000 
VATPase - fez2 0.075 0.168 (-2.314, 2.464) 0.45 0.998 
eGFP - fez2 -0.017 0.166 (-2.495, 2.462) -0.10 1.000 
βtub2851 - fez2 0.100 0.158 (-3.099, 3.299) 0.63 0.988 
Sem1a_E8 - lrc_E1 0.100 0.180 (-1.882, 2.082) 0.55 0.995 
Sem1a_E15 - lrc_E1 0.125 0.168 (-2.264, 2.514) 0.75 0.978 
VATPase - lrc_E1 0.175 0.168 (-2.214, 2.564) 1.04 0.919 
eGFP - lrc_E1 0.083 0.166 (-2.395, 2.562) 0.50 0.997 
βtub2851 - lrc_E1 0.200 0.158 (-2.999, 3.399) 1.26 0.855 
Sem1a_E15 - Sem1a_E8 0.025 0.125 (-1.239, 1.289) 0.20 1.000 
VATPase - Sem1a_E8 0.075 0.125 (-1.189, 1.339) 0.60 0.993 
eGFP - Sem1a_E8 -0.017 0.123 (-1.300, 1.267) -0.14 1.000 
βtub2851 - Sem1a_E8 0.100 0.112 (-1.493, 1.693) 0.89 0.953 
VATPase - Sem1a_E15 0.050 0.106 (-0.927, 1.027) 0.47 0.998 
eGFP - Sem1a_E15 -0.042 0.104 (-0.999, 0.916) -0.40 0.999 
βtub2851 - Sem1a_E15 0.0750 0.0901 (-0.9161, 1.0661) 0.83 0.968 
eGFP - VATPase -0.092 0.104 (-1.049, 0.866) -0.89 0.961 
βtub2851 - VATPase 0.0250 0.0901 (-0.9661, 1.0161) 0.28 1.000 
βtub2851 - eGFP 0.1167 0.0872 (-0.8075, 1.0408) 1.34 0.836 
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Figure 2C 
Descriptive Statistics - data in lethality  
 
Column Size Missing Mean Std Dev Std. Error C.I. of Mean  
empty bact 2 0 0,671 0,136 0,0961 1,221  
eGFP 2 0 0,704 0,0420 0,0297 0,378  
Fez2 2 0 0,604 0,0994 0,0703 0,893  
Sem1aE8 2 0 0,863 0,0523 0,0370 0,470  
aCOP494 2 0 0,725 0,0820 0,0580 0,737  
lrcE1 2 0 0,825 0,153 0,108 1,372  
 
Column  Range Max Min  Median  25% 75%  
empty bact  0,192 0,767 0,574 0,671 0,574 0,767  
eGFP  0,0594 0,733 0,674 0,704 0,674 0,733  
Fez2  0,141 0,674 0,533 0,604 0,533 0,674  
Sem1aE8  0,0739 0,900 0,826 0,863 0,826 0,900  
aCOP494  0,116 0,783 0,667 0,725 0,667 0,783  
lrcE1  0,216 0,933 0,717 0,825 0,717 0,933  
 
Column Skewness Kurtosis K-S Dist. K-S Prob. SWilk W SWilk Prob 
empty bact -- -- 0,260 0,481 -- --  
eGFP -- -- 0,260 0,481 -- --  
Fez2 -- -- 0,260 0,481 -- --  
Sem1aE8 -- -- 0,260 0,481 -- --  
aCOP494 -- -- 0,260 0,481 -- --  
lrcE1 -- -- 0,260 0,481 -- --  
 
Column Sum Sum of Squares  
empty bact 1,341 0,918  
eGFP 1,407 0,992  
Fez2 1,207 0,739  
Sem1aE8 1,726 1,492  
aCOP494 1,449 1,057  
lrcE1 1,651 1,386  
 
One Way Analysis of Variance  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,408) 
 
Equal Variance Test (Brown-Forsythe): Failed (P < 0,050) 
 
Test execution ended by user request, ANOVA on Ranks begun 
 
Kruskal-Wallis One Way Analysis of Variance on Ranks  
 
Group N  Missing  Median    25%      75%     
empty bact 2 0 0,671 0,574 0,767  
eGFP 2 0 0,704 0,674 0,733  
Fez2 2 0 0,604 0,533 0,674  
Sem1aE8 2 0 0,863 0,826 0,900  
aCOP494 2 0 0,725 0,667 0,783  
lrcE1 2 0 0,825 0,717 0,933  
 
H = 6,079 with 5 degrees of freedom.  (P = 0,299) 
 

The differences in the median values among the treatment groups are not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically 
significant difference    (P = 0,299) 
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One-way ANOVA: Empty bact, eGFP, fez2, sem1a_E8, αCOP494_1B, lrc_E1 
 
Method 
Null hypothesis All means are equal 
Alternative hypothesis Not all means are equal 
Significance level α = 0.05 
Equal variances were not assumed for the analysis. 
 
Factor Information 

Factor Levels Values 
Factor 6 Empty bact, eGFP, fez2, sem1a_E8, αCOP494_1B, lrc_E1 

 
Welch’s Test 

Source DF Num DF Den F-Value P-Value 
Factor 5 2.71285 1.76 0.355 

 
Model Summary 

R-sq R-sq(adj) R-sq(pred) 
59.92% 26.52% 0.00% 

 
Means 

Factor N Mean StDev 95% CI 
Empty bact 2 0.6706 0.1359 (-0.5505, 1.8916) 
eGFP 2 0.7036 0.0420 (0.3261, 1.0811) 
fez2 2 0.6036 0.0994 (-0.2895, 1.4967) 
sem1a_E8 2 0.8630 0.0523 (0.3935, 1.3326) 
αCOP494_1B 2 0.7246 0.0820 (-0.0120, 1.4612) 
lrc_E1 2 0.825 0.153 (-0.547, 2.197) 
 
Games-Howell Pairwise Comparisons - Grouping Information Using the Games-Howell 
Method and 95% Confidence 
Factor N Mean Grouping 
sem1a_E8 2 0.8630 A 
lrc_E1 2 0.825 A 
αCOP494_1B 2 0.7246 A 
eGFP 2 0.7036 A 
Empty bact 2 0.6706 A 
fez2 2 0.6036 A 

Means that do not share a letter are significantly different. 
 
Games-Howell Simultaneous Tests for Differences of Means 

Difference of Levels 
Difference 
of Means 

SE of 
Difference 95% CI T-Value 

Adjusted 
P-Value 

eGFP - Empty bact 0.033 0.101 (-1.881, 1.947) 0.33 0.998 
fez2 - Empty bact -0.067 0.119 (-1.167, 1.033) -0.56 0.984 
sem1a_E8 - Empty bact 0.192 0.103 (-1.471, 1.856) 1.87 0.613 
αCOP494_1B - Empty 
bact 

0.054 0.112 (-1.151, 1.259) 0.48 0.991 

lrc_E1 - Empty bact 0.155 0.145 (-1.064, 1.373) 1.07 0.863 
fez2 - eGFP -0.1000 0.0763 (-1.2364, 1.0364) -1.31 0.780 
sem1a_E8 - eGFP 0.1594 0.0474 (-0.2560, 0.5749) 3.36 0.265 
αCOP494_1B - eGFP 0.0210 0.0651 (-0.7911, 0.8331) 0.32 0.998 
lrc_E1 - eGFP 0.122 0.112 (-2.167, 2.411) 1.09 0.854 
sem1a_E8 - fez2 0.2594 0.0794 (-0.7070, 1.2258) 3.27 0.323 
αCOP494_1B - fez2 0.1210 0.0911 (-0.6676, 0.9096) 1.33 0.768 
lrc_E1 - fez2 0.222 0.129 (-1.076, 1.519) 1.72 0.632 
αCOP494_1B - sem1a_E8 -0.1384 0.0687 (-0.8423, 0.5655) -2.01 0.544 
lrc_E1 - sem1a_E8 -0.038 0.114 (-2.058, 1.983) -0.33 0.998 
lrc_E1 - αCOP494_1B 0.101 0.123 (-1.362, 1.563) 0.82 0.934 
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Figure 2D 
 
One-way ANOVA: GusA, ßtub, Fez2, Lrc_E1, Sem1a_E8, Sem1a_E15, Ache1, VATPase, eGFP 
 
Method 
Null hypothesis All means are equal 
Alternative hypothesis Not all means are equal 
Significance level α = 0.05 
Equal variances were not assumed for the analysis. 
Factor Information 

Factor Levels Values 
Factor 9 GusA, ßtub, Fez2, Lrc_E1, Sem1a_E8, Sem1a_E15, Ache1, VATPase, eGFP 

Welch’s Test 
Source DF Num DF Den F-Value P-Value 
Factor 8 7.30229 5.40 0.017 

Model Summary 
R-sq R-sq(adj) R-sq(pred) 
65.74% 50.51% 22.90% 

Means 
Factor N Mean StDev 95% CI 
GusA 3 83.57 7.73 (64.38, 102.76) 
ßtub 3 50.0 17.3 (7.0, 93.0) 
Fez2 3 56.67 12.58 (25.41, 87.92) 
Lrc_E1 3 71.67 2.89 (64.50, 78.84) 
Sem1a_E8 3 75.56 7.70 (56.43, 94.68) 
Sem1a_E15 3 51.67 12.58 (20.41, 82.92) 
Ache1 3 58.33 2.89 (51.16, 65.50) 
VATPase 3 50.00 8.66 (28.49, 71.51) 
eGFP 3 65.00 10.00 (40.16, 89.84) 

Games-Howell Pairwise Comparisons 
Grouping Information Using the Games-Howell Method and 95% 
Confidence 

Factor N Mean Grouping 
GusA 3 83.57 A 
Sem1a_E8 3 75.56 A 
Lrc_E1 3 71.67 A 
eGFP 3 65.00 A 
Ache1 3 58.33 A 
Fez2 3 56.67 A 
Sem1a_E15 3 51.67 A 
VATPase 3 50.00 A 
ßtub 3 50.0 A 

Means that do not share a letter are significantly different. 
 
Games-Howell Simultaneous Tests for Differences of Means 
 

Difference of 
Levels 

Difference 
of Means 

SE of 
Difference 95% CI T-Value 

Adjusted 
P-Value 

ßtub - GusA -33.6 10.9 (-109.4, 42.2) -3.07 0.321 
Fez2 - GusA -26.90 8.53 (-78.32, 24.51) -3.16 0.274 
Lrc_E1 - GusA -11.90 4.76 (-47.33, 23.52) -2.50 0.466 
Sem1a_E8 - GusA -8.02 6.30 (-41.86, 25.82) -1.27 0.899 
Sem1a_E15 - GusA -31.90 8.53 (-83.32, 19.51) -3.74 0.184 
Ache1 - GusA -25.24 4.76 (-60.66, 10.18) -5.30 0.110 
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VATPase - GusA -33.57 6.70 (-69.86, 2.72) -5.01 0.065 
eGFP - GusA -18.57 7.30 (-59.22, 22.08) -2.55 0.407 
Fez2 - ßtub 6.7 12.4 (-63.4, 76.8) 0.54 0.999 
Lrc_E1 - ßtub 21.7 10.1 (-69.5, 112.9) 2.14 0.592 
Sem1a_E8 - ßtub 25.6 10.9 (-50.4, 101.5) 2.34 0.506 
Sem1a_E15 - ßtub 1.7 12.4 (-68.4, 71.8) 0.13 1.000 
Ache1 - ßtub 8.3 10.1 (-82.9, 99.5) 0.82 0.981 
VATPase - ßtub 0.0 11.2 (-73.7, 73.7) 0.00 1.000 
eGFP - ßtub 15.0 11.5 (-56.4, 86.4) 1.30 0.885 
Lrc_E1 - Fez2 15.00 7.45 (-48.77, 78.77) 2.01 0.629 
Sem1a_E8 - Fez2 18.89 8.52 (-32.54, 70.32) 2.22 0.530 
Sem1a_E15 - Fez2 -5.0 10.3 (-60.2, 50.2) -0.49 1.000 
Ache1 - Fez2 1.67 7.45 (-62.11, 65.44) 0.22 1.000 
VATPase - Fez2 -6.67 8.82 (-57.62, 44.28) -0.76 0.992 
eGFP - Fez2 8.33 9.28 (-42.98, 59.65) 0.90 0.980 
Sem1a_E8 - Lrc_E1 3.89 4.75 (-31.35, 39.13) 0.82 0.983 
Sem1a_E15 - Lrc_E1 -20.00 7.45 (-83.77, 43.77) -2.68 0.438 
Ache1 - Lrc_E1 -13.33 2.36 (-26.00, -0.67) -5.66 0.042 
VATPase - Lrc_E1 -21.67 5.27 (-62.47, 19.14) -4.11 0.198 
eGFP - Lrc_E1 -6.67 6.01 (-55.32, 41.99) -1.11 0.931 
Sem1a_E15 - Sem1a_E8 -23.89 8.52 (-75.32, 27.54) -2.81 0.351 
Ache1 - Sem1a_E8 -17.22 4.75 (-52.46, 18.02) -3.63 0.244 
VATPase - Sem1a_E8 -25.56 6.69 (-61.79, 10.68) -3.82 0.149 
eGFP - Sem1a_E8 -10.56 7.29 (-51.20, 30.09) -1.45 0.836 
Ache1 - Sem1a_E15 6.67 7.45 (-57.11, 70.44) 0.89 0.972 
VATPase - Sem1a_E15 -1.67 8.82 (-52.62, 49.28) -0.19 1.000 
eGFP - Sem1a_E15 13.33 9.28 (-37.98, 64.65) 1.44 0.841 
VATPase - Ache1 -8.33 5.27 (-49.14, 32.47) -1.58 0.780 
eGFP - Ache1 6.67 6.01 (-41.99, 55.32) 1.11 0.931 
eGFP - VATPase 15.00 7.64 (-26.53, 56.53) 1.96 0.620 
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Figure 2E 
One Way Analysis of Variance - data given in lethality  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,230) 
 
Equal Variance Test (Brown-Forsythe): Passed (P = 0,899) 
 
Group Name  N  Missing Mean Std Dev SEM  
Ache1 3 0 0,433 0,0764 0,0441  
Fez2 3 0 0,387 0,191 0,110  
lrcE1 3 0 0,517 0,176 0,101  
sem1aE8 3 0 0,600 0,000 0,000  
Sem1aE15 3 0 0,429 0,168 0,0967  
VATPase 3 0 0,400 0,180 0,104  
eGFP 3 0 0,367 0,104 0,0601  
ßtub 3 0 0,367 0,189 0,109  
GusA 3 0 0,400 0,150 0,0866  
 
Source of Variation  DF   SS   MS    F    P   
Between Groups 8 0,144 0,0180 0,798 0,612  
Residual 18 0,406 0,0225    
Total 26 0,550     
 

The differences in the mean values among the treatment groups are not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically 
significant difference  (P = 0,612). 

 
Power of performed test with alpha = 0,050: 0,050 
 
The power of the performed test (0,050) is below the desired power of 0,800. 

Less than desired power indicates you are less likely to detect a difference when one actually exists. 
Negative results should be interpreted cautiously. 
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Figure 2F 
One Way Analysis of Variance – data given in lethality  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,202) 
 
Equal Variance Test (Brown-Forsythe): Failed (P < 0,050) 
 
Test execution ended by user request, ANOVA on Ranks begun 
 
Kruskal-Wallis One Way Analysis of Variance on Ranks  
 
Group N  Missing  Median    25%      75%     
empty bact 2 0 0,859 0,717 1,000  
eGFP 2 0 0,814 0,652 0,975  
fez2 2 0 0,843 0,761 0,925  
sem1E8 2 0 0,723 0,522 0,925  
aCOP494 2 0 0,876 0,826 0,925  
lrcE1 2 0 0,736 0,522 0,950  
 
H = 0,998 with 5 degrees of freedom.  (P = 0,963) 
 

The differences in the median values among the treatment groups are not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically 
significant difference (P = 0,963) 

 
 
One-way ANOVA: Empty bact, eGFP, fez2, sem1a_E8, αCOP494_1B, lrc_E1 
 
Method 
 
Null hypothesis All means are equal 
Alternative hypothesis Not all means are equal 
Significance level α = 0.05 
Equal variances were not assumed for the analysis. 
 
Factor Information 

Factor Levels Values 
Factor 6 Empty bact, eGFP, fez2, sem1a_E8, αCOP494_1B, lrc_E1 

 
Welch’s Test 

Source DF Num DF Den F-Value P-Value 
Factor 5 2.64824 0.10 0.985 

 
Model Summary 

R-sq R-sq(adj) R-sq(pred) 
12.77% 0.00% 0.00% 

 
Means 

Factor N Mean StDev 95% CI 
Empty bact 2 0.859 0.200 (-0.937, 2.654) 
eGFP 2 0.814 0.228 (-1.237, 2.865) 
fez2 2 0.8429 0.1161 (-0.1998, 1.8857) 
sem1a_E8 2 0.723 0.285 (-1.839, 3.285) 
αCOP494_1B 2 0.8755 0.0699 (0.2471, 1.5039) 
lrc_E1 2 0.736 0.303 (-1.985, 3.457) 
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Games-Howell Pairwise Comparisons 
Grouping Information Using the Games-Howell Method and 95% 
Confidence 
Factor N Mean Grouping 
αCOP494_1B 2 0.8755 A 
Empty bact 2 0.859 A 
fez2 2 0.8429 A 
eGFP 2 0.814 A 
lrc_E1 2 0.736 A 
sem1a_E8 2 0.723 A 

Means that do not share a letter are significantly different. 
 
Games-Howell Simultaneous Tests for Differences of Means 

Difference of Levels 
Difference 
of Means 

SE of 
Difference 95% CI T-Value 

Adjusted 
P-Value 

eGFP - Empty bact -0.045 0.215 (-1.862, 1.772) -0.21 1.000 
fez2 - Empty bact -0.016 0.163 (-1.830, 1.798) -0.10 1.000 
sem1a_E8 - Empty bact -0.135 0.246 (-2.479, 2.208) -0.55 0.985 
αCOP494_1B - Empty bact 0.017 0.150 (-2.590, 2.624) 0.11 1.000 
lrc_E1 - Empty bact -0.123 0.257 (-2.677, 2.431) -0.48 0.992 
fez2 - eGFP 0.029 0.181 (-2.245, 2.303) 0.16 1.000 
sem1a_E8 - eGFP -0.090 0.258 (-2.357, 2.176) -0.35 0.998 
αCOP494_1B - eGFP 0.062 0.169 (-3.169, 3.293) 0.37 0.997 
lrc_E1 - eGFP -0.078 0.268 (-2.510, 2.355) -0.29 0.999 
sem1a_E8 - fez2 -0.120 0.218 (-3.471, 3.232) -0.55 0.983 
αCOP494_1B - fez2 0.0326 0.0958 (-0.9972, 1.0624) 0.34 0.998 
lrc_E1 - fez2 -0.107 0.229 (-3.822, 3.608) -0.47 0.991 
αCOP494_1B - sem1a_E8 0.152 0.208 (-4.356, 4.660) 0.73 0.950 
lrc_E1 - sem1a_E8 0.013 0.294 (-2.437, 2.462) 0.04 1.000 
lrc_E1 - αCOP494_1B -0.140 0.220 (-5.046, 4.766) -0.64 0.968 
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Figure 5A 
One Way Analysis of Variance  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,903) 
 
Equal Variance Test (Brown-Forsythe): Failed (P < 0,050) 
 
Group Name  N  Missing Mean Std Dev SEM  
lrc 2 0 81,250 19,445 13,750  
fez2 2 0 65,000 49,497 35,000  
none scr 2 0 88,750 15,910 11,250  
 
Source of Variation  DF   SS   MS    F    P   
Between Groups 2 589,583 294,792 0,287 0,769  
Residual 3 3081,250 1027,083    
Total 5 3670,833     
 

The differences in the mean values among the treatment groups are not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically 
significant difference (P = 0,769). 

 
Power of performed test with alpha = 0,050: 0,050 
 
The power of the performed test (0,050) is below the desired power of 0,800. 

Less than desired power indicates you are less likely to detect a difference when one actually exists. 
Negative results should be interpreted cautiously. 

 
Statistics 
Variable N Mean SE Mean StDev Var CoefVar Min Median Max 
lrc 2 81.3 13.8 19.4 378.1 23.93 67.5 81.3 95.0 
fez2 2 65.0 35.0 49.5 2450.0 76.15 30.0 65.0 100.0 
none scr 2 88.8 11.3 15.9 253.1 17.93 77.5 88.8 100.0 
 
One-way ANOVA: lrc, fez2, none scr 
Method 
Null hypothesis All means are equal 
Alternative hypothesis Not all means are equal 
Significance level α = 0.05 
Equal variances were not assumed for the analysis. 
Factor Information 

Factor Levels Values 
Factor 3 lrc, fez2, none scr 

 
 
Welch’s Test 

Source DF Num DF Den F-Value P-Value 
Factor 2 1.82124 0.19 0.844 

Model Summary 
R-sq R-sq(adj) R-sq(pred) 

16.06% 0.00% 0.00% 
 
Means 

Factor N Mean StDev 95% CI 
lrc 2 81.3 19.4 (-93.5, 256.0) 
fez2 2 65.0 49.5 (-379.7, 509.7) 
none scr 2 88.8 15.9 (-54.2, 231.7) 
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Games-Howell Pairwise Comparisons 
Grouping Information Using the Games-Howell Method and 95% 
Confidence 
Factor N Mean Grouping 
none scr 2 88.8 A 
lrc 2 81.3 A 
fez2 2 65.0 A 

Means that do not share a letter are significantly different. 
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Figure 5B 
t-test  
 

Normality Test (Shapiro-Wilk):  Passed (P = 0,191) 
 

Equal Variance Test (Brown-Forsythe): Passed (P = 0,860) 
 

The result of the equal variance test indicates the likelihood that the two groups are sampled from 
populations with equal variances, but does not guarantee the equality or inequality of the two variances. 

 
Group Name  N  Missing Mean Std Dev SEM  
fez2 v1 2 0 75,000 17,678 12,500  
none scr 3 0 71,667 14,216 8,207  
 

Difference of means 3,333 
 

Use the results of Welch's test, where equal variances are not assumed, if the equality of the population 
variances of the two groups is in doubt. 

 
Equal Variances Assumed (Student's t-test): 
 
t = 0,236  with 3 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -41,569 to 48,235 
 
Two-tailed P-value = 0,828 
 

The difference in the mean values of the two groups is not great enough to reject the possibility 
that the difference is due to random sampling variability. There is not a statistically significant 
difference between the input groups (P = 0,828). 

 
One-tailed P-value = 0,414 
 

The sample mean of group fez2 v1 does not exceed the sample mean of the group none scr by an 
amount great enough to exclude the possibility that the difference is due to random sampling variability. 
The hypothesis that the population mean of group none scr is greater than or equal to the population 
mean of group fez2 v1 cannot be rejected. (P = 0,414). 

 
Equal Variances Not Assumed (Welch's t-test): 
 
t = 0,223  with 1,874 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -186,671 to 193,337 
 
Two-tailed P-value = 0,846 
 

The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference 
between the input groups (P = 0,846). 

 
One-tailed P-value = 0,423 
 

The sample mean of group fez2 v1 does not exceed the sample mean of the group none scr by an 
amount great enough to exclude the possibility that the difference is due to random sampling variability. 
The hypothesis that the population mean of group none scr is greater than or equal to the population 
mean of group fez2 v1 cannot be rejected. (P = 0,423). 
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t-test  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,683) 
 
Equal Variance Test (Brown-Forsythe): Failed (P < 0,050) 
 

The result of the equal variance test indicates the likelihood that the two groups are sampled from 
populations with equal variances, but does not guarantee the equality or inequality of the two variances. 

 
Group Name  N  Missing Mean Std Dev SEM  
fez2v2 2 0 81,250 1,768 1,250  
non scr 2 0 97,500 0,000 0,000  
Difference of means -16,250 
 

Use the results of Welch's test, where equal variances are not assumed, if the equality of the population 
variances of the two groups is in doubt. 

 
Equal Variances Assumed (Student's t-test): 
 
t = -13,000  with 2 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -21,628 to -10,872 
 
Two-tailed P-value = 0,00587 
 

The difference in the mean values of the two groups is greater than would be expected by chance; there 
is a statistically significant difference between the input groups (P = 0,006). 

 
One-tailed P-value = 0,00293 
 

The sample mean of group non scr exceeds the sample mean of group fez2v2 by an amount that is 
greater than would be expected by chance, rejecting the hypothesis that the population mean of group 
fez2v2 is greater than or equal to the population mean of group non scr. (P = 0,003). 

 
Equal Variances Not Assumed (Welch's t-test): 
 
t = -13,000  with 1,000 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -32,133 to -0,367 
 
Two-tailed P-value = 0,0489 
 

The difference in the mean values of the two groups is greater than would be expected by chance; 
there is a statistically significant difference between the input groups (P = 0,049). 

 
One-tailed P-value = 0,0244 
 

The sample mean of group non scr exceeds the sample mean of group fez2v2 by an amount that is 
greater than would be expected by chance, rejecting the hypothesis that the population mean of group 
fez2v2 is greater than or equal to the population mean of group non scr. (P = 0,024). 
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t-test  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,683) 
 
Equal Variance Test (Brown-Forsythe): Failed (P < 0,050) 
 

The result of the equal variance test indicates the likelihood that the two groups are sampled from 
populations with equal variances, but does not guarantee the equality or inequality of the two variances. 

 
Group Name  N  Missing Mean Std Dev SEM  
lrc 2 0 75,000 10,607 7,500  
non scr 2 0 97,500 0,000 0,000  
 
Difference of means -22,500 
 

Use the results of Welch's test, where equal variances are not assumed, if the equality of the population 
variances of the two groups is in doubt. 

 
Equal Variances Assumed (Student's t-test): 
 
t = -3,000  with 2 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -54,770 to 9,770 
 
Two-tailed P-value = 0,0955 
 

The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference 
between the input groups (P = 0,095). 

 
One-tailed P-value = 0,0477 
 

The sample mean of group non scr exceeds the sample mean of group lrc by an amount that is greater 
than would be expected by chance, rejecting the hypothesis that the population mean of group lrc is 
greater than or equal to the population mean of group non scr. (P = 0,048). 

 
Equal Variances Not Assumed (Welch's t-test): 
 
t = -3,000  with 1,000 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -117,797 to 72,797 
 
Two-tailed P-value = 0,205 
 

The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference 
between the input groups (P = 0,205). 

 
One-tailed P-value = 0,102 
 

The sample mean of group non scr does not exceed the sample mean of the group lrc by an amount 
great enough to exclude the possibility that the difference is due to random sampling variability. The 
hypothesis that the population mean of group lrc is greater than or equal to the population mean of 
group non scr cannot be rejected. (P = 0,102). 
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t-test  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,980) 
 
Equal Variance Test (Brown-Forsythe): Failed (P < 0,050) 
 

The result of the equal variance test indicates the likelihood that the two groups are sampled from 
populations with equal variances, but does not guarantee the equality or inequality of the two variances. 

 
Group Name  N  Missing Mean Std Dev SEM  
lrc 2 0 75,000 10,607 7,500  
fez2v2 2 0 81,250 1,768 1,250  
 
Difference of means -6,250 
 

Use the results of Welch's test, where equal variances are not assumed, if the equality of the population 
variances of the two groups is in doubt. 

 
Equal Variances Assumed (Student's t-test): 
 
t = -0,822  with 2 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -38,965 to 26,465 
 
Two-tailed P-value = 0,497 
 

The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference 
between the input groups (P = 0,497). 

 
One-tailed P-value = 0,249 
 

The sample mean of group fez2v2 does not exceed the sample mean of the group lrc by an amount great 
enough to exclude the possibility that the difference is due to random sampling variability. The 
hypothesis that the population mean of group lrc is greater than or equal to the population mean of 
group fez2v2 cannot be rejected. (P = 0,249). 

 
Equal Variances Not Assumed (Welch's t-test): 
 
t = -0,822  with 1,056 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -102,861 to 90,361 
 
Two-tailed P-value = 0,556 
 

The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference 
between the input groups (P = 0,556). 

 
One-tailed P-value = 0,278 
 

The sample mean of group fez2v2 does not exceed the sample mean of the group lrc by an amount great 
enough to exclude the possibility that the difference is due to random sampling variability. The 
hypothesis that the population mean of group lrc is greater than or equal to the population mean of 
group fez2v2 cannot be rejected. (P = 0,278). 
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Figure 5C 
t-test  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,325) 
 
Equal Variance Test (Brown-Forsythe): Passed (P = 1,000) 
 

The result of the equal variance test indicates the likelihood that the two groups are sampled from 
populations with equal variances, but does not guarantee the equality or inequality of the two variances. 

 
Group Name  N  Missing Mean Std Dev SEM  
fez2 nuc 2 0 98,750 1,768 1,250  
non scr 3 0 100,000 0,000 0,000  
 
Difference of means -1,250 
 

Use the results of Welch's test, where equal variances are not assumed, if the equality of the population 
variances of the two groups is in doubt. 

 
Equal Variances Assumed (Student's t-test): 
 
t = -1,342  with 3 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -4,215 to 1,715 
 
Two-tailed P-value = 0,272 
 

The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference 
between the input groups (P = 0,272). 

 
One-tailed P-value = 0,136 
 

The sample mean of group non scr does not exceed the sample mean of the group fez2 nuc by an 
amount great enough to exclude the possibility that the difference is due to random sampling variability. 
The hypothesis that the population mean of group fez2 nuc is greater than or equal to the population 
mean of group non scr cannot be rejected. (P = 0,136). 

 
Equal Variances Not Assumed (Welch's t-test): 
 
t = -1,000  with 1,000 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -17,133 to 14,633 
 
Two-tailed P-value = 0,500 
 

The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference 
between the input groups (P = 0,500). 

 
One-tailed P-value = 0,250 
 

The sample mean of group non scr does not exceed the sample mean of the group fez2 nuc by an 
amount great enough to exclude the possibility that the difference is due to random sampling variability. 
The hypothesis that the population mean of group fez2 nuc is greater than or equal to the population 
mean of group non scr cannot be rejected. (P = 0,250). 
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Figure 6 
One Way Analysis of Variance  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,730) 
 
Equal Variance Test (Brown-Forsythe): Passed (P = 0,102) 
 
Group Name  N  Missing Mean Std Dev SEM  
Males dsx 5 0 45,740 6,594 2,949  
Males scramble 3 0 46,567 10,706 6,181  
Males none 2 0 55,000 7,071 5,000  
 
Source of Variation  DF   SS   MS    F    P   
Between Groups 2 129,445 64,723 1,000 0,415  
Residual 7 453,159 64,737    
Total 9 582,604     
 

The differences in the mean values among the treatment groups are not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically 
significant difference  (P = 0,415). 

 
Power of performed test with alpha = 0,050: 0,050 
 
The power of the performed test (0,050) is below the desired power of 0,800. 

Less than desired power indicates you are less likely to detect a difference when one actually exists. 
Negative results should be interpreted cautiously. 
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Figure 7A 
Descriptive Statistics – data in lethality  
 
Column Size Missing Mean Std Dev Std. Error C.I. of Mean  
H2O 2 0 0,0500 0,0236 0,0167 0,212  
Gus 1500 2 0 0,0667 0,0943 0,0667 0,847  
eGFP 1500 2 0 0,0318 0,000713 0,000504 0,00640  
fez 500 2 0 0,167 0,0943 0,0667 0,847  
fez 1000 2 0 0,0667 0,0471 0,0333 0,424  
fez 1500 2 0 0,0333 0,000 0,000 0,000  
lrc 500 2 0 0,117 0,0236 0,0167 0,212  
lrc 1000 2 0 0,133 0,141 0,1000 1,271  
lrc 1500 2 0 0,117 0,0236 0,0167 0,212  
sem 1500 2 0 0,150 0,0707 0,0500 0,635  
 
Column Range Max Min  Median  25%  75%  
H2O 0,0333 0,0667 0,0333 0,0500 0,0333  0,0667  
Gus 1500 0,133 0,133 0,000 0,0667 0,000  0,133  
eGFP 1500 0,00101 0,0323 0,0313 0,0318 0,0313  0,0323  
fez 500 0,133 0,233 0,1000 0,167 0,1000  0,233  
fez 1000 0,0667 0,1000 0,0333 0,0667 0,0333  0,1000  
fez 1500 0,000 0,0333 0,0333 0,0333 0,0333  0,0333  
lrc 500 0,0333 0,133 0,1000 0,117 0,1000  0,133  
lrc 1000 0,200 0,233 0,0333 0,133 0,0333  0,233  
lrc 1500 0,0333 0,133 0,1000 0,117 0,1000  0,133  
sem 1500 0,1000 0,200 0,1000 0,150 0,1000  0,200  
 
Column Skewness Kurtosis K-S Dist. K-S Prob. SWilk W SWilk Prob 
H2O -- -- 0,260 0,481 -- --  
Gus 1500 -- -- 0,260 0,481 -- --  
eGFP 1500 -- -- 0,260 0,481 -- --  
fez 500 -- -- 0,260 0,481 -- --  
fez 1000 -- -- 0,260 0,481 -- --  
fez 1500 -- -- 0,000 <0,001 -- --  
lrc 500 -- -- 0,260 0,481 -- --  
lrc 1000 -- -- 0,260 0,481 -- --  
lrc 1500 -- -- 0,260 0,481 -- --  
sem 1500 -- -- 0,260 0,481 -- --  
 
Column Sum Sum of Squares  
H2O 0,1000 0,00556  
Gus 1500 0,133 0,0178  
eGFP 1500 0,0635 0,00202  
fez 500 0,333 0,0644  
fez 1000 0,133 0,0111  
fez 1500 0,0667 0,00222  
lrc 500 0,233 0,0278  
lrc 1000 0,267 0,0556  
lrc 1500 0,233 0,0278  
sem 1500 0,300 0,0500  
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One Way Analysis of Variance  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,949) 
 
Equal Variance Test (Brown-Forsythe): Failed (P < 0,050) 
 
 
Test execution ended by user request, ANOVA on Ranks begun 
 
Kruskal-Wallis One Way Analysis of Variance on Ranks  
 
Group N  Missing  Median    25%      75%     
H2O 2 0 0,0500 0,0333 0,0667  
Gus 1500 2 0 0,0667 0,000 0,133  
eGFP 1500 2 0 0,0318 0,0313 0,0323  
fez 500 2 0 0,167 0,1000 0,233  
fez 1000 2 0 0,0667 0,0333 0,1000  
fez 1500 2 0 0,0333 0,0333 0,0333  
lrc 500 2 0 0,117 0,1000 0,133  
lrc 1000 2 0 0,133 0,0333 0,233  
lrc 1500 2 0 0,117 0,1000 0,133  
sem 1500 2 0 0,150 0,1000 0,200  
 
H = 10,461 with 9 degrees of freedom.  (P = 0,314) 
 

The differences in the median values among the treatment groups are not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically 
significant difference    (P = 0,314) 

  



 199 

One-way ANOVA: H2O, Gus 1500, eGFP 1500, fez 500, fez 1000, lrc 500, lrc 1000, lrc 
1500, Sem 1500 – data in lethality 
 
Method 
Null hypothesis All means are equal 
Alternative hypothesis Not all means are equal 
Significance level α = 0.05 
Equal variances were not assumed for the analysis. 
 
Factor Information 

Factor Levels Values 
Factor 9 H2O, Gus 1500, eGFP 1500, fez 500, fez 1000, lrc 500, lrc 1000, lrc 1500, Sem 1500 

 
Welch’s Test 

Source DF Num DF Den F-Value P-Value 
Factor 8 3.33600 3.39 0.154 

 
Model Summary 

R-sq R-sq(adj) R-sq(pred) 
43.54% 0.00% 0.00% 

 
Means 

Factor N Mean StDev 95% CI 
H2O 2 0.0500 0.0236 (-0.1618, 0.2618) 
Gus 1500 2 0.0667 0.0943 (-0.7804, 0.9137) 
eGFP 1500 2 0.031754 0.000713 (0.025350, 0.038158) 
fez 500 2 0.1667 0.0943 (-0.6804, 1.0137) 
fez 1000 2 0.0667 0.0471 (-0.3569, 0.4902) 
lrc 500 2 0.1167 0.0236 (-0.0951, 0.3284) 
lrc 1000 2 0.133 0.141 (-1.137, 1.404) 
lrc 1500 2 0.1167 0.0236 (-0.0951, 0.3284) 
Sem 1500 2 0.1500 0.0707 (-0.4853, 0.7853) 

 
Games-Howell Pairwise Comparisons 

Grouping Information Using the Games-Howell Method and 95% 
Confidence 

Factor N Mean Grouping 
fez 500 2 0.1667 A 
Sem 1500 2 0.1500 A 
lrc 1000 2 0.133 A 
lrc 1500 2 0.1167 A 
lrc 500 2 0.1167 A 
fez 1000 2 0.0667 A 
Gus 1500 2 0.0667 A 
H2O 2 0.0500 A 
eGFP 1500 2 0.031754 A 

Means that do not share a letter are significantly different. 
 
Games-Howell Simultaneous Tests for Differences of Means 
Difference of 
Levels 

Difference 
of Means 

SE of 
Difference 95% CI T-Value 

Adjusted 
P-Value 

Gus 1500 - H2O 0.0167 0.0687 (-1.7122, 1.7455) 0.24 1.000 
eGFP 1500 - H2O -0.0182 0.0167 (-0.5738, 0.5373) -1.09 0.914 
fez 500 - H2O 0.1167 0.0687 (-1.6122, 1.8455) 1.70 0.755 
fez 1000 - H2O 0.0167 0.0373 (-0.5362, 0.5695) 0.45 0.999 
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lrc 500 - H2O 0.0667 0.0236 (-0.1590, 0.2923) 2.83 0.421 
lrc 1000 - H2O 0.083 0.101 (-2.882, 3.048) 0.82 0.969 
lrc 1500 - H2O 0.0667 0.0236 (-0.1590, 0.2923) 2.83 0.421 
Sem 1500 - H2O 0.1000 0.0527 (-1.0113, 1.2113) 1.90 0.698 
eGFP 1500 - Gus 1500 -0.0349 0.0667 (-2.2661, 2.1963) -0.52 0.996 
fez 500 - Gus 1500 0.1000 0.0943 (-0.8027, 1.0027) 1.06 0.938 
fez 1000 - Gus 1500 0.0000 0.0745 (-1.1057, 1.1057) 0.00 1.000 
lrc 500 - Gus 1500 0.0500 0.0687 (-1.6789, 1.7789) 0.73 0.982 
lrc 1000 - Gus 1500 0.067 0.120 (-1.308, 1.442) 0.55 0.997 
lrc 1500 - Gus 1500 0.0500 0.0687 (-1.6789, 1.7789) 0.73 0.982 
Sem 1500 - Gus 1500 0.0833 0.0833 (-0.7929, 0.9596) 1.00 0.949 
fez 500 - eGFP 1500 0.1349 0.0667 (-2.0963, 2.3661) 2.02 0.682 
fez 1000 - eGFP 1500 0.0349 0.0333 (-1.0799, 1.1497) 1.05 0.924 
lrc 500 - eGFP 1500 0.0849 0.0167 (-0.4707, 0.6405) 5.09 0.318 
lrc 1000 - eGFP 1500 0.102 0.100 (-3.246, 3.449) 1.02 0.931 
lrc 1500 - eGFP 1500 0.0849 0.0167 (-0.4707, 0.6405) 5.09 0.318 
Sem 1500 - eGFP 1500 0.1182 0.0500 (-1.5549, 1.7913) 2.36 0.612 
fez 1000 - fez 500 -0.1000 0.0745 (-1.2057, 1.0057) -1.34 0.855 
lrc 500 - fez 500 -0.0500 0.0687 (-1.7789, 1.6789) -0.73 0.982 
lrc 1000 - fez 500 -0.033 0.120 (-1.408, 1.342) -0.28 1.000 
lrc 1500 - fez 500 -0.0500 0.0687 (-1.7789, 1.6789) -0.73 0.982 
Sem 1500 - fez 500 -0.0167 0.0833 (-0.8929, 0.8596) -0.20 1.000 
lrc 500 - fez 1000 0.0500 0.0373 (-0.5029, 0.6029) 1.34 0.855 
lrc 1000 - fez 1000 0.067 0.105 (-2.156, 2.289) 0.63 0.992 
lrc 1500 - fez 1000 0.0500 0.0373 (-0.5029, 0.6029) 1.34 0.855 
Sem 1500 - fez 1000 0.0833 0.0601 (-0.6042, 0.7709) 1.39 0.843 
lrc 1000 - lrc 500 0.017 0.101 (-2.948, 2.982) 0.16 1.000 
lrc 1500 - lrc 500 0.0000 0.0236 (-0.2257, 0.2257) 0.00 1.000 
Sem 1500 - lrc 500 0.0333 0.0527 (-1.0780, 1.1447) 0.63 0.992 
lrc 1500 - lrc 1000 -0.017 0.101 (-2.982, 2.948) -0.16 1.000 
Sem 1500 - lrc 1000 0.017 0.112 (-1.642, 1.675) 0.15 1.000 
Sem 1500 - lrc 1500 0.0333 0.0527 (-1.0780, 1.1447) 0.63 0.992 
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One-Sample T: fez 500, fez 1000, Gus 1500, eGFP 1500, lrc 1500, Sem 1500, H2O 
 
Descriptive Statistics 

Sample N Mean StDev SE Mean 95% CI for μ 
fez 500 2 0.1667 0.0943 0.0667 (-0.6804, 1.0137) 
fez 1000 2 0.0667 0.0471 0.0333 (-0.3569, 0.4902) 
Gus 1500 2 0.0667 0.0943 0.0667 (-0.7804, 0.9137) 
eGFP 1500 2 0.031754 0.000713 0.000504 (0.025350, 0.038158) 
lrc 1500 2 0.1167 0.0236 0.0167 (-0.0951, 0.3284) 
Sem 1500 2 0.1500 0.0707 0.0500 (-0.4853, 0.7853) 
H2O 2 0.0500 0.0236 0.0167 (-0.1618, 0.2618) 

µ: population mean of fez 500, fez 1000, Gus 1500, eGFP 1500, lrc 1500, Sem 1500, H2O 
 
Test 
Null hypothesis H₀: µ = 0.0333333 
Alternative hypothesis H₁: µ ≠ 0.0333333 

Sample T-Value P-Value 
fez 500 2.00 0.295 

fez 1000 1.00 0.500 

Gus 1500 0.50 0.705 

eGFP 1500 -3.13 0.197 

lrc 1500 5.00 0.126 

Sem 1500 2.33 0.258 

H2O 1.00 0.500 
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Figure 7B 
Descriptive Statistics – data in lethality  
 
Column Size Missing Mean Std Dev Std. Error C.I. of Mean  
Gus 1500 2 0 0,0333 0,0471 0,0333 0,424  
fez2 1500 2 0 0,0517 0,0731 0,0517 0,657  
sem1a 1500 2 0 0,0667 0,000 0,000 0,000  
lrcE1 1500 2 0 0,0635 0,0427 0,0302 0,384  
 
Column Range Max Min  Median  25% 75%  
Gus 1500 0,0667 0,0667 0,000 0,0333 0,000 0,0667  
fez2 1500 0,103 0,103 0,000 0,0517 0,000 0,103  
sem1a 1500 0,000 0,0667 0,0667 0,0667 0,0667 0,0667  
lrcE1 1500 0,0604 0,0938 0,0333 0,0635 0,0333 0,0938  
 
Column Skewness Kurtosis K-S Dist. K-S Prob. SWilk W SWilk Prob 
Gus 1500 -- -- 0,260 0,481 -- --  
fez2 1500 -- -- 0,260 0,481 -- --  
sem1a 1500 -- -- 0,000 <0,001 -- --  
lrcE1 1500 -- -- 0,260 0,481 -- --  
 
Column Sum Sum of Squares  
Gus 1500 0,0667 0,00444  
fez2 1500 0,103 0,0107  
sem1a 1500 0,133 0,00889  
lrcE1 1500       0,127 0,00990  
 
One Way Analysis of Variance  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,665) 
 
Equal Variance Test (Brown-Forsythe): Failed (P < 0,050) 
 
 
Test execution ended by user request, ANOVA on Ranks begun 
 
Kruskal-Wallis One Way Analysis of Variance on Ranks  
 
Group N  Missing  Median    25%      75%     
Gus 1500 2 0 0,0333 0,000 0,0667  
fez2 1500 2 0 0,0517 0,000 0,103  
sem1a 1500 2 0 0,0667 0,0667 0,0667  
lrcE1 1500 2 0 0,0635 0,0333 0,0938  
 
H = 0,753 with 3 degrees of freedom.  P(est.)= 0,861 P(exact)= 0,886 
 

The differences in the median values among the treatment groups are not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically 
significant difference    (P = 0,886) 
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One-way ANOVA: Gus A dsRNA 1500, fez2 dsRNA 1500, lrc_E1 dsRNA 1500 
 
Method 
Null hypothesis All means are equal 
Alternative hypothesis Not all means are equal 
Significance level α = 0.05 
Equal variances were not assumed for the analysis. 
 
Factor Information 

Factor Levels Values 
Factor 3 Gus A dsRNA 1500, fez2 dsRNA 1500, lrc_E1 dsRNA 1500 

 
Welch’s Test 

Source DF Num DF Den F-Value P-Value 
Factor 2 1.92818 0.17 0.857 

 
Model Summary 

R-sq R-sq(adj) R-sq(pred) 
8.98% 0.00% 0.00% 

 
Means 

Factor N Mean StDev 95% CI 
Gus A dsRNA 1500 2 0.0333 0.0471 (-0.3902, 0.4569) 
fez2 dsRNA 1500 2 0.0517 0.0731 (-0.6055, 0.7089) 
lrc_E1 dsRNA 1500 2 0.0635 0.0427 (-0.3203, 0.4474) 

 
Games-Howell Pairwise Comparisons 
Grouping Information Using the Games-Howell Method and 95% Confidence 

Factor N Mean Grouping 
lrc_E1 dsRNA 1500 2 0.0635 A 
fez2 dsRNA 1500 2 0.0517 A 
Gus A dsRNA 1500 2 0.0333 A 

Means that do not share a letter are significantly different. 
 
Games-Howell Simultaneous Tests for Differences of Means 

Difference of Levels 
Difference 
of Means 

SE of 
Difference 95% CI 

T-
Value 

Adjusted 
P-Value 

fez2 dsRNA 1 - Gus A dsRNA  0.0184 0.0615 (-0.4189, 0.4557) 0.30 0.953 
lrc_E1 dsRNA - Gus A dsRNA  0.0302 0.0450 (-0.2376, 0.2980) 0.67 0.801 
lrc_E1 dsRNA - fez2 dsRNA 1 0.0118 0.0599 (-0.4490, 0.4726) 0.20 0.979 
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One-Sample T: Gus A dsRNA 1500, fez2 dsRNA 1500, lrc_E1 dsRNA 1500 
Descriptive Statistics 

Sample N Mean StDev SE Mean 95% CI for μ 
Gus A dsRNA 1500 2 0.0333 0.0471 0.0333 (-0.3902, 0.4569) 
fez2 dsRNA 1500 2 0.0517 0.0731 0.0517 (-0.6055, 0.7089) 
lrc_E1 dsRNA 1500 2 0.0635 0.0427 0.0302 (-0.3203, 0.4474) 

µ: population mean of Gus A dsRNA 1500, fez2 dsRNA 1500, lrc_E1 dsRNA 1500 
 
Test 
Null hypothesis H₀: µ = 0.0666667 
Alternative hypothesis H₁: µ ≠ 0.0666667 

Sample T-Value P-Value 

Gus A dsRNA 1500 -1.00 0.500 

fez2 dsRNA 1500 -0.29 0.821 

lrc_E1 dsRNA 1500 -0.10 0.934 

 
 
One-Sample T: fez2 dsRNA 1500, sem1a_E8 dsRNA 1500, lrc_E1 dsRNA 1500 
Descriptive Statistics 

Sample N Mean StDev SE Mean 95% CI for μ 
fez2 dsRNA 1500 2 0.0517 0.0731 0.0517 (-0.6055, 0.7089) 
sem1a_E8 dsRNA 1500 2 0.06667 0.00000 0.00000 (0.06667, 0.06667) 
lrc_E1 dsRNA 1500 2 0.0635 0.0427 0.0302 (-0.3203, 0.4474) 

µ: population mean of fez2 dsRNA 1500, sem1a_E8 dsRNA 1500, lrc_E1 dsRNA 1500 
 
Test 
Null hypothesis H₀: µ = 0.03333 
Alternative hypothesis H₁: µ ≠ 0.03333 

Sample T-Value P-Value 
fez2 dsRNA 1500 0.36 0.782 

sem1a_E8 dsRNA 1500 * * 

lrc_E1 dsRNA 1500 1.00 0.500 
* NOTE * All values in column are identical. 
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Figure 7C 
Descriptive Statistics – data in lethality  
 
Column Size Missing Mean Std Dev Std. Error C.I. of Mean 
H2O dye 3 0 0,0533 0,0462 0,0267 0,115  
H2O 3 0 0,133 0,0611 0,0353 0,152  
ctl siRNA 3 0 0,240 0,183 0,106 0,455  
fez2 siRNA 3 0 0,293 0,257 0,148 0,639  
lrc siRNA 3 0 0,427 0,254 0,147 0,631  
sem1a siRNA 3 0 0,333 0,180 0,104 0,448  
 
Column Range Max Min  Median  25% 75%  
H2O dye 0,0800 0,0800 0,000 0,0800 0,000 0,0800  
H2O 0,120 0,200 0,0800 0,120 0,0800 0,200  
ctl siRNA 0,360 0,400 0,0400 0,280 0,0400 0,400  
fez2 siRNA 0,480 0,480 0,000 0,400 0,000 0,480  
lrc siRNA 0,440 0,720 0,280 0,280 0,280 0,720  
sem1a siRNA 0,360 0,520 0,160 0,320 0,160 0,520  
 
Column Skewness Kurtosis K-S Dist. K-S Prob. SWilk W SWilk Prob 
H2O dye -1,732 -- 0,385 0,089 0,750 <0,001  
H2O 0,935 -- 0,253 0,487 0,964 0,637  
ctl siRNA -0,935 -- 0,253 0,487 0,964 0,637  
fez2 siRNA -1,545 -- 0,328 0,225 0,871 0,298  
lrc siRNA 1,732 -- 0,385 0,089 0,750 <0,001  
sem1a siRNA 0,331 -- 0,196 0,636 0,996 0,878  
 
Column Sum Sum of Squares  
H2O dye 0,160 0,0128  
H2O 0,400 0,0608  
ctl siRNA 0,720 0,240  
fez2 siRNA 0,880 0,390  
lrc siRNA 1,280 0,675  
sem1a siRNA 1,000 0,398  
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One Way Analysis of Variance  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,980) 
 
Equal Variance Test (Brown-Forsythe): Passed (P = 0,197) 
 
Group Name  N  Missing Mean Std Dev SEM  
H2O dye 3 0 0,0533 0,0462 0,0267  
H2O 3 0 0,133 0,0611 0,0353  
ctl siRNA 3 0 0,240 0,183 0,106  
fez2 siRNA 3 0 0,293 0,257 0,148  
lrc siRNA 3 0 0,427 0,254 0,147  
sem1a siRNA 3 0 0,333 0,180 0,104  
 
Source of Variation  DF   SS   MS    F    P   
Between Groups 5 0,277 0,0554 1,641 0,223  
Residual 12 0,405 0,0338    
Total 17 0,682     
 

The differences in the mean values among the treatment groups are not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically 
significant difference  (P = 0,223). 

 
Power of performed test with alpha = 0,050: 0,165 
 
The power of the performed test (0,165) is below the desired power of 0,800. 

Less than desired power indicates you are less likely to detect a difference when one actually exists. 
Negative results should be interpreted cautiously. 
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Figure 8A 
t-test  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,720) 
 
Equal Variance Test (Brown-Forsythe): Failed (P < 0,050) 
 

The result of the equal variance test indicates the likelihood that the two groups are sampled from 
populations with equal variances, but does not guarantee the equality or inequality of the two variances. 

 
Group Name  N  Missing Mean Std Dev SEM  
control 8 0 0,955 0,0530 0,0187  
dsx2 soaking 11 0 0,478 0,232 0,0700  
 
Difference of means 0,477 
 

Use the results of Welch's test, where equal variances are not assumed, if the equality of the population 
variances of the two groups is in doubt. 

 
Equal Variances Assumed (Student's t-test): 
 
t = 5,661  with 17 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: 0,299 to 0,654 
 
Two-tailed P-value = 0,0000282 
 

The difference in the mean values of the two groups is greater than would be expected by chance; there 
is a statistically significant difference between the input groups (P = <0,001). 

 
One-tailed P-value = 0,0000141 
 

The sample mean of group control exceeds the sample mean of group dsx2 soaking by an amount that is 
greater than would be expected by chance, rejecting the hypothesis that the population mean of group 
dsx2 soaking is greater than or equal to the population mean of group control. (P = <0,001). 

 
Equal Variances Not Assumed (Welch's t-test): 
 
t = 6,580  with 11,403 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: 0,318 to 0,635 
 
Two-tailed P-value = 0,0000334 
 

The difference in the mean values of the two groups is greater than would be expected by chance; there 
is a statistically significant difference between the input groups (P = <0,001). 

 
One-tailed P-value = 0,0000167 
 

The sample mean of group control exceeds the sample mean of group dsx2 soaking by an amount that is 
greater than would be expected by chance, rejecting the hypothesis that the population mean of group 
dsx2 soaking is greater than or equal to the population mean of group control. (P = <0,001). 
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Figure 8B 
t-test  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,282) 
 
Equal Variance Test (Brown-Forsythe): Passed (P = 0,540) 
 

The result of the equal variance test indicates the likelihood that the two groups are sampled from 
populations with equal variances, but does not guarantee the equality or inequality of the two variances. 

 
Group Name  N  Missing Mean Std Dev SEM  
male control 7 0 62,102 8,851 3,345  
male dsx 5 0 61,021 5,551 2,482  
 
Difference of means 1,081 
 

Use the results of Welch's test, where equal variances are not assumed, if the equality of the population 
variances of the two groups is in doubt. 

 
Equal Variances Assumed (Student's t-test): 
 
t = 0,240  with 10 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -8,968 to 11,130 
 
Two-tailed P-value = 0,815 
 

The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference 
between the input groups (P = 0,815). 

 
One-tailed P-value = 0,408 
 

The sample mean of group male control does not exceed the sample mean of the group male dsx by an 
amount great enough to exclude the possibility that the difference is due to random sampling variability. 
The hypothesis that the population mean of group male dsx is greater than or equal to the population 
mean of group male control cannot be rejected. (P = 0,408). 

 
Equal Variances Not Assumed (Welch's t-test): 
 
t = 0,260  with 9,917 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -8,211 to 10,373 
 
Two-tailed P-value = 0,801 
 

The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference 
between the input groups (P = 0,801). 

 
One-tailed P-value = 0,400 
 

The sample mean of group male control does not exceed the sample mean of the group male dsx by an 
amount great enough to exclude the possibility that the difference is due to random sampling variability. 
The hypothesis that the population mean of group male dsx is greater than or equal to the population 
mean of group male control cannot be rejected. (P = 0,400). 

 
  



 209 

Figure 9A 
Descriptive Statistics – data in lethality  
 
Column Size Missing Mean Std Dev Std. Error C.I. of Mean 
H2O dye 3 0 0,458 0,114 0,0657 0,283  
fez dsRNA 3 0 0,519 0,0757 0,0437 0,188  
lrc dsRNA 3 0 0,523 0,0795 0,0459 0,198  
sem1a dsRNA 3 0 0,451 0,114 0,0657 0,283  
GusA dsRNA 3 0 0,504 0,118 0,0683 0,294  
Coextract 3 0 0,492 0,123 0,0708 0,304  
Handling 3 0 0,360 0,0739 0,0427 0,184  
 
Column Range Max Min  Median  25% 75%  
H2O dye 0,216 0,545 0,330 0,500 0,330 0,545  
fez dsRNA 0,136 0,568 0,432 0,557 0,432 0,568  
lrc dsRNA 0,148 0,580 0,432 0,557 0,432 0,580  
sem1a dsRNA 0,227 0,568 0,341 0,443 0,341 0,568  
GusA dsRNA 0,227 0,636 0,409 0,466 0,409 0,636  
Coextract 0,227 0,580 0,352 0,545 0,352 0,580  
Handling 0,148 0,432 0,284 0,364 0,284 0,432  
 
Column Skewness Kurtosis K-S Dist. K-S Prob. SWilk W SWilk Prob 
H2O dye -1,427 -- 0,310 0,283 0,900 0,384  
fez dsRNA -1,688 -- 0,358 0,142 0,812 0,144  
lrc dsRNA -1,574 -- 0,333 0,210 0,862 0,274  
sem1a dsRNA 0,298 -- 0,193 0,640 0,997 0,890  
GusA dsRNA 1,293 -- 0,292 0,344 0,923 0,463  
Coextract -1,583 -- 0,334 0,205 0,860 0,266  
Handling -0,230 -- 0,187 0,646 0,998 0,915  
 
Column Sum Sum of Squares  
H2O dye 1,375 0,656  
fez dsRNA 1,557 0,819  
lrc dsRNA 1,568 0,832  
sem1a dsRNA 1,352 0,635  
GusA dsRNA 1,511 0,789  
Coextract 1,477 0,757  
Handling 1,080         0,399  
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One Way Analysis of Variance  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,136) 
 
Equal Variance Test (Brown-Forsythe): Passed (P = 0,977) 
 
Group Name  N  Missing Mean Std Dev SEM  
H2O dye 3 0 0,458 0,114 0,0657  
fez dsRNA 3 0 0,519 0,0757 0,0437  
lrc dsRNA 3 0 0,523 0,0795 0,0459  
sem1a dsRNA 3 0 0,451 0,114 0,0657  
GusA dsRNA 3 0 0,504 0,118 0,0683  
Coextract 3 0 0,492 0,123 0,0708  
Handling 3 0 0,360 0,0739 0,0427  
 
Source of Variation  DF   SS   MS    F    P   
Between Groups 6 0,0583 0,00971 0,938 0,499  
Residual 14 0,145 0,0103    
Total 20 0,203     
 

The differences in the mean values among the treatment groups are not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically 
significant difference  (P = 0,499). 

 
Power of performed test with alpha = 0,050: 0,050 
 
The power of the performed test (0,050) is below the desired power of 0,800. 

Less than desired power indicates you are less likely to detect a difference when one actually exists. 
Negative results should be interpreted cautiously. 
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Figure 9B 
Descriptive Statistics – data in lethality  
 
Column Size Missing Mean Std Dev Std. Error C.I. of Mean 
H2O dye 3 0 0,543 0,193 0,112 0,480  
fez2 siRNA 3 0 0,663 0,0966 0,0558 0,240  
lrc siRNA 3 0 0,678 0,181 0,105 0,450  
sem1a siRNA 3 0 0,568 0,129 0,0745 0,321  
ctl siRNA 3 0 0,572 0,202 0,117 0,502  
H2O 3 0 0,458 0,106 0,0610 0,262  
Handling 3 0 0,330 0,0227 0,0131 0,0565  
 
Column Range Max Min  Median  25% 75%  
H2O dye 0,383 0,750 0,367 0,511 0,367 0,750  
fez2 siRNA 0,182 0,773 0,591 0,625 0,591 0,773  
lrc siRNA 0,352 0,830 0,477 0,727 0,477 0,830  
sem1a siRNA 0,239 0,716 0,477 0,511 0,477 0,716  
ctl siRNA 0,375 0,716 0,341 0,659 0,341 0,716  
H2O 0,193 0,580 0,386 0,409 0,386 0,580  
Handling 0,0455 0,352 0,307 0,330 0,307 0,352  
 
Column          Skewness Kurtosis K-S Dist. K-S Prob.        SWilk W      SWilk Prob 
H2O dye                  0,715 -- 0,231 0,557 0,980 0,729  
fez2 siRNA              1,493 -- 0,319 0,251 0,885 0,339  
lrc siRNA                 -1,132 -- 0,274 0,412 0,945 0,546  
sem1a siRNA           1,597 -- 0,337 0,197 0,855 0,253  
ctl siRNA                 -1,579 -- 0,333 0,207 0,861 0,269  
H2O                         1,642 -- 0,346 0,172 0,837 0,206  
Handling     -0,0000000660 -- 0,175 0,654 1,000 1,000  
 
Column Sum Sum of Squares  
H2O dye 1,629 0,959  
fez2 siRNA 1,989 1,337  
lrc siRNA 2,034 1,445  
sem1a siRNA 1,705 1,002  
ctl siRNA 1,716 1,063  
H2O 1,375 0,653  
Handling 0,989 0,327  
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One Way Analysis of Variance  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,574) 
 
Equal Variance Test (Brown-Forsythe): Passed (P = 0,679) 
 
Group Name  N  Missing Mean Std Dev SEM  
H2O dye 3 0 0,543 0,193 0,112  
fez2 siRNA 3 0 0,663 0,0966 0,0558  
lrc siRNA 3 0 0,678 0,181 0,105  
sem1a siRNA 3 0 0,568 0,129 0,0745  
ctl siRNA 3 0 0,572 0,202 0,117  
H2O 3 0 0,458 0,106 0,0610  
Handling 3 0 0,330 0,0227 0,0131  
 
Source of Variation  DF   SS   MS    F    P   
Between Groups 6 0,260 0,0434 2,043 0,127  
Residual 14 0,297 0,0212    
Total 20 0,558     
 

The differences in the mean values among the treatment groups are not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically 
significant difference  (P = 0,127). 

 
Power of performed test with alpha = 0,050: 0,283 
 
The power of the performed test (0,283) is below the desired power of 0,800. 

Less than desired power indicates you are less likely to detect a difference when one actually exists. 
Negative results should be interpreted cautiously. 
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Figure 9C 
Descriptive Statistics – data in lethality  
 
Column Size Missing Mean Std Dev Std. Error C.I. of Mean  
H2O dye 3 0 0,180 0,0500 0,0289 0,124  
fez2 siRNA 3 0 0,217 0,107 0,0617 0,266  
lrc siRNA 3 0 0,188 0,00703 0,00406 0,0175  
sem1a siRNA 3 0 0,214 0,0913 0,0527 0,227  
ctl siRNA 3 0 0,187 0,0153 0,00882 0,0379  
H2O 3 0 0,148 0,0103 0,00597 0,0257  
Handling 3 0 0,121 0,0186 0,0107 0,0462  
 
Column Range Max Min  Median  25% 75%  
H2O dye 0,1000 0,230 0,130 0,180 0,130 0,230  
fez2 siRNA 0,190 0,340 0,150 0,160 0,150 0,340  
lrc siRNA 0,0135 0,194 0,180 0,190 0,180 0,194  
sem1a siRNA 0,181 0,311 0,130 0,200 0,130 0,311  
ctl siRNA 0,0300 0,200 0,170 0,190 0,170 0,200  
H2O 0,0200 0,160 0,140 0,145 0,140 0,160  
Handling 0,0372 0,140 0,103 0,120 0,103 0,140  
 
Column      Skewness Kurtosis K-S Dist. K-S Prob. SWilk W SWilk Prob 
H2O dye     -2,498E-015 -- 0,175 0,654 1,000 1,000 
fez2 siRNA        1,715 -- 0,369 0,120 0,789 0,089 
lrc siRNA          -1,248 -- 0,287 0,364 0,930 0,488 
sem1a siRNA      0,660 -- 0,226 0,571 0,983 0,751 
ctl siRNA            -0,935 -- 0,253 0,487 0,964 0,637 
H2O                     1,206 -- 0,282 0,382 0,936 0,510 
Handling              0,225 -- 0,187 0,647 0,998 0,917 
 
Column Sum Sum of Squares  
H2O dye 0,540 0,102  
fez2 siRNA 0,650 0,164  
lrc siRNA 0,564 0,106  
sem1a siRNA 0,641 0,154  
ctl siRNA 0,560 0,105  
H2O 0,445 0,0664  
Handling 0,363  0,0446  
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One Way Analysis of Variance  
 
Normality Test (Shapiro-Wilk):  Failed (P < 0,050) 
 
Test execution ended by user request, ANOVA on Ranks begun 
 
Kruskal-Wallis One Way Analysis of Variance on Ranks  
 
Group N  Missing  Median    25%      75%     
H2O dye 3 0 0,180 0,130 0,230  
fez2 siRNA 3 0 0,160 0,150 0,340  
lrc siRNA 3 0 0,190 0,180 0,194  
sem1a siRNA 3 0 0,200 0,130 0,311  
ctl siRNA 3 0 0,190 0,170 0,200  
H2O 3 0 0,145 0,140 0,160  
Handling 3 0 0,120 0,103 0,140  
 
H = 8,861 with 6 degrees of freedom.  (P = 0,182) 
 

The differences in the median values among the treatment groups are not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically 
significant difference    (P = 0,182) 
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Descriptive Statistics, transformed (arcsin transformation) data  
 
Column Size Missing Mean Std Dev Std. Error C.I. of Mean 
asinsqrt(col(1)) 3 0 0,436 0,0657 0,0379 0,163 
asinsqrt(col(2)) 3 0 0,477 0,126 0,0728 0,313 
asinsqrt(col(3)) 3 0 0,448 0,00902 0,00521 0,0224 
asinsqrt(col(4)) 3 0 0,475 0,112 0,0646 0,278 
asinsqrt(col(5)) 3 0 0,447 0,0197 0,0114 0,0490 
asinsqrt(col(6)) 3 0 0,395 0,0145 0,00835 0,0359 
asinsqrt(col(7)) 3 0 0,355 0,0286 0,0165 0,0709 
 
Column Range Max Min  Median  25% 75%  
asinsqrt(col(1)) 0,131 0,500 0,369 0,438 0,369 0,500  
asinsqrt(col(2)) 0,225 0,623 0,398 0,412 0,398 0,623  
asinsqrt(col(3)) 0,0174 0,456 0,438 0,451 0,438 0,456  
asinsqrt(col(4)) 0,223 0,592 0,369 0,464 0,369 0,592  
asinsqrt(col(5)) 0,0387 0,464 0,425 0,451 0,425 0,464  
asinsqrt(col(6)) 0,0280 0,412 0,383 0,391 0,383 0,412  
asinsqrt(col(7)) 0,0571 0,383 0,326 0,354 0,326 0,383  
 
Column         Skewness Kurtosis K-S Dist. K-S Prob. SWilk W SWilk Prob  
asinsqrt(col(1))     -0,165 -- 0,181 0,651 0,999 0,939 
asinsqrt(col(2))      1,709 -- 0,366 0,126 0,796 0,105 
asinsqrt(col(3))     -1,259 -- 0,288 0,359 0,928 0,482 
asinsqrt(col(4))      0,442 -- 0,206 0,619 0,993 0,836 
asinsqrt(col(5))     -0,968 -- 0,256 0,475 0,961 0,622 
asinsqrt(col(6))      1,183 -- 0,279 0,391 0,938 0,521 
asinsqrt(col(7))      0,126 -- 0,178 0,653 0,999 0,953 
 
Column Sum Sum of Squares  
asinsqrt(col(1)) 1,307 0,578  
asinsqrt(col(2)) 1,432 0,715  
asinsqrt(col(3)) 1,345 0,603  
asinsqrt(col(4)) 1,424 0,701  
asinsqrt(col(5)) 1,340 0,599  
asinsqrt(col(6)) 1,186 0,470  
asinsqrt(col(7))        1,064 0,379  
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One Way Analysis of Variance  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,082) 
 
Equal Variance Test (Brown-Forsythe): Passed (P = 0,327) 
 
Group Name  N  Missing Mean Std Dev  SEM  
asinsqrt(col(1)) 3 0 0,436 0,0657  0,0379  
asinsqrt(col(2)) 3 0 0,477 0,126  0,0728  
asinsqrt(col(3)) 3 0 0,448 0,00902  0,00521  
asinsqrt(col(4)) 3 0 0,475 0,112  0,0646  
asinsqrt(col(5)) 3 0 0,447 0,0197  0,0114  
asinsqrt(col(6)) 3 0 0,395 0,0145  0,00835  
asinsqrt(col(7)) 3 0 0,355 0,0286  0,0165  
 
Source of Variation DF   SS   MS    F    P   
Between Groups 6 0,0351 0,00584 1,196 0,363  
Residual 14 0,0684 0,00488    
Total 20 0,103     
 

The differences in the mean values among the treatment groups are not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically 
significant difference  (P = 0,363). 

 
Power of performed test with alpha = 0,050: 0,084 
 
The power of the performed test (0,084) is below the desired power of 0,800. 

Less than desired power indicates you are less likely to detect a difference when one actually exists. 
Negative results should be interpreted cautiously. 
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Figure 9D 
One Way Analysis of Variance  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,443) 
 
Equal Variance Test (Brown-Forsythe): Failed (P < 0,050) 
 
Group Name  N  Missing Mean Std Dev SEM  
fez2 dsRNA 2 0 0,883 0,0130 0,00920  
fez2 h2o+dye 2 0 0,775 0,369 0,261  
fez2 coextract 2 0 0,728 0,310 0,219  
 

Source of Variation  DF   SS   MS    F    P   
Between Groups 2 0,0254 0,0127 0,164 0,856  
Residual 3 0,232 0,0774    
Total 5 0,258     
 

The differences in the mean values among the treatment groups are not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically 
significant difference  (P = 0,856). 

 

Power of performed test with alpha = 0,050: 0,050 
 
The power of the performed test (0,050) is below the desired power of 0,800. 

Less than desired power indicates you are less likely to detect a difference when one actually exists. 
Negative results should be interpreted cautiously. 

 
One-way ANOVA: dsRNA fez2, ddH2O + dye fez2, Coextract empty bact fez2 
 

Method 
Null hypothesis All means are equal 
Alternative hypothesis Not all means are equal 
Significance level α = 0.05 
Equal variances were not assumed for the analysis. 
 

Factor Information 
Factor Levels Values 
Factor 3 dsRNA fez2, ddH2O + dye fez2, Coextract empty bact fez2 

 

Welch’s Test 

Source DF Num DF Den F-Value 

P-
Valu

e 
Factor 2 1.33734 0.23 0.824 

 

Model Summary 
R-sq R-sq(adj) R-sq(pred) 
9.88% 0.00% 0.00% 

 

Means 
Factor N Mean StDev 95% CI 
dsRNA fez2 2 0.88332 0.01301 (0.76640, 1.00024) 
ddH2O + dye fez2 2 0.775 0.369 (-2.537, 4.086) 
Coextract empty bact fez2 2 0.728 0.310 (-2.057, 3.513) 

 

Games-Howell Pairwise Comparisons 
Grouping Information Using the Games-Howell Method and 95% Confidence 

Factor N Mean Grouping 
dsRNA fez2 2 0.88332 A 
ddH2O + dye fez2 2 0.775 A 
Coextract empty bact fez2 2 0.728 A 

Means that do not share a letter are significantly different.  
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One Way Analysis of Variance  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,841) 
 
Equal Variance Test (Brown-Forsythe): Failed (P < 0,050) 
 
Group Name  N  Missing Mean Std Dev SEM  
lrc dsRNA 2 0 1,239 0,596 0,421  
lrc h2o+dye 2 0 1,035 0,127 0,0896  
lrc coextrct 2 0 1,023 0,141 0,0994  
 
Source of Variation  DF   SS   MS    F    P   
Between Groups 2 0,0589 0,0295 0,226 0,810  
Residual 3 0,391 0,130    
Total 5 0,449     
 

The differences in the mean values among the treatment groups are not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically 
significant difference  (P = 0,810). 

 
Power of performed test with alpha = 0,050: 0,050 
 
The power of the performed test (0,050) is below the desired power of 0,800. 

Less than desired power indicates you are less likely to detect a difference when one actually exists. 
Negative results should be interpreted cautiously. 

 
One-way ANOVA: dsRNA lrc, ddH2O + dye lrc, Coextract empty bact lrc 
 
Method 
Null hypothesis All means are equal 
Alternative hypothesis Not all means are equal 
Significance level α = 0.05 
Equal variances were not assumed for the analysis. 
 

Factor Information 
Factor Levels Values 
Factor 3 dsRNA lrc, ddH2O + dye lrc, Coextract empty bact lrc 

 

Welch’s Test 
Source DF Num DF Den F-Value P-Value 
Factor 2 1.79989 0.09 0.917 

 

Model Summary 
R-sq R-sq(adj) R-sq(pred) 

13.11% 0.00% 0.00% 
 

Means 
Factor N Mean StDev 95% CI 
dsRNA lrc 2 1.239 0.596 (-4.112, 6.590) 
ddH2O + dye lrc 2 1.0350 0.1268 (-0.1040, 2.1740) 
Coextract empty bact lrc 2 1.0231 0.1406 (-0.2402, 2.2863) 

 

Games-Howell Pairwise Comparisons 
Grouping Information Using the Games-Howell Method and 95% Confidence 

Factor N Mean Grouping 
dsRNA lrc 2 1.239 A 
ddH2O + dye lrc 2 1.0350 A 
Coextract empty bact lrc 2 1.0231 A 

Means that do not share a letter are significantly different.  
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One Way Analysis of Variance  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,969) 
 
Equal Variance Test (Brown-Forsythe): Failed (P < 0,050) 
 
Group Name  N  Missing Mean Std Dev SEM  
sem1a dsRNA 2 0 0,822 0,0215 0,0152  
sem1a h2o+dye 2 0 1,237 0,242 0,171  
sem1a coextract 2 0 1,289 0,432 0,306  
 
Source of Variation  DF   SS   MS    F    P   
Between Groups 2 0,262 0,131 1,599 0,337  
Residual 3 0,246 0,0819    
Total 5 0,508     
 

The differences in the mean values among the treatment groups are not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically 
significant difference  (P = 0,337). 

 
Power of performed test with alpha = 0,050: 0,090 
 
The power of the performed test (0,090) is below the desired power of 0,800. 

Less than desired power indicates you are less likely to detect a difference when one actually exists. 
Negative results should be interpreted cautiously. 

 
One-way ANOVA: dsRNA sem1a, ddH2O + dye sem1a, Coextract empty bact sem1a 
 
Method 
Null hypothesis All means are equal 
Alternative hypothesis Not all means are equal 
Significance level α = 0.05 
Equal variances were not assumed for the analysis. 
 

Factor Information 
Factor Levels Values 
Factor 3 dsRNA sem1a, ddH2O + dye sem1a, Coextract empty bact sem1a 

 

Welch’s Test 
Source DF Num DF Den F-Value P-Value 
Factor 2 1.34707 2.72 0.337 

 

Model Summary 
R-sq R-sq(adj) R-sq(pred) 

51.59% 19.32% 0.00% 
 

Means 
Factor N Mean StDev 95% CI 
dsRNA sem1a 2 0.8222 0.0215 (0.6289, 1.0156) 
ddH2O + dye sem1a 2 1.237 0.242 (-0.937, 3.411) 
Coextract empty bact sem1a 2 1.289 0.432 (-2.593, 5.172) 

 

Games-Howell Pairwise Comparisons 
Grouping Information Using the Games-Howell Method and 95% Confidence 

Factor N Mean Grouping 
Coextract empty bact sem1a 2 1.289 A 
ddH2O + dye sem1a 2 1.237 A 
dsRNA sem1a 2 0.8222 A 

Means that do not share a letter are significantly different.  
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Figure 9E 
One Way Analysis of Variance  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,551) 
 
Equal Variance Test (Brown-Forsythe): Failed (P < 0,050) 
 
Group Name  N  Missing Mean Std Dev SEM  
fez2 siRNA 2 0 1,231 0,243 0,172  
fez2 h2o+dye 2 0 1,317 0,200 0,141  
fez2 h2o 2 0 1,165 0,0413 0,0292  
 
Source of Variation  DF   SS   MS    F    P   
Between Groups 2 0,0234 0,0117 0,349 0,731  
Residual 3 0,101 0,0335    
Total 5 0,124     
 

The differences in the mean values among the treatment groups are not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically 
significant difference  (P = 0,731). 

 
Power of performed test with alpha = 0,050: 0,050 
 
The power of the performed test (0,050) is below the desired power of 0,800. 

Less than desired power indicates you are less likely to detect a difference when one actually exists. 
Negative results should be interpreted cautiously. 

 
One-way ANOVA: siRNA fez2, ddH2O + dye fez2, ddH2O fez2 
 
Method 
Null hypothesis All means are equal 
Alternative hypothesis Not all means are equal 
Significance level α = 0.05 
Equal variances were not assumed for the analysis. 
 

Factor Information 
Factor Levels Values 
Factor 3 siRNA fez2, ddH2O + dye fez2, ddH2O fez2 

 

Welch’s Test 
Source DF Num DF Den F-Value P-Value 
Factor 2 1.42374 0.42 0.719 

 

Model Summary 
R-sq R-sq(adj) R-sq(pred) 

18.86% 0.00% 0.00% 
 

Means 
Factor N Mean StDev 95% CI 
siRNA fez2 2 1.231 0.243 (-0.951, 3.412) 
ddH2O + dye fez2 2 1.317 0.200 (-0.479, 3.114) 
ddH2O fez2 2 1.1648 0.0413 (0.7935, 1.5361) 

 

Games-Howell Pairwise Comparisons 
Grouping Information Using the Games-Howell Method and 95% Confidence 

Factor N Mean Grouping 
ddH2O + dye fez2 2 1.317 A 
siRNA fez2 2 1.231 A 
ddH2O fez2 2 1.1648 A 

Means that do not share a letter are significantly different.  
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One Way Analysis of Variance  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,259) 
 
Equal Variance Test (Brown-Forsythe): Failed (P < 0,050) 
 
Group Name  N  Missing Mean Std Dev SEM  
lrc siRNA 2 0 1,199 0,413 0,292  
lrc h2o+dye 2 0 1,213 0,398 0,282  
lrc h2o 2 0 1,198 0,111 0,0782  
 
Source of Variation  DF   SS   MS    F     P   
Between Groups 2 0,000288 0,000144 0,00127 0,999  
Residual 3 0,341 0,114    
Total 5 0,341     
 

The differences in the mean values among the treatment groups are not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically 
significant difference  (P = 0,999). 

 
Power of performed test with alpha = 0,050: 0,050 
 
The power of the performed test (0,050) is below the desired power of 0,800. 

Less than desired power indicates you are less likely to detect a difference when one actually exists. 
Negative results should be interpreted cautiously. 

 
 
One-way ANOVA: siRNA lrc, ddH2O + dye lrc, ddH2O lrc 
 
Method 
Null hypothesis All means are equal 
Alternative hypothesis Not all means are equal 
Significance level α = 0.05 
Equal variances were not assumed for the analysis. 
 

Factor Information 
Factor Levels Values 
Factor 3 siRNA lrc, ddH2O + dye lrc, ddH2O lrc 

 

Welch’s Test 
Source DF Num DF Den F-Value P-Value 
Factor 2 1.51017 0.00 0.999 

 

Model Summary 
R-sq R-sq(adj) R-sq(pred) 
0.08% 0.00% 0.00% 

 

Means 
Factor N Mean StDev 95% CI 
siRNA lrc 2 1.199 0.413 (-2.509, 4.907) 
ddH2O + dye lrc 2 1.213 0.398 (-2.364, 4.790) 
ddH2O lrc 2 1.1982 0.1106 (0.2043, 2.1921) 

 

Games-Howell Pairwise Comparisons 
Grouping Information Using the Games-Howell Method and 95% Confidence 

Factor N Mean Grouping 
ddH2O + dye lrc 2 1.213 A 
siRNA lrc 2 1.199 A 
ddH2O lrc 2 1.1982 A 

Means that do not share a letter are significantly different.  



 222 
 

One Way Analysis of Variance  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,154) 
 
Equal Variance Test (Brown-Forsythe): Failed (P < 0,050) 
 
Group Name  N  Missing Mean Std Dev SEM  
sem1a siRNA 2 0 1,058 0,289 0,204  
sem1 H2O+dye 2 0 0,859 0,180 0,127  
sem1a H2O 2 0 1,049 0,211 0,149  
 
Source of Variation  DF   SS   MS    F    P   
Between Groups 2 0,0504 0,0252 0,472 0,664  
Residual 3 0,160 0,0534    
Total 5 0,211     
 

The differences in the mean values among the treatment groups are not great enough to exclude the 
possibility that the difference is due to random sampling variability; there is not a statistically 
significant difference  (P = 0,664). 

 
Power of performed test with alpha = 0,050: 0,050 
 
The power of the performed test (0,050) is below the desired power of 0,800. 

Less than desired power indicates you are less likely to detect a difference when one actually exists. 
Negative results should be interpreted cautiously. 

 
 

One-way ANOVA: siRNA sem1a, ddH2O + dye sem1a, ddH2O sem1a 
 
Method 
Null hypothesis All means are equal 
Alternative hypothesis Not all means are equal 
Significance level α = 0.05 
Equal variances were not assumed for the analysis. 
 

Factor Information 
Factor Levels Values 
Factor 3 siRNA sem1a, ddH2O + dye sem1a, ddH2O sem1a 

 

Welch’s Test 
Source DF Num DF Den F-Value P-Value 
Factor 2 1.93831 0.45 0.690 

 

Model Summary 
R-sq R-sq(adj) R-sq(pred) 

23.93% 0.00% 0.00% 
 

Means 
Factor N Mean StDev 95% CI 
siRNA sem1a 2 1.058 0.289 (-1.537, 3.653) 
ddH2O + dye sem1a 2 0.859 0.180 (-0.754, 2.473) 
ddH2O sem1a 2 1.049 0.211 (-0.849, 2.948) 

 

Games-Howell Pairwise Comparisons 
Grouping Information Using the Games-Howell Method and 95% Confidence 

Factor N Mean Grouping 
siRNA sem1a 2 1.058 A 
ddH2O sem1a 2 1.049 A 
ddH2O + dye sem1a 2 0.859 A 

Means that do not share a letter are significantly different.  
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Figure 10 
One Way Analysis of Variance  
 
Normality Test (Kolmogorov-Smirnov):  Passed (P = 0,064) 
 
Equal Variance Test (Brown-Forsythe): Failed (P < 0,050) 
 
Group Name  N  Missing Mean Std Dev SEM  
h2o+bact ctrl 11 0 1,118 0,540 0,163  
weak dsRNA 21 0 0,324 0,201 0,0439  
strong dsRNA 6 0 0,380 0,163 0,0665  
 
Source of Variation  DF   SS   MS    F    P   
Between Groups 2 4,793 2,396 21,756 <0,001  
Residual 35 3,855 0,110    
Total 37 8,648     
 

The differences in the mean values among the treatment groups are greater than would be expected by 
chance; there is a statistically significant difference  (P = <0,001). 

 
Power of performed test with alpha = 0,050: 1,000 
 
 
Statistics 

Variable 
Total 

Count Mean SE Mean StDev Variance CoefVar Median 
dsRNA weak GFP 21 0.324324 0.0442844 0.202937 0.0411833 62.57 0.257507 
dsRNA strong GFP 21 0.379385 0.0655798 0.160637 0.0258043 42.34 0.350258 
ddH2O and bact ctrl 21 1.11952 0.162687 0.539571 0.291136 48.20 0.943620 

 
One-way ANOVA: dsRNA weak GFP, dsRNA strong GFP, ddH2O and bact ctrl 
 
Method 
Null hypothesis All means are equal 
Alternative hypothesis Not all means are equal 
Significance level α = 0.05 
Rows unused 25 
Equal variances were not assumed for the analysis. 
 
Factor Information 

Factor Levels Values 
Factor 3 dsRNA weak GFP, dsRNA strong GFP, ddH2O and bact ctrl 

 

Welch’s Test 

Source DF Num DF Den F-Value 
P-

Value 
Factor 2 13.6678 10.60 0.002 

 

Model Summary 
R-sq R-sq(adj) R-sq(pred) 
55.43% 52.88% 46.75% 

 
Means 

Factor N Mean StDev 95% CI 
dsRNA weak GFP 21 0.3243 0.2029 (0.2319, 0.4167) 
dsRNA strong GFP 6 0.3794 0.1606 (0.2108, 0.5480) 
ddH2O and bact ctrl 11 1.120 0.540 (0.757, 1.482) 
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Games-Howell Pairwise Comparisons 
Grouping Information Using the Games-Howell Method and 95% Confidence 

Factor N Mean Grouping 
ddH2O and bact ctrl 11 1.120 A    

dsRNA strong GFP 6 0.3794    B 

dsRNA weak GFP 21 0.3243    B 

Means that do not share a letter are significantly different. 
 
Games-Howell Simultaneous Tests for Differences of Means 

Difference of Levels 
Difference 
of Means 

SE of 
Difference 95% CI 

T-
Value 

Adjusted 
P-Value 

dsRNA strong - dsRNA weak G 0.0551 0.0791 (-0.1615, 0.2716) 0.70 0.771 
ddH2O and ba - dsRNA weak G 0.795 0.169 (0.342, 1.248) 4.72 0.002 
ddH2O and ba - dsRNA strong 0.740 0.175 (0.276, 1.204) 4.22 0.003 

 
  



 225 

Figure S1 
One-Sample t-test_qPCR yeast feeding assays, relative expression ratio   
 
Normality Test (Kolmogorov-Smirnov):  Passed (P = 0,481) 
 
Group Name  N  Missing Mean Std Dev SEM  
Exp 1a_sem1a 2 0 1,120 0,581 0,411  
 
Hypothesized population mean 1,000 
 
t = 0,293  with 1 degrees of freedom.  
 
95 percent two-tailed confidence interval for the population mean: -4,097 to 6,337 
 
Two-tailed P-value = 0,818 
 

The difference between the mean of the sampled population and the hypothesized population mean is 
not great enough to reject the hypothesis that the difference is only due to random sample variability. 
There is not a significant difference between the two means (P = 0,818). 

 
One-tailed P-value = 0,409 
 

The sample mean of the group does not exceed the hypothesized mean by an amount great enough to 
exclude the possibility that the difference is due to random sampling variability. The hypothesis that the 
hypothesized mean is greater than or equal to the true mean cannot be rejected. (P = 0,409). 

 
 
 
One-Sample t-test_qPCR yeast feeding assays, relative expression ratio   
 
Normality Test (Kolmogorov-Smirnov):  Passed (P = 0,481) 
 
Group Name  N  Missing Mean Std Dev SEM  
Exp 1b_sem1a 2 0 0,998 0,122 0,0863  
 
Hypothesized population mean 1,000 
 
t = -0,0276  with 1 degrees of freedom.  
 
95 percent two-tailed confidence interval for the population mean: -0,0987 to 2,094 
 
Two-tailed P-value = 0,982 
 

The difference between the mean of the sampled population and the hypothesized population mean is 
not great enough to reject the hypothesis that the difference is only due to random sample variability. 
There is not a significant difference between the two means (P = 0,982). 

 
One-tailed P-value = 0,491 
 

The hypothesized mean does not exceed the sample mean of the group by an amount great enough to 
exclude the possibility that the difference is due to random sampling variability. The hypothesis that the 
true mean is greater than or equal to the hypothesized mean cannot be rejected. (P = 0,491). 
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One-Sample t-test_qPCR yeast feeding assays, relative expression ratio   
 
Normality Test (Kolmogorov-Smirnov):  Passed (P = 0,481) 
 
Group Name  N  Missing Mean Std Dev SEM  
Exp 2_sem1a 2 0 0,761 0,00378 0,00267  
 
Hypothesized population mean 1,000 
 
t = -89,267  with 1 degrees of freedom.  
 
95 percent two-tailed confidence interval for the population mean: 0,727 to 0,795 
 
Two-tailed P-value = 0,00713 
 

There is a statistically significant difference between the mean of the sampled population and the 
hypothesized population mean (P = 0,007). 

 
One-tailed P-value = 0,00357 
 

The hypothesized mean exceeds the sample mean of the group by an amount that is greater than would 
be expected by chance, rejecting the hypothesis that the true mean of group is greater than or equal to 
the hypothesized mean. (P = 0,004). 

 
 
 
 
 
 
 
 
One-Sample t-test_qPCR yeast feeding assays, relative expression ratio   
 
Normality Test (Kolmogorov-Smirnov):  Passed (P = 0,481) 
 
Group Name  N  Missing Mean Std Dev SEM  
Exp 3_sem1a 2 0 0,534 0,116 0,0817  
 
Hypothesized population mean 1,000 
 
t = -5,697  with 1 degrees of freedom.  
 
95 percent two-tailed confidence interval for the population mean: -0,504 to 1,573 
 
Two-tailed P-value = 0,111 
 

The difference between the mean of the sampled population and the hypothesized population mean is 
not great enough to reject the hypothesis that the difference is only due to random sample variability. 
There is not a significant difference between the two means (P = 0,111). 

 
One-tailed P-value = 0,0553 
 

The hypothesized mean does not exceed the sample mean of the group by an amount great enough to 
exclude the possibility that the difference is due to random sampling variability. The hypothesis that the 
true mean is greater than or equal to the hypothesized mean cannot be rejected. (P = 0,055). 
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One-Sample t-test_qPCR yeast feeding assays, relative expression ratio   
 
Normality Test (Kolmogorov-Smirnov):  Passed (P = 0,481) 
 
Group Name  N  Missing Mean Std Dev SEM  
Exp 3 fez2 2 0 0,906 0,148 0,104  
 
Hypothesized population mean 1,000 
 
t = -0,899  with 1 degrees of freedom.  
 
95 percent two-tailed confidence interval for the population mean: -0,420 to 2,233 
 
Two-tailed P-value = 0,534 
 

The difference between the mean of the sampled population and the hypothesized population mean is 
not great enough to reject the hypothesis that the difference is only due to random sample variability. 
There is not a significant difference between the two means (P = 0,534). 

 
One-tailed P-value = 0,267 
 

The hypothesized mean does not exceed the sample mean of the group by an amount great enough to 
exclude the possibility that the difference is due to random sampling variability. The hypothesis that the 
true mean is greater than or equal to the hypothesized mean cannot be rejected. (P = 0,267). 

 
 
 
 
 
 
 
One-Sample t-test_qPCR yeast feeding assays, relative expression ratio   
 
Normality Test (Kolmogorov-Smirnov):  Passed (P = 0,481) 
 
Group Name  N  Missing Mean Std Dev SEM  
Exp 3 lrc 2 0 0,562 0,0320 0,0226  
 
Hypothesized population mean 1,000 
 
t = -19,345  with 1 degrees of freedom.  
 
95 percent two-tailed confidence interval for the population mean: 0,275 to 0,850 
 
Two-tailed P-value = 0,0329 
 

There is a statistically significant difference between the mean of the sampled population and the 
hypothesized population mean (P = 0,033). 

 
One-tailed P-value = 0,0164 
 

The hypothesized mean exceeds the sample mean of the group by an amount that is greater than would 
be expected by chance, rejecting the hypothesis that the true mean of group is greater than or equal to 
the hypothesized mean. (P = 0,016). 
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t-test_ Survival numbers yeast feeding assays  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,683) 
 
Equal Variance Test (Brown-Forsythe): Failed (P < 0,050) 
 

The result of the equal variance test indicates the likelihood that the two groups are sampled from 
populations with equal variances, but does not guarantee the equality or inequality of the two variances. 

 
Group Name  N  Missing Mean Std Dev SEM  
Exp 1a_Sem-1a 2 0 0,950 0,000 0,000  
Exp 1a_control 2 0 0,825 0,0354 0,0250  
 
Difference of means 0,125 
 

Use the results of Welch's test, where equal variances are not assumed, if the equality of the population 
variances of the two groups is in doubt. 

 
Equal Variances Assumed (Student's t-test): 
 
t = 5,000  with 2 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: 0,0174 to 0,233 
 
Two-tailed P-value = 0,0377 
 

The difference in the mean values of the two groups is greater than would be expected by chance; there 
is a statistically significant difference between the input groups (P = 0,038). 

 
One-tailed P-value = 0,0189 
 

The sample mean of group Exp 1a_Sem-1a exceeds the sample mean of group Exp 1a_control by an 
amount that is greater than would be expected by chance, rejecting the hypothesis that the population 
mean of group Exp 1a_control is greater than or equal to the population mean of group Exp 1a_Sem-1a. 
(P = 0,019). 

 
Equal Variances Not Assumed (Welch's t-test): 
 
t = 5,000  with 1,000 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -0,193 to 0,443 
 
Two-tailed P-value = 0,126 
 

The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference 
between the input groups (P = 0,126). 

 
One-tailed P-value = 0,0628 
 

The sample mean of group Exp 1a_Sem-1a does not exceed the sample mean of the group Exp 
1a_control by an amount great enough to exclude the possibility that the difference is due to random 
sampling variability. The hypothesis that the population mean of group Exp 1a_control is greater than 
or equal to the population mean of group Exp 1a_Sem-1a cannot be rejected. (P = 0,063). 
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One-Sample t-test_ Survival numbers yeast feeding assays  
 
Normality Test (Kolmogorov-Smirnov):  Failed (P < 0,050) 
 
Test execution ended by user request, One-Sample Signed Rank Test begun 
 

One-Sample Signed Rank Test  
 

Group  N  Missing  Median    25%      75%     
Exp 1b_Sem-1a  2,000 0,000 1,000 1,000 1,000  
 

Hypothesized population median 1,000 
 
W= 0,000  T+ = 0,000  T-= 0,000 
Z-Statistic (based on positive ranks) = 6,790E-313 
 

Yates continuity correction option applied to calculations. 
 

P(est.)= 1,000  P(exact)= 1,000 
 

95 percent confidence interval for the population median: 1,000 to 1,000 
 

The difference between the median of the group and the hypothesized population median is not great 
enough to reject the possibility that the difference is due to random sampling variability.There is not a 
significant difference between the two medians  (P = 1,000). 

 
One-Sample t-test  
 
Normality Test (Kolmogorov-Smirnov):  Failed (P < 0,050) 
 
Test execution ended by user request, One-Sample Signed Rank Test begun 
 
One-Sample Signed Rank Test  
 

Group  N  Missing  Median    25%      75%     
Exp 1b_control  2,000 0,000 0,950 0,950 0,950  
 

Hypothesized population median 1,000 
 

W= -3,000  T+ = 0,000  T-= 3,000 
Z-Statistic (based on positive ranks) = -1,414 
 

Yates continuity correction option applied to calculations. 
 

P(est.)= 0,346  P(exact)= 0,500 
 

95 percent confidence interval for the population median: 0,950 to 0,950 
 

The difference between the median of the group and the hypothesized population median is not great 
enough to reject the possibility that the difference is due to random sampling variability.There is not a 
significant difference between the two medians  (P = 0,500). 

 
Wilcoxon Signed Rank Test: Exp 1b_Sem-1a 
 

Method 
η: median of Exp 1b_Sem-1a 

 

Descriptive Statistics 
Sample N Median 
Exp 1b_Sem-1a 2 1 

 

Test 
Null hypothesis H₀: η = 0.95 
Alternative hypothesis H₁: η ≠ 0.95 

Sample N for Test 
Wilcoxon 
Statistic P-Value 

Exp 1b_Sem-1a 2 3.00 0.371 
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t-test_ Survival numbers yeast feeding assays  
 
Normality Test (Shapiro-Wilk):  Failed (P < 0,050) 
 
Equal Variance Test (Brown-Forsythe): Passed (P = 1,000) 
 

The result of the equal variance test indicates the likelihood that the two groups are sampled from 
populations with equal variances, but does not guarantee the equality or inequality of the two variances. 

 
Group Name  N  Missing Mean Std Dev SEM  
Exp 2_Sem-1a 2 0 0,875 0,0354 0,0250  
Exp 2_control 2 0 0,975 0,0354 0,0250  
 
Difference of means -0,1000 
 

Use the results of Welch's test, where equal variances are not assumed, if the equality of the population 
variances of the two groups is in doubt. 

 
Equal Variances Assumed (Student's t-test): 
 
t = -2,828  with 2 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -0,252 to 0,0521 
 
Two-tailed P-value = 0,106 
 

The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference 
between the input groups (P = 0,106). 

 
One-tailed P-value = 0,0528 
 

The sample mean of group Exp 2_control does not exceed the sample mean of the group Exp 2_Sem-1a 
by an amount great enough to exclude the possibility that the difference is due to random sampling 
variability. The hypothesis that the population mean of group Exp 2_Sem-1a is greater than or equal to 
the population mean of group Exp 2_control cannot be rejected. (P = 0,053). 

 
Equal Variances Not Assumed (Welch's t-test): 
 
t = -2,828  with 2,000 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -0,252 to 0,0521 
 
Two-tailed P-value = 0,106 
 

The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference 
between the input groups (P = 0,106). 

 
One-tailed P-value = 0,0528 
 

The sample mean of group Exp 2_control does not exceed the sample mean of the group Exp 2_Sem-1a 
by an amount great enough to exclude the possibility that the difference is due to random sampling 
variability. The hypothesis that the population mean of group Exp 2_Sem-1a is greater than or equal to 
the population mean of group Exp 2_control cannot be rejected. (P = 0,053). 
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t-test_ Survival numbers yeast feeding assays  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,969) 
 
Equal Variance Test (Brown-Forsythe): Failed (P < 0,050) 
 

The result of the equal variance test indicates the likelihood that the two groups are sampled from 
populations with equal variances, but does not guarantee the equality or inequality of the two variances. 

 
Group Name  N  Missing Mean Std Dev SEM  
asinsqrt(col(9)) 2 0 1,211 0,0537  0,0380  
asinsqrt(col(10)) 2 0 1,458 0,159  0,113  
 
Difference of means -0,247 
 

Use the results of Welch's test, where equal variances are not assumed, if the equality of the population 
variances of the two groups is in doubt. 

 
Equal Variances Assumed (Student's t-test): 
 
t = -2,076  with 2 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -0,759 to 0,265 
 
Two-tailed P-value = 0,174 
 

The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference 
between the input groups (P = 0,174). 

 
One-tailed P-value = 0,0868 
 

The sample mean of group asinsqrt(col(10)) does not exceed the sample mean of the group 
asinsqrt(col(9)) by an amount great enough to exclude the possibility that the difference is due to 
random sampling variability. The hypothesis that the population mean of group asinsqrt(col(9)) is 
greater than or equal to the population mean of group asinsqrt(col(10)) cannot be rejected. (P = 0,087). 

 
Equal Variances Not Assumed (Welch's t-test): 
 
t = -2,076  with 1,224 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -1,759 to 1,265 
 
Two-tailed P-value = 0,248 
 

The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference 
between the input groups (P = 0,248). 

 
One-tailed P-value = 0,124 
 

The sample mean of group asinsqrt(col(10)) does not exceed the sample mean of the group 
asinsqrt(col(9)) by an amount great enough to exclude the possibility that the difference is due to 
random sampling variability. The hypothesis that the population mean of group asinsqrt(col(9)) is 
greater than or equal to the population mean of group asinsqrt(col(10)) cannot be rejected. (P = 0,124). 
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t-test_ Survival numbers yeast feeding assays  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,714) 
 
Equal Variance Test (Brown-Forsythe): Failed (P < 0,050) 
 

The result of the equal variance test indicates the likelihood that the two groups are sampled from 
populations with equal variances, but does not guarantee the equality or inequality of the two variances. 

 
Group Name  N  Missing Mean Std Dev SEM  
Exp 3_sem-1a 2 0 0,925 0,0354 0,0250  
Exp 3_control 2 0 0,950 0,0707 0,0500  
 
Difference of means -0,0250 
 

Use the results of Welch's test, where equal variances are not assumed, if the equality of the population 
variances of the two groups is in doubt. 

 
Equal Variances Assumed (Student's t-test): 
 
t = -0,447  with 2 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -0,266 to 0,216 
 
Two-tailed P-value = 0,698 
 

The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference 
between the input groups (P = 0,698). 

 
One-tailed P-value = 0,349 
 

The sample mean of group Exp 3_control does not exceed the sample mean of the group Exp 3_sem-1a 
by an amount great enough to exclude the possibility that the difference is due to random sampling 
variability. The hypothesis that the population mean of group Exp 3_sem-1a is greater than or equal to 
the population mean of group Exp 3_control cannot be rejected. (P = 0,349). 

 
Equal Variances Not Assumed (Welch's t-test): 
 
t = -0,447  with 1,471 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -0,735 to 0,685 
 
Two-tailed P-value = 0,712 
 

The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference 
between the input groups (P = 0,712). 

 
One-tailed P-value = 0,356 
 

The sample mean of group Exp 3_control does not exceed the sample mean of the group Exp 3_sem-1a 
by an amount great enough to exclude the possibility that the difference is due to random sampling 
variability. The hypothesis that the population mean of group Exp 3_sem-1a is greater than or equal to 
the population mean of group Exp 3_control cannot be rejected. (P = 0,356). 

 
 
 
 
  



 233 

t-test_ Survival numbers yeast feeding assays  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,683) 
 
Equal Variance Test (Brown-Forsythe): Failed (P < 0,050) 
 

The result of the equal variance test indicates the likelihood that the two groups are sampled from 
populations with equal variances, but does not guarantee the equality or inequality of the two variances. 

 
Group Name  N  Missing Mean Std Dev SEM  
Exp 4_Sem-1a 2 0 0,800 0,000 0,000  
Exp 4_control 2 0 0,875 0,0354 0,0250  
 
Difference of means -0,0750 
 

Use the results of Welch's test, where equal variances are not assumed, if the equality of the population 
variances of the two groups is in doubt. 

 
Equal Variances Assumed (Student's t-test): 
 
t = -3,000  with 2 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -0,183 to 0,0326 
 
Two-tailed P-value = 0,0955 
 

The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference 
between the input groups (P = 0,095). 

 
One-tailed P-value = 0,0477 
 

The sample mean of group Exp 4_control exceeds the sample mean of group Exp 4_Sem-1a by an 
amount that is greater than would be expected by chance, rejecting the hypothesis that the population 
mean of group Exp 4_Sem-1a is greater than or equal to the population mean of group Exp 4_control. 
(P = 0,048). 

 
Equal Variances Not Assumed (Welch's t-test): 
 
t = -3,000  with 1,000 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -0,393 to 0,243 
 
Two-tailed P-value = 0,205 
 

The difference in the mean values of the two groups is not great enough to reject the possibility 
that the difference is due to random sampling variability. There is not a statistically significant 
difference between the input groups (P = 0,205). 

 
One-tailed P-value = 0,102 
 

The sample mean of group Exp 4_control does not exceed the sample mean of the group Exp 4_Sem-1a 
by an amount great enough to exclude the possibility that the difference is due to random sampling 
variability. The hypothesis that the population mean of group Exp 4_Sem-1a is greater than or equal to 
the population mean of group Exp 4_control cannot be rejected. (P = 0,102). 
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t-test_ Survival numbers yeast feeding assays  
 
Normality Test (Shapiro-Wilk):  Failed (P < 0,050) 
 
Equal Variance Test (Brown-Forsythe): Failed (P < 0,050) 
 

The result of the equal variance test indicates the likelihood that the two groups are sampled from 
populations with equal variances, but does not guarantee the equality or inequality of the two variances. 

 
Group Name  N  Missing Mean Std Dev SEM  
Exp 5_Sem-1a 2 0 0,867 0,0471 0,0333  
Exp 5_control 2 0 0,800 0,0471 0,0333  
 
Difference of means 0,0667 
 

Use the results of Welch's test, where equal variances are not assumed, if the equality of the population 
variances of the two groups is in doubt. 

 
Equal Variances Assumed (Student's t-test): 
 
t = 1,414  with 2 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -0,136 to 0,269 
 
Two-tailed P-value = 0,293 
 

The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference 
between the input groups (P = 0,293). 

 
One-tailed P-value = 0,146 
 

The sample mean of group Exp 5_Sem-1a does not exceed the sample mean of the group Exp 5_control 
by an amount great enough to exclude the possibility that the difference is due to random sampling 
variability. The hypothesis that the population mean of group Exp 5_control is greater than or equal to 
the population mean of group Exp 5_Sem-1a cannot be rejected. (P = 0,146). 

 
Equal Variances Not Assumed (Welch's t-test): 
 
t = 1,414  with 2,000 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -0,136 to 0,269 
 
Two-tailed P-value = 0,293 
 

The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference 
between the input groups (P = 0,293). 

 
One-tailed P-value = 0,146 
 

The sample mean of group Exp 5_Sem-1a does not exceed the sample mean of the group Exp 5_control 
by an amount great enough to exclude the possibility that the difference is due to random sampling 
variability. The hypothesis that the population mean of group Exp 5_control is greater than or equal to 
the population mean of group Exp 5_Sem-1a cannot be rejected. (P = 0,146). 
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Normality Test (Shapiro-Wilk):  Passed (P = 0,101) 
 
Equal Variance Test (Brown-Forsythe): Failed (P < 0,050) 
 

The result of the equal variance test indicates the likelihood that the two groups are sampled from 
populations with equal variances, but does not guarantee the equality or inequality of the two variances. 

 
Group Name  N  Missing Mean Std Dev SEM  
asinsqrt(col(20)) 2 0 1,200 0,0699  0,0494  
asinsqrt(col(21)) 2 0 1,108 0,0591  0,0418  
 
Difference of means 0,0912 
 

Use the results of Welch's test, where equal variances are not assumed, if the equality of the population 
variances of the two groups is in doubt. 

 
Equal Variances Assumed (Student's t-test): 
 
t = 1,409  with 2 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -0,187 to 0,370 
 
Two-tailed P-value = 0,294 
 

The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference 
between the input groups (P = 0,294). 

 
One-tailed P-value = 0,147 
 

The sample mean of group asinsqrt(col(20)) does not exceed the sample mean of the group 
asinsqrt(col(21)) by an amount great enough to exclude the possibility that the difference is due to 
random sampling variability. The hypothesis that the population mean of group asinsqrt(col(21)) is 
greater than or equal to the population mean of group asinsqrt(col(20)) cannot be rejected. (P = 0,147). 

 
Equal Variances Not Assumed (Welch's t-test): 
 
t = 1,409  with 1,947 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -0,731 to 0,913 
 
Two-tailed P-value = 0,297 
 

The difference in the mean values of the two groups is not great enough to reject the possibility 
that the difference is due to random sampling variability. There is not a statistically significant 
difference between the input groups (P = 0,297). 

 
One-tailed P-value = 0,149 
 

The sample mean of group asinsqrt(col(20)) does not exceed the sample mean of the group 
asinsqrt(col(21)) by an amount great enough to exclude the possibility that the difference is due to 
random sampling variability. The hypothesis that the population mean of group asinsqrt(col(21)) is 
greater than or equal to the population mean of group asinsqrt(col(20)) cannot be rejected. (P = 0,149). 
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t-test_ Survival numbers yeast feeding assays  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,059) 
 
Equal Variance Test (Brown-Forsythe): Passed (P = 1,000) 
 

The result of the equal variance test indicates the likelihood that the two groups are sampled from 
populations with equal variances, but does not guarantee the equality or inequality of the two variances. 

 
Group Name  N  Missing Mean Std Dev SEM  
Exp 6_Sem-1a 3 0 0,856 0,0509 0,0294  
Exp 6_control 3 0 0,556 0,0770 0,0444  
 
Difference of means 0,300 
 

Use the results of Welch's test, where equal variances are not assumed, if the equality of the population 
variances of the two groups is in doubt. 

 
Equal Variances Assumed (Student's t-test): 
 
t = 5,630  with 4 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: 0,152 to 0,448 
 
Two-tailed P-value = 0,00490 
 

The difference in the mean values of the two groups is greater than would be expected by chance; 
there is a statistically significant difference between the input groups (P = 0,005). 

 
One-tailed P-value = 0,00245 
 

The sample mean of group Exp 6_Sem-1a exceeds the sample mean of group Exp 6_control by an 
amount that is greater than would be expected by chance, rejecting the hypothesis that the population 
mean of group Exp 6_control is greater than or equal to the population mean of group Exp 6_Sem-1a. 
(P = 0,002). 

 
Equal Variances Not Assumed (Welch's t-test): 
 
t = 5,630  with 3,469 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: 0,143 to 0,457 
 
Two-tailed P-value = 0,00742 
 

The difference in the mean values of the two groups is greater than would be expected by chance; there 
is a statistically significant difference between the input groups (P = 0,007). 

 
One-tailed P-value = 0,00371 
 

The sample mean of group Exp 6_Sem-1a exceeds the sample mean of group Exp 6_control by an 
amount that is greater than would be expected by chance, rejecting the hypothesis that the population 
mean of group Exp 6_control is greater than or equal to the population mean of group Exp 6_Sem-1a. 
(P = 0,004). 
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Normality Test (Shapiro-Wilk):  Passed (P = 0,190) 
 
Equal Variance Test (Brown-Forsythe): Passed (P = 1,000) 
 

The result of the equal variance test indicates the likelihood that the two groups are sampled from 
populations with equal variances, but does not guarantee the equality or inequality of the two variances. 

 
Group Name  N  Missing Mean Std Dev SEM  
Exp 7_Sem-1a 3 0 0,778 0,0192 0,0111  
Exp 7_control 3 0 0,767 0,115 0,0667  
 
Difference of means 0,0111 
 

Use the results of Welch's test, where equal variances are not assumed, if the equality of the population 
variances of the two groups is in doubt. 

 
Equal Variances Assumed (Student's t-test): 
 
t = 0,164  with 4 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -0,177 to 0,199 
 
Two-tailed P-value = 0,877 
 

The difference in the mean values of the two groups is not great enough to reject the possibility 
that the difference is due to random sampling variability. There is not a statistically significant 
difference between the input groups (P = 0,877). 

 
One-tailed P-value = 0,439 
 

The sample mean of group Exp 7_Sem-1a does not exceed the sample mean of the group Exp 7_control 
by an amount great enough to exclude the possibility that the difference is due to random sampling 
variability. The hypothesis that the population mean of group Exp 7_control is greater than or equal to 
the population mean of group Exp 7_Sem-1a cannot be rejected. (P = 0,439). 

 
Equal Variances Not Assumed (Welch's t-test): 
 
t = 0,164  with 2,111 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -0,280 to 0,302 
 
Two-tailed P-value = 0,884 
 

The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference 
between the input groups (P = 0,884). 

 
One-tailed P-value = 0,442 
 

The sample mean of group Exp 7_Sem-1a does not exceed the sample mean of the group Exp 7_control 
by an amount great enough to exclude the possibility that the difference is due to random sampling 
variability. The hypothesis that the population mean of group Exp 7_control is greater than or equal to 
the population mean of group Exp 7_Sem-1a cannot be rejected. (P = 0,442). 
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Normality Test (Shapiro-Wilk):  Passed (P = 0,683) 
 
Equal Variance Test (Brown-Forsythe): Failed (P < 0,050) 
 

The result of the equal variance test indicates the likelihood that the two groups are sampled from 
populations with equal variances, but does not guarantee the equality or inequality of the two variances. 

 
Group Name  N  Missing Mean Std Dev SEM  
Exp 3_lrc 2 0 0,900 0,000 0,000  
Exp 3_control 2 0 0,950 0,0707 0,0500  
 
Difference of means -0,0500 
 

Use the results of Welch's test, where equal variances are not assumed, if the equality of the population 
variances of the two groups is in doubt. 

 
Equal Variances Assumed (Student's t-test): 
 
t = -1,000  with 2 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -0,265 to 0,165 
 
Two-tailed P-value = 0,423 
 

The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference 
between the input groups (P = 0,423). 

 
One-tailed P-value = 0,211 
 

The sample mean of group Exp 3_control does not exceed the sample mean of the group Exp 3_lrc by 
an amount great enough to exclude the possibility that the difference is due to random sampling 
variability. The hypothesis that the population mean of group Exp 3_lrc is greater than or equal to the 
population mean of group Exp 3_control cannot be rejected. (P = 0,211). 

 
Equal Variances Not Assumed (Welch's t-test): 
 
t = -1,000  with 1,000 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -0,685 to 0,585 
 
Two-tailed P-value = 0,500 
 

The difference in the mean values of the two groups is not great enough to reject the possibility 
that the difference is due to random sampling variability. There is not a statistically significant 
difference between the input groups (P = 0,500). 

 
One-tailed P-value = 0,250 
 

The sample mean of group Exp 3_control does not exceed the sample mean of the group Exp 3_lrc by 
an amount great enough to exclude the possibility that the difference is due to random sampling 
variability. The hypothesis that the population mean of group Exp 3_lrc is greater than or equal to the 
population mean of group Exp 3_control cannot be rejected. (P = 0,250). 
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Normality Test (Shapiro-Wilk):  Passed (P = 0,962) 
 
Equal Variance Test (Brown-Forsythe): Failed (P < 0,050) 
 

The result of the equal variance test indicates the likelihood that the two groups are sampled from 
populations with equal variances, but does not guarantee the equality or inequality of the two variances. 

 
Group Name  N  Missing Mean Std Dev SEM  
Exp 4_lrc 2 0 0,675 0,247 0,175  
Exp 4_control 2 0 0,875 0,0354 0,0250  
 
Difference of means -0,200 
 

Use the results of Welch's test, where equal variances are not assumed, if the equality of the population 
variances of the two groups is in doubt. 

 
Equal Variances Assumed (Student's t-test): 
 
t = -1,131  with 2 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -0,961 to 0,561 
 
Two-tailed P-value = 0,375 
 

The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference 
between the input groups (P = 0,375). 

 
One-tailed P-value = 0,188 
 

The sample mean of group Exp 4_control does not exceed the sample mean of the group Exp 4_lrc by 
an amount great enough to exclude the possibility that the difference is due to random sampling 
variability. The hypothesis that the population mean of group Exp 4_lrc is greater than or equal to the 
population mean of group Exp 4_control cannot be rejected. (P = 0,188). 

 
Equal Variances Not Assumed (Welch's t-test): 
 
t = -1,131  with 1,041 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -2,446 to 2,046 
 
Two-tailed P-value = 0,455 
 

The difference in the mean values of the two groups is not great enough to reject the possibility 
that the difference is due to random sampling variability. There is not a statistically significant 
difference between the input groups (P = 0,455). 

 
One-tailed P-value = 0,228 
 

The sample mean of group Exp 4_control does not exceed the sample mean of the group Exp 4_lrc by 
an amount great enough to exclude the possibility that the difference is due to random sampling 
variability. The hypothesis that the population mean of group Exp 4_lrc is greater than or equal to the 
population mean of group Exp 4_control cannot be rejected. (P = 0,228). 
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Normality Test (Shapiro-Wilk):  Passed (P = 0,588) 
 
Equal Variance Test (Brown-Forsythe): Passed (P = 1,000) 
 

The result of the equal variance test indicates the likelihood that the two groups are sampled from 
populations with equal variances, but does not guarantee the equality or inequality of the two variances. 

 
Group Name  N  Missing Mean Std Dev SEM  
Exp 6_lrc 3 0 0,467 0,186 0,107  
Exp 6_control 3 0 0,556 0,0770 0,0444  
 
Difference of means -0,0889 
 

Use the results of Welch's test, where equal variances are not assumed, if the equality of the population 
variances of the two groups is in doubt. 

 
Equal Variances Assumed (Student's t-test): 
 
t = -0,766  with 4 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -0,411 to 0,233 
 
Two-tailed P-value = 0,486 
 

The difference in the mean values of the two groups is not great enough to reject the possibility 
that the difference is due to random sampling variability. There is not a statistically significant 
difference between the input groups (P = 0,486). 

 
One-tailed P-value = 0,243 
 

The sample mean of group Exp 6_control does not exceed the sample mean of the group Exp 6_lrc by 
an amount great enough to exclude the possibility that the difference is due to random sampling 
variability. The hypothesis that the population mean of group Exp 6_lrc is greater than or equal to the 
population mean of group Exp 6_control cannot be rejected. (P = 0,243). 

 
Equal Variances Not Assumed (Welch's t-test): 
 
t = -0,766  with 2,668 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -0,588 to 0,410 
 
Two-tailed P-value = 0,506 
 

The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference 
between the input groups (P = 0,506). 

 
One-tailed P-value = 0,253 
 

The sample mean of group Exp 6_control does not exceed the sample mean of the group Exp 6_lrc by 
an amount great enough to exclude the possibility that the difference is due to random sampling 
variability. The hypothesis that the population mean of group Exp 6_lrc is greater than or equal to the 
population mean of group Exp 6_control cannot be rejected. (P = 0,253). 
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Normality Test (Shapiro-Wilk):  Passed (P = 0,110) 
 
Equal Variance Test (Brown-Forsythe): Passed (P = 1,000) 
 

The result of the equal variance test indicates the likelihood that the two groups are sampled from 
populations with equal variances, but does not guarantee the equality or inequality of the two variances. 

 
Group Name  N  Missing Mean Std Dev SEM  
Exp 7_lrc 3 0 0,767 0,0667 0,0385  
Exp 7_control 3 0 0,767 0,115 0,0667  
 
Difference of means 0,000 
 

Use the results of Welch's test, where equal variances are not assumed, if the equality of the population 
variances of the two groups is in doubt. 

 
Equal Variances Assumed (Student's t-test): 
 
t = 0,000  with 4 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -0,214 to 0,214 
 
Two-tailed P-value = 1,000 
 

The difference in the mean values of the two groups is not great enough to reject the possibility 
that the difference is due to random sampling variability. There is not a statistically significant 
difference between the input groups (P = 1,000). 

 
One-tailed P-value = 1,000 
 

The sample mean of group Exp 7_control does not exceed the sample mean of the group Exp 7_lrc by 
an amount great enough to exclude the possibility that the difference is due to random sampling 
variability. The hypothesis that the population mean of group Exp 7_lrc is greater than or equal to the 
population mean of group Exp 7_control cannot be rejected. (P = 1,000). 

 
Equal Variances Not Assumed (Welch's t-test): 
 
t = 0,000  with 3,200 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -0,237 to 0,237 
 
Two-tailed P-value = 1,000 
 

The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference 
between the input groups (P = 1,000). 

 
One-tailed P-value = 1,000 
 

The sample mean of group Exp 7_control does not exceed the sample mean of the group Exp 7_lrc by 
an amount great enough to exclude the possibility that the difference is due to random sampling 
variability. The hypothesis that the population mean of group Exp 7_lrc is greater than or equal to the 
population mean of group Exp 7_control cannot be rejected. (P = 1,000). 
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t-test_ Survival numbers yeast feeding assays  
 
Normality Test (Shapiro-Wilk):  Passed (P = 0,348) 
 
Equal Variance Test (Brown-Forsythe): Failed (P < 0,050) 
 

The result of the equal variance test indicates the likelihood that the two groups are sampled from 
populations with equal variances, but does not guarantee the equality or inequality of the two variances. 

 
Group Name  N  Missing Mean Std Dev SEM  
Exp 3_fez2 2 0 0,925 0,106 0,0750  
Exp 3_control 2 0 0,950 0,0707 0,0500  
 
Difference of means -0,0250 
 

Use the results of Welch's test, where equal variances are not assumed, if the equality of the population 
variances of the two groups is in doubt. 

 
Equal Variances Assumed (Student's t-test): 
 
t = -0,277  with 2 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -0,413 to 0,363 
 
Two-tailed P-value = 0,808 
 

The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference 
between the input groups (P = 0,808). 

 
One-tailed P-value = 0,404 
 

The sample mean of group Exp 3_control does not exceed the sample mean of the group Exp 3_fez2 by 
an amount great enough to exclude the possibility that the difference is due to random sampling 
variability. The hypothesis that the population mean of group Exp 3_fez2 is greater than or equal to the 
population mean of group Exp 3_control cannot be rejected. (P = 0,404). 

 
Equal Variances Not Assumed (Welch's t-test): 
 
t = -0,277  with 1,742 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -1,170 to 1,120 
 
Two-tailed P-value = 0,811 
 

The difference in the mean values of the two groups is not great enough to reject the possibility 
that the difference is due to random sampling variability. There is not a statistically significant 
difference between the input groups (P = 0,811). 

 
One-tailed P-value = 0,405 
 

The sample mean of group Exp 3_control does not exceed the sample mean of the group Exp 3_fez2 by 
an amount great enough to exclude the possibility that the difference is due to random sampling 
variability. The hypothesis that the population mean of group Exp 3_fez2 is greater than or equal to the 
population mean of group Exp 3_control cannot be rejected. (P = 0,405). 
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Normality Test (Shapiro-Wilk):  Passed (P = 0,714) 
 
Equal Variance Test (Brown-Forsythe): Failed (P < 0,050) 
 

The result of the equal variance test indicates the likelihood that the two groups are sampled from 
populations with equal variances, but does not guarantee the equality or inequality of the two variances. 

 
Group Name  N  Missing Mean Std Dev SEM  
Exp 4_fez2 2 0 0,500 0,0707 0,0500  
Exp 4_control 2 0 0,875 0,0354 0,0250  
 
Difference of means -0,375 
 

Use the results of Welch's test, where equal variances are not assumed, if the equality of the population 
variances of the two groups is in doubt. 

 
Equal Variances Assumed (Student's t-test): 
 
t = -6,708  with 2 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -0,616 to -0,134 
 
Two-tailed P-value = 0,0215 
 

The difference in the mean values of the two groups is greater than would be expected by chance; there 
is a statistically significant difference between the input groups (P = 0,022). 

 
One-tailed P-value = 0,0108 
 

The sample mean of group Exp 4_control exceeds the sample mean of group Exp 4_fez2 by an amount 
that is greater than would be expected by chance, rejecting the hypothesis that the population mean of 
group Exp 4_fez2 is greater than or equal to the population mean of group Exp 4_control. (P = 0,011). 

 
Equal Variances Not Assumed (Welch's t-test): 
 
t = -6,708  with 1,471 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -1,085 to 0,335 
 
Two-tailed P-value = 0,0445 
 

The difference in the mean values of the two groups is greater than would be expected by chance; 
there is a statistically significant difference between the input groups (P = 0,045). 

 
One-tailed P-value = 0,0223 
 

The sample mean of group Exp 4_control exceeds the sample mean of group Exp 4_fez2 by an amount 
that is greater than would be expected by chance, rejecting the hypothesis that the population mean of 
group Exp 4_fez2 is greater than or equal to the population mean of group Exp 4_control. (P = 0,022). 
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Normality Test (Shapiro-Wilk):  Passed (P = 0,078) 
 
Equal Variance Test (Brown-Forsythe): Passed (P = 1,000) 
 

The result of the equal variance test indicates the likelihood that the two groups are sampled from 
populations with equal variances, but does not guarantee the equality or inequality of the two variances. 

 
Group Name  N  Missing Mean Std Dev SEM  
Exp 6_fez2 3 0 0,767 0,000 0,000  
Exp 6_control 3 0 0,556 0,0770 0,0444  
 
Difference of means 0,211 
 

Use the results of Welch's test, where equal variances are not assumed, if the equality of the population 
variances of the two groups is in doubt. 

 
Equal Variances Assumed (Student's t-test): 
 
t = 4,750  with 4 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: 0,0877 to 0,335 
 
Two-tailed P-value = 0,00897 
 

The difference in the mean values of the two groups is greater than would be expected by chance; 
there is a statistically significant difference between the input groups (P = 0,009). 

 
One-tailed P-value = 0,00449 
 

The sample mean of group Exp 6_fez2 exceeds the sample mean of group Exp 6_control by an amount 
that is greater than would be expected by chance, rejecting the hypothesis that the population mean of 
group Exp 6_control is greater than or equal to the population mean of group Exp 6_fez2. (P = 0,004). 

 
Equal Variances Not Assumed (Welch's t-test): 
 
t = 4,750  with 2,000 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: 0,0199 to 0,402 
 
Two-tailed P-value = 0,0416 
 

The difference in the mean values of the two groups is greater than would be expected by chance; there 
is a statistically significant difference between the input groups (P = 0,042). 

 
One-tailed P-value = 0,0208 
 

The sample mean of group Exp 6_fez2 exceeds the sample mean of group Exp 6_control by an amount 
that is greater than would be expected by chance, rejecting the hypothesis that the population mean of 
group Exp 6_control is greater than or equal to the population mean of group Exp 6_fez2. (P = 0,021). 
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Normality Test (Shapiro-Wilk):  Passed (P = 0,091) 
 
Equal Variance Test (Brown-Forsythe): Passed (P = 1,000) 
 

The result of the equal variance test indicates the likelihood that the two groups are sampled from 
populations with equal variances, but does not guarantee the equality or inequality of the two variances. 

 
Group Name  N  Missing Mean Std Dev SEM  
Exp 7_fez2 3 0 0,833 0,0577 0,0333  
Exp 7_control 3 0 0,767 0,115 0,0667  
 
Difference of means 0,0667 
 

Use the results of Welch's test, where equal variances are not assumed, if the equality of the population 
variances of the two groups is in doubt. 

 
Equal Variances Assumed (Student's t-test): 
 
t = 0,894  with 4 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -0,140 to 0,274 
 
Two-tailed P-value = 0,422 
 

The difference in the mean values of the two groups is not great enough to reject the possibility 
that the difference is due to random sampling variability. There is not a statistically significant 
difference between the input groups (P = 0,422). 

 
One-tailed P-value = 0,211 
 

The sample mean of group Exp 7_fez2 does not exceed the sample mean of the group Exp 7_control by 
an amount great enough to exclude the possibility that the difference is due to random sampling 
variability. The hypothesis that the population mean of group Exp 7_control is greater than or equal to 
the population mean of group Exp 7_fez2 cannot be rejected. (P = 0,211). 

 
Equal Variances Not Assumed (Welch's t-test): 
 
t = 0,894  with 2,941 degrees of freedom.  
 
95 percent two-tailed confidence interval for difference of means: -0,254 to 0,387 
 
Two-tailed P-value = 0,438 
 

The difference in the mean values of the two groups is not great enough to reject the possibility that the 
difference is due to random sampling variability. There is not a statistically significant difference 
between the input groups (P = 0,438). 

 
One-tailed P-value = 0,219 
 

The sample mean of group Exp 7_fez2 does not exceed the sample mean of the group Exp 7_control by 
an amount great enough to exclude the possibility that the difference is due to random sampling 
variability. The hypothesis that the population mean of group Exp 7_control is greater than or equal to 
the population mean of group Exp 7_fez2 cannot be rejected. (P = 0,219). 
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5.3 Statistical analysis of data in manuscript “Towards neo-classical genetic sexing strains in 

Ceratitis capitata (Diptera: Tephritidae): engineering a functional intronless version of 

the white pupae gene in the Mediterranean fruit fly” 

 
Figure 2F 
Ryan-Joiner normality test: 
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Ryan-Joiner normality test (continuation): 
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Test for Equal Variances 
Samples: M6620_M1F6, _153, _104, _84, _93, _183, _190, _196, _160 

 
 

Method 
Null hypothesis All variances are equal 

Alternative 
hypothesis 

At least one variance is 
different 

Significance level α = 0.05 
 
 

95% Bonferroni Confidence Intervals for Standard Deviations 
Sample N StDev CI 

M6620_M1F6 4 9.3487 (0.52991, 537.641) 

_153 6 5.0257 (0.48962, 95.914) 

_104 6 7.1191 (1.04501, 90.173) 

_84 6 6.5916 (1.95650, 41.290) 

_93 5 9.6488 (2.46975, 84.631) 

_183 6 13.8054 (4.56722, 77.587) 

_190 5 11.0735 (2.52836, 108.884) 

_196 6 7.1131 (3.01907, 31.159) 

_160 6 6.0542 (0.77247, 88.222) 

Individual confidence level = 99.4444% 
 

 

Tests 
Method Test Statistic P-Value 

Multiple comparisons — 0.664 

Levene 0.95 0.488 
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One-way ANOVA 
Null hypothesis All means are equal 

Alternative hypothesis Not all means are equal 

Significance level α = 0.05 

Rows unused 4 

 
Equal variances were assumed for the analysis. 
 
Factor Information 

Factor Levels Values 

Factor 9 M6620_M1F6, _153, _104, _84, _93, _183, _190, _196, _160 

 
Analysis of Variance 

Source DF Adj SS Adj MS F-Value P-Value 

Factor 8 757.2 94.65 1.25 0.297 

Error 41 3111.2 75.88 
  

Total 49 3868.4 
   

 
Model Summary 

S R-sq R-sq(adj) R-sq(pred) 

8.71111 19.57% 3.88% 0.00% 

 
Means 

Factor N Mean StDev 
95% 
CI 

M6620_M1F6 4 55.83 9.35 (47.03, 64.62) 

_153 6 50.20 5.03 (43.02, 57.38) 

_104 6 42.76 7.12 (35.58, 49.94) 

_84 6 47.90 6.59 (40.72, 55.08) 

_93 5 47.25 9.65 (39.38, 55.12) 

_183 6 46.67 13.81 (39.49, 53.85) 

_190 5 39.86 11.07 (31.99, 47.72) 

_196 6 48.45 7.11 (41.27, 55.63) 

_160 6 47.99 6.05 (40.81, 55.18) 

Pooled StDev = 8.71111 
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Grouping Information Using the Tukey Method and 95% Confidence 
 

Means that do not share a letter are significantly different. 
 

Tukey Simultaneous Tests for Differences of Means 

Difference of Levels 
Difference 
of Means 

SE of 
Difference 95% CI 

T-
Value 

Adjusted 
P-Value 

_153 - M6620_M1F6 -5.63 5.62 (-24.04, 12.78) -1.00 0.984 

_104 - M6620_M1F6 -13.06 5.62 (-31.47, 5.34) -2.32 0.352 

_84 - M6620_M1F6 -7.93 5.62 (-26.34, 10.48) -1.41 0.887 

_93 - M6620_M1F6 -8.58 5.84 (-27.71, 10.55) -1.47 0.864 

_183 - M6620_M1F6 -9.16 5.62 (-27.57, 9.25) -1.63 0.784 

_190 - M6620_M1F6 -15.97 5.84 (-35.10, 3.16) -2.73 0.168 

_196 - M6620_M1F6 -7.38 5.62 (-25.79, 11.03) -1.31 0.922 

_160 - M6620_M1F6 -7.83 5.62 (-26.24, 10.58) -1.39 0.894 

_104 - _153 -7.44 5.03 (-23.90, 9.03) -1.48 0.859 

_84 - _153 -2.30 5.03 (-18.77, 14.16) -0.46 1.000 

_93 - _153 -2.95 5.27 (-20.22, 14.32) -0.56 1.000 

_183 - _153 -3.53 5.03 (-20.00, 12.93) -0.70 0.998 

_190 - _153 -10.34 5.27 (-27.61, 6.93) -1.96 0.578 

_196 - _153 -1.75 5.03 (-18.22, 14.72) -0.35 1.000 

_160 - _153 -2.21 5.03 (-18.67, 14.26) -0.44 1.000 

_84 - _104 5.13 5.03 (-11.33, 21.60) 1.02 0.982 

Factor N Mean Grouping 

M6620_M1F6 4 55.83 A 

_153 6 50.20 A 

_196 6 48.45 A 

_160 6 47.99 A 

_84 6 47.90 A 

_93 5 47.25 A 

_183 6 46.67 A 

_104 6 42.76 A 

_190 5 39.86 A 
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Difference of Levels 
Difference 
of Means 

SE of 
Difference 95% CI 

T-
Value 

Adjusted 
P-Value 

_93 - _104 4.49 5.27 (-12.78, 21.76) 0.85 0.994 

_183 - _104 3.90 5.03 (-12.56, 20.37) 0.78 0.997 

_190 - _104 -2.91 5.27 (-20.18, 14.36) -0.55 1.000 

_196 - _104 5.69 5.03 (-10.78, 22.15) 1.13 0.966 

_160 - _104 5.23 5.03 (-11.23, 21.70) 1.04 0.979 

_93 - _84 -0.65 5.27 (-17.92, 16.62) -0.12 1.000 

_183 - _84 -1.23 5.03 (-17.70, 15.24) -0.24 1.000 

_190 - _84 -8.04 5.27 (-25.31, 9.23) -1.52 0.838 

_196 - _84 0.55 5.03 (-15.91, 17.02) 0.11 1.000 

_160 - _84 0.10 5.03 (-16.37, 16.56) 0.02 1.000 

_183 - _93 -0.58 5.27 (-17.85, 16.69) -0.11 1.000 

_190 - _93 -7.39 5.51 (-25.43, 10.64) -1.34 0.912 

_196 - _93 1.20 5.27 (-16.07, 18.47) 0.23 1.000 

_160 - _93 0.74 5.27 (-16.53, 18.01) 0.14 1.000 

_190 - _183 -6.81 5.27 (-24.08, 10.46) -1.29 0.928 

_196 - _183 1.78 5.03 (-14.68, 18.25) 0.35 1.000 

_160 - _183 1.33 5.03 (-15.14, 17.79) 0.26 1.000 

_196 - _190 8.59 5.27 (-8.68, 25.86) 1.63 0.783 

_160 - _190 8.14 5.27 (-9.13, 25.41) 1.54 0.829 

_160 - _196 -0.46 5.03 (-16.92, 16.01) -0.09 1.000 

Individual confidence level = 99.78% 
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