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IIII..  AAbbssttrraacctt    

In recent years, new genetic tools have been established that enhance our ability to study in 

detail gene function, neuronal networks and cell and organism architecture across a range of different 

species. In this MSc project I focus on establishing the genetic tool brainbow in the emerging 

arthropod model Tribolium castaneum. Brainbow is a construct carrying 4 different fluorescent 

proteins and variants of lox sites flanking each one of them. In a transgenic animal carrying both a 

brainbow and a cre recombinase expressing construct, the lox sites recombine stochastically. This 

results in clones of cells, genetically labelled with different fluorescent proteins. First introduced in 

mice by Livet et al. 2007, brainbow was targeted to the CNS. I have made the first attempt to target 

brainbow expression ubiquitously in Tribolium castaneum. If successful, cells should be marked with 

different fluorescing proteins, such that their progeny can be tracked in vivo, enabling us to investigate 

how the growth zone elongates and segments form in Tribolium castaneum.     

 I generated two different types of transgenic lines, some carrying a construct expressing cre 

recombinase (eight lines) and others carrying the brainbow construct (three lines). cre and brainbow 

lines were crossed with each other and then tested by PCR and imaging for efficient recombination of 

the constructs. 

PCR experiments suggest that the cre/lox system is working in vivo in Tribolium castaneum. 

Recombination between the lox variants is happening. In addition, confocal microscopy revealed 

cherry protein labelled clones, resulting from recombination between one of the pairs of lox sites. 

However, the observed clones are few, rare and very small.  Results show that the heat shock 

promoter used to mediate cre recombinase expression is leaky. 

  

KEYWORDS: brainbow, Tribolium castaneum, cre / lox, transgenesis, mosaic analysis, multicolour 

imaging  



III. Πεξίιεςε 

Τα ηειεπηαία ρξόληα, λέα γελεηηθά εξγαιεία έρνπλ θαζηεξσζεί πνπ καο δίλνπλ ηε δπλαηόηεηα 

λα κειεηήζνπκε ιεπηνκεξώο ηε ιεηηνπξγία γνληδίσλ, λεπξσληθά δίθηπα θαη ηελ αξρηηεθηνληθή ηνπ 

θπηηάξνπ ζε κηα ζεηξά δηαθνξεηηθώλ εηδώλ. Σηελ παξνύζα κεηαπηπρηαθή κνπ εξγαζία εζηηάδσ ζηελ 

θαζηέξσζε ηνπ γελεηηθνύ εξγαιείνπ brainbow ζην ζθαζάξη Tribolium castaneum. Τν brainbow είλαη 

κία θαηαζθεπή πνπ θέξεη 4 δηαθνξεηηθέο θζνξίδνπζεο πξσηεΐλεο θαη παξαιιαγέο ησλ πεξηνρώλ lox, 

ηα νπνία πιαηζηώλνπλ ηελ θάζεκηά απν απηέο. Σε έλα δηαγελεηηθό δών πνπ θέξεη ην brainbow αιιά 

ζπλάκα εθθξάδεη θαη ηε cre ξεθνκπηλάζε, νη πεξηνρέο lox αλαζπλδπάδνληαη ηπραία. Απηό νδεγεί ζηε 

δεκηνπξγία θιώλσλ θπηηάξσλ, πνπ ζεκαίλνληαη γελεηηθά κε ηηο δηαθνξεηηθέο θζνξίδνπζεο πξσηεΐλεο. 

Τν brainbow εηζήγαγε ε Livet et al, ην 2007 θαη εθθξάδνληαλ επηιεθηηθά ζην ΚΝΣ ησλ πνληηθηώλ. 

Σηελ παξνπζα εξγαζία έθαλα ηελ πξώηε πξνζπάζεηα λα ζηνρεύζσ ηελ επξεία έθθξαζε ηνπ brainbow 

ζην Tribolium castaneum. Εάλ επηηπρήο, ηα θύηηαξα πξέπεη λα καξθαξηζηνύλ κε ηηο δηαθνξεηηθέο 

θζνξίδνπζεο πξσηεΐλεο, έηζη ώζηε νη απόγνλνί ηνπο λα κπνξνύλ λα αθνινπζεζνύλ in vivo, 

επηηξέπνληαο ζε καο λα εξεπλήζνπme πώο ε δώλε αλάπηπμεο (growth zone) επηκεθύλεηαη θαη πώο ηα 

κεηακεξή δεκηνπξγνύληαη ζην Tribolium castaneum.  

Παξήγαγα δύν δηαθνξεηηθνύο ηύπνπο δηαγελεηηθώλ ζθαζαξηώλ, ν έλαο θέξλεη κία θαηαζθεπή 

εθθξάδνληαο ηε cre ξεθνκπηλάζε (νθηώ  strains ζπλνιηθά) θαη ν άιινο θέξλεη ηελ θαηαζθεπή 

brainbow (ηξία strains). Έπεηηα απν δηαζηαύξσζε ησλ δηαγελεηηθώλ ηύπσλ, cre θαη brainbow, 

εμεηάζηεθε κε ηε κέζνδν ηεο PCR θαη ηελ κηθξνζθνπία ν επηηπρήο αλαζπλδπαζκόο ησλ θαηαζθεπώλ.  

Οη αληηδξάζεηο PCR ππέδεημαλ όηη ην ζύζηεκα cre/lox ιεηηνπξγεί ζην Tribolium castaneum. 

Ο αλαζπλδπαζκόο κεηαμύ ησλ δηάθνξσλ πεξηνρώλ lox ζπκβαίλεη. Επηπιένλ, ε νκνεζηηαθή 

κηθξνζθνπία (confocal) απνθάιπςε θιώλνπο θπηηάξσλ πνπ θζνξίδαλε ζην θόθθηλν ρξώκα, σο 

απνηέιεζκα ηνπ αλαζπλδπαζκνύ κεηαμύ ελόο από ηα δεπγάξηα ησλ πεξηνρώλ lox. Εληνύηνηο, νη 

παξαηεξεζέληεο θιώλνη είλαη ιίγνη, ζπάληνη θαη πνιύ κηθξνί. Τα απνηειέζκαηα επίζεο δείρλνπλ όηη ν 

heat shock promoter πνπ ρξεζηκνπνηείηαη γηα λα επάγεη ηελ έθθξαζε ηεο cre ξεθνκπηλάζεο είλαη 

leaky. 

 

 

Λέμεηο θιεηδηά : brainbow, Tribolium castaneum, cre / lox, transgenesis, mosaic analysis, multicolour 

imaging 
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11..  IInnttrroodduuccttiioonn  

In recent years, new genetic tools have been established that enhance our ability to study in detail 

gene function, neuronal networks, cell and organism architecture across a range of different species. 

The need for such new tools and more reliable techniques, as we dive into more and more demanding 

questions in research, is as important as ever. 

This MSc project focused on establishing a newly introduced genetic tool to the red flour beetle 

Tribolium castaneum. 

  

11..11  CCrree//LLooxx  eexxpprreessssiioonn  ssyysstteemm  

The Cre/Lox system, largely used in mammalian models, was introduced in the 1980's (Sternberg 

and Hamilton 1981; Sauer and Henderson 1988). It is based on the ability of the P1 bacteriophage 

recombinase gene cre to effect recombination between pairs of lox sites. A lox site is a specific 34bp 

sequence, of the P1 bacteriophage, consisting of an 8 bp core where recombination takes effect. 

Recombination can take place either by DNA excision, inversion or interchromosomal recombination 

and can be determined by the orientation of the lox sites (figure 1.1). Such recombination can either 

activate or inactivate a gene of interest. Up to this day the system has been successfully applied to 

yeasts, plants, mammalian cell cultures, mice and D. melanogaster.  

 

  

FFiigguurree  11..11SSiimmpplliiffiieedd  sscchheemmaattiicc  rreepprreesseennttaattiioonn  ooff  iinnvveerrssiioonn  ((lleefftt))  aanndd  eexxcciissiioonn  ((rriigghhtt)),,  iinn  tthhee  ccrree//llooxx  ssyysstteemm,,  ddeeppeennddiinngg  

oonn  tthhee  oorriieennttaattiioonn  ooff  tthhee  llooxx  ssiitteess..    

In the genomes referred to above, the cre gene and lox sites are not native; hence they must be 

introduced by transgenic technology. cre and lox strains are developed independently, and then 

crossed. Depending on which strains are crossed, a scientist can implement a variety of cre-mediated 
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applications such as knockouts, chromosome aberrants, diet-induced mutants; hence having the 

opportunity to study a gene's effect in tissue- and developmental stage-specific ways. A gene of 

interest can be either activated or inactivated by directed deletion, inversion or interchromosomal 

recombination, depending on the orientation of the lox sites. Cre recombinase can be induced with 

chemical treatments, heat shock treatments or be restricted to specific tissues, depending on the 

promoter under which is being mediated. For example, if cre gene was under either a tamoxifen-

induced promoter, a heat shock promoter or a promoter targeted in the muscles, it would be expressed 

in the presence of the chemical tamoxifen, when we have a significant change of temperature or 

specifically in the muscles, in retrospect.   

 

11..22  BBrraaiinnbbooww  ccoonnssttrruucctt    

The Brainbow construct was first introduced to the central nervous system of mice by Livet et al, 

2007, mediated by the Cre recombinase – Lox sites interaction. It consisted of genes encoding four 

fluorescent proteins (red, yellow, orange, cyan) and variants of lox sites (loxN, lox2272, loxP) 

flanking each one of those proteins (figure 1.2). Once cre mediated recombination took place, 

different cells were marked in a variety of fluorescent colours since different proteins were activated 

in each cell, stochastically.  

 

Figure 1.2 Schematic representation of Brainbow construct introduced to the CNS of mice and its outcomes after the 

interaction with cre recombinase. Image by Livet et al, 2007. 

In total, up to 90 colours were distinguishable in the brain cells of these mice carrying brainbow 

(figure 1.3) since there were multiple insertions in the genome of the construct.  

 The system can be used to show how cells interweave, provides a way to distinguish adjacent 

neurons and visualize other cellular interactions, and allows researchers to map glial territories and 

follow glial cells and neurons over time in vivo (Livet et al, 2007).  
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Figure 1.3 Neuronal cells of mice CNS genetically labelled by the Brainbow - cre mediated system. Images by Livet et al, 

2007 

 

11..22..11  BBrraaiinnbbooww  iinn  ootthheerr  mmooddeellss  

Brainbow has already been introduced successfully to zebrafish , sp. Danio rerio, by Albert 

Pan from Harvard University (figures 1.4 a and 1.4 b , data not published yet).  Moreover, there have 

been attempts to introduce brainbow in the tracheal system of Drosophila melanogaster by Luchnig 

and Förster from University of Zurich, (figure 1.6, data not published yet).  

 

Figure 1.4 a) Sensory axons covering the tail of a 3- day-old zebrafish expressing brainbow. b) 5- day-old zebrafish 

expressing brainbow. Confocal microscopy. Images by Albert Pan, Harvard University, 2009 (Olympus BioScapes Digital 

Imaging competition). 

A B 

http://www.olympusbioscapes.com/gallery/2008/
http://www.olympusbioscapes.com/gallery/2008/
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Figure 1.5 Tracheal tube in Drosophila melanogaster expressing brainbow. Confocal microscopy. Image courtesy of 

Dominique Förster and Stefan Luschnig, Kolymbari Drosophila meeting 2010. 

 

11..22..22  PPoossssiibbllee  uusseess  ooff  bbrraaiinnbbooww  uunnddeerr  tthhee  ccrree//llooxx  ssyysstteemm  ccoonncceerrnniinngg  oouurr  aarreeaa  ooff  iinntteerreesstt  

In addition to the uses of brainbow referred to above, by Livet et al, 2007, this construct 

could give us the opportunity to examine in vivo cell proliferation in the growth zone, an area we are  

interested in. By clonal analysis and following cells over time in vivo, it can be used for experiments 

concerning segmentation and axis elongation. By expressing brainbow to the cells that possibly give 

birth to the elongating growth zone or to a subset of cells in the growth zone, cells will be marked 

with different fluorescing protein and we could then track their progeny. We could then be able to 

investigate how growth zone elongates and the formation of segments.       

 

11..33  TThhee  uussee  ooff  TTrriibboolliiuumm  ccaassttaanneeuumm  aass  aa  mmooddeell  

The red flour beetle Tribolium castaneum is lately considered as an emerging arthropod model for 

studying the
 
evolution of development due to its advantages, such as cheap maintenance, a three 

weeks generation time and various genetic tools. Possible RNA interference experiments at any 

developmental stage, small and sequenced genome since 2008, enhancer gene traps, genetic maps for 

visible and
 
molecular markers, chromosomal rearrangements that balance lethal

 
mutations, EMS and 

transposons mutagenesis, make it a valuable model for both reverse and forward genetics. Undergoing 

a more ancestral early development mode (short germ embryogenesis) to the specialised development 

mode of the well established arthropod model Drosophila melanogaster (long germ embryogenesis), 

it is a valuable model for comparative studies. It has been used for biological questions regarding 

segmentation in a growing germ band, head development, leg development etc. (Brown et al., 2003 

and 2008; Klinger 2004). 

Prior to this MSc project, the Cre/lox system had not been tested and brainbow had not yet been 

introduced to Tribolium  castaneum. 
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11..55  AAiimmss  ooff  tthhiiss  MMsscc  pprroojjeecctt  

During this project I aimed to introduce the brainbow construct to the red flour beetle Tribolium 

castaneum. For this reason two transgenic lines were created, one carrying a construct expressing cre 

recombinase and another carrying brainbow. Beetles were screened for successful transgenesis and 

expression of the genes of interest, and tested with molecular and imaging procedures for the efficient 

recombination of the constructs.   

Finally, I will discuss my findings, speculate the reasons the system works or not efficiently and 

discuss the future prospects arising from these results.  
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22..  MMaatteerriiaallss  aanndd  MMeetthhooddss  

  

22..11  MMooddeell  oorrggaanniissmm::  ccuullttuurriinngg  aanndd  ssttoocckk  kkeeeeppiinngg    

The model organism used throughout this project is the red flour beetle T. castaneum, a 

holometabolous insect that belongs to the Coleoptera order of insects. It grows on full grain flour, 

containing yeast and the antibiotic, fumidil, at temperatures from 20 to 40 °C. In the lab, beetles were 

normally grown at a temperature of 32 °C resulting to a life cycle of 22 days. Temperature influences 

developmental speed to a great extent as shown in table 2.1.  

TTaabbllee  22..  11  TTrriibboolliiuumm  lliiffee  ppaarraammeetteerr  ttaabbllee  ((DDaattaa  ffrroomm  SSookkoollooffff,,  11997722))  

Tempearture (°C) Embryonic 

development (days) 

Larval development 

(days) 

Metamorphosis (days) Total development time 

(days) 

37.5 2.6 13.7 3.9 20 

32.5 2.9 14.6 4.6 22 

30 3.6 17.2 5.5 27 

25 6.8 31.2 10.2 48 

22.5 9.3 51 13.4 74 

 

Under normal conditions, as followed here, Tribolium has 6 larval instars. Females mature on 

the seventh day after eclosion and males on the second when kept at a temperature of 25°C. For egg 

collections, crosses were placed on white flour overnight without the presence of yeast, making it 

possible to separate the eggs from the adults with a laboratory sieve of 250μm aperture.  

 

22..22  CCoonnssttrruuccttss  iinnjjeecctteedd  ffoorr  tthhee  ccrreeaattiioonn  ooff  tthhee  ttrraannssggeenniicc  lliinneess  

  For the cre/lox system to work, the cre recombinase gene and the lox sites must be separately 

introduced to two different lines of the beetles. Once the transgenic lines are created, they can be then 

crossed with each other and the recombination can take effect. The two constructs were stably 

integrated into the genome of the T.castaneum by transposition, using piggy Bac vectors.  In both 

constructs gene expression is driven by cis-regulatory elements derived from Tribolium castaneum. 

This is required for efficient transgene expression (Schinko et al, 2010).  Constructs were made by 

Johannes Schinko. 

22..22..11  CCrree  rreeccoommbbiinnaassee  ccoonnssttrruucctt  

  Cre construct (entitled Cre3 in our lab stocks and referred to, in this project henceforth, as 

Cre) was created by cloning a 2.2 kb fragment cut with restriction enzyme AscI from pSLfa (hspCre 

recombinase – 3’ UTR) vector into a piggybac(3xP3-EGFP) vetor, cut with AscI. Thus, Cre is 
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expressed under the control of a Tribolium heat inducible promoter and the marker for the transgenic 

animals is the green fluorescent protein under the control of the artificial 3xP3 promoter 

(Berghammer et al, 1999), expressing the fluorescent protein in the eyes (figure 2.1).  

  

FFiigguurree  22..11  SScchheemmaattiicc  rreepprreesseennttaattiioonn  ooff  CCrree  rreeccoommbbiinnaassee  ccoonnssttrruucctt  

22..22..22  BBrraaiinnbbooww  ccoonnssttrruucctt  

Brainbow construct (entitled BB7 in our lab stocks and referred to, in this project henceforth, 

as BB) was created by cloning an 8 kb fragment cut with restriction enzyme AscI from pSLfa(EFA – 

Brainbow 1.1 minus Kusabira) vector into a piggyBac(3xP3-DsRed) vector, cut with AscI. Thus, 

Brainbow is expressed under the control of a Tribolium ubiquitous promoter (EFA) and the 

transgenesis marker is red fluorescent protein (dsRED) under the control of the artificial 3xP3 

promoter (Berghammer et al, 1999), expressing the fluorescent protein in the eyes  (figure 2.1).  

 

FFiigguurree  22..22  SScchheemmaattiicc  rreepprreesseennttaattiioonn  ooff  BBrraaiinnbbooww  ccoonnssttrruucctt  

22..22..33  EExxppeecctteedd  rreessuullttss  ooff  rreeccoommbbiinnaattiioonn  

Once recombination is successful, the results expected from our brainbow construct are as 

shown in figure 2.3. Lack of recombination will not ‘mark’ cells, since the orange fluorescent protein 

is mutated in our construct.  

ORANGE MUTATED 
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FFiigguurree  22..33  SScchheemmaattiicc  rreepprreesseennttaattiioonn  ooff  rreeccoommbbiinnaattiioonn  rreessuullttss  eexxppeecctteedd  bbeettwweeeenn  tthhee  ttwwoo  ccoonnssttrruuccttss  

 

22..33  IInnjjeeccttiioonn  pprroocceessss    

Injections were carried out according to 

Berghammer et al, 2009. Dechorionated eggs, collected 

from an hour collection on white flour and left to grow 

for an additional hour, were aligned on a slide and 

injected with purified transposon vector and helper 

plasmids into the posterior pole of precellular embryos.  

                                        FFiigguurree  22..44  SScchheemmaattiicc  rreepprreesseennttaattiioonn  ooff  tthhee  iinnjjeecctteedd  aarreeaa 

Specifically, the injection mix we used for cre recombinase lines consisted of 300 ng/μl piggy Bac 

helper plasmid, 700 ng/μl CRE plasmid, injection buffer and Phenol red. Whereas for brainbow lines, 

injection mix consisted of 300 ng/μl piggy Bac helper plasmid, 300ng/ μl BB plasmid, injection buffer 

and Phenol red. Injection buffer was prepared as standard for Drosophila injections (‘Spradling 

injection buffer’ CSH Protocols, 2008). Diagnostic digestions with AscI ensured that the right BB and 

CRE constructs were injected. 

 

22..44  SSccrreeeenniinngg  aanndd  mmaaiinnttaaiinniinngg  tthhee  ttrraannssggeenniicc  lliinneess    

After being injected, eggs where incubated and looked after closely until hatching (3 days). 

Water was added twice per day in order to keep the humidity levels appropriate for a successful 

hatching. Hatchlings where carefully transferred, immediately after they had hatched, into whole 

wheat flour with the use of a small brush. Once in pupa stage (G0), they were separated according to 
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their sex in order to obtain the female beetles virgins (figure 2.5). Each pupa was then crossed with 

wild type tribolium and when their progeny (G1) reached the pupa stage (30 days approximately after 

the cross) they were screened under a Fluorescence Stereomicroscope (Leica MZ 16 F), for the 

expression of the 3xp3 marker in their eyes. The positive pupae 

(G1) for the 3xp3 marker were put afterwards in a breeding 

program as shown below in order to establish and maintain the 

transgenic lines (figure 2.6).  Once every month, wild type 

beetles that emerged through the crosses were removed from the 

transgenic lines.  

Figure 2.5 PPuuppaaee  sseexx  ccaann  bbee  ddiissttiinngguuiisshheedd  

bbyy  tthhee  sseexxuuaall  ddiimmoorrpphhiissmm  iinn  tthhee  ppoosstteerriioorr  

ttiippss  ooff  tthhee  ggeenniittaalliiaa  ((aarrrroowwss)),,  wwhhiicchh  aarree  

aabbsseenntt  iinn  mmaalleess  ((rriigghhtt))  bbuutt  pprreesseenntt  iinn  ffeemmaalleess  

((lleefftt))..  IImmaaggee  bbyy  BBrroowwnn  eett  aall,,  22000088..  

Breeding Program : 

   

    G1 x WT G2 x G2 G3 x G3 etc... 

FFiigguurree  22..66  SScchheemmaattiicc  rreepprreesseennttaattiioonn  ooff  tthhee  ‘‘bbrreeeeddiinngg  pprrooggrraamm’’  ffoolllloowweedd  ttoo  eessttaabblliisshh  tthhee  ttrraannssggeenniicc  lliinneess  

  

22..55  HHeeaatt  sshhoocckk  ttrreeaattmmeenntt  ((iinndduucciinngg  tthhee  eexxpprreessssiioonn  ooff  ccrree  rreeccoommbbiinnaassee))  

  In order to induce the expression of cre and check if recombination takes place, virgins from a 

cre line were mated to virgins carrying brainbow (10 to 15 beetles per line). The cross was left on 

whole wheat flour for 5 days at 32 °C. Female beetles need to be fed on whole wheat flour before 

laying eggs and their ovaries are mature 3.5 days after eclosion at 32 °C (The beetle book, 2009).  The 

cross was then transferred to white flour and left at 32 °C for an overnight egg laying. Egg collection 

took place the day after and the eggs were left to develop for another 6 hours. Heat shock treatment 

lasted for 10 minutes at a temperature of 47 °C, as previously established while introducing the binary 

system UAS/GAL4 in Tribolium castaneum (Schinko et al, 2010). Embryos treated were developed 

for 6 hours to 22 hours. Fixation, mounting and observation under a confocal microscope or live 

observation under a fluorescent steremicrooscope took place the day after heat shock treatment. The 

embryos observed were from a variety of developmental stages, starting from a development of 24 

hours at 32°C. The fluorescent proteins need a few hours to be expressed and detected (Schinko et al, 

2010), and this time of development also ensures that zygotic expression has already commenced. 
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 In the beginning, heat shock treatment experiments were also applied at a temperature of 37 

°C without noticing any reduced lethality or difference in the number of clones observed, with the 

temperature of 47 °C, which was the one used henceforth. 

While using the cre line CRE-16 established by the lab of Gregor Bucher, the eggs were put 

in a waterbath of 47°C for 15 minutes and all other stages of the experiment took place strictly under 

25 °C. In order to observe the same developmental stages as with the embryos breed at a temperature 

of 32°C, all steps of the experiment took twice the time. 

 

22..66  AAnnttiibbooddyy  ssttaaiinniinngg  ffoorr  EEGGFFPP  aanndd  DDssrreedd  pprrootteeiinnss  

  Antibody stainings were carried out according to the established protocol of Patel, 1994. 

Primary antibodies used were anti-DsRed rabbit polyclonal antibody (Clontech p/n 632496) and anti-

GFP mouse specific antibody (Invitrogen c/n 33-2600) (1:300 using the stocks available in our lab). 

Secondary antibodies used were anti-mouseIgg488 and anti-rabbitIggRCy3 (1:100 using the stocks 

available in our lab). The antibody of GFP cross reacts with YFP and CFP fluorescent proteins (see 

antibodies at www.clontech.com). CFP and YFP are derivatives of GFP with a few point mutations 

only.  

 

  22..77  PPrriimmeerrss  ddeessiiggnneedd  ffoorr  PPCCRR  

   In order to test if recombination takes effect between the first pair of loxN sites two primers 

were designed:  

BB7loxF FORWARD: 5’ – TGTTGCTAATGGGGTGGTTT - 3’, Tm = 60.2 °C  

BrMloxRev2 REVERSE no1: 5’- CATGGTGGCGGATGCTAC-3’, Tm = 61.1 °C 

 For testing whether recombination takes place between the rest lox pairs (loxP and lox2272), another 

reverse primer had to be designed: 

BB7Rrec2 REVERSE no2: 5’-ATGAACTTCAGGGTCAGCTTG-3’, Tm = 62 °C 

 The forward primer BB7loxF (black arrow in figure 2.2) initiates the reaction before the first 

lox site of the pair loxN and at the end of the EFA promoter. The reverse primer BrMloxRev2 (green 

arrow in figure 2.2) initiates the reaction at the beginning of cherry fluorescent protein gene and after 

the second lox site of the variant loxN pair. Whereas, the second reverse primer BB7Rrec2 (purple 

arrows in figure 2.2) initiates the reaction at two possible sites, inside the YFP gene and inside the 

CFP gene. A standard PCR program was used as shown below:  
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PPCCRR  pprrooggrraamm  

 

Initial Denaturation  95 °C  2 min  

Denaturation   95 °C  30 sec 

Annealing   65 °C  30 sec   20 cycles 

Elongation*   72 °C  2 min           from 66 °C to 59 °C  

 

Denaturation   95 °C  30 sec 

Annealing   55 °C  30 sec            20 cycles or 35 cycles 

Elongation*   72 °C  2 min 

 

Final Elongation  72 °C  7 min 

HOLD               12 °C 

 

*For bands longer than 2kb elongation time was extended to 3 minutes. 

22..88  DDNNAA  eexxttrraaccttiioonn  ffrroomm  bbeeeettlleess  

  DNA extractions from adult beetles were carried out according to the standard protocol of 

DNA extraction for Drosophila melanogaster. Protocol shown below: 

 12 tribolia at -80°C 

 Add 200μl of Buffer A* and grind 

 Add 200μl of Buffer A* and grind until cuticles remain  

 Incubate at 65°C for 30 min 

 Add 800 μl of LiCl/KAc* and incubate on ice for 10 min 

 Spin down for 15 min 

 Remove supernatant to new tube and spin again 

 Add 600 μl isopropanol, mix and spin down for 15 min                            * 

 Aspirate away supernatant and wash pellet with ethanol 

 Let it dry 

 Resuspend in TE 

 Stock at -20°C 

  

22..99  OOtthheerr  ssttrraaiinnss  uusseedd  

  I also crossed one of our BB lines with a CRE line established by the lab of Gregor Bucher. 

Cre line number 16 has an alternative marker system (VW)
 
based on rescue of the white-eye mutation 

in the eye pigmentation
 
gene vermilion. However, cre recombinase is expressed under a heat shock 

promoter the same way as in our strains.   
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33..  RReessuullttss  

33..11  IInnjjeeccttiioonnss  aanndd  ssuurrvviivvaall  rraatteess  

In total 5 rounds of injections took place, each round referring to 3 days of injections. While 

establishing cre transgenic lines 2550 eggs in total were injected and for the brainbow lines 1720 

eggs. From these injections 478 and 641 larvae survived, respectively. Survival rates, from the first 

round of injections to the last improved from 5.4% to 42.5%, due in part to increasing the humidity 

level, decreasing the number of eggs aligned in each slide and making accurate collections and timely 

harvests of the larvae hatched from the slide to whole grain flour. See tables 3.1 and 3.2 that follow. 

TTaabbllee  33..11  NNuummbbeerr  ooff  eeggggss  iinnjjeecctteedd,,  llaarrvvaaee  hhaattcchheedd  aanndd  ssuurrvviivvaall  rraatteess  wwhhiillee  eessttaabblliisshhiinngg  tthhee  ccrree  ttrraannssggeenniicc  lliinneess  

CRE eggs injected larvae hatced survival rate 

1st round 1000 54 5.4% 

2nd round 1200 283 23.5% 

3rd round 350 141 40% 

                TTaabbllee  33..22  NNuummbbeerr  ooff  eeggggss  iinnjjeecctteedd,,  llaarrvvaaee  hhaattcchheedd  aanndd    ssuurrvviivvaall  rraatteess  wwhhiillee  eessttaabblliisshhiinngg  tthhee  bbrraaiinnbbooww  ttrraannssggeenniicc  lliinneess  

BrainBow eggs injected larvae hatced survival rate 

1st round 920 391 42.5% 

2nd round 800 250 31% 

 

33..22  SSccrreeeenniinngg  rreessuullttss  aanndd  ttrraannssggeenniicc  lliinneess      

 From a total of 775 crosses of the survived injected beetles 

mated with wild type beetles, 11 successful transformants (G0) were 

found; a transformant rate of 2.4 % for the cre construct and almost 1% 

for the brainbow construct (table 3.3 and 3.4). Screening lasted overal 5 

months and all of the crosses’ progenies were screened under the 

fluorescent stereoscope for the expression of the 3xp3 marker in their 

eyes (figure 3.1).                                               

FFiigguurree  33..11  EExxpprreessssiioonn  ooff  tthhee  33xxpp33  mmaarrkkeerr  iinn    tthhee  pprrooggeennyy  ooff  tthhee  iinnjjeecctteedd  bbeeeettlleess..  ((AA))  BBrraaiinnbbooww  ttrraannssffoorrmmeedd  bbeeeettlleess..  ((BB))  CCrree  

ttrraannssffoorrmmeedd  bbeeeettlleess..                                                                                                                                            

  

A B 
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TTaabbllee  33..33  NNuummbbeerr  ooff  ccrroosssseess  aanndd  ttrraannssggeenneessiiss  rraatteess  ooff  tthhee  ccrree  ttrraannssggeenniicc  lliinneess  

CRE crosses (x wt) progeny screened transformant Go 

1st round 41 

All crosses for at least 3 weekly 

collections of progeny 1 

2nd round 180 

All crosses for at least 3 weekly 

collections of progeny 6 

3rd round 116 

All crosses for at least 3 weekly 

collections of progeny 1 

Total 337 

 

8   (2.4%) 

 

              TTaabbllee  33..44    NNuummbbeerr  ooff    CCrroosssseess  aanndd  ttrraannssggeenneessiiss  rraatteess  ooff  tthhee  bbrraaiinnbbooww    LLiinneess  

BrainBow crosses (x wt) progeny screened transformant Go 

1st round 247 

All crosses for at least 3 weekly 

collections of progeny 3 

2nd round 191 

All crosses for at least 3 weekly 

collections of progeny NO 

Total 438 

 

3   (≈ 1%) 

 

The 8 transgenic lines that were established carrying the cre recombinase construct are 

entitled CRE-Voulis, CRE-Kinovio49, CRE-104, CRE-A, CRE-B, CRE-C, CRE-A’ and CRE-B’. The 

3 lines carrying the brainbow construct are entitled BB-178b, BB-215 and BB-206. 

33..33  CChheecckkiinngg  wwhheetthheerr  rreeccoommbbiinnaattiioonn  ttaakkeess  ppllaaccee  bbyy  mmeeaannss  ooff  PPCCRR  

  With the use of the first set of primers BB7loxF and BrMloxRev2, referred in the methods 

and materials section, we were able to investigate if recombination takes place between the first pair 

of lox sites (loxN). Sites with no recombination events whatsoever, should give us an amplified band 

of 1100bp, using the first set of primers. This is expected of purified plasmids carrying the brainbow, 

brainbow transgenic beetles and double transgenic beetles (progeny from BB beetles mated with CRE 

beetles) without a heat shock treatment. If recombination between the first pair of lox sites is 

successful after the heat shock treatment, then a band of 295bp from the double transgenic beetles is 

expected.  

Our results while using CRE-Voulis crossed with BB lines BB-215 or BB-178b, as depicted 

in figure 3.2, partly confirmed our expectations. 
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FFiigguurree  33..22  22%%  AAggaarroossee  ggeell  llooaaddeedd  wwiitthh  PPCCRR  pprroodduucctt  uussiinngg  tthhee ffiirrsstt  sseett  ooff  pprriimmeerrss,,  BBBB77llooxxFF  aanndd  BBrrMMllooxxRReevv22..    LLaannee  11::  

λλ//PPssttII  llaaddddeerr..  LLaanneess  22  aanndd  33::  PPrroodduucctt  ffrroomm  tthhee  DDNNAA  eexxttrraacctt  ffrroomm  bbeeeettlleess  ccaarrrryyiinngg  bbrraaiinnbbooww..  LLaanneess  44--77::  PPrroodduucctt  ffrroomm  

ddiiffffeerreenntt  ccoonncceennttrraattiioonnss  ooff  ppuurriiffiieedd  ppllaassmmiiddss  ccaarrrryyiinngg  tthhee  bbrraaiinnbbooww  ccoonnssttrruucctt..  LLaannee  88::  110000bbpp  llaaddddeerr..  LLaannee  99::  PPrroodduucctt  ffrroomm  

tthhee  DDNNAA  eexxttrraacctt  ffrroomm  ddoouubbllee  ttrraannssggeenniicc  bbeeeettlleess,,  CCRREE--VVoouulliiss  xx  BBBB--117788bb,,  wwiitthhoouutt  hheeaatt  sshhoocckk  ttrreeaattmmeenntt..  LLaannee  1100::  PPrroodduucctt  

ffrroomm  tthhee  DDNNAA  eexxttrraacctt  ffrroomm  ddoouubbllee  ttrraannssggeenniicc  bbeeeettlleess,,  CCRREE--VVoouulliiss  xx  BBBB--117788bb,,  wwiitthh  hheeaatt  sshhoocckk  ttrreeaattmmeenntt..  LLaannee  1111::  PPrroodduucctt  

ffrroomm  tthhee  DDNNAA  eexxttrraacctt  ffrroomm  ddoouubbllee  ttrraannssggeenniicc  bbeeeettlleess,,  CCRREE--VVoouulliiss  xx  BBBB--221155,,  wwiitthhoouutt  hheeaatt  sshhoocckk  ttrreeaattmmeenntt..  LLaannee  1122::  

PPrroodduucctt  ffrroomm  tthhee  DDNNAA  eexxttrraacctt  ffrroomm  ddoouubbllee  ttrraannssggeenniicc  bbeeeettlleess,,  CCRREE--VVoouulliiss  xx  BBBB--221155,,  wwiitthh  hheeaatt  sshhoocckk  ttrreeaattmmeenntt..      

However, recombination takes place in the beetles that didn’t undergo a heat shock treatment (see in 

figure 3.2 lanes 9 and 11), which suggests that our heat inducible promoter is leaky. A comparison 

between the lines 9 and 10, 11 and 12, suggests that the heat shock treatment increases recombination, 

at least for the first set of lox sites (loxN variant).  

Using the same forward primer and the second reverse primer BB7Rrec2, referred in the 

methods and materials section, we were able to investigate whether recombination takes place 

between lox2272 and loxP sites. Two bands at 450bp and 1590bp are expected after recombination at 

lox2272 sites and a band at 497 is expected after recombination at loxP sites. Although a band of 

1590bp was not noticeable and an unexpected band of 1488bp in lane 4 was observed, the rest of our 

results agreed with what was expected (see lanes 6 and 7 in figure 3.3). For the experiment showed in 

figure 3.3 the alternative cre line CRE16 was used. cre recombinase showed heat-independent 

expression in this line too, hence no difference was noticed in results from the beetles before and after 

the heat shock treatment. 

 

FFiigguurree  33..33  11..55%%  AAggaarroossee  ggeell  llooaaddeedd  wwiitthh  PPCCRR  pprroodduucctt  uussiinngg  aallll  pprriimmeerrss  ddeessiinnggeedd,,  BBBB77llooxxFF,,  BB7Rrec2  aanndd  

BBrrMMllooxxRReevv22..  LLaannee  11::  λλ//ssttyyII  llaaddddeerr..  LLaannee  22::  110000bbpp  llaaddddeerr..  LLaanneess  33  aanndd  44::  PPrroodduucctt  ffrroomm  tthhee  ppuurriiffiieedd  ppllaassmmiidd  DDNNAA  eexxttrraacctt  

wwiitthh  tthhee  BBrrMMllooxxRReevv22  aanndd  BBBB77RRrreecc22  rreevveerrssee  pprriimmeerrss,,  rreessppeeccttiivveellyy..  LLaannee  55::  PPrroodduucctt  ffrroomm  tthhee  DDNNAA  eexxttrraacctt  ffrroomm  bbeeeettlleess  

ccaarrrryyiinngg  tthhee  bbrraaiinnbbooww  wwiitthh  tthhee  BBrrMMllooxxRReevv22  rreevveerrssee  pprriimmeerr..  LLaanneess  66  aanndd  77::  PPrroodduucctt  ffrroomm  ddoouubbllee  ttrraannssggeenniicc  bbeeeettlleess,,  ccrroossss  

CCRREE--1166  xx  BBBB--221155  wwiitthh  tthhee  BBBB77RRrreecc22  rreevveerrssee  pprriimmeerr..  LLaannee  88  aanndd  99::  PPrroodduucctt  ffrroomm  ddoouubbllee  ttrraannssggeenniicc  bbeeeettlleess,,  ccrroossss  CCRREE--1166  

xx  BBBB--221155  wwiitthh  tthhee  BBrrMMllooxxRReevv22  rreevveerrssee  pprriimmeerr..      
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33..44  LLiivvee  oobbsseerrvvaattiioonn  ooff  eemmbbrryyooss  uunnddeerr  aa  fflluuoorreesscceenntt  sstteerreeoommiiccrroossccooppee    

  Dechorionated embryos were observed live under a fluorescent stereomicroscope in the filter 

sets available (GFP, DsRed, CFP, and YFP). Throughout this project 4 cre lines were observed during 

embryonic development with or without heat shock treatment; CRE-Voulis cre line mated with BB-

178b and BB-215 brainbow lines, CRE-A cre line mated with BB-178b brainbow line, CRE-B cre 

line mated with BB-206 brainbow line and cre line CRE-16 from Gregor’s Bucher lab mated with our 

BB-215 brainbow line. Images shown below are of late stages. We focused on later stages since there 

was nothing observed in early embryonic stages before 18 hours of development. What is more, the 

later the stage the more chance we had to observe bigger clones. 

33..44..11  TThhee  ‘‘33xxpp33  pprroommootteerr’’  iissssuuee  

  The 3xp3 artificial promoter element, used here to drive expression of fluorescent proteins in 

the eyes of the successful transformants, was designed to bind three PAX 6 homodimers (Sheng et al. 

1997). As has been observed before, the artificial 3xp3 promoter drives expression of the marker not 

only to the eyes but also to the CNS, peripheral nervous system, hindgut and the anal plates (Horn et 

al, 2000 and Berghammer et al, 2008). While experimenting with our cre lines, we constantly 

observed GFP in the central and peripheral nervous system, and with our brainbow lines we observed 

DsRed in the CNS, especially in the head lobes (figure 3.4). Patterns of fluorescent cells, resembling 

the ones depicted in figure 3.4, in later images shown in this project are neural cells from the CNS and 

PNS ‘marked’ by the 3xp3 promoter element, rather than clones from the expression of the brainbow 

construct.  

 

FFiigguurree  33..44  GGFFPP  aanndd  DDssrreedd  eexxpprreessssiioonn  iinn  tthhee  CCNNSS  aanndd  PPNNSS  ddrriivveenn  bbyy  tthhee  33xxpp33  aarrttiiffiicciiaall  pprroommootteerr..  ((  AA,,  BB,,  DD))  VVeennttrraall,,  llaatteerraall  

aanndd  ddoorrssaall  vviieewwss  ooff  ttrraannssggeenniicc  eemmbbrryyooss  ffrroomm  CCRREE--VVoouulliiss  aanndd  CCRREE--AA  lliinneess..  IImmaaggee  DD  ttaakkeenn  ffrroomm  aann  OOllyymmppuuss  fflluuoorreesscceennccee  

mmiiccrroossccooppee..  ((CC))  DDoorrssaall  vviieeww  ooff  ttrraannssggeenniicc  eemmbbrryyoo  ffrroomm  221155  bbrraaiinnbbooww  lliinnee..  EEmmbbrryyooss  iimmaaggeedd  oonn  aa  fflluuoorreesscceennccee  

sstteerreeoommiiccrroossccooppee  wwiitthh  GGFFPP,,  DDssRReedd,,  YYFFPP  aanndd  CCFFPP  ffiilltteerrss..    

33..44..22  EEmmbbrryyooss  oobbsseerrvveedd  uunnddeerr  tthhee  sstteerreeoommiiccrroossccooppee  wwiitthhoouutt  hheeaattsshhoocckk  ttrreeaattmmeenntt    

Untreated embryos from our crosses were observed at all embryonic stages. We spotted 

nothing more than the fluorescence from our transformation markers while using all the fluorescence 

filters (figure 3.5). Overall, approximately 100 to 150 embryos from each of the 3 cre lines mentioned 

above, mated with the brainbow ones (BB-215, BB-206 and BB-178b), were checked without a heat 
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A B C D 

EGFP 



-16- 
 

shock treatment; half of these embryos were carrying the cre recombinase gene and about ¼ of them 

carried both CRE and BB constructs. 

 

 

FFiigguurree  33..55  VVeennttrraall  vviieeww  ooff  aa  ttrraannssggeenniicc  uunnttrreeaatteedd  eemmbbrryyoo  ffrroomm  tthhee  ccrroossss::  CCRREE--VVoouulliiss  xx  BBBB--117788bb..  EEmmbbrryyoo  iimmaaggeedd  oonn  

iiddeennttiiccaall  mmaaggnniiffiiccaattiioonn  oonn  aa  fflluuoorreesscceenntt  sstteerreeoommiiccrroossccooppee  wwiitthh  GGFFPP,,  DDssRReedd,,  YYFFPP  aanndd  CCFFPP  ffiilltteerrss..  

33..44..33  EEmmbbrryyooss  oobbsseerrvveedd  uunnddeerr  tthhee  sstteerreeoommiiccrroossccooppee,,  aafftteerr  aa  hheeaatt  sshhoocckk  ttrreeaattmmeenntt  

  Treated embryos, at a temperature of 47 °C, were observed at all embryonic stages. 

We observed, as with the untreated embryos, the fluorescence from our transformation markers in all 

embryos. 

 

 
FFiigguurree  33..66..11  LLaatteerraall  vviieeww  ooff  aa  ttrraannssggeenniicc  eemmbbrryyoo  ffrroomm  tthhee  ccrroossss::  CCRREE--VVoouulliiss  xx  BBBB--221155,,  2200  hhoouurrss  aafftteerr  hheeaatt  sshhoocckk  

ttrreeaattmmeenntt..  AArrrrooww  sshhoowwss  aa  ppootteennttiiaall  aassyymmmmeettrriiccaall  cclloonnee..  EEmmbbrryyoo  iimmaaggeedd  oonn  iiddeennttiiccaall  mmaaggnniiffiiccaattiioonn  oonn  aa  fflluuoorreesscceenntt  

sstteerreeoommiiccrroossccooppee  wwiitthh  GGFFPP,,  DDssRReedd,,  YYFFPP  aanndd  CCFFPP  FFiilltteerrss..  
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However, there were a few rare cases of small asymmetric patches of cells fluorescing in the 

CFP and DsRed filters (figure 3.6.1 and 3.6.2). No clones were spotted with the YFP filter, other than 

the overlapping emission of the GFP marker. Overall, approximately 100 to 150 embryos from each 

of the 3 cre lines mentioned above, mated with the brainbow ones(BB-215, BB-206 and BB-178b), 

were checked after a heat shock treatment; half of these embryos were carrying the cre recombinase 

gene and about ¼ of them carried both CRE and BB constructs. 3 of them appeared to have potential 

clones from the crosses CRE-A x BB-178b and CRE-Voulis x BB-215.   

  

  

FFiigguurree  33..66..22  VVeennttrraall  vviieeww  ooff  aa  ttrraannssggeenniicc  eemmbbrryyoo  ffrroomm  tthhee  ccrroossss::  CCRREE--AA  xx  BBBB--117788bb  aafftteerr  2200  hhoouurrss  ooff  hheeaatt  sshhoocckk  ttrreeaattmmeenntt..  

AArrrrooww  sshhooww  ppootteennttiiaall  aassyymmmmeettrriiccaall  cclloonneess;;  rreesstt  ooff  tthhee  rreedd  ssppoottss  iinn  iimmaaggee  DD  aarree  tthhee  fflluuoorreesscceenntt  yyoollkk  iinn  DDssRReedd..  EEmmbbrryyoo  

iimmaaggeedd  oonn  iiddeennttiiccaall  mmaaggnniiffiiccaattiioonn  oonn  aa  fflluuoorreesscceenntt  sstteerreeoommiiccrroossccooppee  wwiitthh  GGFFPP,,  DDssRReedd,,  YYFFPP  aanndd  CCFFPP  ffiilltteerrss..  

33..44..44  EEmmbbrryyooss  oobbsseerrvveedd  wwhhiillee  uussiinngg  aa  ccrree  lliinnee  eessttaabblliisshheedd  bbyy  GGrreeggoorr  BBuucchheerr      

 The expression of the 3xp3 marker, mainly in the CNS and PNS of the embryos that 

interfered with our observations, the low percentage of potential clones spotted and the apparent 

leakiness of the heat shock promoter, under which cre is being expressed, prompted us to use an 

alternative cre line. Cre line number 16, established by Gregor Bucher’s lab, has a non-fluorescent 

transformation marker (vermilion white) but, as previously shown in figure 3.3, a leaky heat shock 

promoter. The absence of the GFP fluorescent marker helped us in our investigation of potential 

clones; VW marker from the cre line never interfered with our observations and the 3xp3-DsRed from 

the brainbow line was fainter than the GFP one, and showed delayed expression, giving us the time to 

search for potential clones in many embryonic stages. 

 Overall, approximately 210 embryos from the line CRE-16, mated with the brainbow line 

BB-215, were checked without a heat shock treatment; more than half of them were carrying the cre 

recombinase gene and 48 of them carried both transgenes. No clones were observed (figure 3.7.1). 
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 In parallel, approximately 240 embryos from the cre line 16, mated with the brainbow line 

215, were checked more than 18 hours after a heat shock treatment at 47°C; more than half of them 

were carrying the cre recombinase gene and 72 of them were carrying both transgenes. Overall, 2 

potential clones were observed (figure 3.7.2). However, we could not follow any of them during 

subsequent stages. 

 

 
FFiigguurree  33..77..11  LLaatteerraall  vviieeww  ooff  aa  ttrraannssggeenniicc  uunnttrreeaatteedd  eemmbbrryyoo  ffrroomm  tthhee  ccrroossss  CCRREE--1166  xx  BBBB--221155..  AArrrroowwss  sshhooww  tthhee  eexxpprreessssiioonn  

ooff  tthhee  ttrraannssffoorrmmaattiioonn  mmaarrkkeerrss;;  ((AA,,  DD))  VVWW  aanndd  ((CC))  33xxpp33  --  DDssRReedd..  EEmmbbrryyoo  iimmaaggeedd  oonn  iiddeennttiiccaall  mmaaggnniiffiiccaattiioonn  oonn  aa  

fflluuoorreesscceenntt  sstteerreeoommiiccrroossccooppee  wwiitthh  GGFFPP,,  DDssRReedd,,  YYFFPP  aanndd  CCFFPP  ffiilltteerrss..  

 

 

FFiigguurree  33..77..22  LLaatteerraall  vviieeww  ooff  aa  ttrraannssggeenniicc  eemmbbrryyoo  ffrroomm  tthhee  ccrroossss  CCRREE--1166  xx  BBBB--221155,,  uunnddeerrggoonnee  hheeaatt  sshhoocckk  ttrreeaattmmeenntt..  

YYeellllooww  aarrrroowwss  sshhooww  tthhee  eexxpprreessssiioonn  ooff  tthhee  ttrraannssffoorrmmaattiioonn  mmaarrkkeerrss;;  AA,,  DD))  VVWW  aanndd  CC))  33xxpp33  --  DDssRReedd..  RReedd  aarrrroowwss  iinn  iimmaaggee  AA  

sshhooww  ppootteennttiiaall  cclloonneess  fflluuoorreesscciinngg  iinn  CCFFPP  UUVV  ffiilltteerr..  GGrreeeenn  aarrrrooww  sshhoowwss  eemmiissssiioonn  ooff  tthhee  CCFFPP  aaccqquuiirreedd  bbyy  tthhee  GGFFPP  ffiilltteerr..  

EEmmbbrryyoo  iimmaaggeedd  oonn  iiddeennttiiccaall  mmaaggnniiffiiccaattiioonn  oonn  aa  fflluuoorreesscceenntt  sstteerreeoommiiccrroossccooppee  wwiitthh  GGFFPP,,  DDssRReedd,,  YYFFPP  aanndd  CCFFPP  ffiilltteerrss..  
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33..55  AAnnttiibbooddyy  ssttaaiinniinngg  wwiitthh  aannttii--  EEGGFFPP  aanndd  aannttii--DDssRReedd  aannttiibbooddiieess  

  Antibody staining for the fluorescent proteins included in the brainbow construct took place, 

in order to observe clones at high magnification by confocal microscopy. Images shown below were 

taken from the progeny of the cross CRE-Voulis line mated with BB-215 line. 

33..55..11  TTrraannssggeenniicc  eemmbbrryyooss  ffrroomm  ccrree  oorr  bbrraaiinnbbooww  lliinneess  aalloonnee    

  In our endeavour to exclude, from our search for clones, unspecific staining, and to ensure 

that the antibodies worked on our fluorescent markers, we stained embryos from CRE-Voulis line and 

BB-215 line alone. In the figures that follow (3.8.1 and 3.8.2) an unspecific staining of anti-DsRed is 

depicted in the pleuropodia, on the first abdominal segment. No staining with the antibody for 

GFP/YFP/CFP was observed in the embryos of the brainbow line (figure 3.8.1), while the pleuropods 

were stained with anti-DsRed in both figures (3.8.1 B and 3.8.2 A).  

  

FFiigguurree  33..88..11  VVeennttrraall  vviieewwss  ooff  eemmbbrryyooss  ffrroomm  tthhee  bbrraaiinnbbooww  lliinnee  BBBB--221155,,  ffooccuusseedd  ((AA))  aabboovvee  aanndd  ((BB))  bbeellooww  tthhee  aappppeennddaaggeess..    

AArrrroowwss  iinn  iimmaaggee  BB  sshhooww  tthhee  ssttaaiinneedd  pplleeuurrooppooddiiaa  wwiitthh  aannttii--DDssRReedd..  CCoonnffooccaall  mmiiccrroossccooppyy..  AAnnttiibbooddyy  ssttaaiinniinngg  ffoorr  GGFFPP  aanndd  

DDssRReedd..  TToopprroo  wwaass  uusseedd  ttoo  ssttaaiinn  tthhee  nnuucclleeii..    

  

FFiigguurree  33..88..22  VVeennttrraall  vviieewwss  ooff  aa  ttrraannssggeenniicc  eemmbbrryyoo  ooff  tthhee  ccrree  lliinnee  CCRREE--VVoouulliiss,,  ffooccuusseedd  aabboovvee  aanndd  bbeellooww  tthhee  aappppeennddaaggeess..  

AArrrroowwss  iinn  iimmaaggee  AA  sshhooww  tthhee  ssttaaiinneedd  pplleeuurrooppooddiiaa  wwiitthh  aannttii--DDssRReedd..CCoonnffooccaall  mmiiccrroossccooppyy..  AAnnttiibbooddyy  ssttaaiinniinngg  ffoorr  GGFFPP  aanndd  

DDssRReedd..  TToopprroo  wwaass  uusseedd  ttoo  ssttaaiinn  tthhee  nnuucclleeii..  

  Additionally, I observed staining with the antibody for DsRed in the head lobes of late stage 

embryos carrying the 3xp3-DsRed marker, (figure 3.8.3 A, B and C and figure 3.8.3 D, E and F). This 

was due to the expression of the 3xp3-DsRed marker which has a different expression pattern from 

the 3xp3-EGFP one (3.8.3 A and 3.8.3 B). This expression pattern was observed in all transgenic 

lines.  
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FFiigguurree  33..88..33  ((AA,,  BB))  HHeeaadd  lloobbeess  ffrroomm  aa  ttrraannssggeenniicc  eemmbbrryyoo  aanndd  aa  ttrraannssggeenniicc  llaarrvvaa  ooff  tthhee  bbrraaiinnbbooww  lliinnee  BBBB--221155..  BBootthh  iimmaaggeedd  

oonn  aa  fflluuoorreesscceenntt  sstteerreeoommiiccrroossccooppee  wwiitthh  DDssRReedd  ffiilltteerr..  ((CC))  HHeeaadd  lloobbee  ooff  aa  ttrraannssggeenniicc  eemmbbrryyoo  ssttaaiinneedd  wwiitthh  aannttii--DDssRReedd  aanndd  aannttii--

GGFFPP  ooff  tthhee  bbrraaiinnbbooww  lliinnee  BBBB--221155;;  ((DD,,  EE  aanndd  FF))  HHeeaadd  lloobbee  ooff  aa  ddoouubbllee  ttrraannssggeenniicc  eemmbbrryyoo  ssttaaiinneedd  wwiitthh  aannttii--DDssRReedd  aanndd  aannttii--

GGFFPP  ooff  tthhee  CCRREE--VVoouulliiss  xx  BBBB--221155  lliinnee..  CCoonnffooccaall  mmiiccrroossccooppyy..  TToopprroo  wwaass  uusseedd  ttoo  ssttaaiinn  tthhee  nnuucclleeii..  

33..55..22  EEmmbbrryyooss  ccaarrrryyiinngg  bbootthh  ccrree  aanndd  bbrraaiinnbbooww  ccoonnssttrruuccttss,,  wwiitthh  aanndd  wwiitthhoouutt  hheeaatt  sshhoocckk  ttrreeaattmmeenntt  

  IInnddeeppeennddeennttllyy  ooff  wwhheetthheerr  tthhee  eemmbbrryyooss  wweerree  ttrreeaatteedd  wwiitthh  hheeaatt  sshhoocckk  oorr  nnoott,,  ssmmaallll  

aassyymmmmeettrriiccaall  cclloonneess  wweerree  oobbsseerrvveedd  ssttaaiinneedd  wwiitthh  aannttii--DDssRReedd  iinn  aallll  ttrraannssggeenniicc  eemmbbrryyooss  ccaarrrryyiinngg  bbootthh  

ccrree  aanndd  bbrraaiinnbbooww  ((ffiigguurreess  33..99..22  aanndd  33..99..33))..  TThhaatt  ccaammee  aass  nnoo  ssuurrpprriissee,,  aass  oouurr  ddaattaa  pprreevviioouussllyy  sshhoowweedd  

tthhaatt  tthhee  hheeaatt  sshhoocckk  pprroommootteerr  uunnddeerr  wwhhiicchh  tthhee  eexxpprreessssiioonn  ooff  ccrree  rreeccoommbbiinnaassee  iiss  mmeeddiiaatteedd,,  iiss  lleeaakkyy..  TThhee  

cclloonneess  wweerree  mmoossttllyy  nnoo  lloonnggeerr  tthhaann  44  cceellllss,,  aappaarrtt  ffrroomm  aann  eemmbbrryyoo  wwhheerree  1100  cceellllss  wweerree  oobbsseerrvveedd  ((ffiigguurree  

33..99..11))..    

  

FFiigguurree  33..99..11  VVeennttrraall  vviieeww  ooff  aann  eemmbbrryyoo  ffrroomm  tthhee  pprrooggeennyy  ooff  tthhee  ccrroossss  CCRREE--

VVoouulliiss  xx  BBBB--221155..  ((AA))  IImmaaggee  ffooccuusseedd  iinn  tthhee  aabbddoommeenn..  AArrrrooww  iinn  iimmaaggee  sshhoowwss  aa    

cclloonnee  ssttaaiinneedd  wwiitthh  aannttii--DDssRReedd  ooff  1100  cceellllss..  CCoonnffooccaall  mmiiccrroossccooppyy..  TToopprroo  wwaass  uusseedd  

ttoo  ssttaaiinn  tthhee  nnuucclleeii..  
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FFiigguurree  33..99..22  VVeennttrraall  vviieewwss  ooff  aann  eemmbbrryyoo  ffrroomm  tthhee  pprrooggeennyy  ooff  tthhee  ccrroossss  CCRREE--VVoouulliiss  xx  BBBB--221155..  ((AA,,  BB  aanndd  CC))  IImmaaggeess  ffooccuusseedd  

jjuusstt  bbeellooww  tthhee  tthhoorraacciicc  aappppeennddaaggeess;;  ((DD  aanndd  EE))  IImmaaggeess  ffooccuusseedd  iinn  tthhee  aabbddoommeenn..  AArrrroowwss  sshhooww  cclloonneess,,  ooff  nnoo  mmoorree  tthhaann  44  cceellllss,,  

ssttaaiinneedd  wwiitthh  aannttii--DDssRReedd..  CCoonnffooccaall  mmiiccrroossccooppyy..  TToopprroo  wwaass  uusseedd  ttoo  ssttaaiinn  tthhee  nnuucclleeii..  

 

 
FFiigguurree  33..99..33  VVeennttrraall  vviieewwss  ooff  aann  eemmbbrryyoo  ffrroomm  tthhee  pprrooggeennyy  ooff  tthhee  ccrroossss  CCRREE--VVoouulliiss  xx  BBBB--221155  ((AA,,  BB))  IImmaaggeess  ffooccuusseedd  jjuusstt  

bbeellooww  tthhee  tthhoorraacciicc  aappppeennddaaggeess;;  ((  CC  aanndd  DD))  IImmaaggeess  ffooccuusseedd  iinn  tthhee  aabbddoommeenn..  AArrrroowwss  sshhooww  cclloonneess  ooff  nnoo  mmoorree  tthhaann  44  cceellllss,,  

ssttaaiinneedd  wwiitthh  aannttii--DDssRReedd..  CCoonnffooccaall  mmiiccrroossccooppyy..  TToopprroo  wwaass  uusseedd  ttoo  ssttaaiinn  tthhee  nnuucclleeii..    
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44..  DDiissccuussssiioonn  aanndd  ccoonncclluussiioonnss  

In this project we have successfully implemented a protocol of germline transformation and 

henceforth in our lab transgenic lines in Tribolium castaneum can be reliably generated. I also made a 

first attempt to introduce brainbow to the emerging model arthropod Tribolium castaneum under the 

control of heat-inducible cre, as a system for generating marked genetic mosaics. 

My results from the PCR experiments suggest that recombination is happening between all 

the variants of lox sites.  In addition, confocal microscopy revealed cherry protein labelled clones, 

likely resulting from recombination between the loxN recombination sites. However, the observed 

asymmetrical clones are not only few and rare but also very small. No clone observed was ever more 

than 10 cells.  

In conclusion, my results suggest that the cre/lox system is working in Tribolium castaneum. 

Recombination between the lox variants is happening.  However, at present, either the recombination 

rate is too low, or there is a problem with fluorescent protein maturation, stability and/or localization.  

Finally, our results show that the heat shock promoter used to mediate cre recombinase expression is 

leaky, making it unsuitable for conditional induction of clones. 

The system as it is cannot be used as a tool for the experiments it was designed for. It lacks 

the control of recombination events, and the formation of sufficient clones. 

 

44..11  PPoossssiibbllee  eexxppllaannaattiioonnss  ffoorr  tthhee  llooww  eeffffiicciieennccyy  ooff  tthhee  ggeenneettiicc  ttooooll  

There are numerous speculations one can make as to why the system is not as efficient as 

anticipated:  

1. The apparent absence of fluorescent proteins could mean that all or some of the 

fluorescent proteins at my construct are not properly expressed.  Insufficient expression 

could be caused by the localisation signals they bear. Maybe the proteins do not mature 

properly, are targeted for degradation and/or are mislocalised within the cell.  The 

brainbow construct I used was derived from one designed for use in mice, with 

mammalian localization signals.  When trying various genetic systems in different 

species, no matter how evolutionary close or far they are, we should always bear in mind 

that whatever worked for one might not immediately work for the other and that 

endogenous elements should, where possible, be favoured (Schinko et al, 2010). 

2. The cre recombinase might be expressed at low levels or might take a long time to 

mature, hence the apparent low number of recombination events in my results.  
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3. Cells expressing any of the fluorescent proteins of the brainbow construct could be 

outcompeted by wild type cells, preventing them from forming bigger clones. There is 

also the possibility that the proteins expressed in recombined cells are toxic enough, to 

not only prevent them from proliferating, but also driving them to death/apoptosis.  

 

44..11  FFuuttuurree  pprroossppeeccttss  

In order to clarify where the problem lies, one could do in situ hybridization experiments for 

the mRNA molecules encoding the three fluorescent proteins. This will show if the genes encoding 

the fluorescent proteins are transcribed after recombination events within large and/or numerous 

clones of cells, suggesting the problem lies within translation and localisation.  Alternatively, if the 

experiment above reveals that mRNA molecules encoding the fluorescent proteins are restricted to 

small and rare clones of cells, the explanation could lie in the low expression of cre. Low expression 

could be overcome by overexpressing cre recombinase by multiple insertions in the genome or with 

the use of a more powerful promoter. 

One could also make an attempt to use another system other than cre/lox for generating 

clones, such as the flp/frt system, commonly used in Drosophila melanogatser.   

Non fluorescent markers for transgenesis should also be included in any new constructs.  

Since brainbow uses 4 different fluorescent proteins, fluorescent markers can only make the search 

for clones harder to accomplish. It would also be wise to avoid, if possible, the use of the artificial 

3xp3 promoter element which drives expression much more widely than the eye.  

Finally, if everything in the system works sufficiently enough, but the promoter that drives 

the recombinase remains leaky, it could be changed.  The heat shock promoter could be exchanged 

with one that does not require a change of temperature to express the gene but the presence or absence 

of a substance; a chemically regulated promoter. A system based on temperature can be too sensitive 

as changes in temperature are not always avoidable. 
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