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Abstract 

 

Cranial placodes are ectodermal thickenings in vertebrate embryos that give rise to many 
sense organs and ganglia. All placodes arise from a common precursor, the pre-placodal 
ectoderm (PPE). The latter develops during gastrulation at the neural plate border (NPB) 
just lateral to the neural crest – another embryonic tissue that contributes to cranial 
ganglia and skull formation. The transcription factor Six1 and its cofactor Eya1 play a 
central role in the early induction, formation and differentiation of PPE and later in 
placode development but it is still unknown, how these two transcriptional regulators 
become established at the NPB during the transition from early gastrulation to neural 
plate stage. In the first part of this study, I used gain and loss of function experiments in 
Xenopus laevis to elucidate the role of transcription factors (TFs)with dorsally/neurally 
(Pax3, Hairy2b, Zic1) and ventrally/non-neurally (AP2, Vent2, Msx1, Foxi1a) restricted 
expression domains for early expression of Six1 and Eya1 in the PPE. I also analyzed 
how Six1 and Eya1 cross-regulate the expression of these TFs. Taken together, this 
allowed me to describe an early gene regulatory network up- and downstream of Six1 and 
Eya1 in the PPE. In the second part of this study, I have tried to further elucidate the 
regulation of Eya1 by identifying Eya1 cis-regulatory elements using two different 
approaches. First, reporter constructs of candidate enhancers identified by phylogenetic 
footprinting were tested in transgenic Xenopus embryos. Second, regulatory regions 
surrounding the Eya1 locus were characterized by deletion analysis of reporter constructs 
of bacterial artificial chromosomes (BACs).  The latter approach allowed the 
identification of several new cis-regulatory regions of Eya1 including regions that control 
its expression in the PPE and several placodes. Taken together, this study provides novel 
insights into the earliest processes underlying development of cranial sense organs in 
vertebrate embryos. 
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- LB Broth  – Luria Broth Media 
- LYS Buffer  – LYSIS Buffer, Macherey Nagel NucleoBond Kit 
- LyseBlue – Blue Colour for Lysis Buffer 
- MAB  – Malic Acid Buffer 
- MBS  – Modified Barth's Saline 
- MBSH  – High Salt Modified Barth's Saline 
- MEMFA – MOP Formaldehyde Fixative Solution 
- MMR  – Marc’s Modified Ringer's 
- mRNA  – messenger RNA  
- MS222  – Aminobenzoic Acid Ethyl Ester 
- mVISTA – Multiple Alignment VISTA Browser 
- NBT  – Nitro Blue Tetrazolium 
- Neo.  – Neomycin 
- NEU Buffer – Neutralization Buffer, Macherey Nagel NucleoBond Kit 
- NPB  – Nuclear Preparation Buffer 
- NP  – Neural Plate 
- NC  – Neural Crest 
- OD  – Optical Density (To measure the DNA/RNA Concentration) 
- P1 Buffer – Re-suspension Buffer (Qiagen Kit Cat. No. – 12143) 
- P2 Buffer – Lysis Buffer (Qiagen Kit Cat. No. – 12143) 
- P3 Buffer – Neutralization Buffer (Qiagen Kit Cat. No. – 12143) 
- PB  – Phosphate Buffer 
- PB Buffer – Phosphate Buffer (Qiagen, DNA Purification) 
- PBS  – Phosphate Buffer Saline 
- PPE  – Panplacodal Ectoderm (PPE) 
- PPR  – Panplacodal Primordium (PPR) 
- pCNS  – PipMaker Browser – Conserved Non Coding Sequences 
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- PCR  – Polymerase Chain Reaction 
- PE Buffer – Wash Buffer (Qiagen, DNA Cleanup) 
- PFA  – Paraformaldehyde 
- PipMaker – Bioinformatics Tool for Genome Analysis 
- PK  – Proteinase K (Dissolve Protein) 
- prep  – Preparation 
- Probe  – Anti Sense RNA oligonucleotide (In Situ Experiment) 
- Ptw  – PBS Buffer with 1% of Tween-20 
- QBT Buffer – Equilibration Buffer (Qiagen Kit Cat. No. – 12143) 
- QC Buffer – Wash Buffer (Qiagen Kit Cat. No. – 12143) 
- QF Buffer – Elution Buffer (Qiagen Kit Cat. No. – 12143) 
- QG Buffer – Binding Buffer (Qiagen, DNA Bind to Column) 
- QN Buffer – Elution Buffer (Qiagen Kit Cat. No. – 12143) 
- REMI  – Restriction Enzyme Mediated Integration 
- RES Buffer – Re-suspense Buffer, Macherey Nagel NucleoBond Kit 
- Res. Enzyme A– One of the restriction enzyme 
- Res. Enzyme B– One of the restriction enzyme 
- RFP  – Red Fluorescent Protein 
- RLT Buffer – Cell Lysis Buffer (Qiagen, RNA Extraction) 
- RNA  – Ribonucleic Acid 
- RNase  – RNA digestion enzyme is called as RNase 
- RNase A – RNase A (Dissolves RNA) 
- RNase T1 – tRNA Dissolves 
- RNeasy – The RNA purification column used in Qiagen RNeasy Kit 
- RPE Buffer – Wash Buffer mRNA Purification Qiagen Kit Cat. No.- 
- rpm  – Rotation Per Minutes 
- RT  – Room Temperature 
- RT-PCR – Reverse Transcriptase/Real Time Polymerase Chain Reaction 
- rVISTA – Regulatory Alignment VISTA Browser 
- SDB  – Sperm Dilution Buffer  
- SDS  – Sodium Dodecylsulphate 
- SP6  – RNA Polymerase 
- SYBR  – SYBR Green used for DNA staining 
- T3  – RNA Polymerase 
- T7  – RNA Polymerase 
- TAE  – Tris Acetate-EDTA 
- TEA  – Tri-Ethanol-Amine 
- TEFT  – Buffer 
- Tetra.  – Tetracycline 
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- TFBS  – Transcription Factor Binding Site  
- TFDB  – Transcription Factor Database (Bioinformatics Tool) 
- tRNA  – transferRNA 
- U  – Units 
- UCSC  – University of California Santa Cruz, USA 
- UTR  – Un Translated Region or un translated DNA sequences 
- vCNS  – VISTA Browser – Conserved Non Coding Sequences 
- Vel.  – Velocity 
- WASH Buffer – Washing Buffer, Macherey Nagel NucleoBond Kit 
- XB  – Extract Buffer 
- XB Salt  – Extract Buffer Salt 
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Chapter-1 Introduction 

 

The vertebrates are a unique and very complex group of animals within the chordates. 
This uniqueness is partly due to the presence of advanced sense organs in vertebrates 
compared to the other chordates. These sophisticated sense organs are an evolutionary 
innovation in the vertebrates which have a “New Head” compared to other chordates. 
30 years ago Northcutt and Gans first highlighted that this “New Head” was derived 
from two embryonic tissues, placodes and neural crest (Northcutt and Gans, 1983;  
Schlosser and Northcutt, 2000; Baker and Bronner-Fraser, 2001). Whereas cranial 
placodes, a new type of ectodermal thickenings in vertebrate embryos, later develop into 
very highly complex sense organs in vertebrate i.e. ear, nose, lateral line, the neural crest 
forms the head bones and cartilages and various other sensory neurons and secretory cells 
(Schlosser, 2014; 2005; Alappat et al., 2003; Northcutt et al., 1998; Baker and Bronner-
Fraser, 2001; Brugmann et al., 2004; Jaurena et al., 2015; Jidigam and Gunhaga, 2012; 
Papalopulu and Kintner, 1993; Schlosser, 2010a; Schlosser and Northcutt, 2000; Streit, 
2004).  
 
It was later shown that all placodes arise from a common precursor, the preplacodal 
ectoderm (PPE) (Graham and Shimeld, 2013; Streit, 2004). Moreover, in previous studies, 
it has been shown that the PPE and the neural crest develop from a common domain 
which is located in between the neural plate and epidermis of the embryos. This common 
domain is called the neural plate border (NPB) (Grocott et al., 2012; Hardison and Taylor, 
2012; Monsoro-Burq et al., 2005; Schlosser, 2010a; Schlosser and Northcutt, 2000; 
Schlosser and Wagner, 2008; Streit, 2004). However, it is not yet clear how PPE and 
neural crest are established and originate from this common domain. There are two 
models available at the moment try to solve the origin and development of this NPB (see 
1.1.1 below). 	
 
It has been shown that the panplacodal ectoderm later develops into several subdomains, 
which then give rise to multiple placodes. But it’s still not entirely clear how the 
panplacodal ectoderm itself is induced and established in the early embryonic stages (see 
1.2.1 below). In previous studies, it was shown that cranial placodes express the 
transcription factor gene Six1 and the gene for the transcriptional coactivator Eya1 from 
early induction of the PPE to later placode stages	(Ahrens and Schlosser, 2005; Baker and 
Bronner-Fraser, 2001; Brugmann et al., 2004; Ishihara et al., 2008; Kwon et al., 2010; 
Loots and Ovcharenko, 2004; Pieper et al., 2012; Schlosser, 2015; 2010a; Schlosser and 
Northcutt, 2000; Streit, 2004; Vize and Zorn, 2016; Wingender et al., 1996).  
 
In this chapter, I first address how placodes and the PPE arise from the neural plate 
border (NPB)  
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The second part of this chapter then describes the importance of gene regulatory 
networks (GRNs) in understanding the evolution of development in general and briefly 
sketches its implications for understanding the evolution of the preplacodal ectoderm and 
cranial placodes.  
 
1.1. Placodes 

The placodes are ectodermal thickenings of the early embryonic ectoderm. It was recently 
shown that all placodes have a common origin from a common precursor, the preplacodal 
ectoderm (Baker and Bronner-Fraser, 2001; Schlosser, 2010a). During the induction and 
early stage, it’s called panplacodal ectoderm (PPE) or panplacodal primordium (PPR). 
This precursor later develops into various placodes. And each of these placodes gives 
rises to a different sensory organ and/or ganglia of the vertebrate “New Head” (Abitua 
et al., 2015; Northcutt and Gans, 1983; Schlosser, 2010b).  
 
The PPE is an ectodermal thickening of the embryos, which is horse shoe shaped and is 
defined by expression of the transcription factor Six1 and its cofactor Eya1 (Streit, 2004;  
Marinić et al., 2013; Schlosser and Ahrens, 2004) and is fully established in the Xenopus 
embryo at stage 15. However, the molecular mechanism underlying the early 
establishment of the PPE and the upstream regulators of Six1 and Eya1 are still not clearly 
understood.  
 
1.1.1 Origin of Panplacodal Ectoderm (PPE) 
 
The PPE originates from the neural plate border (NPB) common domain, which give 
rises to PPE and neural crest (Fish et al., 2011; Schlosser, 2010a). This common NPB 
domain is established during gastrulation and is sandwiched between two territories of 
the ectoderm i.e. non-neural (epidermis) and neural (NP)	(Betancur et al., 2011; Kearse 
et al., 2012; Kuhn et al., 2012; Milet and Monsoro-Burq, 2012; Pla and Monsoro-Burq, 
2001). 

Two simple models for the origin of the PPE from the NPB have been proposed, the 
neural plate border model and the binary competence model (Ahrens and Schlosser, 2005; 
Schlosser, 2006). The former proposes that the NPB is a domain with a specific regulatory 
state from which later neural crest and PPE are induced. The latter proposes instead that 
neural and non-neural ectoderm form two distinct competence territories at the end of 
gastrulation and that neural crest is induced from neural ectoderm, while PPE is induced 
from non-neural ectoderm. In this model the NPB is not defined by a specific regulatory 
state and there is no common precursor for neural crest and PPE.  Recent studies have 
indeed shown that the placodal domain is induced from the non-neural territory side of 
the neural plate border, whereas the neural crest domain is induced from the neural 
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territory of the NPB domain (Kwon et al., 2010; Pieper et al., 2012; Schlosser, 2014; Streit, 
2004;  Dincer et al., 2013;  Ahrens and Schlosser, 2005; Baker and Schlosser, 2005; T. 
Sato et al., 2005; Tipping et al., 2009)	(Fig.1.1, Fig. 1.2, Fig. 1.3). The PPE is induced by 
the FGF, anti-BMP and anti-Wnt in NPB (Ahrens and Schlosser, 2005; Brugmann et al., 
2004; Litsiou et al., 2005) (Fig. 1.4). Several transcription factors (TFs) show widespread 
expression in the early embryonic ectoderm including ventrally expressed transcription 
factors that are expressed in the non-neural ectoderm but some of which may extent into 
the lateral parts of the neural ectoderm (AP2, Vent2, Msx1, Foxi1a, Dlx3, GATA2) as 
well as dorsally expressed TFs that are predominantly expressed in the neural territory 
(Pax3, Zic1, Sox3, FoxD3). All of these TFs overlap the prospective PPE and thus may 
play a role in its induction (Schlosser, 2015; 2008). During gastrulation, TFs are initially 
expressed throughout ectoderm and later gradually become dorsally or ventrally restricted 
during the blastula to early neural stage of Xenopus (Schlosser, 2014) (Fig.1.1, Fig. 1.2, Fig. 
1.3). 
 

 
Fig. 1.1. Origin of Panplacodal Ectoderm from the Dorsally restricted and Ventrally restricted 
TFs during the gastrulation (Schlosser, 2014), NP- Neural Plate, NC-Neural Crest, PPE-
Panplacodal Ectoderm, EP-Epidermis. 
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Fig. 1.2. Origin of Panplacodal Ectoderm from the Non-neural and Neural territory, according 
to the Neural Plate Border State and Binary Competent Model (BCM). The latter proposed that 
the PPE is induced from the non-neural and neural crest from the neural domain, respectively 
(Schlosser, 2014). 

 

1.1.2. Origin of Placodes from the PPE 

The panplacodal ectoderm or panplacodal primordium later forms the cranial placodes. 
This involves the induction and local re-grouping of numerous placode specific 
transcription factors within the PPE in response to local inductive signals (Fig. 1.4, Fig. 
1.3). 

 
The cranial placodes that originate from the PPE comprise the olfactory placode, lens 
placode, Profundal placode, trigeminal placode, Otic placode, epibranchial placode, 
lateral line placode and adenohypophyseal placode (Schlosser, 2010a). 
 
 

 
Fig. 1.3. Origin of PPE from the non-neural territory, as proposed in the Binary Competence 
Model (BCM) (Schlosser, 2008), Anti-Wnt, Anti-BMP, FGF Signal. 
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Fig. 1.4. Signalling molecules and TFs involved in the induction  of cranial placodes from the 
PPE (Red) (Schlosser, 2014), Ad-Adenohypophyseal, ANR-anterior neural plate ridge, EB-
Epibranchial, EF-Eye Field, L-Lens, LL-Lateral Line, MHB-Mindbrain-Hindbrain boundary, 
Not-Notochord, OL-Olfactory, Ot-Otic, PP-Pharyngeal Pouches, Pf/V-Profundal/Trigeminal, 
R4-Rhombomere4. 

 

 
Fig. 1.5 Multiple placodes arises from PPE in Chick and Xenopus A: Chick cranial placodes gives 
rises to other placodes, B: Xenopus cranial placodes. C: Derivative cells arising from different 
cranial placodes (Patthey et al., 2014). 
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The various placodes arising from the PPE in the chicken and in Xenopus laevis are 
illustrated in Fig. 1.5 A,B, whereas Fig. 1.5 C shows the various cells that area rise from 
the different placodes (Schlosser, 2014).  

 

1.2. Role of Six1 & Eya1 for Development of Panplacodal Ectoderm  

In previous studies, it has been shown that the Six transcription factor family and its 
cofactors of the Eya family start to be expressed in the early panplacodal ectoderm 
domain and later continue to be expressed in placodes (Bhat et al., 2013; David et al., 
2001; Neilson et al., 2010; Schlosser and Ahrens, 2004; Brugmann et al., 2004; Pandur 
and Moody, 2000; Schlosser et al., 2008). These unique transcription factors play roles in 
the proliferation, neurogenic/sensory differentiation and morphogenesis as well as in the 
induction and differentiation of various placodes that are formed from the PPE (Bhat et 
al., 2013; Grifone et al., 2007; Neilson et al., 2010; Oda-Ishii et al., 2005; Schlosser et al., 
2008; Streit, 2004; Wu et al., 2013a). Six1 and Eya1 proteins physically interact and work 
together in the placodal developmental from its early induction to the later differentiation 
into various types of placodes (Blevins et al., 2015; Holleville et al., 2003; Litsiou et al., 
2005; Neilson et al., 2010; Ohto et al., 1999; Pieper et al., 2011; Schlosser, 2014).  
 

1.2.1. Eya1  

 
The Eya1 gene encodes a protein that acts as transcriptional coactivator and phosphatase 
(Grifone et al., 2007; Li et al., 2003; Schlosser, 2014). It is expressed in the ectoderm of 
the embryo and later in a few major organs of the adult animal. This transcriptional 
cofactor  works together with Six1 during multiple stages of cranial placode development 
(Baker and Bronner-Fraser, 2001; Ahmed et al., 2012; Schlosser, 2007). Eya1 is required 
in the normal embryonic development of placodes, craniofacial and trunk muscle, trunk 
skeleton, kidney, branchial arches, ear, eye and secretory cells (Ahmed et al., 2012; Cook 
et al., 2009; Kozlowski et al., 2005; Kwon et al., 2010; Monsoro-Burq et al., 2005; Phillips 
et al., 2006; Pieper et al., 2012; Schlosser et al., 2008; Xu et al., 1999; Zou, 2004). In 
humans, mutation in Eya1 causes various problems i.e. BOR syndrome and Oto-
facicervical syndrome (El-Hashash et al., 2011; E. Pohl et al., 2013).  
 
Although Eya1 plays a central role in placode development, there is still not enough 
evidence of its upstream regulators and little is known about how Eya1 expression in PPE 
is established. To understand all this, I have focused in this study on Eya1 upstream 
regulation analysis and characterisation of Eya1 regulatory elements for PPE formation. 
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1.2.2. Six1  

Six1 is a homeodomain transcription factor which is involved in the regulation of cell 
proliferation, apoptosis and embryonic development (de Crozé et al., 2011; Shida et al., 
2015; Coletta et al., 2004; Luo et al., 2003; Monsoro-Burq et al., 2005; Wu et al., 2013b). 
In embryonic development, it specifically plays a big role in the placodal domain of the 
developing embryos. Six1 TF works with its cofactor Eya1 from early development of 
the PPE to the late placodal differentiation (Sander et al., 2007; Schlosser, 2010a; 
Brugmann et al., 2004; Phillips et al., 2006). In previous studies, it was shown that both 
Six1 and Eya1 are important not only during induction of the placodal domain but also 
during cranial placode differentiation (Laclef et al., 2003; Zheng, 2003;  Whited et al., 
2012; Ahmed et al., 2012; Davidson, 2002; Matsuo-Takasaki et al., 2005; Zou, 2004). 
Mutational changes in Six1 in humans lead to a very serious autosomal dominant disease 
i.e. BOR syndrome causing deafness and various craniofacial defects (Marcotte et al., 
2013).  
 
Although previous studies have shown that Six1 plays a central role in PPE development, 
it’s still unknown which upstream regulators control Six1 expression during early PPE 
formation or how Six1 cross regulates these upstream genes during late gastrulation and 
neural plate stages. In this study, I have addressed these questions taking Six1 as candidate 
marker for the PPE. 
 

1.2.3. Role of Six1 and Eya1 in Disease 

Each of these two proteins plays major roles in early embryonic development. In addition 
to their role during placode development, they both work together in various other 
domains during embryonic development (Schlosser, 2015;  Streit, 2004; Bronner, 2015; 
Pieper et al., 2012; Civit et al., 2015; Dincer et al., 2013). Mutation of each of these two 
TF leads to various diseases often with similar phenotypes due to the synergistic action 
of both proteins (Hua et al., 2013; Xu, 2003; Xu et al., 1999; Blevins et al., 2015).  
 
Mutations in these two genes lead to catastrophic problem in the embryo development 
with loss of sense organs and other defects in the head region causing serious problem. 
This includes BOR syndrome with defects in kidney, ear, nose, eye lens, and various other 
craniofacial problems. (Hua et al., 2013; Bae et al., 2014; Xu, 2003; Schlosser et al., 2008; 
Xu et al., 1999; Blevins et al., 2015). Moreover, misregulation of Six1 or Eya1 contributes 
to various cancers (Blevins et al., 2015; Grocott et al., 2012; El-Hashash et al., 2011; 
Nichane et al., 2008a). 
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1.3. Putative Upstream Regulatory Genes of Six1 and Eya1 at Neural Plate   
      Border 
 
While the role of Six1 and Eya1 for early placodal induction and later placode 
differentiation has been previously studied (Schlosser, 2014; Schlosser and Ahrens, 2004) 
(Theveneau et al., 2013), very little is known about how Six1 and Eya1 expression in the 
PPE is regulated by upstream candidate’s genes. And it is also still not clear how Six1 and 
Eya1 cross-regulate these upstream genes.  
 
The putative upstream regulators of Six1 and Eya1 can be basically categorised by their 
expression pattern in the early embryonic ectoderm into two groups: (1) TFs with 
ventrally restricted expression, predominantly in the non-neural ectoderm (epidermis) 
and (2) TFs with dorsally restricted expression predominantly in the neural ectoderm in 
Fig.1.1.   
 
These different TF expression domains are set up in response to neural induction during 
gastrulation. Prior to gastrulation all ectoderm of the embryo has non-neural character 
due to BMP signalling throughout the ectoderm. Neural inducing signals from the dorsal 
blastopore lip, however, inhibit BMP signalling dorsally (Pieper et al., 2012; Schlosser, 
2014; Stern, 2006; Litsiou et al., 2005; Maczkowiak et al., 2010; Schlosser, 2006). This 
together with other inductive signals establishes differences between dorsal and ventral 
ectoderm during gastrulation. Consequently, many TFs which are initially expressed 
throughout the ectoderm at blastula stages become dorsally or ventrally restricted. While 
at the beginning of gastrulation there is still wide overlap between dorsally and ventrally 
restricted TFs at the NPB, the degree of overlap becomes increasingly smaller during 
gastrulation (Fig.1.1.). This sharpening of boundaries partly due to the reciprocal 
repression between TFs (Schlosser, 2014; Oda-Ishii et al., 2005; Rogers et al., 2009b; 
Tucker et al., 2008). In the following sections I will briefly summarize what is known 
about the role of ventrally and dorsally restricted TFs at the NPB. 
 

1.3.1. Ventrally restricted TFs predominantly expressed in Non-Neural  
         Ectoderm  
 
Ventrally restricted TFs are encoded by AP2, Msx1, Vent2, Foxi1a, Dlx3 and GATA2, 
each of which has suggested to play some roles in the induction of PPE or NC domains 
at the neural plate border. AP2, Vent2 and Msx1 extend dorsally extended into the neural 
crest while the Foxi1a, GATA2 and Dlx3 do not. 
 
The AP2 transcription factor is expressed throughout the ectoderm in the early 
embryonic stages (Luo et al., 2003; 2002). AP2 is called activating enhancer binding 
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protein 2 alpha (Winning et al., 1991). This TF is not only expressed in the non-neural 
ectoderm but eventually its expression domain extends more dorsal, covering the neural 
crest along with Msx1 (Ahrens and Schlosser, 2005; Luo et al., 2003; Streit and Stern, 
1999). AP2 takes a role in the specification of neural crest via inhibition of prl3 and vangl1 
(Deichmann et al., 2015; Jaurena et al., 2015). Its role in the establishment of PPE was 
not clearly understood yet. Mutations in AP2 lead to branchiooculofacial syndrome 
(BOFS) and ectopic thymus (Tekin et al., 2009; Yu et al., 2009). 
 
Similarly, Msx1 is a homebox1 transcription factor, mostly expressed in the NPB, NC, 
neural fold and PPE in stage  15 to 17 of embryo (Bonano et al., 2008; Hong and Saint-
Jeannet, 2007; Khadka et al., 2006; T. Sato et al., 2005; Su et al., 1991; Monsoro-Burq et 
al., 2005; Xu et al., 1999). Msx1 plays an active role in craniofacial development, limb 
pattern formation, odontogenesis, and tumour growth inhibitions (Xuan et al., 2008). 
Msx1 acts as a repressor (Feledy et al., 1999; Monsoro-Burq et al., 2005; Tribulo et al., 
2003). In previous studies it has been shown that knockdown of Vent1/2 and Msx1 causes 
the expansion of the neural domain at the expense of non-neural ectoderm but there has 
been less information on how these genes affect epidermal and preplacodal marker 
expression (Monsoro-Burq et al., 2005; Tribulo et al., 2004; Plouhinec et al., 2013; Sander 
et al., 2007).  
 
Vent2 is a homebox2 transcription factor, mostly expressed in the early non-neural 
territory and epidermis (Ladher et al., 1996). It acts as a transcriptional repressor and is 
activated during early embryonic development by BMP signalling (Ladher et al., 1996; 
Riddiford and Schlosser, 2016; McLin et al., 2007; Meulemans and Bronner-Fraser, 2004; 
Karaulanov et al., 2004). It work as repressor for Wnt signalling in early stage embryos in 
the non-neural domain (McLin et al., 2007). Mutations in Vent2 transcription factor lead 
to bipolar disorder diseases (Greenwood et al., 2012). Whether Vent2 has any role for 
establishment of the PPE domain is poorly understood (Sander et al., 2007; Rogers et al., 
2008). 
 
Foxi1a, a forkhead domain transcription factor, is expressed initially throughout the 
ventral ectoderm but later in the posterior ectodermal part of Xenopus laevis. (Matsuo-
Takasaki et al., 2005; Collart et al., 2014). Foxi1 plays a very important role in the 
development of the cochlea, vestibulum and other aspects of sensory development 
(Rankin et al., 2011; Overdier et al., 1997; Navarini et al., 2014).  
 
 
Dlx3, the distal-less homeobox3 zinc binding transcription factor gene, is expressed 
throughout the ventral ectoderm in the early embryo up to stage 17 in Xenopus and later 
in the developing forebrain (Papalopulu and Kintner, 1993; Pieper et al., 2012; Schlosser 
and Ahrens, 2004; Walters et al., 2008). During later embryonic development, it plays a 
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central regulatory role in the development of ventral forebrain and a major role in the 
craniofacial patterning and morphogenesis. Mutations in Dlx3 causes an autosomal 
dominant condition, trichodentoosseous (TOD) syndrome and amelogenesis imperfecta 
with taurodontism.  
 
In early embryonic development,  previous studies have shown Dlx3 to play a very strong 
role in the ectoderm, where it acts as a competence factor for the induction of the PPE 
and cranial placodes (Feledy et al., 1999; Ishihara et al., 2008; Pieper et al., 2012; Schlosser 
and Ahrens, 2004; Zhang et al., 2014; S. Sato et al., 2012; Tribulo et al., 2012).  
 
The GATA2 zinc finger transcription factor is similarly expressed in the ventral ectoderm 
of Xenopus laevis (Betancur et al., 2011; Zon et al., 1991). GATA2 has essential roles in 
embryonic development and proliferation of haematopoietic and endocrine cell lineages 
(Kurzawski et al., 2010; Tipping et al., 2009). Recently,  GATA2 and the related TF 
GATA3 have also shown to be important as competence factors for PPE induction from 
the non-neural ectoderm (Kwon et al., 2010; S. Sato et al., 2012; Pieper et al., 2012). 
 

1.3.2. Dorsally restricted TFs predominantly expressed in Neural Ectoderm 
Territory 
 
Dorsally restricted TFs include Pax3, Zic1, Sox3, Hairy2. After gastrulation, these are 
expressed in the neural ectoderm including the NP and NC region in an early embryo. 
The neural plate later gives rises to the central nervous system i.e.  the brain and spinal 
cord. The neural crest is present in between the neural plate and the PPE and originates 
also from the NPB (Baker and Schlosser, 2005; Gong, 2014; Schuldt, 2013; Stern, 2006; 
Barembaum and Bronner-Fraser, 2005). Neural crest cells are migratory, migrate to the 
different parts of the embryo where they form various sensory and autonomic neurons, 
glia and secretory cells as well as cartilage and bone in the head (Baggiolini et al., 2015; 
Fish et al., 2011; Kraus et al., 2015; Plouhinec et al., 2013; Theveneau et al., 2013).  
 
During gastrulation many of the dorsally restricted TFs, which subsequently become 
restricted to neural plate and/or neural crest still extend further ventrally and overlap with 
the prospective PPE. They, thus, may play a role in the PPE from the common domain 
of neural plate border (NPB) (Fish et al., 2011; Ishihara et al., 2008; Luo et al., 2003; 
McCauley et al., 2010; Milet et al., 2013; Monsoro-Burq et al., 2003; Schlosser, 2015; 2006; 
Streit, 2004). 
	
The Pax3 transcription factor (Paired box transcription factor with homeodomain) is 
expressed throughout the lateral neural folds and neural plate border region of the 
embryo (T. Sato et al., 2005). Pax3 is a very important early induction factor for neural 
crest formation (Bae et al., 2014; Maczkowiak et al., 2010; Milet et al., 2013; Monsoro-
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Burq et al., 2005; Patthey et al., 2014; Plouhinec et al., 2013; T. Sato et al., 2005). It plays 
a critical role in the regulation of cell proliferation, migration, apoptosis, myogenesis and 
neural development (Abou-Elhamd et al., 2015; T. Sato et al., 2005; R. S. Sánchez and S. 
S. Sánchez, 2015; Schlosser, 2014; Plouhinec et al., 2013; Milet et al., 2013).  
 
Pax3 has an important role during embryonic development, and many mutations in Pax3 
lead to developmental deficiencies, i.e. craniofacial deafness hand syndrome, 
rhabdomyosarcoma 2, RMS2, Waardenburg syndrome (WS1) and WS3.  
 
The zinc finger transcription factor Zic1 is expressed strongly in the lateral neural plate 
and neural crest (Fujimi et al., 2006). Recent studies how that Zic1 plays a crucial role in 
early induction of NC (Jaurena et al., 2015; Ishihara et al., 2008; Jaurena et al., 2015; 
Plouhinec et al., 2013) and for other aspects of neural development. Aberrant Zic1 leads 
to medulloblastoma and child brain tumour (Aruga et al., 2010; Neilson et al., 2010; 
Ishihara et al., 2008; T. Sato et al., 2005; L. J. Wang et al., 2009; Yokota et al., 1996; Hong 
and Saint-Jeannet, 2007; Bae et al., 2014; Milet et al., 2013; Plouhinec et al., 2013). 
 
It has been shown that Zic1 is an early upstream gene of Six1 and Eya1 (Plouhinec et al., 
2013; Bae et al., 2014; Ishihara et al., 2008; Milet and Monsoro-Burq, 2012; Schlosser, 
2014) but it is still unknown how Zic1 functions during induction of PPE from the NPB 
region (Ishihara et al., 2008; Jaurena et al., 2015; Ishihara et al., 2008; Milet et al., 2013; 
Plouhinec et al., 2013; Plouhinec et al., 2013).  
 
The Hairy2b (Hes family bHLH transcription factor) transcription factor is expressed in 
the neural crest, anterior neural fold and neural ectoderm (Nichane et al., 2008b; Nichane 
et al., 2008a). It’s still unknown whether Hairy2b plays a role in the formation of the PPE. 
Hairy2b is (also called Hes4) helix loop helix transcriptional regulator. It regulates a 
variety of cellular activities i.e. such as growth, differentiation, apoptosis, angiogenesis 
and neoplastic transformation (Ellmeier et al., 1992; Turner and Weintraub, 1994).  
Mutation in this gene leads to serious consequences causing fibrodysplasia ossificans 
progressive (Higgins et al., 2009; Ellmeier et al., 1992). 
 
The Sox3 transcription factor is initially widely expressed in the ectoderm but becomes 
restricted to the neural plate during gastrulation making it useful as a marker for the neural 
plate (Ahrens and Schlosser, 2005; Schlosser and Ahrens, 2004; Pieper et al., 2012). A 
separate domain of Sox3 expression is found in the posterior PPE (Ahrens and Schlosser, 
2005). This transcription factor is involved in regulation of multiple aspects of embryonic 
development. It has a function as switch in neural development, Sox3 helps in the 
formation of the hypothalamus-pituitary axis and is required in the pharyngeal epithelia 
for craniofacial morphogenesis (Wong et al., 2007; Woods et al., 2005). Sox3 is of central 
importance for neural plate development (Dee et al., 2008; Muñoz et al., 2015). Mutations 
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of Sox3 cause mental retardation and X-linked pan hypopituitarism (Wong et al., 2007; 
Woods et al., 2005). It is not yet clear how Sox3 functions during placode induction and 
especially in the early formation of PPE from the NPB.  
 
FoxD3 is a neural crest specifier gene and its expression is confined to the neural crest 
making it a useful marker gene for the neural crest domain (Meulemans and Bronner-
Fraser, 2004). FoxD3 promotes the development of neural crest cells from neural tube 
progenitors. Its helps in the restriction process of NC lineage by suppressing the 
interneuron differentiations. (Hromas et al., 1993; Lef et al., 1996; Barembaum and 
Bronner-Fraser, 2005; Pieper et al., 2012). Mutations in FoxD3 cause serious auto-
immune diseases and cancers (Kubic et al., 2015; Zhao et al., 2014). It acts as transcription 
activator and repressor in embryonic development.  
 
1.4. Introduction to Gene Regulatory Networks 
 
To understand, how Six1 and Eya1 expression are established in the preplacodal 
ectoderm at the neural plate border, it will be necessary to understand the gene regulatory 
networks (GRN) that work at this neural plate border and to clarify the role of Eya1 and 
Six1 enhancers for the establishment of the panplacodal primordium.  
 
In this section, I address the importance of GRNs in understanding the evolution of 
development in general and briefly sketch its implications for understanding the evolution 
of the preplacodal ectoderm and cranial placodes. 
 

1.4.1. What is a Gene Regulatory Network? 

A gene regulatory network (GRN) is a collection of DNA segments that interact with 
each other indirectly (through their RNAs and transcription factors) and with other 
substances in the cell, thereby governing the rates at which genes in the network are 
transcribed into mRNA (Levine, 2005). In general, each of these mRNA molecules goes 
on to make a specific protein (e.g. transcription factor or other types of protein). In some 
cases, these proteins will be structural, and will be at the cell membrane or within the cell 
to give it particular properties. In other cases, these proteins will be enzymes, which are 
biological micro-machines that have catalytic functions. Other proteins serve only to 
activate other genes, and these are called the transcription factors. They are the main 
players in regulatory networks or cascades. And these transcription factors bind to the 
promoter regions at the start of other genes turning them on by initiating the production 
of another protein. Other transcription factors are inhibitory. This will result in a chain 
reaction of switching on and off several genes in the systematic path of making an organ 
or protein.  
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In multicellular animals the same principle has been put forward in regards of gene 
regulatory networks that control body shape (Davidson, 2010; Levine, 2005). The gene 
regulatory networks are like the silicon circuits of a computer motherboard which work 
in hierarchical triggering fashion switching on and off electron flow. Similarly, GRNs 
consist of circuits and sub-circuits of hierarchical genes and their subordinate genes. 
These GRNs play a major role in development of different body plans of metazoans 
(Davidson, 2010; 2002). Each GRN contains conserved information for the generation 
of a specific body plan or organ, and ensures its  heritability from generation to generation 
(Britten and Davidson, 1971; Davidson, 2002). 
 
1.4.2 Evolution of Gene Regulatory Networks by changes in Cis-regulatory  
         regions 
 
Gene regulatory networks and their role in the origin of new animal body plans were well 
studied in the model sea urchin by Eric Davidson, a developmental biologist at Caltech 
offering the most elaborate perspective on GRNs that control animal development.  
 
Davidson your outlines the principle of animal development as conceptual framework 
for understanding gene regulatory networks. In essence, “the animal body plan is 
developed by subdividing the embryo into territories, sub-territories and progenitor fields 
that will then form the final body of an adult” (Arendt, 2006). All these steps are 
accomplished by subdivisions of gene regulatory networks called sub-circuits that consist 
of small sets of genes and their cis-regulatory elements (Arendt, 2006). The highly 
conserved sub-circuits of transcription factors that have major functions in animal 
development are called kernels (Arendt, 2006; Davidson, 2010). These sub-circuits of 
transcription factors work together, and are activated one after another. Due to their 
central role for animal development, changes in kernels may lead to drastic deformations 
of animal morphology.  
 
Davidson your proposes the following scenario for the evolution of GRNs. In early 
metazoans with simple morphologies, GRNs would have comprised differentiation gene 
batteries that defined and shaped the limited number of cell types already present (left 
panel of Fig.1.6). In these old animals the differentiation gene batteries directly respond 
to the spatial cues. When complexity of the animal body plan increased, animal 
development was elaborated by a subdivision into various territories, which were 
specified via newly evolving GRN and its sub-circuits respectively (middle panel of Fig. 
1.6). These newly evolving sub-circuits of GRN are established upstream of the 
differentiation gene batteries. Later these new sub circuits adopted additional upstream 
transcription factors for its control resulting in the   intercalation of old GRNs between 
these new GRNs and differentiation gene batteries (Davidson and Erwin, 2006).  
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Fig. 1.6.  Outline of the evolution of gene regulatory networks involved in animal body plan 
formation. Left panel: old, simpler GRN batteries. Middle panel: newly complex body plan with 
new sub-circuits of GRN. Right panel: established GRNs with their newly recruited transcription 
factors (Arendt, 2006). 
 
1.4.2.1. Regulatory Apparatus in DNA 
 
Viewing animal or plant genomes, we may ask, “how much sequence information is 
required for the regulatory apparatus”, compared to the amount involved in formation of 
proteins (e.g. transcription factors). The question is how much variation in overall DNA 
content there is among species within the same phylogenetic clades. Interestingly, there 
is a ten-fold difference in genome size seen among insects, fish and amphibians and this 
was already know by the end of the 1960s (Britten and Davidson, 1971).  On the other 
hand the estimation of the amount of genetic information read out into the mRNA 
population of organisms of diverse genome size indicated early on that large difference 
in genome size are not reflected quantitatively in differences in total mRNA (Eric H. 
Davidson. et al, 1989). This shows that complexity of gene expression is independent of 
the size of genome across the species; this complexity of gene expression is also 
constrained across the species. In contrast, the total amount of non-coding sequences 
(intronic) and non-transcribed (intergenic) appear to vary relatively freely in animal 
evolution. 
 
In each generation, the animal body plan is newly formed by the activity of an inherited 
genomic regulatory program for development of the embryo. To understand this process, 
we need to determine the serial transcriptional activity in embryonic time and space, and 
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to analyze how changes of it lead to abnormality in the developmental process. The 
central genomic control units, which are responsible for any given developmental episode 
consist of the genes that encode the transcription factors required to direct these episodes 
at that particular time and location, and the cis-regulatory control regions of genes directly 
affected by these transcription factors. The cis-regulatory sequences determine in a 
combinatorial fashion which regulatory signal inputs will affect the expression of each 
gene and these are the hard wired functional linkages among the regulatory genes forming 
GRN sub-circuits (Davidson, 2010). 
 
These sub-circuits perform meaningful work, like working as logic gates, interpreting 
signals, or stabilizing a given regulatory state in a cell lineage (where "regulatory state" 
refers to the total set of active transcription factors in any given cell at that time).  
  
1.4.2.2. GRN Structure in Development and Evolution 
 
As with any functional control network, the structure of a developmental GRN decides 
its functionality. GRNs are inherently hierarchical: the networks, which determine each 
phase of development consist of subcircuits, and these subcircuits again consist of 
specific regulatory linkages of cis-regulatory transcription factor binding sites. As 
embryonic development progresses from one phase to another phase, it shows the serial 
sequential hierarchy of the gene regulatory network control system. At early embryonic 
stages, the function of the developmental gene regulatory network is to establish specific 
regulatory states in different spatial domains of the developing organism.  
 
A fundamental theme of GRN evolution is that most changes in the GRN structure are 
due to cis-regulatory changes. Change in GRN structure is a direct outcome of such cis-
regulatory changes. This will cause changes in the developmental process, and ultimately 
in the product of that process, the body plan (Davidson and Erwin, 2006; Douglas and 
Davidson, 2009; Wittkopp and Kalay, 2011). 
 
1.4.2.3 Cis-Regulatory Modules, Architecture and Evolution 
 
The regulatory architecture of the genome is sequence dependent because transcription 
factors recognize short DNA sequence motifs. These short DNA sequences occur 
individually at random in enormous number in the genome. However, many of these 
randomly distributed elements are not functional. Functional regulatory elements are 
often found in clusters. There are diverse transcriptions factors are recognized by these 
relative dense clusters of elements. These functional regulatory elements are called of 
“cis-regulatory modules” and control gene expression in time and space in conditional 
fashion. The term cis- (meaning "this side of") is commonly used, because the controlled 
gene is present on the same chromosome next to the cis-regulatory elements. Typically, 
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these cis-regulatory sequences are present in the vicinity of the controlled gene. The 
diffusible transcription factors are often referred to as the trans- (far side of) portion of 
the control system of that gene.  
 
The term cis-regulatory module has a functional significance: as consequence of the 
interaction of transcription factors with their clustered internal target sites, each cis-
regulatory modules responds to given regulatory states by producing a unique regulatory 
output. 
 
“Cis-regulatory modules” are classified into various classes. There are certain cis-
regulatory modules called “enhancers”. These cis-regulatory modules positively regulate 
gene expression at certain time. The “enhancers” can be located at some distance to the 
“promoter” to which the basal transcription apparatus (BTA) binds. Enhancer bound 
transcription factors must communicate directly or indirectly with this BTA by looping; 
therefore, the 3’ or 5’ orientation of enhancers with respect to the distant gene is 
unimportant. 
 
Other than that, there are various cis-regulatory elements that affect gene expression by 
direct activation of the basal transcription apparatus. Whereas other cis-regulatory 
elements work indirectly via interaction with separate, proximal cis-regulatory modules 
located close to the basal apparatus. Others cis-regulatory element function as 
“insulators” perhaps acting as physical domains within which only the appropriate 
enhancers can interact with a given gene (Adam and al, 2008; Yusfuzai et al, 2004). Some 
cis-regulatory modules work as silencers of gene expression of the target gene and its 
neighboring gene.  
 
The regulatory result of the cis-regulatory module informs the basal transcription 
apparatus in a direct or indirect fashion. These instructions determine whether the gene 
is to be silent or active. The output result leads to effects on other cis-regulatory elements 
in combination with other transcription factors, as this cis-regulatory element has multiple 
target binding sites for transcription factors. And these cis-regulatory elements are called 
“downstream” linkages, while the inputs to a regulatory gene are called “upstream” 
linkages. 
 
1.4.2.4 How Cis-regulatory Regions Function 
 
As the GRN structure is encoded in cis-regulatory sequences at its nodes, any changes in 
these sequences have a major potency to change GRN development and it’s structure 
and function. However, there are various kinds of cis-regulatory changes that affect 
function in different ways, from loss of function, to quantitative changes in function, to 
qualitative gain of function resulting in modulation of gene expression during formation 
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of body plan. Sometimes simple changes in cis-regulatory sequences lead to diverse 
consequences for the developmental process. 
 
The general genomic cis-regulatory region may consist of 1 or 5 modules that could be 
present inside the gene or in its vicinity. If these cis-regulatory modules are present in 
between the exons they are called intra-genic modules, whereas if they are present outside 
of the exon region in the vicinity of the gene they are called inter-genic modules.  
 
Examples are illustrated in Fig. 1.7. Here, Gene A consists of 3 exons in blue colour and 
has 5 cis-regulatory modules, where modules 1, 2, and 3 are present in the 5’ region of 
Gene A. Module 3 is in close proximity to exon 1 and the transcription starting site (TSS) 
site of the gene. Another module, module 5 is at the 3’ end of the gene and module 4 
between exons 2 and 3 (Fig. 1.7. A). 
 
Here, modules 2 and 5 (Fig. 1.7. B) start to work when they get input from transcription 
factors specific to their respective cell lineage, and from others operating a time and signal 
depending manner.  Fig. 1.7 C explains the target site distribution within these cis-
regulatory modules and in surrounding regions with red bars representing the DNA target 
site for specific transcription factor binding (Fig. 1.7.B). These cis-regulatory modules 
initiate transcription via a looping mechanism (Fig. 1.8)(Davidson, 2010). 
 

 
Fig. 1.7. Cis-regulatory modules of model Gene A (see text for explanation) (Davidson, 2010). 
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Fig.  1.8. Looping model for cis-regulatory modules (see text for explanation)(Davidson, 2010) 
 
Viewing the wealth of data on cis-regulatory elements active in development, four general 
operating principles can be highlighted under the conceptual frontline of cis-regulatory 
design, cis-regulatory logic processing, cis-regulatory repression and external cis-
regulatory communication. 
 
Firstly, one principle is the autonomous regulatory function produced by each cis-
regulatory module as the direct consequence of its own design, that is, of its identity and 
the arrangements of its transcription factor binding sites. 
 
Secondly, cis-regulatory modules generate negative as well as positive outputs (“repressive 
functions” versus “activating functions”). This is important, where modules work for 
regional specification processes in which they act on boundaries of regulatory domains 
that are frequently set and controlled by activation and repression. 
 
Thirdly, the result of each module can be considered the combinational product of 
multiple fundamental operations, which depend on the design of the module, which 
enables to carry out its operations. 
 
Fourthly, “cis-regulatory modules must interact with other regulatory elements and they 
must set in train sequential biochemical alterations that do not themselves include 
sequence specific DNA recognition” (Davidson, 2010), in order for the regulatory 
instructions they produce to be executed (Davidson, 2010). For example, enhancers have 
to interact with base transcription apparatus or the other elements that interact with 
apparatus to effect transcription. In general, a cis-regulatory element has its own 
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autonomous input information and the transcription factors providing this input are 
communicating with other proteins to affect gene transcription. 

 
1.4.2.5. Cis-regulatory Mutations and its Diverse Consequences 
 
There are two general kinds of genomic changes affecting cis-regulatory modules, A) 
internal changes affecting sequences within cis-regulatory modules and B) contextual 
sequence changes that alter the physical disposition of entire cis-regulatory modules.  

 
A) The loss or gain of a given target binding site for a transcription factor may lead to 
either loss of function or either gain of function of that gene, depending on whether the 
transcription factor has activator or repressor function. Sometimes, changes in internal 
sequences of cis-regulatory sequences will produce a quantitative effect only, e.g. due to 
acquisition of binding sites with different affinities to a transcription factor (Balhoff and 
Wray, 2005; Cameron and Davidson, 2009; Dermitzakis et al., 2003; Liberman and 
Stathopoulos, 2009; Ludwig. M. Z., 2011; Walters et al., 2008). In other cases, the overall 
spatial regulatory function of a cis-regulatory sequence remains identical, despite radical 
changes in its transcription factor binding sites. This was revealed, for example in a 
comparison of orthologous Otx cis-regulatory modules in distantly related ascidians 
(Oda-Ishii et al., 2005).  
 
The change in the intra-modular cis-regulatory sequence involving a quantitative gain and 
loss of target sites may result in co-option of the respective network node to a new 
temporal and spatial expression domain and thus in the alteration of GRN function. 
 
In contrast, many other cis-regulatory elements are known in which the order of closely 
packed target sites is conserved, even in lineages that have been evolving differently for 
350-450 million years (Elgar and Vavouri, 2008; Pennacchio et al., 2006; Rastegar et al., 
2008; Seipel and Schmid, 2005; Vavouri et al., 2007; J. Wang et al., 2009). 
 
B) The contextual (external) change in cis-regulatory modules is the major source of 
evolutionary change and redesign of GRN.  Translocation of cis-regulatory module is 
possible due to mobile elements, and it may change their functionality, due to spatial 
repression or activation function. Sometime this alteration of modules is due to their 
deletion, which causes an alteration of function. However, in some other cases 
evolutionary changes are due to the duplication of regulatory genes followed by division 
of function, which has been  important source of evolutionary novelty (Jimenez-Delgado 
et al., 2009). 
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Change of cis-regulatory sequences of these two kinds may be important causes of 
evolutionary gene regulatory network redesign.  
 
1.4.2.6. Evolutionary Innovation due to changes in GRNs 
 
The development of an organism needs the interaction of different multi-gene sub-
circuits of given topologies. However, the linkage between these subcircuits is flexible 
allowing for co-option of GRNs by gain of function or loss of function mutations in 
regulatory regions. Therefore, changes in regulatory sequences may have major effects. 
Focusing on closely related animals, as explained above (Fig. 2.1.), one single change in a 
cis-regulatory region may have very diverse consequences depending on the alteration of 
GRNs in time and space. This will have effects on the animal body plan as it develops 
from embryonic stages. The GRNs involved in body plan development are organized in 
a hierarchical fashion.  
 
This is shown in Fig. 1.9, where it is explained that embryonic pattern formation GRNs 
drive body part specific GRNs. These in turn control body part pattern formation GRNs, 
cell fate specification GRNs and ultimately differentiation gene batteries 
(DGB1/DGB2/DGB3)(Peter and Davidson, 2011).  
 

 
Fig. 1.9. Hierarchical structure of GRNs with respect to the embryonic pattern formation GRN 

(Peter, et al., 2011)  
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1.4.3 GRNs in Development and Evolution of the Vertebrate “New Head” 

1.4.3.1. Role of GRN in Vertebrate New Head 
 
The development of an animal body plan or an organ is controlled by large GRNs and 
hence evolutionary innovations in body plans or organs depends upon changes in the 
architecture of developmental GRNs (Davidson and Erwin, 2006). However, these 
GRNs are composed of different components that evolve at different times and in 
different ways. Any change in GRN structure will ultimately affect the terminal properties 
of that body plan as reflected in morphology (Arendt, 2006; Davidson and Erwin, 2006; 
Douglas and Davidson, 2009).  
 
Body shape or organ formation or formation of tissues result from the differentiation of 
multipotent progenitor cells. Formation of tissues or organs depends on asymmetric or 
symmetric cell divisions of these progenitors. Different cells of a tissue carry the same 
genetic information but what makes them different is which of their genes are activated. 
Which genes are switched off or on is controlled by the gene regulatory network (Arendt, 
2006). Understanding this gene regulatory network allows us to understand how a cell 
can adopt different cell fates (Arendt, 2006). Ideally gene regulatory networks show a flow 
of regulatory information from one cell to another through embryo development 
(Hinman et al., 2009).  
 
The vertebrates have a complex body plan, this is realized by a developmental process 
encoded in the regulatory properties of the genome. Therefore, changes in the genomic 
regulatory network will make changes in the body plan. With that it is clear that in order 
to understand the origin of vertebrate innovations we need to understand which changes 
occurred in its GRN (Davidson, 2010). Although all vertebrates have more and less the 
same conserved genetic tools, what makes a difference is the repertoire of gene regulatory 
networks which control the developmental process of various body plans (Davidson, 
2010). To solve the question of evolution of the vertebrate head or, more specifically, 
their preplacodal ectoderm requires to unravel the complete architecture of its GRN and 
cis-regulatory elements of Eya1 and Six1 at the neural plate border.  
 
This GRN analysis will tell us the exact consequences of differences in the use of these 
genes. To solve how the panplacodal primordium evolved requires to learn about changes 
in cis-regulatory elements. Looking at the upstream regulatory regions of Eya1 and Six1 
in vertebrates a comparing these with other chordates should enable us to understand 
how Eya1 and Six1 were recruited to the border of the neural plate for the establishment 
of the panplacodal primordium.  
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Similar studies have already been done in Ciona to understand the compartmentalization 
of the central nervous system by approaching the role of cis-regulatory elements (Imai et 
al., 2009; Nikitina et al., 2008).  
 
1.4.3.2. Evolutionary Innovation of Head GRN by changes in Cis-regulatory  
            Regions 
 
In animal evolution, the gain or loss of function of any part of the body plan of animal 
are due to genomic changes, although the change in phenotype may occur due to the 
simple change in their cis-regulatory sequences rather than in protein coding sequences. 
These evolutionary changes in GRNs result directly from qualitative gain or loss of cis-
regulatory regions (Ruvkun et al., 1991; Davidson, 2010). Importantly, gain of function 
in changes in cis-regulatory sequences act dominantly with fundamental consequences 
for evolution (Peter and Davidson, 2011). Any organism in which such a change had 
occurred in either the maternal or paternal germline would, if viable, become a clonal 
founder (Davidson and Erwin, 2010). 
 
The real potency of a cis-regulatory element gain of function mutation for altering the 
gene regulatory network structure is illustrated in Fig. 1.10. Here, the alteration of cis-
regulatory regions of Gene A sites leads to its activation in another domain2.  
 
Changes in cis-regulatory regions have immediate operational effects on GRNs because 
one gene may activate entire sub-circuits of a GRN, and thus may lead to expression of 
additional genes. Therefore, the final outcome of a gain of function mutation results from 
a chain reaction of gene and transcription factor activities as illustrated in Fig. 1.12 (Peter 
and Davidson, 2011). 
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Fig. 1.10.  Gain of function cis-regulatory changes and their consequences. A, Gene A has no 
change in its expression until and unless its changed its cis-regulatory sequences, which may lead 
to its activation in a new domain (domain 2). B, Potential consequences of co-opting gene A to 
domain2 (Peter and Davidson, 2011) 
 
Applied to the evolution of the vertebrate head, this suggests that by understanding the 
cis-regulatory elements of Eya1 and Six1, we should be able to gain insight into the 
regulatory network upstream of the panplacodal primordium. After knowing the cis-
regulatory elements, deletion and gain of function studies will clarify how cranial placodes 
are established at the neural plate border.  
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Fig. 1.11. Downstream effects of mutations in cis-regulatory regions on GRNs. Taken from 
(Peter and Davidson, 2011) 
 

1.5. Conclusion 
 
The mechanism of origin of animal cranial placodes or of other evolutionarily novel 
structures could be understood, if we were able to show how a simple change in the DNA 
sequence (e.g. of cis-regulatory regions of the Six1 and Eya1 genes) affected the 
architecture of GRNs underlying the development of these structures, (Peter and 
Davidson, 2011; Douglas and Davidson, 2009).  The evidence that comes to us from Evo 
- Devo comparisons of Six1 and Eya1 gene expression patterns and from detailed studies 
of cis-regulatory changes in the Six1 and Eya1 genes, could be integrated in a mechanistic 
way that could enable us to resolve the establishment of GRN in the preplacodal 
ectoderm (Shimeld, 2005). This would allow us to understand the evolution of the 
panplacodal primordium in vertebrates. This theory of evolution by change in gene 
regulatory network architecture also opens up a path to the experimental validation of 
evolutionary scenarios by analyzing the effects of synthetic changes GRN architecture. 
In conclusion, these GRN oriented approaches to understand genomic control over 
development promise a better understanding of the evolutionary origin of cranial 
placodes and the panplacodal primordium in vertebrates. 
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1.6. Aims of the Project 

 

The main aim of this PhD project was to analyse upstream regulators of Six1 and Eya1 
involved in the establishment of the preplacodal ectoderm (PPE) My particular interest 
is in the early induction of the PPE before the neural plate stage. My work also addresses 
Six1 and Eya1 cross regulation with upstream candidates. 
 
The first aim of the project was to study the role of candidate upstream regulators in gain 
and loss of function experiments. Both ventrally restricted (non-neural) and dorsally 
restricted (neural) transcription factor genes may play a role in the defining of the neural 
plate border zone. To understand the role of each of these TFs, I have used both loss of 
function and gain of function analysis of AP2, Msx1, Foxi1a, Vent2, Dlx3 and GATA2 
from the ventral part and Pax3, Zic1, Hairy2b, Sox3 and FoxD3 TF from the dorsal part 
of the ectoderm in my study. I investigated the role of each of these TFs for expression 
of Six1 and Eya1 in the PPE, FoxD3 in the neural crest domain and Sox3 in the neural 
plate domain.  In addition, I used gain and loss of function experiments for both Six1 
and Eya1 to understand how they cross-regulate these TFs. Taken together these 
experiments provided new insights into the GRN underlying the establishment of the 
PPE in early Xenopus embryos. 
 
The second aim of this project was to analyse cis-regulatory regions of Eya1. I first used 
comparative bioinformatic analyses (phylogenetic footprinting) to identify conserved 
noncoding sequences as candidate enhancer regions for Eya1. I then tested some of these 
using the restriction enzyme mediated integration (REMI) transgenic method. I also 
employed an alternative, unbiased approach to identify cis-regulatory regions using a 
series of deletion constructs of Bacterial Artificial Chromosomes (BAC) containing 
sequences near the Eya1 locus. This allowed me to identify several sequences containing 
enhancers that drive Eya1 expression in the PPE.  
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Chapter-2 Material and Methods 

 

2.1. Comparative Genomic Analysis of Eya1 

The comparative genomics analysis of Eya1 of Xenopus tropicalis was done by downloading 
the Eya1 sequences from the UCSC genome browser database. Subsequently. 320kbp of 
DNA sequences including the Eya1 locus and flanking sequences were analysed by using 
various bioinformatics tools that are available in public databases like ECR browser, 
VISTA browser and PipMaker. In addition, I have used another bioinformatics software 
for annotation and all bioinformatics work, that is Geneious version 7.1.9. 
 
2.1.1. UCSC Genome Browser  

The University of California Santa Cruz (UCSC) Genome Brower software, sequence and 
annotation data is a freely available database for use in scientific work (Fig. 2.1). I have 
used the UCSC Genome browser database to compare Eya1 gene sequences of different 
animal models that is Human, Xenopus, Chicken, Rat, and Mouse. This database provides 
all the sequence data of various modes for scientific studies. Here is the web link for this 
database https://genome.ucsc.edu.  
 

 
Fig. 2.1. UCSC Genome Browser Screenshot 

2.1.2. ECR Browser 

Evolutionary Conserved Region Browser (ECR Browser) provides multiple alignment 
and generates an evolutionary conservation profile for sequences of several animal 
models from vertebrates to invertebrates (Fig. 2.2).  
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This ECR browser is freely available for all type of multiple alignments of sequence data 
analysis. Here is the web link for this browser http://ecrbrowser.dcode.org.  
 
I have used the ECR browser for multiple alignment studies of Xenopus Eya1 sequences 
as base sequences with Human, Chicken, Rat and Mouse sequences for finding 
evolutionary conserved regions across the Eya1 coding region and its vicinity.  
 

 
Fig. 2.2. ECR Browser Screenshot 

 

2.1.3. VISTA Browser 

VISTA Browser is a program that has been used for comparative genome analysis. This 
is the best browser program database (Wittkopp and Kalay, 2011), which is freely 
available to the public. VISTA browser has two options to use for this genomic analysis. 
One for the submission of sequence data and another program for pre-existing data for 
the comparative genomic analysis.  
 
2.1.3.1. mVISTA – Analysis of own sequences by submitting to VISTA  
            Server 
 
I have used this mVISTA browser by submitting my own Eya1 (UCSC) gene sequences 
of five (Xenopus, Human, Chicken, Rat and Mouse) different species to the VISTA server 
(Fig. 2.3).   
 
Here is the web link for this VISTA Browser - 
http://genome.lbl.gov/vista/index.shtml  
mVISTA web link - http://genome.lbl.gov/vista/mvista/submit.shtml  
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Fig. 2.3. mVISTA Comparative Genomic Analysis Screenshot 

 

2.1.4. PipMaker and MultiPipMaker 

This is another bioinformatics tool for comparative genomic analysis to find out the 
conserved non-coding sequences across several species (Fig. 2.4). This program is more 
sensitive than the other programs due to its different algorithm. PipMaker and 
MultiPipMaker are the two programs for this comparative genomic analysis, PipMaker is 
for two alignment sequences studies, whereas the MultiPipMaker is a multiple species 
sequence analysis programme. I have used the MultiPipMaker program comparing five 
species sequences, viz. Human, Chicken, Xenopus, Rat and Mouse.  
 
Here is the web link to this program - http://pipmaker.bx.psu.edu/pipmaker/  

 

 
Fig. 2.4. PipMaker and MultiPipMaker Comparative Genomics Analysis Screenshot 
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Due to the large size of the Eya1 gene of Xenopus tropicalis and its vicinity sequences, the 
whole sequences ranging from 329710kbps were divided into 4 regions to run in the 
MultiPipMaker program as this program has a limitation of computing alignment of 
sequences as base sequences comparing to other species sequences. 
 
2.1.5. Eya1 Genomic Analysis with Full Annotation 
The comparative genomic analysis of the Eya1 gene and its flanking sequences of Xenopus 
tropicalis were done using the ECR browser, VISTA browser and PipMaker tools. Due to 
un-availability of Xenopus laevis annotated sequences at that time, I had to use Xenopus 
tropicalis sequences for phylogenetic foot printing studies. 
 
All the discovered Conserved Non-Coding (CNS) DNA sequences were aligned together 
to find common CNS that are found by each of these three bioinformatics tools. Total 
CNS found by the various tools were screened for the presence of binding sites to Dlx 
and GATA TFs (see section 2.2), as Dlx and GATA are upstream genes of Eya1 in 
Xenopus laevis (Pieper et al., 2012) (Fig. 2.5). A Conserved Non-coding sequences with 
binding sites to the transcription factors GATA1, GATA2, GATA3, AP2, Dlx3, Dlx5, 
are named as DGCNS. 
 
D = Represent Dlx3/5 

G = Represent GATA1/2/3 

 

 
Fig. 2.5. Eya1 coding region with conserved non-coding sequences in its vicinity based on ECR 
Brower (light green Colour), VISTA Browser (dark green Colour) and PipMaker Browser (pink 
Colour) 

The Eya1 coding region has 19-exon coding sequences region (red colour), which are 
annotated in Fig.2.1.5.1 with reference to the Ensembl coding sequences by the help of 
Geneious software. All the CNS were annotated accordingly to the conserved non-coding 
sequences identified by the respective browsers and also preferred naming of the CNS 
from 3’ UTR region to 5’ UTR region of the Eya1 gene (Fig. 2.5). 
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2.1.5.1. Geneious Software 

Geneious software (version 7.1.9) was used in all the bioinformatics analysis work as well 
as for annotation purposes in my project work (Kearse et al., 2012).  
 
2.2. Transcription Factor Binding Site (TFBS) Analysis for Eya1 
For analysis of Transcription factor binding sites (TFBS) to the CNS, there are a lot of 
bioinformatics tools and databases available. I have used mostly the ECR Browser, 
VISTA Browser and PipMaker Browser and their inbuilt TRANSFAC database attached 
to these respective browsers for TF binding analysis studies. Once we used these 
browsers to identify CNS’s, the next step was to find predicted TF binding sites within 
these.  
 
2.2.1. rVISTA Browser 
rVISTA is a bioinformatics program that is available for finding the TF that are binding 
to the predicted CNS region of a gene. This program is freely available in the VISTA 
Browser site. rVISTA works using the TRANSFAC database as backend analysis (Fig. 
2.6). This tool works in very simple way, by submitting the predicted CNS sequences 
along with their respective annotation sequences.  
 
During my TFBS analysis, I have used this program for finding a list of TFs predicted to 
bind to my CNS’s identified by ECR, VISTA and PipMaker Browsers. 
 
Here is the web link to this bioinformatics tool - http://rvista.dcode.org  

 
Fig. 2.6. rVISTA Comparative Genomic Analysis Screenshot 
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2.3. Genomic DNA Extraction from Xenopus laevis 

The genomic DNA was extracted from Xenopus laevis from the spleen and liver using 
Qiagen Kit (Cat. No.- 69582) spin column protocol. 
 
Frogs were anesthetised before they were subjected to dissection of its spleen and liver. 
After dissecting out the spleen and liver, 25 mg of liver and 10 mg of spleen tissue were 
weighed. Spleen and Liver tissues were cut into small pieces and a plastic Eppendorf and 
plastic pistil stick was used to smash the tissues properly. Tissues were then placed in a 
1.5 ml micro centrifuge tube and 180 µl of buffer ATL was added.  20 µl proteinase K 
was added and then mixed by vortexing. The tissue was then incubated at 56 0C until 
completely lysed. 
 
Quick spinning was used occasionally during the incubation or the sample was placed in 
a thermo mixer in a shaking water bath for gentle mixing. Lysis of both spleen and liver 
tissue was finished in a 1 to 3hr duration. The tissues were then vortexed again for 15min. 
200 µl buffer AL was added to the sample, which was mixed thoroughly by repeated 
vortexing.  200 µl 100 % EtOH was added and again mixed well before it was taken for 
purification. The samples were pipetted onto a DNeasy Mini Column and then 
centrifuged at 8000 rpm for 1min. The flow through was discarded and also the collection 
tube. The spin column was replaced with a new 2 ml collection tube and 500 µl buffer 
AW1 was added and centrifuged at 8000 rpm. The flow through and collection tube were 
both discarded. 
 
The spin column was again placed into a new 2 ml collection tube and 500 µl buffer AW2 
was added. Then it was centrifuged for 3 min at 14000 rpm and both the flow through 
and collection tube were discarded. The spin column was transferred to a new 2 ml micro 
centrifuge tube and 200 µl buffer AE was added for elution. After incubation for 1min at 
RT it was centrifuged for 1 min at 8000 rpm. The flow through was collected and 1 µl 
was taken for quantification of total genomic DNA collected from both spleen and liver 
tissue. The genomic DNA was quantified using a Nanodrop Machine ND1000 and a 1.2 
% agarose gel electrophoresis was run to confirm the DNA quantity and quality 
respectively. The standard solution and buffer used for the entire project was given in the 
Appendix A 
 
2.4. Molecular Biology Protocols 
2.4.1. PCR Reaction (Polymerase Chain Reaction for DNA amplification) 

I have used the high fidelity DNA polymerase Phusion Kit from Qiagen (Cat. No.-
M0530S). All the primers that were used for this program was included in the Appendix 
B. The standard PCR program and reaction mixture used for the entire project was given 
in the Appendix C. 
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2.4.1.1. Gradient PCR 

The gradient PCR method was used to optimise the PCR primer reaction affinity for the 
DNA inserts. In this gradient PCR reaction, I varied the annealing temperature of PCR 
reaction from 40 0C to 75 0C, ultimately for primer binding optimisation of PCR reaction. 
The detailed Gradient PCR program information is in the Appendix D. All the primers 
that were used for this program was included in the Appendix B 
 
2.4.1.2. Colony PCR 
Colony PCR was done for confirming the transformation of plasmids. In this method, I 
have taken a few single colonies from the bacteria plate for quick growth in 3 ml of LB 
media at 37 0C in a shaking incubator for 3 hr. Once the bacteria growth reaches an optical 
density (OD) of 0.4, they were taken into the PCR confirmation using the PCR program 
and the reaction mixture in the Appendix D.  
 
All the primers used for this program are included in the Appendix B. I have used the 
gradient PCR program for this colony PCR program to find the most optimised annealing 
temperature for colony PCR and all the information on gradient PCR are mentioned in 
the Appendix D. 
 
2.4.2. Plasmid Extraction from Bacteria 

The plasmid extraction was done by two ways; one was with Mini Prep protocol for small 
quantity of plasmid material for quick confirmation of right plasmid or sub-cloning 
confirmation. Whereas the Midi Prep protocol was followed to get a bigger quantity of 
cloned plasmid or only plasmid, once the plasmid is confirmed from the Mini Prep. 
 
The TELT Mini Prep protocols was used for small quantity DNA material, while for 
larger quantity either the Qiagen Midi Prep Protocol (Qiagen, Cat. No.-12143) or the 
Macherey Nagel NucleoBond Midi Prep Kit (Cat No – 740410.10) were used. 
 
2.4.2.1. Plasmid Extraction from Bacteria by Mini Prep Protocol 

The Mini Prep Protocol for the mini prep of bacterial culture is given below. The buffers 
and solutions used are mentioned on the Appendix A. 
 
The Mini Prep experiments involved picking a single colony and inoculating 10 ml LB 
containing the antibiotics required for the respective plasmid (ampicillin /kanamycin/ 
neomycin/ tetracycline/chloramphenicol) at a concentration of 100 µg/ml. The bacteria 
were cultured at 37 °C overnight on shaker. 1.5 ml of this bacteria culture were taken and 
centrifuged for 5min at 5000rpm. The supernatant was removed and discarded to the bin. 
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The pellets were re-suspended in the 100 µl TELT buffer and vortexed for mixing and 
10 µl lysocyme (10 mg/ml) was added to the pellet and incubated for 10 min at RT. Then 
the pellets with lysocyme were boiled at 100 °C (heating block or water bath) for 2 min 
in a perforated lid of Eppy. Once the pellets were boiled, they were kept on ice for 2 min 
for cooling. The cooled pellets were then centrifuged for 10 min at maximum speed of 
13,000 rpm. The supernatants were taken into new reaction tube and the pellets discarded 
with toothpick to the bin. 100 µl isopropanol was added to the supernatant and incubated 
for 10 min at RT. Then, the incubated supernatant was centrifuged for 10 min at 
maximum speed to precipitate the DNA pellet and the supernatant was removed. 
 
The DNA pellets were washed in 0.5 ml 70 % EtOH and again centrifuged for 5 min at 
1300 rpm and the supernatant was removed and the DNA pellets were dried inside a 
hood. Finally, the pellets were re-suspended in 50 µl DEPC-H2O. And the pellets were 
confirmed by running a 1.2 % 1x TAE agarose gel for the DNA quality. The 
quantification was done using NanoDrop ND100 Machine for its quantity and quality of 
the extracted DNA materials. 
 
2.4.2.2. Plasmid Extraction from Bacteria by Midi Prep Protocol 
Plasmid extraction from the Midi Prep was done in two ways, depending on the sources, 
e.g. from a bacteria stab culture or from filter paper. However, there is little difference 
between the Midi Prep protocols for both sources.  
 
The Midi Prep protocols from Qiagen (Qiagen, Cat. No.- 12143) and Macherey Nagel 
NucleoBond (Cat. No. 740410.10) were used for midi prep plasmid extraction. More 
detailed information for both protocols are given in Appendix H. 
 
2.4.2.2.1. Filter Paper Midi Prep Protocol 
I used this filter paper Midi Prep protocol for plasmids shipped from other labs as dry 
form on a filter paper. 
 
Filter Paper Midi Prep Protocol 
The filter paper containing the plasmid was cut out, transferred into reaction tube and 
cut into as many pieces as possible. 50 µl of 10 mM Tris pH8.5 (for 0.5-1 µg DNA) was 
added and after incubation for 5min was centrifuged 15 min at 15,000 rpm. 
 
The supernatant was taken into the bacterial transformation either by heat 
shock/Electroporation procedures following the transformation protocol (2.4.8.1.). The 
transformed bacteria were then given and plasmids extracted using the Midi Prep 
protocol (Appendix H). 
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2.4.2.2.2. Bacteria Stab Culture Protocol 

Bacterial stab cultures are shipped in solid agar media (2.5 % LB-Agar), which can’t be 
used straight for the Midi Prep protocol, to avoid any kind of contamination. Bacteria 
from stab cultures are first picked and transferred to a bacterial agar plate with the 
respective antibiotics on it. Once the bacteria colonies were developed on the bacteria 
plate one of the bacteria colonies was taken by a tooth pick for culturing in 5 ml of LB 
culture media including the respective antibiotic for overnight growth. Antibiotics were 
used in every step to avoid any kind of contamination from other bacteria. Once the 
culture has reached 0.4 to 0.6 OD, it was transferred to 100 ml of LB Broth containing 
the respective antibiotic overnight growth. Finally, the overnight culture was subjected to 
the Midi Prep protocol. 
 
Two kits were used for the Midi Prep purpose, with a little modification of the kit 
protocol, by replacing the last re-suspension of DNA pellet into RNase FREE water 
(HyClone, Cat. No.- SH30538.01). For information on the Midi Prep protocols for both 
kits, refer to Appendix H. 
 

2.4.3. DNA Digestion with Restriction Enzyme 

The standard 50 µl units of the reaction mixture were prepared by adding 10 µl 
Plasmid/Inserts (at conc. of 1 µg/µl) into an Eppy and then adding 5µl of restriction 
enzyme A, 5µl of restriction enzyme B and 30 µl ddH2O. After mixing the reaction 
mixture was left at 37 0C for several 2 to 3 hours or overnight. 
 
Sometimes, single restriction enzymes were used for the restriction digestion followed by 
another enzyme to avoid enzyme compatibility in the digestion process. Once the 
restriction digestion reaction was completed, the digested plasmid and inserts were taken 
into purification using the RT-PCR purification Qiagen kit to clean the reaction mixture. 
Sometime, heating up to 65 0C or 80 0C deactivated the restriction-digested mixture 
before using it for other experiments. The restriction digestion was confirmed by running 
1.2 % agarose gel electrophoresis. Once the restriction digestion was confirmed, the 
plasmid and insert were taken into the ligation reaction (2.4.4.). 
	

2.4.4. DNA Ligation 

In the DNA ligation process plasmid DNA and insert gene of interest are ligated or joined 
together using the T4 ligase enzyme (NEB, Cat. No.-M0202S).  
 
The insert gene of interest was used at approximately 2 to 5x times the concentration of 
the plasmid for this ligation reaction. For best results, the insert was used at relatively 
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higher concentration for small inserts (1:5 ration of Plasmid: Insert) compared to larger 
size inserts. 
  
The T4 ligase was used for blunt or staggered ends for this ligation reaction mixture. The 
ligation reaction mixture was set up by adding 1 µl eluate of target plasmid into a new 
Eppy and then 2 to 5 µl eluate of insert was added.  Finally, 1 µl T4 ligase and 1 µl T4 
buffer were added followed by adding 10 µl with ddH2O. Then the reaction mixture was 
left at 16 0C or 18 0C for overnight in an incubator. The ligation reaction was confirmed 
by running a 1.2 % agarose gel electrophoresis and was also confirmed by PCR. 
 
2.4.5. Gel Electrophoresis 
 
1X TAE (Tri Acetate EDTA) agarose gel electrophoresis was used for the confirmation 
of DNA sizes and also for the gel extraction protocol. For normal DNA confirmation, I 
have used 1.2% gel and for gel extraction, I have used 0.5 % - 1 % gel respectively. 
 
0.5 % gel (0.25 g of agarose), 1 % gel (0.5 g of agarose) and 1.2 % (0.6 g of agarose) was 
used for 1x TAE agarose gel electrophoresis following the below protocol.  
 
Standard 0.5 % Gel Electrophoresis (Single Gel) 

0.25 g of Agarose was added into 50 ml of 1X TAE Buffer and mixed well. The mixture 
was heated inside the microwave oven for 1 to 2 min till the agarose was fully melted. 2 
µl SYBR Green (Invitrogen, Cat. No.- S5763) was added into the melted agarose buffer 
once the melted agarose was hand warm. 
 
Then the 50 ml agarose gel buffer was poured into the gel stacking rack until it became 
solid. After solidification of the gel, the stacking gel was put into the gel running chamber 
along with 1X TAE buffer as running buffer. Then the 1 Kb DNA ladder (Fisher, Cat. 
No.- SM0311) was added into the first lane as control or gene ruler and samples are 
loaded into the other lanes. 
 
Once the DNA ruler and samples are loaded into the gel (1:5 ratio of loading SYBR), the 
standard voltage and current were run through it to finish the electrophoresis. The 
standard gel running time is 40min; voltage is 90 V and current is 500 mA. 
These above parameters were adapted depending on the sample. For big sized 
DNA/RNA, I used high percentage gels (like 2% or 3%).  
 
Once the agarose gel electrophoresis was finished, the gel was taken for GelDoc (2.4.5.1). 
Sometimes, the agarose gel is taken into gel extraction process (2.4.7). 
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2.4.5.1.  Taking Picture of Gels by GelDoc 

The GelDoc Machine was switched on and camera was left on for warming the camera 
lens. The program Fluorchem was opened and the gel was put on to the tray. Filters were 
switched to 302 nm (Filter 2) for SybrSafe and images acquired in Fluorschem. 5 seconds 
time was set for the trial picture; zoom and focus were adjusted manually on camera.  
 
2.4.6. DNA purification by RT-PCR Purification  
 
DNA purification has done using the Qiagen RT-PCR purification Kit (Qiagen, Cat. No.-
28104), but using the nuclease free water (HyClone, Cat. No.- SH30538.01) instead of 
the elution buffer for the elution of DNA samples.  
 
250 µl buffer PB was added to 50 µl restriction reaction/samples DNA and mixed well 
by quick vortexing or pipetting up and down. The DNA sample was then applied to spin 
column, the column was spun for 1 min, and then the flow through was removed and 
discarded. The spinning was done at maximum speed of 12,000 rpm. 
 
After the spinning, 750 µl of buffer PE was added for another spinning for 1 min and 
the flow through was discarded. Once again the spin column was put back into the same 
tube and spun for another 1min, to remove the rest of the flow through. Finally, the spin 
column was transferred to collection tube for eluting DNA with 40 µl nuclease free water.  
 
Then, the collected samples are taken into qualitative and quality tests by running 1.2 % 
gel electrophoresis and testing concentration with a NanoDrop ND1000 Machine. 
 
2.4.7. DNA extraction by Gel Extraction  
For DNA extraction by gel extraction kit, Qiagen Kit (Qiagen, Cat. No.-28706) was used. 
by the process of DNA extraction, we take out the correct sized DNA samples from the 
0.5% agarose gel.  
 
The entire DNA sample was run on a large 0.5% agarose gel following protocol (2.4.5.). 
Proper DNA bands were cut out from the gel slab and taken into Eppendorf. The cut 
out DNA bands were then weighed (weight in mg = approx. volume in µl). 
 
Three volumes of the buffer QG were added in gel ban and heated at 50 °C for 10 min 
until the gel was dissolved by shaking it every 2 min. After the gel was completely 
dissolved, 1 volume of isopropanol was added and mixed well. The mixture was applied 
to Qiagen quick spin column and centrifuged at 10,000 rpm for 1 min. 
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The flow through was discarded and then 0.5ml of buffer QG was added and then 
centrifuged again at 10,000 rpm for 1min. 
 
Then the spin column was washed with 0.75 ml buffer PE, incubated for 3 min and then 
centrifuged at 10,000 rpm for 1 min. The flow through was discarded, centrifuged again 
at 10,000 rpm for 1min to remove all the rest of PE buffer.  
 

Elution was done with typically 30 µl nuclease free water. The spin column was incubated 
for 1 min and then centrifuged at 10,000 rpm for 1min. The sample was checked for 
quality and quantity using NanoDrop ND1000 and then stored at 4 0C or in -20 0C. The 
amount of Nuclease Free Water depended on the gel band size, if the band is strong then 
it is recommended to elute with 30µl, otherwise with 15 – 30 µl. 
 
2.4.8. Bacterial Transformation 

I have used 2 ways for the transformation of plasmids and BAC DNA. The heat shock 
method was used for the normal plasmid transformation and the electroporation method 
was used for larger BAC DNA. 
 

2.4.8.1. Transformation by Heat Shock 
 
The competent bacteria (Stratagene XL1 Blue competent cells, Cat. No.- 200249) were 
thawed and 100 µl aliquots distributed into sterile Eppy and kept on ice. Approx. 1 µl-5 
µl ligation reaction or plasmid solution were added to 100 µl of competent bacteria and 
mixed well by pipetting up and down.  
 
1.7 µl of 1.42 M β-mercaptoethanol was added and mixed well. The mixture was 
incubated 10 min on ice; gently shaking the mixture in every 2 min. 2.5 µl of interest 
plasmid was added and incubate 30min on ice. 
 
Heat shock was given to the bacteria for 45 second at 42 0C (no longer) using a preheated 
thermal block and they were then transferred to the ice for 2 min. 900 µl LB media was 
added and the bacteria were left in incubator for recovery at 37 0C for 30-60 min. The 
recovered and grown bacteria were then taken for bacteria platting following the protocol 
(2.4.8.3.). After overnight growth of the bacteria plate at 37 0C in an incubator Bacteria 
colonies were checked the next day.  
 
Once enough colonies were grown on the plate, few of them were taken into a preliminary 
screening of whether the cloning was successful or not. In a preliminary test, colony PCR 
was used for screening colonies. Once the colony PCR was confirmed, they were taken 
to TELT Mini Prep for further confirmation. 
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Transformation was confirmed by colony PCR and 1.2 % gel electrophoresis. Once the 
colony was confirmed, the bacteria colony was subjected to Midi Prep or Mini Prep. 
 

2.4.8.2. Electroporation (Transformation) 

The electroporation method of transformation was done for BAC DNA, due to its 
large size DNA, which is not suitable for transformation by heat shock. 
 
I have added approx. 1 µl – 5 µl ligation reaction (BAC DNA concentration was 100-200 
ng/µl) to 80 µl of electro competent bacteria (SW102/EL250) and mixed slowly by 
pipetting up and down. The mixture was transferred into the ice-chilled cuvette (Bio Rad, 
Gene Pulser Cuvette Cat. No.-165-2086).  
 
The cuvette was kept for 5min on ice before the bacteria were transferred into it. The 
electroporator machine was made ready using the following parameters: Voltage-2.5V, 
Capacitance -25 and Resistance low range 230-250, high range -500Ohm. 
 
After giving an electric shock for one pulse (5 seconds), 900 µl of LB media without any 
antibiotics was added to the cuvette and mixed properly using long tip plastic sterile 
pipettes. The same culture was transferred to a new Eppy and incubated for 1hour at 30 
0C incubator.  
 
After 1 hour of incubation the bacteria cell is spinned down (Settle down in the 
Eppendorf tube) and plated onto LB agar plates with respective antibiotics added. The 
bacteria plate was kept in the incubator upside down at 30 0C for overnight. 
 

2.4.8.3. Plate Bacteria 

Bacteria plating is necessary to grow the correct antibiotic resistance bacteria. The bacteria 
plates were formed by adding 3.75 g of LB-Agar into 100 ml of ddH2O and then the agar 
media was autoclaved. Once the LB-Agar media is ready from the autoclave, then 
respective antibiotics were added and mixed properly by slowly stirring. Plates were then 
poured into big petri dishes inside the bacteria hood.  
 
Two plates were prepared and labelled for a single plasmid. Once the bacteria were 
transformed with respective plasmid and also have grown in LB media for 45min to 1hr 
in the incubator, they were ready for plating. 
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100 µl of recovered bacteria were taken onto one bacteria plate and spread with sterile 
tools (e.g. glass spreader, dipped in 70 % EtOH and flamed) and then incubated in the 
incubator at 37 0C upside down for overnight. 
 
The remaining 900 µl of recovered bacteria were centrifuged for 8min at 7000 rpm, the 
upper 800 µl LB media were removed, the bacteria re-suspended in the remaining 100 µl 
and plated on the second bacteria plate by spreading in sterile tool, incubating overnight 
at 37 0C. 
 
Once the colonies were grown on the next day, they were screened by PCR method and 
then taken into the Mini Prep or Midi Prep. 
 
2.4.9. Making of Competent Bacterial Cells for transformation 

The competent bacteria cells that are used for the transformation were made in the lab 
using my own protocol. The competent cells that, I have used for all the transformation 
work during my project is XL-Blue (Stratagene XL1 Blue competent cells, Cat. No.-
200249). 

Protocol for Making Competent Bacterial Cells  

The XL1 blue bacteria were streaked out on a LB agar plate with tetracycline as antibiotic 
and grown overnight at 37 0C. One of the single colonies was inoculated into 300 ml Luria 
Broth (LB) media. The bacteria were grown approx. 6 hours to an OD of 0.4-0.5; OD 
was checked by NanoDrop ND1000 machine. 

50 ml of bacteria media was taken into a falcon tube and centrifuged at 4 0C, 7000 rpm, 
for 15 min. 50mM CaCl2 was cooled on ice before using it for further experiments. 10 ml 
of 50 mM CaCl2 was added to each falcon tube and mixed well by drawing up and down 
pipette.  

20 ml of 50mM CaCl2 were added into each of two of the falcon tubes and these were 
centrifuged at 4 0C, 5000 rpm, for 10min and put on ice. Then the supernatant was 
discarded and 4 ml of 50 mM CaCl2 was added to one of the tubes.  

The re-suspended bacteria were transferred to the second falcon tube and then transfer 
the same to the third tube without adding further CaCl2, pooling all bacteria into a single 
falcon tube. 

Finally, adding cooled 15 ml tube and 50 mM CaCl2 was added to bring total volume to 
5ml and then incubated on ice for 1 hour. 
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Lastly, 5 ml of 50 mM CaCl2 containing 40% glycerol was added and pipetted up and 
down. 100µl of the finally prepared, competent bacteria were dispensed into aliquots, 
flash frozen in liquid nitrogen and stored at -80 °C. 
 
2.4.10. mRNA Synthesis for Microinjection 

The synthesis of mRNA was done using the Ambion mMessenger Machine Kit 
(Ambion, Cat. No.- AM1340). This mRNA was used for the microinjection into Xenopus 
embryos. The mRNA was synthesized following the below protocol. Before mRNA 
synthesis, the target plasmid was linearized by the appropriate restriction enzymes. 
 

2.4.10.1. Linearization of Plasmid by Restriction Digestion Process 

10 µg of plasmid (e. g. 10 µl for 1 µg/µl) was taken into an Eppy and 5µl restriction 
enzyme was added. For some restriction enzymes, 0.5 µl BSA was added to the 
enhancement of the restriction enzyme digestion process. 
 
5 µl of restriction buffer was added to the above mixture and 40 µl of ddH2O was also 
added, mixed well in pipetting up and down. 
 
Incubated the reaction mixture in 37 0C overnight or at least 2 hr depending on the 
restriction enzyme. Once the restriction enzyme digestion was over, the linear plasmid 
was purified by RT-PCR purification using the protocol (2.4.6.). 
 

2.4.10.2. mRNA Synthesis Reaction Mixture 

The mRNA synthesis reaction mixture was prepared using the below protocol. 

20 µl Reaction Mixture for 1 µg of Linearized Plasmid 

3 µl linearized and purified plasmid (0.33 µg/µl) was taken into a 1.5 ml Eppendorf. 3 µl 
nuclease free H2O (adjust, if different volumes of plasmid are used, to bring total to 6 µl) 
was added into the above Eppy.  

2 µl 10x transcription buffer was added into the above reaction mixture Eppy and 10 µl 
2xNTP was also added. 2 µl RNA polymerase (SP6, T7 or T3 – depend on the plasmid) 
was added, mixed well by pipetting up and down, and also spun briefly. 

The above reaction mixture was incubated for 2 hours at 37 0C. Once the synthesis 
process was over, 1µl DNAseI was added into the mixture and incubated for 15min at 
37 0C. 

Finally, using the RNeasy Qiagen Kit (Qiagen, Cat. N0. - 74104) the mRNA was purified 
using the protocol (2.4.11.). 
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2.4.11. Purification of mRNA by Qiagen Kit 
 
The mRNA purification was done using the Qiagen Kit (Cat. N0. - 74104) with a little 
modification in the protocol, using RNase free warm H2O for the elution of mRNA for 
maximising elution product. Nuclease free H2O was added to the mRNA synthesis 
mixture to bring the volume to 100µl and mixed well (adding approx. 79 µl nuclease free 
H2O). 350 µl of buffer RLT was added into the above mixture and mixed well. 
 
250 µl of 100 % EtOH was added and mixed well by pipetting the above mixture. The 
above reaction mixture was applied to the RNeasy column, spun for 15 seconds and the 
flow through was discarded. The column was transferred to a new collection tube, 500 µl 
of buffer RPE was added, and centrifuged again for another 15 seconds and the flow-
through was discarded. 500 µl of buffer RPE was added and spun for 2 min, the flow-
through was discarded. 
 
The column was transferred again to a new collection tube and centrifuged for 1min, 
discarding the flow through and the collection tube. The column was transferred to a 
collection tube for final elution. Elution was done with up to 30 µl RNAse free water by 
spinning for 1min. The volume of RNase free water used ranged from 15 -30 µl, to get 
high concentration of mRNA. Most of the time I used 20 µl warm RNase free water for 
the elution. I measured the concentration of the collected samples by using a Nano Drop 
ND1000 Machine and diluted to the desired concentration by using RNase free water. 
 

2.5. PCR Based Cloning 

Conserved Non Coding (CNS) DNA sequences from the Xenopus laevis genome were 
cloned by PCR based cloning. The cloning process was done with a standard PCR 
method and sub cloning methods. During this cloning process, the gene of 
interest/interested DNA sequences was simply copied or amplified from the genomic 
DNA using the PCR methods. Once the gene or DNA sequences were amplified, using 
specifically designed primers containing restriction sites, the sequences were sub-cloned 
into a plasmid by sub-cloning process with a simple DNA restriction enzyme digestion 
and DNA ligation process following the protocol explained above (2.4.3.) and (2.4.4.). 
 

2.5.1. Sub-Cloning of Insert (DGCNS) to Vector with GFP Reporter  
          Construct 
 
This sub-cloning process involves joining the genes of interest or DNA sequences that 
were copied or amplified by the simple PCR method with a reporter sequence. In this 
sub-cloning process, restriction enzymes were playing a major role to ensure proper 
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orientation of the insert during the ligation process. Both insert and plasmid have 
corresponding restriction enzyme cuts at both ends to keep the insert in the right 
orientation inside the vector plasmid using the protocol (2.4.3.). The restriction digestion 
was done in insert and vector with restriction enzyme A on 3’ UTR side, 5’ UTR was cut 
with restriction enzyme B for both insert and plasmid to keep the right orientation of the 
insert inside the plasmid. Once the restriction digestion of both insert and plasmid was 
done, the DNA ligation method was used to join both ends of the insert into the plasmid 
by ligation process following the protocol (2.4.4.). For more information, a list of 
plasmids and restriction enzymes used are given in Appendix K. 
 
2.5.2. Sub-Cloning of Genes into GFP Plasmid 
2.5.2.1. Sub-Cloning of Hormone Inducible Gene (GR) to pCS2 Plasmid 

In the sub cloning process, the hormone inducible glucocorticoid receptor (GR) was 
taken out from the other (pT7Ts) plasmid by restriction digestion process, using the 
double digestion process. The two restriction enzymes were used for the double digestion 
on both sides of the GR domain for making them perfect joining sites for the target 
plasmid.  
 
Sometime, I have used the PCR method for getting the GR insert by simple amplification 
of the insert using specific primers. In this process, I have used two primers (forwards 
and reverse) having one restriction enzyme sequence on their 5’ UTR site of the forward 
primer and another restriction enzyme sequence on the reverse primer's 5’ UTR. Having 
different restriction sequences on forward and reverse primers, the insert amplified by 
PCR also has these restriction sites, which was very convenient for the ligation into 
another plasmid. When, the GR Insert was ready from the double restriction digestion or 
from the PCR amplification method, the target plasmid pCS2+ was also restriction 
digested with the same restriction enzyme to allow perfect joining with the GR insert. 
 
Finally, the GR Insert and restriction digested pCS2+ plasmid was taken into the T4 
ligation reaction following the protocol (2.4.4.). The sub-cloned pCS2+ plasmid was 
confirmed by running a 1.2 % agarose gel (Protocol 2.4.5.) and also by PCR confirmation 
method (Protocol 2.4.1.). For more information on the GR and pCS2+ plasmid see 
Appendix K. 
 
2.5.3. Sub-Cloning Confirmation by Sequencing 
 
The sub-cloned plasmid constructs were checked and confirmed by PCR and 1.2% 
agarose gel electrophoresis. Apart from that, all sub-cloned plasmid were sent for 
sequencing to LGC Genomics(http://www.lgcgroup.com/our-science/genomics-
solutions/ - .VsHh58c3RtI). The sequences were analysed in the Geneious Software 
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(Bioinformatics Software). For more detailed information on sequence confirmation see 
Appendix J. 
 
2.5.4. List of All Primers for Cloning 
List of all the primers that are used for the PCR based cloning process of CNS sequences 
from the genomic DNA of Xenopus laevis are given in the Appendix B. A list of the 
primers that were used for the sub-cloning and PCR confirmation method are also given 
in Appendix B. 
 
2.6. Restriction Enzyme Mediated Integration Transgenesis (REMI) 
This Restriction Enzyme Mediated Integration transgenesis (REMI) method was used for 
transgenesis of Xenopus laevis in my cis-regulatory elements studies. REMI method was 
based on the lab protocol from Prof. Nancy Papulopulu (Love et al., 2011). with little 
modification. This protocol has three major sections. They are Preparation of High Speed 
Egg Extract for REMI Transgenesis (2.6.1.), Preparation of Sperm Nuclei (2.6.2.) and 
REMI Transgenesis (2.6.3.). Full Schematic diagrammatic steps of the REMI method and 
its working principle was mention in the Fig. 2.8. 
 
2.6.1. Preparation of High Speed Egg Extract for REMI Transgenesis 
This high-speed egg extract method was used for extracting the pure cytoplasmic extract 
from Xenopus laevis eggs for the transgenesis.  Before starting the high-speed extraction 
process, many buffers and solutions need to be prepared. These are given in Appendix 
E. 

 
Fig. 2.8. Full Schematics Map of REMI Transgenic Method (Kroll and Amaya, 1996). 
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2.6.1.1. Preparation of High Speed Egg Extract 
 
Few important points for this high-speed egg extract protocol were mentioned in the 
Appendix F.  
 
Preparations before Starting High Speed Extract:  
 
8-12 female adult X. laevis were primed about 5 days prior to induction of egg laying by 
injecting 50 U of human chorionic gonadotropin hormone (HCG) into the dorsal lymph 
sac of Xenopus. The evening before the extract preparation, each frog was injected with 
700 to 800 U HCG and two frogs were placed into containers containing 2 liters 1X 
MMR. Since one frog with lysing or activating eggs can compromise the whole extract 
preparation, I have separated the frogs into pairs for ovulation. The frogs were then 
placed at 18-19 0C overnight before the 12-14 hours of high speed egg extraction. On the 
next morning the egg quality from each container was screened before mixing all the eggs 
and starting the extract preparation. All the eggs released from a frog, which lays mottled, 
lysing or dying eggs, was left out of the extract preparation. 
 
All the solutions were prepared before beginning the extract preparation since the 
procedure should be carried through all steps promptly once it is initiated; optimally, the 
high-speed spin should begin within 45-60 minutes of de-jellying the eggs.  
 
Overnight the frogs should have laid eggs into the 2 liters of 1X MMR. The high salt in 
1X MMR should keep the eggs un-activated and healthy. I manually expelled any 
remaining eggs from each frog into the 2 liter of 1X MMR. The frog eggs were transferred 
from each container into separate 500 ml beakers containing around 50 ml of 1X MMR. 
If any of the eggs look unhealthy, they were eliminated from the preparation process as 
those spoil the entire experiment. 
 
Making High Speed Egg Extract 
 
As much as possible MMR was removed from the eggs. The eggs were de-jellied with 2 
% cysteine in XB (Extract Buffer, XB) salts at pH 7.8. A small amount of the cysteine 
was added first time, the eggs were swirled, and cysteine was partially replaced with fresh 
cysteine several times during de-jellying process. De-jellying should be performed 
separately for different batches of eggs and batches, which show breakage, or egg 
activation during de-jellying should be discarded.  
 
Once the eggs from all the batches have been de-jellied, the remaining good eggs are 
pooled and washed thoroughly in XB (with HEPES/sucrose). I have used about 125 ml 
for each wash and repeated the same wash for 4 times. Washed eggs were kept in CSF-



	 61	

XB with protease inhibitors. I did two 35 ml washes to the eggs.  The wide-bore Pasteur 
pipette was used for the transfers of eggs into Beckman ultra-clear tubes (centrifuge 
tubes). For these volumes, I typically used 14X95mm tubes and removed as much CSF-
XB as possible from the ultra-tubes.  
 
The first spinning was done in a clinical centrifuge at room temperature for about 60 
seconds at 1000 rpm (150 G) and then 30 seconds at 2000 rpm (600 G). Eggs were packed 
after this spin, but unbroken. I have removed the excess CSF-XB and then balanced the 
tubes before again taking them for the next centrifugation step. 
 
The next spinning was done in rubber adapters for 10 minutes at 10,000 rpm at 2 0C in 
Sorvall HB-4 or similar swinging bucket rotor to crush the eggs. Now the eggs were 
separated into three layers: lipid at top, cytoplasm at center, and yolk at bottom. The 
cytoplasmic layer was collected from each tube with an 18-gauge needle by inserting the 
needle at the base of the cytoplasmic layer and withdrawing it very slowly to avoid any 
mixing of other layers. The cytoplasm was transferred to a fresh Beckman tube on ice. 
After a second spinning to this extract, it was looking like golden colour no matter what 
was the colour pigment of the eggs.  
 
The volume of extracts was estimated and the appropriate amount of protease inhibitors 
were added to the isolated cytoplasm (230 µl of 10X Protease inhibitors for 2 ml of 
cytoplasm, 1 Protease Tablet/Pill in 10 ml of RNA free Water). The cytoplasm was then 
re-centrifuged in Beckman tubes for an additional 10 minutes at 10,000 rpm to clarify, 
again using a swinging bucket rotor. The clarified cytoplasm was collected as before. The 
expected amount of cytoplasm was 0.75-1 ml per batch of eggs collected from one frog.  
 
To the above cytoplasm 1/20th volume of the ATP-regenerating system (Energy Mix) 
was added. The clarified cytoplasm was transferred into TL100 tubes, thick wall 
polycarbonate tubes. Each tube holds about 4ml and was half full. 
 
CaCl2 was added to each tube to a final concentration of 0.4mM; this inactivates CSF 
(Crude Cytostatic Factor) and pushes the extract into interphase. Then the mixture was 
incubated at room temperature for 15 minutes, and then balanced for the high-speed 
spin.  
 
The spinning of the tubes was done in a Beckman tabletop TL-100 ultracentrifuge in a 
TL100 rotor (fixed angle) at 70,000 rpm for 1.5 hours at 4 0C.  The cytoplasm was 
fractionated into four layers again, top to bottom: lipid, cytosol, 
membranes/mitochondria, and glycogen/ribosomes. The cytosolic layer was removed 
from each tube (about 1 ml if 2-3 ml was loaded into the tube) by inserting a syringe into 
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the top of the tube through the lipid layer. This fraction was transferred to fresh TL-100 
tubes and spinning was done again at 70,000 rpm for 20 min. at 4 0C.  
 
Finally, the high-speed cytosol supernatant was dispensed into 15 µl aliquots in 0.5 ml 
Eppendorf tubes. Quick-frozen was done to each aliquots in liquid nitrogen and they 
were stored at -80 0C until use. I have typically obtained 2-3 ml of high-speed cytosol 
from preparations of this scale. For further confirmation of the quality of high-speed 
cytosol, sperm nuclei were incubated in an aliquot of extract and stained with Hoechst to 
determine whether extract were active in de-condensation. The activated interphase 
extract was visibly on the swelling of sperm nuclei (thicken and lengthen) within 10-15 
minutes of addition to extract at room temperature.  
 
2.6.2. Preparation of Sperm Nuclei  
 
The preparation of sperm nuclei was intensive processes, which were required 3 major 
steps that were given below. Information on solutions needed is given in Appendix E 
 
One of the male Xenopus frogs was anaesthetized by immersion in 0.1 % aminobenzoic 
acid ethyl ester (MS222) with 0.1 % sodium bicarbonate for at least 20 minutes and then 
it was taken for dissection.  
 
The testes were removed by dissecting scissors and placed in a 35 mm tissue culture dish 
containing cold 1X MMR. I have routinely isolated sperm nuclei from one testis and use 
the other for IVF. The two testes were checked properly and the one with less blood 
contamination was isolated for the sperm nuclei prep.  
 
I have stored the other testis in 1X MMR, 10% fetal calf serum, in a vial at 4 0C and used 
it for IVF for up to a week.) If a large prep is required, testes from two to four males 
were taken to this sperm prep and the final re-suspension volumes were increased 
accordingly.  
 
The testis was washed in three times of cold 1X MMR to clean from any blood 
contamination. Using fine forceps, all the remaining fat body and excess blood were 
removed but there is no need to remove the blood vessels. Rather, holes were punctured 
into the larger vessels and the blood gently pushed out. Intensive care was taken not to 
puncture the testis as this releases sperm.  
 
The cleaned testis was placed into another 35 mm tissue culture dish with 5 ml of cold 
1X NPB for 2 to 5 minutes. The testis was transferred to a dry 35 mm tissue culture dish, 
and macerated well (until clumps are no longer visible to the naked eye) with a pair of 
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clean forceps. The macerated testes were re-suspended in 2 ml of cold 1X NPB by 
pipetting the mixture up and down through a sterile, disposable 5 ml pipette.  
 
The sperm suspension was then squeezed through two-four thicknesses of cheesecloth 
placed into a funnel and the solution collected into a 14 ml sterile culture tube (Falcon 
2059; 17 x 100 mm). The dish was washed with an additional 3 ml of cold 1X NPB by 
adding to the cheesecloth. After adding 5 ml more (10 ml total) of cold 1X NPB, gloves 
were used to fold the cheesecloth and squeeze any remaining liquid through the funnel 
into the 14 ml tube. I have collected 9 ml of the sperm suspension in the tube at the end.  
 
The sperm suspension was centrifuged at 3,000 rpm for 10 min. at 4 0C (I have used a 
Sorvall HB-4 or similar swinging bucket rotor fitted with the appropriate adapters). The 
sperm pellet should be white in colour and fairly compact. Sometime, I have collected 
little blood contamination that can be seen in the center of the pellet. During the spinning, 
1 ml of 1X NPB was added to equilibrate to room temperature.  
 
The supernatant was discarded and the sperm pellet was re-suspended in 9 ml of cold 1X 
NPB and re-pelleted by centrifugation at 3,000 rpm for 10 min., at 4 0C. During this 
spinning 1 mg of L-α-lysophosphatidylcholine (Lysolecithin) was dissolved in 100 µl (10 
mg/ml) of H20 at RT. Lysolecithin will never stay in solution below the RT.  
 
The supernatant was again discarded and the sperm pellet was re-suspended in the 1 ml 
of 1X NPB that has equilibrated at RT and 50 µl of 10mg/ml lysolecithin was added. The 
mixture was mixed very gently and incubated for 5 minutes at RT.  
 
10 ml cold 1X NPB + 3 % BSA was added into the suspension and centrifuged again at 
3,000 rpm for 10 min., at 4 0C. At the end of this spinning the pellet was wider and more 
loser than before. In addition to that the pellet should no longer have any redness. The 
looseness and the loss of haemoglobin mean that the pellet was now contained nuclei 
rather than intact cells.  
 
The supernatant was discarded and the pellet was then re-suspended in 5 ml cold 1X 
NPB + 0.3% BSA, mixed very gently by pipetting up and down, and centrifuged at 3,000 
rpm for 10 min., at 4 0C.  The supernatant was again discarded and the pellet was then 
re-suspended in 250µl of 1X NPB + 30% (w/v) glycerol + 0.3% BSA (Sperm Storage 
Buffer) and the suspension transferred into a 1.5 ml Eppendorf tube. Finally, the sperm 
nuclei were stored at 4 0C and used for transgenesis for up to 48 hours. And the sperm 
nuclei were stored at -80 0C for long-term storage. 
 
The yellow pipette tips were cut by using a razor blade and the sperm nuclei suspension 
mixed by pipetting up and down. 2 µl sperm nuclei were taken into dilution in 200 µl of 
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sperm dilution buffer (i.e. 1:100 dilution). And then 2 µl of a 1:100 diluted Hoechst stock 
was added and transferred the diluted sperm nuclei to a hemocytometer for counting the 
number of sperm nuclei or to measure the concentration of the sperm nuclei produced 
from the prep. The sperm nuclei were visualized under a fluorescence microscope using 
a DAPI/Hoechst filter set. For a 1:100 dilution of the prepared sperm nuclei stock, I 
have obtained counts of 125-200 (X104 nuclei/ml). At this concentration, the undiluted 
stock contains 125-200 nuclei/nl.  
 
When the sperm nuclei stock was substantially less concentrated (i.e.. a count of <100 
for a 1:100 dilution), then the sperm nuclei were re-pelleted at low speed (or allow the 
nuclei to settle over a few hours) and re-suspended in a smaller volume of sperm storage 
buffer. I have stored the fresh nuclei overnight at 4 0C and after extensive mixing by 
pipetting up and down with a cut yellow tip, I have quick frozen 40 µl aliquots in liquid 
nitrogen and stored the frozen nuclei at -80 0C. One aliquot sperm nuclei were thawed 
for each day of transgenesis.  
 
2.6.3. REMI Transgenesis 
 
All the information on the Preparation of Linearized DNA Preparation of Nuclear 
Transplantation Needles, Agarose Coated Injection Dishes and Transplantation 
Apparatus were mentioned in the Appendix F. 
 
2.6.3.1. Sperm Nuclear Transplantation into Unfertilized Egg 
 
The night before eggs are needed for transplantations, 2 adult female frogs was injected 
with 700-800 U Human Chorionic Gonadotropin (HCG) and incubated at 19 0C for 10-
12 hours. 1 ml aliquot of Sperm Dilution Buffer (SDB) was taken out from the freezer 
and allows it to warm to RT.  
 
500 ml of 2.5 % cysteine was made in 1X MMR pH 7.8 (with 5N NaOH). Agarose coated 
injection dishes were prepared with 0.4X MMR + 6 % Ficoll. The transgenesis reaction 
mixture was prepared from using 3 Eppy (Eppy-1, Eppy-2, Eppy3). Each of the Eppy 
was used to keep the reactions for the transgenesis.  
 
The reaction mixture Eppy-1 was prepared by mixing 4 µl sperm stock (approx. 4 X 105 
nuclei) and 2.5 µl linearized plasmid (100 ng/µl). This was incubated for 5 min at RT. 
Meanwhile, the 15 µl aliquot of high-speed extract was taken out from -80 freezers and 
allowed to thaw to RT for the use in the next reaction mixture 2 and kept the aliquot egg 
extract on ice for the day. 
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The reaction mixture Eppy-2 was prepared by adding 18 µl SDB, 2 µl extracts, 2 µl 100 
mM MgCl2 (add to 5 mM final at all steps to aid enzyme action) and 0.5 µl of approx. 
1:10 dilution of restriction enzyme to the mixture and was well mixed by pipetting. 
 
Soon after finishing the 5 minutes of incubation of DNA with sperm nuclei, the egg 
extract enzyme and MgCl2 were added to the sperm nuclei. And both the mixture was 
mixed well by wide tip pipetting gently.  The Eppy -1 and Eppy-2 mixture was mixed 
gently and incubated for 15 min at RT. 
 
During the sperm nuclei were swelling in a reaction mixture for 15 min, the eggs were 
collected and de-jellying was done by in 2.5% cysteine hydrochloride in 1X MMR (pH 
8.0 with NaOH). The eggs de-jelly eggs were thoroughly washed in 1X MMR. Transferred 
the de-jellied eggs into agarose-coated dishes containing 0.4X MMR with 6% Ficoll.  
 
Eggs were filled in the agarose groove and left for 5 minutes of incubation in 0.4X MMR 
+ 6% Ficoll to ready make the eggs to easily pierce able. After the 15 minute of incubation 
with extracts, mixed the sperm nuclei gently by pipetting up and down with a cut of yellow 
tip. Then 5 µl of the mixture was transferred into 150 µl of SDB that is already at RT. 
Once they are in SDB buffer, they are very likely to shear the sperm nuclei. The sperm 
nuclei: are extract mixture was allowed to equilibrate slow lying with the SDB over the 
span of a 10 minutes.  
 
A piece of Tygon tubing was attached to a yellow tip for drawing up the dilute sperm 
suspension, mixing gently by pipetting up and down. After drawing up the dilute sperm 
nuclei the yellow tip was detached from the pipettes.  
 
Once the needle was loaded with the sperm nuclei in diluted form, it is ready for the 
injection into the eggs one after another continuously, as the sperm nuclei flow from the 
needle. Sperm nuclei were transplanted into the un-fertilized eggs by starting the flow (0.6 
nl/min) in the infusion pump and injecting into the eggs, keeping the needle inside each 
egg for approximately one second. The needle was moved fairly rapidly from egg to egg, 
piercing the plasma membrane of each egg with a single, sharp motion then drawing the 
needle out more slowly.  
 
Once the eggs were injected with the sperm nuclei, they were left in the same agar dish 
on the cold plate for 2-3 hr at 14 0C. When embryos have reached the 4-cell stage, they 
were gently separated from un-cleaved eggs and transferred to a separate dish with 0.1X 
MMR + 6 % Ficoll.  
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The dying embryos were promptly removed, since they can compromise the health of 
their siblings. When embryos were around stage 12, the media were replaced with 0.1X 
MMR + 50 µg/ml antibiotics.  
  
Due to the large needle tip used for transplantations, embryos often developed large blebs 
at the site of injection. These blebs occurred due to cytoplasm forced out of the hole left 
in the vitelline membrane at the injection site but they generally don’t affect development.  
 
Once the transgenic embryos reached the desired stage, they were analyzed using a 
fluorescent stereo microscope and some were fixed in 4 % paraformaldehyde for further 
studies. 
 
More information on Preparation of Linearized DNA (2.6.3.1.1), Preparation of Nuclear 
Transplantation Needles (2.6.3.1.2), Agarose Coated Injection Dishes (2.6.3.1.3), 
Transplantation Apparatus (2.6.3.1.4), Sperm Nuclear Transplantation into Unfertilized 
Egg (2.6.3.2) on the REMI method see Appendix F. 
 
2.7. Synthesis of mRNA Probes for in situ Hybridisation 
 
mRNA probes for in situ hybridisation experiments were prepared from a linear plasmid, 
which has the gene of interest inserted. This probe synthesis was done using the Roche 
dig labelling kit (Roche, Cat. No.-11175025910), and the appropriate polymerase.  The 
whole synthesis was processing a 20 µl of reaction mixture with 1 µg of linear plasmid. 
The plasmid was linearized by restriction enzyme digestion.  
 
3 µl linearized and purified plasmid (0.33 µg/µl) were taken in a 1.5 ml of Eppy. 10 µl 
DEPC-H2O and 2 µl 10x NTP labeling mixture were added. 2 µl 10x transcription buffer, 
1 µl RNAse inhibitor (RNAsin), 2 µl RNA polymerase (SP6, T7 or T3) were added, mixed 
well and spun briefly. Then the reaction mixture was incubated for 2 hr at 37 0C. 2 µl 
DNAseI (kit) was added after 2 hr of incubation to remove the linear plasmid and 
incubated for 15min at 37 0C. 

The probe was purified by RNeasy kit (Qiagen, Cat. N0. - 74104) following protocol No.- 
(2.4.11.) The quantity and quality was tested using the NanoDrop ND100 machine. 
Detailed information regarding the plasmids and their restriction enzymes is given in 
Appendix K. 
 
2.8. Whole Mount in situ Hybridization  
 
All the information on solution and buffers used in in situ experiments are given in 
Appendix I. 
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First Day of Whole Mount in situ Hybridisation  
- The embryos were undergoing serial rehydration with EtOH, made up with DEPC-

H2O only to avoid any kind of contamination. Embryos were washed in 50 % EtOH 
for 5 min, then with 30 % EtOH for another 5 min. 

- After the rehydration of embryos with EtOH, they were again washed with Ptw 
buffer for 3 times for 5 min each time. Then the embryos were treated with Proteinase 
K for 4 minutes. 

- The Proteinase K treated embryos were washed with 0.1M TEA for 5 minutes for 
two times. and washed again with 0.5 ml TEA/acetic anhydride (AA) for 5 minutes 
for two times. 

- Embryos were washed twice in Ptw, 5 minutes each and then fixed in MEMFA for 
20 mins at RT. The embryos were 5 times washed with Ptw for 5 min each time and 
transferred to screw-capped tubes with 1 ml Ptw, during last wash. 

- 250 µl hybridization buffer was added to each tube. When embryos were settled in 
the tube bottom, all hybridization buffers removed. 

- 250 µl of new hybridization buffer was again added and incubated for 10 minutes at 
60 0C. Each tube was then incubated for 6 hr in 250 µl hybridization buffer at 60 °C. 

- Hybridization buffer was then replaced by the 250 µl probe solution (minimum 
concentration of probe required was 1 µg/µl of the probe in hybridisation buffer). 
The minimum concentration of probes was 100 µg/ml unless noted otherwise. 
Probes are diluted in the hybridisation buffer only with a ratio of 1:100 (2.5 µl ad 250 
µl). 

- After adding the probes, hybridization was allowed to take place at 60 0C overnight.  
 
Second Day of Whole Mount in situ Hybridisation  
- On the second day of in situ hybridisation, the probe was replaced with 200 µl 

hybridization buffer, incubated for 10 minutes at 60 0C. Used probes were re-used 
several times. 

- Embryos were washed for 3 times for 20 minutes with 1 ml of 2xSSC at 60 0C. 
- The embryos were incubated for 30 minutes at 37 0C with freshly prepared RNase 

solution. 
- Embryos were washed with 1 ml of 2xSSC for 10 min at RT and then were again 

washed 2 times with 0.2xSSC for 30 min each at 60 0C. 
- Embryos were washed again 2 times in 1x MAB for 10 minutes at RT.  
- Soon after the 1x MAB washing, the embryos were incubated with MAB + BBR 

solution for 1hr at RT.  
- Embryos were pre-incubated in 1 ml of a MAB + BBR + HIGS solution for 1hr at 

RT.  
- Finally, the embryos were incubated with MAB + BBR + HIGS + Dig Antibody 

solution for overnight at 4 0C.  
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Third Day of Whole Mount in situ Hybridisation  
- On the 3rd day of in situ, the antibody was removed and embryos were washed with 

1x MAB at RT. 
- Washing with 1x MAB was done 5 times for 1 hr each at RT to remove the antibodies 

completely. The embryos were again washed with a freshly prepared AP buffer for 2 
times for 5 min at RT. 

- The embryos were taken into the dig antibody staining solution, with 0.5ml for each 
tube of dig antibody solution (1:1000) at RT. Embryos were incubates at RT in the 
dark until the staining was apparent. This staining takes longer times, sometimes in 
1-3 days depending on the in situ probe, so the embryos were checked at regular 
intervals to avoid the over staining of the dig antibody staining solution. 

- Once the embryos were well stained, the reaction was stopped, by washing in 1x MAB 
for 3 times 5 min at RT. Finally, the stained embryos were taken into the re-fixing for 
overnight in Bouin solution without picric acid at 4 0C. 
 

Fourth Day of Whole Mount in situ Hybridisation  
- To remove background staining of the embryo, embryos were washed with 100% 

EtOH for 2 times 30 min each. 
- They were then taken into the bleaching solution for several hours, overnight or up 

to 2 days. After bleaching, embryos were washed in 1x SSC for 5 min, and then in 50 
% EtOH for 5 min. Finally, the embryos were stored in 70 % EtOH at 4 0C. 

 
2.9. Bacterial Artificial Chromosome (BAC) Genome Brower Analysis and  
       Recombineering 
The Xenopus tropicalis BAC Genome Browser was used for the identification of BAC that 
are covering the Eya1 coding region and its vicinity. There are 4 BAC sequences that 
cover the entire Eya1 coding region as well as 5’ and 3’ adjacent regions. All the sequences 
analysis and primer design for the BAC DNA was done using the Geneious Software. 
 
The BAC recombineering method was adapted from the NCI-Frederick recombineering 
protocol-1 and protocol-3 (Warming, 2005), with a little modification. The 
recombineered BAC DNA was also used for transgenesis, using REMI methods to 
integrate the BAC DNA into the Xenopus laevis genome using a restriction enzyme.  
 
2.9.1. BAC Genome Browser 

The BAC Genome browser was used to find out the BAC that was required on this Eya1 
region, including regions flanking its 3’ and 5’ ends. Using the gene name on this browser 
allowed to find all BAC’s that were covering the gene and its vicinity (Fig. 2.7). Here is 
the browser link for this browser database, (https://absynth-
gbrowser.issb.genopole.fr/cgi-bin/gbrowse/frog/). 
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Fig. 2.7. Screenshot for the BAC Genome Browser 
 
Using this Genome Browser, DNA sequences were pulled out for four BACs, which 
cover Eya1 of Xenopus tropicalis. These sequences were analysed in the Geneious software. 
Due to un-availability of Xenopus laevis sequences in the genome browser, the Xenopus 
tropicalis sequences were used and later the same sequences were aligned with existing 
Xenopus laevis sequences using the Geneious Software.  
 
2.9.2. BAC Recombineering 
 

The plasmid IS-GATA2 (GFP Reporter) was used as the insert for the full-length 
recombineering for BAC15, BAC16A, BAC16B and BAC17 (Table.2.1). This plasmid 
has GFP as a reporter gene in its backbone along with ampicillin antibiotic resistance. 
The plasmid was used in the recombineering in two ways, 1) as source of a small insert 
size of 2.8 Kb (Fig.2.8) and 2) as source of a larger insert of 4.5 Kb (Fig.2.9). These inserts 
were simply amplified by using the PCR method. The small insert was recombineered 
into exon 1 of Eya1 and thus near the Eya1 promoter and therefore did not contain 
additional promoter sites. The large insert was used for recombineering into BACs which 
did not contain exon of Eya1 and the Eya1 promoter and, thus, included the GATA2 
minimal promoter to allow GFP expression when inserted near enhancer sites.  
 

 
Fig. 2.8. Small Insert (GFP Reporter) for BAC15 Recombineering 

The small insert (2.8kb) was used for BAC15 and BAC17, which overlap Eya1 exon 1 
whereas the big insert (4.5kb) was used for BAC16A and BAC16B which don’t. 
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Table 2.1. List of BAC that covers the Eya1 Coding Region and its Vicinity Region 

Sl. 
No. 

BAC Genome Browser Name 
(Library Name) 

BAC 
Size 

BAC End Seq. BAC Exp. 
Name 

1 ALN0AAA37YG13 77491bp JY026638.1 
JS989568.1 

BAC13 

2 ALN0AAA44YC16 98935bp JY073067.1 
JY014952.1 

BAC16A 

3 ALN0AAA111YP08 92944bp JS970870.1 
JS920919.1 

BAC08 

4 ALN0AAA145YK19 100140bp JY006731.1 
JY006221.1 

BAC19 

5 ALN0AAA172YJ15 92939bp JS973010.1 
JS939121.1 

BAC15 

6 ALN0AAA212YO16 89179bp JS994048.1 
JS943664.1 

BAC16B 

7 ALN0AAA215YH17 129746bp JY043529.1 
JS946481.1 

BAC17 

 

 

 

 

Fig. 2.9. Large Insert (GFP Reporter) for BAC16B Recombineering 

More information on this plasmid is given in Appendix K. 

 
2.9.3. Homology Arms of BAC for Full Length Recombineering 
 

The homology arms were designed using the Geneious software for BAC15, BAC16A, 
BAC16B and BAC17 target region. Homology arms were 50bp sequences at the target 
site of each of these BACs, where the insert joins during the recombineering process. 
Each BAC has 2 target sequences, one matching the homology arm of the forward primer 
called the H1 arm, another matching the reverse complement of the homology arm of 
the reverse primer called the H2 arm. Together these ensure to keep the insert orientation 
in forward direction while recombineering to BAC DNA (Fig. 2.8, Fig. 2.9, Fig. 2.10Two 
Insert has differently oriented). 
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H1 Arm = 50bp Homology Sequences 

H2 Arm = 50bp Complementary of Homology Sequences 

General, homology arms that were designed for the BACs are called, 

BAC15FL*  = BAC15H1 and BAC15H2  

BAC16AFL  = BAC16AH1 and BAC16AH2  

BAC16BFL = BAC16BH1 and BAC16BH2 

BAC17FL  = BAC17H1 and BAC17H2 

* BAC15FL – Mean BAC15 Full Length Cloning Primers, FL – Full Length 

 

 
Fig. 2.10.  Mapping of Homology Arm H1 and H2 to the target BAC recombineering site 
 
2.9.4. BAC Recombineering 
2.9.4.1. Primer Designing for Recombineering  
 
2.9.4.1.1. Primers with Homology Arms 
 
The BAC homology primers were designed to amplify the insert IS-GATA2 using the 
Geneious Software. Each of these forward and reverse primers has a 50 bp homology 
arm that matched the targeted and desired location of BAC DNA region. Both forward 
and reverse primers have a hanging 50 bp homology arm at their 5’ end. Out of the two 
primer pairs, the forward primer was having the 50 bp homology arm H1, whereas the 
reverse primer was having the 50 bp homology arm H2.  
 

Forward Primer 

  H1 -     Primer 

5’ ------------50bp Homology------CCGGAATTGCCAGCTGGGG 3’ 

Reverse Primer 

  H2 -    Primer 

5’--50bp Homology Complementary Strand--TCAGAAGAACTCGTCAAGAAGAGAA--3’ 
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2.9.4.1.2. Primers for Recombineering Insertion Confirmation 
 
Additional primers were designed for each of the BACs, to confirm recombineering 
insertion. These sets of primers were designed on the endogenous BAC sequences, 300-
400 bp outside the recombineering target site of each BAC. The correct insertion of the 
2.8 Kb cassette results in approx. 3 Kb PCR amplicons and for the 4.5 Kb cassette results 
in approx. 5 Kb amplicons. These primer sets were named below (Fig. 2.11). 

 
Fig. 2.11. The FTBAC forward primers are shown in dark green and the RTBAC reverse primers 
are shown in light green. 
 
In Fig.2.11., the forward primers FTBAC and reverse primers RTBAC are shown. 5 pairs 
of primers were designed to get the best primers for PCR amplification. These primers 
are used as a recombineering confirmation test, by further confirming successful site 
specific recombineering of the insert in the BAC DNA skeleton.  
 
BAC15FL  = FTBAC15H1 (Forward Primer, Fig.2.11.)  

= RTBAC15H2 (Reverse Primer)  

BAC16AFL  = FTBAC16AH1 (Forward Primer) 

= RTBAC16AH2 (Reverse Primer) 

BAC16BFL = FTBAC16BH1 (Forward Primer) 

= RTBAC16BH2 (Reverse Primer) 

BAC17FL  = FTBAC17H1 (Forward Primer) 

= RTBAC17H2 (Reverse Primer) 

2.9.4.1.3. Primers for Recombineering Orientation Confirmation  

The orientation confirmation primers were designed for a PCR assay to check for correct 
orientation of insertion. These primers were designed on the IS-GATA2 insert sequences. 
These primers in case of correct oriented insertion of the selection cassette will result in 
approx. 1.3-1.5 Kb amplicons (including 300-500 bp from endogenous BAC sequence).  
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Fig.2.14. H1 Confirmation Site Primers and H2 Confirmation Site Primers 
 
Below the mentioned primer sets, which were used in the recombineering confirmation 
process are listed. 
 
BAC15FL  = FTBAC15H1 (H1 Confirmation Site)  

= RGfp   (H1 Confirmation Site) 

= RTBAC15H2 (H2 Confirmation Site) 

= FAmp   (H2 Confirmation Site) 

BAC16AFL  = FTBAC16AH1 (H1 Confirmation Site)  

= RGfp   (H1 Confirmation Site) 

= RTBAC16AH2 (H2 Confirmation Site) 

= FAmp   (H2 Confirmation Site) 

BAC16BFL = FTBAC16BH1 (H1 Confirmation Site)  

= RGfp   (H1 Confirmation Site) 

= RTBAC16BH2 (H2 Confirmation Site) 

= FAmp   (H2 Confirmation Site) 

BAC17FL  = FTBAC17H1 (H1 Confirmation Site)  

= RGfp   (H1 Confirmation Site) 

= RTBAC17H2 (H2 Confirmation Site) 

= FAmp   (H2 Confirmation Site) 

More information on Primers was mentioned in the Appendix B. 
 
2.9.4.2. PCR Program for INSERT - IS-GATA2 + GFP Reporter 
 
The Insert amplicons PCR program was a modification of a standard PCR program, used 
for the amplification of longer insert sizing of 2.5 Kb and 4.5 Kb. 
 
More information of this PCR program is mentioned in Appendix L. 
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2.9.4.3. PCR – Reaction Mixture and DpnI Digestion 
 
The Insert amplicons PCR reaction mixture was a modification of a standard PCR 
program, used for the amplification of longer insert sizing of 2.5 Kb and 4.5 Kb. Once 
the inserts were produced by the PCR method, they were taken into the DpnI restriction 
enzyme digestion. In this restriction digestion 2 µl of DpnI enzyme was added, mixed 
well and incubated at 37 0C for 2 hr to discard the circular plasmid that has remained 
from the PCR process. After 2 hr incubation in the restriction digestion, inserts were 
purified by gel extraction (method 2.4.7.). Whether the restriction digestion was 
successful or not was confirmed by running 2 µl of the gel extract, purified product in 1.2 
% agarose gel using the protocol (2.4.5.).  
 
More information of this PCR Reaction Mixture is mention in Appendix L. 
 
2.9.4.4. Protocol for BAC DNA Mini Prep 
 
This is a rapid alkaline lysis Mini Prep method for isolating DNA from large BAC clones. 
It is a modification of a standard Qiagen-Tip method that uses no organic extractions or 
columns.  The method works very well for doing analytical restriction digests of BAC 
clones and can be scaled up if necessary. 
 
Using a sterile toothpick, a single isolated bacterial colony was inoculated into 2 ml LB 
media supplemented with 25 ug/ml chloramphenicol antibiotics. A 12-15 ml snap-cap 
polypropylene tube was used for this, and bacteria were grown overnight in a shaking 
water bath at 225-300 rpm at 32 0C.  

 
The next day, the LB media was centrifuged (SM24 or similar rotor) at 3,000 rpm for 10 
min. in the Sorvall or any standard centrifuge machine. The supernatant was discarded; 
the pellet was re-suspended by vortexing after adding 0.3 ml P1 solution to it. 0.3 ml of 
P2 solution was added and the tube was gently shaken to mix the contents slowly, and 
incubated at RT for 5min.  
 
0.3 ml P3 solution was added slowly and the tube was placed on ice for at least 5 min. 
Then the mixture was centrifuged at 10,000 rpm for 10 min at 4 0C. The supernatant was 
transferred to a new 1.5 ml Eppy and the pellet was discarded. 0.8 ml ice-cold isopropanol 
as added into the supernatant, mixed by inverting the tube for few times and then 
incubated for 5min. 
 
Finally, the tube was centrifuged at 13000 rpm for 20 min. Again the supernatant was 
discarded and 0.5 ml of 70% EtOH was added. The tube as inverted several times to 
tubes for washing the DNA pellet, then centrifuged at 13000 rpm for 15 min. 
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The supernatant was discarded and the pellet was air-dried inside the hood. When the 
pellet was completely dry and looked white in colour, it was re-suspended in DEPC water 
on a slow shaker. The re-suspension took 1hr for completion. The BAC DNA is larger 
in size, so much mechanical pipetting should be avoided. BAC DNA quality was 
confirmed by running 1 µl of the BAC DNA in a 1.2 % agarose gel. Using a NanoDrop 
ND100 Machine the BAC DNA was quantified. 
  
2.9.4.5. Protocol for Making Competent SW102/EL250 Cells 
 
The SW102/EL250 cells were made electrocompetent, as they were used for the 
electroporation method to transform big size BAC DNA. This electrocompetent 
procedure was used for both SW102 and EL250 strains.  
 
The glycerol stocks of SW102 and EL250 cell were inoculated to 100 ml of LB media and 
grown overnight at 32 0C in a shaking water bath. The next day, the OD600 was checked 
for bacteria growth. When OD of 0.5 to 0.6 was reached, bacteria were pelleted down by 
centrifuging at 5000 rpm at 4 0C for 7 min.   
 
The supernatant was discarded and the pellets were re-suspended with 1 ml of sterile ice 
water using a slow moving shaker. This first re-suspension took 30 min to 1 hr. After the 
re-suspension, 9 ml of the sterile ice water was again added to make it 10 ml in total. 
 
Then the re-suspended pellet was centrifuged at 5000 rpm for 5min. The supernatant was 
discarded and the pellet was again re-suspended in 1 ml of sterile ice water and later 9 ml 
was added and re-centrifuged again using the same parameters. Finally, the pellets were 
re-suspended in 16 ml of sterile ice water and 4ml of sterile 50% glycerol was added. 
 
These glycerol stocks were dispensed into 1.5 ml of Eppy, and quickly frozen in liquid 
nitrogen for long storage at -80 0C. 
 
2.9.4.6. Protocol for BAC Recombineering  
 
2.9.4.6.1. First Day Protocol for BAC Recombineering  
 
On the first day of recombineering, freshly prepared SW102/EL250 cells 50 µl were taken 
for BAC DNA transformation using 2 µl of BAC for electroporation (25 ohm, 25 
Capacitance, 2 millisecond). Soon after the electroporation, the mixture was added to the 
900 µl LB media and left for 1 hr on 32 0C. Before plating, the bacteria culture was 
centrifuged at 7000 rpm for 15 min and 750 µl supernatant was discarded. Then the 
grown bacteria were plated on a LB agar plate along with chloramphenicol (12.5 µg/ml). 
The plate was incubated at 32 0C overnight. 
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2.9.4.6.2. Second Day Protocol for BAC Recombineering  
 
On the second day of recombineering, few of the SW102+BAC/EL250+BAC colonies 
were taken into inoculation of 3 ml of LB media along with chloramphenicol. The 
incubated media was kept on a shaker at 32 0C overnight. The next morning, 500 µl of 
overnight culture containing SW102+BAC/EL250+BAC culture was inoculated into 25 
ml LB with chloramphenicol and the culture was incubated at 32 0C in a shaking water 
bath to an OD600 of 0.5 for 3-3.5 hr. For that, the OD was regularly checked in 15 min 
time intervals. Once bacteria attained 0.5 OD, they were separated into a 15 ml culture 
flask for induced cultures and another with 10 ml for un-induced cultures. During this 
time, two shaking water baths were switched on, one with 32 0C and another with 42 0C. 
The induced flask, having 15 ml of the SW102+BAC/EL250+BAC culture was heat 
induced at 42 0C for 15min in the moving shaker water bath. And the un-induced flask 
with 10 ml of SW102+BAC/EL250+BAC was left in the 32 0C shaker for 15 min. After 
incubation for 15 min at 42 0C and 32 0C, respectively, both flasks were kept on ice for 
45 min before making cells electrocompetent for the transformation of insert by 
electroporation method.  
 
To make cells electrocompetent, the protocol 2.9.3.5. was followed. Both induced 
competent cell and un-induced competent cells were then transferred into a chilled 1.5 
ml Eppy. Both were incubated with 2 µl of insert DNA for 5min by mixing them well by 
gently pipetting. During the time, the cuvettes were chilled in the ice for electroporation 
method. The electroporation procedure was followed (protocol 2.4.8.2.) soon after 
finishing 5min of incubation. The bacteria electroporated with both insert and BAC 
(SW102+BAC/EL250+BAC) were plated in double antibiotic resistance, that is 
chloramphenicol and ampicillin on each plate and kept at 32 0C for overnight. 
 
On the next morning, the induced bacteria will have formed plenty of colonies, whereas 
the un-induced plate has no colonies due to un-successful recombineering in the absence 
of a heat shock. The induced plate colonies were picked for the colony PCR method of 
confirmation of recombineering, although they were already screened from the double 
antibiotics resistance platting. The insertion primer and the orientation primers were used 
for the colony PCR for it. When the colonies were confirmed by the PCR method, they 
were taken into the Midi Prep for the larger production of the successful BAC 
recombineered DNA product. This BAC Midi Prep was used for the larger production 
of the DNA materials using the Macherey Nagel NucleoBond kit (NucleoBond, Cat. No. 
740579). For further confirmation, 1.2 % agarose gel was run for checking the quality of 
the BAC DNA, the NanoDrop ND1000 machine was used for the quantification of the 
Midi Prep product.  
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2.9.4.7. Protocol for Confirmation Test of BAC Recombineering 
 

All the recombineered BAC DNA was confirmed by PCR and sequencing of the 
recombineered site. PCR confirmation was done by the different site-specific 
confirmation by using different insert outside primers (Appendix B) and testing for 
amplification with PCR. followed by agarose gel (1.2 %) electrophoresis. Secondly, the 
recombineering process itself introduces an insert with antibiotic resistance into the BAC 
DNA, which allows confirmation by plating the bacteria on the appropriate media. I have 
used separate antibiotics for each bacterial cell to BAC DNA before recombineering to 
after recombineering process. I have used chloramphenicol antibiotics for the BAC 
DNA, ampicillin for SW102 cell, no antibiotics for EL250 cells respectively. For first 
recombineering, ampicillin, 2nd recombineering kanamycin was used in most of the time.  
I use double resistance, for the first successful recombineering bacteria platting. Use of 
double antibiotic resistance confirms the proper recombineering since bacteria without 
resistance genes never grows on such plates with two antibiotics. 
 
2.9.5. BAC Deletion Analysis by Double Recombineering 
 
BAC deletion analysis was done on two of the BAC’s that is BAC15 and BAC16B, as 
these two BAC reports mimicked some of the Eya1 expression domains in placodes.  
BAC deletion is a double recombineering process in which part of the BAC DNA is 
deleted by insertion of another insert (including a resistance gene for a different antibiotic) 
by recombineering method. During this recombineering method, I have used the 
recombineered BAC15-GFP reporter for insertion of another insert into it. The second 
round of recombineering was done in the same way as the first recombineering with 
varying insert sizes depending on the size of the deletion in a different position in the 
BAC DNA. While the plasmid used to generate the insert for the first round of 
recombineering was IS-GATA2 (see above), for the second round of recombineering the 
pSK-KanaRpsL plasmid Insert was used following the same recombineering process.  
 
More information on recombineering is mentioned in Appendix L 

2.9.5.1. Deletion pSK-KanaRpsL Insert for Recombineering 
 
For deletion analysis of BAC DNA, a 2.8Kb nucleotide long insert was designed from 
the pSK-KanaRpsL plasmid, which included a Kanamycin resistance gene. This insert 
was amplified by using the BAC PCR methods and the PCR product was treated with 
DpnI digestion before it was purified by the gel extraction method. The insert was 
recombineered into BAC15 GFP Reporter strand by again recombineering process. The 
homology arms used for the second round of recombineering and the size of the 
intervening BAC sequence replaced by the pSK-KanaRpsL insert depended on the 
desired deletion (see chapter 7 for details). More information on Insert in Appendix M 
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2.9.6. BAC REMI-Transgenesis 

This BAC REMI transgenesis was used as a new method for making transgenic Xenopus 
embryos with BAC DNA. The REMI transgenesis method (as described above) was used 
for the integration of BAC DNA into the genome of the Xenopus laevis sperm nuclei. The 
REMI method was, however, slightly modified by using specific buffers for the 
enhancement of big size BAC DNA. 
 
The BAC DNA was first digested with the respective restriction enzyme for overnight. 
And the restriction enzyme was de-activated by 60 0C heating the restriction digestion 
reaction mixture. The transgenesis reagent solution was prepared before the transgenesis 
starts. On the day of transgenesis, the heat inactivated 20 µl egg extract, enzyme mixture 
and sperm nuclei reaction mixture were freshly prepared. 
 
2.9.6.1. Digesting BAC DNA 
	

18 µl BAC DNA (200-250 ng/µl) was taken in a new sterile Eppy. 5 µl of 5x SDB buffer 
was mixed with the BAC DNA. 2 µl of the respective restriction enzyme was added into 
the above Eppy and mixed well by pipetting and incubated at 37 0C for overnight. After 
the restriction digestion, the restriction enzyme was de-activated by heating at 65 0C for 
30 min. 2 µl of the reaction was run in the 1.2% agarose gel electrophoresis for the 
confirmation of the linear BAC DNA. 
 

2.9.6.2. REMI Transgenesis Procedure 
The digested 5 µl BAC linear DNA was pre-incubated with 2.5 µl sperm reaction mix for 
5min in Eppy-1, mixing the pre-incubating DNA 3 times. The reaction mixture Eppy-2 
was prepared, by adding 300 µl SDB buffer, 2 µl egg extracts, 2 µl 100 mM MgCl2 (add 
to 5 mM final at all steps to aid enzyme action) to the mixture and mixed well by pipetting. 
 
Soon after finishing the 5minutes of incubation of BAC DNA with sperm nuclei, the egg 
extract enzyme and MgCl2 were added and mixed well by wide tip pipetting gently. The 
Eppy -1 and the Eppy-2 mixture was mixed gently and incubated for 15 min at RT. 
During the sperm nuclei were swelling in a reaction mixture for 15 min, the eggs were 
collected and de-jelly was done by adding in 2.5 % cysteine hydrochloride in 1x MMR 
(pH 8.0 with NaOH). 
 
The de-jellied eggs were thoroughly washed in 1x MMR and were transferred into 
agarose-coated dishes containing 0.4x MMR with 6% Ficoll. Eggs were filled in the 
agarose groove and left for 5 minutes of incubation in 0.4X MMR + 6% Ficoll to ready 
the eggs for injection.  
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After 15 minute of incubation with extracts, the sperm nuclei were mixed gently by 
pipetting up and down with a cut yellow tip. From this point onwards the sperm nuclei 
were swelled. Mixing at this point was likely to shear the sperm nuclei. This mixture was 
injected into the Xenopus single cell embryo using REMI method. More information on 
the solutions and buffers is given in Appendix G. 
 
2.9.7. BAC Primers List 
 
All the BAC primers that were used for PCR amplification are listed in the appendix B. 
These primers include primers for the full BAC recombineering, insert amplification, 
BAC recombineering confirmation primers, insert orientation confirmation primers, 
deletion analysis primers etc. 
 
2.10. Animals  

My project involves research on embryos of the clawed frog Xenopus. All animal 
experiments were performed in full accordance with Irish and European legislation. The 
proposed experiments were covered under the animal license (Cruelty to Animals Act, 
1876) B100/4291 to Dr. Schlosser and have been approved by the NUI Galway Animal 
Care Research Ethics Committee. After completing the LAST Ireland animal handling 
course, I have obtained one of the new Individual Authorizations AE19125/I064	
produced by the Irish Medicine Board under new guidelines for the implementation of 
EU directive 2010/63/EU.  
 

2.11. Microinjection 
 

The microinjection experiments are done under the following steps. The embryos were 
taken in a small 2.5% agarose petri dish having a groove in it, holding each embryo in a 
proper orientation for the microinjection by micro diameter needle size. Micro needles 
(electrodes) were made by following protocol 2.11.1. 2-4 cell embryos were taken into 
microinjection for the RNA and MO (Appendix J); single cell embryos were taken into 
microinjection of BAC DNA. 
 

2.11.1. Pulling Electrodes or Needles (Glass Capillary) 
 
The glass capillary puller was switched on and adjusted with these parameters for the 
pulling (Heat 98.1 0C, sub magnet 22.0; main magnet 94.1) for normally shaped electrodes 
using Needle Puller Cat. No.:PN-31. The tip of the needle was then broken to approx. 
10-15 µm inner tip diameter for injection. 
 

5 nl were injected in each case. MOs were injected in concentrations ranging from 25 µM 
(1 ng) to 500 µM (20 ng) as indicated. mRNAs were typically injected at concentrations 
of 100 ng/µl (500 pg) with the following exceptions: Foxi1: 10 ng/µl (50 pg); Msx1: 50 
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ng/µl (250 pg); Pax3: 25 ng/µl (125 pg); Hairy2b: 50-100 ng/µl (250-500 pg); Zic1: 50 
ng/µl (250 pg); AP2: 50 ng/µl (250 pg) 
 
2.11.2. Narishige Nanoinjection 
 

The following steps were followed for the use of Narishige Nanoinjector Machine (Glass 
Capillary, Cat. No.GD-1) for microinjection of DNA and RNA materials into the Xenopus 
embryos using Narishige micro injector (Cat. No-IM-300). All the BAC primers that were 
used for PCR amplification are listed in the appendix B. These primers include primers 
for the full BAC recombineering, insert amplification, BAC recombineering confirmation 
primers, insert orientation confirmation primers, deletion analysis primers etc.  
 

2.11.3. Hormones (HCG) Injection to Xenopus frog 
 

Before starting in vitro fertilisation of Xenopus frogs, two of the adult female frogs were 
primed with a low dose of human chorionic gonadotropin (HCG) hormones (Sigma, Cat. 
No.- CG10). For priming, each female frog was injected with 50 Units HCG 5 days before 
the full injection of hormones. Each primed frog was again injected with 750 Units HCG 
on the day before the in vitro fertilisation experiment. 
 

2.11.4. In Vitro Fertilisation (IVF) for microinjection of Xenopus Embryos 

On the IVF day, each female frog was kept in a plastic box containing 1x MBSH for egg 
laying, and the eggs were collected regularly every hour.  One of the adult male frogs was 
anesthetized in 0.1 % MS 222 made with tap water, pH 7.4, for 15-30 min. After the 
heartbeat stopped, the male frog dissected to remove testes. The testes were stored in 1x 
MBSH, at 4 °C for a maximum time period of 1 week and the cadaver was frozen. 
 
Eggs were collected in a big petri dish, the buffer was removed as much as possible, and 
a small amount of the testis was macerated in the collected eggs and mixed well. 0.1x 
MBS hypotonic solution was added to activate the sperm   After 20 min all the fertilised 
eggs are rotated upside down, that is the pigmented part faces upwards and the white egg 
part downwards, which shows that the eggs was fertilised. The jelly coating was removed 
by cysteine treatment (2 % Cysteine in tap H2O with a pH=8) for 10min rocking gently. 
Then the eggs were washed 5 to 10 times with 0.1 x MBS for the complete removal of 
cysteine. The eggs were transferred to 14 0C (cold plate). The embryos were then taken 
for microinjection at single cell stage for BAC DNA, or at 2 cell and 4 cell stage for MO 
and mRNA injection. 
 
2.12. Embryo Fixation 
 
The embryos were fixed in 4 % w/v paraformaldehyde (PFA) in phosphate buffered 
saline (PBS) for overnight at 4 0C. Then the embryo was washed 2 times in 0.1.M PB for 
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10min each time. Some embryos were taken directly fixed in EtOH (see 2.12.1) and some 
other embryos were taken from the X-Gal (LacZ) staining (2.12.2) for lineage tracing soon 
after the IVF and the egg reached the right stages.  
 

2.12.1. Permanent Fixation of Embryo  

The embryos microinjected with BAC DNA and fixed with 4% PFA were transferred 
directly to EtOH. They were washed with 30% EtOH for 10 min., 50% EtOH for 10min. 
and finally stored at 70% EtOH at 4 0C or -20 0C.  
 
Embryos coming from X-Gal staining were washed with PB or PBS for two times for 
10minutes long and then with 30% EtOH for 10 min., 50% EtOH for 10 min. and finally 
stored at 70% EtOH at 4 0C or -20 0C. 
 
2.12.2. X-Gal (LacZ) Staining 

After the overnight fixation of MO and mRNA injected embryos with 4% PFA, the 
embryos were taken into X-Gal staining to trace the lineage of the microinjection site in 
the embryo by following the steps below. 
 
Embryos were washed in 0.1 M PB for 2 times for 10 minutes each. The X-Gal (lacZ) 
staining solution was prepared in pre-warmed PB at 37 0C with a PB buffer for the proper 
mixing of potassium ferricyanide and ferrocyandide (Recipe Appendix: A). 
 
Washed embryos were incubated with the staining solution at 37 0C until the blue staining 
was apparent; staining time varies from 2 hr to 6 hr. 
 
Staining was stopped by washing in PB for 2 times for 5 min, then the embryos were 
taken to 50% EtOH for 10min and then stored at 70% EtOH at 4 0C or -20 0C. For more 
information on the solution and buffers see Appendix A. 
 
2.13. Cellular Staining 
 
The tip of a yellow tip was cut with a razor blade and mixed the sperm nuclei suspension 
by pipetting up and down. 2 µl sperm nuclei were diluted into 200 µl of sperm dilution 
buffer with 1:100 dilution ratios. 2 µl of a 1:100 diluted Hoechst stock was added to the 
sperm nuclei and the diluted sperm nuclei transferred to a hemocytometer for counting. 
The sperm nuclei under a fluorescence microscope were visualized using a 
DAPI/Hoechst filter set. The minimum concentration of the sperm nuclei required for 
the REMI methods typically counts of 125-200 (X104 nuclei/ml). At this concentration, 
the undiluted stock contains 125-200 nuclei/nl.  
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2.14. Immuno-Staining on Whole Mounts (LacZ) 

The standard immunostaining on whole mounts embryo was done for the staining of 
LacZ antibodies on mRNA and MO injected embryo for the trace of their microinjection 
lineage. This whole mounts staining taken more than 3 days. 
 
First Day of Staining 
 
The embryos were re-hydrate in 50% EtOH for 10 min to 20 min, then washed with 0.1x 
PB buffer for 10 min to 20 min and with 1x PBS for a 1 hour.  Then primary antibody 
was diluted  (rabbit anti-lacZ, 1:300, Cappel; Cat No.:55976;) in 1x PBS with some normal 
goat serum (NGS; 50 µl/3ml) with 5% DMSO. Each of the embryo tubes was incubated 
with 250-300 µl of primary antibody at RT for 2 days. 
 
Second Day of Staining 
 
The embryos were washed with 1x PBS for 5 times for 1 hr time gaps. Then the secondary 
antibody was diluted with 1x PBS with 5% DMSO with 250 to 300 µl per embryo tubes 
at RT for overnight. The secondary antibody used for this lacZ immuno staining (LacZ: 
1:100 Alexa594-conjugated anti rabbit antibody; Molecular Probe; Cat. No. A31631). 
 
Third Day of Staining 

The embryos were washed with 1x PBS for 5 times for 1 hr time gaps. Once the secondary 
antibodies were stained, the embryo was taken for the analysis. The embryos were stored 
at 4 0C in 70 % glycerol with 0.2 % sodium azide on it. For more information on the 
solution and buffers were mentioned in Appendix A. 
 
2.15. Embryo Grafting Experiments 
 
This grafting experiment was done on the Xenopus laevis embryos after the embryos were 
injected with MO and mRNA. After the embryos were ready for the grafting at stage 15, 
they were taken into the grafting process by following the below protocol. 
 
Cell culture dishes were pre-incubated with 0.5x MBS, 1% BSA with 25 mg/ml 
Gentamycin. A plasticine dish was filled with transplantation solution (Recipe in 
Appendix-A). Tungsten needles were used for cutting the embryos. And grafts were held 
in place with small pieces of glass coverslips on plasticine feet. 
 
The host embryos were made ready for receiving the donor tissue piece by cutting out an 
equal sized piece of tissue. After the donor tissue was grafted into the host embryo, the 
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latter was incubated for 1hr to allow healing in the transplantation buffer and then 
transferred to petri dishes filled with 0.5x MBS, 1% BSA with 25 mg/ml Gentamycin.  
 
Embryos were kept on a cold plate (14 0C) to attain the right stage of growth. Soon after 
the embryos attained the right stage, they were fixed with 4% PFA for 1hr and then 
stained for LacZ (see above). 
 
2.16. Histology 

After injection of BAC-GFP reporters and in situ hybridization for GFP, selected 
embryos and tadpoles were further analysed in vibratome sections.  
 
2 g Agar was dissolved in 50 ml of PB buffer using the microwave to a melting stage, and 
left to slightly cool down. During the time, embryos or tadpoles were rehydrated from 70 
% EtOH, via 50 % EtOH and 30 % EtOH for 30 min each. Soon after the rehydration, 
the embryo was dried with a tissue paper very carefully. The embryo was then embedded 
in the warm agar for 20 min. After the agar solidified, it was trimmed and cut at 20-50 
µm with the vibratome. Sections were collected on super frosted slides. Sections were 
covered with 70 % glycerol with 0.2  % sodium azide and cover slipped. Each side of the 
cover slip was fixed with nail polish to protect the embryo. 
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Chapter-3 Upstream Regulatory factors of Six1 and Eya1: Over Expression  
       Experiments 

3.1. Effect of TF Over Expression Analysis on Preplacodal Ectoderm 
      (PPE) and Neural Crest (NC) 
 
At the end of gastrulation stage, the embryonic ectoderm is divided into 4 different 
territories: neural plate (NP) and neural crest (NC), both derived from neural ectoderm 
(Pieper et al., 2012), and pre-placodal ectoderm (PPE) and epidermis, derived from the 
non-neural ectoderm (NNE).  To investigate the role of various TF’s in setting up PPE 
and NC territories at the border between neural and non-neural ectoderm, I have analyzed 
few of the transcription factors expressed in the early ectoderm by over expression 
analysis in this chapter. I have also conducted co-injection analysis to understand how 
these TFs cooperate in the establishment of preplacodal ectoderm and neural crest region.  
 
TFs included those, which are ventrally restricted and expressed mostly in the non-neural 
territory, viz. AP2, Vent2, Msx1, and Foxi1a and those which are dorsally restricted and 
expressed mostly in the neural region, viz. Pax3, Zic1 and Hairy2b. It was studied, how 
overexpression of each of these non-neural and neural TFs affects the establishment of 
placodes and neural crest individually and after co-injection of two TF together.  To 
overcome side effects of mRNA injections at the early stages, the GR mRNA was used 
and nuclear translocation of the GR fusion protein was activated at late gastrula stages by 
dexamethasone (Kolm and Sive, 1995; Mikulits et al., 1995; Plouhinec et al., 2013; Jaurena 
et al., 2015).  
 
Table 3.1 summarizes the effect of AP2, Pax3, Vent2, Hairy2b, Msx1, Zic1 and Foxi1a 
mRNA over expression on four marker genes, i.e. Six1, Eya1, Sox3 and FoxD3. Each of 
the upstream candidate effects on both non-neural ectoderm and neural ectoderm of the 
embryo were observed in Xenopus laevis embryos at the stage of 15 to 17. Six1 and Eya1 
served as marker genes for the preplacodal ectoderm, whereas FoxD3 and Sox3 markers 
served as markers of the neural crest and neural plate, respectively.  
 
Each embryo was injected unilaterally (using the lineage tracing LacZ mRNA to identify 
the injected side of the embryo) with the other half serving as control. Table 3.2 
summarizes data on the lateral or medial displacement of the various ectodermal markers.  
Table 3.3. shows the effects of overexpressing AP2 GR, Pax3 GR, Vent2 GR, Hairy2b 
GR, Msx1 GR, Zic1 GR and Foxi1a GR on the various ectodermal markers. Table 3.4. 
shows the lateral or medial displacement of ectodermal markers after over expression of 
GR constructs. The phenotypical changes observed are carefully documented in pictures 
after in in situ hybridization following both mRNA injections and GR mRNA injections 
(Figs. 3.1-3.26). Some embryos are shown from two perspectives to show the complete 
phenotype, first in an anterior dorsal view and second from a 45 degree anterior dorsal 
angle. 
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Table 3.1. Changes in marker gene expression in the non-neural (placodal, epidermal), and neural ectoderm after the injection of various mRNA. 

 
 

Expression 
Pattern 

Injection 
 

AP2 mRNA Vent2 mRNA Msx1 mRNA Foxi1a mRNA Pax3 mRNA Hairy2b mRNA Zic1 mRNA 

Non-
Neural 

(n: p, epi.) 

Neural 
(n: np, 

nc) 

Non-
Neural 

(n: p, epi.) 

Neural 
(n: np, 

nc) 

Non-
Neural 

(n: p, epi.) 

Neural 
(n: np, 

nc) 

Non-
Neural 

(n: p, epi.) 

Neural 
(n: np, 

nc) 

Non-
Neural 

(n: p, epi.) 

Neural 
(n: np, 

nc) 

Non-
Neural 

(n: p, epi.) 

Neural 
(n: np, 

nc) 

Non-
Neural 

(n: p, epi.) 

Neural 
(n: np, 

nc) 
Phenotype % 

(n) 
% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

Six1 Reduced 74 
(54) 

0 
(54) 

72 
(29) 

0 
() 

52 
(50) 

0 
(50) 

64 
(11) 

0 
(11) 

49 
(35) 

0 
(35) 

40 
(20) 

0 
(20) 

59 
(81) 

0 
(81) 

Increased 
/Ectopic 

27 
(22) 

43 
(62) 

0 
(29) 

55* 
(29) 

41 
(29) 

32 
(50) 

29 
(7) 

0 
(7) 

0 
(35) 

0 
(35) 

5 
(18) 

44* 
(18) 

16 
(41) 

0 
(41) 

Eya1 Reduced 62 
(69) 

0 
(69) 

76 
(29) 

0 
(29) 

53 
(30) 

0 
(30) 

38 
(16) 

0 
(16) 

42 
(45) 

0 
(45) 

100 
(1) 

0 
(1) 

75 
(66) 

0 
(66) 

Increased 
/Ectopic 

8 
(26) 

7 
(54) 

0 
(29) 

48* 
(29) 

13 
(16) 

6 
(16) 

71 
(7) 

0 
(7) 

0 
(45) 

0 
(45) 

0 
(1) 

0 
(1) 

15 
(13) 

0 
(13) 

Sox3 Reduced 71 
(21) 

60 
(45) 

69 
(55) 

60 
(25) 

64 
(11) 

42 
(19) 

18 
(11) 

0 
(11) 

64 
(50) 

0 
(50) 

54 
(11) 

71 
(7) 

36 
(41) 

65 
(17) 

Increased 
/Ectopic 

100 
(5) 

0 
(45) 

69 
(55) 

0 
(25) 

0 
(11) 

0 
(19) 

0 
(11) 

0 
(11) 

38 
(18) 

0 
(18) 

0 
(11) 

0 
(11) 

38 
(29) 

0 
(17) 

FoxD3 Reduced 0 
(30) 

20 
(30) 

0 
(77) 

74 
(77) 

0 
(14) 

29 
(14) 

0 
(15) 

27 
(15) 

0 
(84) 

31 
(84) 

nd nd 0 
(39) 

49 
(39) 

Increased 
/Ectopic 

0 
(30) 

60 
(30) 

0 
(23) 

34 
(23) 

0 
(14) 

57 
(14) 

0 
(24) 

50 
(24) 

0 
(81) 

54 
(81) 

nd nd 0 
(39) 

39 
(39) 

 
n: – Number of embryos affected in cranial placode, neural plate border and ectopic expression at NC (Stage 14 - 16)  
n: p, epi.: Number of embryos affected in placodal and epidermal (Stage 14-16) 
n: np, nc: Number of embryos affected in neural crest and neural plate (Stage 14-16)  
nd.: not determined 
* Artefacts due to strong gastrulation defects 
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Table 3.2. Lateral displacement of marker gene expression after the injection of various mRNA. 

 

Expression Pattern Injection 

 
AP2 mRNA Vent2 mRNA Msx1 mRNA Foxi1a mRNA Pax3 mRNA Hairy2b mRNA Zic1 mRNA 

Embryos Affected Embryos Affected Embryos Affected Embryos Affected Embryos Affected Embryos Affected Embryos Affected 

Phenotype % 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

Six1 32 
(19) 

nd* 28 
(18) 

27 
(11) 

39 
(18) 

nd* 15 
(20) 

Eya1 14 
(21) 

nd* 25 
(12) 

19 
(16) 

50 
(20) 

nd* 55 
(9) 

Sox3 56 
(45) 

nd* 42 
(19) 

36 
(11) 

57 
(60) 

nd* 70 
(20) 

FoxD3 17 
(30) 

nd* 28 
(14) 

7 
(15) 

49 
(63) 

nd* 27 
(11) 

 
n: – Number of embryos affected in NC and NP (Stage 14 - 16)  
%: Percentage of embryos affected in NC and NP (Stage 14-16) 
NP Broader: Number of embryos affected in neural plate forming a lateral displacement (Stage 14-16)  
Lateral Displacement – Embryos affected in lateral displacement of its NP 
Medial Displacement – Embryos affected in medial displacement of its NP 
nd.: not determined 
* Not analyzable due to strong gastrulation defects 
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Table 3.3. Changes in marker gene expression in the non-neural (placodal, epidermal), and neural ectoderm after the injection of various mRNA. 

Expression 
Pattern 

Injection 
 

AP2 GR Vent2 GR Msx1 GR Foxi1a GR Pax3 GR Hairy2b GR Zic1 GR 

Non-
Neural 

(n, p, epi.) 

Neural 
(n., np, 

nc) 

Non-
Neural 

(n, p, epi.) 

Neural 
(n., np, 

nc) 

Non-
Neural 

(n, p, epi.) 

Neural 
(n., np, 

nc) 

Non-
Neural 

(n, p, epi.) 

Neural 
(n., np, 

nc) 

Non-
Neural 

(n, p, epi.) 

Neural 
(n., np, 

nc) 

Non-
Neural 

(n, p, epi.) 

Neural 
(n., np, 

nc) 

Non-
Neural 

(n, p, epi.) 

Neural 
(n., np, 

nc) 
Phenotype % 

(n) 
% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

Six1 Reduced 72 
(43) 

0 
(18) 

79 
(19) 

0 
(19) 

50 
(6) 

0 
(17) 

20 
(41) 

0 
(41) 

100 
(17) 

0 
(17) 

44 
(9) 

0 
(9) 

9 
(22) 

0 
(22) 

Increased 
/Ectopic 

44 
(18) 

27 
(41) 

0 
(29) 

5 
(29) 

70 
(17) 

70 
(17) 

0 
(41) 

0 
(41) 

0 
(17) 

0 
(17) 

0 
(9) 

0 
(9) 

0 
(22) 

0 
(22) 

Eya1 Reduced 73 
(37) 

0 
(19) 

68 
(25) 

0 
(25) 

8 
(13) 

0 
(13) 

23 
(31) 

0 
(31) 

83 
(18) 

0 
(18) 

33 
(3) 

0 
(3) 

31 
(13) 

0 
(13) 

Increased 
/Ectopic 

19 
(37) 

19 
(37) 

0 
(25) 

0 
(25) 

0 
(13) 

45 
(11) 

0 
(31) 

0 
(31) 

0 
(18) 

5 
(18) 

0 
(3) 

0 
(3) 

0 
(13) 

0 
(13) 

Sox3 Reduced 52 
(17) 

0 
(10) 

75 
(12) 

40 
(5) 

0 
(12) 

33 
(12) 

0 
(24) 

0 
(24) 

50 
(26) 

50 
(26) 

33 
(9) 

0 
(9) 

0 
(32) 

0 
(32) 

Increased 
/Ectopic 

0 
(17) 

0 
(10) 

0 
(12) 

0 
(12) 

0 
(12) 

0 
(12) 

0 
(24) 

0 
(24) 

0 
(26) 

0 
(26) 

0 
(9) 

0 
(9) 

0 
(32) 

0 
(32) 

FoxD3 Reduced 0 
(24) 

28 
(24) 

0 
(34) 

67 
(34) 

0 
(27) 

19 
(27) 

0 
(25) 

28 
(25) 

0 
(16) 

31 
(16) 

0 
(9) 

89 
(9) 

0 
(12) 

16 
(12) 

Increased 
/Ectopic 

0 
(12) 

33 
(24) 

0 
(34) 

23 
(34) 

0 
(27) 

78 
(27) 

0 
(25) 

0 
(25) 

0 
(16) 

31 
(16) 

0 
(9) 

0 
(9) 

0 
(12) 

75 
(12) 

 

n: – Number of embryos affected in cranial placode, neural plate border and ectopic expression at NC (Stage 14 - 16)  
n: p, epi.: Number of embryos affected in placodal and epidermal (Stage 14-16) 
n: np, nc: Number of embryos affected in neural crest and neural plate (Stage 14-16)  
nd.: not determined 
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Table 3.4. Lateral displacement of marker gene expression after the injection of various mRNA. 

 

Expression Pattern Injection 
 

AP2 GR Vent2 GR Msx1 GR Foxi1a GR Pax3 GR Hairy2b GR Zic1 GR 

Embryos Affected Embryos Affected Embryos Affected Embryos Affected Embryos Affected Embryos Affected Embryos Affected 

Phenotype % 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

Six1  16 
(25) 

0 
(19) 

29 
(41) 

0 
(41) 

32 
(17) 

0 
(9) 

50 
(22) 

Eya1 72 
(18) 

0 
(25) 

36 
(11) 

0 
(31) 

50 
(10) 

0 
(3) 

50 
(12) 

Sox3 50 
(16) 

33 
(9) 

75 
(12) 

0 
(24) 

50 
(26) 

44 
(9) 

65 
(23) 

FoxD3 42 
(12) 

22 
(27) 

30 
(20) 

0 
(25) 

25 
(16) 

100 
(9) 

50 
(28) 

 
n: – Number of embryos affected in NC and NP (Stage 14 - 16)  
n: %: Percentage of embryos affected in NC and NP (Stage 14-16) 
NP Broader: Number of embryos affected in Neural Crest and Neural Plate forming a displacement of embryo (Stage 14-16)  
nd.: not determined
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3.2. Overexpression of ventrally restricted TF Genes expressed in the Non-
Neural Competence Territory  
 
The origin and establishment of preplacodal ectoderm in the early stage embryos is from 
the ectodermal germ layer. This ectodermal layer in the early embryo is subdivided into 
non-neural (epidermis) and neural (NP) from which the preplacodal ectoderm arises in 
between neural plate border. In the process of development of early stage embryo, the 
transcriptional factors of the ectoderm gradually become restricted to either the dorsal, 
neural part or the ventral, non-neural part. Both ventrally restricted transcription factors 
and dorsally restriction transcription factors site (Ozair et al., 2013; Stern, 2006;  Milet et 
al., 2013) play a central role in distinguishing this neural plate border territories from the 
adjacent neural plate and epidermis (Baker and Bronner-Fraser, 2001; Schlosser, 2006; 
Suzuki et al., 1997; Kwon et al., 2010). In this section, will first address the role of ventrally 
restricted TFs. 
 
3.2.1. AP2 mRNA and AP2 GR mRNA Over Expression Analysis 

In previous studies, it has been shown that the AP2 transcription factor plays important 
roles in establishing the PPE and neural crest (de Crozé et al., 2011; Schlosser, 2010a; 
Bhat et al., 2013; Kwon et al., 2010). Its expression is restricted to the ectodermal part of 
the Xenopus embryo, especially the epidermis and neural crest (Qiao et al., 2012; Huang 
and Saint-Jeannet, 2004; Schlosser, 2010a). In this section, I show how the over 
expression of the AP2 mRNA affects its downstream TFs Six1 and Eya1 in the placodal 
domain as well as the role of AP2 in the induction and establishment of the PPE. AP2 
GR mRNA over expression was analysed to avoid side effects due to early roles of AP2.  
In table 3.1. and Fig. 3.1 the effects of over expressing AP2 mRNA on both the non-
neural (PPE, epidermis) and neural (NC and NP) ectoderm are summarized. 
Overexpression of AP2 mRNA results in 74% of embryos with reduction in Six1 and 
62% of embryos with reduction of Eya1 in the placodal domain. Sox3 expression in the 
PPE domain is likewise reduced in 71% of embryos. These significant changes show that 
high levels of AP2 can interfere with proper establishment of PPE. Similar changes 
occurred in the AP2 GR mRNA injected embryos (table 3.3, Fig. 3.2) suggesting that 
AP2 exerts its effects on the PPE during late gastrulation.  
 
However, injection of AP2 TF mRNA also results in 27% of embryos with increased or 
ectopic Six1 expression and 8% of embryos with increased or ectopic Eya1 expression in 
the epidermis (Table 3.1, Fig. 3.1) and similar results were obtained with AP2 GR mRNA 
(Table 3.3, Fig. 3.2). This suggests that overexpression of AP2 is sufficient to upregulate 
PPE markers in the neural territory. 
 
Simultaneously, AP2 mRNA has directly or indirectly acted on the neural territory, since 
43% of embryos analysed for Six1 expression and 7% of embryos analysed for Eya1 
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expression show ectopic expression of these PPE markers in the neural plate (Table 3.1, 
Fig. 3.1). Similar effects were observed after injection of AP2 GR mRNA (Table 3.3, Fig. 
3.2).  
 
The AP2 mRNA and AP2 GR mRNA have significant effects on the neural crest and 
neural plate of the embryo. The width of Sox3 expression in the neural plate is broadened 
and ectopic expression is often observed in the adjacent epidermis (Table 3.1, Fig. 3.1). 

 
Fig. 3.1. AP2 overexpression. A & A’: Six1 expression B & B’: Eya1 expression. C: Sox3 
expression. D & D’: FoxD3 expression. LacZ staining (blue) marks injected side. White arrows 
show reductions; red arrowheads show increased or ectopic expression in the respective domain. 
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Fig. 3.2. AP2-GR overexpression. A & A’: Six1 expression B & B’: Eya1 expression. C: Sox3 
expression. D & D’ FoxD3 expression. LacZ staining (blue) marks injected side. White arrows 
show reductions; red arrowheads show increased or ectopic expression in the respective domain. 
 

However, in the broadened neural plate, gaps in Sox3 expression are often present (Fig. 
3.1). After injection of AP2 GR mRNA, neither these gaps in the neural plate nor the 
ectopic expression in the epidermis are ever observed (Table 3.3, Fig. 3.2), suggesting that 
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these effects could be a consequence of early developmental effects of AP2 (e.g. on 
gastrulation movements) which indirectly impact on Sox3 expression in the non-neural 
and neural domain.  
 

Similarly, the effects of AP2 TF on the neural crest are complex, with 20% of injected 
embryos showing a reduction and 60% of embryos showing increased expression of 
FoxD3 marker after AP2 mRNA over expression (Table 3.1, Fig. 3.1). Similar results were 
obtained after AP2 GR mRNA injection (Table 3.3, Fig. 3.2). Injection of AP2 or AP2 
GR mRNA also causes lateral displacement of all markers analysed (Tables 3.2, 3.4) 
indicating an expansion of neural at the expense of non-neural ectoderm. 
 

In previous studies it has been shown that AP2 plays a major role in the NC induction 
from the NPB by activating Pax3 in conjunction with Wnt signaling (Luo et al., 2003; de 
Crozé et al., 2011). Moreover, in zebrafish it has been shown that AP2 overexpression 
activates PPE markers resulting over production of placodes (Bhat et al., 2013). Our 
results also show that over expression of AP2 promotes expansion of neural crest 
markers and ectopic expression of pre-placodeal markers in the neural domain although 
we also observe repression of both Six1 and Eya1 in the PPE and occasional decrease of 
neural crest markers. 
 

3.2.2. Vent2 mRNA and Vent2 GR mRNA Over Expression Analysis 
 

It has been shown that the Vent2 transcription factor plays a very active role during the 
establishment of the neural plate border and the PPE as a ventral non-neural TF 
(Schlosser, 2014; Streit, 2004; Karaulanov et al., 2004). Ectodermal expression of Vent2 
transcriptional factor is restricted to the non-neural ectoderm and the neural crest during 
the late gastrulation stage (Nitta et al., 2004; Pieper et al., 2012).  
 

The over expression of Vent2 TF mRNA has effects on both the non-neural and neural 
ectoderm. After Vent2 mRNA injection 72 % of embryos showed reduction in Six1, 76% 
of embryos showed reduction of Eya1 and 69% of embryos showed Sox3 reduction in 
embryos in the PPE domain. (Table 3.1, Fig. 3.3) and similar changes occurred in the 
Vent2 GR mRNA injected embryos (Table 3.3, Fig. 3.4). This change on Six1 and Eya1 
shows that high levels of Vent2 are able to repress these genes in the PPE (Pieper et al., 
2012; Schlosser, 2010a).  
 

However, Vent2 TF mRNA injection also leads to 55% of Six1 and 48% of Eya1 of 
embryos with ectopic expression in the neural plate, but this was not observed after Vent2 
GR mRNA injection (Tables 3.1, 3.3, Figs. 3.3, 3.4). Together with the split neural plates 
observed after Vent2 but not Vent2 GR injection (see below) this suggests that these 
ectopic expression domains do not reflect a role of Vent2 during neural plate border 
patterning but rather result from earlier effects of Vent2 on gastrulation movements.  
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The Vent2 mRNA and Vent2 GR mRNA injections both also have significant effects on 
the neural crest and neural plate of the embryo.  After Vent2 but not after Vent2 GR 
injection the width of Sox3 expression in the neural plate is broadened and ectopic 
expression is often observed in the adjacent epidermis (Tables 3.1-3.4, Figs. 3.3, 3.4) 
although the level of Sox3 expression in this expanded domain is often reduced 
(categorized as reductions in the neural domain in tables 3.1, 3.3). Moreover, the neural 
plate is often split anteriorly (Fig. 3.3 C). Taken together this suggests again that Vent2 
injection results in early developmental defects that mask its later effects on neural plate 
border patterning.  
 
Similar to AP2, the injection of Vent2 TF has complex effects on the neural crest with 
74% of embryos showing reductions and 34% of embryos increases of FoxD3 expression 
(Table 3.1, Fig. 3.3). Similar effects are also observed after Vent2 GR mRNA injection 
(Table 3.3, Fig. 3.4).  

 
Fig. 3.3. Vent2 overexpression. A & A’: Six1 expression B & B’: Eya1 expression. C & C’: Sox3 
expression. D & D’ FoxD3 expression. LacZ staining (blue) marks injected side. White arrows 
show reductions; red arrowheads show increased or ectopic expression in the respective domain. 
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Fig. 3.4. Vent2 GR overexpression. A: Six1 expression B & B’: Eya1 expression. C & C’: Sox3 
expression. D & D’ FoxD3 expression. LacZ staining (blue) marks injected side. White arrows 
show reductions; red arrowheads show ectopic expression in the respective domain. 
 
These findings confirm previous studies showing that Vent2 overexpression repress Sox3 
in the NP thereby restricting NP (Rogers et al., 2008). In addition they show that Vent2 
overexpression represses Six1,  Eya1 and Sox3 in the PPE, while FoxD3 in the NC is 
either repressed or increased. 
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3.2.3. Msx1 mRNA and Msx1 GR mRNA Over Expression Analysis 
 
In previous studies, it has been shown that the Msx1 TF plays a very active role in 
establishing different ectodermal territories (Schlosser, 2014; Streit, 2004; Feledy et al., 
1999; Khadka et al., 2006; Suzuki et al., 1997; Tribulo et al., 2003). The Msx1 TF is 
expressed especially in the non-neural ectoderm but extends dorsally into the neural crest 
and lateral neural plate during late gastrulation and in neural plate stage Xenopus embryos 
(Khadka et al., 2006; Milet and Monsoro-Burq, 2012; Tribulo et al., 2003).  
 
Msx1 mRNA injection leads to 52% of embryos with mild reduction in Six1, 53% with 
mild reduction of Eya1 and 64% with mild reduction of Sox3 in placodal domain (table 
3.1, Fig. 3.5) demonstrating that high levels of Msx1 repress PPE formation, Similar 
changes occurred in the Msx1 GR mRNA injected embryos although Sox3 was not 
affected (Table 3.3; Fig. 3.6).  
 
While Six1 and Eya1 expression in the native placodal domain maybe somewhat 
suppressed after Msx1 injections, we observe strong increases and ectopic expression in 
the adjacent epidermis as well as the neural plate. Ectopic expressions is observed after 
Msx1 TF mRNA injection in 41% of Six1 and 13% of Eya1 stained embryos in epidermis. 
and in 32% of Six1 and 6% of Eya1 stained embryos in the neural plate (Table 3.1, Fig. 
3.5). Similar effects were seen in Msx1 GR mRNA injected embryos (table 3.3, Fig.3.6). 
This ectopic expression of both Six1 and Eya1 shows that Msx1 overexpression is 
sufficient to upregulate these PPE markers in both non-neural and neural ectoderms.  
 
The Msx1 TF mRNA and GR mRNA both have significant effects on the neural crest 
and neural plate of the embryo While the neural plate is often broadened (with lateral 
displacement of Sox3 expression) after injection of Msx1 or Msx1 GR, Sox3 expression 
levels in the neural plate are often reduced or patchy (Tables 3.1-5.4, Fig.3.5, 3.6) possibly 
reflecting the upregulation of PPE (see above) and NC markers (see below) at the expense 
of Sox3.  
 
Similar to AP2 and Vent2, Msx1 injection can either increase or decrease FoxD3 
expression in the neural crest in 29% and 57% of embryos, respectively and similar results 
are obtained after Msx1 GR injection (Tables 3.1, 3.3, Figs 3.5, 3.6).  
 
Injection of Msx1 and Msx1 GR mRNA also causes lateral displacement of most markers 
analysed (Tables 3.2, 3.4) indicating an expansion of neural at the expense of non-neural 
ectoderm with 28% of embryos. 
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Fig. 3.5. Msx1 overexpression. A & A’: Six1 expression B & B’: Eya1 expression. C & C’: Sox3 
expression. D & D’ FoxD3 expression.  LacZ staining (blue) marks injected side. White arrows 
show reductions; red arrowheads show increased or ectopic expression in the respective domain. 
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Fig. 3.6. Msx1 GR overexpression. A & A’: Six1 expression B & B’: Eya1 expression. C & C’: 
Sox3 expression. D & D’ FoxD3 expression. LacZ staining (blue) marks injected side. White 
arrows show reductions; red arrowheads show increased or ectopic expression in the respective 
domain. 
 
These findings confirm previous studies showing that similar to AP2 and Vent2, Msx1 
has a strong role in defining ectodermal boundaries, and Msx1 overexpression typically 
promotes NC at the expense of NP overexpression (Feledy et al., 1999; Tribulo et al., 
2003; Monsoro-Burq et al., 2005). In this study, I have found in addition that Msx1 
overexpression sometimes causes reduction of FoxD3 but promotes ectopic expression 
of PPE markers in Epidermis, NC and NP even though Six1 and Eya1 in the PPE are 
often reduced. 
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3.2.4. Foxi1a mRNA and Foxi1a GR mRNA Over Expression Analysis 
 
The Foxi1a transcription factor has also been suggested to play important roles during 
PPE establishment in Xenopus and other vertebrates (Kwon et al., 2010). Foxi1a TF is 
expressed in the preplacodal ectoderm, epidermis and cement gland of the early embryo 
(Matsuo-Takasaki et al., 2005; Schlosser, 2014; Schlosser and Ahrens, 2004; Streit, 2008).  
 
Overexpression of Foxi1a mRNA results in 64% of embryos with reduction in Six1, 38% 
with reduction in Eya1 and 18% of embryos with reduction in Sox3 expression in the 
placodal domain. However, this same TF leads to slight increases in the extent of the 
placodal domain for both Six1 and Eya1 i.e. 29% increased effects in Six1, 71% increased 
effects on Eya1 gene (Table 3.1, Fig. 3.7). However, such increases were not noted after 
injection of Foxi1a GR suggesting that they reflect earlier developmental roles of Foxi1la.  
 
In contrast to the other TFs presented so far, overexpression of Foxi1a mRNA has only 
very mild effects on the NC and NP. 27% of embryo show a slight reduction of FoxD3 
expression in NC whereas 50% of embryo show a slight increase (Table, 3.1, Fig. 3.7). 
Some reduction but no increase was also confirmed by injection of Foxi1a GR mRNA 
(Table 5.3, Fig. 5.8). Foxi1a GR mRNA injected embryos show only mild effects in NC 
and NP domain. Due to the small number of embryos for analysis, no pictures were taken 
for the FoxD3 probe. 
 
 
Injection of Foxi1a mRNA causes lateral displacement in placodal markers analysed 
(Table 3.2) but the same was not observed after Foxi1a GR mRNA injection suggesting 
that, this could reflect early gastrulation defects or other early developmental effects 
rather than a real change.  
 
The finding that Foxi1a overexpression sometimes inhibits both NC and PPE markers. 
In contra to nother study in zebrafish While a previous study observed  (Kwon et al., 
2010). But it was not clear on Foxi1a role in the PPE although it express later derived 
placodes. In this study, I have found that Foxi1a overexpression sometimes represses 
both Six1 and Eya1 as well as NC markers confirming a previous study in Xenopus 
(Matsuo-Takasaki et al., 2005). However, I also found that some embryos show the 
opposite effect, with increased expression of Six1, Eya1 (see also Kwon et al., 2010) and 
FoxD3 suggesting a dual effect of Foxi1a. 
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Fig. 3.7. Foxi1a overexpression. A & A’: Six1 expression B & B’: Eya1 expression. C & C’: Sox3 
expression. D & D’ FoxD3 expression. LacZ staining (blue) marks injected side. White arrows 
show reductions; red arrowheads show increased or ectopic expression in the respective domain. 
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Fig. 3.8. Foxi1a GR overexpression. A: Six1 expression B & B’: Eya1 expression. LacZ staining 
(blue) marks injected side. White arrows show reductions; red arrowheads show increased or 
ectopic expression in the respective domain. 
 
 
3.3. Overexpression of dorsally restricted TF Genes expressed in the  
       Neural Competence Territory  
 
Here in this section I will address TFs, which become dorsally restricted during 
gastrulation and are expressed in the neural competence territory and study their role in 
the establishment of PPE from the late gastrulation stage to the neural plate stages. Pax3, 
Zic1 and Hariy2b transcription factors are considered in this over expression analysis in 
Xenopus laevis. In previous studies, it has been shown that both Pax3 and Zic1 play a role 
in the induction of NC (Plouhinec et al., 2013; Bae et al., 2014; Jaurena et al., 2015). But 
it’s not clear whether both of these TF also have role in the establishment of the border 
between neural and non-neural ectoderm and in induction of the PPE.  
 
3.3.1. Pax3 mRNA and Pax3 GR mRNA Expression Analysis 
 
The Pax3 transcription factor is known to play an important role in the early induction 
of neural crest and is one of the earliest markers to be confined to the neural crest territory 
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(Bae et al., 2014; Barembaum and Bronner-Fraser, 2005; Hong and Saint-Jeannet, 2007; 
Plouhinec et al., 2013; T. Sato et al., 2005).  
 
After Pax3 overexpression, Six1and Eya1 expression in the PPE was strongly reduced or 
completely absent in 49% and 42% of embryos, respectively and even higher frequencies 
of reductions were observed after Pax3 GR mRNA injection (Tables 3.1, 3.3, Figs. 3.9, 
3.10). Sox3 was also reduced in the PPE after Pax3 (64%) or Pax3 GR injections but was 
ectopically expressed in the epidermis in 38% of embryos after Pax3 injections with 
ectopic expression in the epidermis. Apart from that, a few embryos (5%) show ectopic 
expression of Eya1 in the NP after Pax3 GR injection. This suggests that elevated levels 
of Pax3 strongly repress PPE formation. 
 
However, the effect of Pax3 overexpression was not only observed for the placodal 
domain but also in the NC and NP domain. Sox3 expression in the neural plate is often 
considerably broadened after overexpression of Pax3 or Pax3 GR (and all markers 
analysed here are laterally displaced) although levels of Sox3 expression in the NP are 
reduced (Tables 3.1-3.4, Figs. 3.9, 3.10). This suggests that Pax3 promotes neural at the 
expense of non-neural ectoderm.  
 
The Pax3 overexpression effects on the NC were ambiguous with FoxD3 being reduced 
in 31% of embryos in NP, but increased in 54% of embryos. Similar effects were also 
observed after injection of Pax3 GR (Tables 3.1, 3.3, Figs. 3.9, 3.10).  
 
Pax3 overexpression was previously shown to activate NC markers and in combination 
with Zic1 is sufficient to promote NC formation ectopically (Sato et al., 2005; Hong and 
Saint-Jeannet, 2007; Milet et al., 2013; Plouhinec et al., 2014). While the present study 
obtains similar effects for a subset of embryos, other embryos showed a reduction of NC 
after Pax3 overexpression similar to what has been reported after injections of high doses 
of Pax3 (Hong and Saint-Jeannet, 2007). In the current study, it has also been shown that 
Pax3 overexpression leads to strong reduction of both Six1 and Eya1, suggesting that 
over presence of Pax3 is able to repress PPE formation. 
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Fig. 3.9. Pax3 overexpression. A & A’: Six1 expression B & B’: Eya1 expression. C & C’: Sox3 
expression. D & D’ FoxD3 expression.  LacZ staining (blue) marks injected side. White arrows 
show reductions; red arrowheads show increased or ectopic expression in the respective domain. 
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Fig. 3.10. Pax3 GR overexpression. A & A’: Six1 expression B & B’: Eya1 expression. C & C’: 
Sox3 expression. D & D’ FoxD3 expression. LacZ staining (blue) marks injected side. White 
arrows show reductions; red arrowheads show increased or ectopic expression in the respective 
domain. 
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3.3.2. Hairy2b mRNA and Hairy2b GR mRNA Expression Analysis 
 
The Hairy2b transcription factor and its role in the establishment of the PPE so far have 
not been well studied. This TF is usually expressed in the NP, neural grove and neural 
plate border region of the Xenopus laevis (Schlosser, 2010a; Nichane et al., 2008a; Schlosser, 
2014). Hairy2b overexpression often led to strong gastrulation defects making the analysis 
of its effect on np border genes difficult. However, Hairy2b injection consistently led to 
reduction of Six1 (40%), Eya1 (100%) and Sox3 expression (54 %) in the PPE and similar 
reductions of Six1 and Eya1 but not Sox3 were observed after Hairy2b GR injection 
(Tables 3.1., 3.3., Figs. 3.11, 3.12).  
 
The transcription factor Hairy2b mRNA also affects the NC and NP domain. The effect 
of Hairy2b injection on the position of ectodermal boundaries was not analysable due to 
relatively strong gastrulation defects but levels of Sox3 in the neural plate were reduced 
in 71% of the embryos presumably also reflecting gastrulation defects (Table 3.1, 
Fig.3.11). In line with this interpretation, overexpression of Hairy2b GR leads to 
broadening of Sox3 in the neural plate without reduction of Sox3 levels, lateral 
displacement of the FoxD3 domain and reduction of FoxD3 expression without affecting 
the position of Six1 and Eya1 (Table 3.4, Fig. 3.12). Taken together, this suggests that 
Hairy2b overexpression expands neural plate at the expense of neural crest without 
affecting the border between neural and non-neural ectoderm. 
 
These findings confirm previous studies showing that Hairy2b overexpression represses 
NC markers (Nichane et al., 2008a, 2008b). In this study, we show that Hairy2b expands 
NP at the expense of NC domains and that Hairy2b over expression leads to strong 
reduction of both Six1 and Eya1, suggesting that Hairy2b strongly represses PPE 
formation.  
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Fig. 3.11. Hairy2b overexpression. A & A’: Six1 expression B & B’: Eya1 expression. C & C’: 
Sox3 expression. LacZ staining (blue) marks injected side. White arrows show reductions; red 
arrowheads show increased or ectopic expression in the respective domain. 
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Fig. 3.12. Hairy2b GR overexpression. A & A’: Six1 expression B & B’: Eya1 expression. C & 
C’: Sox3 expression. D & D’ FoxD3 expression.  LacZ staining (blue) marks injected side. White 
arrows show reductions; red arrowheads show increased or ectopic expression in the respective 
domain. 
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3.3.3. Zic1 mRNA and Zic1 GR mRNA Expression Analysis 
 
Zic1 acts as a transcriptional activator involved in the neurogenesis in the early embryonic 
development. It plays a major role individually and along with Pax3 in the early induction 
of the neural crest and its differentiation in Xenopus (Jaurena et al., 2015; Plouhinec et al., 
2013; T. Sato et al., 2005; Schlosser, 2014) It also plays a central role for placodal 
progenitor cells in a non-cell autonomous way (Jaurena et al., 2015). However, to further 
understand the role of Zic1 in the early establishment of PPE in Xenopus from late 
gastrulation to neural plate we overexpressed Zic1 mRNA or Zic1 GR mRNA and 
analysed its effects on our set of ectodermal markers.  
 
After overexpression of Zic1 mRNA, Six1 was reduced in the PPE in 59% of embryos, 
while 16% of embryo had increased expression; similarly, Eya1 marker was reduced in 
75% of embryos but increased in 15% of embryos and Sox3 was reduced in the PPE in 
36% of embryos but increased in 38% (Table 3.1, Fig.3.13). However, after injection of 
Zic1 GR, only reductions of Six1 and Eya1 but no increases of any PPE markers were 
observed (Table 3.3, Fig.3.14). Taken together this suggests that increased levels of Zic1 
typically inhibit the expression of PPE markers.  
 
Furthermore, the Zic1 over expression has effects on the Sox3 and FoxD3 marker in the 
NP and NC domain respectively. Injection of Zic1 or Zic1 GR mRNA causes broadening 
of the neural plate and lateral displacement of all markers analysed (Tables 3.2, 3.4) 
indicating an expansion of neural at the expense of non-neural ectoderm. Levels of Sox3 
expression in the neural plate were reduced after Zic1 but not after Zic1 GR injection, 
thus possibly reflecting earlier embryonic effects of Zic1 (Tables 3.1, 3.3, Figs.3.13, 3.14). 
However, after Zic1 injection FoxD3 was reduced in the NC of 49% of embryos but 
increased in 39%, whereas the proportion of embryos with increased vs. reduced FoxD3 
expression increased after Zic1 GR injection (Tables 3.1, 3.3, Figs.3.13, 3.14). Taken 
together this suggests that Zic1 like many other of the TFs analysed has complex and 
probably context-dependent effects on the NC. 
 
Previous studies have shown that Zic1 acts synergistically with Pax3 in promoting NC 
formation (Sato et al., 2005; Hong and Saint-Jeannet, 2007: Milet et al., 2013; Plouhinec 
et al., 2014). The present study confirms this for the majority of embryos after Zic1 
overexpression, although reduction of FoxD3 expression is also sometimes observed. 
Furthermore, the present study has shown that Zic1 overexpression typically leads to  
strong reduction of both Six1 and Eya1 in the PPE. In contrast Zic1 overexpression in 
animal caps was reported to upregulate Six1 and Eya1 but this has been shown to be due 
to indirect and non-cell autonomous effects (Hong and Saint-Jeannet, 2007; Jaurena et 
al., 2015). 
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Fig. 3.13. Zic1 overexpression. A & A’: Six1 expression B & B’: Eya1 expression. C & C’: Sox3 
expression. D & D’ FoxD3 expression. LacZ staining (blue) marks injected side. White arrows 
show reductions; red arrowheads show increased or ectopic expression in the respective domain. 



	 109	

 

Fig. 3.14. Zic1 GR overexpression. A & A’: Six1 expression B & B’: Eya1 expression. C: Sox3 
expression. D & D’ FoxD3 expression. LacZ staining (blue) marks injected side. White arrows 
show reductions; red arrowheads show increased or ectopic expression in the respective domain. 
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3.4. Defining interactions between TFs expressed in different ectodermal 
Territories by Co-Injection of mRNAs  
 
In the first section of this chapter, it has been shown that the ventrally restricted TFs 
AP2, Vent2, Msx1 and Foxi1a and the dorsally restricted TFs Pax3, Zic1 and Hairy2b each 
play an important role for establishment of the neural plate border including the 
establishment of PPE and neural crest domains. In this second section, I report the 
effects of two co-injected TF together on placodal domains, neural plate as well as the 
neural crest. The main purpose of this co-injection experiment was to understand, 
whether the combination of several TFs roles have synergistic or antagonistic effects on 
the PPE and NC domains.  
 
Sox3 and Dlx3, as additional neural or non-neural TFs, respectively were also co-injected 
with some other TFs. For comparison, Sox3 and Dlx3 were also injected alone. The 
various combinations of the non-neural and neural TF that are co-injected in the embryos 
are given in the table.3.5. 
 

Table 3.5. Various combination of both Non-Neural TF and Neural TF used in the co-
injection experiment  

Sl. No. Non-Neural Gene (TF) Name Neural Gene  

(TF) Name 

Co-Injection TF 

1 AP2 Pax3 AP2 + Pax3 

2 AP2 Zic1 AP2 + Zic1 

3 AP2 Sox3 AP2 + Sox3 

4 AP2 + Msx1 - AP2 + Msx1 

5 - Pax3 + Zic1 Pax3 + Zic1 

6  Sox3 Sox3 

7 Dlx3 - Dlx3 

8 Dlx3 Pax3 Dlx3 + Pax3 

9 Dlx3 Zic1 Dlx3 + Zic1 

10 Dlx3 Sox3 Dlx3 + Sox3 

11 Dlx3 MO Zic1 Dlx3 MO + Zic1 
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Table 3.6. Changes in marker gene expression in the non-neural (placodal, epidermal), and neural ectoderm after the injection of various mRNA. 
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n: – Number of embryos affected in cranial placode, neural plate border and ectopic expression at NC (Stage 14 - 16)  
n: p, epi.: Number of embryos affected in placodal and epidermal (Stage 14-16) 
n: np, nc: Number of embryos affected in neural crest and neural plate (Stage 14-16)  
nd.: not determined 
p. – Placode,  
epi. – Epidermis  
nc. – Neural Crest 
np. – Neural Plate 
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3.4.1. Sox3 mRNA Over Expression Analysis in PPE and NPB 
 
The Sox3 transcription factor is expressed strongly in the neural plate and some placodes 
(trigeminal placodes) of the early embryo from stage 13 onwards. (Schlosser, 2014; Rogers 
et al., 2008; Schlosser and Ahrens, 2004). After overexpression of Sox3 75% of embryos 
show reduction of Six1 and 69% of embryos reduction of Eya1 in the PPE (Table 3.6; 
Fig. 3.15) indicating that Sox3 like other neural TFs (Pax3, Zic1., Hairy2b) counteracts 
PPE formation.    
 

 

Fig.3.15. Sox3 overexpression. A & A’: Six1 expression B & B’: Eya1 expression. LacZ staining 
(blue) marks injected side. White arrows show reductions in the respective domain. 
 
3.4.2. Dlx3 mRNA Over Expression in PPE and NPB 
 
The Dlx3 homeo-box containing gene is expressed in the entire non-neural ectoderm of 
Xenopus up to stage 17 (Pieper et al., 2012; Schlosser, 2014) in response to high BMP 
signals in the ventral ectoderm (Feledy et al., 1999; Leung et al., 2013; Reichert et al., 
2013).  
After overexpression of Dlx3, 65% of embryo showed reduction of Six1, 74% of Eya1 
and 19% of Sox3 in the PPE. In contrast, ectopic expressions of Six1 and Eya1 was 
observed in 50% and 14 % of embryos, respectively (Table 3.6, Fig.3.16) confirming 
previous studies (Pieper et al., 2012). In addition, 69% of embryos showed some 
increased Sox3 expression in the epidermis.  
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However, Dlx3 over expression also influenced the NP and NC domains. Sox3 was 
reduced in 19% in the neural domain, whereas 82% of embryos showed reduction of 
FoxD3 in the NC. Taken together this suggests that Dlx3 promotes PPE markers but 
inhibits neural and neural crest markers confirming previous studies (Pieper et al., 2012).  
 

 

Fig. 3.16. Dlx3 overexpression.  A & A’: Six1 expression B & B’: Eya1 expression. C & C’: 
FoxD3 expression. LacZ staining (blue) marks injected side. White arrows show reductions in the 
respective domain.  
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3.4.3. Co injection of Two TFs 
 
To understand whether the combination of several TFs have synergistic or antagonistic 
effects on the PPE and NC domains I next turned to co injection of two TFs.  
 
3.4.3.1. Over Expression of neural TFs (Pax3, Zic1, Sox3) together with AP2  
 
In previous sections of this chapter it was shown that AP2 is able to promote both PPE 
and NC markers in the neural ectoderm. I next tested whether the PPE promoting effects 
are counteracted by neural TFs by co-injecting TFs expressed predominantly in the neural 
ectoderm. Co-injection of AP2 with Pax3 largely mimics the effect of injecting AP2 
alone, with typically strong reduction of Six1 and Eya1 in the placodes and occasional 
ectopic expression of Six1 in the epidermis (Table 3.6., Fig.3.17). Moreover, 38% of 
embryos still show ectopic Six1 expression and 16% of embryos ectopic Eya1 expression 
in the NP indicating that Pax3 is unable to prevent AP2 mediated upregulation of PPE 
genes in the neural plate.  
 

 

Fig. 3.17. AP2 +Pax3 overexpression. A & A’: Six1 expression. LacZ staining (blue) marks 
injected side. White arrows show reductions; red arrowheads show increased or ectopic 
expression in the respective domain. 

Co-injection of AP2 with Zic1 in most cases leads to a strong reduction of Six1 and Eya1 
in the PPE and occasional ectopic expression in epidermis similar to the injection of AP2 
or Zic1 alone (Table 3.6, Fig. 3.18). However, only 11% of embryo also show ectopic 
expression of Six1 in the NP domain, much less than after injection of AP2 alone 
suggesting that Zic1 co-injection interferes with AP2 mediated upregulation of Six1 in the 
neural plate.  
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Fig. 3.18. AP2 + Zic1 overexpression. A & A’: Six1 expression B & B’: Eya1 expression. LacZ 
staining (blue) marks injected side. White arrows show reductions in the respective domain. 

 

Fig. 3.19. AP2+Sox3 overexpression. A & A’: Six1 expression B & B’: Eya1 expression. C & C’: 
Sox3 expression. D & D’ FoxD3 expression. LacZ staining (blue) marks injected side. White 
arrows show reductions; red arrowheads show increased or ectopic expression in the respective 
domain. 
 
Co-injection of AP2 with Sox3 leads to strong reduction of Six1 and Eya1 in placode 
domains but promotes their ectopic expression in the neural plate. These effects are 
similar to AP2 alone, suggesting that Sox3 like Pax3 cannot prevent AP2 mediated 
upregulation of PPE genes in the neural plate (Table 3.6, Fig.3.19). However, Sox3 co-
injection completely blocks the increased expression of Six1 and Eya1 in the non-neural 
ectoderm, which is regularly observed after AP2 injection markers.  
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3.4.3.2. Over Expression of neural TFs (Pax3, Zic1, Sox3) together with 
Dlx3  
 
In previous studies it was shown that Dlx3, like AP2, is able to promote PPE markers in 
the neural ectoderm (Pieper et al., 2012). I next tested whether the PPE promoting effects 
of Dlx3 are counteracted by neural TFs by co-injecting TFs expressed predominantly in 
the neural ectoderm.  

 

Fig. 3.20. Dlx3+Pax3 overexpression. A & A’: Six1 expression B & B’: Eya1 expression. C & 
C’: FoxD3 expression. LacZ staining (blue) marks injected side. White arrows show reductions; 
red arrowheads show increased or ectopic expression in the respective domain. 
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Co-injection of Dlx3 with any of the neural TFs often leads to reduction of Six1, Eya1 
and Sox3 in the PPE similar to the effects observed after injection of each TF alone (Table 
3.6., Figs. 3.20-3.22). While co-injection of Dlx3 with Pax3 or Zic1 could not prevent 
ectopic expression of Six1 or Eya1 in the neural plate, this was completely abolished after 
Sox3 co-injection. This indicates that promotion of PPE genes by Dlx3 depends on Sox3 
inhibition and thus acts via a different pathway than AP2, whose promotion of PPE 
genes depends on Zic1 inhibition (see above). Finally, co-injection of Dlx3 and Zic1 (and 
to some extent also of Dlx3 and Pax3) results in more frequent upregulation of Six1 and 
Eya1 in the non-neural ectoderm than injection of Zic1 alone suggesting that Zic1 and 
Dlx3 synergize in PPE formation, which was very significant changes. 

This was further confirmed by co-injecting Zic1 mRNA with Dlx3 MO, which fully 
abolished the ability of Zic1 to promote increased expression of Six1, Eya1 or Sox3 in the 
non-neural ectoderm (Table 3.6., Fig. 3.21). 

 

 

 

Fig. 3.21. Dlx3+Zic1 overexpression. A & A’: Six1 expression B & B’: FoxD3 expression. LacZ 
staining (blue) marks injected side. White arrows show reductions; red arrowheads show increased 
or ectopic expression in the respective domain. 
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Fig. 3.22. Dlx3+Sox3 overexpression. A: Six1 expression. LacZ staining (blue) marks injected 
side. White arrows show reductions in the respective domain. 
 
3.4.3.3. Over Expression of neural TF Sox3 together with Msx1 
 
Co-injection of Msx1 with Sox3 often leads to reduction of Six1, Eya1 in the PPE similar 
to the effects observed after injection of Msx1 or Sox3 alone (Table 3.6., Figs. 3.23, 
Fig.5.24). However ectopic expression of Six1 or Eya1 in either epidermis or neural plate, 
was drastically reduced after Sox3 co-injection suggesting that the ability of Msx1 to 
induce PPE markers depends on Sox3 inhibition.  
 

 

Fig.3.23. Msx1+Sox3 overexpression. A 
& A’: Six1 expression B & B’: Eya1 
expression. LacZ staining (blue) marks 
injected side. White arrows show 
reductions in the respective domain.	
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Fig. 3.24. Dlx3 MO +Zic1 overexpression. A & A’: Six1 expression. LacZ staining (blue) marks 
injected side. White arrows show reductions in the respective domain. 

3.4.3.4. Over Expression of AP2 together with the non-neural TF Msx1  

AP2 and Msx1 are both ventrally restricted TFs, predominantly expressed in the non-
neural ectoderm but which extend dorsally into the neural crest. They both have similar 
effects on the PPE and other ectodermal territories. 

  

 
To test whether these TFs synergize in their effects, we co-injected AP2 and Msx1. While 
upregulation of Six1 or Eya1 in either non-neural or neural ectoderm or of FoxD3 in the  

Fig. 3.25. AP2+Msx1 
overexpression. A & A’: Six1 
expression B & B’: Zic1 expression. 
C & C’: FoxD3 expression. LacZ 
staining (blue) marks injected side. 
White arrows show reductions; red 
arrowheads show increased or 
ectopic expression in the respective 
domain.	
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Fig. 3.26. Pax3+Zic1 overexpression. A & A’: Six1 expression B & B’: Eya1 expression. C & C’: 
Sox3 expression. D & D’: FoxD3 expression. LacZ staining (blue) marks injected side. White 
arrows show reductions; red arrowheads show increased or ectopic expression in the respective 
domain. 
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neural crest were not strongly different from injections of AP2 or Msx1 alone (Table 3.6, 
Fig. 3.20), the number of embryos with diminished Six1 or Eya1 expression in the PPE 
were significantly reduced and reductions of FoxD3 in the NC domain were never 
observed (although this was not significantly different from AP2 or Msx1 injections 
alone). Taken together this provides some evidence for synergistic effects of AP2 and 
Msx1 in relieving repression but not in promoting neural plate border TFs.  
 
3.4.3.5. Over Expression of Pax3 together with the neural TF Zic1  
 
Both Pax3 and Zic1 are dorsally restricted TFs that help in induction of neural crest 
domain (Bae et al., 2014; Plouhinec et al., 2013; T. Sato et al., 2005). As shown in the 
previous sections of this chapter, individual overexpression of Pax3 and Zic1 have similar 
effects mostly repressing PPE markers with Pax3 leading to stronger reductions 
compared to Zic1 mRNA over expression. 
 
To test whether these TFs synergize in their effects, we co-injected Pax3 and Zic1 
together. Our data do not reveal any significantly increased reduction of Six1, Eya1 or 
Sox3 in the PPE expression (Table 3.6, Fig. 3.26). Somewhat surprisingly, we also did not 
find more prevalent FoxD3 upregulation after Pax3 and Zic1 co-injection compared to 
the individual injections and did not observe ectopic FoxD3 upregulation in non-neural 
ectoderm as reported in previous studies (Table 3.5., Fig. 3.26)(Milet and Monsoro-Burq, 
2012; 	Sato et al, 2005; Yardley and García-Castro, 2012).  
 
3.5. Conclusion  
 
The main finding in this chapter was that overexpression of two non-neural TFs AP2 
and Msx1 promoted ectopic expression of PPE markers in the NP as previously described 
for Dlx3 (Pieper et el., 2012). In addition, my findings suggest that AP2 and Dlx3/Msx1 
act in parallel pathways by blocking the effects of two different neural TFs, viz. Zic1 and 
Sox3, respectively. In addition, however, both non-neural (AP2, Vent2, Foxi1a, Dlx3, 
GATA2) and neural (Pax3, Hairy2b, Zic1, Sox3) TFs were able to repress Six1 and Eya1 
in the PPE ()and had complex effects on NC markers (FoxD3) suggesting that their 
effects are context- or dosage-dependent.  
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Chapter-4 Upstream Regulatory factors of Six1 and Eya1: Knockdown  

       Experiments  

 

In this knockdown analysis, I have used Morpholino antisense oligonucleotides (MO) for 
the knockdown of candidate upstream transcription factors of Eya1 and Six1 and 
observed their effects on early embryonic development of the ectoderm at early neural 
plate stage in Xenopus laevis. MOs were injected into one blastomere at the 4 cell stage and 
embryos subsequently analysed for its effects on the placodal (Six1, Eya1), neural crest 
(FoxD3) and neural plate (Sox3) marker genes. MOs were used in two concentrations, 
high dose (250 to 500 μM) and low dose (25 μM). The effectiveness is measured in the 
number of embryos affected. Specificity and effectivity of all MOs used was already 
demonstrated in previous studies (Yu et al., 2009; Sauka-Spengler and Bronner-Fraser, 
2006; Matsuo-Takasaki et al., 2005; Robert et al, 2001; Monsoro-Burq et al., 2005; 
Nichane et al., 2008a; T. Sato et al., 2005; Schlosser, 2010a; Tribulo et al., 2003).  
 
The results are summarized in Tables 4.1-4.4. To further confirm the specificity of MO 
effects on the injected embryos, I have tested whether injection of EngR mRNA 
constructs for some TFs know to act as activators (AP2, Pax3) mimics the effects of MO 
injection (Table 4.5). 
 
4.1. Knockdown of ventrally restricted TF Genes expressed in the Non-Neural  
      Territory  
 
In this section, the effect of knockdown of non-neural territory TF AP2, Vent2, Msx1 
and Foxi1a on the PPR domain, NC and NP of Xenopus laevis is reported.  
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Table 4.1. Changes in marker gene expression in the non-neural (placodal, epidermal), and neural ectoderm after the injection of various MO. 

 

E
xp

re
ss

io
n 

Pa
tte

rn
 Injection 

 
Control MO AP2 MO Vent2 MO Msx1 MO Foxi1a MO Pax3 MO Hairy2b MO Zic1 MO 

Non-
Neural 

(n, p, epi.) 

Neural 
(n., np, 

nc) 

Non-
Neural  

(n, p, epi.) 

Neural 
(n., np, nc) 

Non-
Neural 
(n, p, 
epi.) 

Neural 
(n., np, 

nc) 

Non-
Neural 
(n, p, 
epi.) 

Neural 
(n., np, 

nc) 

Non-
Neural 

(n, p, epi.) 

Neural  
(n., np, nc) 

Non-
Neural 
(n, p, 
epi.) 

Neural 
(n., np, 

nc) 

Non-
Neural 
(n, p, 
epi.) 

Neural  
(n., np, 

nc) 

Non-
Neural 
(n, p, 
epi.) 

Neural 
(n., np, nc) 

25 μM 25 μM 25 μM 25 μM 25 μM 25 μM 25 μM 25 μM 25 μM 25 μM 25 μM 25 μM 25 μM 25 
μM 

25 μM 25 μM 

Phenotype % 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

Six1 Reduced 13 
(31) 

0 
(31) 

83 
(12) 

 

0 
(12) 

 

62 
(21) 

0 
(21) 

26 
(89) 

0 
(89) 

48 
(21) 

 

0 
(21) 

47 
(36) 

0 
(36) 

 

46 
(13) 

0 
(13) 

88 
(16) 

0 
(16) 

Increased 
/Ectopic 

0 
(31) 

0 
(31) 

0 
(12) 

0 
(12) 

0 
(21) 

0 
(21) 

0 
(89) 

0 
(89) 

 

38 
(21) 

0 
(21) 

0 
(36) 

0 
(36) 

0 
(13) 

0 
(13) 

0 
(16) 

0 
(16) 

Eya1 Reduced 3 
(29) 

0 
(29) 

54 
(13) 

0 
(13) 

62 
(13) 

0 
(13) 

27 
(78) 

0 
(78) 

64 
(11) 

0 
(11) 

39 
(13) 

0 
(13) 

55 
(18) 

0 
(18) 

nd nd 

Increased 
/Ectopic 

0 
(29) 

0 
(29) 

0 
(13) 

0 
(13) 

0 
(13) 

0 
(13) 

0 
(78) 

0 
(78) 

0 
(11) 

0 
(11) 

0 
(13) 

0 
(13) 

0 
(18) 

0 
(18) 

nd 
 

nd 

Sox3 Reduced 2 
(50) 

0 
(50) 

57 
(14) 

7 
(14) 

75 
(12) 

0 
(12) 

17 
(70) 

0 
(70) 

27 
(11) 

0 
(11) 

0 
(17) 

0 
(17) 

16 
(12) 

0 
(12) 

60 
(5) 

0 
(5) 

Increased 
/Ectopic 

0 
(50) 

0 
(50) 

0 
(14) 

0 
(14) 

8 
(12) 

0 
(12) 

83 
(70) 

0 
(70) 

18 
(11) 

0 
(11) 

47 
(17) 

0 
(17) 

16 
(12) 

0 
(12) 

0 
(5) 

0 
(5) 

FoxD3 Reduced 3 
(31) 

0 
(31) 

0 
(20) 

30 
(20) 

0 
(14) 

79 
(14) 

0 
(60) 

75 
(60) 

0 
(9) 

11 
(9) 

0 
(5) 

57 
(28) 

0 
(16) 

19 
(16) 

0 
(22) 

82 
(22) 

Increased 
/Ectopic 

0 
(31) 

0 
(31) 

50 
(20) 

50 
(20) 

0 
(14) 

22 
(14) 

0 
(60) 

0 
(60) 

0 
(9) 

56 
(9) 

0 
(28) 

 

7 
(28) 

0 
(16) 

31 
(16) 

0 
(22) 

0 
(22) 
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Table 4.2. Lateral displacement of marker gene expression after the injection of various MO. 

 

 

	

	

	

	

	

	

 

E
xp

re
ss

io
n 

 P
at

te
rn

 

In
je

ct
io

n 
 

Control MO AP2 MO Vent2 MO Msx1 MO Foxi1a MO Pax3 MO Hairy2b MO Zic1 MO 

Embryos 
Affected 

Embryos 
Affected 

Embryos 
Affected 

Embryos 
Affected 

Embryos 
Affected 

Embryos 
Affected 

Embryos 
Affected 

Embryos 
Affected 

25 μM 25 μM 25 μM 25 μM 25 μM 25 μM 25 μM 25 μM 

Phenotype % 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

Six1 0 
(31) 

0 
(12) 

0 
(36) 

62 
(89) 

0 
(21) 

0 
(36) 

0 
(13) 

0 
(16) 

Eya1 0 
(29) 

0 
(13) 

0 
(13) 

41 
(32) 

0 
(11) 

0 
(13) 

0 
(18) 

nd 

Sox3 0 
(50) 

0 
(14) 

0 
(17) 

76 
(80) 

0 
(11) 

0 
(17) 

50 
(12) 

67 
(6) 

FoxD3 0 
(31) 

0 
(20) 

0 
(28) 

63 
(32) 

0 
(9) 

0 
(28) 

0 
(16) 

0 
(22) 
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Table 4.3. Changes in marker gene expression in the non-neural (placodal, epidermal), and neural ectoderm after the injection of various MO. 

 

 

 

E
xp

re
ss

io
n 

Pa
tte

rn
 

Injection 
 

Control MO AP2 MO Vent2 MO Msx1 MO Foxi1a MO Msx1 MO Hairy2b MO Zic1 MO 

Non-
Neural 

(n, p, epi.) 

Neural 
(n., np, 

nc) 

Non-
Neural  

(n, p, epi.) 

Neural 
(n., np, nc) 

Non-
Neural 
(n, p, 
epi.) 

Neural 
(n., np, 

nc) 

Non-
Neural 
(n, p, 
epi.) 

Neural 
(n., np, 

nc) 

Non-
Neural 
(n, p, 
epi.) 

Neural 
(n., np, 

nc) 

Non-
Neural 
(n, p, 
epi.) 

Neural 
(n., np, 

nc) 

Non-
Neural 
 (n, p, 
epi.) 

Neural  
(n., np, 

nc) 

Non-
Neural 
(n, p, 
epi.) 

Neural 
(n., np, 

nc) 

100 μM 100 μM 250-500 
μM 

250-500 
μM 

250-500 
μM 

250-500 
μM 

250-500 
μM 

250-500 
μM 

250-500 
μM 

250-500 
μM 

250-500 
μM 

250-500 
μM 

250-500 
μM 

250-500 
μM 

250-500 
μM 

250-500 
μM 

Phenotype % 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

Six1 Reduced 3 
(60) 

0 
(31) 

67 
(12) 

0 
(12) 

53 
(15) 

0 
(15) 

82 
(11) 

0 
(27) 

64 
(42) 

0 
(42) 

82 
(11) 

0 
(27) 

73 
(26) 

0 
(24) 

50 
(10) 

 

0 
(10) 

Increased 
/Ectopic 

0 
(60) 

0 
(31) 

0 
(12) 

0 
(12) 

27 
(15) 

13 
(15) 

27 
(11) 

0 
(11) 

55 
(42) 

14 
(23) 

27 
(11) 

0 
(11) 

8 
(26) 

13 
(24) 

0 
(10) 

0 
(10) 

Eya1 Reduced 2 
(50) 

0 
(50) 

41 
(17) 

0 
(17) 

88 
(16) 

0 
(16) 

10 
(14) 

0 
(43) 

84 
(37) 

0 
(23) 

10 
(14) 

0 
(43) 

63 
(24) 

0 
(24) 

88 
(17) 

0 
(17) 

Increased 
/Ectopic 

0 
(50) 

0 
(50) 

0 
(17) 

0 
(17) 

31 
(16) 

0 
(16) 

21 
(14) 

0 
(14) 

67 
(48) 

43 
(49) 

21 
(14) 

0 
(14) 

33 
(18) 

0 
(18) 

6 
(17) 

12 
(17) 

Sox3 Reduced 2 
(45) 

0 
(45) 

8 
(12) 

0 
(12) 

0 
(6) 

0 
(6) 

0 
(3) 

0 
(3) 

0 
(16) 

0 
(16) 

0 
(3) 

0 
(3) 

0 
(12) 

0 
(12) 

0 
(3) 

0 
(3) 

Increased 
/Ectopic 

0 
(45) 

0 
(45) 

58 
(12) 

0 
(12) 

0 
(6) 

0 
(6) 

0 
(3) 

0 
(3) 

38 
(16) 

0 
(16) 

0 
(3) 

0 
(3) 

0 
(12) 

0 
(12) 

0 
(3) 

0 
(3) 

FoxD3 Reduced 0 
(46) 

5 
(77) 

0 
(8) 

75 
(8) 

0 
(9) 

78 
(9) 

0 
(6) 

0 
(6) 

0 
(17) 

12 
(17) 

0 
(6) 

0 
(6) 

0 
(7) 

70 
(20) 

0 
(8) 

0 
(8) 

Increased 
/Ectopic 

0 
(46) 

0 
(46) 

0 
(8) 

0 
(8) 

0 
(9) 

0 
(9) 

0 
(6) 

0 
(6) 

0 
(17) 

12 
(17) 

0 
(6) 

0 
(6) 

0 
(7) 

0 
(20) 

0 
(8) 

0 
(8) 
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Table 4.4. Lateral displacement of in marker gene expression after the injection of various MO. 

 

 

 

 

 

 

 

 

 

 

E
xp

re
ss

io
n 

 P
at

te
rn

 

In
je

ct
io

n 
 

Control MO AP2 MO Vent2 MO Msx1 MO Foxi1a MO Pax3 MO Hairy2b MO Zic1 MO 

Embryos 
Affected 

Embryos 
Affected 

Embryos 
Affected 

Embryos 
Affected 

Embryos 
Affected 

Embryos 
Affected 

Embryos 
Affected 

Embryos 
Affected 

100 μM 250-500 μM 250-500 μM 250-500 μM 250-500 μM 250-500 μM 250-500 μM 250-500 μM 
Phenotype % 

(n) 
% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

Six1 0 
(31) 

0 
(12) 

32 
(31) 

43 
(21) 

21 
(42) 

0 
(34) 

54 
(33) 

60 
(10) 

Eya1 0 
(29) 

0 
(17) 

53 
(19) 

12 
(43) 

24 
(38) 

8 
(24) 

58 
(24) 

44 
(9) 

Sox3 0 
(50) 

0 
(12) 

33 
(6) 

67 
(3) 

38 
(16) 

0 
(4) 

58 
(12) 

50 
(2) 

FoxD3 0 
(31) 

0 
(8) 

78 
(9) 

83 
(6) 

0 
(17) 

0 
(5) 

86 
(7) 

50 
(8) 
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Table 4.5. Changes in marker gene expression in the non-neural (placodal, epidermal), and 
neural ectoderm after the injection of various EngR. 

 

Expression 
Pattern 

Injection  AP2 EngR 

Non-
Neural (n, 

p, epi.) 

Neural  
(n., np, nc) 

Phenotype  % 
(n) 

% 
(n) 

Six1 Reduced 100 
(23) 

0 
(23) 

Increased 
/Ectopic 

0 
(23) 

0 
(23) 

Eya1 Reduced nd nd 

Increased 
/Ectopic 

nd nd 

Sox3 Reduced 92 
(27) 

63 
(27) 

Increased 
/Ectopic 

0 
(27) 

0 
(27) 

FoxD3 Reduced 0 
(49) 

96 
(49) 

Increased 
/Ectopic 

0 
(49) 

0 
(49) 

 

n. – Number of embryos affected in cranial placode, neural plate border and ectopic expression 
at NC (Stage 14 - 16)  
n, p, epi.: Number of embryos affected in placodal and epidermal (Stage 14-16) 
n., np, nc: Number of embryos affected in neural crest and neural plate (Stage 14-16)  
nd.: not determined 
p. – placode, epi. – epidermis  
nc. – neural crest, np. – neural plate 
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4.1.1. AP2 knockdown  

The AP2 MO was used in previous studies , and its toxicity effect were already studied ( 
Luo et al., 2002; Luo et al., 2003; Ting Luo et al., 2005) .   

Both low and high doses of AP2 MO result in a high proportion of embryos with 
downregulation of Six1, Eya1 and Sox3 in the PPE (Tables 4.1, 4.3, Fig. 4.1). However, 
Sox3 is often upregulated in adjacent non-neural ectoderm, in particular after injection of 
high AP2 MO doses. This suggests that AP2 is required for establishment of the PPE 
and for preventing expression of neural markers like Sox3 throughout the non-neural 
ectoderm.  

 

Fig. 4.1. AP2 knockdown. A & A’, B : Six1 expression C & C’, D & D’: Eya1 expression. E & 
E’, F & F’: Sox3 expression. G & G’, H & H’: FoxD3 expression. LacZ staining (blue) marks 
injected side. White arrows show reductions; red arrowheads show increased or ectopic 
expression in the respective domain. 
 
In Fig.4.2 the effectiveness of 2 different concentrations of MO in reducing marker 
expression in the non-neural ectoderm is compared. Both high and low dose are seen to 
be approximately equally effective except for Sox3, where less reduction is observed at 
higher doses (presumably reflecting the higher proportion of embryos with upregulation 
of Sox3 in non-neural ectoderm). Due to the low numbers of embryos analysed for FoxD3 
after injection of high dose MO, no proper comparison can be made for this marker. 
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Fig. 4.2. Comparison of high dose MO and low dose MO injected embryos. Black Bar 
representing the high dose MO, green Bar representing the low dose MO.  

 

The AP2 MO knockdown also has strong effects on the NC with reduction of FoxD3 
expression observed after injection of both high and low doses of AP2 MO (Tables 4.1, 
4.3, Fig. 4.1). However, after injection of low dose AP2 MO, FoxD3 was expanded into 
the adjacent neural and non-neural ectoderm in another subset of embryos. Taken 
together this suggests that AP2 is required for establishing FoxD3 expression in the neural 
crest as well as for restricting its expression to the NC domain in distinct and partly 
counteracting pathways.  

To further confirm the AP2 MO and its effects on the injected embryos, I have used the 
AP2 EngR construct as positive control for this knockdown analysis. AP2 EngR mRNA 
injection results in drastic reduction of Six1 and Sox3 in the PPE (Eya1 was not analysed) 
and to broadening of the Sox3 expressing neural plate, while FoxD3 in the neural crest 
was reduced. The results of AP2 EngR are similar to that of the high dose AP2 MO 
effects corroborating that they reflect AP2 loss of function phenotypes.   



	 130	

 

Fig. 4.2. AP2 EngR injection, A: Six1 expression. B: Sox3 expression. C & C’: FoxD3 expression. 
LacZ staining (blue) marks injected side. White arrows show reductions; red arrowheads show 
increased or ectopic expression in the respective domain. 
 
Previously it has been shown that AP2 is required for expression of several NPB and NC 
markers (Luo et al., 2002, 2003; de Croze et al., 2011; Bhat et al., 2012).. In zebrafish, 
AP2 knockdown also strongly inhibited the formation of the PPE and its derivative 
placodes (Kwon et al., 2010; Bhat et al., 2013). Overall our findings agree with these 
studies although, we occasionally observed expansion rather than reduction of  FoxD3 
after AP2 knockdown. 
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4.1.2. Vent2 knockdown 

The Vent2 MO used here was already characterised and its toxicity measured in previous 
studies (Karaulanov et al., 2004; Pieper et al., 2012; Sander et al., 2007). Both low and 
high doses of Vent2 MO (Tables 4.1, 4.3, Fig. 4.3) result in a high proportion of embryos 
with downregulation of Six1, Eya1 and Sox3 in the PPE. In addition, Sox3 in the NP is 
broadened and FoxD3 in the neural crest is in most cases reduced. Some ectopic 
expression of Six1 and Eya1 in the epidermis is observed occasionally after injection of 
high doses of Vent2 MO only suggesting that it may be an artefact of high MO doses. 
Taken together this suggests that Vent2 is required for establishment of the PPE and NC 
and for defining the lateral limit of Sox3 expression in the neural plate.  

Fig.4.3.1 again compares the effectiveness of 2 different concentrations of MO in 
reducing marker expression in the non-neural ectoderm. Both high and low dose are seen 
to be approximately equally effective except for Sox3, where no reduction is observed at 
higher doses. Due to the low numbers of embryos analysed for Sox3 and FoxD3 after 
injection of high dose MO, no proper comparison can be made for these two markers. 

 

Fig. 4.3. Vent2 knockdown. A, B: Six1 expression C, D: Eya1 expression. E: Sox3 expression. 
F, G: FoxD3 expression. LacZ staining (blue) marks injected side. White arrows show reductions; 
red arrowheads show increased or ectopic expression in the respective domain. 
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Fig. 4.3.1. Comparison of high dose MO and low dose MO injected embryos. Black Bar 
representing the high dose MO, green Bar representing the low dose MO.  
 
These findings confirm previous observations that Vent2 knockdown leads to expansion 
of np markers such as Sox2 indicating that Vent2 is required to define the lateral 
expansion of the NP (Sander et al., 2007). Vent2 knockdown in the current study further 
shows that Vent2 TF is required for the induction of PPE, as Six1 and Eya1 are depleted 
after Vent2 knockdown, whereas the effects on FoxD3 are complex. 
 
 
4.1.3. Msx1 knockdown 

The Msx1 MO used here was already characterised in previous studies (Monsoro-Burq et 
al., 2005; Sauka-Spengler and Bronner-Fraser, 2006; Tribulo et al., 2003). Both low and 
high doses of Msx1 MO result in occasional downregulation of Six1, Eya1 and Sox3 in 
the PPE (Tables 4.1, 4.3, Fig. 4.4). This is more frequently observed with the high MO 
dose. In addition, Sox3 in the NP is broadened (and all other markers investigated laterally 
displaced) and ectopically expressed in the epidermis and FoxD3 is mildly reduced in the 
NC (Tables 4.1, 4.3, Fig. 4.4). Some ectopic expression of Six1 and Eya1 in the epidermis 
is observed occasionally after injection of high doses of Msx1 MO only suggesting that it 
may be an artefact of high MO doses. Taken together this suggests that Mx1 is required 
for establishment of the PPE, and for defining the lateral limit of Sox3 expression in the 
neural plate and plays some role in establishing the NC.  
 
Fig. 4.4 again compares the effectiveness of two different concentrations of MO in 
reducing marker expression in the non-neural ectoderm. The low dose is seen to be 
somewhat less effective in reducing Six1 and Eya1. Due to the low numbers of embryos 
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analysed for Sox3 and FoxD3 after injection of high dose MO, no proper comparison can 
be made for these two markers.  

 

Fig. 4.4. Msx1 knockdown. A, B: Six1 expression C, D : Eya1 expression. E, F & F’: Sox3 
expression. G, H & H’: FoxD3 expression. LacZ staining (blue) marks injected side. White arrows 
show reductions; red arrowheads show increased or ectopic expression in the respective domain. 

 
These findings are in accordance with previous studies showing a reduction of NC and 
expansion of NP markers after Msx1 knockdown (Tribulo et al., 2003; Monsoro-Burq et 
al., 2005). In addition, the present study has shown that Msx1 knockdown inhibits Six1 
and Eya1 suggesting that Msx1 is required for PPE formation.  
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Fig. 4.4.1. Comparison of high dose MO and low dose MO injected embryo. Black bar 
representing the high dose MO, green bar representing the low dose MO.   

4.1.4. Foxi1a knockdown 

The Foxi1a MOs used here were already characterised in previous studies (Matsuo-
Takasaki et al., 2005; Pohl et al., 2005). Both low and high doses of Foxi1a MO result in 
occasional downregulation of Six1, Eya1 and Sox3 in the PPE but result in upregulation 
of these markers and ectopic expression in both neural and non-neural ectoderms in 
another subset of embryos (Tables 4.1, 4.3, Fig. 4.5). This is more frequently observed 
with the high MO dose.  
 
In addition, Sox3 in the NP is broadened (and all other markers investigated laterally 
displaced) after injection of high doses of Foxi1a MOs (Table 4.4, Fig. 4.5). While FoxD3 
is mildly reduced in the NC in some embryos, it’s expanded in other embryos, especially 
after injection of low doses of Foxia1 MOs (Tables 4.1, 4.3, Fig. 4.5). Taken together this 
suggests that Foxi1a is required for establishment of the PPE as well as for preventing 
expression of Six1 and Eya1 outside the PPE in distinct and partly counteracting 
pathways. It also appears to be required to restrict expression of neural plate and neural 
crest and markers. 
 
While it was suggested in previous studies that Foxi1a knockdown represses both NC and 
PPE markers (Matsuo-Takasaki et al., 2005; Kwon et al., 2010), this study,has shown that 
Foxi1a knockdown has the opposite effect in a subset of embryos suggesting a dual role 
of Foxi1a in the establishment of ectodermal boundaries. 
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Fig. 4.5. Foxi1a knockdown. A, B & B’: Six1 expression C & C’, D: Eya1 expression. E & E’, 
F: Sox3 expression. G, H & H’: FoxD3 expression. LacZ staining (blue) marks injected side. White 
arrows show reductions; red arrowheads show increased or ectopic expression in the respective 
domain. 

In Fig.4.5.1 the effectiveness of two different concentrations of MO in reducing marker 
expression in the non-neural ectoderm is compared. Both high and low dose are seen to 
be approximately equally effective.  

 

Fig. 4.5.1. Comparison of high dose MO and low dose MO injected embryo. Black bar 
representing the high dose MO, green bar representing the low dose MO. 
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4.2. Knockdown of dorsally restricted TF Genes expressed in the Neural  
       Competence Territory  

 
After studies on the various non-neural TF and their knockdown effects on the PPR, NP 
and NC domain of the Xenopus laevis in the first part of this chapter., I will now turn to 
the knockdown effects of the neural TF Pax3, Hairy2a+2b and Zic1, which play important 
roles in the establishment of PPR and NC (Schlosser, 2014).   

 

4.2.1. Pax3 knockdown 
 
Both low and high doses of Pax3 MO result in a high proportion of embryos with 
downregulation of Six1, Eya1 in the PPE (Tables 4.1, 4.3, Fig. 4.6). However, while the 
neural plate is not broadened (Tables, 6.2, 6.4), Sox3 is often upregulated in the non-
neural ectoderm. In contrast, FoxD3 expression in the NC domain is strongly reduced. 
This suggests that Pax3 is required for establishment of both PPE and NC domains as 
well as for repression of Sox3 throughout the non-neural ectoderm.  
 
In Fig.4.6.1 the effectiveness of two different concentrations of MO in reducing marker 
expression in the non-neural ectoderm is compared. Both high and low dose are seen to 
be approximately equally effective. Due to the low numbers of embryos analysed for 
FoxD3 after injection of high dose MO, no proper comparison can be made for this 
marker. 
 
Similar to previous studies (Sato et al., 2005; Hong and Saint-Jeannet, 2007), the results 
of Pax3 knockdown in the present study led to increase of NP at the expense of NC 
markers suggesting that Pax3 is required for NC formation in neural ectoderm. In this 
study, it is also shown that Pax3 knockdown results in strong reduction of both Six1 and 
Eya1, suggesting that Pax3 is also required for PPE formation. 
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Fig. 4.6. Pax3 knockdown. A & A’, B: Six1 expression C & C’, D: Eya1 expression. E & E’, F: 
Sox3 expression. G & G’, H: FoxD3 expression.  LacZ staining (blue) marks injected side. White 
arrows show reductions; red arrowheads show increased or ectopic expression in the respective 
domain. 

 

Fig. 4.6.1. Comparison of high dose MO and low dose MO injected embryo. Black bar 
representing the high dose MO, green bar representing the low dose MO. 
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4.2.2. Hairy2a+2b knockdown 
 
Both low and high doses of Hairy2 MO result in a high proportion of embryos with 
downregulation of Six1, Eya1 in the PPE (Tables 4.1, 4.3, Fig. 4.7). However, Sox3 is 
upregulated in the non-neural ectoderm (at higher frequency after injection of high dose 
of MO) and the neural plate is broadened after injection of high doses (Tables, 4.2, 4.4). 
FoxD3 expression in the NC domain shows ambiguous effects with increase in some and 
decreases in other embryos. This suggests that Hairy2 is strongly required for 
establishment of the PPE domains as well as for repression of Sox3 throughout the non-
neural ectoderm. It also appears to play complex roles for NC formation (similar to AP2 
and Foxi1a) being required for establishing FoxD3 expression in the neural crest as well 
as for restricting its expression to the NC domain in distinct and partly counteracting 
pathways. 

 

Fig. 4.7. Hairy2b knockdown. A, B & B’: Six1 expression C, D: Eya1 expression. E, F: Sox3 
expression. G, H & H’: FoxD3 expression. LacZ staining (blue) marks injected side. White arrows 
show reductions; red arrowheads show increased or ectopic expression in the respective domain. 
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In Fig. 4.7.1 the effectiveness of 2 different concentrations of MO in reducing marker 
expression in the non-neural ectoderm is compared. Both high and low dose are seen to 
be approximately equally effective. Due to the low numbers of embryos analysed for 
FoxD3 after injection of high dose MO, no proper comparison can be made for this 
marker. 

 

Fig. 4.7.1. Comparison of high dose MO and low dose MO injected embryo. Black bar 
representing the high dose MO, green bar representing the low dose MO. 
 
In accordance with a previous study (Nichane et al., 2008a) the present study has shown 
that Hairy2b knockdown represses NC markers in a subset of embryos. However, in 
another subset of embryos Hairy2b was upregulated suggesting that it may be required 
both for initiation and subsequent restriction of NC formation.. In this study, it has 
furthermore been shown that Hairy2b knockdown results in strong downregulation of 
both Six1 and Eya1, suggesting that Hairy2b is also required for PPE formation.  
 

4.2.3. Zic1 knockdown 

Both low and high doses of Zic1 MO result in strong downregulation of Six1 and Eya1 
in the PPE (Tables 4.1, 4.3, Fig. 4.8). In addition, Sox3 in the NP is broadened (tables 4.2, 
4.4) and FoxD3 is mildly reduced in the NC (Tables 4.1, 4.3, Fig. 4.8). Taken together this 
suggests that Zic1 is required for establishment of the PPE and NC, and for repressing 
Sox3 expression in the neural plate thereby defining its lateral extension. 

Fig.4.8.1 compares the effectiveness of two different concentrations of MO in reducing 
marker expression in the non-neural ectoderm. The low dose injection is seen to be even 
more effective in reducing Six1 (Eya1 was not determined) than the high dose. Due to 
the low numbers of embryos analysed for Sox3 and FoxD3 after injection of high dose 
MO, no proper comparison can be made for these two markers. 
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Fig. 4.8. Zic1 knockdown. A & A’, B: Six1 expression C & C’, D: Eya1 expression. E, F: Sox3 
expression. G, H: FoxD3 expression. LacZ staining (blue) marks injected side. White arrows show 
reductions in the respective domain. 

 

Fig. 4.8.1. Comparison of high dose MO and low dose MO injected embryo. Black bar 
representing the high dose MO, green bar representing the low dose MO. The effect of Eya1 MO 
at 25 µM was not determined. 
 
These findings confirm previous reports that knockdown of Zic1 results in inhibition of 
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both NC and PPE markers (Sato et al., 2005; Hong and Saint-Jeannet, 2007), suggesting 
that Zic1 is required for both PPE and NC formation. 
 
4.3. Are Pax3 and Zic1 required for PPE establishment Non-Cell Autonomously  
       or Cell Autonomously? 
 
The results presented so far show that Pax3 and Zic1 TF over expression causes strong 
reduction of placodal markers in the PPR, while they sometimes promote NC markers. 
Surprisingly, I also find that the knockdown of both Pax3 and Zic1 not only reduces 
FoxD3 in the NC but also leads to a strong reduction of placodal markers suggesting that 
these TFs are not only required for the establishment of the NC in confirmation of 
previous studies (Jaurena et al., 2015; Meulemans and Bronner-Fraser, 2004; T. Sato et 
al., 2005), but are also required for PPE establishment.  
 
This raises the question, whether Pax3 and Zic1 are required for PPE induction cell 
autonomously during early gastrulation, when Pax3 and Zic1 expression still overlap with 
the prospective PPE or non-cell autonomously? In this section, I used grafting 
experiments to test this.  
 
4.3.1. Role of Pax3  

To test for cell autonomous role of Pax3, neural plates were orthotopically grafted from 
Pax3 MO injected embryos into un-injected embryos and vice versa. GFP was co-injected 
with Pax3 MO to allow to distinguish donor from host tissues.  To test for the effect of 
grafting alone, first neural plates were grafted from embryos injected with GFP alone to 
un-injected embryos. Fig.4.9. shows that grafting of neural plates from embryos injected 
with GFP alone was not having any effects on the PPE domain as confirmed by in situ 
experiments using Six1 as marker in the PPE. This indicates that grafting doesn't interfere 
with Six1 induction in the NPB. 
 
Fig.4.10. shows the effects of grafting neural plates from normal embryos into Pax3 MO 
injected embryos. Reductions of Six1 expression in the PPE are not alleviated near the 
grafted neural plate (Fig. 7.10), suggesting that normal neural plates cannot rescue Pax3 
knockdown in the PPE.  
 
Fig.4.11. shows the effect of the converse experiment, in which neural plate from a Pax3 
MO injected embryo was grafted into a normal embryo. No effects of the graft on Six1 
expression in the adjacent PPE was observed. Taken together these experiments suggests 
that Pax3 is required cell-autonomously for establishment of Six1 in the PPE. 
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Fig. 4.9. Grafting Control experiment, A: Grafted NP explant from GFP injected donor to 
normal host embryo NP domain, A’: Six1 expression in same embryo (Dorsal Frontal View), 
B, B’: same embryo in Lateral View with GFP (B) and Six1 expression (B'). White dotted lines 
representing the grafting area. 

 

Fig. 4.10. Grafting Experiment for Pax3 MO Effects A, B: Unlabeled explant taken from a 
normal embryo from NP region and transplanted into NPB (A) or NP (B) region of Pax3 MO 
(250uM-500uM) + GFP  injected embryo (Dorsal - Frontal View), A’, B’: Six1 expression is still 
reduced near the explant (Dorsal – Frontal View). LacZ staining (blue) marks injected side. 
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White arrows show reductions in the respective domain. White dotted line representing the 
grafting area. 

 

Fig. 4.11. Grafting experiment for Pax3 MO. A, B: GFP explant taken from a Pax3 MO (250uM-
500uM) + GFP injected embryo from NP region and transplanted into NP of un-injected embryo 
(Dorsal Frontal View), A’, B’: Six1 expression in PPE is unaffected near the graft (Dorsal 
Frontal View). White arrows show normal expression of Six1 near the graft. White dotted line 
representing the grafting area. 
 
4.3.2. Role of Zic1  
 
To test for cell autonomous role of Zic1, neural plates were orthotopically grafted from 
Zic1 MO injected embryos into un-injected embryos and vice versa. GFP was co-injected 
with Zic1 MO to allow to distinguish donor from host tissues.  
 
Fig.4.12 shows the effects of grafting neural plates from normal embryos into Zic1 MO 
injected embryos. Again reductions of Six1 expression in the PPE are not alleviated near 
the neural plate graft (Fig. 4.12), suggesting that normal neural plates cannot rescue Zic1 
knockdown in the PPE.  
 
Fig.4.13., (A, A’, B, B’) shows the converse experiment, in which neural plate from a Zic1 
MO injected embryo was grafted into a normal embryo. No effects of the graft on Six1 
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expression in the adjacent PPE was observed. Taken together these experiments suggests 
that Zic1 is required cell-autonomously for establishment of Six1 in the PPE. 
 

	

Fig. 4.12. Grafting experiment for Zic1 MO. A: Unlabeled explant taken from a normal embryo 
from NP region and transplanted into NPB (A) or NP (B) region of Zic1 MO (250uM-500uM) + 
GFP injected embryo (Dorsal View), A’: Six1 expression is still reduced near the explant (White 
arrows; Dorsal  View). White dotted line representing the grafting area.  
 

 
Fig.4.13. Grafting experiment for Zic1 MO, A, B: GFP explant taken from a Zic1 MO (250uM-
500uM) injected embryo from NPB region and transplanted into normal embryo (Dorsal View), 
A’, B’: Six1 expression in the PPE is not affected (Dorsal View). LacZ staining (blue) marks 
injected side. White arrows show normal expression of Six1 near the graft. White dotted line 
representing the grafting area 
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4.4. Conclusion  

The main finding of the knockdown experiments described in this chapter is that both 
ventrally restricted TFs (AP2, Vent2, Msx1, Foxi1, GATA2, Dlx3) and dorsally restricted 
TFs (Pax3, Hairy2b, Zic1, Sox3) are required for the activation of PPE and NC markers. 
The experiments also showed that both Pax3 and Zic1 were cell autonomously required 
during the induction of PPE. In addition, some of these TFs play dual roles being 
additionally required for the restriction of PPE (as shown for Foxi1) and NC markers (as 
shown for AP2, Vent2, Foxi1, Hairy2b) to their proper domain of expression. 
.
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Chapter-5 Feedback Regulation of Six1 and Eya1 at Panplacodal Ectoderm  
      (PPE) 

 
5.1. Feedback regulation of Six1 and Eya1 at Panplacodal Ectoderm (PPE) 
 
In the previous chapter-3 and chapter-4, the role of some putative upstream candidate 
transcription factors for the regulation of Six1 and Eya1 was investigated in gain of 
function and loss of function studies. In this chapter, I focus on the feedback regulation 
of Six1 and Eya1 with these putative upstream regulators, especially the non-neural (AP2, 
Vent2, Msx1 and Foxi1) and neural (Pax3, Hairy2b and Zic1) TFs. 
 

5.2. Role of Six1 in Neural Plate Border 

Six1 was over expressed by injection of mRNA or GR mRNA, or inhibited using MO 
knockdown or injection of Six1-EngR construct overs and phenotypical changes in the 
PPE were documented using the different domain markers. These changes were observed 
from late gastrulation stage to the neural plate stage of Xenopus laevis.  

Similar to previous chapters, phenotypical effects on non-neural (i.e. epidermis and 
placodes) and neural (NC and NP) expression domains were recorded separately. The 
phenotypical changes observed in NPB, NC, NP domains and the displacements of NC 
and NP together are summarized in Tables 5.1. and 5.2. and Figures 5.1 to 5.10. 
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Table.5.1. Changes in marker gene expression in the non-neural (placodal, epidermal), and neural ectoderm after the injection of various mRNA/MO. 

Expression  
Pattern 

Injection 
 

Six1 mRNA Six1 GR Six1 MO1+MO2 Six1 EngR Eya1 mRNA Eya1 MO MO1+MO2 Eya1 + Six1 mRNA  
Non-

Neural 
(n: p, epi.) 

 

Neural  
(n: np, nc) 

 

Non-
Neural 

(n: p, epi.) 
 

Neural  
(n: np, nc) 

 

Non-Neural 
(n: p, epi.) 

 

Neural 
 (n: np, nc)  

 

Neural  
(n: np, nc) 

 

Neural  
(n: np, nc) 

 

Non-Neural 
(n: p, epi.) 

500-1000 
μM 

Neural  
(n: np, nc) 

 

Non-Neural 
(n: p, epi.) 

 

Neural  
(n: np, nc) 

 

Non-Neural 
(n: p, epi.) 

 

Neural  
(n: np, nc) 

 

Phenotype % 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

AP2 Reduced 17 
(23) 

17 
(23) 

nd nd 0 
(13) 

54 
(13) 

nd nd 0 
(23) 

0 
(23) 

0 
(41) 

37 
(41) 

nd nd 

Increased 
/Ectopic 

22 
(23) 

33 
(36) 

nd nd 100 
(20) 

100 
(20)  

nd nd 0 
(23) 

48 
(23) 

0 
(41) 

27 
(41) 

nd nd 

Dlx3 Reduced 68 
(19) 

0 
(19) 

nd nd nd nd nd nd 70 
(43) 

0 
(43) 

61 
(46) 

0 
(46) 

nd nd 

Increased 
/Ectopic 

0 
(19) 

0 
(19) 

nd nd nd nd nd nd 0 
(43) 

0 
(43) 

0 
(46) 

0 
(46) 

nd nd 

Eya1 Reduced 89 
(35) 

0 
(35) 

nd nd 56 
(16) 

0 
(16) 

nd nd nd nd 54 
(39) 

0 
(39) 

nd nd 

Increased 
/Ectopic 

0 
(35) 

0 
(35) 

nd nd 0 
(16) 

0 
(16) 

nd nd nd nd 15 
(39) 

0 
(39) 

nd nd 

Six1 Reduced nd nd nd nd nd nd nd nd 13 
(16) 

0 
(65) 

48 
(99) 

0 
(99) 

nd nd 

Increased 
/Ectopic 

nd nd nd nd nd nd nd nd 50 
(16) 

39 
(65) 

11 
(18) 

0 
(18) 

nd nd 

Foxi1a Reduced 69 
(13) 

0 
(13) 

nd nd 0 
(5) 

0 
(5) 

86 
(22) 

0 
(22) 

14 
(42) 

0 
(42) 

40 
(78) 

0 
(21) 

nd nd 

Increased 
/Ectopic 

67 
(6) 

0 
(6) 

nd nd 0 
(5) 

0 
(5) 

0 
(22) 

0 
(22) 

59 
(42) 

14 
(7) 

17 
(23) 

5 
(21) 

nd nd 

GATA2 Reduced 36 
(14) 

0 
(14) 

nd nd nd nd nd nd 0 
(20) 

0 
(20) 

21 
(29) 

0 
(17) 

nd nd 

Increased 
/Ectopic 

0 
(14) 

0 
(14) 

nd nd nd nd nd nd 0 
(20) 

0 
(20) 

7 
(29) 

0 
(17) 

nd nd 

Msx1 Reduced 53 
(15) 

0 
(30) 

nd nd 0 
(24) 

75 
(12) 

nd nd 60 
(43) 

60 
(43) 

30 
(45) 

22 
(45) 

nd nd 

Increased 
/Ectopic 

73 
(30) 

77 
(30) 

nd nd 71 
(24) 

75 
(24) 

nd nd 0 
(43) 

0 
(43) 

46 
(37) 

31 
(37) 

nd nd 

Pax3 Reduced 92 
(13) 

85 
(20) 

nd nd 0 
(9) 

0 
(9) 

nd nd 21 
(24) 

0 
(24) 

3 
(31) 

13 
(31) 

nd nd 

Increased 
/Ectopic 

0 
(13) 

35 
(34) 

nd nd 0 
(9) 

33 
(9) 

nd nd 0 
(24) 

17 
(24) 

6 
(31) 

23 
(31) 

nd nd 

Zic1 Reduced 0 0 nd nd 0 21 nd nd 0 0 0 0 0 80 
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(24) (24) (14) (14) (41) (41) (67) (67) (25) (25) 
Increased 
/Ectopic 

0 
(24) 

92 
(24) 

nd nd 0 
(14) 

64 
(14) 

nd nd 0 
(41) 

81 
(41) 

0 
(67) 

75 
(67) 

0 
(25) 

0 
(25) 

Sox3 Reduced 55 
(57) 

38 
(66) 

48 
(25) 

0 
(25) 

62 
(153) 

0 
(153) 

39 
(31) 

0 
(31) 

29 
(69) 

54 
(43) 

30 
(156) 

0 
(156) 

nd nd 

Increased 
/Ectopic 

7 
(57) 

0 
(66) 

16 
(25) 

0 
(25) 

0 
(153) 

0 
(153) 

71 
(31) 

0 
(31) 

35 
(69) 

0 
(43) 

12 
(156) 

0 
(156) 

nd nd 

FoxD3 Reduced 0 
(67) 

77 
(67) 

nd nd 0 
(38) 

60 
(38) 

nd nd 0 
(116) 

9 
(116) 

0 
(87) 

58 
(87) 

0 
(13) 

80 
(13) 

Increased 
/Ectopic 

0 
(67) 

0 
(67) 

nd nd 0 
(38) 

0 
(38) 

nd nd 0 
(132) 

42 
(132) 

0 
(87) 

0 
(87) 

 
(13) 

23 
(13) 

 

 

n. – Number of embryos affected in cranial placode, neural plate border and ectopic expression at NC (Stage 14 - 16)  

n: p, epi.: Number of embryos affected in placodal and epidermal (Stage 14-16) 

n: np, nc: Number of embryos affected in neural crest and neural plate (Stage 14-16)  

nd.: not determined 
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Table.5.2. Lateral displacement in marker gene expression after the injection of various mRNA/MO/EngR. 

E
xp

re
s

si
on

 
Pa

tte
r

n 

Injection 
 

Six1 mRNA Six1 GR Six1 MO1+MO2 Six1 EngR Eya1 mRNA Eya1 MO 
(MO1+MO2) 

Eya1 + Six1 mRNA 

Embryos Affected Embryos Affected Embryos Affected Embryos Affected Embryos Affected Embryos Affected Embryos Affected 
Phenotype: Lateral 

Displacement 
% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

% 
(n) 

AP2 0 
(23) 

nd 54 
(13) 

nd 0 
(23) 

44 
(41) 

nd 

Dlx3 
 

nd nd nd nd 70 
(43) 

55 
(37) 

nd 

Eya1 75 
(12) 

nd 0 
(16) 

nd nd 61 
(41) 

nd 

Six1 nd nd nd nd 63 
(54) 

61 
(67) 

nd 

Foxi1a 76 
(21) 

nd 40 
(5) 

0 
(22) 

0 
(42) 

45 
(73) 

nd 

GATA2 79 
(14) 

nd nd nd 0 
(20) 

35 
(29) 

nd 

Msx1 0 
(15) 

nd 36 
(11) 

nd 0 
(43) 

48 
(55) 

nd 

Pax3 0 
(20) 

nd 33 
(9) 

nd 0 
(24) 

32 
(31) 

nd 

Zic1 0 
(15) 

nd 33 
(15) 

nd 0 
(41) 

54 
(67) 

73 
(15) 

Sox3 60 
(42) 

48 
(25) 

70 
(20) 

0 
(31) 

79 
(43) 

82 
(136) 

nd 

FoxD3 0 
(22) 

0 
(67) 

70 
(10) 

nd 36 
(58) 

55 
(62) 

74 
(11) 

 

n: – Number of embryos affected in NC and NP (Stage 14 - 16)  
n: %: Percentage of embryos affected in NC and NP (Stage 14-16) 
NP Broader: Number of embryos affected in Neural Crest and Neural Plate forming a displacement of embryo (Stage 14-16)  
nd.: not determined 
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5.2.1. Over Expression Analysis of Six1 mRNA and Six1 GR mRNA 
 
In this section, the effects of Six1 mRNA and GR mRNA over expression was observed 
in the neural plate border (NPB) region of the Xenopus laevis embryos. In previous studies 
it was shown that both Six1 and Eya1 are expressed in a common domain of the neural 
plate border region, and later are specifically expressed in the PPE and other placodes 
(Schlosser, 2010a; Streit, 2004; Brugmann et al., 2004; Baker and Bronner-Fraser, 2001; 
Ahrens and Schlosser, 2005). However, there is no clear information till now, how this 
Six1 transcription feeds back on its putative upstream candidate genes. In this section, I 
have studied the effect of Six1 over expression by mRNA and GR mRNA injection on 
few of the upstream candidates. 
 
In table.5.1. and table.5.2., it is shown that Six1 overexpression has strong effects on the 
non-neural markers by reducing their expression in the epidermis and NPB domains. 
Specifically, the Dlx3, Eya1, Foxi1a, GATA2 and Sox3 show strong reduction effects in 
the non-neural domains i.e. epidermis and placodes. (Table.5.1, Fig.5.1).  
 
Similar effects were measured for AP2 and Msx1 transcription factors, but in these cases 
some embryos also show increased or ectopic expression in the NC domain with 17% of 
embryos in case of AP2 and 77% of embryos in the Msx1 (Table 5.1, Fig.5.1). Similar 
effects were observed in the Six1 GR mRNA injected embryos (Table 5.1, Figs. 5.3., 5.4)  
 
The Six1 over expression causes strong lateral displacement of NP and NC with higher 
than 70% of embryos affected for the Dlx3, Eya1, Foxi1a, and GATA2 and Msx1 
transcription factors Msx1 appears very broadened in the NP region with an average of 
80% of embryos (Fig. 5.1). The Six1 GR mRNA has similar effects on these markers 
respectively (Fig. 5.3). 
 
Similarly, the over expression of Six1 has two effects on the neural TF markers i.e. 
reduction as well as increase of the marker genes. After over expression of Six1, Pax3, 
Sox3 and FoxD3 show a strong reduction in their NC, NPB and NP domains with an 
average of 55-93% of the embryos (Table.5.1. Fig.5.2). In contrast, Six1 overexpression 
leads to strong increase of on the Zic1 TF in above 92% of embryos in the NC and NP 
domain. This neural TF effects are suggesting that Six1 has strong influences on Zic1 
during the establishment of NPB. Similar effects were observed in the Six1 GR mRNA 
injected cases (Table.5.1., Fig.5.4). 

 
Most markers also show clear lateral displacements reflecting the broadening of NC and 
NP domains (Table.5.2, Fig.5.2). This same effect was observed after Six1 GR 
overexpression (Table.5.2., Fig.5.4). 
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Fig. 5.1. Effect of Six1 overexpression on ventrally restricted markers. A & A’: AP2 expression, 
B & B’: Dlx3 expression. C & C’: Six1 mRNA injected embryo with reduction of Eya1 in NPB 
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and PPR. D & D’, E & E’: Foxi1a expression. F & F’, G & G’: GATA2 expression. H & H’, I 
& I’: Msx1 expression. LacZ staining (red) marks injected side. White arrows show reductions; 
red arrows show increased or ectopic expression in the respective domain. 
 

 
 
Fig. 5.2. Effect of Six1 overexpression on dorsally restricted markers. A & A’, B & B’: Pax3 
expression. C & C’, D & D': Zic1 expression. E & E’, F & F’: FoxD3 expression. LacZ staining 
(red) marks injected side. White arrows show reductions; red arrow show increased or ectopic 
expression in the respective domain. 
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Fig. 5.3. Effect of Six1 GR overexpression on ventrally restricted markers. A & A’, B & B’: AP2 
expression, C & C’, D & D’: Foxi1a expression. E & E’,: GATA2 expression. F & F’:  Eya1 
expression. G & G’, H & H’: Msx1 expression. LacZ staining (red) marks injected side. White 
arrows show reductions; red arrow show increased or ectopic expression in the respective 
domain. 
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Fig. 5.4. Effect of Six1 GR overexpression on dorsally restricted markers. A & A’:: FoxD3 
expression. B & B’: Pax3 expression. C & C’: Zic1 expression.  D & D’, E & E’: Sox3 expression. 
LacZ staining (red) marks injected side. White arrows show reductions; red arrow show increased 
or ectopic expression in the respective domain. 
 
5.2.2. Loss of function Analysis of Six1 using MO and Six1 EngR 
 
After the studies on the Six1 over expression, I also studied the effects of Six1 
knockdown on these transcription factors, revealing their real role in the NPB, PPR, NC 
and NP domain.  
 
Table.5.1., shows that the AP2 and Msx1 TF are strongly increased after Six1 loss of 
function in both non-neural and NC domains although a few embryos of both also show 
reduction effects. (Fig. 5.5). Both TFs also show lateral displacement (Table 5.2., Fig. 
5.6.). 
 
Expression of the Foxi1a TF in the PPR domain was reduced and laterally displaced, 
while ectopic expression was observed in the neural plate (Tables 5.1, 5.2, Fig. 5.5). 
However, in case of Six1 EngR injection, the Foxi1a shows only reduction effects but no 
ectopic neural plate expression (Fig. 5.6). This suggests that the latter may be due to 
unspecific side effects of the EngR. Eya1, another PPR marker, is also reduced in most 
embryos after Six1 loss of function as is Sox3 expression in the PPR. (Table 5.1, Fig. 5.5).  
 
Simultaneously, the Six1 MO has strong effects on the neural markers i.e. Pax3, Zic1, 
Sox3 and FoxD3. All of these markers are laterally displaced reflecting a broadening of 



	 155	

NP (with expansion of Sox3) and NC domains. Pax3 and Zic1 both show an expansion 
and increased expression in the NC domain after Six1 loss of function, suggesting that 
Six1 is required for downregulating these genes in the NC domain (Table.5.1., Fig.5.6). 
Zic1 sometimes also shows some reduction after Six1 knockdown which was not noticed 
for Pax3 (Table 5.1). In contrast, FoxD3 expression in the neural crest is strongly reduced 
after Six1 loss of function. After injection of Six1 EngR Sox3 in the NP is also broadened 
and ectopic expression in the epidermis is observed sometimes (Fig.5.8).  
 

 
Fig. 5.5.  Effect of Six1 knockdown on ventrally restricted markers. A & A’, B & B’: AP2 
expression, C & C’, Dlx5 expression. D & D’: Eya1 mRNA injected embryo with reduction of 
Eya1 in NPB and PPR. E & E’: Foxi1a expression. F & F’, G & G’: Msx1 expression. LacZ 
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staining (blue) marks injected side. White arrows show reductions; red arrow show increased or 
ectopic expression in the respective domain. 
 
 

 
 
Fig. 5.6. Effect of Six1 knockdown on dorsally restricted markers A & A’: Pax3 expression. B & 
B’: Zic1 expression. Red arrow show increased or ectopic expression in the respective domain.  



	 157	

 
 
Fig. 5.7. Effect of Six1 EngR on ventrally restricted markers A & A’, B & B’:: Six1 EngR (100uM) 
injected embryo with reductions of Foxi1a in PPR.  LacZ staining (red) marks injected side. White 
arrows show reductions in the respective domain.  
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Fig. 5.8. Effect of Six1 knockdown or Six1 EngR on ventrally restricted markers. A & A’: Sox3 
expression. B: FoxD3 expression. White arrows show reductions in the respective domain. Images 
kindly provided by Sally Moody. 
 
5.3. Role and Effects of Eya1 in Neural Plate Border 
 
After studying the role of Six1 in the above section, I have focused on the role of Eya1 
in this section. As Eya1 is an co-factor of Six1 TF, both work together during the 
establishment and early induction of placodes in early embryonic development (Baker 
and Bronner-Fraser, 2001; Schlosser, 2010a; 2002; Schlosser and Northcutt, 2000). For 
this studies, I have used both Eya1 mRNA over expression and Eya1 MO knockdown 
and analysed its effect on the neural plate border region of Xenopus laevis.  
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5.3.1. Over Expression Analysis of Eya1 mRNA in NPB 
 
In this study, I have used the Eya1 mRNA over expression analysis to understand the 
role of Eya1 during the establishment of NPB. Tables 5.1 and 5.2 summarize the effects 
of Eya1 overexpression on the various non-neural markers and neural markers in the 
NPB domain. The effects observed on various markers in the non-neural ectoderm are 
overall similar to the effects obtained after Six1 overexpression.  
 
However, reductions of AP2, Foxi1a, GATA2 and Sox3 in the non-neural ectoderm are 
less pronounced than after Six1 overexpression. Whereas effects of Eya1 overexpression 
on the neural plate expression of Zic1 and Sox3 mimic those of Six1 overexpression, its 
effects on Msx1, Pax3 and FoxD3 expression in the NC domain are surprisingly different.  
 
In contrast to Six1, Eya1 only rarely leads to increases of Msx1 in the neural plate, which 
is instead reduced in most cases. Conversely, Eya1 overexpression does not cause 
reduction of Pax3 in the neural plate and strongly increases FoxD3 expression in many 
cases (Table 5.1., Table 5.2., Fig. 5.9).  
 
This suggests, that  Six1 and Eya1 may synergistically act as co-factors only in the 
regulation of some of the TFs investigated, mostly in the non-neural domain and in the 
neural plate, but may modulate TF expression in the NC independently from each other 
(Baker and Bronner-Fraser, 2001; Schlosser, 2014). 
 

 
Fig. 5.9. Eya1 overexpression. A, B: Sox3 expression LacZ staining (green) marks injected side. 
White arrows show reductions; red arrowheads show increased or ectopic expression in the 
respective domain. 
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5.3.2. Knockdown Analysis of Eya1 MO in NPB  
 
The injection of Eya1 MO results in similarly complex phenotypes as the injection of Six1 
MO described above, with lateral displacement of all markers and both increases and 
decreases of expression in AP2, Msx1, Pax3 and Zic1 (Tables 5.1, 5.2, Fig. 5.11). Most 
markers restricted to the non-neural ectoderm were reduced (Dlx3, GATA2, Six1, 
Foxi1a), even though GATA2 and Foxi1a were occasionally ectopically expressed in the 
neural plate. 
 

 
Fig. 5.10. Eya1 knockdown. A: AP2 expression. B: Foxi1a expression. C: Msx1 expression. D: 
Dlx3 expression.  E: Pax3 expression. F: Zic1 expression. LacZ staining (blue) marks injected side. 
White arrows show reductions; red arrowheads show increased or ectopic expression in the 
respective domain. 
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5.4. Co-Injection of Six1 and Eya1 in NPB 
 
Six1 and Eya1 co-injection leads to strongly reductions of  Zic1 (Fig. 5.11) and the neural 
crest marker FoxD3 (Fig. 5.12, Table 5.1. and table 5.2) in approximately  80% of 
embryos. 
 

 
Fig. 5.11. Eya1 and Six1 coinjection. A & A’: Zic1 expression. LacZ staining (green) marks 
injected side. White arrows show reductions in the respective domain. 
 

 
Fig. 5.12. Six1+Eya1 overexpression. A & A’, B & B’: FoxD3 expression. LacZ staining (green) 
marks injected side. White arrows show reductions; red arrowheads show increased or ectopic 
expression in the respective domain.  
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5.5. Conclusion 
 
The findings described in this chapter establishes the cross-regulatory function of Six1 
and Eya1 with upstream TFs during the formation and establishment of the PPE from 
NPB in Xenopus laevis.  
 
Six1 and Eya1 loss of function experiments demonstrate that both are required for the 
maintenance of most other ventrally restricted and some dorsally restricted TFs expressed 
at the NPB (but not for NP markers Zic1 and Sox3) and for preventing lateral expansion 
of NP and NC. However, they also suggest additional roles for Six1 and Eya1 in limiting 
the  expression of some of these genes (Foxi1, AP2, Msx1, Zic1, Pax3). Gain of function 
experiments confirm this complex role of Six1 and Eya1 suggesting context- and possibly 
dosage-dependent functions of these genes. Whereas Six1 and Eya1 have similar 
functions in most cases, both were working quite differently in the NC domain, where 
Six1 is typically activating Msx1 but repressing Pax3 in NP, whereas Eya1 is repressing 
Msx1 and has little effect on Pax3. Similarly, Six1 and Eya1 have completely different 
effects on the NC specifier FoxD3, i.e. Six1 was repressing FoxD3 whereas Eya1 was 
activating FoxD3. This suggests that Six1 and Eya1 may affect the NC via distinct 
pathways.	
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Chapter-6 Comparative Genomics Analysis of Eya1 - Phylogenetic  
       Foot Printing using Bioinformatic Tools 

	

6.1. Phylogenetic Footprinting of Eya1 Gene 

To identify potential enhancers driving expression of Eya1 in the PPR, I screened for 
conserved noncoding sequences (CNS) in the vicinity of the Eya1 coding sequence using 
a comparative genomic analysis known as phylogenetic footprinting (Hardison and 
Taylor, 2012; Ishihara et al., 2008). I used three bioinformatic tools that are publically and 
freely available, viz. ECR Browser, VISTA Browser, PipMaker and BAC Genomic 
Browser.  

 

6.1.1. CNSs Identified by ECR Browser 

The Xenopus tropicalis Eya1 sequence and adjacent genomic regions ranging from 
scaffold_260:300916-630747 (XenTro2_dna) was used as a baseline sequence for the 
analysis process and was compared with human, chicken, mouse, and rat genomic 
sequences. This genomic tool uses comparative genome analysis across these species 
sequences and finds the conserved non-coding sequences (CNS) across all. There were 
32 CNS found across the 5 species including intergenic (outside coding sequences/exons) 
CNS to intragenic (inbetween exons) CNS. These CNS are represented in Figs. 6.1.  and 
6.2. representing the red peaks. 

 

 
Fig. 6.1. ECR Browser result graph of Eya1 and its vicinity. Red peaks represent evolutionary 
conserved non-coding sequence (eCNS) across the species, green peaks represent conserved 
coding sequences of adjacent genes, Xenopus tropicalis as a base sequences for comparative genomic 
analysis across Human, Chicken, Mouse and Rat. 
 
Fig. 6.2 is a fully annotated form of a ECR browser result, using Geneious bioinformatics 
software. The Eya1 coding sequences and non-coding sequences were highlighted in the 
below graph. The MSC1 gene is present next to the 5’ end and the XKR9 gene is present 
next to the 3’ end of Eya1. 
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Fig. 6.2. Annotated ECR Browser result graph of Eya1 and its vicinity. Red peaks represent 
evolutionary conserved non-coding sequence (eCNS) across the species, green peaks represent 
conserved coding sequences of adjacent genes, Xenopus tropicalis as a base sequences for 
comparative genomic analysis across Human, Chicken, Mouse and Rat.  
 
The list of 32 CNS identified with this browser (termed eCNS) is given in table 6.1 with 
eCNS sequence positions in scaffold and its size. 
 
Table 6.1: List of Conserved Non-Coding Sequences (CNS) from ECR Browser along with its 
size and scaffold position. 
 
Sl. No. CNS 

Name 
CNS Seq. Range in Xenopus tropicalis and 

Xenopus laevis (Same) 
CNS 
Size 

1  eCNS-1 XenTro2 Scaffold-260-366394-367174  781bps 

2  eCNS-2 XenTro2 Scaffold_260-388653-389131  479bps 

3  eCNS-3 XenTro2 Scaffold_260-406048-406353  306bps 

4  eCNS-4 XenTro2 Scaffold_260-423750-424666  917bps 

5  eCNS-5 XenTro2 Scaffold_260-424970-425114  145bps 

6  eCNS-6 XenTro2 Scaffold_260-425982-426332  351bps 

7  eCNS-7 XenTro2 Scaffold_260-426901-427087  187bps 

8  eCNS-8 XenTro2 Scaffold_260-429613-430101  489bps 

9  eCNS-9 XenTro2 Scaffold_260-442432-442908  477bps 

10  eCNS-10 XenTro2 Scaffold_260-444139-444257  119bps 

11  eCNS-11 XenTro2 Scaffold_260-453822-453920  99bps 
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12  eCNS-12 XenTro2 Scaffold_260-455243-455412  170bps 

13  eCNS-13 XenTro2 Scaffold_260-458492-458858  367bps 

14  eCNS-14 XenTro2 Scaffold_260-459107-459291  185bps 

15  eCNS-15 XenTro2 Scaffold_260-467128-467350  223bps 

16  eCNS-16 XenTro2 Scaffold_260-468331-468524  194bps 

17  eCNS-17 XenTro2 Scaffold_260-470146-470277  132bps 

18  eCNS-18 XenTro2 Scaffold_260-483129-483304  176bps 

19  eCNS-19 XenTro2 Scaffold_260-484036-484510  475bps 

20  eCNS-20 XenTro2 Scaffold_260-487102-487527  426bps 

21  eCNS-21 XenTro2 Scaffold_260-488031-488546  516bps 

22  eCNS-22 XenTro2 Scaffold_260-500460-501019  560bps 

23  eCNS-23 XenTro2 Scaffold_260-508287-508636  350bps 

24  eCNS-24 XenTro2 Scaffold_260-529326-529696  371bps 

25  eCNS-25 XenTro2 Scaffold_260-533439-533934  496bps 

26  eCNS-26 XenTro2 Scaffold_260-554385-555242  858bps 

27  eCNS-27 XenTro2 Scaffold_260:558089-558520  432bps 

28  eCNS-28 XenTro2 Scaffold_260-564549-564888  340bps 

29  eCNS-29 XenTro2 Scaffold_260-581497-581796  300bps 

30  eCNS-30 XenTro2 Scaffold_260-342464-342860  397bps 

31  eCNS-31 XenTro2 Scaffold_260-344560-344902  343bps 

32  eCNS-32 XenTro2 Scaffold_260-357292-357901  610bps 

 

6.1.2. CNSs identified by VISTA Browser  

 
The mVISTA browser was used for multiple alignment and comparative genomics 
analysis for Xenopus tropicalis Eya1. The Eya1 gene and its vicinity sequences were 
331,328bp (331Kbp, 3.3Mbp) sizes, but the browser has limitation of its input DNA 
sequence data. Due to the large DNA sequences sizes of Eya1 and its intragenic region, 
this sequence was divided into 4 parts of equal size (82832bp) for Vista browser analysis 
as mentioned in table 6.2, named accordingly and each individual region was taken for 
analysis.  
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Each of these individual region was analysed in the browser tool and a total of 47 CNS 
regions was found across the five species i.e. human, chicken, mouse and rat with Xenopus 
tropicalis as base sequence. 
 
Table 6.2. Division of Eya1 and vicinity sequences 
 

Sl. 
No 

Eya1 
Sequence 
Division 
Name  

DNA Sequences Range -  
Start Seq. to End Seq. 

Sequence 
Size 

1 Region –1  XenTro2_dna_Range_Scaffold_260:300916-
383747 5' to 3' 

82 832bp 

2 Region – 2 XenTro2_dna_Range_Scaffold_260:383916-
466747 5' to 3' 

82 832bp 

3 Region – 3 XenTro2_dna_Range_Scaffold_260:466916-
549747 5' to 3' 

82 832bp 

4 Region – 4  XenTro2_dna_Range_Scaffold_260:549916-
632747 5' to 3' 

82 832bp 

 

Using the mVISTA browser, more candidate CNS could be identified (here labelled 
vCNS) than with the ECR browser. Each of these vCNS information is mentioned in 
table 6.3 with their sizes and names. More information is mentioned in the Appendix N. 
 

Table 6.3.  List of Candidate CNS’s from VISTA browser  

Sl. No. CNS Name CNS Size  Sl. 
No. 

CNS 
Name 

CNS Size 

1 vCNS-1 143bp  26 vCNS-26 149bp 

2 vCNS-2 131bp  27 vCNS-27 336bp 

3 vCNS-3 100bp  28 vCNS-28 96bp 

4 vCNS-4 241bp  29 vCNS-29 103bp 

5 vCNS-5 138bp  30 vCNS-30 187bp 

6 vCNS-6 574bp  31 vCNS-31 146bp 

7 vCNS-7 160bp  32 vCNS-32 89bp 

8 vCNS-8 214bp  33 vCNS-33 135bp 

9 vCNS-9 100bp  34 vCNS-34 89bp 
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10 vCNS-10 164bp  35 vCNS-35 142bp 

11 vCNS-11 99bp  36 vCNS-36 268bp 

12 vCNS-12 122bp  37 vCNS-37 86bp 

13 vCNS-13 190bp  38 vCNS-38 307bp 

14 vCNS-14 247bp  39 vCNS-39 410bp 

15 vCNS-15 100bp  40 vCNS-40 296bp 

16 vCNS-16 158bp  41 vCNS-41 113bp 

17 vCNS-17 63bp  42 vCNS-42 250bp 

18 vCNS-18 304bp  43 vCNS-43 382bp 

19 vCNS-19 274bp  44 vCNS-44 706bp 

20 vCNS-20 198bp  45 vCNS-45 307bp 

21 vCNS-21 220bp  46 vCNS-46 160bp 

22 vCNS-22 423bp  47 vCNS-47 257bp 

23 vCNS-23 103bp     

24 vCNS-24 146bp     

25 vCNS-25 85bp     

 

6.1.3. CNSs identified by PipMaker Browser  

 

The PipMaker browser tool is the best tool in finding candidate CNSs (termed pCNSs 
here) compared to the ECR browser and VISTA browser due to its algorithm sensitivity 
(http://faculty.virginia.edu/xtropicalis/cis_analysis_v.1.htm). This browser tool has the 
same input data limit and data processing capacity. Due to the data process limitation, 
again 4 divided versions of DNA sequence were used in multi-aligning tool (Table 6.2). 
Sequence analysis graphs for regions 1-3 are shown in - Figs. 6.3. to 6.5., respectively.  
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Fig. 6.3. CNSs identified in region 1 of Eya1 related sequence using PipMaker tool (pCNSs). 
pCNSs are identified as cluster of dots (one example of a pCNS is highlighted here). 
 

pCNS 
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Fig. 6.4. CNSs identified in region 2 of Eya1 related sequence using PipMaker tool (pCNSs). 

 

Information on each of these pCNS is given in Table 6.4. and more detailed information 
is provided in Appendix M. 
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Fig.6.5. CNSs identified in region 3 of Eya1 related sequence using PipMaker tool (pCNSs). 

 

Table 6.4. List of Conserved Non-Coding Sequences from PipMaker Browser 

Sl. No.  CNS Name CNS Size  Sl. No. CNS Name CNS Size 

1 pCNS-1 412bp 20 pCNS-20 119bp 

2 pCNS-2 396bp 21 pCNS-21 99bp 

3 pCNS-3 611bp 22 pCNS-22 170bp 

4 pCNS-4 339bp 23 pCNS-23 306bp 

5 pCNS-5 370bp 24 pCNS-24 124bp 

6 pCNS-6 600bp 25 pCNS-25 207bp 

7 pCNS-7 401bp 26 pCNS-26 226bp 

8 pCNS-8 479bp 27 pCNS-27 196bp 
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9 pCNS-9 392bp 28 pCNS-28 120bp 

10 pCNS-10 471bp 29 pCNS-29 168bp 

11 pCNS-11 137bp 30 pCNS-30 379bp 

12 pCNS-12 145bp 31 pCNS-31 234bp 

13 pCNS-13 379bp 32 pCNS-32 310bp 

14 pCNS-14 183bp 33 pCNS-33 742bp 

15 pCNS-15 97bp 34 pCNS-34 560bp 

16 pCNS-16 489bp 35 pCNS-35 350bp 

17 pCNS-17 334bp 36 pCNS-36 858bp 

18 CNS-18 286bp 37 CNS-37 439bp 

19 CNS-19 491bp 38 CNS-38 349bp 

 

6.1.4 Comparison of ECR, VISTA and PipMaker Tools for CNS’s of Eya1 
 
The three bioinformatics tools used for phylogenetic footprinting uncover different sets 
of CNSs. Therefore, all 32 eCNS, 47 vCNS and 38 pCNS were compared to find common 
CNS’s, which were reported by all three tools. In Fig. 6.6. all eCNS, vCNS and pCNS are 
shown in their respective position across the whole sequence analysed. The XKR9 gene 
is present at the 3’ end and the MSC1 gene is present at the 5’ end of the long scaffold. 
 
This comparative study of CNSs revealed 27 CNSs which are recognized by ECR, VISTA 
and PipMaker. Furthermore, few additional CNS were found in VISTA (20 number of 
vCNS), ECR (5 number of eCNS) and PipMaker (11 number of pCNS) browsers. More 
information regarding this comparison is mentioned in the Appendix: R.  
 
The CNSs found by ECR, VISTA and PipMaker are compared in the Appendix R, 
which also introduces a new numbering system for CNSs used for the present study.  

CNSs identified by multiple browsers (group G2 and G5 of Appendix R) are considered 
for the candidate cis-regulatory elements expression analysis. Out of the 27 commonly 
found CNS, only 9 CNS candidates were taken into the expression analysis in the Xenopus 
laevis transgenic embryo, based on their enrichment for binding sites for Dlx and GATA 
transcription factors. The latter were shown to act upstream of Eya1 in non-neural 
ectoderm in a previous study (Pieper et al., 2012). More information regarding the 9 CNS 
is mentioned in Table 6.5. 
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Fig. 6.6. Comparison Map of CNS across the ECR Browser (Light green Colour-eCNS), VISTA Browser (Dark green Colour-vCNS) and PipMaker (Purple 
Colour-pCNS), Eya1 Exons (Red Colour) from XKR9 gene at 3’ end to MSC1 gene at 5’ end. Light blue triangles depict CNSs identified in a previous study 
(Ishihara et al., 2008). 
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Table. 6.5. Information on 9 CNSs selected for further study 
 

Sl. No. Exp. CNS Name 
(pCNS, eCNS, vCNS Name) 

CNS Seq. Size 

1 CNS-6 
(pCNS-3, eCNS-32, vCNS-6) 

614bp 

2 CNS-21 
(pCNS-16, eCNS-8, vCNS-18) 

489bp 

3 CNS-31 
(pCNS-24, eCNS-14, vCNS-28) 

188bp 

4 CNS-40 
(pCNS-32, eCNS-20, vCNS-36) 

426bp 

5 CNS-41 
(pCNS-33, eCNS-21, vCNS-37/38) 

742bp 

6 CNS-44 
(pCNS-34, eCNS-22, vCNS-39) 

560bp 

7 CNS-45 
(pCNS-35, eCNS-23, vCNS-40) 

350bp 

8 CNS-48 
(pCNS-00, eCNS-25, vCNS-43) 

496bp 

9 CNS-49 
(pCNS-36, eCNS-26, vCNS-44) 

858bp 

 

Due to the unavailability of X. laevis annotated DNA sequences in the respective 
bioinformatics tools, Xenopus tropicalis DNA sequences were used for the comparative 
genomic analysis reported here. However, transgenic analysis of these CNS sequences 
(see below) was done exclusively in Xenopus laevis using the corresponding sequences, 
which were identified by alignment of each of these 9 CNS sequences of Xenopus tropicalis 
with Xenopus laevis genomic DNA sequences. This Xenopus laevis sequences were 
downloaded from Xenbase (Vize and Zorn, 2016), http://www.xenbase.org/entry/.  
 

6.1.4.1. Structures and Maps of CNS selected for Transgenic Analysis 

The CNS-6 sequences were collected from the respective browser tool and further 
analysed in the Geneious Bioinformatics Software. Geneious software was also used for 
designing primers for the PCR based cloning from the genomic DNA of Xenopus laevis. 
The CNS-6 was also analysed for transcription factor binding sites (TFBS) in the 
Geneious software using the publically available TRANSFAC database (Loots and 
Ovcharenko, 2004; Chen et al., 2014; Wingender et al., 1996) (Fig. 6.7). The CNS-6 size 
information is given in the Table 6.5 and the sequence information is given in Appendix 
R. 
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.

 
Fig. 6.7. Conserved Non Coding Sequences1 (CNS6) with Full Annotated Map 

 

Similarly, structures and maps of other CNSs are given in Figs. 6.8 -6.15 below  

 

 
Fig. 6.8. Conserved Non Coding Sequences 2 (CNS21) with Full Annotated Map 

 

 
Fig. 6.9. Conserved Non Coding Sequences 3 (CNS31) with Full Annotated Map 

 

 
Fig. 6.10. Conserved Non Coding Sequences 4 (CNS40) with Full Annotated Map 

 

 
Fig. 6.11. Conserved Non Coding Sequences 5 (CNS41) with Full Annotated Map 

 

 
Fig. 6.12. Conserved Non Coding Sequences 6 (CNS44) with Full Annotated Map 
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Fig. 6.13. Conserved Non Coding Sequences 7 (CNS45) with Full Annotated Map 

 

 

 

Fig. 6.14. Conserved Non Coding Sequences 8 (CNS48) with Full Annotated Map 

 

 
Fig. 6.15. Conserved Non Coding Sequences 9 (CNS49) with Full Annotated Map 

 

6.2. Analysis of Conserved Non-Coding Sequences (CNS) in     
      Transcriptional Factor Binding Database (TFDB) 
 
To understand how expression of Eya1 may be regulated by upstream transcription 
factors, I first tried to identify potential TF binding sites in the 27 CNS regions selected 
for further study using TRANSFAC analysis. From the 27 CNS only 9 CNS were taken 
into further studies based on the enrichment for Dlx and GATA TFs binding sites (Pieper 
et al., 2012). 
 

6.2.1. TFBS Analysis of 9 CNS’s of Eya1  
 
There are several bioinformatics public database available for the analysis for TFBS, out 
of which the best is TRANSFAC due to accuracy of calculating TFs binding (Wingender 
et al., 1996; Loots and Ovcharenko, 2004; Rastegar et al., 2008). The ECR browser has 
its inbuilt TFBS databases for the finding of TF binding sites (TFBS). The VISTA 
browser has the rVISTA tool, which was widely used only for the TFBS analysis. The 
PipMaker tool uses the TRANSFAC database for finding the TFBS for the respective 
CNSs.  
 
TFBS analyses are summarised in Table 6.6. and given in detail in Appendix P for 
rVISTA and in Appendix Q for PipMaker. ECR browser CNS and their TFBS TFs are 
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not shown as graphs but are included in Appendix: S For more detailed information on 
TFBS identified by the different tools see Appendix S. 
 
Table 6.6. List of Common Conserved Non-Coding Sequences (CNS) from ECR Browser 
(eCNS), VISTA Browser (vCNS) and PipMaker Browser (pCNS) 

Sl. 
No. 

Exp. CNS Name 
(pCNS, eCNS, vCNS 

Name) 

CNS 
Seq. 
Size 

No of TFBS 
Result from 

rVISTA/ECR 

CNS Found by 
Comparative 

 Genomic Analysis 
rVISTA EC

R 
rVISTA 
Aligned 

ECR VISTA PipMaker 

1 CNS-6 614bp 06 34 76 Yes Yes Yes 
2 CNS-21 489bp 06 05 26 Yes Yes Yes 
3 CNS-31 188bp 06 11 47 Yes Yes Yes 
4 CNS-40 426bp 06 14 60 Yes Yes Yes 
5 CNS-41 742bp 06 15 53 Yes Yes Yes 
6 CNS-44 560bp 06 15 53 Yes Yes Yes 
7 CNS-45 350bp 06 37 165 Yes Yes Yes 
8 CNS-48 496bp 06 48 139 Yes Yes No 
9 CNS-49 858bp 06 73 191 Yes Yes Yes 

 

6.3. Identification of Bacterial Artificial Chromosomes (BACs) using  
       Genome Browser for Eya1 and Its Vicinity 
 
Phylogenetic footprinting is based on the assumption that only functional non-coding 
sequences such as enhancers will be evolutionarily conserved. However,  many enhancers 
are now known to undergo significant sequence evolution despite functional 
conservation (Betancur et al., 2011; Glassford and Rebeiz, 2013; Kamm et al., 2013; Yao 
et al., 2016; Marinić et al., 2013) and these would not be detected by phylogenetic 
footprinting. I therefore used a second approach to screen for enhancers of Eya1 by using 
recombineering to create reporter constructs from bacterial artificial chromosomes 
(BACs) containing large regions of non-coding sequence near the Eya1 locus. These BAC 
reporters were then tested for their ability to mimic Eya1 expression and subjected to 
deletion analysis to localize enhancer sequences.  BAC recombineering allows to study a 
large portion of non-coding DNA and test it for enhancer activity. This recombineering 
method works by inserting a reporter gene such as GFP by homologous recombination 
using two homology arms flanking the intended location of insertion (Fig. 6.16). This 
method was previously used for the identification and characterisation of gene promoters 
in Xenopus (Fish et al., 2011). However, the non-coding sequences between the Eya1 gene 
and its neighbouring genes is much larger than in previous studies (331,328bp between 
the coding sequences of both flanking genes including the Eya1 CDS).  

To identify BACs containing the genomic region around the Eya1 locus several databases 
are available. I have used the BAC Genome Browser (GBrowser@iSSB) in my studies of 
Eya1 gene and its promoter finding. This BAC Genomic Browser database is completely 
dedicated to the Xenopus sequence library and screening BACs subsequently obtained 
those screened BAC. 
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Fig. 6.16. BAC homologous recombineering map showing the two homology arms (Pink 
arrowheads), their confirmation sites (Red boxes), GFP reporter insert (Black box, Pink arrow 
represents GFP site) in the backbone of the BAC DNA. 
 
This BAC Genome Browser allowed me to search for suitable X. tropicalis BACs from the 
GBrowser@iSSB that cover the Eya1 coding region along with non-coding sequences 
adjacent to the 3’ UTR and 5’ UTR (Kuhn et al., 2012). Using this browser 
(https://absynth-gbrowser.issb.genopole.fr/cgi-bin/gbrowse/frog/), I have identified 
four BAC’s that entirely cover the region of interest. However, in the previous studies, it 
has been shown that the gene enhancer is usually present on the 5’ side of the genes and 
only rarely on its 3’ end (Betancur et al., 2011). The Eya1 BAC browser information map 
is shown in details in Fig. 6.17 and more information on each of these BACs including 
library names, code names and sequence sizes are given in Table 6.7.  

 

Fig. 6.17. BAC Genome Browser Map with list of BACs covering Eya1 coding region 
and its 3’ and 5’ vicinity. 
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Table 6.7. List of BACs that covers the Eya1 Coding Region and its Vicinity Region 

Sl. 
No. 

BAC Genome Browser 
Name (Library Name) 

BAC 
Size 

BAC End 
Seq. 

BAC Exp. 
Name 

1 ALN0AAA37YG13 77491bp JY026638.1 
JS989568.1 

BAC13 

2 ALN0AAA44YC16 98935bp JY073067.1 
JY014952.1 

BAC16A 

3 ALN0AAA111YP08 92944bp JS970870.1 
JS920919.1 

BAC08 

4 ALN0AAA145YK19 100140bp JY006731.1 
JY006221.1 

BAC19 

5 ALN0AAA172YJ15 92939bp JS973010.1 
JS939121.1 

BAC15 

6 ALN0AAA212YO16 89179bp JS994048.1 
JS943664.1 

BAC16B 

7 ALN0AAA215YH17 129746bp JY043529.1 
JS946481.1 

BAC17 

 

6.4. Analysing the BACs for TFBS using rVISTA and TRANSFAC 

 
In the comparative genomic analysis of Eya1 and its 3’ and 5’ region reported above, I 
had found a lot of intragenic CNS and intergenic CNS by the various tools. These eCNS, 
vCNS and pCNS were mapped onto the 331,328bp sequence region of Eya1 and its 
vicinity using the Geneious bioinformatics software (Kearse et al., 2012)(Fig.6.18).  
 
However, from the GBrowser analysis, 7 BACs were identified to use them for the cis-
regulatory elements of Eya1. These identified BACs and their sequences were pulled out 
from the genome browser and used for the complete annotation of the Eya1 coding and 
non-coding region, those are annotated with the CNS sequences. I have found that 
BAC15 covers CNS-48 (eCNS-25, vCNS-43) in its sequence region. It also covers 15 
number of eCNS, 19 number of vCNS and 15 number of pCNS. From the CNS and 
TFDB profiling, it was known that CNS-48 has rVISTA- 6 TF’s, ECR-48 TFs and 139 
TF’s aligned to it. The BAC13, BAC16B and BAC17 information TF profiling is 
mentioned on the table 6.8. 
 
The full TF profile for BAC15, BAC13, BAC16B and BAC17 is given in Appendix T. 
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Fig. 6.18. Complete TF Profile of Part One (1.1) region of Eya1 and its vicinity using TRANSFAC and EMBO Database. 
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Fig. 6.19. Complete TF Profile of Part One (1.2) region of Eya1 and its vicinity using TRANSFAC and EMBO Database  
 
More information on the same BAC TF complete profile using the Geneious and EMBOSS database in the Appendix: O
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Table 6.8. List of CNSs covered by the various BACs and their transcription factor binding 
sites (TFBS) 
 

Sl. 
No. 

BAC 
Exp. 
Code 

Exp. CNS 
Name 

Genome Browser - # 
of CNS 

(ID of CNSs) 

TFBS 

rVISTA ECR Aligned 

1 BAC15 CNS-48 PipM – 15 
(21, 22, 23, 24, 25, 26, 27, 28, 29, 

30, 31, 32, 33, 34) 
ECR – 15 

(11, 12, 13, 14, 15, 16, 17, 18, 19, 
20, 21, 22, 23, 24, 25) 

VISTA – 19 
(25, 26, 27, 28, 29, 30, 31, 32, 33, 
34, 35, 36, 37, 38, 39, 40, 41, 42, 

43) 

6 48 139 

2 BAC13 NA PipM – 22 
(7, 8, 9, 10, 11, 12, 13, 14, 15, 6, 17, 

18, 19, 20, 21, 22, 23, 24, 25, 26, 
27, 28) 

ECR – 16  
(2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 

14, 15, 16, 17) 
VISTA – 26 

(7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 
17, 18, 19, 20, 21, 22, 23, 24, 25, 

26, 27, 28, 29, 30, 31, 32) 

00 00 00 

3 BAC16B  CNS-49 
 

PipM – 3 
(36, 37, 38) 
ECR – 4 

(25, 26, 27, 28) 
VISTA – 4 

(44, 45, 46, 47, 48) 

6 73 191 

4 BAC17 CNS-45 
CNS-44 
CNS-41  
CNS-40 
CNS-31 
CNS-21 

PipM – 27 
(9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 

19, 20, 21, 22, 23, 24, 25, 26, 27, 
28, 29, 30, 31, 32, 33, 34, 35) 

ECR – 21 
(3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 

15, 16, 17, 18, 19, 20, 21, 22, 23) 
VISTA – 33 

(8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 
18, 19, 20, 21, 22, 23, 24, 25, 26, 
27, 28, 29, 30, 31, 32, 33, 34, 35, 

36, 37, 38,39, 40, 41) 

24  
(6*4) 

97 
(37+15+1
5+14+11

+5) 

405 
(165+53+53+

61+47+26) 

 

6.5. Conclusion 

 

This chapter identified all the CNS’s for Eya1 and adjacent sequences by comparative 
genomic analysis, which are putative enhancer candidate for Eya1. It also identified 
the respective BACs for Eya1 using BAC Genomic browser and analysed 
transcription factor binding sites for CNSs and BACs. 
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Chapter-7 Functional Characterisation of Eya1 Cis-Regulatory  
                     Elements Cloning – BAC Recombineering – 
                     Transgenesis 
 
7.1. CNS Expression Analysis with a GFP Reporter Plasmid using 
       REMI Transgenesis 
 
7.1.1. Molecular Cloning of CNS6, CNS8, CNS21, CNS31, CNS40, 
CNS41, CNS44, CNS45, CNS48 and CNS49 into pBSSK EGFP Plasmid 
 
The CNS6, CNS8, CNS21, CNS31, CNS40, CNS41, CNS44, CNS45, CNS48 and 
CNS49 were cloned from Xenopus laevis genomic DNA by the PCR based method. 
The procedure will here be briefly described for CNS49. Adding Two different 
restriction sites were added on each of the ends of CNS49 for the molecular cloning 
into the pBSSK EGFP plasmid (Sambrook et al., 1989). As a consequence, the 
amplified CNS49 has a SpeI restriction site on the 5’ end and BamHI restriction 
enzyme on the 3’ end (Fig. 7.1). To confirm the cloning of CNS49 into the plasmid 
backbone, the outer primer of CNS49 was used for confirmation by PCR (Fig. 7.2). 
This was further confirmed by running a 1.2% gel electrophoresis after restriction 
digest and by sequencing the cloned site (LGC Genomics). I have cloned the CNS6, 
CNS8, CNS21, CNS31, CNS40, CNS41, CNS44, CNS45 and CNS48 similar to that 
of CNS49 into the pBSSK EGFP plasmid (Sambrook et al., 1989) and tested and 
confirmed like CNS49.  
 

 
Fig. 7.1. CNS49 cloned site in the pBSSK EGFP + Beta Actin Promoter Plasmid Map  
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Fig. 7.2. 1.2% Gel Electrophoresis Confirmation of CNS6, CNS31, CNS48 and CNS49 by 
PCR Method. 
 
7.1.2. Expression Analysis of CNS49 in Transgenic Xenopus laevis  
 
The confirmed pBSSK EGFP + Beta Actin + CNS49 plasmid was injected into the 
Xenopus laevis embryo for in vivo expression analysis. But the problem in this simple 
injection of the plasmid into a single cell embryo is its mosaic pattern expression in 
the target domain. To avoid such mosaic expression pattern,  restriction enzyme 
mediated integration (REMI) transgenesis was used to integrate CNS49 into the 
genomic DNA of the X laevis embryo (Kroll and Amaya, 1996). For REMI 
transgenesis, pBSSK EGFP + Beta Actin + CNS49 was linearized by NotI restriction 
enzyme (Fig. 7.1). The linearization was confirmed by running a 1.2% gel 
electrophoresis. Using REMI method, CNS49 was integrated into the X laevis 
genome. This integration process into the sperm nuclei (Genomic DNA) of the X. 
laevis was possible due to the quick NotI restriction digestion of sperm nuclear DNA. 
Following REMI method, the expression of CNS49 was observed in the early embryo 
at st.16.  There is a weak GFP expression in the neural plate domain of the embryo 
(Fig. 7.3). The CNS49 was further confirmed by In situ hybridisation using GFP anti-
sense probe as the best way to observe the gene expression analysis in vivo in an 
embryo was using the in situ hybridisation method (Pizard et al., 2001; Wilkinson and 
Nieto, 1993) due to its gene expression sensitivity.  
 
Enhancer activity of CNS49 was also tested with a different reporter construct, pBSSK 
EGFP IS GATA2 promoter + CNS49, in which GFP was placed near a GATA2 
promoter. A control embryos transgenic for pBSSK EGFP IS GATA2 plasmid (the 
empty vector without insert), showed no GFP expression domain (Fig. 7.3, C), but 
neither did embryos injected with the reporter construct (Fig. 7.3, C’). This was 
independently confirmed using the BAC recombineering approach for the cis-
regulatory elements identification and characterisation of Eya1 (see below).  
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To verify that REMI transgenesis is working properly, I also did a positive control 
experiment with a pBSSK EGFP Vimentin reporter, which was previously reported to 
be expressed in the neural plate (Love et al., 2011). Indeed, this showed weak GFP 
expression in the Neural Plate (NP) domain (Fig. 7.4) confirming that the transgenesis 
was successful (Love et al., 2011).  
 

 
Fig. 7.3. The pBSSK EGFP Beta Actin + CNS49 promoter expression in Xenopus laevis REMI 
transgenic embryo. A: and A’: Brightfield Control Embryo St.16, B: and B’: Transgenic 
Embryo with weak GFP expression (green) at NP. C: pBSSK EGFP Beta Actin control (empty 
plasmid) expression in Xenopus laevis REMI transgenic embryo and C’: pBSSK EGFP Beta 
Actin + CNS49 expression in Xenopus laevis REMI transgenic embryo with in situ hybridisation 
using GFP anti-sense probe.   
 

 
Fig. 7.4. Control Experimental Plasmid pBSSK EGFP Vimentin promoter expressed in 
Xenopus laevis REMI transgenic embryo, showing the correct expression in the NP domain of 
Xenopus laevis. A: Vimentin REMI control embryo in brightfield B: Vimentin REMI control 
embryo with GFP in NP. 
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From the above result, CNS49 was initially seen as a promising early stage enhancer 
candidate driving Eya1 but this could not be confirmed with a different reporter 
construct (Fig. 7.3). Similarly, CNS6, CNS8, CNS21, CNS31, CNS40, CNS44, CNS45 
and CNS48 were all tested but none of them showed conclusive enhancer activity. 
Due to the complex nature of CNS cloning and REMI transgenesis for the functional 
characterisation of candidate enhancers of Eya1, I have used another alternative 
method of identifying candidate cis-regulatory elements of Eya1 using BAC 
recombineering.  
 
7.2. Identification of cis-regulatory regions using BAC Recombineering  
 
7.2.1. Introduction to BAC Recombineering and Cis-regulatory  
         Identification and Functional Characterisation. 
 
In recent studies, cis-regulatory element identification and functional characterisation 
widely used the BAC recombineering method as a simple fast method. In this method, 
one can easily clone a larger portion of the DNA sequence of a gene of interest into 
a BAC vector plasmid like pECCBAC1 (Kang et al., 2010; Nistala and Sigmund, 2002; 
Fish et al., 2011; Bougerol et al., 2015). The pECCBAC1 plasmid with its insert is 
referred to as a bacterial artificial chromosome (BAC), since it acts as a chromosome 
due to its larger DNA sequence size. The BAC15, BAC16A, BAC16B and BAC17 
that are used in this project use this pECCBAC1 plasmid (Fig. 7.5) as a backbone. 

 
Fig. 7.5. Map of the BAC’s having pECCBAC1 Plasmid as Backbone.  
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In the previous chapter 6, I have explained how I used the GBrowser@iSSB for 
identifying BACs that cover the entire Eya1 coding and adjacent non-coding region. 
I then received these BACs (BAC15, BAC16A, BAC16B and BAC17) cloned into the 
pECCBAC1 Plasmid from Prof. Nicolas Pollet’s lab at CNRS, Paris, France.  
 
7.2.2. Molecular Mechanism of BAC Recombineering  
 
BAC recombineering is a complex and long experimental procedure involving the 
homologous recombination of a GFP reporter gene into the BAC sequence. BAC 
DNA is stored in DH10B strain bacteria for long term storage and must be first 
transferred to the SW102 and EL250 E. coli strains to allow for in vivo recombineering 
of the GFP reporter gene. The whole BAC recombineering work flow is explained 
step by step in Fig. 7.6.  
 

 
Fig. 7.6. BAC recombineering work flow of moving BAC DNA from DH10B to the 
SW102/EL250 E. coli. Strain. B: BAC DNA electroporation into SW102/EL250 E. coli strain 
C: GFP reporter cassette electroporation into SW102/EL250 strain carrying BAC DNA. 
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The whole recombineering process consists of three major steps. They are A: 
Electroporation of BAC DNA into the recombineering bacterial strain, that is 
SW102/EL250 cells. B: Electroporation of reporter gene (I have used pBSSK EGFP-
IS GATA2 promoter plasmid). C: Homologous recombination (recombineering) of 
the homology arms of the reporter gene with the corresponding BAC sequences 
inside the SW102/EL250 cell strain.  
 
The molecular mechanism of recombineering is the most important part of this 
recombineering process.  For enhancer candidate analysis, the position of the reporter 
gene in the BAC DNA is very important to ensure that expression of this reporter 
properly reflects enhancer activity in the embryo. I have targeted my GFP reporter 
cassette to the position of the first coding exon of Eya1 exactly in place after its first 
AUG start codon. Whereas, the homology arm H1 of the reporter cassette will replace 
the exon1 just after the AUG codon, the homology arm H2 will bind to a sequence 
after a 34 nucleotide gap from AUG, thus inserting GFP after a truncated part of the 
Eya1 CDS (Fish et al., 2011; Bougerol et al., 2015).This method is explained in a 
stepwise manner in Fig. 7.7. In Fig. 7.8. the location of the first insert cassette is 
shown in more detail. 
 

 
Fig. 7.7. Molecular Mechanism of homology arm H1 recombineering into the Exon1 just 
behind the ATG position of Eya1 gene using a second H2 homology arm with a nucleotide 
gap of an even number of nucleotides for truncation of Eya1 protein. Different inserts were 
used for BACs 15/17 which contained Eya1 exon1 (point 7) and BACs 13/16 which didn’t 
(point 8). The further procedure is illustrated here for the former case (points 9,10). 
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BAC DNA deletion was done using another round of recombineering with a different 
insert having a different antibiotic in their backbone for confirmation of successful 
recombineering. In this double recombineering, the 2nd insert replaces the BAC DNA 
deletion region (see 7.2.3.2. below). 
 

 
Fig. 7.8. Position of the H1 arm and H2 arm in Exon1 of Eya1.  
 
Successful BAC recombineering was confirmed using normal PCR method by using 
FTBAC and RTBAC primers (outer primer of cloning site) for their respective BAC 
and running an 1.2% gel electrophoresis. There were 3 BACs used for further analysis, 
comprising the entire Eya1 coding region and a large part of the adjacent non-coding 
region: BAC15, BAC17, and BAC16B. After successful BAC recombineering 
confirmation, they were taken into expression analysis. Each of the BAC DNA was 
injected into the one cell stage embryos to avoid unilateral expression pattern and 
mosaic staining of the reporter GFP. Embryos were analysed for GFP reporter 
fluorescence. To avoid any error due to weak fluorescence, the same embryo was 
further confirmed by in situ experiment using an antisense probe against GFP. 
 
7.2.3. BAC15 Full Length Expression Analysis 
 
The full length BAC15 (BAC15FL) is 92939bp in size, and covers most of the Eya1 
CDS plus noncoding sequences adjacent to its 5’ end. In Fig. 7.9. the full detailed 
annotated information of the BAC15 is given. This BAC15 covers some of the CNS 
that were identified using phylogenetic footprinting as described in Table 6.5.1. 
including CNS48. For BAC15FL recombineering, the pBSSK EGFP IS-GATA2 
promoter plasmid was used as first insert cassette with GFP reporter gene.  
 
BAC15FL was injected to the Xenopus laevis single cell embryo with normal 
microinjection procedure. The injected embryos were grown using standard 
procedures and constantly observed at regular time intervals to observe any 
expression domain in the growing embryo with GFP as reporter. As a control, I first 
injected embryos with BAC15FL DNA without insert (GFP) reporter cassette. Fig. 
7.10 shows that these embryos have no GFP expression. However, after injection of 
BAC15FL containing the GFP insert weak GFP expression was observed in the PPE 
and NP region of the embryos (Fig. 7.11, A,B) suggesting the presence of an enhancer 
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candidate in BAC15 FL. GFP expression in the somites is a little stronger than in the 
PPR region of the embryo.  The same embryos were further grown to their later stage, 
to observe other domains of expression (Fig. 7.11, C-D). 40 stage embryos have 
several domains of expression, that is somite, CNS, head ectoderm and general 
ectoderm. To further confirm these expression domains, early and late embryos were 
subjected to in situ hybridization with GFP anti-sense probe.  
 

 
Fig. 7.9. Full Annotated Map of the Eya1 DNA portion in the BAC15 DNA backbone.  
 

 
Fig. 7.10. No GFP expression by injected Empty BAC15FL without insert (GFP reporter) 
in its backbone into the single cell Xenopus laevis. A to E’: No sign of GFP expression due to 
no GFP cassette in BAC15FL DNA. 
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Fig. 7.11. GFP fluorescence after injection of full length BAC15 DNA into living Xenopus 
laevis embryos (PPE: pre-placodal ectoderm). 
 
Revealing GFP by in situ hybridization is known to be more sensitive than revealing 
GFP protein expression, due to their threshold limit of expression (Pizard et al., 
2001). In situ hybridization for GFP expression in stage 15 embryos (Fig. 7.12) shows 
strong expression in the PPR domain and NP region. NP expression persists into 
neural fold stages (stage 19). Embryos at stage of 28 show expression in a mosaic 
pattern in the general ectoderm of the trunk region and the head ectoderm.  
 
At later stages, embryos show very strong expression of GFP in the somites, in a 
dotted pattern in the head ectoderm including epidermis and some placodes (and 
sporadically in trunk epidermis as well), in the pharyngeal pouches and weakly in some 
neural crest cells (Fig. 7.13). These expression domains were confirmed by cryo-
sections after REMI transgenesis (see below; Fig. 7.17). 
 
These data suggest that BAC15 contains one or several enhancers which drive 
expression in the PPR and NP domain and the paraxial mesoderm of neural plate 
stage X. laevis embryos. BAC15 also appears to contain enhancers that drives strong 
expression in the somites and general ectoderm of tail bud stage X. laevis embryos. 
However, the PPR expression was similar to the endogenous Eya1 expression pattern 
in the PPR (Schlosser et al., 2008).  
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Fig. 7.12. GFP expression after injection of full length BAC15 DNA into Xenopus laevis 
embryos. A: Stage 15 embryos with PPE and NP expression, B: Stage 19 embryos with NP 
expression, C and C’: Stage 28 embryos with somite and head mesenchymal expression. 
 

 
Fig. 7.13. GFP expression embryo injected with BAC15FL. A and A’: GFP expression 
embryo in somite and pharyngeal pouches, B and B’: GFP expression embryo in somites and 
pharyngeal pouches (Ph). 
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As the BAC15FL DNA covers a huge region, deletion analysis needs to be performed 
to further narrow down the location of any specific enhancers that are present on this 
BAC15FL. Before proceeding to the deletion analysis of this BAC15FL, however, I 
addressed a technical problem resulting from BAC injections, viz. the mosaic 
expression of the GFP reporter in the embryo. 
 
While the above results show that GFP expression after injection of BAC15 mimics 
to some extent the normal expression pattern of Eya1, GFP expression typically 
occurs in a mosaic pattern impeding the analysis. To avoid this and to achieve more 
uniform expression of BAC15FL, I have subjected BAC15FL to REMI transgenesis, 
as described in the following section.  
 
7.2.3.1. Characterisation of Full Length BAC15 using REMI  
            Transgenesis 
 
When plasmids are injected into the embryo, they result in a mosaic pattern of 
expression due to the non-uniform distribution pattern of the plasmid in the growing 
Xenopus embryo. Although injection of BACs was reported to lead to uniform 
expression in Xenopus embryos (Fish et al., 2011), in contrast to plasmids, I still 
observed mosaic expression in most cases. To avoid such mosaic expression, I 
attempted to insert BACs by using restriction enzyme mediated integration (REMI) 
transgenesis (Kroll and Amaya, 1996). 
 
As earlier studies always used plasmids for REMI transgenesis, this is the first study 
using BAC DNA in the REMI method.   
 
To assure that REMI transgenesis was working fine, I did a parallel positive control 
experiment using a Vimentin-GFP reporter plasmid in REMI (Fig. 7.13)(Love et al., 
2011; C. Wang and Szaro, 2015). To linearize the BAC15FL DNA and for the REMI 
integration process in the genomic DNA of the sperm nuclei, I used the restriction 
enzyme EagI, which is unique and cut one place in the BAC15FL. This BAC-REMI 
transgenic method was newly established in our lab by modification in the existing 
REMI protocol (Kroll and Amaya, 1996). 
 
The BAC – REMI transgenic method was established in scholsser lab. In Xenopus 
embryos transgenic for BAC15FL DNA, similar GFP expression was observed than 
in embryos injected with this BAC (Fig. 7.16). At neural plate stages, there was a 
uniform GFP expression in the transgenic embryos in the NP region. Although the 
GFP expression level was weak, there is a uniform expression pattern of GFP that 
suggests integration of BAC DNA into the sperm nuclei genomic DNA.  
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Fig. 7.14. Control REMI using a Vimentin-GFP reporter plasmid in Xenopus laevis embryos. 
A-D: Brightfield, A’-D’: Green fluorescent channel. A, A’:  Vimentin transgenic embryo with 
GFP expression in neural plate (NP) domain at St.17. B, B’: Vimentin transgenic embryo with 
GFP expression in brain and lens at St. 29 C, C’: Vimentin transgenic embryo with GFP 
expression in brain and gut at St. 40. D, D’:  Vimentin transgenic embryo with GFP expression 
in Brain, Gut and Lens at St. 40. 
 

 
Fig. 7.15. REMI transgenesis embryos with BAC15FL DNA injected embryo. A: GFP 
expression in PPR and NP, B and B’: Stage 28 embryo with GFP expression in somites, C: 
Stage 32 embryos with GFP expression in general ectoderm, somites. 
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Fig. 7.16. GFP expression after REMI transgenesis of full length BAC15 DNA in Xenopus 
laevis embryos. A: Bright light embryos, B: GFP green fluorescent expression. Expression in 
neural plate (NP) and somites is evident. 
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Fig. 7.17. Transverse sections through stage 37 Xenopus embryo injected with BAC15 full 
length with REMI DNA. 
 
GFP expression domains in these transgenic embryos were further confirmed by in 
situ hybridisation, as GFP fluorescence was weak in nature.  
 
In Fig. 7.15. and Fig. 7.17 GFP in situ hybridisation is shown for transgenic embryos 
at different stages. Early stage embryos at St.15 show GFP expression in the domain 
of PPR, NP and paraxial mesoderm, while later stage embryos show clear somite 
staining. These domains correspond to the domains of expression for Eya1. To 
further confirm GFP expression, I have used cryo-sections to analyse the 
spatiotemporal position of expressing tissues in the embryo (Fig. 7.17).  
 
Hence, REMI transgenesis confirmed that BAC15FL contains enhancers for various 
Eya1 expression domains, including somites and PPR. In addition, REMI 
transgenesis has solve the problem of mosaicism due to BAC DNA integration into 
the genomic DNA (Bougerol et al., 2015; Kroll and Amaya, 1996). To further narrow 
down which specific sequences of BAC15FL contain enhancers for particular 
expression domains, I next performed deletion analysis using the double 
recombineering method. 
 
7.2.3.2. BAC15 FL Deletion Analysis using Double Recombineering 
 
The BAC DNA comprises a huge DNA sequence acting as single artificial 
chromosome inside the host and embryo (Sharan et al., 2009). To further narrow 
down enhancers within the BAC15FL, I have used another reporter cassette insert 
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with different antibiotics resistance gene in its backbone (pSK + KanaRpsL) for a 
second recombineering process, in which part of the original BAC15FL is deleted. 
This kanamycin insert cassette was recombineered in to replace part of the BAC15FL 
as explained schematically in Fig. 7.19. 
  

 
Fig. 7.19. BAC double recombineering. Schematic work flow in 5 steps of deletion analysis. 
To create deletions of different sizes, HD1 will be combined with one of the other HDs 
(HD2-HD5). 
 
7.2.3.3. BAC15FL Deletion Analysis 
 
To generate deletion constructs, the BAC15FL sequence was divided into two parts 
i.e. Part1 (P1 region) and Part2 (P2 region), each of which was further sub-divided 
(Fig. 7.20). 
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Fig. 7.20. Map of BAC15FL with regions deleted in various deletion constructs indicated (orange bar).  
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7.2.3.3.1. BAC15P1 Deletion and Expression Analysis  
 
Part1 of the BAC15FL is located on the 5’ end of the Eya1 coding region, where 
enhancers are typically found, although gene enhancers may also be present on both 
5’ end and 3’ end of a gene as in the case of Sox10 (Betancur et al., 2011). Experiments 
with BACs containing the largest deletion (BAC15FLD1) were not successful, so 
deletion constructs are described starting from BAC15FLD2 and then other deletion 
construct. 

 

 
Fig. 7.21. GFP Expression with BAC15P1D2 injected embryo (Stage 11-17). A, B, B’’’: 
Bright field embryo, A’: B’, B’’’: GFP green fluorescence.  A: Stage 11 embryo. B: Stage-17 
embryos with GFP expression in NP. 
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Fig. 7.22. GFP Expression with BAC15P1D2 injected embryo (Stage 27-37). C-F: 
Brightfield embryo, C’-F’: GFP green fluorescence. Stage-27 embryos with GFP expression 
in somite, D – F: Stage-37 embryos with bright light in somites, D’-F’: Stage-37 embryos 
with GFP expression in somites. 
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Expression of GFP after BAC15P1D2 injection is observed in the somites and neural 
plate as well as PPR and epidermis of the embryo (Figs. 7.22, 7.21, 7.23) similar to 
what was observed after BAC15FL injection. This suggests that the enhancers for 
these expression domains are not present on the P1D2 region of BAC15.  
 
GFP expression was further confirmed to its expression pattern by in situ 
experiments using anti-GFP probe. Both the results are similar in nature. 
 

 
Fig. 7.23. GFP expression in embryos injected with BAC15P1D2. A, B: Stage 16 embryos 
with GFP expression in PPR, NP and NNE (epidermis), C: Stage 32 embryo with expression 
in somites. 
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Fig. 7.24. GFP expression in embryos injected with BAC15P1D4. A: Stage-16 embryo with 
brightfield, A’, A’’, A’’’: Stage-16 embryos with GFP expression in NP.  
 
After injection of BAC15P1D4 DNA in the single cell stage of X laevis, weak GFP 
expression can be observed in NP and paraxial mesoderm domains in the early stage 
embryo (Fig. 7.24). This gives another confirmation that enhancers for the NC and 
NP region and the developing somites are located elsewhere. 
 
Taken together, these results suggest that the P1D2 region of BAC15FL does not 
contain any of the enhancers driving expression in the early neural plate and PPR as 
well as in the somites. I next tested whether these enhancers are instead localized on 
the P2 region.  
 
7.2.3.3.2. BAC15P2 Deletion and Expression Analysis 
 
Part 2 of the BAC15FL DNA covers the region overlapping with the exons and 
introns of Eya1. Deletions of various extent (BAC15P2D1, BAC15P2D2, 
BAC15P2D3 and BAC15P2D4) were generated immediately 3’ to the GFP reporter 
site (Fig. 7.20). Again, BAC15P2D1, BAC15P2D2, BAC15P2D3 and BAC15P2D4 
were injected into the single cell embryo to observe their expression domains in the 
early and late stage. The BAC DNA amount injected always remained the same (8 
pg/µl). Embryos injected with BAC15P2D1 (Fig. 7.25) or BAC15P2D2 (Fig. 7.26) 
showed very weak levels of GFP expression at all stages suggesting that enhancer 
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candidate which drive expression, for example, in the somites and in the early placodal 
region are indeed localized there. To narrow down their position further additional 
deletion constructs were analysed. 
 

 
Fig. 7.25. GFP expression in embryos injected with BAC15P2D1. A: Stage-15 embryos with 
very weak level of GFP expression (background stain), B and B’: Stage-37 embryos show no 
GFP expression in (some background staining in otic vesicle and notochord). 
 

 
Fig. 7.26. GFP expression in embryos injected with BAC15P2D2. A: Embryos with no GFP 
expression in PPE B and B’:  Stage – 27 to 37 embryos show no GFP expression. 
 
However, after injection of BAC15P2D3 (Fig. 7.27) or BAC15P2D4 (Fig. 7.28) 
strong GFP expression is again observed in both early and late stage embryos similar 
to BAC15FL, suggesting the presence of enhancer activity in other part of the 
BAC15P2.  At neural plate stages (St.16) expression is observed in the NP, PPR, 
epidermis and Paraxial Mesoderm, whereas in tail bud stage embryos (St. 26) GFP is 
expression domain in somites and head ectoderm. 
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Fig. 7.27. GFP Expression in embryos injected with BAC15P2D3. A: Stage16 embryos with 
GFP expression in PPE NP and Epidermis (Epi), B: Stage-32 embryos with GFP expression 
in head ectoderm. 
 

 
 

Fig. 7.28. GFP expression in embryos injected with BAC15P2D4. A and A’: Stage-16 
embryos with GFP expression in NP, B and B’: Stage -27 to 37 embryos with GFP expression 
in head ectoderm, somites and non-neural ectoderm (NNE). 
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Taking the results from the complete BAC15FL and its various deletion constructs 
together (summarized in Table 7.1), it can be concluded that BAC15FL has enhancer 
candidates which drive Eya1 expression in the PPR, epidermis, NP paraxial 
mesoderm at neural plate stages and in somites and some other domains at later 
stages. Moreover, from the deletion analysis of this BAC15 it appears that all of these 
enhancers are contained in the approx. 9kb (8670bp) region of non-overlap of P2D2 
with P2D3. To further narrow down the position of these enhancers and finding their 
exact sequence location, it is best to use the data from the CNSs identified in the 
previous comparative analysis (Chapter-6, Table.6.5.1). CNS candidates can then be 
amplified by normal cloning and studied by using REMI transgenesis for further 
characterisation of these enhancers.  
 
Table. 7.1. Comparison table of BAC15 highlighting expression domains affected by 
deletions in BAC15P1 and BAC15P2 regions. 
 

Sl. 
No 

BAC15FL Expression 
Domain 

BAC15P1 
Expression 

Domain 

BAC15P2 
Expression 

Domain 

1 PPR - Panplacodal 
Primordium (CP-Cranial 

Placode) 

- + 

2 NP – Neural Plate - + 
3 NC – Neural Crest - + 
4 Paraxial mesoderm/Somites - + 
5 CNS (Central) - + 
6 Head Ectoderm (HP) - + 
7 General Ectoderm (GP) - + 
8 Epibranchial Placode (Ep) - + 
9 Neural and Non Neural 

Ectoderm  
- + 

10 General Gut - + 
 
Due to the lack of time for my project work, I have not pursued this approach here 
further. However, I also characterized the enhancer activity of another BAC, 
BAC16B as described in the next section. 
 
7.2.4. BAC16B full Length Expression Analysis 
 
The BAC16BFL covers a region of 89179bp upstream to the Eya1 gene and 
intervening between Eya1 and its neighbouring gene MSC1. This BAC16BFL covers 
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several of the CNS including CNS49 that were identified using the earlier 
phylogenetic footprinting of Eya1 (Table. 6.5.1) (Fig. 7.29).  
 
 

 
Fig. 7.29. Full annotated schematics map of BAC16B representing the Eya1 5’ UTR region 
 
As a control, I first injected embryos with BAC16BFL DNA without insert (GFP) 
reporter cassette. Fig. 7.30 shows that these embryos have no GFP expression. 
However, after injection of BAC16BFL DNA containing the GFP insert into the 
single cell Xenopus embryos, weak GFP expression is observed at neural plate stages 
in the PPR and the neural plate (Fig. 7.31). 
 
 

 
Fig. 7.30. No GFP expression by injected Empty BAC16BFL without insert (GFP reporter) 
in its backbone into the single cell Xenopus laevis. A to D: No sign of GFP expression due to 
no GFP cassette in BAC16BFL DNA 
. 
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Fig. 7.31. BAC16B FL GFP expression in the early St.15. A: and B: Embryo with brightfield, 
A’: and B’: GFP expression in embryos at St.15. 
 
At later stages (St 32-37), BAC16BFL drives a very strong GFP expression in various 
placode domains, including olfactory and lens placode (Fig. 7.32). To further confirm 
this, these embryos were analysed for GFP expression by in situ experiments. The 
early stage BAC16BFL injected embryos (Fig. 7.33) again showed a very strong GFP 
expression in the PPR and adjacent epidermis, neural plate and the paraxial 
mesoderm.  
 
At later stages (St. 27), GFP expression persists in some placodes, including olfactory, 
otic and lateral line placodes, in a mosaic pattern in the epidermis and in the somites 
(Figs. 7.33).  
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Fig. 7.32. GFP Expression in embryos injected with BAC16BFL. A and A’: Stage-32 
embryos with GFP expression in lens, B and B’: Stage 32 embryos with GFP expression in 
lens, C and C’: Stage-37 embryos with GFP expression in the lens and olfactory placode (OP). 
 
At late tail bud stages (Stage 37 to 38; Fig. 7.34), expression in the placodes persist 
but expression in the brain and somites is downregulated. GFP expression is also 
observed in head mesenchyme, in the endodermal pharyngeal pouches and in the 
anus region. There is also strong in situ straining in the cement gland in all the tadpole 
embryos, which most likely is due to trapping. 
 
Taken together, the BAC16FL appears to contain a PPR enhancer and the enhancer 
for the olfactory placode, inner ear, lateral line, and possibly profundal/trigeminal, 
and epibranchial placodes as well as for pharyngeal pouches of the embryo.  
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Fig. 7.33. GFP expression in embryos injected with BAC16BFL. A and A’: Stage-15 embryos 
with GFP expression in PPR, B and B’: Stage 27 to 35 embryos with GFP expression in 
somites. 
 

 
Fig. 7.34. GFP expression in embryos injected with BAC16BFL. A and A’: Stage 37 embryos 
with GFP expression in the otic (OT) and olfactory placode (OP). 
 
7.2.4.1. BAC16BFL Deletion Analysis using Double Recombineering 
 
BAC16BFL was further characterised by deletion analysis. It was again divided into 
two major parts P1 and P2, each of which was further subdivided (Fig. 7.35)
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7.2.4.2. BAC16BFL Deletion Analysis 
 

 
Fig. 7.35. Map of BAC16BFL with regions deleted in the BAC16BP1 region (orange colour) and BAC16BP2 region (pink colour) indicated.  



	 210	

7.2.4.2.1. BAC16BP1 Deletion Analysis 
 
The P1 region of BAC16B DNA is located immediately 5’ to BAC15.  (Fig.35) 
 

 
Fig. 7.36. GFP expression in embryos injected with the BAC16P1D1 construct. A and A’: 
Mosaic GFP expression in PPE region embryo at St.15, B and B’: GFP expression in otic 
vesicle (OT), brain and somites at St.35. 
 
 
BAC16BP1D1 was injected into single cell embryos of X laevis. GFP expression in 
the injected embryo was then observed by in situ hybridisation at two stages of 
development, at Stage 15 and late Stage 35 (Fig. 7.36). The early stage embryo shows 
the mosaic GFP expression in the PPR, NP and paraxial mesoderm.  However, in the 
older embryos, there was GFP expression in the otic and possibly some lateral line 
placodes and olfactory placode but not in paraxial mesoderm or somites.  
 
The BAC16P1D3 construct was similarly analysed and resulted in a similar GFP 
expression pattern as the bigger deletion construct BAC16BP1D1, showing the GFP 
expression in the PPR and NP region in the early stage embryos and in the otic 
placode and sometimes in lateral line placodes in the late embryos but not in olfactory 
placodes or somites (Fig. 7.37).  
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Fig. 7.37. GFP expression in embryos injected with the BAC16P1D3 Construct. A and A’: 
Mosaic GFP expression in NP region at St.17, B and B’: GFP expression embryo in the inner 
ear (OT - Otic Placode). 
 
Finally, the BAC16BP1D4 construct again showed very similar GFP expression 
patterns to BAC16BP1FL but with no or only very weak expression in somites (Fig. 
7.38). 
 
From this first part of the deletion analysis, it can be concluded that enhancers for 
the early neural plate and PPR as well as for otic and lateral line placodes are not 
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located in part P1, but that enhancers for expression in the olfactory placode maybe 
positioned in the region covered by P1D1 but not P1D3, whereas an enhancer for 
expression in somites may be located in the region covered by P1D4.  
 

 
Fig. 7.38. GFP expression in embryos injected with the BAC16P1D4 Construct. A and A’: 
Mosaic GFP expression in PPE and NP region embryo at St.17, B and B’: GFP expression 
in inner Ear (OT - Otic Placode), and weakly in lateral line placodes (anterior) and trigeminal 
placode region at St.37. 
 
7.2.4.2.2. BAC16BP2 Deletion Analysis 
 
The second part of the deletion analysis covers the region close to the 5’ end of 
BAC16BFL DNA (Fig. 7.35).  
 
Embryos injected with either BAC16P2D1 (Fig. 7.39) or BAC16BP2D3 (Fig. 7.40) 
did not show any GFP expression ectoderm at either St.28 or St.37. 
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Fig. 7.39. GFP expression in embryos injected with the BAC16P2D1 construct. A: No GFP 
expression at St.16, B and C: No GFP expression in any domain of the embryos in both St.28 
and St.37. 
 

 
Fig. 7.40. GFP expression in embryos injected with the BAC16P2D3 construct. A: No GFP 
expression in any domain of the embryo at St.16. B and C: No GFP expression in any domain 
of the embryos in both St.28 and St.37. 
 
However, the smallest deletion construct from the BAC16BP2 region, BAC16BP2D4 
by and large shows the same GFP expression pattern as BAC16BPFL in both early 
and late stage embryos (Fig. 7.41). At St.17 there is mosaic GFP expression in the 
neural and non-neural part of the ectoderm including PPR, NC and NP domain, 
whereas at St.27 shows strong mosaic GFP expression in several placodes (including 
olfactory, otic, lateral line and possibly profundal/trigeminal placodes), the lens 
placode, somites, and endodermal pharyngeal pouches.  
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Fig. 7.41. GFP expression in embryos injected with the BAC16P2D4 construct. A and A’: 
GFP expression in neural (NP), non-neural ectoderm (NNE) and PPE domain of the embryo 
at St.17, B’ and B’’: GFP expression in the ectoderm, lens (L), somites, brain and pharyngeal 
pouches (Ph.) of the embryos. 
 
The deletion analysis of part 2 suggests that enhancers for several expression domains 
including early neural plate, PPR, epidermis, as well as otic and lateral line placodes, 
lens placodes and pharyngeal pouches are located in the approx. 9kb region covered 
by P2D3. Taken together with the deletion analysis of Part 1 (both summarized in 
Table.7.2) there is evidence for enhancers for several Eya1 expression domains 
located on BAC16B. While many of these could be localized to more specific regions 
of the BAC, some expression domains such as somites, disappeared with deletion of 
either part 1 or part 2 of BAC16B suggesting that cis-regulatory located in both 
regions are involved in driving Eya1 expression in the somites. 
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Table. 7.2. Comparison table of BAC16B highlighting expression domains affected by 
deletions in BAC16BP1 and BAC16BP2 

Sl. 
No 

BAC16BFL 
Expression Domain 

BAC16BP1 
Expression 

Domain 

BAC16BP2 
Expression 

Domain 
1 PPR - Panplacodal 

Primordium (CP-
Cranial Placode) 

- + 

2 NP – Neural Plate - + 
3 NC – Neural Crest - + 
4 Olfactory Placode 

(OLP) 
+ + 

5 Otic Placode (OT) - + 
6 Lateral Line Placode 

Anterior (LLP - 
Anterior) 

- + 

7 Profundal Placode (PP) - + 
8 Trigeminal Placode 

(TP) 
- + 

9 Epibranchial Placode 
(Ep) 

- + 

10 Lens Placode (LP) - + 
11 Somites + + 

 
For localising the enhancer region on this large BAC16B DNA region more precisely 
it’s very important to do further deletion analysis and to use the previous phylogenetic 
data along with these BAC data. 
 
7.2.5. BAC17 Full Length DNA Expression Analysis 
 
BAC17FL is the largest BAC analysed here. It covers the entire Eya1 coding region 
as well as part of the 3’ and 5’ adjacent noncoding sequences. The size of this 
BAC17FL was 129749bp in length. This large region covers the 7 common CNS 
candidates that were found by ECR, VISTA and PipMaker tools. More detailed 
information on this is given in chapter 6 (Table.6.5.1) and in Fig. 7.42.  
 

 
Fig. 7.42. Fully Annotated Map of the BAC17FL. 
 
The successful recombineered BAC17FL DNA was injected into the single cell 
embryo of X laevis. Surprisingly, there was no GFP expression, although BAC17 
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shares considerable overlap with BAC15 (which included the region to which I 
mapped enhancer activity in BAC15). In contrast to the strong mosaic expression of 
GFP in neural plate, PPR and paraxial mesoderm, only weak expression in the PPR 
could be observed and it cannot be ruled out that this represents unspecific 
background staining (Fig. 7.43, Fig. 7.44).  
 

 
Fig. 7.43. No GFP expression by injected Empty BAC17FL without insert (GFP reporter) 
in its backbone into the single cell Xenopus laevis. A to D: No sign of GFP expression due to 
no GFP cassette in BAC17FL DNA 

 
Fig. 7.44. The BAC17FL injected embryo showing A: no GFP expression in the early stage 
16 and B: no GFP expression in the late Stage 37. 
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It is currently unclear, how to reconcile these findings with the BAC15FL data. It is 
possible that this BAC17FL does not only having enhancer regions but also repressor 
elements that are absent from BAC15FL. 
 
 

7.3. Conclusion  
 
This chapter reports the functional characterization of cis-regulatory 
elements/enhancers of Eya1 by using two different methods, (1) PCR based cloning 
and REMI transgenesis; and (2) BAC recombineering.  
 
Using the first approach, CNS49 was initially a promising candidate for driving Eya1 
expression later this could not be repeated, using the second approach, BAC DNA 
was used to screen the larger Eya1 region. Both BAC15 and BAC16B were found to 
contain early and late enhancers that mimic the expression of Eya1 in several 
domains. Somewhat surprisingly, both BAC15FL and BAC16FL were shown to drive 
expression in NP, PPR, somites, early neural plate, epidermis and head mesenchyme. 
This suggests that possibly several widely distributed cis-regulatory elements 
contribute to regulate expression in these domains. In addition, BAC16BFL has 
shown some promising enhancer activity in the domain of lens placode, otic placode, 
lateral line, and olfactory placodes.  However, further studies are needed to localize 
these enhancers more precisely and to functionally characterise their TF binding sites. 
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Chapter-8 Discussion 

 

Both Eya1 and Six1 are main placodal markers for the panplacodal primordium and 
the placodes derived from them in vertebrate embryos (Streit, 2004; Baker and 
Bronner-Fraser, 2001; Northcutt and GANS, 1983; Ahrens and Schlosser, 2005; Zou, 
2004). This study analysed the role of upstream transcription factors in establishing 
expression of Six1 and Eya1 in the panplacodal primordium or the cranial placodes 
of Xenopus laevis. The transcription factors in question can be categorized into dorsally 
restricted (Pax3, Zic1, Hairy2b, Sox3) and ventrally restricted (AP2, Vent2, Msx1, 
Foxi1a, Dlx3, GATA2) TFs (Fig. 8.1). The feedback regulation of these TFs by Six1 
and Eya1 was also studied to reveal the cross regulation of this upstream gene 
regulatory network (GRN) in the PPE domain during its establishment in the NPB. 
My findings provide further support for the binary competence model, which 
proposes that PPE and neural crest are established in non-neural vs. neural ectoderm, 
respectively as mutually exclusive competence territories. However, all TF expressed 
in the NPB cooperate to establish PPE as well as NC domain as suggested by the 
neural plate border state model (Ahrens and Schlosser, 2005; Bae et al., 2014; Pieper 
et al., 2012; Streit, 2004; Hong and Saint-Jeannet, 2007; Schlosser, 2014; 2010a; 
Yardley and García-Castro, 2012).  
 
To further understand the role of upstream regulators of Six1 and Eya1 during PPE 
formation, I have investigated regulatory regions of Eya1 to identify an enhancer for 
its early expression in the PPE of Xenopus laevis.  
 
8.1. Role of Transcription Factors as Upstream Regulators of  
      Panplacodal Ectoderm  
 
Previously it was shown that during gastrulation of Xenopus laevis, there is a major 
rearrangement of transcription factors, many of which start out to be expressed 
throughout the ectoderm but then become either restricted to dorsal ectoderm 
(neural domain) or restricted to ventral ectoderm (non-neural ectoderm) of Xenopus 
laevis	 (Kwon et al., 2010; Pieper et al., 2012; Schlosser, 2015; 2014; Schlosser and 
Northcutt, 2000) (Fig. 8.1). These major rearrangements of the TF expression 
domains occur in response to signals of the BMP, Wnt, and FGF signaling pathways 
(Litsiou et al., 2005; Leung et al., 2013; McLin et al., 2007; Patthey et al., 2009; Tucker 
et al., 2008; Yardley and García-Castro, 2012). The BMP gradient established in the 
ectoderm during gastrulation in response to BMP inhibitors secreted from the dorsal 
mesoderm appears to be particularly important for this process. Many of the ventrally 
restricted TFs tend to be directly or indirectly activated by high BMP levels, while 
dorsally restricted TFs are typically inhibited by BMP (Litsiou et al., 2005; Reichert et 
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al., 2013; Tucker et al., 2008). In late gastrulation, all of these TFs may work as 
putative upstream regulators of placodal marker genes Six1 and Eya1 (Grocott et al., 
2012; Patthey and Gunhaga, 2011; Schlosser, 2010a; 2007; Streit, 2007; 2004; Zou, 
2004).  
 
However, which precise role these TFs play during early induction of PPE is still 
unclear. To understand properly how the PPE develops from the NPB domain, I 
here attempted to investigate the role of these TFs for PPE formation in both gain 
and loss of function studies.  
	

	
Fig.8.1. Various stages of Xenopus embryo with their respective TFs, showing the transition 
of non-neural and neural marker TFs during the establishment of PPE. (From Schlosser, 
2014) 
 
The interactions between the early ectodermal transcriptional factors and Six1/Eya1 
that I observed are summarized in a model presented in Fig. 8.2 showing the changes 
in TF domains at the NPB between early gastrula and neural plate stage due to the 
activating and repressive interactions between different TFs. These effects are 
explained in more detail in the sections below (8.1.1., 8.1.2., 8.1.3).  
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Fig.8.2. Model proposed for the establishment of PPE from late gastrulation to neural plate 
stage. Arrows represent activation, bars represent repression. Colors of lines correspond to 
the genes for which they act as upstream regulators. Question marks indicate potential 
cooperative interactions that remain to be verified. The blue asterisks indicate that repressive 
effects of Pax3, Zic1, AP2 and Msx1 may be alleviated in areas of co-expression by Pax3-Zic1 
or Msx1-AP2 synergism. See text for details.  
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8.1.1. Function of Ventrally Restricted Transcription Factors  
 
All of the ventrally restricted TFs analyzed here, i.e. AP2, Vent2, Msx1, Foxi1a, Dlx3, 
GATA were identified as having an DNA binding site in enhancers driving 
expression of Eya1 and Six1 in the PPE or in cranial placodes (Ishihara et al., 2008; 
S. Sato et al., 2012), making them strong candidates for upstream regulators of Six1 
and Eya1 in the PPE. 
 
The ventrally restricted transcription factors include a first group of TFs that become 
confined to the non-neural ectoderm (Dlx3, GATA2, Foxi1a) at the end of 
gastrulation as well as a second group (AP2, Msx1, Vent2), which will also become 
excluded from the neural plate but that extend further dorsally into the neural crest 
(Schlosser, 2014).  
 
In the next sections (8.1.1.1, 8.1.1.2) I will discuss the role of ventrally restricted TFs 
for PPE formation based on my loss of function and gain of function experiments.  
 
8.1.1.1. Role of TFs expressed in Non-neural ectoderm and NC (AP2,  
            Vent2, Msx1) for PPE formation 
 
In previous studies, it has been shown that AP2, Vent2, Msx1 were ventrally (non-
neural) enriched transcriptional factors (Saint-Jeannet and Moody, 2014; Schlosser, 
2010a). Their expression is initially widespread in the ectoderm, but becomes 
restricted to the ventral side by recession from the dorsal side of embryo in early 
gastrulation. At the end of gastrulation, AP2, Vent2, Msx1 have a dorsal expression 
limit that includes the NC and possibly lateral NP (Luo et al., 2002; Rogers et al., 
2009a; Schlosser and Ahrens, 2004).  
 
Loss of function and gain of function of AP2, Vent2 and Msx1 was studied between 
the late gastrulation stage to NP stage, observing the phenotypical changes effects. 
Loss of function of AP2, Vent2 and Msx1 showed a reduction of Six1 and Eya1 in 
the PPE (Fig. 5.4), suggesting these were required for expression of preplacodal 
markers  confirming previous reports for AP2 (Monsoro-Burq et al., 2005; Kwon et 
al., 2010; Pieper et al., 2012) but in contrast to a previous study in zebrafish (Phillips 
et al., 2006).  I also confirmed from my present result that AP2 and Msx1 are required 
for NC formation and showed that Vent2 plays a similar role (Luo et al., 2003; 
Monsoro-Burq et al., 2005; Tribulo et al., 2004; de Crozé et al., 2011). Moreover, 
neural Sox3 expression is expanded or shows ectopic expression after knockdown of 
Msx1 and Vent2 and to a lesser extent AP2 (Luo et al., 2003; Monsoro-Burq et al., 
2005; Sander et al., 2007) indicating that they are required for the restriction of neural 
plate markers and the establishment of both NC and PPE markers at the NPB. In 
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previous studies in zebrafish, knockdown of Vent2 and Msx1 also were shown to 
promote broadening of the neural plate in expense of non-neural ectoderm, however 
it was not shown whether these Vent2 and Msx1 play a role for epidermal or 
preplacodal marker expression (Phillips et al., 2006). 
 
In the over expression analysis, I found that AP2, Msx1 and Vent2 were also able to 
expand the NC marker FoxD3 and that AP2 and Msx1 but not Vent2 promote 
ectopic activation of Six1 and Eya1 not only in the non-neural ectoderm but also in 
the neural plate suggesting that they are sufficient to promote PPE and NC markers 
at the expense of neural markers. In accordance with this, levels of Sox3 were often 
reduced and patchy in the neural plate (confirming the previous data, Luo et al., 2003; 
Rogers et al., 2008; Tribulo et al., 2004). Surprisingly, however, the neural plate was 
sometimes expanded and PPE and NC markers laterally displaced after 
overexpression of AP2, Msx1 or Vent2. Taken together this suggests that no clear 
border between the different ectodermal domains may have formed in these embryos 
with various fates interspersed in patchy domains. In addition, or alternatively, there 
may be increased proliferation in the NP of these embryos. Further experiments are 
required to distinguish between these possibilities. 
 
Somewhat paradoxically, overexpression of AP2, Msx1 or Vent2 often also repressed 
expression of the PPE markers Six1 and Eya1 in the PPE and of the NC marker 
FoxD3 indicating that these TFs can both activate and repress PPE and NC markers 
most likely by different pathways and possibly in a concentration dependent manner.  
 

8.1.1.2. Role of TFs expressed in Non-Neural Ectoderm (Foxi1a, Dlx3,  
            GATA2) for PPE formation	
 
Both Foxi1a and Dlx3 are expressed throughout the prospective ectoderm before 
gastrulation stage but slowly get excluded from dorsal side  and restricted towards the 
ventral side until they are present only in non-neural ectoderm and totally absent from 
the neural domain (Matsuo-Takasaki et al., 2005; Pieper et al., 2012). GATA2 has 
similar expression like Foxi1a and Dlx3 but starts a little later (Pieper et al., 2012).  
 
The knockdown experiments for Foxi1a reported here confirm previous studies 
showing that PPE markers Six1 and Eya1 are reduced, the NC marker FoxD3 
broadened and the neural plate expanded suggesting that Foxi1a is required for the 
expression of PPE markers Six1 and Eya1 and for the dorsal restriction of NP and 
NC markers (Kwon et al., 2010; Matsuo-Takasaki et al., 2005), similar to other 
ventrally restricted TFs Dlx3 and GATA2 (Pieper et al., 2012). Conversely, 
overexpression of Foxi1a sometimes does expand PPE and reduce NC markers, but 
never promotes ectopic expression of PPE markers in the NP. This indicates that 
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Foxi1a unlike Dlx3 (Pieper et al., 2012) or AP2 and Msx1 (see above) is not sufficient 
to promote PPE formation at expense of neural ectoderm.  
 
Surprisingly, however, Foxi1a knockdown led to the expansion of Six1 and Eya1 and 
reduction of FoxD3 expression in other embryos, while overexpression of Foxi1a 
often reduces PPE and slightly increases NC markers. This suggests that Foxi1a also 
functions in limiting the expression of PPE markers probably in different pathways 
and further experiments are needed to clarify its seemingly paradoxical roles at the 
NPB. 
 
8.1.2. Function of Dorsally Restricted Transcription Factors 
 
Dorsally restricted transcription factors include Zic1, Pax3, Hairy2b and Sox3, with 
the first 3 being expressed in NC and lateral NP and Sox3 being expressed in the NP.  
Zic1 and Sox3 are initially widely expressed in the ectoderm at blastula stages and 
become dorsally restricted during gastrulation. Zic1 is then downregulated in the 
central NP while Pax3 and Hairy2b expression become expressed in a similar domain 
covering the future neural crest and lateral neural plate (Schlosser, 2014).  
 
In the next section (8.1.2.1, 8.1.2.2) of this section, I will first discuss the role of neural 
crest related TFs Zic1, Pax3 and Hairy2b and then the NP TF Sox3.   

 

8.1.2.1. Role of Neural Crest related TFs (Pax3, Hairy2b, Zic1) in PPE  
            formation 
 
While the role of these genes for neural crest and neural plate formation is well 
established there is little information regarding their exact role for establishing the 
PPE (Schlosser, 2010a; Hong and Saint-Jeannet, 2007; Milet et al., 2013; Plouhinec et 
al., 2013; S. Sato et al., 2005; Bae et al., 2014; Rogers et al., 2009b; Schlosser, 2014; 
2010b; Grocott et al., 2012; Nichane et al., 2008a) (Fig. 8.1). Zic1 is initially widely 
expressed in the ectoderm at blastula stages and becomes dorsally restricted during 
gastrulation. Zic1 is then downregulated in the central NP while Pax3 and Hairy2b 
expression become expressed in a similar domain covering the future neural crest and 
lateral neural plate. (Schlosser, 2014; Hong and Saint-Jeannet, 2007; Jaurena et al., 
2015; Manderfield et al., 2014; Nichane et al., 2008a; T. Sato et al., 2005; L. J. Wang 
et al., 2009).  
 
After loss of function of these transcription factors I observed strong downregulation 
of PPE markers, suggesting that Pax3, Hairy2b and Zic1 are all required for PPE 
formation. In accordance with previous studies, the NC marker FoxD3 was also 
reduced in these embryos, while neural Sox3 expression was either expanded (and 
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NPB markers maybe laterally displaced) or ectopic Sox3 expression observed in the 
non-neural ectoderm. This suggests that each of these TFs is required not only for 
NC formation but also for PPE formation. However, in contrast to ventrally 
restricted TFs such as AP2 and Msx1, overexpression of Pax3, Hairy2b or Zic1 does 
not promote ectopic expression of PPE markers in either non-neural or neural 
ectoderm and typically results in repression of PPE formation. This indicates that 
these TFs by themselves repress PPE formation and require cooperation with other 
factors to activate PPE markers. As discussed below (8.1.3), some of our co-injection 
experiments suggest indeed that Zic1 can promote PPE formation only in the 
presence of non-neural TF Dlx3. In contrast, overexpression of Pax3, Hairy2b or Zic1 
is sufficient to expand the NC marker FoxD3 in some embryos, whereas the opposite 
effect was observed in other embryos. Similarly, complex effects of Pax3 and Hairy2b 
depending on concentration and timing have been observed in previous studies 
(Hong and Saint-Jeannet, 2007; Nichane et al., 2008b) but the underlying mechanisms 
are still unclear. While Zic1 and Pax3 overexpression caused broadening of the NP 
and lateral displacement of all markers, overexpression of Hairy2b only broadened the 
NP at the expense of the NC without displacing PPE markers suggesting that Hairy2b 
promotes NP at expense of NC fate.  
 
8.1.2.2. Role of Sox3 in PPE formation 
 
Sox3 is initially widely expressed in the prospective ectoderm at blastula stages and 
becomes dorsally restricted to the neural plate during gastrulation (Litsiou et al., 2005; 
Pieper et al., 2012; Grocott et al., 2012; Rogers et al., 2009b; Schlosser, 2010a; 
Mizuseki et al., 1998; Pieper et al., 2012; Schlosser and Ahrens, 2004). Sox3 
overexpression, leads to repression of both the placodal marker Six1 and Eya1 in 
PPE, suggesting that downregulation of Sox3 in the PPE is required for the induction 
of the PPE.  
 
8.1.2.3. Pax3 and Zic1 are required Cell Autonomously for PPE  
            formation 
 
In a recent study it was shown that Zic1 can play a non-cell autonomous role for 
induction of placodal progenitor cells by regulating retinoic acid signaling (Jaurena et 
al., 2015). However, given the overlap between dorsally restricted TFs Zic1 and Pax3 
and ventrally restricted TFs at the prospective PPE during early gastrulation (see Fig. 
8.1), I was wondering whether Zic1 and Pax3 were required cell-autonomously for 
promoting Six1 and Eya1 expression in the prospective PPE or in adjacent tissues. 
The grafting experiments described in chapter 5 suggest that both TFs are in fact 
required cell-autonomously but further experiments are required to confirm that Pax3 
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and Zic1 activate PPE genes at early gastrulation, when they are still expressed at the 
prospective PPE.   
 
8.1.3. Co -Regulation of Non-Neural and Neural Transcription Factors  
          in PPE 
 
After studying the individual role of each of these non-neural (AP2, Vent2, Msx1, 
Foxi1a, Dlx3) and neural TFs (Pax3, Hairy2b, Zic1, Sox3) during the induction and 
establishment of PPE, I will now discuss how various TFs cooperate during that 
process. 
 
8.1.3.1. Cooperation of AP2, Dlx3, and Msx1 with Pax3, Zic1 and Sox3 
 
My findings suggest that many of the dorsally restricted TFs, while being required for 
PPE formation, repress expression of Six1 and Eya1 at high levels. This raises the 
question whether the ability of several ventrally restricted TFs such as AP2, Msx1 and 
Dlx3 to activate ectopic expression of PPE markers in the NP after overexpression 
depends on their ability to repress dorsal TFs such as Pax3, Zic1 and Sox3. The 
coinjection experiments conducted to resolve this question suggested that only 
coinjection of Zic1 but not of Pax3 or Sox3 can significantly reduce the frequency 
with which AP2 activates PPE markers in the NP, indicating that AP2 may partly act 
by either repressing Zic1 or by interfering somehow with the repressive effects of Zic1 
on PPE formation. In contrast, only coinjection of Sox3 but not of Pax3 or Zic1 (Pax3 
and Zic1 were not tested together with Msx1) can significantly reduce the frequency 
with which Dlx3 and Msx1 activate PPE markers in the NP, indicating that Dlx3 and 
Msx1 may partly act by repressing Sox3. This is in accordance with previous findings 
that Sox3 is repressed in areas of NP, where Six1 is ectopically expressed after Dlx3 
overexpression (Pieper et al., 2012). In addition or alternatively, Dlx3 and Msx1 may 
interfere with the repressive effects of Sox3 on PPE formation. Taken together this 
strongly suggests that AP2 on the one side and Dlx3/Msx1 on the other side promote 
PPE formation act via partly different pathways (Fig. 8.5).  
 
My coinjection experiments also showed that Zic1 did in fact synergize with Dlx3 in 
promoting ectopic expression of PPE markers in both neural and non-neural 
ectoderms. Conversely, coinjection of Dlx3 MO with Zic1 prevented ectopic 
expression of PPE markers. This supports the hypothesis that the dorsally restricted 
TF Zic1 can promote PPE formation only in the presence of the non-neural TF Dlx3. 
Since I have shown that Zic1 is cell-autonomously required for PPE formation this 
suggests that Zic1 can promote PPE formation only during early gastrulation while it 
still overlaps with Dlx3 but not any longer at the end of gastrulation, when Dlx3 and 
Zic1 expression become confined to mutually exclusive territories (Fig. 8.2). The latter 



	 226	

most likely form as a result of reciprocal repression between Zic1 and ventrally 
restricted TFs such as Dlx3, GATA2 and Foxi1a (Pieper et al., 2012; Maharana and 
Schlosser, unpublished observations).  
 
8.1.3.2. Cooperation of Pax3 andZic1  
 
Recent studies on Pax3 and Zic1 have shown that they synergize in  strong induction 
of the NC (Bae et al., 2014; Milet et al., 2013; Plouhinec et al., 2013; T. Sato et al., 
2005; Hong and Saint-Jeannet, 2007) but there was no information regarding the 
induction of the PPE domain.  My coinjection experiments did find some decrease 
in the frequency of reductions of PPE markers after coinjection of Pax3 and Zic1 
compared to the overexpression of each factor alone but the number of embryos 
analysed was very small and it remains to be confirmed whether this is a reproducible 
effect.  
 
8.1.3.3. Cooperation of AP2 and Msx1  
 
While injection of AP2 or Msx1 alone led to complex PPE and NC phenotypes with 
both up and downregulation of PPE and NC markers, coinjection of AP2 and Msx1 
mostly promoted PPE marker expression and led to increased expression of FoxD3 
(as well as of Zic1 and Pax3, Maharana and Schlosser, unpublished observations) 
suggesting that these TFs synergize in promoting NC formation (Fig. 8.5).  
 

 
 
Fig.8.3. Working Model for two independent pathways, one downstream of 
Msx1/Dlx3, the other downstream of AP2 in PPE formation. It remains to be 
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clarified whether Msx1 and AP2 act by repression of Sox3 and Zic1 (black bars), 
respectively or alternatively (as indicated by question marks) in parallel pathways (red 
bars) that prevent inhibition of PPE formation by Sox3 and Zic1, respectively. Msx1 
and AP2 may also synergize to promote Zic1 (blue arrow). 
 
8.2. Cross Regulation of Six1 and Eya1 Upstream Transcription Factor  
       in PPE 
 
In the previous section, I discussed how gain and loss of function studies provide 
insights into the upstream transcription factors regulating expression of Six1 and 
Eya1 in the PPE while embryos transit from late gastrulation to NP stage.  
 
Whereas the role of  Six1 and Eya1 transcription factor for the development of the 
PPE and the cranial placodes is well supported by several studies (Xu et al., 1999; 
Brugmann et al., 2004; Christophorou et al., 2009; Laclef et al., 2003; Li et al., 2003; 
Schlosser et al., 2008; Zheng, 2003) it is still not clear whether Six1 and Eya1 in turn 
play any role in the induction or maintenance of other TFs at the neural plate border 
or for neural crest formation. I will now turn to experiments showing how Six1 and 
Eya1 cross-regulate upstream transcription factors in the PPE domain. 
 
Loss of function experiments show that both Six1 and Eya1 are required for 
maintenance of expression of other ventrally restricted TFs such as Foxi1a, AP2 and 
Msx1 and for preventing lateral expansion of the NP and NC domains. They are also 
required for expression of the NC specifier gene FoxD3 (and Six1 is required for 
proper expression of Zic1 as well). However, the effects on AP2, Msx1 and Zic1 are 
complex and knockdown of Six1 and Eya1 frequently lead to expansion of their 
expression indicating that Six1 and Eya1 seem to be also required for limiting the 
expression of these genes in the majority of embryos.  
 
Conversely, gain of function experiments reveal that Six1 and Eya1 repress some 
other non-neural TFs (GATA2, Dlx3, Foxi1a) although the effect on Foxi1a is 
ambiguous.  Similarly, Six1 and Eya1 are sufficient to repress the NP marker Sox3 but 
not another dorsal TF Zic1, which is strongly expanded after Six1 or Eya1 
overexpression. Taken together with the loss of function experiments this indicates 
that while Six1 and Eya1 are required for dorsal confinement of Zic1 expression, they 
are not sufficient to prevent ventral expansion of Zic1 expression, suggesting that they 
need to cooperate with other TFs (possibly including some of the ventrally restricted 
TFs analysed here) to repress Zic1. This remains to be tested in future studies. 
 
The effects on AP2, Msx1 and Pax3 are complex (with both up-and downregulation 
after Six1 or Eya1 overexpression) and differ substantially between Six1 and Eya1. 
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Whereas Six1 mostly activates Msx1 but represses Pax3 and FoxD3, Eya1 typically 
inhibits Msx1 but promotes FoxD3 expression, with little effect on Pax3. This 
suggests that while both proteins synergize in many of their expression domains, they 
may exert their role in the prospective NC domain by interaction with different 
protein binding partners (Fig. 8.4) and affect NC formation in opposing ways. 
  

 
 

Fig. 8.4. Role of Six1 and Eya1 placodal marker in Neural Crest Development, See 
text for details. 
 
8.3. Model for GRN in the Neural Plate Border 
 
Taking together my findings on upstream transcription factors regulating Six1 and 
Eya1 in the PPE domain with insights into cross-regulation of these TFs by Six1 and 
Eya1, I propose a new working model for the GRN at the NPB region and its role in 
induction of the PPE (Fig. 8.5).  
 
The GRN at the developing NPB is surprisingly complex but certain features can be 
highlighted. First, essentially all ventrally and dorsally restricted TFs investigated here 
are required for both PPE and NC formation but some of these inputs may be 
required only transitorily during early gastrula stages such as Zic1 and Pax3 for the 
PPE and Dlx3, Foxi1a and GATA2 for NC. Second, many of the upstream regulators 
of PPE and NC function in both activation and repression of PPE and NC in a 
context-dependent manner. Zic1, in particular seems to promote PPE formation only 
in cooperation with Dlx3 suggesting that it does so while it still overlaps with Dlx3 
and other ventrally restricted TFs. Third, Six1 and Eya1 feedback on their upstream 
regulators (and previous studies have shown this to be true to some extent for NC 
specifiers as well; (Plouhinec et al., 2013; Deichmann et al., 2015)) in a complex 
manner, creating multiple positive and negative feedback loops. While positive 
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feedback loops may help to mutually enforce TF expression in the NPB region during 
gastrulation, negative feedback loops may contribute to sharpen expression border at 
the end of gastrulation possibly in a context dependent manner. Fourth, cross-
repression between dorsally and ventrally restricted TFs resolve their expression to 
mutually exclusive domains at the end of gastrulation. The latter process is probably 
crucial to confine the PPE to the non-neural side, and the NC to the neural side. In 
the non-neural ectoderm, PPE specifiers continue to be activated by ventrally 
restricted TFs until Six1 auto activation (Riddiford and Schlosser, 2016) may make 
them independent of other inputs. Similarly, in the neural ectoderm, NC specifiers 
continue to be activated by dorsally restricted TFs until cross regulation among them 
(Meulemans and Bronner-Fraser, 2004) may make them independent of other inputs. 
 
The proposed GRN combines elements of the previously proposed “neural plate 
border state” (Grocott et al., 2012; Litsiou et al., 2005) and “binary competence” 
models (Ahrens and Schlosser, 2005; Pieper et al., 2012; Schlosser, 2006). It 
acknowledges that PPE and NC are regulated by similar upstream TFs as suggested 
by the former model, but maintains the “binary competence” model that the 
separation of PPE and NC may ultimately be dictated by non-transitory requirements 
for different upstream non-neural (e.g. Dlx3, FoxI1, GATA2) and neural (e.g. Zic1, 
Pax3) competence factors, which become restricted to different ectodermal territories 
by mutual repression.  
 
Many of the details of this GRN have still to be worked out. In particular, it still has 
to be explained how the balance between positive and negative interactions may be 
shifted depending on interactions with other factors.
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Fig. 8.5. A new model for the gene regulatory network (GRN) at the neural plate border, with full detailed gain of function/loss function of both dorsal and ventral 
TF’s effects on the NPB and its originated PPE and NC domain. Black lines: loss of function experiments; colored lines: gain of function experiments. Dotted lines: 
ectopic expression. See text for details



8.4. Identification and Functional Characterisation of Cis-Regulatory  
       Elements of Eya1 
 
Although the experiments discussed so far provide insights into some of the upstream 
regulation of Six1 and Eya1 at the PPE, it is still unclear which of these interactions are 
direct or indirect and how the different upstream inputs are integrated at the level of cis-
regulatory regions. To better understand the regulation of Eya1 during early induction of 
PPE and cranial placode development, I have investigated Eya1 cis-regulatory elements 
by identification and functional characterisation of enhancers in Xenopus laevis.  
 

8.4.1. Identification and Comparative Genomics Analysis of Eya1  
         Enhancers 
 
The main challenges for identification and comparative genomics analysis of cis-
regulatory regions is the large size of the Eya1 locus (with 19 exons spread over almost 
60 kb) and its adjacent noncoding sequences. Cis-regulatory elements may be located 
either in the introns or in these adjacent regions (Pennacchio et al., 2006; Rastegar et al., 
2008; Vavouri et al., 2007; Walters et al., 2008; Harmston et al., 2013; Loots and 
Ovcharenko, 2004).  
 
To find conserved non coding sequences (CNS) of Eya1 which were the putative 
enhancers I focused on the Xenopus tropicalis genome sequence due to its completely 
annotated availability in the UCSC and Xenbase database (Kuhn et al., 2012; Vize and 
Zorn, 2016) and did sequence comparisons with human, chicken, mouse, and rat 
sequences (Ishihara et al., 2008; S. Sato et al., 2012; Betancur et al., 2011). For these 
phylogenetic footprinting studies, ECR browser, VISTA browser and PipMaker 
bioinformatics tool were used in identification of CNS of Eya1 (Betancur et al., 2011; 
Ishihara et al., 2008; S. Sato et al., 2012).  
 
To identify the maximal number of CNSs, I have used three different bioinformatics tools 
(ECR browser, VISTA browser and PipMaker) with different CNS prediction algorithms 
(Pennacchio et al., 2006; Shlyueva et al., 2014). TRANSFAC analysis was used to focus 
on CNS enriched for Dlx and GATA binding site since these had previously been 
implicated as upstream regulators of Eya1 (Ishihara et al., 2008; Kwon et al., 2010; Pieper 
et al., 2012). Using these criteria 9 CNS (CNS-6, CNS-21, CNS-31, CNS-40, CNS-41, 
CNS-44, CNS-45, CNS-48 and CNS-49) were taken into the cloning and functional 
characterisation.  
 

To avoid time consuming screening of individual CNSs I also have used an alternative 
and unbiased approach to use BACs for larger scale DNA screening for cis-regulatory 
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regions (Fish et al., 2011; Kelly et al., 2005; Yang et al., 2009). To find BACs in the vicinity 
of Eya1 gene the GBrowser@iSSB, specific to Xenopus tropicalis (Plouhinec et al., 2013) 
was used. I have identified 7 BACs that were covering the entire Eya1 coding and 3’ and 
5’ adjacent sequences. These BACs were screened using recombineering of a GFP 
reporter gene followed by microinjection and functional characterisation (Fish et al., 
2011; Kraus et al., 2015).  
 

8.4.2. Identification of Enhancers using BAC Recombineering 

 
Initially, I have used REMI transgenesis for functional characterisation of 9 CNS 
following a similar approach used for Eya1 enhancer characterisation in other model 
systems (Ishihara et al., 2008). However, this approach was not successful in identifying 
regulatory regions and was abandoned in favour of BAC recombineering (Fish et al., 
2011)  
 
The recombineered Xenopus tropicalis BAC-GFP DNA was microinjected into Xenopus 
laevis, and the embryos were subsequently being analysed for expression in the PPE, 
cranial placodes as well as other domains.  
 

After initial recombineering and screening, I have used only 2 BACs viz. BAC15, 
BAC16B for more precise localization of regulatory elements by deletion analysis studies. 
The findings of these experiments are briefly summarized and discussed in the following 
sections.  Surprisingly, a third BAC, BAC17, although widely overlapping with BAC15 
did not drive comparable expression of Eya1. Whether this is due to the presence of 
silencers in the part of BAC17 which extends beyond BAC15 or merely an experimental 
artefact requires further investigation. 
 
8.4.3. Functional Characterisation of Enhancer using BAC Recombineering 
 
8.4.3.1 Eya1 Enhancers for PPE 

 
The most interesting finding of my study was the identification of two domains 
containing enhancers or cis-regulatory elements for early expression of Eya1 in the PPE, 
viz. a 9kb (8670bp) region BAC15Δ covered by BAC15-P2D2 but not by BAC15-P2D3 
(Fig. 7.28) as well as a 9kb region BAC16BΔ covered by BAC16B-P2D3 but not by 
BAC16B-P2D4 (Fig. 7.38). The first of these domains contained 3 CNS, for which no 
enhancer activity could be established in a previous study in chick embryos (CNS 13-15 
in (Ishihara et al., 2008)), while no CNSs were identified in the second of these domains. 
The same two domains also appear to contain regulatory regions for additional Eya1 
expression domains (somites, neural plate, epidermis for BAC15Δ; somites, pharyngeal 
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pouches, neural plate, neural crest, epidermis, otic, lateral line and lens placodes for 
BAC16Δ). This suggests that phylogenetic footprinting is unable to detect all sequences 
with enhancer activity.  However, additional experiments are necessary to further narrow 
down and characterize these presumptive enhancers for the PPE and other domains of 
Eya1. 
 
It has been shown that, new cis-regulatory elements were the triggering point of origin of 
new GRN modules in the body plans in different animals (McCauley et al., 2010; 
Davidson and Erwin, 2010; 2006; Davidson et al., 2003; Maeso et al., 2013b). Since Eya1 
is expressed near the neural plate border in urochordates (Ciona intestinalis) but not in 
cephalochordates (Amphioxus) comparison of the PPE Eya1 enhancer in vertebrates with 
enhancers in other chordates will also allow us to determine whether Eya1 has acquired 
new cis-regulatory elements in chordate evolution triggering a new GRN underlying the 
recruitment of Eya1 to the NPB and the early induction of a PPE (Patthey et al., 2014; 
Schlosser, 2015; Fischer and Smith, 2012; Hinman et al., 2009).  
 
Such a comparative will allow us to further understand how rewiring of GRNs may have 
contributed to the evolutionary innovation of cranial placodes or PPE during evolution 
of the vertebrate “New Head” (Fig. 8.5) (Northcutt and GANS, 1983; Schlosser, 2010a; 
Schlosser, 2014; Davidson, 2002; Davidson et al., 2003; Maeso et al., 2013a). 
 

8.4.3.2. Eya1 Enhancers for Otic, Olfactory, Profundal/Trigeminal, Lateral  
             Line and Lens Placodes  
 

Eya1 is not only expressed in the PPE but later is expressed in all cranial placodes (David 
et al., 2001; Schlosser and Ahrens, 2004; Schlosser, 2014; 2010a). Indeed, I found some 
evidence for enhancers driving Eya1 expression in some of these later domains in my 
deletion analysis. First, the region BAC16BΔ appears to have enhancers for otic, lateral 
line and lens placodes and possibly profundal/trigeminal placodes. As discussed above 
this region was not previously shown to have any enhancer activity and has no predicted 
CNSs. Second, a region covered by BAC16B-P1D1 but not by BAC16B-P1D3 appeared 
to have enhancer activity in the olfactory placode. This confirms a previous study, which 
showed that a CNS contained in this region has enhancer activity in the olfactory placode 
(CNS23 of (Ishihara et al., 2008)). However, several other placodal enhancers described 
in Ishihara et al., 2008 could not be confirmed in our study, e.g. otic, trigeminal and 
epibranchial enhancers in the region of BAC17 3' of the Eya1 coding region and otic and 
trigeminal enhancers in BAC16P1. Whether this reflects species differences or differences 
in the sensitivity of the different studies is currently unclear. 
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8.4.3.3. Eya1 Enhancer (BAC16B) for Neural Crest  

 
In previous studies, it was shown that, Eya1 enhancers can also drive expression in the 
migratory neural crest (Ishihara et al., 2008) in the chick and mouse. Similar expression 
was observed in the Xenopus laevis, where BAC16B DNA drives a similar kind of 
expression at the early stage of the embryo. Deletion analysis suggests that an enhancer 
in the BAC16BΔ region may drives this expression pattern.  
 
8.4.3.4. Eya1 Enhancers for Neural Plate and Central Nervous System  
             (CNS) 
 

Both the placodal markers Six1 and Eya1 are required in the proper formation of central 
nervous system (CNS) and peripheral nervous system (PNC) of mouse (Neilson et al., 
2010) and several Eya family transcription factors are expressed in NP or central nervous 
system (Ahrens and Schlosser, 2005; Zou, 2004). In a recent study, several enhancers for 
neural plate expression of Eya1 were identified (Ishihara et al., 2008) in regions 
corresponding to our BAC15P1 and 16BACP1, but our deletion of these regions did not 
abolish NP expression in Xenopus. However, my recent studies suggest that BAC15Δ (in 
BAC15-P2) and BAC16BΔ (in BAC16-P2) have Eya1 enhancers which drive expression 
of Eya1 in CNS, by mimicking the endogenous Eya1 expression in CNS.   
 
8.4.3.5. Eya1 Enhancer for Paraxial Mesoderm/Somites, Epidermis and  
            Gut 
 

In previous studies, it was shown that Eya1 is not only expressed in cranial placodes but 
also in other domain of the embryo viz. guts, somites and epidermis (David et al., 2001; 
Wu et al., 2013a; Ahmed et al., 2012; Grifone et al., 2007; Schlosser, 2010a; Xu et al., 
2002; 1999). Moreover, Eya1 also has important functions for development of other 
domains. In this study, enhancers for paraxial mesoderm or somites were found in three 
regions: BAC15Δ (in BAC15-P2), BAC16BΔ (in BAC16-P2) and BAC16-P1D4. The 
latter contains a CNS that has found to drive somite expression already in a previous 
study (CNS26 of (Ishihara et al., 2008), but the other enhancers were not previously 
described.  
 
Similarly, I found enhancers for expression in the ectoderm in two regions, BAC15Δ (in 
BAC15-P2), BAC16BΔ (in BAC16-P2) in contrast to (Ishihara et al., 2008), which found 
epidermal enhancers in a region corresponding to BAC15P1. Finally, we found enhancers 
for endodermal expression of Eya1 (in gut and pharyngeal pouches) again in BAC15Δ (in 
BAC15-P2), BAC16BΔ (in BAC16-P2), which were not previously identified. 
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In summary, my study not only could confirm several enhancers described in a previous 
study but also identified two domains containing several new regulatory elements which 
await further characterization. Somewhat surprisingly these regions have a widely 
overlapping spectrum of regulatory activity suggesting that one enhancer may control 
expression domains of Eya1, while a particular expression domain may be controlled by 
several enhancers.  This is in line with the findings of (Ishihara et al., 2008), who also 
report that some enhancers affect many expression domains of Eya1 and identified 
multiple enhancers for the same expression domain (e.g. four enhancers for the otic 
vesicle). Ishihara et al., also found additional enhancers for Eya1 far away from its coding 
region and outside the region surveyed by our BAC analysis here. This suggests that Eya1 
enhancers may act in a partly redundant and combinatorial fashion. This may permit some 
evolutionary flexibility in the function of particular enhancers, which may underlie the 
surprising differences in the distribution of enhancers identified in the present study 
compared to (Ishihara et al., 2008). 
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8.5. Outlook 

 

This study has shown that seven putative upstream transcription factors - Zic1, Pax3, 
Hairy2b, AP2, Msx1, Vent, Foxi1a - play an important role as upstream regulators of Six1 
and Eya1 during the establishment of PPE while embryos develop from early gastrulation 
stage to the neural plate stage. Conversely, Six1 and Eya1 cross-regulate these TFs 
resulting in a complex GRN composed of many positive and negative feedback loops.  
 
However, it is still not clear how these different TFs are integrated at cis-regulatory 
regions of Six1 or Eya1. In this study, I have identified some genomic regions containing 
cis-regulatory elements driving Eya1 expression in the early panplacodal ectoderm and in 
cranial placodes but additional studies are needed to further narrow down the enhancers 
involved and functionally characterize their TF binding sites.  
 
A comparative study of Eya1 enhancers in other chordates (urochordates and 
cephalochordates), will then help us to understand how changes in these cis-regulatory 
regions contributed to the origin of new GRNs during the evolutionary innovation of the 
vertebrate “New Head”. 
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Appendix A: General Solutions and Buffers 
	
A. Stock Solutions for Microinjection & in vitro Fertilisation (IVF) 
1. 10 x MBS Salt (Modified Barth’s Saline)  

- 51.3 g NaCl 
- 0.75 g KCl 
- 2.0 g MgSO4 x 7 H20 
- 23.8 g HEPES 
- 2.0 g NaHCO3 
- Adjust the pH 7.6 (Adding NaOH) 
- Add 1 liter of ddH2O 
- Autoclave and store at RT 

2. 1 x MBSH (High Salt Modified Barth’s Saline) 

- 100 ml of 10 x MBS Salts 
- 7 ml 0.1 M CaCl2 
- 4 ml 5M NaCl 
- 887 ml of ddH2O  
- Autoclave and store at RT  

3. 1x MBS Salt (Modified Barth’s Saline) 

- 100 ml 10 x MBS Salt 
- 7 ml 0.1M CaCl2 
- Add 893 ml of ddH2O 
- Autoclave and store at RT 

4. 100x Gentamycin 

- 250 g Gentamycin 
- Added 100 ml ddH2O 
- Aliquot into 1 ml into 1.5 ml Eppy  
- Store at -20° C 

5. 100x Triple Antibiotics (3A) 

- 250 g Gentamycin 
- 4 g Penicillin 
- 4 g Streptomycin 
- Add 100 ml of ddH2O 
- Aliquot into 1 ml into 1.5 ml Eppy  
- Store at -20° C 

6. Transplantation Solution 

- 98 ml 1x MBSH 
- 2 ml 0.1 M CaCl2 
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- 1 ml 100x 3A 
- Freshly prepare prior to use  

7. Phosphate Buffer (PB) 

- 28.48 g Na2HPO4 x 2 H2O or 42.90 g Na2HPO4 x 7 H2O 
- 5.44 g KH2PO4 
- Add 1 litre of ddH2O 
- pH: 7.38 

8. Phosphate Buffer Saline (PBS) 

- 26.8 g Na2HPO4 x 7 H20 
- 16 g NaCl 
- Add 1 litre of ddH2O  
- Adjust pH to 7.2 (With 10% HCl) 

9. X-Gal (LacZ) 50x (50mg/ml) 

- 0.5 g X-Gal 
- 10 ml Dimethylformamide (DMF) 
- Dispense into 100 µl aliquots 
- Store at -20°C 

10. Potassium Ferricyanide 1M  (Red) 

- 3.3 g Potassium Ferricyanide 
- 10 ml ddH2O 
- Store at 40C or RT 

11. Potassium Ferrocyanide 1M (Yellow) 

- 4.2 g Potassium Ferrocyanide 
- 10 ml ddH2O 
- Store in 40C or RT 

12. MgCl2 1M 

- 20.33  g MgCl2*6 H2O 
- Add 100 ml ddH2O (caution, solution gets very hot) 
- Autoclave and store at RT 

13. Phosphate Buffer Saline (PBS) 0.1X  

- Add 10 ml 10X PBS 
- 990 ml ddH2O 
- Mix well and store at RT 

14. Phosphate Buffer Saline (PBS) 10X 

- 80 g NaCl  
- 2 g KCl 
- 14.4 g Na2HPO4 or 26.4 g Na2HPO4*7 H2O 



	 253	

- 2.4 g KH2PO4 
- Dissolve in 800 ml ddH2O, adjust pH to pH=7.4 
- Add ddH2O make up to 1litre  
- Add 1 ml DEPC 
- Mix well and open lid, let evaporate under fume hood overnight (at least 1hr)  
- Autoclaved and stored at RT 

15. Phosphate Buffer (PB) 0.1M  

- 2.63 g NaH2PO4 *H2O 
- 21.6 g Na2HPO4 *7H2O 
- Dissolv in 800 ml H2O double distilled H2O (ddH2O), adjust pH=7.4 
- Adjust the volume up to 1 litre ddH2O 
- Autoclave and Store at room temperature (RT) 

16. Paraformaldehyde (PFA) 4% 

- 20 g of PFA (weigh under fume hood) 
- 500ml Phosphate Buffer (PB), 0.1M (pH=7.4) 
- Heat to Approx. 600 C and mix well 
- Filter and dispense in 15-50 ml falcon tube 
- Store at -200C  

17. X-Gal (LacZ) Staining Solution  

- 5 ml PB or PBS 
- 250 µl Potassium Ferricyanide, 1M 
- 250 µl Potassium Ferrocyanide, 1M 
- 10 µl MgCl2, 1M 
- 100 µl X-Gal (50x in DMF) 
- Store at -200C 

B. Mini Prep TELT Buffer 

TELT Buffer Solution Mix 

- 2.5 ml 1M Tris, pH 7.5 
- 6.25 ml 0.5M EDTA, pH 8.0 
- 39.05 ml 3.2M LiCl 
- 200 µl 100% Triton X-100  
- 2 ml ddH2O 
- Autoclave and store in room temperature 

 

C. Bacterial Culture and Media 

1. LB Agar Culture Media (3.7%) 

The LB Agar media was prepared by mixing 3.7 g of LB Agar in 100 ml of ddH2O. Then 
the prepared LB agar media was sterilised by standard autoclave method. The autoclaved 
LB agar is stored at room temperature. These media are used in making bacteria plates 
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with LB agar and respective antibiotics. These plates are used for plating bacteria for their 
antibiotic screening. Once the LB agar is autoclaved, it is warmed for 2 min in normal 
microwave. When it gets fingertip warm, antibiotics are added and then plated in large 
size Petri dishes. LB agar Petri dishes are stored at 40 C for long time by covering its side 
in parafilm.  
	

2. LB Broth Culture Media (2.5%) 

The LB Broth media culture was prepared by adding 2.5 g of LB broth into 100 ml of 
ddH2O. The prepared media is sterilised by standard autoclave method. The sterile LB 
broth is used for growing bacteria for the production of larger amount of plasmids. 
Before using LB broth, antibiotics are added to stop the growth of other bacteria other 
then the inoculated bacteria. 
 
D. Gel Electrophoresis Buffers 
1. 50x TAE Salts 

- 242 g Tris Base 
- Dissolve in 800ml ddH2O 
- Add 57.1 ml Glacial acetic acid 
- Add 18.6 g EDTA 
- Adjust pH to 7.6-7.8 with glacial acetic acid 
- Make up 1 liter ddH2O 
- No Autoclave and store at RT 

 
2. 1x TAE Buffers for Stocking Gel and Running Gel 

- 10ml of 50x TAE 
- Dissolve in 910 ml ddH2O 
- Adjust pH to 7.6-7.8 with Glacial acetic acid 
- Make up 1 liter ddH2O 
- No Autoclave and store at RT  
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Appendix B: PCR Oligonucleotides (Primers) 
 
List of Primers used for the CNS PCR Cloning Process  

Sl. 
No 

Primer Name Primer Sequences 
Forward (5’ – 3’)& Reverse (5’ – 3’) 

(Annealing 
Temp.) 

1 Xl_Eya1_DGCNS_1_Spe I_FI GCAACTAGTAGCATCTGACTTCCCACAATTTGTACC 70 

2 Xl_Eya1_DGCNS_1_Spe I_FO GCAACTAGTAGGTCGGGTGTGGGTTGGGT 70 

3 XL_Eya1_DGCNS_1_BamHI_RI CAGGGATCCACGCCTACCTGCTTGGGGCA 70 

4 XL_Eya1_DGCNS_1_BamHI_R
O 

CAGGGATCCTTGGTGGACCCCTGGCCAAA 70 

5 XL_Eya1_DGCNS_3_Spe I_FI GCAACTAGTAGCAGCTATGCCAGACACATGGTA  70 

6 XL_Eya1_DGCNS_3_Spe I_FO GCAACTAGTTGGCCCTGGCCAAAACTGGG 70 

7 XL_Eya1_DGCNS_3_BamHI_RI CAGGGATCCTGCCCAGGCCATCTCAAAGCA 70 

8 XL_Eya1_DGCNS_3_BamHI_R
O 

CAGGGATCCCAGAATGCACCCCACAGGCCA 70 

9 XL_Eya1_DGCNS_8_Spe I_FI GCAACTAGTCCATGGCCAGCATGGACATCTTGT  70 

10 XL_Eya1_DGCNS_8_Spe I_FO GCAACTAGTAACCCTAAAGGAGCCTCTGAAACGC 70 

11 XL_Eya1_DGCNS_8_BamHI_RI CAGGGATCCATACCGGGGGCGCAACACAC 70 

12 XL_Eya1_DGCNS_8_BamHI_R
O 

CAGGGATCCGCCAGTGGCAGAATTGCAAGGGTA 70 

13 XL_Eya1_DGCNS_9_Spe I_FI GCAACTAGTCGGGACTGGGGCTTTCCAGC 70 

14 XL_Eya1_DGCNS_9_Spe I_FO GCAACTAGTACAGGCAGGGGATCTGAAAGCTC 70 

15 XL_Eya1_DGCNS_9_BamHI_RI CAGGGATCCTGGGCGTTGTTTTCGTGGCG 70 

16 XL_Eya1_DGCNS_9_BamHI_R
O 

CAGGGATCCGCGGTTTCTGGTGGTGGCCC 70 

17 Xl_Eya1_DGCNS_2_Sac II_FI GCACCGCGGTGAGAAATGAAGAGCCACTTAGTC 70 

18 XL_Eya1_DGCNS_2_Not I_RI CAGGCGGCCGCTCACAGTGCCTGAGACAGAC 70 

19 Xl_Eya1_DGCNS_2_Sac II_FO GCACCGCGGGCCGGAATTGGGACACTATAAC 70 

20 XL_Eya1_DGCNS_2_Not I_RO CAGGCGGCCGCTGCAGAGTGATATTTGACCTGA 70 

21 XL_Eya1_DGCNS_4_Sac II_FI GCACCGCGGACAGAAGGCATATCTAGAAAAATGTT  70 

22 XL_Eya1_DGCNS_4_Not I_RI CAGGCGGCCGCCCGGAAAGTGCTGGCATTTT 70 

23 XL_Eya1_DGCNS_4_Sac II_FO GCACCGCGGGCACCAGCTAAAAGGAAGAAGC 70 

24 XL_Eya1_DGCNS_4_Not I_RO CAGGCGGCCGCATACTCCGTGGGGTCAAGGA 70 

25 XL_Eya1_DGCNS_5_Xba I_FI GCATCTAGATCCTTGACCCCACGGAGTAT 70 



	 256	

26 XL_Eya1_DGCNS_5_Spe I_RI CAGACTAGTTTCTGTGTAACCAGAGGCGC 70 

27 XL_Eya1_DGCNS_5_Xba I_FO GCATCTAGATGATCCTAATATTACACAAAGCAGCT 70 

28 XL_Eya1_DGCNS_5_Spe I_RO CAGACTAGTTGGCTAAAATGATTACAGTTCAGTT 70 

29 XL_Eya1_DGCNS_6_Xba I_FI GCATCTAGACAGACAAACACACGCACACA 70 

30 XL_Eya1_DGCNS_6_Spe I_RI CAGACTAGTGAATGCTCAGGGCCTGGAAT 70 

31 XL_Eya1_DGCNS_6_Xba I_FO GCATCTAGAGCCAAGTCCAGTAGTGCAGA 70 

32 XL_Eya1_DGCNS_6_Spe I_RO CAGACTAGTAGCACAGACCATATTGATCTTCT 70 

33 Xl_Eya1_DGCNS_7_Sac II_FI GCACCGCGGACACTGAATGACTGGATTTCTAGGT 70 

34 XL_Eya1_DGCNS_7_Not I_RI CAGGCGGCCGCGACCAAACCAAGGGCCCTAA 70 

35 Xl_Eya1_DGCNS_7_Sac II_FO GCACCGCGGGCCCGCTAATCCTTATTCCCT 70 

36 XL_Eya1_DGCNS_7_Not I_RO CAGGCGGCCGCACAGAAGCCTATGCAGATCAAGT 70 

	

Primers for BAC 13-15-16B-17 

 

List of Primers used for the BAC Cloning Process  

New Primers  

My Naming (Seq. Name)     

1. BAC13 (ALNOAAA37YG13)      
2. BAC15 (ALNOAAA172YJ15)     
3. BAC16B (ALNOAAA212YO16)    
4. BAC17 (ALNOAAA215YH17)     

 

Restriction enzyme is added in between homology arm and primer 

Used RE  

1. AscI  - H1  - 5’ GGCGCGCC 3’ - 3’ CCGCGCGG 5’ 
2. AsiSI  - H2  - 5’ GCGATCGC 3’ - 3’ CGCTAGCG 5’ 
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1. Primers for BAC 13  

Sl. 
No	

Primer Name	 Primer Sequences 
Forward (5’ – 3’)& Reverse (5’ – 3’)	

(Annealing 
Temp.)	

1 Xt_Eya1_ 
BAC13_Amp_ 
H1_AscI_ FP 

TGCACTTGACACCTTCACAGATCAATGGTTTGCTCTTTT
GACTTGCCTAAA GGCGCGCC 
TGGCACTTTTCGGGGAAATG 

72 

2 Xt_Eya1_ 
BAC13_GFP_H2_AsiSI
_RP 

AAAAGGCAGTCCAATGGTTGCAGGCCTTCTAGTTCATA
TTTTCATGTGAC 
GCGATCGCTGTTTCAGGTTCAGGGGGAG 

72	

3 Xt_Eya1_FUBAC13_F CTTCCCTGCTTTCCCTGTGT 70	
4 Xt_Eya1_RUBAC13_R TAAGCAGCAGCCTATGAGCA 70	
5 Xt_Eya1_FDBAC13_F ACCACTGCAGGGTAACAGTA 70	
6 Xt_Eya1_RDBAC13_R AATGGCTGCCCCCAAGGATA 

 
70	

7 Xt_Eya1_FTBAC13_F GTTGCTATAGCTCCATGGTCCT 70	
8 Xt_Eya1_RTBAC13_R TGGATCCAAACTGTTGTGGATAA 70	
9 Xt_Eya1_FGFP_BAC13

_F 
AAGATCCGCCACAACATCGA 70	

10 Xt_Eya1_RAmp_BAC1
3_R 

TTCGGGGCGAAAACTCTCAA 70	

	

2. Primers for BAC 15  
	

Sl. 
No	

Primer Name	 Primer Sequences 
Forward (5’ – 3’)& Reverse (5’ – 3’)	

(Annealing 
Temp.)	

1 Xt_Eya1_BAC15_GFP_
H1_AscI_FP 

CGATGGCTGGAGGGTTACACGCTCTGAAATGCACTTC
TCTTATTTCTAGGT 
GGCGCGCCTCTAAGCGCGGACACTTGAG 

72	

2 Xt_Eya1_BAC15_Amp_
H2_AsiSI_RP 

AATTATCAAGGCCTGTCCCACTGGGAGAATCACCACT
GCCACTAAGTCTAC 
GCGATCGCCGCTCAGTGGAACGAAAACT 

72	

3 Xt_Eya1_FUBAC15_F AAATGTGAACTGCCCTCCCC 70	
4 Xt_Eya1_RUBAC15_R CAGCAGGAGAAATGGGGTCA 70	
5 Xt_Eya1_FDBAC15_F TGGATTCTGCCAAACCCCAA 70	
6 Xt_Eya1_RDBAC15_R GTGGTAGGAGAAGCAGCAGG 70	
7 Xt_Eya1_FTBAC15_F ACAGGATATGGTCAGTTTGTATTTTTG 70	
8 Xt_Eya1_RTBAC15_R ACCCAAGAACAAACACTGTCTT 70	
9 Xt_Eya1_FAmp_BAC1

5_F 
GCGGTATCATTGCAGCACTG 
 

70	

10 Xt_Eya1_RGFP_BAC1
5_R 

TAGGTCAGGGTGGTCACGA 
 

70	
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3. Primers for BAC 16B  
	

Sl. 
No	

Primer Name	 Primer Sequences 
Forward (5’ – 3’)& Reverse (5’ – 3’)	

(Annealing 
Temp.)	

1 Xt_Eya1_BAC16_Amp_
H1_AscI_FP 

TTGGTTGTTTAAAGCACAGTTGACATAATATTGGTGTG
TAACCCTCCAGT 
GGCGCGCCGGCACTTTTCGGGGAAATGT 

72	

2 Xt_Eya1_BAC16_ 
GFP_H2_AsiSI_RP 

TATATTGTCATGAGGAAGGAAATATGTGTCACATTGC
AGTCTACATTAAC 
GCGATCGCTTCAGGTTCAGGGGGAGGTG 

72	

3 Xt_Eya1_FTBAC16_F GGACTTGCCTGAGATGCTGA 70	
4 Xt_Eya1_RTBAC16_R GTGGTTCTCCCAGAGAGCAA 

 
70	

5 Xt_Eya1_FGFP_BAC16
_F 

ATGGCCGACAAGCAGAAGAA 70	

6 Xt_Eya1_RAmp_BAC1
6_R 

TAATACCGCGCCACATAGCA 
 

70	

	

 
 
 
4. Primers for BAC 17  
	

Sl. 
No 

Primer Name Primer Sequences 
Forward (5’ – 3’)& Reverse (5’ – 3’) 

(Annealing 
Temp.) 

1 Xt_Eya1_ BAC17_ 
GFP_H1_AscI_FP 

CGATGGCTGGAGGGTTACACGCTCTGAAATGCACTTC
TCTTATTTCTAGG 
GGCGCGCCCACTTGAGGATCCACCGGTC 

72 

2 Xt_Eya1_ BAC17_ 
Amp_H2_AsiSI_RP 

AATTATCAAGGCCTGTCCCACTGGGAGAATCACCACTG
CCACTAAGTCTAC 
GCGATCGCTGACGCTCAGTGGAACGAAA 

72 

3 Xt_Eya1_FTBAC17_F AGCCACAGGATATGGTCAGT 70 

4 Xt_Eya1_RTBAC17_R ACCCAAGAACAAACACTGTCTT 70 

5 Xt_Eya1_FAmp_BAC1
7_F 

AGATGGTAAGCCCTCCCGTA 70 

6 Xt_Eya1_RGFP_BAC1
7_R 

GAACTTCAGGGTCAGCTTGC 70 
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BAC 15 Primers for Deletion Analysis 

	

Homology Primers for Deletion Analysis of BAC15 – Part-1 (P1) 

Sl. 
No	

Primer Name	 Primer Sequences 
Forward (5’ – 3’)& Reverse (5’ – 3’)	

(Annealing 
Temp.)	

1 Xt_Eya1_BAC15_H1_F
P_D1 

AACTTAACAGCTGGGAAAGAAAAATCACTCTCAAAGTT
GTCTAAAATGTAGCTTGCAGTGGGCTTACATG 

72 

2 Xt_Eya1_BAC15_H2_C
omplement_RP_D1 

ATAGAAGTTAATAAAAAAGCAAGATCCTATATTATCAT
TAGCATAAGACACGGCCGCTCTAGAACTAGTG 

72 

3 Xt_Eya1_BAC15_H3_C
omplement_RP_D3 

AATAAGTGTCCGATAAATAATTAATTTTAATCTCATTAT
AGACTTTTTCACGGCCGCTCTAGAACTAGTG 

72 

4 Xt_Eya1_BAC15_H4_C
omplement_RP_D4 

CATTTTTACTTCAAGTCTCCCACCAGAACCGTACACTCT
CCATACGGAACCGGCCGCTCTAGAACTAGTG 

72 

5 Xt_Eya1_BAC15_H5_C
omplement_RP_D5 

CTGAGACGTTTACAGCAATGAAAAACTGGTTAATTGA
AATCCATAAAGCTCGGCCGCTCTAGAACTAGTG 

72 

6 Xt_Eya1_BAC15_FTB
AC15H1 

ACAGCTGGGAAAGAAAAATCACT  70 

7 Xt_Eya1_BAC15_RTB
AC15H2 

ACAGCTGGGAAAGAAAAATCACT 70 

8 Xt_Eya1_BAC15_RTB
AC15H3 

TGGCATTGCAAACATTCCTGG 70 

9 Xt_Eya1_BAC15_RTB
AC15H4 

GTTTTACCAACGCAGGGCAA 70 

10 Xt_Eya1_BAC15_RTB
AC15H5 

ACCATGAAAAGCAAAACATTGGT 70 

11 Xt_Eya1_BAC15_RKan
aH1 

CACGGCATACTTTACGCAGC 70 

12 Xt_Eya1_BAC15_RKan
aH2 

CGGACCGCTATCAGGACATAG 70 

	

Homology Primers for Deletion Analysis of BAC15 – Part-2 (P2) 

	

Sl. 
No	

Primer Name	 Primer Sequences 
Forward (5’ – 3’)& Reverse (5’ – 3’)	

(Annealing 
Temp.)	

1 Xt_Eya1_BAC15P2_H1
_FP_D1 

CACATAAACAGCAATTCCATGACACCAAATGGCACAGA
AGGTGAGTCCCAAGCTTGCAGTGGGCTTACATG 

72 

2 Xt_Eya1_BAC15P2_H2
_Complement_RP_D1 

GGGAAATGTTTTCAGAGAAAAGGGATAACTAACTCAA
GCACATAGCATGTCGGCCGCTCTAGAACTAGTG 

72 

3 Xt_Eya1_BAC15P2_H3
_Complement_RP_D3 

GCTATAACATTGTATTGAGCCTTTACACATTCTCATAAA
GAGTTTGTTCACGGCCGCTCTAGAACTAGTG 

72 

4 Xt_Eya1_BAC15P2_H4
_Complement_RP_D4 

CAACGCGCCATAAATTAATTAGCAACTACATATATGAT
GGCTTCCCTGTGCGGCCGCTCTAGAACTAGTG 

72 

5 Xt_Eya1_BAC15P2_H5
_Complement_RP_D5 

AATTTGCTAAGCAACCAGCCCACAGTGTTCACTAGACT
CATGCTGTGCCCCGGCCGCTCTAGAACTAGTG 

70 
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6 Xt_Eya1_FTBAC15P2
D1234H1 

CACAGGATATGGTCAGTTTGTATTTTT 70 

7 Xt_Eya1_RTBAC15P2
D1H2 

GGGAAATGTTTTCAGAGAAAAGGGA 70 

8 Xt_Eya1_RTBAC15P2
D2H3 

AGTAAGATGAAGTGTATGCAAAGGTG 70 

9 Xt_Eya1_RTBAC15P2
D3H4 

GTTGGCAACCTTACACCCTT 70 

10 Xt_Eya1_RTBAC15P2
D4H5 

AGCGCCGACTATACCTGATG 70 

	

BAC 16B Primers for Deletion Analysis 
Homology Primer for Deletion Analysis of BAC16B – Part-1 (P1)	

Sl. 
No	

Primer Name	 Primer Sequences 
Forward (5’ – 3’)& Reverse (5’ – 3’)	

(Annealing 
Temp.)	

1 Xt_Eya1_BAC16_H3_F
P_D1 

CGAATTAAAAAAAGTTGTGTGCATCAATAAAAAATGG
TTAATGATAGAATAGCTTGCAGTGGGCTTACATG 

72 

2 Xt_Eya1_BAC16_H4_C
omplement_RP_D1 

AGGGCAGCACTCCTAGGATTAAAGAGAAAATCGTAAA
CTAAAAGATAAAACGGCCGCTCTAGAACTAGTG 

72 

3 Xt_Eya1_BAC16_H5_C
omplement_RP_D2 

ATTTGTACAAGGTAATCTTGGAATTACTCTGTAAGCAT
GTCCATAATGGCTCGGCCGCTCTAGAACTAGTG 

72 

4 Xt_Eya1_BAC16_H6_C
omplement_RP_D3 

TACACCTGAAAGTCCACCTTGAGGGTCAGTTAGGATG
AGATTTGTGAAATACGGCCGCTCTAGAACTAGTG 

72 

5 Xt_Eya1_BAC16_H7_C
omplement_RP_D4 

TCGTGACTCGTGACTGACTATTGTTTTTTTGTCCATCA
GGAAACCATTGTCGGCCGCTCTAGAACTAGTG 

72 

6 Xt_Eya1_BAC16_FTB
AC16H3_D1 

ACTGTCATCCTGTGCAAAGGT 70 

7 Xt_Eya1_BAC16_RTB
AC16H4_D1 

AGGGCAGCACTCCTAGGAT 70 

8 Xt_Eya1_BAC16_RTB
AC16H5_D2 

AAAAAGGGGGCTCAGGGAAA 70 

9 Xt_Eya1_BAC16_RTB
AC16H6_D3 

TCATTTGGCATTCGTATCTTTAGAGA 70 

10 Xt_Eya1_BAC16_RTB
AC16H7_D4 

ATGGGAGACTTTCCTTGGGC 70 
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Homology Primer for Deletion Analysis of BAC16B – Part-2 (P2) 

 

Sl. 
No	

Primer Name	 Primer Sequences 
Forward (5’ – 3’)& Reverse (5’ – 3’)	

(Annealing 
Temp.)	

1 Xt_Eya1_BAC16P2H1_
FP_D1 

AATAAAACCAGGACATTCATAGGAAAGTGTGGCCATT
TGGGATTGCCCTTAGCTTGCAGTGGGCTTACATG 

72 

2 Xt_Eya1_BAC16P2H2_
Complement_RP_D1 

AAGGTCGCAGGCATGTAAAAAAAGTTGCAGTTGTGTC
AAAAAAGTTACGGCGGCCGCTCTAGAACTAGTG 

72 

3 Xt_Eya1_BAC16P2H3_
Complement_RP_D2 

TTCTGCAGCCCGCCTCCCTCAACTTGCTTCATTGAATCC
CTGTATAAGACCGGCCGCTCTAGAACTAGTG 

72 

4 Xt_Eya1_BAC16P2H4_
Complement_RP_D3 

AAGTTTGGGTCACTATAGCATAAGTATCTTTAACCATG
AGAACTGTGTTCCGGCCGCTCTAGAACTAGTG 

72 

5 Xt_Eya1_BAC16P2H5_
Complement_RP_D4 

TACTCTGTATGTCCAATGTATGAAACCCACTTATTGTA
CAGCGCTGCGGACGGCCGCTCTAGAACTAGTG 

72 

6 Xt_Eya1_BAC16P2_RT
BAC16H1_D 

CTCAAGGGGCTGAGAAGTGA 70 

7 Xt_Eya1_BAC16P2_FT
BAC16H2_D1 

AAAGGTTGGGGATCCCTATGC 70 

8 Xt_Eya1_BAC16P2_FT
BAC16H3_D2 

TCACAACTCTGGTCATGCCC 70 

9 Xt_Eya1_BAC16P2_FT
BAC16H4_D3 

CTGCCCTCAGTGTAGCCAA 70 

10 Xt_Eya1_BAC16P2_FT
BAC16H5_D4 

CCAAGGTAATATAAGAGCTCTCAGC 70 
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Appendix C: Standard PCR Programs and PCR Reaction Mixture 
	
Standard PCR Program – PCR Machine 
- 1. Lid Heated   -1100 C 
- 2. First Denaturing Temp.  - 980 C  - 5 Min 
- 3. Start of Cycle   - 32 Cycles    (Depend on 

Sample) 
- 4. Denature Temp.  - 980 C  - 1 Min 
- 5. Annealing Temp.   - 720 C  - 45 sec  (Depend on 

Primer) 
- 6. Elongation Temp.  - 720 C  - 1.30 Min 
- 7. End of Cycle  
- 8. Final Elongation Temp.  - 720 C  - 10 Min  (Depend on 

Sample) 
- 9. Store    - 40 C  - Infinity 

 

- Annealing Temp. depends on the Primer Melting Temp. (Tm), this annealing 
temperature is very important for the PCR program, as this define the affinity of 
primer and DNA binding for the DNA amplification 

- Elongation Temp. depends on the DNA Size 
- Final Elongation Temp. depends on the DNA Plate Size 
- Primers-Forward: Specific to DNA Template/Plasmid 
- Primers-Reverse: Specific to DNA Template/Plasmid (Tm) 

	

	

PCR Reaction Mixture for   20 µl    50 µl 

__________________________________________________________ 

- 1. RNA Free dH2O  - 13.5 µl  - 33.75 µl 
- 2. 5x HF Buffer  - 4 µl   - 10 µl 
- 3. 100mM dNTP  - 0.4 µl   - 1 µl   
- 4. Primer - Forward  - 0.5 µl   - 1.25 µl 
- 5. Primer – Reverse  - 0.5 µl   - 1.25 µl 
- 6. Genomic DNA/Plasmid - 1 µl   - 2.5 µl 
- 7. DNA Polymerase  - 0.2 µl   - 0.5 µl 
- 8. MgCl2   - 0.2 µl   - 0.5 µl 
- 9. DMSO   - 0.02 µl  - 0.05 µl 

-------------------------------------------------------------------------------------------- 

Total Reaction Mixture     20 µl       50 µl 
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Appendix D: Gradient PCR and Colony PCR Program and Reaction  
  Mixture 

 
Standard Gradient PCR Program – PCR Machine 
 
- 1. Lid Heated   -1100 C 
- 2. First Denaturing Temp.  - 980 C  - 5 Min 
- 3. Start of Cycle   - 20 Cycles   (Depend on Sample) 
- 4. Denature Temp.  - 980 C  - 1 Min 
- 5. Annealing Temp.   - 400 to 750 C - 45 sec (Depend on Primer) 
- 6. Elongation Temp.  - 720 C  - 1.30 Min 
- 7. End of Cycle  
- 8. Final Elongation Temp.  - 720 C  - 10 Min (Depend on Sample) 
- 9. Store    - 40 C  - Infinity 

 

- Annealing Temp. depends on the Primer Melting Temp. (Tm. For finding the 
best temperature for the annealing, I have used minimum temperature 400C to 
750C  

- Elongation Temp. depends on the DNA Size 
- Final Elongation Temp. depends on the DNA Plate Size 
- Primers-Forward: Specific to DNA Template/Plasmid 
- Primers-Reverse: Specific to DNA Template/Plasmid (Tm) 

	

	

Gradient PCR Reaction Mixture for  10 µl    

_________________________________________________ 

- 1. RNA Free dH2O   - 6.75 µl 
- 2. 5x HF Buffer   - 2 µl 
- 3. 100mM dNTP   - 0.2 µl 
- 4. Primer - Forward   - 0.25 µl 
- 5. Primer – Reverse   - 0.25 µl 
- 6. Genomic DNA/Plasmid  - 0.5 µl 
- 7. DNA Polymerase   - 0.1 µl 
- 8. MgCl2    - 0.1 µl 
- 9. DMSO    - .01 µl 

-------------------------------------------------------------------------------- 

Total Reaction Mixture      10 µl      
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Standard Colony PCR Program – PCR Machine 

 

- 1. Lid Heated   -1100 C 
- 2. First Denaturing Temp  - 980 C  - 5 Min 
- 3. Start of Cycle   - 17 Cycles   (Depend on Sample) 
- 4. Denature Temp  - 980 C  - 1 Min 
- 5. Annealing Temp   - 720 C  - 45 sec (Depend on Primer) 
- 6. Elongation Temp  - 720 C  - 1.30 Min 
- 7. End of Cycle  
- 8. Final Elongation Temp  - 720 C  - 10 Min (Depend on Sample) 
- 9. Store    - 40 C  - Infinity 

 
- Annealing Temp depends on the Primer Melting Temp (Tm), although this 

annealing temperature is very much important for this colony PCR. For finding 
the best temperature for the annealing, I have used minimum temperature 400C 
to 750C  

- Elongation Temp depends on the DNA Size 
- Final Elongation Temp depends on the DNA Plate Size 
- Primers-Forward: Specific to DNA Template/Plasmid) 
- Primers-Reverse: Specific to DNA Template/Plasmid) (Tm) 

	

	

Colony PCR Reaction Mixture for   10 µl 

_________________________________________________ 

- 1. RNA Free dH2O   - 6.75µl  
- 2. 5x HF Buffer   - 2µl 
- 3. 100mM dNTP   - 0.2µl 
- 4. Primer - Forward   - 0.25µl  
- 5. Primer – Reverse   - 0.25µl  
- 6. Bacteria Media   - 1µl 
- 7. DNA Polymerase   - 0.1µl 
- 8. MgCl2    - 0.1µl 
- 9. DMSO    - .01µl 

-------------------------------------------------------------------------------- 

Total Reaction Mixture      10µl   
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Appendix E: Solutions and Buffers for REMI 

	

A. Stock Solutions for High Speed Extract 

 
1. 10x Marc’s Modified Ringer's (MMR) For 1 Liter Stock 
 
- Salts (1 M NaCl, 20 mM KCl, 10 mM MgCl2, 20 mM CaCl2, 50 mM HEPES, 

pH 7.5)  
 

10x MMR (with Ca2+) (1L) From Stock Solutions In Grams 

1 M NaCl 250 ml 4 M NaCl 58.44 g NaCl 

20 mM KCl  20 ml 1 M KCl  1.49 g KCl 

10 mM MgCl2 10 ml 1 M MgCl2  
2.03 g 
MgCl2·6H2O 

50 mM HEPES 50 ml 1 M HEPES 11.92 g HEPES 

20 mM CaCl2 20 ml 1 M CaCl2  
2.94 g 
CaCl2·2H2O 

 
- 1 Liter water was added and pH was adjusted pH to 7.4 to 7.6 with NaOH pellet 
- Autoclave (if made from dry stocks. Otherwise just combine sterile solutions + 

sterile H2O in a sterile bottle) and store at RT 

 
2. 20x Extract Buffer (XB)  
- Salts (2 M KCl, 20 mM MgCl2, 2 mM CaCl2)  

 
250 ml From Stocks From Chemicals 
2 M KCl NA 37.28 g KCl 
20 mM MgCl2 5 ml 1 M MgCl2 1.02 g MgCl2·6H2O 
2 mM CaCl2 CaCl2·2H2O 0.5 ml 1 M CaCl2 0.07 g 

 

- Sterilized by filtration and store at 4 °C 

 
3. 1.5 M Sucrose For 100ml 
 
- Sucrose Mol. Wt.  = 342.30 g 
- 1.5 M Sucrose   = 100 ml of ddH2O + 51.34 g of sucrose 
- Sterilized by filtration 
- Aliquot 9 ml and store at -20° C 
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4. 1 M HEPES  
 
- HEPES Mol. Wt.. = 238.3 
- 1 M HEPES   = 100 ml + 23.8 g 
- Mixed well and sterilized by filtration, pH – 9.5 (KOH pellets) 
- Store 0.75ml aliquots at -20°C 

 
5. 1M CaCl2   

- CaCl2 Mol. Wt.  = 110.98 
- 1M CaCl2   = 50 ml of ddH2O + 5.5 g 
- Mixed well and sterilized by filtration and store at 40 C 

 
6. 1M MgCl2  
 
- MgCl2 Mol. Wt. = 95.21  
- 1 M MgCl2   = 50 ml of ddH2O + 4.76 g 
- Sterilize by filtration and store at RT 

 
7. 200mM EGTA  
 
- EGTA Mol. Wt. = 380.35 
- 1M EGTA   = 50 ml of ddH2O+16.01 g 
- Adjusted pH to 7.7 and sterilize by filtration 
- Autoclave and store at RT 

 
8. Energy Mix  
 
- 150 mM Creatine Phosphate 
- 20 mM ATP  
- 20 mM MgCl2 

 

Creatine Phosphate (CP) Mol. Wt: 327.2 

- 150 mM CP   = 10 ml=10 ml+0.498 g (498 mg) 
- 20 mM ATP  = 10 ml=10 ml+0.121 g (121 mg) 
- 20 mM MgCl2   = 10 ml= 1 M MgCl2 200 µl 
- Add to ddH2O and 0.1 ml aliquot 
- Store at -20°C 

9. Leupeptin 10 mg/ml 
 
- 200 µl leupeptin = 200 µl DMSO + 2 mg (1 g=0.001mg) 
- 40 µl aliquots and store -20°C 
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10. Chymostatin and Pepstatin 10 mg/ml  
 
- 200µl Chymostatin + Pepstatin = 200µl DMSO + 1mg of Chymostatin + 1mg 

of Pepstatin 
- 40µl aliquots and store at -20°C 

 

B. Solution for High Speed Extract – On The Day 

 
1. 1X MMR (Total – 4litre) 
 
- 4000ml 1X MMR 
- 3600ml ddH20  
- 400ml 10X MMR  
- Mix well and store at RT 

 
2. 2% Cysteine (Total – 1 litre) 
 
- 1000ml 2% (w/v) cysteine in 1X XB Salts  
- 900ml ddH20  
- 50ml 20 XB Salts 
- 20 g Cysteine titrate to pH 7.8 with 5N NaOH, Make up within 1hr prior to use.  
- Make up to 1 liter in total volumes 
- Mix well and store at RT 

 
3. Extract Buffer (XB) (Total – 500 ml) 
 
- 450ml ddH20  
- 25ml 20X XB Salts  
- 16.7ml 1.5M Sucrose  
- 5ml 1M HEPES  
- Mix well and sterilized by filtration  
- Store at 4 °C 

 
4. Crude Cytostatic Factor (CSF-XB) (Total – 75 ml) 
 
- 66ml ddH20  
- 3.75ml 20X XB salts 
- 75ml of 1M MgCl2 
- 2.5ml 1.5M Sucrose 
- 0.75ml 1M HEPES 
- 1.88ml 200mM EGTA, pH 7.7 
- 75ml 10mg/ml chymostatin/pepstatin 
- Mix well and store at RT 
- Sterilized by filtration and store at 4 °C 
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D. Stock Solutions Needed for Sperm Nuclei Preparation 

 
1. 10X Marc’s Modified Ringers (MMR)  
 

10 x MMR (with Ca2+) (1L) From stock solutions In grams 

1 M NaCl 250 ml 4 M NaCl 58.44 g NaCl 

20 mM KCl  20 ml 1 M KCl  1.49 g KCl 

10 mM MgCl2 10 ml 1 M MgCl2  
2.03 g 
MgCl2·6H2O 

50 mM HEPES 50 ml 1 M HEPES 11.92 g HEPES 

20 mM CaCl2 20 ml 1 M CaCl2  
2.94 g 
CaCl2·2H2O 

 
- 1 Liter of ddH2O was added, adjusted pH to 7.4 to 7.6 with NaOH pellets 
- Autoclave (if made from dry stocks. Otherwise just combine sterile solutions + 

sterile H2O in a sterile bottle) 
- Store at RT 

2. 1.5 M Sucrose For 100 ml 
 
- Sucrose Mol. Wt.  = 342.30 g 
- 1.5M Sucrose   = 100 ml of ddH2O + 51.34 g of sucrose 
- Sterilized by filtration 
- Aliquot 9ml and store at -20°C 

 
3. 1 M HEPES  
 
- HEPES Mol. Wt.. = 238.3 
- 1M HEPES   = 100 ml + 23.8 g 
- Mixed well and sterilized by filtration, pH – 9.5 (KOH pellets) 
- Store 0.75 ml aliquots at -20°C 

 
4. 10 mM Spermidine Trihydrochloride (For 20 ml)  
- Spermidine Trihydrochloride Mol. Wt. = 254.63 
- 20 ml ddH2O + 50mg of Spermidine Trihydrochloride 
- Sterilized by filtration 
- Aliquot 1ml Eppy and stored at -20 0C 

4. 10 mM Spermine Tetrahydrochloride (For 20 ml) 
- Spermine Tetrahydrochloride Mol. Wt. = 348.18 
- 20 ml distilled autoclaved H2O + 69.6 mg of Spermine Tetrahydrochloride 
- Sterilize by filtration 
- Aliquot 1 ml Eppy and stored at -20 0C 
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5. Dithiothreitol 100mM 
 
- Dithiothreitol Mol. Wt.=154.25 
- 1 M Dithiothreitol = 100 ml = 100 ml distilled autoclaved H2O + 15.4 g 
- 100 M Dithiothreitol = 20 ml = 20 ml distilled autoclaved H2O + 308.5 mg 
- Sterilize by filtration 
- Aliquot 0.5 ml Eppy and stored at -20 0C 

 
6. EDTA 500mM  
 
- EDTA Mol. Wt. = 292.24 
- 1 M EDTA = 100 ml = 100 ml ddH2O + 29.22 g 
- 500 mM EDTA = 100 ml = 100 ml ddH2O + 14.61 g 
- Adjusted pH to 8 
- Mix well and store at RT 

7. Bovine Serum Albumin 10% (BSA), (In; store at -20°C) 
- 10 g of BSA was dissolve in 100 ml of ddH20 
- 3.5 ml aliquot in 15 ml falcon tube 
- Sterilized by filtration 
- Store at –20°C 

9. Glycerol 100%  
 
- 50 ml of 100% glycerol  
- Autoclaved and store at RT 

 
10. 10 mg/ml Hoechst No. 33342 (in dH2O; store in a light-tight vessel at)  
 
- 20 mg of Hoechst 
- 2 ml of ddH2O   
- Aliquot 100 µl Hoechst and store at -20°C in light-tight vessel 

11. Sperm Dilution Buffer (SDB) for 30 ml  
 
- 250 mM Sucrose - 5 ml 
- 75 mM KCl  - 750 µl 
- 0.5 mM Spermidine - 15 µl 
- 0.2 mM Spermine - 6 µl 
- 0.1 N NaOH  - 120 µl 
- Adjust pH to 7.3 to 7.5 
- Sterilized by filtration 
- Aliquot 1 ml Eppy and store at -20 0C 

E. Solutions for Sperm Nuclei Preparation – On The Day 

1. 1X MMR (50 ml) 
- 50 ml of 1X MMR  
- 45 ml H20  
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- 5 ml 10X MMR  
- Store on ice  

 
2. 2X Nuclear Preparation Buffer (NPB) (Total - 25ml) 
- 11.8 ml ddH20 
- 8.33 ml 1.5 M sucrose 
- 0.75 ml 1 M HEPES 
- 2.5 ml Spermidine Trihydrochloride  
- 1 ml Spermine Tetrahydrochloride  
- 0.5 ml 100 mM Dithiothreitol 
- 0.1 ml 500 mM EDTA 
- Store on ice  

 
3. 1X Nuclear Preparation Buffer (NPB) for 30 ml 
- 15 ml ddH20  
- 15 ml 2X NPB 
- Store on ice  

 
4. Lysolecithin (Total – 100 µl)  
- 1 mg of Lysolecithin 
- 100 µl of ddH2O 
- Mix well and store at -20° C 
- Prepare it prior to the experiment 

 
5. 1X NPB with 3% BSA (Total – 10 ml) 
- 2 ml ddH20  
- 5 ml 2X NPB 
- 3 ml 10% BSA 
- Store on ice 

  
6.  1X NPB with 0.3% BSA (Total- 5 ml) 
- 2.35 ml ddH20  
- 2.5ml 2X NPB  
- 0.15 ml 10 % BSA  
- Store on Ice  

 
7. 1X NPB with 30% Glycerol with 0.3% BSA (Total – 1 ml) 
- 170 µl ddH20  
- 500 µl 2X NPB 
- 30 µl 10% BSA 
- 300 µl 100 % glycerol  
- Mix well and store on Ice 
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Appendix F: Detailed Information on REMI 
	
2.6.3.1. Preparation of DNA, Needles, Agarose Dishes and Equipment 
2.6.3.1.1. Preparation of Linearized DNA 

- The plasmid DNA was digested using standard restriction protocol. The 
linearization was confirmed by running the DNA on a 1X TAE agarose gel. 

- The appropriate band was isolated and purified using the RT-PCR Purification 
Kit by Qiagen (2.4.6.) protocol. The DNA was eluted in ddH2O, and quantified 
using NanoDrop ND1000 machine. Final concentration was adjusted to 150-250 
ng/µl. 

 
- Digestion Reaction Mixture for 100 µl 

 
§ 10 µl of plasmid DNA 
§ 05 µl Restriction Enzyme Buffer 10X 
§ 10 µl BSA 10X 
§ 1.5 µl Restriction Enzyme 
§ 73.5 µl of ddH2O 

 
2.6.3.1.2. Preparation of Nuclear Transplantation Needles 

- These needles were unlike the standard needles used for DNA and RNA injection 
in that the diameter of the point was an order of magnitude larger to allow nuclei 
to pass through intact, 30 µl Drummond micropipettes are used to make the 
needles.  
 

- It was important to pull needles with gentle slopes at the tip. This makes it easier 
to clip the needles at the desired diameter and also they cause less damage to the 
eggs during transplantation.  

 
- I used a Flaming/Brown Micropipette Puller Model P-87 (Sutter Instruments 

Co.) for pulling needles for REMI. The settings were dependent on the filament 
used, so should be adjusted so that a gentle slope toward the tip was achieved. 
The needle was clipped with forceps to produce a bevelled tip of 80-100 µm 
diameter using the ocular micrometer of a dissecting microscope or a stage 
micrometer for measurement.  

 
- It was essential that the tip be this wide or nuclei passing through will be damaged. 

When clipping tips, it often helps to use forceps with slightly unmatched tips and 
to pull outward at a 20 or 30-degree angle from the needle as the forceps contacts 
the needle.  

 
- The tygon (1 cm) tube was attached approximately to the end of a plastic 

pipetteman (200 µl) tip and used the pipetteman to draw up Sigmacote; then 
attached the other end of the tubing to the injection needle.  
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- The pipetteman plunger was depressed to force Sigmacote through the needle 
until a few drops emerged from the tip then release the pipetteman plunger to 
withdraw most of the solution. The needle was rinsed with at least 200 µl of water. 
Then the needle was cleared by repeated clarification option.  
	

2.6.3.1.3. Agarose Coated Injection Dishes 

- The 2.5% of the agarose mixture was prepared by adding 2.5 g of agarose in 0.1X 
MMR and microwave the mixture. The melted warm agarose was poured into 
around 10 60 mm petri dishes.  

- Before the agarose solidified, small weigh boats were placed onto the agarose so 
that as the agarose solidifies a square depression in the agarose remains.  

- The groove created by the weigh boat was accommodating approximately 500 
eggs. These dishes were wrapped in parafilm and stored at 40° C for long time.		
	

2.6.3.1.4. Transplantation Apparatus 

- Most commercial injection apparatuses used for DNA and RNA injections, which 
are based on air pressure, are unsuitable for nuclear transplantations; due to the 
large needle tip size.  
 

 
- Therefore, for nuclear transplantation I have used a Harvard Apparatus infusion 

syringe pump with two 2.5 ml Hamilton Gas Tight Syringes and Tygon R3603 
tubing (0.8 mm X 0.8 mm).  

 
- The oil that I used to fill the system is Mineral Oil (Embryo Tested) from Sigma. 

The big advantage of using an infusion pump was that one could adjust it to any 
desirable flow rate. For my experiments, the flow rate was at 0.6 nl/min. 

	

2.6.1. Preparation of High Speed Egg Extract for REMI Transgenesis 

C. Preparation of High Speed Egg Extract 

Additional Important Points	

- The high-speed extract promotes de-condensation of sperm nuclei but does not 
promote DNA replication and the extracts prevent progress through the cell 
cycle. 

- The high speed extract can be stored frozen for many months before use and also 
the sperm nuclei were more easily mixed in high-speed extracts, which do not 
contain actin polymers. 

	

2.6.3.2. Sperm Nuclear Transplantation into Unfertilized Egg 

Additional Important Points  

- Be careful to keep the yellow tip horizontal or the nuclei will dribble out. Now 
backload a needle by attaching it to the tygon tubing and raising the angle slightly 
so that the nuclei flow gently into the needle.  
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- As long as no liquid is present at the tip of the needle the nuclei should flow easily 
by simple gravity.  

 
- Once the needle has backfilled completely with nuclei, detach the needle and 

attach it to the tygon tubing filled with mineral oil that is connected to the Harvard 
Apparatus infusion pump. Place the yellow tip with the remaining nuclei aside 
horizontally in case you need to load another needle. 

 
- The angle of the needle should be perpendicular to the membrane surface rather 

than oblique to avoid tearing the plasma membrane.  
 

- If the needle becomes clogged with cytoplasm, bring the tip to the air-liquid 
interface of the dish. Sometimes the surface tension of the interface removes the 
cytoplasm plug in the end of the needle.  
 

- If a needle tip was too narrow, or if it becomes partially clogged with debris during 
transplantations, the injected nuclei will be damaged during transplantation, 
resulting in aneuploid or haploid embryos.  
 

- You can determine whether your sperm dilution and the flow rate used for 
injections were appropriate by watching the first cleavage of the transplanted 
eggs.  
 

- If few of the eggs received a nucleus, the frequency of cleavage will be low; one 
fifth to one third of our transplantations typically result in normally cleaving 
embryos.  
 

- Eggs that were injected with more than one nucleus will divide at the time of first 
cleavage abnormally into three or four or more cells.  
 

- Many of these embryos will develop to blastula stages, but most fail during 
gastrulation; in some, a region of the embryo will fail to cellularize and die. Eggs 
injected with multiple nuclei, which do gastrulate usually do so abnormally; 
typically, blastopore closure is incomplete resulting in embryos that form two 
wings of somites and neural tissue on each side of the exposed yolky tissue lying 
in the center of the trunk. This type of gastrulation failure is common to stressed 
or unhealthy embryos particularly embryos derived from ‘soft’ eggs.  

 
 
	

	

	

	

	

	

 



	 274	

Appendix G: Solutions and Buffers for BAC Recombineering 
 

A. BAC Mini-Prep Solutions 

1. P1 Buffer 

- 50 mM Tris, pH 8         
- 10 mM EDTA         
- 100 ug/ml RNase A 
- Filter Sterilised and stored at 40 C         

 
2. P2 Buffer  

- 0.2 N NaOH 
- 1% SDS 
- Filter Sterilised and stored at 40 C     

     
3. P3 Buffer    

- 3 M KOAc, pH 5.5 
- Autoclaved and stored at 40 C         

B. BAC REMI Transgenesis Reagents 
	
1. Heat Inactivate 20 µl Egg Extract     

- 2 0µl egg extract was heated in 80o C for 10 min 
- Spin at maximum speed for 2 min 
- Keep supernatant and discarded the pellet 

2. Enzyme Mix  

- 1 µl of restriction enzyme 
- 10 µl of ddH2O 
- Store on Ice 

3. Sperm Reaction Mix 

- 10 µl heat inactivated egg extract 
- 0.5 µl enzyme mix   
- Store on Ice 
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Appendix H: Detailed Information on Midi Prep Protocol 
 
2.4.2.2. Plasmid Extraction from Bacteria by Midi Prep Protocol 
Before starting Midi Prep, a few more steps are required. Sometime, this plasmid comes 
spotted on filter paper as sources aor as bacteria stab culture.  The respective 
plasmid/cloned plasmid was first subjected to transformation into bacteria. If the plasmid 
comes as filter paper, they were reconstituted with 50 µl of Tris buffer and then taken 
into transformation and if the plasmid comes as stab culture they were inoculated into 5 
ml LB broth overnight at 370 C. 

Bacteria were taken into the large production by inoculating these mini LB broths into 
100 ml of LB broth f. Respective antibiotics were added to the LB media to stop other 
bacteria to grow. 

There were two protocol used for Midi Prep, depending on the kits that were used. 
Both protocols were slightly different.  
 
Midi Prep Protocol from Qiagen Kit 
 

- The harvested bacteria were centrifuged at 6000 rpm, 4° C for 15 min  in 50 ml 
falcon tubes. 
 

- The supernatant was discarded and the pellet was resuspend in 4 ml P1 buffer 
(including RNase A) by vortexing. 4ml of the buffer P2 was added to the 
resuspended pellet, mixed by vortexing and incubated for 5 min  at RT. 
 

- 4 ml of pre-cooled buffer P3 was again added for the lysis’s bacteria to neutralise, 
mixed by inverting the falcon tube and incubated for 15 min on ice. Before 
starting the centrifugation of the reaction mixture, the Qiagen column was 
equilibrated with 4 ml buffer QBT. 
 

- After the incubation, the mixture was centrifuged for 30 min at 13000 rpm at 4° 
C. The supernatant was taken into new tube and centrifuged again for 15 min at 
at 13000 rpm at 4° C. The supernatant was applied to equilibrated Qiagen clumn. 
The collected liquids were discarded to bin.  
 

- The Qiagen column was washed with 2x 10 ml buffer QC, and finally eluted with 
5 ml buffer QF. 
 

- 3.5 ml Isopropanol was added to the elution to precipitate the DNA and the 
precipitated solution was centrifuged for 30 min at at 13000 rpm at 4° C.  
 

- The pellet was again washed with 2 ml 70% EtOH and centrifuged for 10 min at 
at 13000 rpm at 4° C.   
 

- Finally, the pellet was dried and the pellets resuspended in 100 µl DEPC-H20. 
Then the concentration was measured using the NanoDrop ND1000 Machine. 
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Sometime, 2 µl was taken for running an 1.2% agarose gel electrophorosis for the 
quality test. 

 

Midi Prep Protocol from Macherey Nagel NucleoBond Kit 
 

- The harvested bacteria were centrifuged at 6000 rpm, 4° C for 15 min  in 50 ml 
falcon tubes. The pellets were re-suspended by adding 8 ml of RES Buffer by 
vortexing. 
 

- 8 ml of LYS Buffer was addedand kept at RT for 5 min until it turned completely 
blue. 12 ml of EQU Buffer was added to Equilibration Column and Filter. 
 

- After 5 min incubation in LYS buffer, 8 ml of NEU Buffer was added, and mixed 
10-15 times gently by inverting the falcon tubes slowly, until it becomes white in 
colour. 
 

- It was then loaded onto the column and filter. After filtration, 5 ml of EQU 
Buffer was added as first wash. 
 

- The filter was discarded soon after completion of the first wash and another 8 ml 
of WASH Buffer was added.. Finally, DNA was eluted by adding 5 ml of ELU 
Buffer.  
 

- 3.5ml of isopropanol was added into elute for precipitation, followed by spinning 
at 15000 rpm for 30min at 4 0C.  
 

- The supernatant was discarded, andthe pellet re-suspended with 2 ml of 70 % 
ethanol, followed by spinning at 15000 rpm for 15 min at 4 0C. Finally, the 
supernatant was discarded and the pellet was re-suspended with 100 µl DEPEC-
H2O. 

 

- Then the concentration was measured using the NanoDrop ND1000 Machine. 
Sometime, 2 µl was taken for running an 1.2 % agarose gel electrophoresis for the 
quality test. 
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Appendix I: Detailed Information on in situ Experiment Solutions  
and Buffers 

All the solution and buffers used for the both in situ Hybridization and RNA synthesis. 
 
1. Anti-digoxigenin Antibody, AP-coupled (Roche, Cat. No.-11093274910) and 
store at 4°C 

2. BCIP, 50 mg/ml (Roche, Cat. No.- 11383221001) and store at -20°C 

3. Boehringer Blocking Reagent (10% BBR) 

- 10 g Boehringer Blocking Reagent (Roche, Cat. No.- 11096176) 
- 1x MAB ad 100 ml 
- Stir and heat to dissolve 
- Autoclave, make 50 ml aliquots 
- Store at -20 °C 

4. DEPC- H2O 

- Prepare under fume hood! 
- Add 1 ml DEPC (Diethylpyrocarbonate) to 1 liter ddH2O 
- Mix well and open lid, let evaporate under fume hood overnight or at least 1 hr 
- Autoclave and store at RT 

5. EDTA, 0.5 M 

- 73.05 g EDTA (Ethylendiaminetetraacetate) or 93.05 g Disodium EDTA*2 
H2O 

- Dissolve in 400 ml ddH2O, adjust pH to approx. pH=8.0 with NaOH pellets 
(will only dissolve EDTA at pH>7) 

- Add 500 ml ddH2O 
- Add 0.5 ml DEPC 
- Mix well and open lid, let evaporate under fume hood overnight or at least 1 hr  
- Autoclave and store at RT 

6. EGTA, 0.2 M 

- 7.61 g EGTA 
- Dissolve in 70 ml ddH2O, adjust pH to approx. pH=8.0 with NaOH pellets 

(will only dissolve EGTA at pH>7) 
- Add 100 ml of ddH2O 
- Add 0.1 ml of DEPC 
- Mix well and open lid, let evaporate under fume hood overnight or at least 1 hr  
- Autoclave and store at RT 

7. Heat Inactivated Goat Serum (HIGS) 

- Normal Goat serum bottle of 5 ml  
- Heating 30 min at 60° C 
- Store at 4° C   
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8. Hybridization Buffer 

- 25 ml formamide (Roche, Cat. No.- 11814320001) 
- 12.5 ml 20x SSC 
- 50 mg torula yeast RNA (Roche, Cat. No.- 10109223001) 
- 5 mg Heparin 
- 1 ml 50x Denhart's solution (Prepare with DEPC- H2O) 
- 50 µl Tween 20 
- 50 mg CHAPS 
- 1ml 0.5 M EDTA 
- Fill up to 50 ml with DEPC-H2O 
- Vortex well until precipitate goes into solution 
- Store at -20° C 

9. MAB 10x Buffer 

- 58 g of Maleic acid 
- 43.8 g NaCl 
- Add 400 ml ddH2O and adjust pH to 7.5 with NaOH pellets (Approx. 39.5 g) 
- Add 500 ml of ddH2O 
- Autoclave and store at 4°C 

10. MgCl2 1M Buffer 

- 20.33 g of MgCl2*6 H2O 
- Add 100 ml of ddH2O 
- Autoclave and store at RT 

11. MgSO4 1M Buffer 

- 12.04 g of MgSO4 
- Add 100 ml of ddH2O 
- Add 0.1 ml DEPC 
- Mix well and open lid, let evaporate under fume hood overnight or at least 1 hr  
- Autoclave and store at RT 

12. MOPS 1M Buffer 

- 104.65 g MOPS 
- 10.25 g NaOAc (Sodium Acetate) 
- 50 ml EDTA, 0.5 M 
- Dissolve in 300 ml ddH2O, adjust pH to pH=7.0 with NaOH pellets 
- Add 500 ml of DEPC-H2O 
- No Autoclave and store at 40C 

13. NaCl 5M Solution 

- 146.1 g NaCl 
- Add 500 ml of DEPC-H2O 
- Autoclave and store at RT 
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14. Sodium Acetate (NaOAc) 3M Solution 

- 123.04 g NaOAc 
- Dissolve in 400 ml ddH2O, adjust pH to pH=5.0 with Glacial Acetic Acid 
- Add 500 ml of ddH2O 
- Add 0.5 ml DEPC 
- Mix well and open lid, let evaporate under fume hood overnight or at least 1hr  
- Autoclave and store at RT  

15. NBT 100 mg/ml (Roche, Cat. No.- 11383213001) and store at -20°C 

16. Ammonium Acetate (NH4OAc) 10M Buffer 

- 77 g NH4OAc 
- Dissolve in 25 ml DEPC-H2O (Mix and Gently warm to <37°C) 
- DEPC- H2O ad 100 ml 
- No autoclave and store at RT 

17. Phosphate Buffer (PB) 0.1M 

- 2.63 g NaH2PO4*H2O 
- 21.65 g Na2HPO4*7H2O 
- Dissolve in 800 ml ddH2O, adjust pH to pH=7.4 
- Add 1 liter of ddH2O 
- Autoclave and store at RT 

18. Phosphate Buffered Saline (PBS) 10x  

- 80 g NaCl  
- 2 g KCl 
- 14.4 g Na2HPO4 (OR 26.4 g Na2HPO4*7 H2O) 
- 2.4 g KH2PO4 
- Dissolve in 800 ml ddH2O, adjust pH to pH=7.4 
- Add 1 liter of ddH2O 
- Add 1 ml DEPC 
- Mix well and open lid, let evaporate under fume hood overnight at least 1hr 
- Autoclave and store at RT 

19. PFA 4% Solution 

- 20 g PFA (weigh under fume hood) 
- 500 ml PB, 0.1M with pH =7.4 
- Heat to approx. 60° C and stir till it dissolves 
- Filter and dispense in 15-50 ml Falcon Tube 
- Store at -20° C 

20. Potassium Ferricyanide 1M  (Red) Solution 

- 3.3 g Potassium Ferricyanide 
- Add 10 ml ddH2O 
- Store at 4° C 
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21. Potassium Ferrocyanide, 1M (yellow) 

- 4.2 g Potassium Ferrocyanide 
- Add 10 ml ddH2O 
- Store at 4° C 

22. Proteinase K, 25mg/ml 

- 25 mg Proteinase K (Roche, Cat. No.- 03115836001) 
- 1 ml DEPC-H2O 
- Aliquots into 20 µl aliquots in 0.5 ml Eppy 
- Store at -20° C 

23. RNA digoxigenin labeling kit:  

- SP6/T7 (Roche, Cat. No.- 11175025910) and store at -20° C 
- T3 (Roche, Cat. No.- 11031163001) and store at -20° C 

24. RNAse A 2mg/ml Solution 

- Use filter tips to Prepare (to avoid RNAse contamination of pipette) 
- 25 mg RNAseA (Roche, Cat. No.-  10109142001) 
- Added 12.5 ml ddH2O 
- Dispense into 100 µl aliquots 
- Store at -20° C 

25. RNAse T1 Solution 

- This RNAse comes in solution (Roche, Cat. No.- 10109193001) & store at 40 C 

26. SSC 20x Salt 

- 87.65 g NaCl 
- 44.1 g Nacitrate*2 H2O (Trisodium Citrate) 
- Dissolve in 400 ml ddH2O, adjust pH to pH=7.0 
- Add 500 ml of ddH2O 
- Add 0.5 ml DEPC 
- Mix well and open lid, let evaporate under fume hood overnight or at least 1hr 
- Autoclave and store at RT 

27. TEA 1M Solution  

- 66.7 ml 100% TEA (Tri-Ethanol-Amine) Solution (7.5 M) 
- Add 33.3 ml DEPC-H2O 
- Store at 4°C 

28. Tris. 1M Buffers 

- 60.55 g Tris Base 
- Dissolve in 400 ml ddH2O, adjust pH to pH=9.5 
- Add 500 ml of ddH2O 
- Autoclave and store at RT 
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29. X-Gal 50x (50 mg/ml) Solution 

- 0.5 g X-Gal 
- 10 ml Dimethylformamide 
- Aliquots into 100 µl in to 0.5 ml Eppy 
- Store at -20° C 

29. 1x PBS Solution 

- 100 ml of 10x PBS 
- 900 ml of DEPC-H2O  
- Store at RT 

30. Ptw Buffer (1 Liter) 

- 1 liter of 1x PBS 
- 1ml of Tween-20 
- Mixed well and store at RT 

31. Proteinase K (50ml) 

- 50 ml of Ptw 
- 20 µl PK (25mg/ml)  
- Mixed well and store at 40 C 

32. 0.1 M TEA (200 ml) 

- 20 ml of 1 M TEA 
- 180 ml of DEPC-H2O 
- Mixed well inside the fume hood and store at 40 C 

33. 0.1 M TEA + Acetic Anhydride (200ml) 

- 20 ml of 1 M TEA 
- 180 ml of DEPC-H2O 
- Mixed well inside the fume hood and store at 40 C 

34. RNase Solutions (10 ml) 

- 10 ml of 2xSSC  
- 0.1ml of 2mg/ml fresh RNase A 
- 1 µl RNase T1 
- Every time freshly prepared 

35. 1x MAB Solutions (500 ml) 

- 50 ml of 10x MAB  
- 450 ml of DEPC-H2O 
- Mixed well and prepared freshly prior to the experiment 

36. MAB + BBR Solutions (10 ml) 

- 2 ml of 10% BBR  
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- 8 ml of 1x MAB 
- Mixed well and prepared freshly prior to the experiment 

37. MAB + BBR + HIGS Solutions (15 ml) 

- 3 ml of 10% BBR  
- 9 ml of 1x MAB 
- 3 ml of HIGS 
- Mixed well and prepared freshly prior to the experiment 

38. MAB + BBR + HIGS + Antibodies Solutions (5 ml) 

- 1 ml of 10% BBR  
- 3 ml of 1x MAB 
- 1 ml of HIGS 
- 5 ml of Antibodies 
- Mixed well and prepared freshly prior to the experiment 

39. Alkaline Phosphate (AP) Buffer (50 ml)   

- 5 ml 1M Tris, pH 9.5 
- 2.5 ml 1M MgCl2 
- 1 ml 5M NaCl 
- 50 µl Tween-20 
- 41.5 ml ddH2O 
- Mixed well and prepared freshly prior to the experiment 
- 50 ml AP buffer + 500 µl levamisole (24 mg/ml)  

40. Dig Antibody Staining Solutions (10 ml) 

- 10 ml of AP buffer  
- 4.5 µl NBT (100mg/ml) 
- 35 µl BCIP (50mg/ml) 
- Mixed well and prepared freshly prior to the experiment 

41. Re Fixing Solutions (10 ml) – Bouin Solution without Picric Acid 

- 2.5 ml Formaldehyde 
- 7.0 ml ddH2O  
- 0.5 ml Glacial acetic acid 
- Mixed well and prepared freshly prior to the experiment 

42. Bleaching Solution (10 ml) 

- 8.65 ml ddH2O 
- 0.5 ml 20xSSC 
- 0.35 ml H2O2 (30%) 
- 0.5 ml Formamide  
- Mixed well and prepared freshly prior to the experiment 
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Appendix J: More Information on MO 

	

List of MO sequences that were used for the knockdown experiment. 

	

Sl. 
No. 

Name of 
Gene 

MO Sequences (Oligo) Stock 
Concentration 

1 AP2 MO GGCGATCCTGCCATTCCCCCATTTT 300nmol 

2 Vent2 MO GTCATCTTGTCTGTATTAGTCCT 300nmol 

3 Msx1 MO GCCATACAGAGAGATCCGAGCTGAG 300nmol 

4 Foxi1a MO GATCAGCGGCTTCTGCTCTTTCCCA 300nmol 

5 Pax3 MO TCTCAGTTCCCTTGCCAAGTATTAA 300nmol 

6 Hairy2a MO ATGGTATCTGCGGGCATGTTCAGTT 300nmol 

7 Hary2b MO GGCCATGTTCAGATGTTGTATCCGGA 300nmol 

8 Zic1 MO AAGTCTTCCAACAATGGGCAGCGAA 300nmol 
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Appendix K: Cloned Plasmid Information and List of Restriction Enzymes 
Cloned Plasmid Information Table – The green colored plasmids were hormone inducible in the below table. 

 

Sl. 
No 

Name of Construct  
(Plasmid) 

Antibiotic 
Resistance 

SRI 
Code 
No 

Restriction site for 
sense mRNA 

RNA Polymerase 
(Sense) 

Restriction site for 
antisense probe/ 
RNA Polymerase 

(Antisense) 

Gene Name 
(Size) 

1 Pax3 GR (pCS2+GR-
4.9Kb) 

Amp 1 Not1 SP6 (Sense) NA Pax3 (1.45Kb) 

2 GRXAP2 (GR Vector) Amp 2 Kpn1 SP6 (Sense) NA XAP2 
3 CS108-XL-AP2 alpha Amp 3 Asc1 SP6 (Sense) Hind3/BamH1/cla1 - T7 

Polymerase 
AP2 alpha 

4 CS108-XL- xl Pax3 Amp 4 Asc1 SP6 (Sense) NA NA 

5 xMsx1/pSP64TXB Amp 5 EcoR1 SP6 (Sense) NA xMsx1 (1.5Kb) 
6 Hairy2b-nT3-GR Amp 6 Not1 SP6 (Sense) NA Hairy2b (830bp) 
7 Hairy2a (PCS 2-HA) Amp 7 Not1 SP6 (Sense) NA Hairy2a 

8 pCS2- Zic1 Amp 8 Kpn1 SP6 (Sense) Hind3 – T7 polymerase Zic1 (1.57Kb) 
9 pCS2-xPax3-GR-HA 

(4.1Kb) 
Amp 9 Not1 SP6 (Sense) NA xPax3 (1380bp) 

10 Hairy2 Amp 10 Sal1 T7 (Sense) NA NA 
11 pBluescript Xvent1 

(pBSK+XVent-1) 
Amp 11 Not1 T3 (Sense) Sal1 – T7 XVent1 () 

12 pBluescript Xvent2 
(pKSXVent-2) 

Amp 12 Not1 T3 (Sense) Sal1 – T7 XVent2 

13 pCS2+6myc Xvent2 Amp 13 Not1/Sac2 SP6 (Sense) NA XVent2 (0.98Kb) 

14 pT7Ts-GR-HA Xvent2 Amp 14 Xba1 T7 (Sense) NA Xvent2 

15 GR – Msx1 Amp 15 Not1 SP6 (Sense) NA Msx1 

16 Flag-xHairy2b (pCS2 - 
Flag) 

Amp 16 Not1 SP6 (Sense) NA  

17 Topo – XFD2 (xFoxi1a) Amp 17 Not1 SP6 (Sense) NA NA 
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Appendix L: Detailed Information on BAC Recombineering	
	
2.9.4.7. Protocol for Confirmation Test of BAC Recombineering 
 

The PCR program and the PCR reaction mixture for the confirmation test of BAC 
recombineering are mentioned below. 

The confirmation test for the full length BAC15, BAC16A, BAC16B and BAC17 DNA 
was made using this PCR program and PCR reaction mixture. 

10 µl PCR – Confirmation - Reaction – Mixture  

- 1. Heated Lid Temp  - 1000 C 
- 2. First Denaturation Temp - 98 0C   - 7 min 
- 3. Start Cycle   - BAC DNA FL – 17 Cycle Start 
- 4. Denaturation Temp  - 95 0C   - 1 min 
- 5. Annealing Temp  - 72 0C   - 45 Sec 
- 6. Elongation Temp  - 72 0C   - 2.30 min 
- 7. End Cycle   - BAC DNA FL – 17 Cycle End 
- 8. Final Elongation Temp - 72 0C   - 20 min 
- 9. Store    - 4 0C   - Infinity Time (Till Stop) 

10 µl Reaction Mixture for BAC DNA FL recombineering confirmation test reaction, 
amplification using Phusion Kit 

- 1.  ddH20     6.75 µl 
- 2. HF Buffer    2 µl 
- 3. dNTP    0.2 µl 
- 4. Primer – Forward- H1  0.25 µl 
- 5. Primer – Reverse – H2  0.25 µl 
- 6. Plasmid – BAC FL DNA  0.5 µl 
- 7. Taq Polymerase   0.1 µl 
- 8. MgCl2    0.1 µl 
- 9. DMSO    0.1 µl 

____________________________________________ 

Total Reaction Mixture   10 µl 

More information on the deletion recombineering confirmation PCR primers was 
mentioned in Appendix B. 

 
2.9.3.2. PCR Program for INSERT - IS-GATA2 + GFP Reporter 
 
The Insert amplicons PCR program was a modification of a standard PCR program, used 
for the amplification of longer insert sizing of 2.8Kb and 4.5Kb. 
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20 µl PCR – Reaction – Mixture 

- 1. Heated Lid Temp  - 100 0C 
- 2. First Denaturation Temp - 98 0 C   - 7 min 
- 3. Start Cycle   - BAC–GATA2–GFP  – 25 Cycle Start 
- 4. Denaturation Temp  - 95 0 C   - 1 min 
- 5. Annealing Temp  - 72 0 C   - 45 Sec 
- 6. Elongation Temp  - 72 0 C   - 2.30 min 
- 7. End Cycle   - BAC–GATA2–GFP – 25 Cycle End 
- 8. Final Elongation Temp - 72 0 C   - 20 min 
- 9. Store    - 4 0 C   - Infinity Time (Till Stop) 

2.9.3.3. PCR – Reaction Mixture and DpnI Digestion 
 
The Insert amplicons PCR reaction mixture was a modification of a standard PCR 
program, used for the amplification of longer insert sizing of 2.8Kb and 4.5Kb. 
 
20µl Reaction Mixture for BAC Insert Amplification by using Phusion Kit 

- 1.  ddH20     13.5 µl 
- 2. HF Buffer    4 µl 
- 3. dNTP    0.4 µl 
- 4. Primer – Forward- H1  0.5 µl 
- 5. Primer – Reverse – H2  0.5 µl 
- 6. Plasmid – GATA2 (Template) 1 µl 
- 7. Taq Polymerase   0.2 µl 
- 8. MgCl2    0.2 µl 
- 9. DMSO    0.2 µ 

____________________________________________ 

Total Reaction Mixture   20 µl 

DpnI Restriction Digestion 

The DpnI digestion was used for the dissolve of the circular plasmid in the PCR product. 
This digestion was applied to the all insert that were used in this recombineering process 
for full-length recombineering to deletion analysis double recombineering process. 

Protocol for the Digestion Process 

- 50 µl of the PCR product 
- 2 µl of DpnI restriction enzyme 
- 10 µl of DpnI restriction enzyme buffer 
- 38 µl of ddH2O 
- Mix well and incubated at 370C for 2hr 

Once, the restriction digestion was finished, the Insert DNA was gel purified by using gel 
extraction method. Finally, the amplicons was quantified using NanoDrop ND1000 
machine. 
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2.9.5.4. PCR Program for pSK-KanaRpsL Insert 
The Insert amplicons PCR program was a modification of a standard PCR program, used 
for the amplification of deletion pSK-KanaRpsL insert sizing of 1.5 Kb. 
 
20µl PCR – Reaction – Mixture 

- 1. Heated Lid Temp  - 100 0C 
- 2. First Denaturation Temp - 98 0 C   - 7 min 
- 3. Start Cycle   - pSK-KanaRpsL  – 25 Cycle Start 
- 4. Denaturation Temp  - 95 0 C   - 1 min 
- 5. Annealing Temp  - 65 0 C   - 45 Sec 
- 6. Elongation Temp  - 72 0 C   - 2.30 min 
- 7. End Cycle   - pSK-KanaRpsL  – 25 Cycle End 
- 8. Final Elongation Temp - 72 0 C   - 20 min 
- 9. Store    - 4 0 C   - Infinity Time (Till Stop) 

2.9.5.5. PCR – Reaction Mixture and DpnI Digestion 
The Insert amplicons PCR reaction mixture was a modification of a standard PCR 
program, used for the amplification of deletion pSK-KanaRpsL insert sizing of 1.5 Kb. 
 
20 µl Reaction Mixture for BAC Insert Amplification by using Phusion Kit 

- 1.  ddH20     13.5 µl 
- 2. HF Buffer    4 µl 
- 3. dNTP    0.4 µl 
- 4. Primer – Forward- H1  0.5 µl 
- 5. Primer – Reverse – H2  0.5 µl 
- 6. Plasmid –pSK-KanaRpsL (Plasmid) 1 µl 
- 7. Taq Polymerase   0.2 µl 
- 8. MgCl2    0.2 µl 
- 9. DMSO    0.2 µl 

____________________________________________ 

Total Reaction Mixture   20 µl 

 

DpnI Restriction Digestion 

The DpnI digestion was used for the dissolve of the circular plasmid in the PCR product. 
This digestion was applied to the all insert that were used in this recombineering process 
for full-length recombineering to deletion analysis double recombineering process. 

Protocol for the Digestion Process 

- 50 µl of the PCR product of pSK-KanaRpsL 
- 2 µl of DpnI restriction enzyme 
- 10 µl of DpnI restriction enzyme buffer 
- 38 µl of ddH2O 
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- Mix well and incubated at 37 0C for 2 hr 

Once, the restriction digestion was finished, the Insert DNA was gel purified by using gel 
extraction method. Finally, the amplicons was quantified using NanoDrop ND1000 
machine. 

2.9.5.7. Double Recombineering 

The confirmation test for the deletion BAC15 and BAC16B DNA was made using this 
PCR program and PCR reaction mixture. 

10 µl PCR – Confirmation - Reaction – Mixture  

- 1. Heated Lid Temp  - 100 0C 
- 2. First Denaturation Temp - 98 0C   - 7 min 
- 3. Start Cycle   - BAC DNA deletion  – 17 Cycle Start 
- 4. Denaturation Temp  - 95 0C   - 1 min 
- 5. Annealing Temp  - 72 0C   - 45 Sec 
- 6. Elongation Temp  - 72 0C   - 2.30 min 
- 7. End Cycle   - BAC DNA deletion – 17 Cycle End 
- 8. Final Elongation Temp - 72 0C   - 20 min 
- 9. Store    - 4 0C   - Infinity Time (Till Stop) 

10 µl Reaction Mixture for BAC double recombineering deletion confirmation test 
reaction, amplification using Phusion Kit 

- 1.  ddH20     6.75 µl 
- 2. HF Buffer    2 µl 
- 3. dNTP    0.2 µl 
- 4. Primer – Forward- H1  0.25 µl 
- 5. Primer – Reverse – H2  0.25 µl 
- 6. Plasmid – BAC15/BAC16B DNA 0.5 µl 
- 7. Taq Polymerase   0.1 µl 
- 8. MgCl2    0.1 µl 
- 9. DMSO    0.1 µl 

____________________________________________ 

Total Reaction Mixture   10 µl 

 

More information on the deletion recombineering confirmation PCR primers was 
mentioned in Appendix B. 
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Appendix M: Cloned Plasmid Information and List of Restriction  
Enzymes IS-GATA2 Insert for Recombineering 

 
The IS-GATA2 plasmid that was used in the full length BAC recombineering 
method. Below is the detailed map of this plasmid, which was used as source of 
the insert for recombineering. 
 

 
 
Deletion pSK-KanaRpsL Insert for Recombineering 
 
The insert pSK-KanaRpsL plasmid that was used in the deletion analysis BAC 
double recombineering method. Below is the detailed map of this plasmid, which 
was used as source for the insert for double recombineering. 
 
 

 
	

 

 

 

 

 



	 290	

Appendix N: VISTA Browser Analysis Result Map 

 

Region 1 - Eya1 Sequences Analysis Result Map from VISTA Browser 

 
Fig. 1.1. Eya1 Region 1 Sequences Analysis Result Map from VISTA Browser 

 

 
Fig. 1.2. Eya1 Region 1 Sequences Analysis Result Map from VISTA Browser 



	 291	

 
Fig. 1.3.  Eya1 Region 1 Sequences Analysis Result Map from VISTA Browser 

 

  
Fig. 1.4. Eya1 Region 1 Sequences Analysis Result Map from VISTA Browser 
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Fig. 1.5.  Eya1 Region 1 Sequences Analysis Result Map from VISTA Browser 

 

 
Fig. 1.6. Eya1 Region 1 Sequences Analysis Result Map from VISTA Browser 
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Fig. 1.7. Eya1 Region 1 Sequences Analysis Result Map from VISTA Browser 

 

 

 
Fig. 1.8. Eya1 Region 1 Sequences Analysis Result Map from VISTA Browser 
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Fig. 1.9. Eya1 Region 1 Sequences Analysis Result Map from VISTA Browser 

 

Region 2 - Eya1 Sequences Analysis Result Map from VISTA Browser 

 

 
Fig. 3.10. Eya1 Region 2 Sequences Analysis Result Map from VISTA Browser 

 



	 295	

 
Fig. 1.11. Eya1 Region 2 Sequences Analysis Result Map from VISTA Browser 

 

 
Fig. 1.12. Eya1 Region 2 Sequences Analysis Result Map from VISTA Browser 
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Fig. 1.13. Eya1 Region 2 Sequences Analysis Result Map from VISTA Browser 

 

 

 
Fig. 1.14. Eya1 Region 2 Sequences Analysis Result Map from VISTA Browser 
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Fig. 1.15. Eya1 Region 2 Sequences Analysis Result Map from VISTA Browser 

 

 

 
Fig. 1.16. Eya1 Region 2 Sequences Analysis Result Map from VISTA Browser 
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Fig. 1.17. Eya1 Region 2 Sequences Analysis Result Map from VISTA Browse 

 

 

 
Fig. 1.18. Eya1 Region 2 Sequences Analysis Result Map from VISTA Browser 
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Fig. 1.19. Eya1 Region 2 Sequences Analysis Result Map from VISTA Browser 

 

Region 3 - Eya1 Sequences Analysis Result Map from VISTA Browser 

 

 
Fig. 1.20. Eya1 Region 3 Sequences Analysis Result Map from VISTA Browser 
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Fig. 1.21. Eya1 Region 3 Sequences Analysis Result Map from VISTA Browser 

 

 
Fig. 1.22. Eya1 Region 3 Sequences Analysis Result Map from VISTA Browser 
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Fig. 1.23. Eya1 Region 3 Sequences Analysis Result Map from VISTA Browser 

 

 
Fig. 1.24. Eya1 Region 3 Sequences Analysis Result Map from VISTA Browser 
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Fig. 1.25. Eya1 Region 3 Sequences Analysis Result Map from VISTA Browser 

 

 
Fig. 1.26. Eya1 Region 3 Sequences Analysis Result Map from VISTA Browser 
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Fig. 1.27. Eya1 Region 3 Sequences Analysis Result Map from VISTA Browser 

 

 
Fig. 1.28. Eya1 Region 3 Sequences Analysis Result Map from VISTA Browser 
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Fig. 1.29. Eya1 Region 3 Sequences Analysis Result Map from VISTA Browser 

 

 

 
Fig. 1.30. Eya1 Region 3 Sequences Analysis Result Map from VISTA Browser 
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Fig. 1.32. Eya1 Region 3 Sequences Analysis Result Map from VISTA Browser 

 

 
Fig. 1.33: Eya1 Region 3 Sequences Analysis Result Map from VISTA Browser 
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Fig. 1.34. Eya1 Region 3 Sequences Analysis Result Map from VISTA Browser 

 

 

 
Fig. 1.35. Eya1 Region 3 Sequences Analysis Result Map from VISTA Browser 
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Fig. 1.36. Eya1 Region 3 Sequences Analysis Result Map from VISTA Browser 

 

 

 
Fig. 1.37. Eya1 Region 3 Sequences Analysis Result Map from VISTA Browser 

 

 

 

 



	 308	

Region 4 - Eya1 Sequences Analysis Result Map from VISTA Browser 

 

 
Fig. 1.38. Eya1 Region 4 Sequences Analysis Result Map from VISTA Browser 

 

 
Fig. 1.39. Eya1 Region 4 Sequences Analysis Result Map from VISTA Browser 
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Fig. 1.40. Eya1 Region 4 Sequences Analysis Result Map from VISTA Browser 

 

 
Fig. 1.41. Eya1 Region 4 Sequences Analysis Result Map from VISTA Browser 
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Fig. 1.42. Eya1 Region 4 Sequences Analysis Result Map from VISTA Browser 

 

 
Fig. 1.43. Eya1 Region 4 Sequences Analysis Result Map from VISTA Browser 
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Fig. 1.44. Eya1 Region 4 Sequences Analysis Result Map from VISTA Browser 

 

 

 
Fig. 1.45. Eya1 Region 4 Sequences Analysis Result Map from VISTA Browser 
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Fig. 1.46. Eya1 Region 4 Sequences Analysis Result Map from VISTA Browser 

 

 

 
Fig. 1.47. Eya1 Region 4 Sequences Analysis Result Map from VISTA Browser 
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Fig. 1.48. Eya1 Region 4 Sequences Analysis Result Map from VISTA Browser 

 

 
Fig. 1.49. Eya1 Region 4 Sequences Analysis Result Map from VISTA Browser 
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Fig. 1.50. Eya1 Region 4 Sequences Analysis Result Map from VISTA Browser 

 

 
Fig. 1.51. Eya1 Region 4 Sequences Analysis Result Map from VISTA Browser 
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Fig. 1.52. Eya1 Region 4 Sequences Analysis Result Map from VISTA Browser 

 

 
Fig. 1.53. Eya1 Region 4 Sequences Analysis Result Map from VISTA Browser 
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Fig. 1.54. Eya1 Region 4 Sequences Analysis Result Map from VISTA Browser 
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Appendix O: Complete Transcription Factor (TF) Profiling of Eya1 and its Vicinity using EMBOSS and Geneious 

 

Fig. 1.1. Complete TF Profile of Eya1 and its vicinity using TRANSFAC and EMBO Database 
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Fig. 1.2. Complete TF Profile of Eya1 and its vicinity using TRANSFAC and EMBO Database 
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Fig. 1.3. Complete TF Profile of Eya1 and its vicinity using TRANSFAC and EMBO Database 
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Fig. 1.4. Complete TF Profile of Eya1 and its vicinity using TRANSFAC and EMBO Database 
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Fig. 1.5. Complete TF Profile of Eya1 and its vicinity using TRANSFAC and EMBO Database 
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Fig. 1.6. Complete TF Profile of Eya1 and its vicinity using TRANSFAC and EMBO Database 
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Fig. 1.7. Complete TF Profile of Eya1 and its vicinity using TRANSFAC and EMBO Database 
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Fig. 1.8. Complete TF Profile of Eya1 and its vicinity using TRANSFAC and EMBO Database 
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Fig. 1.9. Complete TF Profile of Eya1 and its vicinity using TRANSFAC and EMBO Database 

 

Fig. 1.10. Complete TF Profile of Eya1 and its vicinity using TRANSFAC and EMBO Database 



	 327	

 

Fig. 1.11. Complete TF Profile of Eya1 and its vicinity using TRANSFAC and EMBO Database 
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Fig. 1.12. Complete TF Profile of Eya1 and its vicinity using TRANSFAC and EMBO Database 
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Fig. 1.13. Complete TF Profile of Eya1 and its vicinity using TRANSFAC and EMBO Database 
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Fig. 1.14. Complete TF Profile of Eya1 and its vicinity using TRANSFAC and EMBO Database 
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Appendix P: rVISTA Browser TFDB Analysis Result Map 

 

Region 1 Eya1 Sequences Analysis Result 

	

Fig. 1.1. TFDB analysis of Eya1 region 1, Green marks representing the TF binding to CNSs. 
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Fig. 1.2. TFDB analysis of Eya1 region 1, Green marks representing the TF biding to CNS’s. 
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Region 2 Eya1 Sequences Analysis Result  

	

	

Fig. 1.3. TFDB analysis of Eya1 region 2, Green marks representing the TF binding to CNSs.	
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Fig. 1.4. TFDB analysis of Eya1 region 2, Green marks representing the TF binding to CNSs.	
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Region 3 Eya1 Sequences Analysis Result  

	

	

Fig. 1.5. TFDB analysis of Eya1 region 3, Green marks representing the TF binding to CNSs.	
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Fig. 1.6. TFDB analysis of Eya1 region 3, Green marks representing the TF binding to CNSs.	
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Region 4 Eya1 Sequences Analysis Result  

	

	

	

Fig. 1.7. TFDB analysis of Eya1 region 4, Green marks representing the TF binding to CNSs.	
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Fig. 1.8. TFDB analysis of Eya1 region 4, Green marks representing the TF binding to CNSs.	
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Appendix Q: PipMaker Browser TFDB Analysis Result Map 

	

Fig. 1.1. Region 1 Eya1 Sequences TFDB Analysis Result Map. Green marks representing the TF 
biding to CNSs, yellow represent the Gene coding region.	
	

Fig. 1.2. Region 2 Eya1 Sequences TFDB Analysis Result Map. Green marks representing the 
TF biding to CNSs, yellow represent the Gene coding region.	
 

	

Fig. 1.3. Region 3 Eya1 Sequences TFDB Analysis Result Map. Green marks representing the 
TF biding to CNSs, yellow represent the Gene coding region.	
 

Region 4 Eya1 Sequences TFDB Analysis Result Map 

	

Fig. 1.4. Region 4 Eya1 Sequences TFDB Analysis Result Map. Green marks representing the 
TF biding to CNSs, yellow represent the Gene coding region.	
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Appendix R: Full Comparison Results of CNSs identified by  
  Different Browsers 

Table 1.1. Each of the colour patterns represents a group of CNSs found from ECR, VISTA and 
PipMaker Browser (Groups explained in table 1.2). 

Sl.	No.	

Groping	

ECR	Brow
ser	

VISTA	Brow
ser	

PipM
aker	

Scale	

CNS1	 G1	 		 vCNS-1	 		

XKR9	3'	UTR	End	

CNS2	 G1	 		 vCNS-2	 		
CNS3	 G1	 		 vCNS-3	 		
CNS4	 G2	 eCNS-30	 vCNS-4	 pCNS-1	
CNS5	 G2	 eCNS-31	 vCNS-5	 pCNS-2	
CNS6	 G2	 eCNS-32	 vCNS-6	 pCNS-3	
CNS7	 G3	 eCNS-1	 		 pCNS-4	
CNS8	 G3	 		 		 pCNS-5	
CNS9	 G4	 		 		 pCNS-6	
CNS10	 G5	 		 vCNS-7	 pCNS-7	
CNS11	 G2	 eCNS-2	 vCNS-14	 pCNS-8	
CNS12	 G2	 eCNS-3	 vCNS-8	 pCNS-9	
CNS13	 G6	 eCNS-4	 vCNS-9	 pCNS-10	
CNS14	 G6	 		 vCNS-10	 pCNS-11	

Eya1	Coding	Region	

CNS15	 G6	 		 vCNS-11	 		
CNS16	 G2	 eCNS-5	 vCNS-12	 pCNS-12	
CNS17	 G6	 eCNS-6	 vCNS-13	 pCNS-13	
CNS18	 G6	 		 vCNS-15	 		
CNS19	 G2	 eCNS-7	 vCNS-16	 pCNS-14	
CNS20	 G5	 		 vCNS-17	 pCNS-15	
CNS21	 G2	 eCNS-8	 vCNS-18	 pCNS-16	
CNS22	 G5	 		 vCNS-19	 pCNS-17	
CNS23	 G5	 		 vCNS-20	 pCNS-18	
CNS24	 G1	 		 vCNS-21	 		
CNS25	 G2	 eCNS-9	 vCNS-22	 pCNS-19	
CNS26	 G2	 eCNS-10	 vCNS-23	 pCNS-20	
CNS27	 G1	 		 vCNS-24	 		
CNS28	 G2	 eCNS-11	 vCNS-25	 pCNS-21	
CNS29	 G2	 eCNS-12	 vCNS-26	 pCNS-22	
CNS30	 G2	 eCNS-13	 vCNS-27	 pCNS-23	
CNS31	 G2	 eCNS-14	 vCNS-28	 pCNS-24	
CNS32	 G5	 		 vCNS-29	 pCNS-25	
CNS33	 G2	 eCNS-15	 vCNS-30	 pCNS-26	
CNS34	 G2	 eCNS-16	 vCNS-31	 pCNS-27	
CNS35	 G7	 eCNS-17	 vCNS-32	 		
CNS36	 G4	 		 		 pCNS-28	
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CNS37	 G2	 eCNS-18	 vCNS-33	 pCNS-29	
CNS38	 G2	 eCNS-19	 vCNS-34	 pCNS-30	

M
SC1	5'	UTR	End	

CNS39	 G5	 		 vCNS-35	 pCNS-31	
CNS40	 G2	 eCNS-20	 vCNS-36	 pCNS-32	
CNS41	 G6	 eCNS-21	 vCNS-37	 pCNS-33	
CNS43	 G6	 		 vCNS-38	 		
CNS44	 G2	 eCNS-22	 vCNS-39	 pCNS-34	
CNS45	 G2	 eCNS-23	 vCNS-40	 pCNS-35	
CNS46	 G1	 		 vCNS-41	 		
CNS47	 G7	 eCNS-24	 vCNS-42	 		
CNS48	 G7	 eCNS-25	 vCNS-43	 		
CNS49	 G2	 eCNS-26	 vCNS-44	 pCNS-36	
CNS50	 G2	 eCNS-27	 vCNS-45	 pCNS-37	
CNS51	 G2	 eCNS-28	 vCNS-46	 pCNS-38	
CNS52	 G7	 eCNS-29	 vCNS-47	 		

Note:- kCNS-16- The only exceptional CNS that was found in the previous study in 
chicken (Ishihara et al., 2008), which was not found by ECR, VISTA and PipMaker of 
Xenopus laevis Eya1 gene. 
 
Table 1.2. Groups of CNSs group with respect to their Browser finding. 

Sl. 
No 

CNS 
Group 
Name 

CNS 
Presences 

Group Remarks 

1 G1 VISTA Only These CNS are only found by the single 
VISTA browser 

2 G2 ECR, VISTA, 
PipMaker 

These CNS are found by all the Three 
Browser  

3 G3 ECR, 
PipMaker 

These CNS are found by only ECR and 
PipMaker, One CNS of ECR covers two 

PipMaker CNS Seq. region 
4 G4 PipMaker 

Only 
These CNS are found by the single 

PipMaker only 
5 G5 VISTA, 

PipMaker 
These CNS are found by two browser  

VISTA and PipMaker only 
6 G6 ECR, VISTA, 

PipMaker 
These CNS are found by three browser but 
one eCNS equal to many vCNS & pCNS 

7 G7 ECR, VISTA These CNS are found by ECR & VISTA only 
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CNS Comparison Map 1 – ECR-eCNS, VISTA-vCNS and PipMaker-pCNS 

 

 

 

 

CNS Comparison Map 2 – ECR-eCNS, VISTA-vCNS and PipMaker-pCNS 
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CNS Comparison Map 3 – ECR-eCNS, VISTA-vCNS and PipMaker-pCNS 

 

 

 

CNS Comparison Map 4 – ECR-eCNS, VISTA-vCNS and PipMaker-pCNS 
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Appendix S: Transcription Factor (TF) Profiling of 9 CNSs of Eya1  
and its Vicinity  

 
Complete profile transcription factor binding site using (TFDB) 9 CNSs enriched for Dlx and 
GATA binding sites using ECR, VISTA and PipMaker. The column (Ishihara et al., 2008) 
represents previous data on Eya1 CNSs (Ishihara et al., 2008). The column (Ishihara et al., 2008) 
represents previous data on Eya1 CNSs (Ishihara et al., 2008). The column “TF result from 
aligned” represents a more comprehensive list of TF binding sites obtained from the ECR 
browser using the rVISTA algorithm. 
 

Sl. 
No. 

CNS 
Name 

Ishihara et 
al. (2008) 

TFDB  
Result from 

rVISTA 

TF DB Result 
from ECR 

TF Result from 
Aligned 

1 CNS 6 NA AP 2 ER Q6 AR_Q6 
2   Dlx 3 CDC5 VJUN_01 
3   Dlx 5 NKX61 XBP1_01 
4   GATA 1 POU1F1 VJUN_01 
5   GATA 2 CDXA ATF1_Q6 
6   GATA 3 OTX ATF3_Q6 
7    PITX2 ATF_01 
8    HOXA4 CREB_Q4_01 
9    CDC5 ATF_B 
10    GLI CREBP1_Q2 
11    ZIC1 ATF_B 
12    ZIC2 CREBATF_Q6 
13    ZIC3 CREB_Q3 
14    NGFIC ATF6_01 
15    HMX1 CREBP1CJUN_01 
16    STAT CREB_01 
17    GCM Q2 NKX22_01 
18    CHOP RP58_01 
19    GATA1 T3R_01 
20    YY1 ER_Q6_02 
21    CHX10 T3R_Q6 
22    IPF1 ERR1_Q2 
23    HNF1 GCNF_01 
24    HNF1 C RORA1_01 
25    AFP1 Q6 COUP_01 
26    NKX62 CREBP1CJUN_01 
27    PAX4 CDC5_01 
28    AFP1 NKX61_01 
29    CDXA POU1F1_Q6 
30    AML1 CDXA_02 
31    AML1 Q6 OTX_Q1 
32    ELK1 PLZF_02 
33    CETS168 Q6 PITX2_Q2 
34    CEBP HOXA3_01 
35     HOXA4_Q2 
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36     SP1_01 
37     CDC5_01 
38     GFI1B_01 
39     AREB6_01 
40     E2F1_Q3_01 
41     MYOGNF1_01 
42     EGR3_01 
43     EGR_Q6 
44     NFKB_Q6 
45     NFKB_C 
46     NFKB_Q6_01 
47     CREL_01 
48     NFKAPPAB65_01 
49     NFAT_Q4_01 
50     MEF3_B 
51     MYB_Q5_01 
52     GLI_Q2 
53     ZIC1_01 
54     ZIC2_01 
55     ZIC3_01 
56     NGFIC_01 
57     HMX1_01 
58     STAT_01 
59     GFI1B_01 
60     CEBP_C 
61     PBX_Q3 
62     PBX1_02 
63     PBX1_03 
64     NRSE_B 
65     NRSF_01 
66     EFC_Q6 
67     NRSE_B 
68     NRSF_01 
69     E2F_03 
70     NRSF_Q4 
71     SF1_Q6 
72     T3R_Q6 
73     ER_Q6_02 
74     CHOP_01 
75     CDPCR3HD_01 
76     PITX2_Q2 
      
      
1 CNS 21 Yes AP 2 CP2 GCM_Q2 
2   Dlx 3 SREBP1 Q6 FAC1_01 
3   Dlx 5 RFX Q6 STAT4_01 
4   GATA 1 TAL1 Q6 GZF1_01 
5   GATA 2 YY1 Q6 APOLYA_B 
6   GATA 3  HOXA4_Q2 
7     CP2_02 
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8     SREBP1_02 
9     SREBP1_Q6 
10     SP1_01 
11     E47_02 
12     MEF2_04 
13     MIF1_01 
14     CEBPB_02 
15     RFX_Q6 
16     PEBP_Q6 
17     AML_Q6 
18     AREB6_01 
19     CP2_02 
20     CP2_02 
21     FXR_Q3 
22     HSF_Q6 
23     MYOD_Q6 
24     TAL1_Q6 
25     YY1_Q6 
26     CDPCR3_01 
      
1 CNS 31  AP 2 HEB Q6 AR_02 
2   Dlx 3 DTYPEPA B AR_03 
3   Dlx 5 PAX8 PR_02 
4   GATA 1 ETS1 B PR_Q2 
5   GATA 2 ETS Q4 GR_Q6 
6   GATA 3 CETS1P54 GR_Q6_01 
7    ETS2 B CEBP_01 
8    TEL2 Q6 CEBP_Q3 
9    ELK1 AR_02 
10    CETS1P54 AR_03 
11    POU3F2 PR_02 
12     AREB6_04 
13     E2_01 
14     AREB6_04 
15     ARP1_01 
16     LEF1_Q2 
17     HEB_Q6 
18     IK3_01 
19     DTYPEPA_B 
20     HAND1E47_01 
21     PAX8_01 
22     FXR_IR1_Q6 
23     NERF_Q2 
24     ETS1_B 
25     ETS_Q4 
26     CETS1P54_03 
27     ELK1_01 
28     ETS2_B 
29     PAX6_01 
30     TEL2_Q6 
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31     ELK1_02 
32     CETS1P54_01 
33     ETS_Q6 
34     PEA3_Q6 
35     CETS168_Q6 
36     POU3F2_01 
37     CDPCR3HD_01 
38     GATA1_01 
39     TAACC_B 
40     OSF2_Q6 
41     AML1_01 
42     AML1_Q6 
43     P53_02 
44     P53_DECAMER_Q2 
45     P53_02 
46     P53_DECAMER_Q2 
47     NCX_01 
      
1 CNS 40  AP 2 GATA 1 PTF1BETA_Q6 
2   Dlx 3 DEC Q1 PR_Q2 
3   Dlx 5 HAND1E47 T3R_Q6 
4   GATA 1 HOXA4 Q2 ER_Q6 
5   GATA 2 RP58 ER_Q6_02 
6   GATA 3 TBX5 NFY_01 
7    HOXA4 Q2 ALPHACP1_01 
8    PAX3 TAL1_Q6 
9    ICSBP Q6 YY1_Q6 
10    HNF1 PAX2_01 
11    TITF Q3 PR_01 
12    NKX25B STAT5A_04 
13    USF C NANOG_01 
14    TFE Q6 CART1_01 
15     GATA1_03 
16     DEC_Q1 
17     HAND1E47_01 
18     HOXA4_Q2 
19     BRACH_01 
20     BRACH_01 
21     RP58_01 
22     PAX8_B 
23     PAX8_01 
24     TBX5_Q5 
25     CRX_Q4 
26     HOXA4_Q2 
27     PAX3_01 
28     ICSBP_Q6 
29     HNF1_01 
30     TITF1_Q3 
31     NKX25B_1 
32     DEC_Q1 
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33     USF_C 
34     TFE_Q6 
35     MZF1_02 
36     PXR_Q2 
37     CMYB_01 
38     TATA_01 
39     OCT_Q6 
40     CREB_Q4_01 
41     CREBATF_Q6 
42     MAZR_01 
43     MZF1_02 
44     MZF1_01 
45     E2F1_Q6_01 
46     E2F1DP2_01 
47     E2F1_Q6 
48     HELIOSA_02 
49     NRSF_01 
50     CMAF_01 
51     HTF_01 
52     CIZ_01 
53     FAC1_01 
54     CDPCR1_01 
55     IK2_01 
56     BRACH_01 
57     BRACH_01 
58     HIF1_Q3 
59     HOXA3_01 
60     GATA_C 
61     GATA_Q6 
      
      
1 CNS 41  Dlx 3 NKX62 Q2 HNF4_Q6_01 
2   Dlx 5 PAX Q6 COUP_01 
3   GATA 1 STAT5A EFC_Q6 
4   GATA 2 STAT6 SOX_Q6 
5   GATA 3 PBX1 02 PBX1_02 
6    OBX1 03 PBX1_03 
7    PBX1 01 PBX1_01 
8    P53 DECAMER Q2 IPF1_Q4 
9    PEBP Q6 MEF2_03 
10    SEF1 C MEF2_03 
11    OSF2 Q6 RSRFC4_Q2 
12    AML1  RSRFC4_01 
13    AML1 Q6 RSRFC4_Q2 
14    HNF1 Q6 RSRFC4_01 
15    TCF11 POU3F2_02 
16     HMEF2_Q6 
17     MEF2_01 
18     NKX62_Q2 
19     PAX_Q6 
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20     STAT5A_03 
21     STAT6_01 
22     PAX4_01 
23     P53_02 
24     P53_DECAMER_Q2 
25     AR_Q6 
26     FXR_Q3 
27     PBX1_02 
28     PBX1_03 
29     PBX1_01 
30     P53_DECAMER_Q2 
31     PTF1BETA_Q6 
32     RBPJK_01 
33     PPARA_01 
34     PPARG_03 
35     PEBP_Q6 
36     SEF1_C 
37     OSF2_Q6 
38     AML1_01 
39     AML1_Q6 
40     CETS1P54_01 
41     CETS168_Q6 
42     NFKB_Q6_01 
43     NFAT_Q6 
44     NFAT_Q4_01 
45     CDX_Q5 
46     FREAC2_01 
47     XFD2_01 
48     FOX_Q2 
49     FOXO1_01 
50     PAX2_02 
51     LEF1B_01 
52     YY1_Q6 
53     YY1_Q6_02 
      
1 CNS 44  AP 2 NKX62 Q2 HNF4_Q6_01 
2   Dlx 3 PAX Q6 COUP_01 
3   Dlx 5 STAT5A EFC_Q6 
4   GATA 1 STAT6 SOX_Q6 
5   GATA 2 PBX1 02 PBX1_02 
6   GATA 3 OBX1 03 PBX1_03 
7    PBX1 01 PBX1_01 
8    P53 DECAMER Q2 IPF1_Q4 
9    PEBP Q6 MEF2_03 
10    SEF1 C MEF2_03 
11    OSF2 Q6 RSRFC4_Q2 
12    AML1  RSRFC4_01 
13    AML1 Q6 RSRFC4_Q2 
14    HNF1 Q6 RSRFC4_01 
15    TCF11 POU3F2_02 
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16     HMEF2_Q6 
17     MEF2_01 
18     NKX62_Q2 
19     PAX_Q6 
20     STAT5A_03 
21     STAT6_01 
22     PAX4_01 
23     P53_02 
24     P53_DECAMER_Q2 
25     AR_Q6 
26     FXR_Q3 
27     PBX1_02 
28     PBX1_03 
29     PBX1_01 
30     P53_DECAMER_Q2 
31     PTF1BETA_Q6 
32     RBPJK_01 
33     PPARA_01 
34     PPARG_03 
35     PEBP_Q6 
36     SEF1_C 
37     OSF2_Q6 
38     AML1_01 
39     AML1_Q6 
40     CETS1P54_01 
41     CETS168_Q6 
42     NFKB_Q6_01 
43     NFAT_Q6 
44     NFAT_Q4_01 
45     CDX_Q5 
46     FREAC2_01 
47     XFD2_01 
48     FOX_Q2 
49     FOXO1_01 
50     PAX2_02 
51     LEF1B_01 
52     YY1_Q6 
53     YY1_Q6_02 
      
1 CNS 45  AP 2 AFP1 Q6 LEF1_Q2_01 
2   Dlx 3 BARBIE LEF1TCF1_Q4 
3   Dlx 5 AREB6 LEF1B_01 
4   GATA 1 POU1F1 Q6 RFX1_01 
5   GATA 2 PBX1 CHOP_01 
6   GATA 3 MTF1 Q4 T3R_01 
7    HNF1 Q6 ER_Q6_02 
8    HNF1 Q6 RORA1_01 
9    S8 PBX1_03 
10    LHX3 PBX_Q3 
11    OCT1 03 PLZF_02 
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12    OCT1 03 NKX25_01 
13    HOXA3 AFP1_Q6 
14    HELIOSA BARBIE_01 
15    S8 AREB6_02 
16    NKX61 PBX1_03 
17    S8 PBX_Q3 
18    LHX3 CMAF_01 
19    NKX61 POU1F1_Q6 
20    LHX3 CDP_01 
21    SRF Q4 CDP_02 
22    MEF2 02 CLOX_01 
23    MEF2 03 S8_01 
24    MEF2 Q6 PBX1_03 
25    NANOG MTF1_Q4 
26    TAXCREB HNF1_Q6_01 
27    POU3F2 HNF1_Q6 
28    E4BP4 S8_01 
29    SOX9 B1 TBP_01 
30    CDPCR1 HNF1_01 
31    CDPCR3HD CDP_02 
32    PBX1 CLOX_01 
33    GATA6 S8_01 
34    VMAF POU6F1_01 
35    LEF1B NKX62_Q2 
36    FOX01 AMEF2_Q6 
37    FOX04 LHX3_01 
38     LHX3_01 
39     MMEF2_Q6 
40     CRX_Q4 
41     RSRFC4_Q2 
42     RSRFC4_01 
43     OCT1_03 
44     HNF6_Q6 
45     CIZ_01 
46     OCT1_03 
47     HOXA3_01 
48     HELIOSA_01 
49     S8_01 
50     NKX61_01 
51     S8_01 
52     LHX3_01 
53     NKX61_01 
54     LHX3_01 
55     NF1_Q6_01 
56     APOLYA_B 
57     NFY_Q6_01 
58     CAAT_01 
59     NFY_01 
60     ALPHACP1_01 
61     NFY_Q6 
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62     NANOG_01 
63     GATA1_02 
64     GATA3_01 
65     CMAF_01 
66     MEF2_02 
67     MEF2_03 
68     MEF2_04 
69     SRF_Q4 
70     AREB6_04 
71     MEF2_02 
72     MEF2_03 
73     MEF2_04 
74     AMEF2_Q6 
75     RSRFC4_Q2 
76     RSRFC4_01 
77     MEF2_Q6_01 
78     NANOG_01 
79     NRF1_Q6 
80     STAT5A_02 
81     GATA3_02 
82     OLF1_01 
83     ALX4_01 
84     ZEC_01 
85     PAX6_01 
86     TAXCREB_02 
87     POU3F2_01 
88     E4BP4_01 
89     CEBPGAMMA_Q6 
90     HLF_01 
91     VBP_01 
92     PAX2_02 
93     SOX9_B1 
94     CDPCR1_01 
95     CDPCR3HD_01 
96     PBX1_03 
97     GATA6_01 
98     E2_01 
99     VMAF_01 
100     LEF1B_01 
101     FOXO1_02 
102     FOXO4_02 
103     EVI1_06 
104     PPARA_01 
105     RORA2_01 
106     CDP_02 
107     GATA1_06 
108     GATA3_03 
109     LUN1_01 
110     EFC_Q6 
111     NFAT_Q6 
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112     IPF1_Q4_01 
113     IPF1_Q4 
114     LPOLYA_B 
115     AHRARNT_01 
116     ARNT_02 
117     MYCMAX_03 
118     ARNT_02 
119     MYCMAX_03 
120     ARNT_01 
121     XBP1_01 
122     ARNT_01 
123     MAX_01 
124     MYCMAX_01 
125     STRA13_01 
126     USF_01 
127     USF_02 
128     DEC_Q1 
129     MAX_01 
130     MYCMAX_01 
131     NRF1_Q6 
132     STRA13_01 
133     USF_01 
134     USF_02 
135     HIF1_Q3 
136     NMYC_01 
137     SREBP1_01 
138     AHRHIF_Q6 
139     USF_Q6_01 
140     AHR_Q5 
141     HIC1_02 
142     MYCMAX_B 
143     USF_Q6 
144     MYCMAX_B 
145     CLOCKBMAL_Q6 
146     EBOX_Q6_01 
147     TFE_Q6 
148     USF_C 
149     CLOCKBMAL_Q6 
150     USF_C 
151     AHRHIF_Q6 
152     MYC_Q2 
153     NRF1_Q6 
154     USF2_Q6 
155     USF2_Q6 
156     OCT1_01 
157     FREAC3_01 
158     OCT1_07 
159     OCT1_B 
160     OCT1_Q5_01 
161     OCT_Q6 
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162     AP3_Q6 
163     FREAC7_01 
164     ATATA_B 
165     CDXA_01 

      
1 CNS 48  AP 2 E2F1DP1 SRF_01 
2   Dlx 3 CEBP Q3 EVI1_05 
3   Dlx 5 HES1 Q2 GATA1_04 
4   GATA 1 CMAF GATA_C 
5   GATA 2 SRF Q4 GATA_Q6 
6   GATA 3 SRF Q5 02 CDPCR3_01 
7    SRF Q5 01 GRE_C 
8    SRF 01 CEBP_C 
9    RUSH1A STAF_01 
10    SRF Q6 STAF_02 
11    SRF Q6 E2F1DP1_01 
12    SRF C CEBP_Q3 
13    ATATA B HES1_Q2 
14    ELK1 P300_01 
15    CETS1P54 OCT_C 
16    NFKB Q6 CEBP_01 
17    ETS2 B CAAT_C 
18    CETS1P54 02 MIF1_01 
19    NFKB Q6 01 AR_01 
20    ETS2 B TAACC_B 
21    CETS1P54 01 FOXP3_Q4 
22    CP2 SRY_01 
23    NFKB Q6 CBF_01 
24    STAT5A CBF_02 
25    STAT6 PEBP_Q6 
26    CREL AML_Q6 
27    NFKAPPAB50 PADS_C 
28    NFKAPPAB65 MRF2_01 
29    NFKAPPAB 01 OSF2_Q6 
30    SPZ1 AML1_01 
31    STAF 01 AML1_Q6 
32    STAF 02 SOX9_B1 
33    ACAAT B CMAF_01 
34    LXR DR$ Q3 XVENT1_01 
35    ZEC IRF2_01 
36    TAXCREB GATA4_Q3 
37    OCT4 02 BARBIE_01 
38    OCT4 01 SP3_Q3 
39    PAX Q^ MAZR_01 
40    CEBPB SP1_Q4_01 
41    GFI 01 SP1_Q6 
42    GFI1B 01 ZNF219_01 
43    EVI1 06 MAZR_01 
44    GATA1 05 MZF1_02 
45    GATA1 06 KROX_Q6 
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46    GATA1 02 SP1_Q2_01 
47    GATA1 03 WT1_Q6 
48    GATA1 02 ZNF219_01 
49     MAZR_01 
50     MZF1_02 
51     SP1_Q2_01 
52     WT1_Q6 
53     ZNF219_01 
54     MAZR_01 
55     SP1_Q2_01 
56     WT1_Q6 
57     ZNF219_01 
58     SP1_01 
59     SPZ1_01 
60     WT1_Q6 
61     MZF1_01 
62     TEF1_Q6 
63     FREAC2_01 
64     HELIOSA_02 
65     ATF4_Q2 
66     SRF_Q4 
67     SRF_Q5_02 
68     YY1_01 
69     SRF_Q5_01 
70     SRF_01 
71     SRF_C 
72     RUSH1A_02 
73     SRF_Q6 
74     SRF_Q6 
75     SRF_C 
76     SRF_Q4 
77     RP58_01 
78     SRF_Q5_01 
79     HNF4_Q6 
80     ATATA_B 
81     CETS1P54_03 
82     ELK1_01 
83     CETS1P54_02 
84     NFKB_Q6_01 
85     ETS2_B 
86     IK3_01 
87     CETS1P54_01 
88     CP2_02 
89     NFKB_Q6 
90     STAT5A_03 
91     STAT6_01 
92     CREL_01 
93     NFKAPPAB50_01 
94     NFKAPPAB65_01 
95     NFKAPPAB_01 
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96     SPZ1_01 
97     STAF_01 
98     STAF_02 
99     ACAAT_B 
100     LXR_DR4_Q3 
101     ZEC_01 
102     YY1_02 
103     AP2_Q6_01 
104     AP2_Q3 
105     TAXCREB_02 
106     OCT4_02 
107     OCT4_01 
108     SOX_Q6 
109     PAX_Q6 
110     IPF1_Q4_01 
111     CHX10_01 
112     APOLYA_B 
113     HNF4_Q6 
114     RORA1_01 
115     CART1_01 
116     LPOLYA_B 
117     PAX3_B 
118     TCF11MAFG_01 
119     FOXP3_Q4 
120     CEBPB_01 
121     OCT1_06 
122     OCT4_01 
123     FOXP3_Q4 
124     GFI1_01 
125     CDC5_01 
126     GFI1B_01 
127     EVI1_04 
128     EVI1_06 
129     GATA1_05 
130     GATA1_06 
131     GATA2_02 
132     GATA2_03 
133     GATA3_02 
134     GATA6_01 
135     VMYB_01 
136     HNF1_Q6_01 
137     FOXO1_01 
138     SRY_02 
139     SRY_01 

     TEL2_Q6 
      
1 CNS 49  AP 2 PAX_Q6 TAACC_B 
2   Dlx 3 ATATA_B  AMEF2_Q6 
3  Yes Dlx 5 CETS1P54_03 CIZ_01 
4   GATA 1 ELK1_02  AIRE_02 
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5   GATA 2 ETS2_B  HTF_01 
6   GATA 3 CETS1P54_01 CBF_01 
7    OCT1_06  CBF_02 
8    CHX10_01 CEBP_01 
9    NFKB_C  PEBP_Q6 
10    NFKB_Q6_01 AML_Q6 
11    HNF4_Q6_02 NKX22_01 
12    FREAC2_01 OSF2_Q6 
13    FREAC3_01  AML1_01 
14    FOXO1_02  AML1_Q6 
15    FOXO3_01 NKX25L_01 
16    FOXO4_02 NKX25_02 
17    HFH8_01  NKX62_Q2 
18    FOXO1_01 LHX3_01 
19    FOXO4_01  AMEF2_Q6 
20    GATA3_01  HMEF2_Q6 
21    GATA_C  MEF2_01 
22    GATA2_02  EVI1_06 
23    GATA6_01 PAX_Q6 
24    GATA_Q6  FREAC4_01 
25    NCX_01  PPARG_02 
26    MZF1_01 PPARG_02 
27    NFKB_Q6  AR_Q6 
28    NFKB_C  ZTA_Q2 
29    NFKB_Q6_01 SRF_01 
30    NFKAPPAB65_01 MSX1_01 
31    NFKAPPAB_01 ELK1_02 
32    SRY_01 E2F1DP2_01 
33    LEF1B_01 E2F1_Q6 
34    HSF1_Q6  E2F_Q4 
35    CEBP_Q3 E2F_Q6 
36    TAXCREB_02 CDX_Q5 
37    CETS1P54_03 HNF4_Q6_02 
38    CBF_01 CMYB_01 
39    CETS1P54_02 ATATA_B 
40    ELK1_02 CETS1P54_03 
41    STAT1_03 ELK1_01 
42    HMGIY_Q6 ELK1_02 
43    GATA1_06  ETS2_B 
44    LMO2COM_02  CETS1P54_01 
45    LDSPOLYA_B GABP_B 
46    E2A_Q2  NRF2_01 
47    E47_02 CETS168_Q6 
48    SEF1_C  ETS_Q4 
49    E47_01 ETS_Q6 
50    MAX_01 BRACH_01 
51    USF_02  NFAT_Q4_01 
52    MAX_01 DELTAEF1_01 
53    USF_02  FOXP3_Q4 
54    MYOD_01 FOXJ2_02 
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55    USF_Q6_01 CDP_01 
56    AREB6_03 NFY_01 
57    E12_Q6 NFY_C 
58    E2A_Q6  NFY_Q6 
59    MYOD_Q6 CAAT_01 
60    STAF_02 NFY_Q6_01 
61    HSF_Q6 NF1_Q6_01 
62    RBPJK_01 OCT1_06 
63    SP3_Q3  PR_01 
64    SZF11_01 CP2_02 
65    E2F1DP1_01 CHX10_01 
66    PTF1BETA_Q6 IPF1_Q4 
67    GR_Q6_01 E2F1DP1RB_01 
68    PR_Q2 E2F4DP1_01 
69    E2_Q6_01 E2F_Q3 
70    TCF11MAFG_01 STAF_01 
71    S8_01 OCT1_05 
72    NKX25L_01 OCT_C 
73    NKX25_02  HSF1_Q6 
74     ETS2_B 
75     IK3_01 
76     STAT5A_03 
77     STAT6_01 
78     NFKB_C 
79     NFKB_Q6_01 
80     COUP_01 
81     HNF4_Q6_02 
82     LFA1_Q6 
83     PU1_Q6 
84     TFIIA_Q6 
85     TFE_Q6 
86     FREAC2_01 
87     FREAC3_01 
88     FOXO1_02 
89     FOXO3_01 
90     FOXO4_02 
91     HFH8_01 
92     FOXO1_01 
93     FOXO4_01 
94     YY1_02 
95     GATA3_01 
96     GATA_C 
97     GATA2_02 
98     GATA6_01 
99     GATA_Q6 
100     NCX_01 
101     MZF1_01 
102     NFKB_Q6 
103     NFKB_C 
104     TAXCREB_01 
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105     NFKB_Q6_01 
106     NFKAPPAB65_01 
107     NFKAPPAB_01 
108     CEBP_C 
109     SRY_02 
110     LEF1_Q2_01 
111     SRY_01 
112     LEF1B_01 
113     ETS2_B 
114     CBF_01 
115     HSF1_Q6 
116     AR_02 
117     PR_02 
118     CEBP_Q3 
119     TAXCREB_02 
120     CETS1P54_03 
121     CBF_01 
122     CETS1P54_02 
123     ELK1_02 
124     STAT1_03 
125     HMGIY_Q6 
126     CBF_01 
127     CBF_02 
128     RFX1_02 
129     GATA1_06 
130     LMO2COM_02 
131     ZIC2_01 
132     ZIC3_01 
133     ALPHACP1_01 
134     NFMUE1_Q6 
135     ARNT_01 
136     E47_02 
137     DELTAEF1_01 
138     TBX5_02 
139     LDSPOLYA_B 
140     E2A_Q2 
141     E47_02 
142     SEF1_C 
143     E47_01 
144     MAX_01 
145     USF_02 
146     MAX_01 
147     USF_02 
148     MYOD_01 
149     USF_Q6_01 
150     AREB6_03 
151     E12_Q6 
152     E2A_Q6 
153     MYOD_Q6 
154     PAX8_01 
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155     MAF_Q6_01 
156     NFE2_01 
157     MTF1_Q4 
158     STAF_02 
159     HSF_Q6 
160     RBPJK_01 
161     SP3_Q3 
162     SZF11_01 
163     E2F1DP1_01 
164     PTF1BETA_Q6 
165     GR_Q6_01 
166     PR_Q2 
167     E2_Q6_01 
168     TCF11MAFG_01 
169     NRF2_Q4 
170     STAT3_01 
171     STAT1_01 
172     HNF4_Q6_02 
173     S8_01 
174     NKX25L_01 
175     NKX25_02 
176     PAX3_01 
177     XBP1_01 
178     PBX_Q3 
179     ETS1_B 
180     MSX1_01 
181     NCX_01 
182     TST1_01 
183     MMEF2_Q6 
184     POU1F1_Q6 
185     TCF4_Q5 
186     PBX1_02 
187     LEF1_Q2 
188     LEF1TCF1_Q4 
189     LEF1_Q2_01 
190     VMYB_01 
191     LEF1B_01 
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Appendix T: BAC Transcription Factor (TF) Profiling 
	
Sl.	
No.	

BAC	
Name	

PipMaker	 ECR	 VISTA	 BAC	Name	 PipMaker	 ECR	 VISTA	

1	 BAC15	 pCNS-21	 eCNS-11	 vCNS-25	 BAC16A	 pCNS-7	 eCNS-2	 vCNS-7	
2	 	 pCNS-22	 eCNS-12	 vCNS-26	 	 pCNS-8	 eCNS-3	 vCNS-8	
3	 	 pCNS-23	 eCNS-13	 vCNS-27	 	 pCNS-9	 eCNS-4	 vCNS-9	
4	 	 pCNS-24	 eCNS-14	 vCNS-28	 	 pCNS-10	 eCNS-5	 vCNS-10	
5	 	 pCNS-25	 eCNS-15	 vCNS-29	 	 pCNS-11	 eCNS-6	 vCNS-11	
6	 	 pCNS-26	 eCNS-16	 vCNS-30	 	 pCNS-12	 eCNS-7	 vCNS-12	
7	 	 pCNS-27	 eCNS-17	 vCNS-31	 	 pCNS-13	 eCNS-8	 vCNS-13	
8	 	 pCNS-28	 eCNS-18	 vCNS-32	 	 pCNS-14	 eCNS-9	 vCNS-14	
9	 	 pCNS-29	 eCNS-19	 vCNS-33	 	 pCNS-15	 eCNS-10	 vCNS-15	
10	 	 pCNS-30	 eCNS-20	 vCNS-34	 	 pCNS-16	 eCNS-11	 vCNS-16	
11	 	 pCNS-31	 eCNS-21	 vCNS-35	 	 pCNS-17	 eCNS-12	 vCNS-17	
12	 	 pCNS-32	 eCNS-22	 vCNS-36	 	 pCNS-18	 eCNS-13	 vCNS-18	
13	 	 pCNS-33	 eCNS-23	 vCNS-37	 	 pCNS-19	 eCNS-14	 vCNS-19	
14	 	 pCNS-34	 eCNS-24	 vCNS-38	 	 pCNS-20	 eCNS-15	 vCNS-20	
15	 	 pCNS-35	 eCNS-25	 vCNS-39	 	 pCNS-21	 eCNS-16	 vCNS-21	
16	 	 	 	 vCNS-40	 	 pCNS-22	 eCNS-17	 vCNS-22	
17	 	 	 	 vCNS-41	 	 pCNS-23	 	 vCNS-23	
18	 	 	 	 vCNS-42	 	 pCNS-24	 	 vCNS-24	
19	 	 	 	 vCNS-43	 	 pCNS-25	 	 vCNS-25	
20	 	 	 	 	 	 pCNS-26	 	 vCNS-26	
21	 	 	 	 	 	 pCNS-27	 	 vCNS-27	
22	 	 	 	 	 	 pCNS-28	 	 vCNS-28	
23	 	 	 	 	 	 	 	 vCNS-29	
24	 	 	 	 	 	 	 	 vCNS-30	
25	 	 	 	 	 	 	 	 vCNS-31	
26	 	 	 	 	 	 	 	 vCNS-32	
Sl.	
No.	

BAC	
Name	

PipMaker	 ECR	 VISTA	 BAC	Name	 PipMaker	 ECR	 VISTA	

1	 BAC17	 CNS-9	 eCNS-3	 vCNS-8	 BAC16B	 pCNS-36	 eCNS-25	 vCNS-44	
2	 	 CNS-10	 eCNS-4	 vCNS-9	 	 pCNS-37	 eCNS-26	 vCNS-45	
3	 	 CNS-11	 eCNS-5	 vCNS-10	 	 pCNS-38	 eCNS-27	 vCNS-46	
4	 	 CNS-12	 eCNS-6	 vCNS-11	 	 		 eCNS-28	 vCNS-47	
5	 	 CNS-13	 eCNS-7	 vCNS-12	 	 	 	 	
6	 	 CNS-14	 eCNS-8	 vCNS-13	 	 	 	 	
7	 	 CNS-15	 eCNS-9	 vCNS-14	 	 	 	 	
8	 	 CNS-16	 eCNS-10	 vCNS-15	 	 	 	 	
9	 	 CNS-17	 eCNS-11	 vCNS-16	 	 	 	 	
10	 	 CNS-18	 eCNS-12	 vCNS-17	 	 	 	 	
11	 	 CNS-19	 eCNS-13	 vCNS-18	 	 	 	 	
12	 	 CNS-20	 eCNS-14	 vCNS-19	 	 	 	 	
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13	 	 CNS-21	 eCNS-15	 vCNS-20	 	 	 	 	
14	 	 CNS-22	 eCNS-16	 vCNS-21	 	 	 	 	
15	 	 CNS-23	 eCNS-17	 vCNS-22	 	 	 	 	
16	 	 CNS-24	 eCNS-18	 vCNS-23	 	 	 	 	
17	 	 CNS-25	 eCNS-19	 vCNS-24	 	 	 	 	
18	 	 CNS-26	 eCNS-20	 vCNS-25	 	 	 	 	
19	 	 CNS-27	 eCNS-21	 vCNS-26	 	 	 	 	
20	 	 CNS-28	 eCNS-22	 vCNS-27	 	 	 	 	
21	 	 CNS-29	 eCNS-23	 vCNS-28	 	 	 	 	
22	 	 CNS-30	 	 vCNS-29	 	 	 	 	
23	 	 CNS-31	 	 vCNS-30	 	 	 	 	
24	 	 CNS-32	 	 vCNS-31	 	 	 	 	
25	 	 CNS-33	 	 vCNS-32	 	 	 	 	
26	 	 CNS-34	 	 vCNS-33	 	 	 	 	
27	 	 CNS-35	 	 vCNS-34	 	 	 	 	
28	 	 	 	 vCNS-35	 	 	 	 	
29	 	 	 	 vCNS-36	 	 	 	 	
30	 	 	 	 vCNS-37	 	 	 	 	
31	 	 	 	 vCNS-38	 	 	 	 	
32	 	 	 	 vCNS-39	 	 	 	 	
33	 	 	 	 vCNS-40	 	 	 	 	
34	 	 	 	 vCNS-41	 	 	 	 	

	

	

	

	

	

	

	

	

	

 


