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V. Abstract 
 
PAX7 is a well-known transcription factor, that plays an important role in embry-

onic development and stem cell maintenance in adult organisms. It has been 

shown to regulate proliferation and differentiation during embryonic development 

in the dorsal midbrain. In the chicken (Gallus gallus domesticus), a splice variant 

in the transactivation domain of PAX7 has been found, that is exclusive to birds. 

In-vitro, this alternative splice variant impacts transcriptional activity. Further-

more, PAX7 has been previously found to interact with canonical Wnt signaling 

in the dorsal midbrain of chicken embryos. 

Using an in vivo reporter gene and qPCR, it was possible to show that the pro-

transcriptional activity of PAX7 is required for normal canonical Wnt signaling in 

the dorsal midbrain at HH stage 17. Expression of PAX7 on an RNA level corre-

lates well with canonical Wnt signaling. Interestingly, PAX7 seems to partially 

regulate its own expression with differences in regulatory activities between the 

two transactivation domain splice variants. 
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1 Introduction 

1.1 Chicken Development 

1.1.1 Early Chicken Development 

The chicken egg is one of the largest known cells, whereby yolk makes most of 

the egg cells cytoplasm. That leaves only a small space at the top of the cell free, 

called blastodisc. Whilst still inside of the hen, the egg cell undergoes its first 

discoidal meroblastic divisions, meaning the divisions are highly asymmetrical, 

creating new cells in the blastodisc whilst the yolk remains in a singular cell. By 

the time the hen lays the egg, the ovum is already in its late blastula stages form-

ing the blastoderm with approximately 50000 cells (Sheng, 2014). Beneath the 

blastoderm the subterminal cavity is formed. Starting centrally, all cells except 

the outermost layer shed and die, leaving the epiblast, a one cell thick layer, the 

only cells giving rise to the embryo itself. In the area, where the epiblast touches 

the yolk, some cells survive and from the hypoblast. The area where only the 

epiblast remains is called area pellucida, the area where epi- and hypoblast over-

lap is called area opaca with the border being referred to as marginal zone 

(Gilbert, 2020). 

After the egg is laid, the marginal zone thickens and forms Koller’s sickle and the 

posterior marginal zone (PMZ), that later locates caudally of the forming embryo. 

The cranial-caudal axis is specified by gravity and the eggs rotation within the 

hen’s reproductive tract. The upper side of the blastoderm will form the caudal 

end, or in other words: The head goes first (Wolpert, 1998). Starting from Koller’s 

sickle, hypoblast cells start dividing and migrating across the zona pellucida. The 

hypoblast cells form the endoblast, that displaces the last remaining islands of 

hypoblast cells, resulting in a hollow two layered structure. The liquid filled space 

between the epi- and endoblast is called the blastocoel. Growing in the same 

direction as the endoblast, the primitive streak is formed. It progresses from the 

PMZ towards the center of the zona pellucida, where, at its anterior end, the first 

major organizer – Hensen’s node – is formed (Boettger et al., 2001). The primitive 
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streak and Hensen’s node enable gastrulation. Cells can pass through them into 

the blastocoel down to the endoblast. These cells replace the endoblast cells 

beneath the streak and form the endoderm, that for example later generates the 

digestive tube, lungs, and thyroid cells. The cells that stay in the blastocoel form 

the mesoderm, that gives rise to tissue like bones, blood, muscles, and the noto-

chord. The epiblast gives rise to the third germ layer, the ectoderm giving rise to 

skin cells, the neural crest and – most important of all – the central nervous sys-

tem (CNS) (Gilbert, 2020). 

At this point, the cranial-caudal axis has been established along the primitive 

streak, the dorsal-ventral axis is also established with the epiblast/ectoderm as 

dorsal and the endoblast/endoderm as ventral side. The last axis to be estab-

lished being the left-right axis. The exact mechanism defining left and right is yet 

unknown, however Hensen’s node secrets sonic hedgehog (SHH) factors to the 

left side inducing Cerberus and fibroblast growth factor 8 (FGF8) to the right side, 

inhibiting Cerberus expression (Raya and Izpisua Belmonte, 2004). 

Completion of germ layer formation occurs from cranial to caudal. Along with its 

completion, the primitive streak regresses back towards the PMZ, taking Hen-

sen’s node along with it towards the caudal end. With the regression of the prim-

itive streak, the formation of a secondary organizer - the Notochord - begins, also 

in a cranial-caudal manner. Parallel to these processes, the ectoderm starts its 

epiboly, moving laterally and surrounding the yolk. During this 4-day long pro-

cess, the cranial mesoderm already starts inducing CNS formation, whilst at the 

caudal end is still gastrulating (Gilbert, 2020, New, 1959, Spratt, 1963). 

1.1.2 Early CNS Formation 

As my experiments primarily focus on the dorsal midbrain, the development of 

the CNS, especially the midbrain is of special interest. The ectoderm gives rise 

to the neural tube, a predecessor structure of the CNS, in a process called neu-

rulation. In birds and mammals, there are two types of neurulation occurring sim-

ultaneously. Primary neurulation forms the neural tube cranial of the hindlimbs. 

The secondary neurulation occurs caudally and a large thoracal region where 

both forms overlap (Catala et al., 1996, Dady et al., 2014). 
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The midbrain is formed through primary neurulation. Here the neural tube is 

formed from the neural plate, a specialized part of the ectoderm above the noto-

chord, where SOX transcription factors prevent epidermis formation by blocking 

BMP signaling. (Archer et al., 2011). The lateral ends of the neural plate start 

growing upwards out of the ectodermal plane and move towards each other, first 

forming a u-shaped indenture and later a tube. These movements are enabled 

by three hinge points where the ectoderm bends. The medial hinge point above 

the notochord allows for indenture formation, whilst the dorsolateral hinge points 

allow for convergence of the lateral neural folds. The ‘hinging’ in both cases is 

achieved by displacing the nucleus to the outside (or basal side) of the cells whilst 

simultaneously the central (or apical) side is constricted through actin-myosin in-

teractions (Schoenwolf and Smith, 1990). Once the lateral sides of the neural 

plate come into contact and connect, turning the groove into a tube. The first point 

of tube closure in the chicken is usually in the midbrain, around Hamburger and 

Hamilton stage 8 (HH8). From here, the tube closes in both directions in a zipper 

like fashion, leaving cranial and caudal openings, called neuropores. Failure to 

close the neural tube can result, depending on the position, in a spina bifida (cau-

dal) or lethal anencephalia (cranial). With the closure of the neural tube, it sepa-

rates from the ectoderm. This separation is done by switching from E- to N-cad-

herin expression in the neural tube, whilst the ectoderm keeps expressing E-cad-

herin, weakening the attachment between them. A small population, located at 

the junctional area between neuro- and ectoderm does express neither E- nor N-

cadherin and leaves the epithelial structures. These cells, alongside with other 

cells, leaving later the neural tube, form the neural crest cells, giving rise to the 

peripheral nerves, melanocytes and craniofacial cartilage and bones (Detrick et 

al., 1990, Fujimori et al., 1990, Gilbert, 2020, Kuphal and Bosserhoff, 2012) . 

In secondary neurulation cells derived from both ecto- and mesoderm, cluster 

together into a medullary cord, later undergoing cavitation to form a central lumen 

(Schoenwolf and Delongo, 1980). 

1.1.3 CNS Patterning 

In chicken, at HH9, shortly after cranial neural tube closure, the primary vesicles 

of the brain become visible: the forebrain, the midbrain and the hindbrain. By the 
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time, the caudal end of the neural tube has closed the primary vesicles have 

formed further substructures, the secondary vesicles. The forebrain divides in 

dien- and telencephalon, that later forms the cerebral hemispheres. The hind-

brain will split into the metencephalon, growing to become the pons and cerebel-

lum and caudally of it the myelencephalon forming the medulla. Only the midbrain 

(mesencephalon) stays a singular vesicle. Whilst the midbrain continues to grow 

and stays the largest of the vesicles until around HH stage 29-30, the hindbrain 

starts forming the rhombomeres that, together with their neural crest cells, will 

form most of the cranial nerves (Lumsden and Keynes, 1989, Lumsden, 2004, 

Gilbert, 2020). 

The foundation for this cranial-caudal differentiation is already induced prior to 

neural tube closure in the neural plate. The exact mechanisms aren’t fully under-

stood yet, it’s known that the inhibition of BMPs is relevant for generation of cells 

with cranial properties (Zimmerman et al., 1996) and that retinoic acid can induce 

posterior cell and regulates rhombomere formation (Shawlot and Behringer, 

1995, Marshall et al., 1992). Relevant organizers for these initial patterning steps 

seem to be the prechordal ectoderm and Hensen’s node, known to secrete retin-

oic acid during its regression (Simeone et al., 1995, Lumsden and Krumlauf, 

1996). 

Later, patterning steps are orchestrated by regionalized organizers, like the mid- 

hindbrain boundary (MHB, or isthmus) that controls mid- and hindbrain develop-

ment. The MHB secrets FGF8 amongst other morphogens, creating a gradient 

with concentration decreasing both cranially and caudally. In the midbrain, the 

transcription factor ENGRAILED1 (EN1) is expressed, an early midbrain marker 

protein and mandatory for the formation of the tectum. As transplant experiments 

have shown, from HH stage 20 (E3) on, cells are committed to tectum formation 

under the influence of EN1 (Hanks et al., 1995, Martinez et al., 1991, Lumsden 

and Krumlauf, 1996). 

Dorsal – ventral patterning in the neural tube is orchestrated by the roof and floor 

plate. The dorsally located roof plate is induced by BMP4 and BMP7, secreted 

from the ectoderm and starts in turn secreting BMP4 (Liem et al., 2000). Similarly, 

the floor plate is induced on the ventral side by SHH, secreted from the notochord. 
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The floor plate itself also starts secreting SHH. These two secondary signaling 

centers now generate two opposing gradients, with BMP4 concentration decreas-

ing from the dorsal to the ventral side and SHH concentration increasing at the 

same time. Depending on the intricate balance of SHH and BMP4 exposure, dif-

ferent transcription factors become activated, determining the fate of individual 

cell populations based on their location. In the later spinal cord for example, PAX6 

and NKX2.2 form a pair of transcription factors, inhibiting each other’s expres-

sion. Whilst PAX6 expression is inhibited by SHH, NKX2.2 is induced by it, re-

sulting in PAX6 being less and less expressed the closer to the floor plate you 

get (Briscoe et al., 1999). PAX7 is being expressed on the dorsal side, within the 

roof plate from HH stage 10 onwards (Kawakami et al., 1997b). 

Whilst the midbrain, shares BMP and SHH as morphogens for dorsal-ventral pat-

terning with other brain regions, like the spinal cord, WNT1 joins BMP as an ad-

ditional morphogen from the roof plate, resulting in an altered gene expression 

and later differentiation compared to other brain compartments. It has been 

shown, that the longer cells are exposed to these morphogens, the more deter-

mined their cell fates are (Li et al., 2005). The ventral side, giving rise to the teg-

mentum expresses NKX2.2 and NKX6.1, whilst PAX7 is expressed in the dorsal 

midbrain, where the tectum is later formed (Moreno-Bravo et al., 2012, Martinez-

Lopez et al., 2015, Bayly et al., 2007).  

Later, in the adult, the tectum is an important relay station for the chicken’s visual 

system, whilst the tegmentum houses essential motoric systems, like the sub-

stantia nigra (Mey and Thanos, 2000, Bayly et al., 2007). 

1.2 PAX7 and PAX Gene Family 
The paired box (PAX) gene family consists of nine different, highly conserved 

transcription factors, playing a major role in embryonic development acting as 

“master regulators” determining tissue specific cell fate (Shaw et al., 2024). 

Based on structural elements, the PAX genes can be differentiated in four sub-

groups. All PAX genes share the name giving paired domain consisting of two 

helix-turn-helix motives for DNA binding and a transactivation (TAD) domain al-

lowing for interaction with other proteins. These protein-protein interactions 
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include chromatin remodeling complexes, which make condensed chromatin ac-

cessible for transcription. Facilitating the opening of chromatin allows for their 

function as pioneer transcription factors (Mayran et al., 2015). The octapeptide 

allows for outside regulation of transcriptional activity through protein-protein in-

teraction and post-transcriptional modification. The homeodomain is another he-

lix-turn-helix DNA binding domain, involved in interaction with other homeodo-

mains or the paired domain (Eberhard et al., 2000). 

 
Figure 1-1: Structural elements of PAX genes in the human. PAX7 and PAX3 belong to subgroup three. 
They both contain paired and homeodomain mediate DNA binding. TAD mediates protein-protein interac-
tions. After (Shaw et al., 2024) 

My work primarily focuses on PAX7, forming subgroup 3 alongside PAX3. Both 

are involved in development of skeletal muscles, neural crest cells and the central 

nervous system, especially in the dorsal mid-, hindbrain and spinal cord. Both 

genes are potential oncogenes in alveolar rhabdomyosarcoma by forming fusion 

proteins with FOXO1 (Davis et al., 1994). PAX3 defects can result in Waarden-

burg syndrome or craniofacial-deafness-hand syndrome whereas PAX7 defects 

can result in congenital myopathy-19. Expression of both genes is often overlap-

ping, and mouse knockouts revealed partial functional redundancies (Mansouri 

et al., 1996, Shaw et al., 2024). 
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In chicken, a total of three alternative splice sites of PAX7 have been described 

but only partially analyzed so far. Two splice variants are located in the paired 

box domain, and one is located in the transactivation domain. The paired box 

domain splice variants are present in mice or humans and result in the in- or 

exclusion of a glycine and leucin (GL) or a singular glutamine (Q), and influence 

binding to different DNA sequences, with the GL+ variants shown to be more 

myogenic. The specific difference in activity on a molecular level have not been 

understood so far (Ziman and Kay, 1998, Du et al., 2005).  

The primary focus for this thesis was the splice variant in the transactivation do-

main, with the long splice variant including a complete 66bp exon, that seems to 

be exclusive to birds (Internal, Lim, 2016, unpublished). Mao et al. showed that, 

at most Hamburger Hamilton stages the long splice variant showed higher ex-

pression. Findings of our own group (Ulrike Kohler and Kiona Lim, unpublished) 

indicate that the short splice variant, that is skipping this 9th exon entirely, has a 

higher expression in the dorsal midbrain. Naixin Li found this splice variant to 

promote proliferation of the dorsal midbrain around HH stage 10 (Li, 2007). It has 

been shown that the long splice variant has higher transcriptional activity using a 

luciferase assay in CHO cells (Mao 2008).  

Looking at the reference genome assembly (bGalGal1.mat.broiler.GRCg7b) for 

chicken available today (March 2024), four predicted splice variants exist – non 

containing the splice variant in the transactivation domain. These can only be 

found in the alternative assembly (bGalGal1.pat.whiteleghornlayer.GRCg7w), 

which is from a different breed of chicken. This could be the result of differences 

between breeds or from methodical differences as the genomic sequence of the 

intron and splice sites is identical between assemblies. 
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Splice 
Vari-
ant 

Broiler  
(Reference) 

White Leghorn 
Layer  

(alternative) 

Q  
(CAG) 

GL 
(GTTTAG) 

66bp TA 
(Exon 9) 

X1 XM_015296830.4 XM_046931153.1 + + - 
X2 XM_015296831.4 XM_046931154.1 - + - 
X3 XM_015296832.4 XM_046931155.1 + - - 
X4* XM_025142486.3 XM_046931156.1 - - - 
X5  XM_046931151.1 + + + 
X6*  XM_046931152.1 - - + 

Table 1-1: Predicted isoforms of PAX7 in the chicken embryo. Only the alternative genomic assembly 
contains the isoforms containing the transactivation domain splice variant. * marks splice variants used for 
electroporations. + sequence present, - sequence absent. 

PAX7 expression in chicken embryos can be detected as early as HH5 in the 

ectoderm of the primitive fold and stays highly expressed in the dorsal side of the 

neural tube, where it is required for cell differentiation and in cooperation with 

PAX3 involved in neural tube closure. PAX7 is also required for formation of neu-

ral crest cells (Goulding et al., 1991, Walther et al., 1991, Basch et al., 2006).  

Outside of the neural tube, PAX7 is expressed from HH8 on in somites, the mus-

cle precursor cells and stays actively expressed in satellite cells, where it is re-

quired to maintain stem cell character (Otto et al., 2006, Chi and Epstein, 2002, 

Halevy et al., 2004). 

1.3 Wnt Signaling Pathway 
Tight coordination and signaling between cells is mandatory for embryogenesis, 

tissue formation, growth and later homeostasis and regeneration, with of the evo-

lutionarily highest conserved forms of cell-cell signaling being the Wnt pathway. 

The different 19 secreted Wnt (from D. melanogaster’s Wingless and mouse int-

1) proteins typically bind to membrane bound frizzled (FZD) receptors forming 

heterodimers with low-density lipoprotein-related protein 5/6(LRP5/6) corecep-

tors, but they have also been shown to bind a variety of other receptors, including 

some GPCRs and tyrosine kinase receptors (Lu et al., 2004, Katanaev, 2010).  

Depending on the secreted WNT proteins , the receptor and associated proteins 

and coreceptors, three different pathways have been described: the canonical $-

catenin pathway, the planar cell pathway (PCP) involved in cytoskeletal rear-

rangements and the WNT/Ca2+ regulating phospholipase C (Hayat et al., 2022). 
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In $-catenin based canonical signaling, 

the binding of WNT inhibits the destruction 

complex through interaction with dishev-

elled (DVL) proteins. The destruction 

complex consisting of APC, AXIN, CKI" 

and GSK3 $ that usually cause degrada-

tion of the cytoskeletal protein $-catenin 

(CTNNB1) by inducing ubiquitination 

through phosphorylation. If the complex is 

inhibited, concentrations of non-phos-

phorylated $-catenin rise allowing for 

translocation into the nucleus, where it as-

sociates with members of the T cell fac-

tor/lymphoid enhancer factor (TCF/LEF) 

family promoting transcription of various 

genes regulating proliferation and differ-

entiation. As negative feedback mecha-

nism the expression of AXIN2 is in-

creased. (Jho et al., 2002) In the absence of $-catenin TCF/LEF proteins are 

bound by groucho (TLE) proteins, strong transcriptional inhibitors (Hayat et al., 

2022, Huelsken and Behrens, 2002). Besides AXIN2, the destruction complex 

and TLE other proteins also inhibit canonical Wnt signaling, like secreted FZ as-

sociated proteins (SFRP) or the family of dickkopf (DKK) proteins inhibiting signal 

transduction at the cell membrane by binding LRP5/6 (Hayat et al., 2022). 

The different Wnt signaling pathways have been shown to play an important role 

in CNS, both during embryonic development and adulthood (Inestrosa and 

Varela-Nallar, 2015). The PCP pathway is involved in neural tube closure and 

gradients of Wnt ligands are important for the specification of the anterior-poste-

rior axis (Kiecker and Niehrs, 2001, Wen et al., 2010). Depending on develop-

mental stage and brain region, canonical Wnt signaling has been shown to pro-

mote differentiation or proliferation of neural progenitor cells (Hirabayashi et al., 

2004, Mutch et al., 2010). 

Figure 1-2: Overview of the three main Wnt sig-
naling pathways. A canonical Wnt signaling: 
WNT binds FZD receptor, inhibiting the destruc-
tion complex. !-catenin no longer gets phosphor-
ylated, translocates into the nucleus and pro-
motes transcription. B: Wnt/Ca2+ signaling: WNT 
interacts with FZD/G-protein complexes activat-
ing phospholipase C resulting in intracellular Ca2+ 
increase. C: Planar cell pathway (PCP): 
WNT/FZD interaction activates jun N-termina ki-
nases (JNK), ROCK and PFN (not shown) 
through DAAM, ROC and RAC, regulating migra-
tion and polarization by altering the cytoskeleton. 
Image: (Montcouquiol et al., 2006) 
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1.4 HES Genes  
The hairy and enhancer of split (HES) genes are a family of basic helix-loop-helix 

transcription repressors working either by inhibiting transcription factors through 

heterodimerization with them or as homo-/heterodimers with other HES family 

proteins. These HES dimers recruit chromatin remodeling factors through TLE 

proteins (Buscarlet et al., 2008). Even though they play an important role in de-

velopment, HES genes aren’t as conserved across species as for example tran-

scription factors from the PAX family (Kobayashi and Kageyama, 2014) .So far, 

there are 10 different HES genes described in the chicken, most predicted, some 

validated (March 2024, NCBI Gene Database). The homologs of HES3 and 

HES7, both found in humans and mice, haven’t been found in chicken yet. No 

ortholog sequences in birds have been annotated for HES3 so far and for HES7 

only five sequences in falcons and parrots were found. (April 2024, NCBI 

Orthologs) For HES5, the three different genes HES5A (HES5), HES5B (HES5L) 

and HESC (HESL) exist, with orthologs in other birds, but not in Humans or mice 

(April 2024, NCBI Gene Database). 

Overall, the nomenclature of HES genes in the chicken is somewhat ambiguous, 

varying between publications and genomic assemblies. For example, the Geisha 

gene expression database shows RNA in-situ hybridization results for HES7 but 

blasting the probe used retrieves HES5-like (RefSeq: XM_015302395.4) (April 

2024, NCBI Gene Database, NCBI BLAST and GEISHA). Some publications also 

mention HES7, like Ku et al. in 2014, where it was part of a transcriptome analy-

sis, but no sequence or RefSeq ID were given (Ku et al., 2014). 

In mice, HES1 and HES3 play a major role in maintaining the stem cell character 

of neuroepithelia cells, radial glia cells and cells in boundary regions of the de-

veloping CNS. They are expressed from the beginning of neural plate formation. 

HES1 stays active in radial glia cells, where it is joined by HES5 whilst HES3 is 

no longer being expressed. By repressing its own transcription HES1 acts as a 

biological clock, with a cycle of 2h also inducing cyclic expression of other genes, 

like its pro-neurogenic counterpart MASH1, allowing for a balance of stem cell 

renewal and differentiation into neurogenic precursor cells. In cells with organizer 
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functions, like in the MHB, HES1 is constantly expressed preventing differentia-

tion (R. Kageyama, 2006, Kageyama et al., 2008). 

Besides CNS development, the cyclic expression of HES1 and HES5 is also cru-

cial for stem cell maintenance in many organs, like the lungs, digestive tract and 

hematopoietic stem cells (Kobayashi and Kageyama, 2014). HES1 has been 

shown to interact with Jak-Stat signaling to maintain its own oscillation (Yoshiura 

et al., 2007). Many pathways, like Wnt (Kobayashi and Kageyama, 2014) and 

Notch signaling induces HES5 expression in the radial glia cells and it regulates 

HES1 expression promoting stem cell maintenance. Outside of the neural tube, 

HES7 also seems to be a target of Notch signaling (Ohtsuka et al., 1999, 

Kageyama et al., 2008, Niwa et al., 2007).  

HES6 is the only HES gene lacking DNA binding capabilities, acting as an inhib-

itor of other HES genes, as it still forms dimers with them (Bae et al., 2000). 

Like HES1, HES7 shows cyclic expression in mice. It works as a segmentation 

clock in somite formation, with every cycle of HES7 expression resulting in for-

mation of another same sized somite (Bessho et al., 2001). The cycle time varies 

between species, with a cycle taking 8h in humans, 2h in mice and 1.5h in chicken 

(Kobayashi and Kageyama, 2014).  

Other HES genes, like HES2 and HES4 are also involved in the development of 

various organs, including the CNS or neural crest cells, however their function 

isn’t as well understood as the function of HES1, HES3, HES5 or HES7 (Pla and 

Monsoro-Burq, 2018). 

HEY1 has been implied in cochlear development (Tateya et al., 2011) whilst 

HEY2 is required for development of the organ of Corti (Doetzlhofer et al., 2009). 

Most of the functions HES genes have only been described so far were discov-

ered in mouse embryos or cell culture and can’t be taken for granted in the 

chicken. The fact, that not all HES genes are present/described in all organisms 

studied, like Hes4 is missing in mice or HES3 and HES7 missing in chicken (April 

2024, NCBI Gene Database) show that more research is required and once again 

highlight the difference between species. 
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1.5 Aim of the Project 
The aim of my work was the investigation of the influence of the transcription 

factor PAX7 on dorsal midbrain development. Unpublished results by Li showed 

that overexpression of the short PAX7 splice variant in the dorsal midbrain re-

sulted in enlarged midbrains, whereas a PAX7 knock-down resulted in smaller 

midbrains (Li, 2007). Internal, also yet to be published experiments, using a 

reporter plasmid, showed the PAX7 knock-down reducing canonical Wnt-

signaling activity. Since Wnt-signaling is known to be involved in proliferation and 

differenciation, this might be a possible pathway causing the size changes 

observed by Li, and that the overexpression of PAX7 might result in an increase 

of canonical Wnt-signaling. 

Only few PAX7/WNT interactions have been studied so far. Canonical Wnt sig-

naling involving WNT1 and FZD10 is known to be required for dorsalization of 

neural tube cells, inducing PAX7 expression (Alrefaei et al., 2020, Otto et al., 

2006) and in muscular stem cells, called satellite cells, Wnt-signaling promotes 

differentiation, for example after muscle injury. On the other hand, in the same 

cells, PAX7 is required for cell survival, self-renewal, and maintenance of stem 

cell characteristics, by blocking Wnt-signaling. PAX7 and Wnt-signaling antago-

nize each other, which is the contrary of our hypothesis, of PAX7 promoting Wnt-

signaling (Hulin et al., 2016, Zhuang et al., 2014, Cui et al., 2019). In addition to 

these findings, WNT3A has been shown to influence gene expression though a 

more direct interaction with PAX3 and PAX7, not going through one of the three 

traditional Wnt pathways (Pan et al., 2015). 

Notch signaling has been shown to induce and regulate PAX7 expression in sat-

ellite cells, both during embryonic development and during muscle injury recov-

ery. (Wen et al., 2012) Further expanding upon this, Wnt signaling is involved in 

regulation of Notch signaling, forming a complex network, regulating proliferation 

and differentiation of satellite cells.  

Unfortunately, preliminary experiments using the same reporter system with 

PAX7 being overexpressed were inconclusive (Zhu et al., 2017). 

Various PAX7 splice variants, exclusive to the chicken, with different transcrip-

tional activities further complicated the matter, (Mao et al., 2008) which led to the 
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decision to move to real time quantitative PCR (qPCR) and Western blotting, in 

an effort to quantify the impact of our in-ovo electroporations on the individual 

PAX7 splice variants and on canonical Wnt signaling.  

Establishing these two methods, which hadn’t been used in our work group so 

far, ended up being the main task of this project. 
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2 Materials 

2.1 The Chicken as a Model Organism 
For all in vivo experiments eggs and embryos from the common chicken (Gallus 

gallus) were used. This organism was selected, as it is commonly used for neu-

rodevelopmental research, allows easy transient genetic modification through 

electroporation and the embryos can be easily accessed inside their eggs.  

The experiments conducted do not fall under animal experiment regulations (Ti-

erSchVersV §14 and TierSchG), as the embryos were harvested prior to for-

mation of complex synaptic structures. 

The development of chicken embryos can be microscopically assessed using the 

stages of normal chicken development, published by Hamburger and Hamilton in 

1951 (Hamburger and Hamilton, 1951). 

HH Stage Incubation time Description 
1  Preprimitive streak 
2 6-7h Initial primitive streak 
3 12-13h Intermediate primitive streak 
4 18-19h Definitive primitive streak 
5 19-22h Head process    
6 23-25h Head fold 
7 23-26h 1 somite 
8 26-29h 4 somites 
9 29-33h 7 somites 
10 33-38h 10 somites 
11 40-45h 13 somites 
12 45-49h 16 somites 
13 48-52h 19 somites 
14 50-53h 22 somites 
15 50-55h 24-27 somites; visceral arch III 
16 51-56h 26-28 somites; wing bud 
17 52-64h 29-32 somites; leg bud 
18 E 3 30-36 somites; allantois 
19 E 3-3.5 37-40 somites; maxillary process 
20 E 3-3.5 40-43 somites; eye pigment 
21 E 3.5 43-44 somites; visceral arch IV 
22 E 3.5-4 Somites extend to tip of tail 
23 E 4 Dorsal contour from hindbrain to tail is curved 
24 E 4.5 Toe plate 
25 E 4.5-5 Elbow and knee joints 
26 E 5 3 toes   
27 E 5-5.5 Beak 
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2.2 Plasmids 
A variety of plasmids was used for in-ovo electroporation or as templates in PCR. 

All plasmids used contained a bacterial replication origin and an open reading 

frame coding for an ampicillin resistance, allowing for easy expansion in E.coli. 

The variants of the PAX7-pMES plasmids, as well as the pSilencer1.0 constructs 

were generated by (former) members of the AG Wizenmann. The siPAX7-506-

pSilencer, siPAX7-1105-pSilencer and siPAX7-2307-pSilencer constructs were 

newly generated for this study. 

Plasmid Function Promoter Enhancer 
pCAX eGFP expression, used as negative 

control for electroporations 
Chicken 
ACTB 

CMV 

sPAX7-pMES Overexpression of PAX7 (SV), co-ex-
presses eGFP using an IRE-site 

Chicken 
ACTB 

CMV 

lPAX7-pMES Overexpression of PAX7 (SV), co-ex-
presses eGFP using an IRE-site 

Chicken 
ACTB 

CMV 

sPAX7-
pMES-ΔGFP 

Overexpression of PAX7 (SV), no 
eGFP expression 

Chicken 
ACTB 

CMV 

lPAX7-pMES-
ΔGFP 

Overexpression of PAX7 (SV), no 
eGFP expression 

Chicken 
ACTB 

CMV 

enPAX7-
pMIW 

Overexpression of PAX7-EN1-fusion 
protein, represses expression of 
genes usually activated by PAX7 

Chicken 
ACTB 

CMV 

siPAX7-pSi-
lencer1.0 

First siRNA for PAX7 knockdown, se-
quence: GAAAGAGGAAGAGGAG-
GAC 

Mouse 
U6 

- 

siPAX7-506-
pSilencer1.0 

PAX7 knockdown, sequence: 
TCCTCTGCAGGTACCAAGA 

used to-
gether as 

3x 
siPAX7-

psi-
lencer1.0 

m
ix 
 

Mouse 
U6 

- 

siPAX7-1105-
pSilencer1.0 

PAX7 knockdown, sequence: 
CCAACTCGCAGCATTCAAC 

Mouse 
U6 

- 

28 E 5.5-6 3 digits, 4 toes 
29 E 6-6.5 Rudiment of 5th toe    
30 E 6.5-7 Feather germs 
31 E 7-7.5 Web between 1st and 2nd digits 
32 E 7.5 Mandible has reached beak 
33 E 7.5-8 Web on radial margin of wing 
34 E 8 Nictitating membrane 
35 E 8.5-9 Phalanges in toes 
36 E10 Length of 3rd toe = 5.4 ± 0.3 mm 
37 E11 Length of 3rd toe = 7.4 ± 0.3 mm 

Table 2-1 Hamburger and Hamilton stages (HH stage) of chicken development. After (Hamburger and 
Hamilton, 1951) 
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siPAX7-2372-
pSilencer1.0 

PAX7 knockdown, sequence: 
GACCTATGGACCAAACATA 

Mouse 
U6 

- 

PAX3-pMIW Overexpression of PAX3 Chicken 
ACTB 

CMV 

TOPdGFP Reporter for canonical WNT signaling 
using d2eGFP 

Mouse 
cFos 

4x LEF 
binding 
site 

2A-lyn-Cherry RFP with nuclear localization, used to 
detect electroporated cells alongside 
TOPdGFP plasmid 

Chicken 
ACTB 

CMV 

Table 2-2: List of plasmids used for electroporations. 

2.3 Oligonucleotides 
Oligonucleotides were used as primers for PCR and qPCR applications as well 

as inserts for cloning of siRNA plasmids. All oligonucleotides were synthesized 

by Eurofins Genomics. 

The Primers used for the first qPCR on the Biomark were designed using 

DNASTAR Primer Designer, aiming at around 450bp amplicon length. All primers 

were designed for an annealing temperature of 60°C, indicated by the prefix 60. 

The ACTB, CCND1, CCND2 and PAX3 primers had been previously designed 

by other members of the AG Wizenmann. The PAX7 splice variant specific pri-

mers (P7, P8, P9 and P10) were designed and published by Mao et al. in 2008. 

The EGFP primers used were published by Schüle et al. in 2006. Primer efficien-

cies aren’t listed, as the required date wasn’t acquired, and they were replaced 

by their exon skipping counterparts (Mao et al., 2008, Schule et al., 2006). 

Gene Primer Name Sequence Am-
plicon 

ACTB Beta-Actin-Fwd1 GTGCGTGACATCAAGGAGAAGC 426bp Beta-Actin-Rev1 GGACAGGGAGGCCAGGATAGA 

GAPDH 60GAPDH5’-F GCGAGATGGTGAAAGTCGGA 196bp 60GAPDH5’-R TTCCCGTTCTCAGCCTTGAC 

GAPDH 60GAPDH3’-F CTCCACCTTTGATGCGGGT 214bp 60GAPDH3’-R CAGAACTGAGCGGTGGTGAA 

AXIN1 
60Axin1-F GCAGTGCATCCGTGGGTCAGTG 

435bp 60Axin1-R GAAGATGGGCAG-
GATGGTGTCGTC 

AXIN2 60Axin2-F CTCCACCGGGGTCATCTCCTTG 432bp 60Axin2-R GGCTACCTGCCGACCTTGAACG 
WNT1 60Wnt1-F GGATGCGCCTGCCCACCTTC 231bp 
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In the further qPCRs exon skipping primers, thus cDNA specific, were used. 

These primers were designed using NCBI Primer Blast, with an annealing tem-

perature of 60°C. They share the prefix ES60. Exceptions to this are the PAX7 

forward primers, as the primers P7 and P9 published by Mao et al. in 2008 were 

used with an exon skipping reverse primer and the primers for FZD1 and FZD10, 

as these genes only have a singular exon. (Mao et al., 2008) 

Gene Primer Name Sequence Amplicon 

ACTB ES60ACTB-F CAGCCAGCCATGGATGATGA 
150bp ES60ACTB-R CATACCAACCATCACACCCTGA 

ATP5B ES60ATP5B-F CGCAAGATCCAGCGCTTTTT 
133bp ES60-ATP5B-R GGTGGTCGTATTCACCTGCC 

AXIN2 ES60AXIN2-F CGACAGAAGATCACAAA-
GAGCC 214bp 

ES60AXIN2-R CAGTCAAACTCGTCGCTTGC 

CCND1 ES60CCND1-F CCGACGAGTTACTGCAAATGG 
128bp ES60CCND1-R CTGTTTGGTGTCCTCTGCCA 

CHMP4B 
ES60CHMP4B-F CCATCAAAGCCAGCCAAGAAG 

100bp ES60CHMP4B-R CAGCCGATTACTGCTGTGGT 
 

CTNNB1 ES60CTNNB1-F CAATGGCTTGGAACGAGACAG 129bp 

60Wnt1-R TCCCCGCCGTCCCCATCTTC 

WNT4 60Wnt4-F GTGCTGGTGCCGAAAAACTCCCAG 433bp 60Wnt4-R TCCTCCGGGGCTCTGTCTCTGTAT 

LEF1 60Lef1-F GCCCATACAGCACATCGAGGAATG 405bp 60Lef1-R CATGGCTACTGACCAGCTGACTGT 

CCND1 Cyclin D1-F TCAAGTGCGTGCAGAAGGAAA 439bp Cyclin D1-R GTAGCGCACAGAGCCACAAAAGT 

CCND2 Cyclin D2-F ACAATTCCATCAAACCCCAAGA 282bp Cyclin d2-R ATCTGTCCCCATCATCAAGC 

PAX3 cPax3-fo2 TGCCGACTCTGCCGACATACC 347bp cPax3-rev2 AGGGGACAGGGCATAATCAGTTTG 

PAX7 P7 AATGGCCTCTCTCCGCAGGTGA 196bp P8 ACTGCGAGGTCGGGAGGCTGT 

PAX7 P9 CAAAACAAGATGCAGTGCTCCAG 184bp P10 CGGACTTGATGGAGTCACTCCG 

EGFP EGFP-F CGTCCAGGAGCGCACCATCTTCTT 373bp EGFP-R ATCGCGCTTCTCGTTGGGGTCTTT 
NEU-
ROG1 

60NEUROG1-F TAGCCCTGCCCGTGCGTGTC 509bp 60NEUROG1-R CCAGTGGCTCAATACCCCGTGTG 
Table 2-3: List of non-exon-skipping qPCR primers. PAX7 primers from (Mao et al., 2008). EGFP primers 
from (Schule et al., 2006) 
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ES60CTNNB1-R CCAAGGCATCCTGACCGTAT 

FDZ1 60FDZ1-F TTCTGGATCTGGTCGGGGAA 
181bp 60FDZ1-R CCCCAAGTCTGTCCCAAGC 

FZ10 60FDZ10-F ATCCCAGCCTGTAGGGTCAT 
164bp 60FDZ10-R TCATCTGACCCGTTGTTGGG 

ERMIN ES60ERMIN-F AGAGGAGCAATGCGGAGAAAA 
87bp ES60ERMIN-R TGGGGCTCAGTCGTATCCTG 

GAPDH ES603’GAPDH-F CAAGCTTGTTTCCTGG-
TATGACA 196bp 

ES603’GAPDH-R GGAACAGAACTGGCCTCTCA 

GAPDH ES605’GAPDH-F AGTCGGAGTCAACGGATTTGG 
216bp ES605’GAPDH-R AAGATAGTGATGGCGTGCCC 

HES1 ES60HES1-F GCCGACCTGATGGAGAAGAG 
212bp ES60HES2-R GAGTGCCGCGAACTATCCTT 

HES5-
like 

ES60HES5like-F CCGTGACCGGATTAACAGCA 165bp ES60HES5-like-R TTGTGAATGAATGCTGGCTCC 

HES5A ES60HES5A-F CCTGAAATACAGCCGAGCTTTT 270bp ES60HES5A-R TACCAAGGCCTCCAGAGGTT 

HES6 ES60HES6-F ACAAGCTGTCCAGCACCAA 
222bp ES60HES6-R CCACTTTGGAATCAGCCATCA 

HESX1 
ES60HESX1-F TGCTTTCACTAGAAAC-

CAGATTGA 499bp 
ES60HESX1-R ACACAACCCAGAACTTAC-

GGTT 

HEY1 ES60HEY1-F GGCCGGAGGGAAAGGTTATT 
249bp ES60HEY1-R TGAGGGTGATGTCCAAAGGC 

HMBS ES60HMBS-F CCTCTGCTTTGAGATTGTT-
GCC 77bp 

ES60HMBS-R TCTCCCCAATCTTAGAAAGCG 

LEF1 ES60LEF1-F AAGCGCAGCTATCAACCAGA 
205bp ES60LEF1-R TCTGGGGCCTGTACCTGAT 

MAP2 ES60MAP2-F TTCTGCAGGGGGAGGAAATG 
111bp ES60MAP2-R CGTCCACCTCCTGGCTTG 

NOTCH1 ES60NOTCH1-F GGCGGCCTCCGGATCTAT 
199bp ES60NOTCh1-R GCACTGCTGCACTGGCAC 

PAX3 ES60PAX3-2F AGCTCGAGTTCAGGTTTGGT 165bp ES60PAX3-2R GTGGGCTGATAGGATGGCTC 

PAX7 
P7 AATGGCCTCTCTCCG-

CAGGTGA 282bp 
ES60PAX7-R CAAATAATCAACAGCAGTTT-

GTCCA 

PAX7 P9 CAAAACAAGATGCAG-
TGCTCCAG 318bp 
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ES60PAX7-R CAAATAATCAACAGCAGTTT-
GTCCA 

TCF7L1 ES60TCF7L1-F ATGAACGCCTCCATGTCCAG 178bp ES60TCF7L1-R TGATGGGGGATTTCGAGCTG 
TCF7L1-

2 
ES60TCF7L1-2R GCGATCCTGTAAGGGAAGGG 341bp ES60TCF7L1-2R GCTGTCGTCTGACCACTTCA 

WNT1 ES60WNT1-F GATCGTTAACAGGGGGTGCC 
409bp ES60WNT1-R GTCGAAGCGGTCTTTGAGGA 

WNT3a ES60WNT3A-F TTACCTGGTCGGGTCGAGTT 
304bp ES60WNT3A-R CAATCGCCAAGGACCACCA 

WNT4 ES60WNT4-F AGGTGGTAACACAAGGGACG 
219bp ES60WNT4-R GGACGTCGACAAAGGACTGT 

YWATZ ES60YWATZ-F TCGGCCATGAAGTCGGTAAC 
166bp ES60YWATZ-R CCAGCTTCTTCTCGTTCCCA 

ZEB1 
ES60ZEB1-F AAGGAGCCATGTTTTCCAATCT 

237bp ES60ZEB1-R GTTATTGTAATT-
GGTGACTCACAGG 

Table 2-4: List of exon-skipping primers for qPCR. Forward PAX7 primers from (Mao et al., 2008). 

In addition to the qPCR primers, pSilencer primers were used for colony PCR. 

60Chr1Centromere primers were used for the detection of the genomic DNA, by 

amplifying the untranscribed centromere region of chromosome 1. The centro-

mere primers were designed using NCBI Primer BLAST. The pSilencer primers 

had been previously designed by other members of the AG Wizenmann.  

Primer Name Sequence Ta Amplicon 
pSilencer-F GGAAACTCACCCTAACTGTAAA 56°C 229bp  

(with 66bp insert) pSilencer-R CGCGCAATTAACCCTCAC 
60Chr1Cen-
tromere-F 

GATACCGTTCCCACCGGAAA 60°C 104bp 

60Chr1Cen-
tromere-R 

AAATGCCACGTACTGGGGAG 

Table 2-5: List of primers used for cloning and gDNA detection. 

For knockdown experiments, siRNA targeting PAX7 was designed using Gene-

Scrips siRNA Target Finder. 

The design of the full oligonucleotide used for cloning derived from the manufac-

turer’s instructions. A loop segment was flanked by the sense (5’ side) and the 

antisens (3’side) sequence for the siRNA. The 5’ end has a full ApaI site, the 

3’end a full EcoRI site, allowing for removal of the insert, if needed. 
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Name Sequence 
siPAX7 
506 S 

CTCCTCTGCAGGTACCAAGATTCAAGAGATCTTGGTACCTG-
CAGAGGATTTTTTAG 

siPAX7 
506 A 

AATTCTAAAAAATCCTCTGCAGGTACCAAGATCTCTTGAATCTT-
GGTACCTGCAGAGGAGGGCC 

siPAX7 
1105 S 

CCCAACTCGCAGCATTCAACTTCAAGAGAGTT-
GAATGCTGCGAGTTGGTTTTTTAG 

siPAX7 
1105 A 

AATTCTAAAAAACCAACTCGCAGCATTCAACTCTCTTGAAGTT-
GAATGCTGCGAGTTGGGGGCC 

siPAX7 
2372 S 

CGACCTATGGACCAAACATATTCAAGAGATATGTTTGGTCCA-
TAGGTCTTTTTTAG 

siPAX7 
2372 A 

AATTCTAAAAAAGACCTATGGACCAAACATATCTCTTGAA-
TATGTTTGGTCCATAGGTCGGGCC 

Table 2-6: List of siPAX7-oligonucleotides for cloning in pSIlencer1.0 plasmids. The underlined se-
quences mark the siRNA sequences. 

2.4 Antibodies 
Antibodies were used for western blotting and fluorescence immunohistochemis-

try (IHC). 

Antibody Manufacturer Type Application 
(dilution) 

anti active-$-catenin (ABC) 
antibody, clone 8E7 

Upstate mouse 
IgG1% 

IHC: 1:100 
WB: 1:1000 

anti $ Catenin non-phos-
pho(active) S45 antibody  

Abcam rabbit 
IgG 

WB 1:1000 

anti GAPDH antibody  Abcam mouse 
IgG2b 

WB 0.1µg/ml 

anti GFP antibody MoBiTec rabbit 
IgG 

IHC: 1:1000 

anti HES1 antibody (E-5) Santa Cruz Biotech-
nology 

mouse 
IgG2b 

IHC 1:100 

anti HES4 antibody (D12) Santa Cruz Biotech-
nology 

mouse 
IgG1 

IHC 1:100 

anti PAX7 antibody DSHB mouse 
IgG1% 

IHC: 2-
5µg/ml 
WB: 0.5µg/ml 

Table 2-7: List of primary Antibodies. Used for Western blot and IHC. 
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Antibody Manufacturer Chemis-
try 

Application 
(dilution) 

Affinipure goat anti mouse, IgG 
(H+L), F(ab‘)2 

Jackson Immuno 
Research 

Cy3 IHC 1:200 

Affinipure goat anti rabbit IgG (H+L) 
F(ab‘)2 Fragment Jackson Immuno 

Research 
Alexa488 IHC 1:200 

ECL Anti-Rabbit IgG, whole 
donkey antibody 

Amersham HRP WB 1:250 

Table 2-8: List of secondary antibodies. Used for Western blot or IHC. The secondary antibody for West-
ern blots using mouse primary antibodies is not listed, as it was part of the Pierce Fast Kit (see Table 2-11). 

2.5 Bacterial Strains 
For cloning, transformation and plasmid expansion DH5" competent E.coli from 

NEB (C2987) were used. This is commonly used strain of bacteria allows for high 

transformation efficiency and easy selection using plasmids encoding an ampi-

cillin resistance gene. 

2.6 Chemicals 
Name Manufacturer 
10x Buffer A+ATP Fermentas 
10x DreamTaq Buffer Thermo Fischer Scientific  
10x DreamTaq Buffer (green) Thermo Fischer Scientific  
10x Exonuclease Reaction Buffer Thermo Fischer Scientific  
1Kb Plus DNA Ladder Thermo Fischer Scientific  
20x DNA Binding Dye Sample Loading 
Reagent 

Fluidigm 

20x Bolt™ MES SDS Running Buffer Thermo Fischer Scientific  
2x Assay Loading Reagent Fluidigm 
2x Quick Ligase Buffer NEB 
5x RT Buffer Thermo Fischer Scientific  
6x Loading Dye Fermentas 
Ampicillin Sodium Salt Carl Roth 
10x Antarctic Phosphatase Buffer New England BIolabs 
Boric Acid Carl Roth 
Bromophenol Blue Carl Roth 
Chloroform AppliChem 
Control Line Fluid Fluidigm 
Color Prestained Protein Standard NEB 
CutSmart Buffer New England Biolabs 
Disodium Phosphate Carl Roth 
DRAQ5 Invitrogen 
dNTP-mix Invitrogen 
Dithiothreitol (DDT) Carl Roth 



 

 22 

Ecosurf SA-9 Carl Roth 
Ethylenediaminetetraacetic acid 
(EDTA) 

Carl Roth 

Ethanol IWT reagents 
Fast Green Sigma Aldrich 
Fetal Calf Serum (FCS) Sigma Aldrich 
Gel Green Biotium 
Glacial Acetic Acid Merck 
Glycerol Merck 
Glycine AppliChem 
Immersol Immersion Oil Carl Zeiss 
Isopropanol Sigma Aldrich 
LB-Agar (Luria/Miller) Carl Roth 
LB-Medium MP Biomedicals 
Methanol VWR 
3-(Morpholin-4-yl)propane-1-sulfonic 
acid (MOPS) 

Carl Roth 

Oligo dT-Primers Carl Roth 
PageRuler Plus Prestained Protein 
Ladder 

Thermo Fischer Scientific  

Penicillin/Streptomycin Solution Gibco BRL, Karlsruhe 
Polysorbate 20 (Tween20) Sigma Aldrich 
PonceauS Reagent Thermo Fischer Scientific 
Potassium Chloride Carl Roth 
Potassium Phosphate Sigma Aldrich 
Proteinase Inhibitor AppliChem 
2x Quick Ligase Buffer New England Biolabs 
Revert™ 700 Total Protein Stain Licor 
Ringer Solution Fresenius Kabi GmbH 
SeaKem LE Agarose Lonza Group Ltd. 
Sodium Dodecyl Sulfate (SDS) AppliChem 
SOC Broth NEB 
Sodium Acetate  Carl Roth 
Sodium Chloride Carl Roth 
Tris-EDTA buffer pH8 Invitrogen 
Tissue Tek Sakura 
TritonX AppliChem 
TrisBase Sigma Aldrich 
Trisodium Citrate Merck 
PeqGold TriFast Extraction Reagent VWR 
Water, RNase free Invitrogen 

Table 2-9: List of chemicals. 
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2.7 Solutions 

2.7.1 Solutions for Bacteria Culture 

For liquid culture, LB-broth was prepared and autoclaved. Ampicillin was added 

to a final concentration of 100µg/ml. 

 LB Broth 

  25g  LB medium, powder 

  1l  H2O 

LB agar plates were prepared in batches from autoclaved, previously dissolved 

LB agar, by heating the gel using a microwave. Ampicillin was added prior to 

casting at 100µg/ml. 

 LB Agar  

  40g   LB agar, powder 

  1l  H2O 

Cryo-stocks of transformed E.coli were prepared using a 1:1 mixture of auto-

claved LB broth and glycerol. 

2.7.2 Solutions for Electroporation 

To compensate for evaporation during electroporation and to prevent infection of 

the egg, a few drops of Ringer solution with Pen/Strep were added to each egg. 

 Ringer Solution with Pen/Strep 

  8ml  Ringer Solution 

  8µl  Penicillin/Streptomycin Solution 
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The plasmid DNAs were mixed with FastGreen to visualize injection prior to elec-

troporation. The final concentration of each individual plasmid was approximately 

1µg/µl. 

 Injection Solution 

  20µg  Plasmid DNA, per plasmid 

  1µl  FastGreen 

  x µl  RNase free H2O   

  20µl 

2.7.3 Solutions for Electrophoresis 

For agarose gel electrophoresis a 10x Tris-Borate-EDTA (TBE)-buffer was pre-

pared. Diluted down to 1x TBE, it was used as chamber solution and to cast the 

gels. 

 10x TBE buffer 

  108g   Tris base 

  55g  Boric acid 

  40ml   0.5M Na2EDTA (pH 8.0) 

  X ml  H2O       . 

  1l 

Depending on the size of the electrophoresis chamber, different sized agarose 

gels were prepared, usually at 1% w/w. TBE was heated using a microwave sol-

ubilizing the agarose. GelGreen was added after heating. Evaporated volume 

was adjusted using water. 

 1% Agarose gel 

Agarose 0.4g 0.8g 2g 

1x TBE buffer 40ml 80ml 200ml 

GelGreen 0,4µl 0,8µl 2µl 

total volume 40ml 80ml 200ml 
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2.7.4 Solutions for Western Blots 

Proteins were initially dissolved and stored in 1%SDS solution. 

 1% SDS solution 

  1g  SDS 

  100ml  H2O 

For SDS-PAGE, the protein was then mixed with 2x SDS probe buffer. 

 2x SDS probe buffer 

  0.24g  Tris base 

  6g  SDS 

  0.02g  Bromophenol blue 

  3.08g  DTT 

  x µl  H2O    

  100ml 

  +12ml  Glycerol 

Some western blots were ran using MOPS-SDS running buffer, prepared as a 

20x stock. Later blots used a pre-mixed MES-SDS running buffer. Both buffers 

were diluted 1+19 with water. 

20x MOPS-SDS Running Buffer  

  104.6g MOPS 

  60.6g  Tris base 

  10g  SDS 

  3g  EDTA 

  x µl  H2O   . 

  500ml 
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For blotting the protein onto the nitrocellulose membrane, a semi-dry blot buffer 

was used. 

 Semi-Dry Blot Buffer 

  2.9g  Tris base 

  0.185g Glycine 

  0.185g SDS 

  100ml  Methanol 

  x µl  H2O.    . 

  500ml 

Stripping buffer was used to remove primary and secondary antibodies from ni-

trocellulose membranes previously stained. HCl was added until pH2. 

 Stripping Buffer 

  0.94g  Glycine 

  5g  SDS 

  5ml  TritionX 

  x µl  H2O    .  

  500ml 

The membranes were washed post stripping, using Tris-Buffered-Saline (TBS) 

and TBST (TBS+Tween) buffers. The TBS was prepared as 10x TBS stock and 

diluted down 1+9 with water when needed. Its pH was adjusted to pH7.6 using 

HCl. 

 10x TBS 

  12g  Tris base 

  44g  Sodium chloride 

  500ml 

 



 

 27 

 1xTBST 

  100ml  10x TBS 

  900ml  H2O 

  1ml  Tween20 

For whole protein stains a wash solution and destaining solution were prepared. 

 Wash Solution 

  33.5ml Glacial acetic acid 

  150ml  Methanol 

  to 500ml H2O 

2.7.5 Solutions for Immunohistochemistry 

Cryosections were washed using Phosphate-Buffered-Saline (PBS), prepared as 

a 10x stock. Antibody solution, derived from PBS was used to dilute antibodies 

and to block unspecific binding sites. 1x PBS was obtained by mixing it 1+9 with 

water. 

 10x PBS 

  17.8g   Disodium Phosphate 

  2.4g  Potassium Phosphate 

  80g  Sodium Chloride 

  2g  Potassium Chloride 

  x ml  H2O     . 

  1l 

 Antibody Solution 

  900ml  1x PBS 

  100ml  FCS 

  1ml  Ecosurf 

A mixture of 9 parts glycerol with 1 part PBS was used as cover media for slides. 
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2.8 Enzymes 
Name Manufacturer 
10x Antarctic Phosphatase (5U/µl) New England Biolabs 
ApaI NEB 
EcoRI-HF (20U/µl) NEB 
ExoI Thermo Fischer Scientific  
DNaseI Fermentas 
DNaseI NEB 
DreamTaq DNA Polymerase (5U/µl) Thermo Fischer Scientific  
Maxima H Minus Reverse Transcrip-
tase (200U/µl) 

Thermo Fischer Scientific  

Quick Ligase NEB 
Murine RNase Inhibitor (40U/µl) NEB 
T4 Polynucleotide Kinase (10U/µl) Fermentas 

Table 2-10: List of enzymes. Enzymes included in kits are not listed separately. Manufacturer supplied 
buffers were used, if not specified otherwise. 

2.9 Kits and Master Mixes 
Name Manufacturer  
Extract Me Total RNA kit Blirt 
NEBNext Single Cell/Low Input cDNA 
Synthesis & Amplification Module 

NEB 

peqGold TRIfast Peqlab 
Pierce Fast Western Blot, Super Sig-
nal West Femto Mouse kit 

Thermo Fischer Scientific 

Plasmid Plus Midi Kit Qiagen 
QIAzol/Maxtract/RNeasy, Qiagen 
QuantiNova SYBR Green PCR Kit Qiagen 
Qubit Protein Assay kit Thermo Fischer Scientific 
RNeasy Plus Micro Kit Qiagen 
SyperScript IV CellsDirect cDNA Syn-
thesis kit 

Thermo Fischer Scientific 

Table 2-11: List of kits. 

Name Manufacturer 
PreAmp Master Mix Fluidigm 
SsoFast EvaGreen Supermix with low 
ROX 

BioRad 

Table 2-12: List of master mixes for PCR applications. 
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2.10 Instruments and Consumables 
- 0.5ml, 1.5ml and 2ml DNase/RNase free reaction tubes (Eppendorf) 

- 1.4/2.8mm ceramic bead lysis tubes (OMNI international) 

- 15ml and 50ml DNase/RNase free reaction tubes (Falcon) 

- 200µl PCR reaction tubes (Biorad) 

- Bolt™ Bis-Tris Plus acrylamide gels, as 4-12%, 8% and 12% gels (Thermo 

Fischer Scientific) 

- Cover slides for microscope slides, 24x50mm 

- Curves, sharp-pointed scissors  

- Egg stools, cut from water pipe insulation  

- Filtered Micropipette tips 10µl, 200µl, 1000µl (Starlab) 

- Fine watchmaker’s forceps  

- Glass capillary TW100-3 (WPI) inside ⌀ 0.75 mm, outer ⌀ 1 mm  

- Ice bucket  

- Micropipette tips 10µl, 200µl, 1000µl (Starlab) 

- Micropipettes, 0.1-2.5µl, 1-10µl, 2-20µl, 10-200µl, 100-1000µl (Gilson and Ep-

pendorf) 

- Microscope slides SuperFrost® plus (R. Langenbrinck)  

- Nitrocellulose membrane 0.2µm (Amersham)  

- Octa channel micropipette (Eppendorf) 

- Parafilm, size M (Bemis) 

- Petri dishes, sterile ⌀ 6 cm and ⌀ 10 cm 

- Platinum electrode (self-made) 

- Pure tungsten wire  

- Reaction tube stands 

- Scalpel blade and handle  

- Sellotape and thick plastic canvas tape  

- Serological pipettes, 5ml, 10ml, 25ml, 50ml (Thermo Fischer Scientific) 

- Sous vide tube  

- Stainless steel spatula, 5-8 mm wide tip  

- Syringes (20 ml) and needles ⌀ 0,1 mm, sterile 
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- ultrafine scissors  

- Vannas spring scissors 

- QIAxcel Cartridge (Qiagen) 

2.11 Devices 
Device Model Manufacturer 
Agarose Electrophore-
sis Chamber 

GH202 Biostep 

Agarose Electrophore-
sis Chamber 

40-2314-N Peqlab 

Agarose Electrophore-
sis Power Supply 

Consort E844 Merck 

Autoclave VX100 Systec 
Capillary electrophore-
sis device 

QiAxcel Advanced 
System 

Qiagen 

Centrifuge 5415D Eppendorf 
Centrifuge Heraeus Fresco 17 Thermo Scientific 
Centrifuge Heraeus Megafuge 

16R 
Thermo Scientific 

Centrifuge MiniSpin Eppendorf 
Chip loader IFC controller HX Fluidigm 
Chip loader IFC controller MX Fluidigm 
CLSM LSM 510 Meta Zeiss 
Egg incubator Bertha 56 Campo24 
Electric pulse source Intracept TSS Intracel 
Fluorescence source HXP 120C Zeiss 
Fluorescent micro-
scope 

Observer Z1 Zeiss 

Fluorometer Qubit 2.0 Thermo Fischer Scientific 
Gel Visualizer Pharmacia Biotech 

Image Master VDS 
Amersham Biosciences 

Incubator Block/Shaker Thermomixer Comfort Eppendorf 
Incubator/Shaker GFL 3031 Gesellschaft für Labortech-

nik mbH 
 

Micropipette Pµller  PUL-1 World Precision Instrument 
Microwave NN-E205W Panasonic 
PCR cycler  My Cycler Bio Rad 
PCR cycler Primus 96 MWG-Biotech 
PCR cycler peqStar, 96 Universal 

Gradient 
Peqlab 

Plate centrifuge Perfect Spin P Peqlab 
Petri dish incubator Heratherm Thermo Fischer Scientific 
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Pipettboy Pipetus Hirschmann Laborgeräte 
Pµlse Stimµlator Intracept TSS10 Intracel Ltd. 
qPCR cycler, 96well StepOne Plus Applied Biosystems  
qPCR cycler, chip for-
mat 

Biomark Fluidigm 

Reaction Tube Rotor - H Saur Laborbedarf 
Scale ABJ 220-4NM Kern & Sohn 
Scale - Sartorius 
Vacuum Sealer vacuplus Petra Electronic 
SDS-PAGE Chamber XCell SureLock Mini-

Cell 
Thermo Fischer Scientific 

SDS-PAGE Chamber ECO-Maxi EBC Biometra 
SDS-PAGE Power 
Supply 

- Biometra 

Shaker Vibrax-VXR IKA 
Spectrophotometer Nanophotometer 

Pearl 
Implen 

Steam cooker FS300 Braun 
Tissue Lyser Minilys Bertin 
Western blot imager Odyssey FC Licor 
Western Blot, blotting 
cassette  

Fastblot B43 Jena Analytik 

Apotome Observer.Z1 Zeiss 
Binocular microscope 
(Imaging) 

MZFLIII Leica 

Binocular microscope 
(Preparation) 

Stemi 2000-C Zeiss 

Light source KL1500 electronic Schott 
Cryotome CM3050 S Leica 
pH meter WTW Series InoLab 

Table 2-13: List of devices. 

2.12 Software 
Adobe Photoshop CS6 

 DNAstar Lasergene 15 

 Fiji 2.16 

 Fluidigm BioMark Software Suit 

IBM SPSS Statistics 29.0.2.0 

 Licor Empiria 3.0.0.173 

 Microsoft Excel 2011 

 Microsoft Excel 365 
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 Microsoft Word 2011 

 Microsoft Word 365 

 Qiagen QIAxcel ScreenGel 

 Thermo Fischer Scientific StepOne™ Software 

 Zeiss ZEN blue/black 

2.13 Online Tools and Software 
http://biotools.nubic.northwestern.edu/OligoCalc.html 

 https://blast.ncbi.nlm.nih.gov/Blast.cgi 

 https://www.ncbi.nlm.nih.gov 

 https://www.genscript.com/tools.html 

 https://www.google.com 

 http://geisha.arizona.edu/geisha/ 

2.14 Outside Services 
Eurofins Genomics was used as the only outside service. They supplied custom 

oligonucleotides, and their Light Run sanger sequencing service was used. 
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3 Methods 

3.1 Plasmid Generation 
Plasmids are small, circular DNA constructs that are commonly used in molecular 

biology, due to their stability and easy expandability in bacteria they are a great 

vehicle to deliver genes into cells and tissues.  

While most plasmids had already been generated for previous studies a new set 

of three siRNA plasmids was generated, with the aim of more efficiently repress-

ing the expression of PAX7 in-ovo. The idea was, that three siRNAs targeting the 

same PAX7 mRNA would result in a stronger and more specific knock-down than 

the singular siRNA used in previous experiments. siRNAs are short (19-23nt) 

fragments of RNA, that inhibit translation and induce degradation of complemen-

tary mRNA by associating with the RISC complex. 

3.1.1 siRNA Sequence Selection  

19nt long siRNA sequences were selected using GeneScrips online siRNA Tar-

get Finder and checked for off target binding using BLAST. The sequences se-

lected were combined with ligation adapters and a loop sequence, allowing for 

easy cloning and generation of the required hairpin loop dsRNA when being ex-

pressed in-ovo, and ordered alongside their antisense sequence from Eurofins.  

 

 

 

 

 

3.1.2 pSilencer1.0 Plasmid Digest 

The pSilencer1.0 plasmid was used as backbone for cloning. It was obtained by 

digesting the preexisting siPAX7-pSilencer with EcoRI-Hf and ApaI in CutSmart 

buffer using the following reagents: 

5’     C N(19) TTCAAGAGA N*(19) TTTTTTAG     3‘ 

3‘ CCGG N*(19) AAGTTCTCT N(19) AAAAAATCTTAA 5‘ 

 Figure 3-1: Sequence used for siPAX7-pSilencer1.0 cloning. Backbone se-
quence results in sticky ends, compatible with ApaI and EcoRI digested pSI-
lencer1.0 plasmid. N(19): sense si-sequence, 19bp length, N*(19) antisense si-
sequence, 19bp length. 
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2µl (1µg) pSilencer-siPAX7 plas-

mid 

10µl 10x CutSmart buffer 

5µl EcoRI-HF 

5µl ApaI 

78µl RNase free H2O 

100µl  

Initially only EcoRI-HF was added and incubated for 20min at 37°C, then ApaI 

was added and incubated for 20min at 25°C. The enzymes were inactivated at 

65°C for 10min. Negative controls without restriction enzymes were carried along. 

3.1.3 Agarose Gel Electrophoresis 

Agarose gel electrophoresis is a simple method for size analysis of DNA frag-

ments. The DNAs backbone consists of 2-desoxyribose and a phosphate group, 

which carries a negative electric charge. This charge causes DNA to migrate to-

wards the cathode in an electric field, which is used in gel electrophoresis. Here 

the DNA fragments migrate through an agarose gel in an electric field, resulting 

in a size separation, as smaller fragments encounter less resistance from the gel, 

thus migrating faster. 

The DNA fragments can be visualized using intercalating dyes, like GelGreen, 

which can be added to the liquid gel prior to casting or after DNA separation by 

bathing the gel for a few minutes. The latter one results in an overall better sep-

aration of bands, as the dyes interfere with the migration, but also adds additional 

steps. 

Gel electrophoresis allows for the separation of single and double stranded DNA, 

as well as RNA, but their migration characteristics differ, requiring different size 

markers, voltages and run times.  

For this study, all gels were self-cast, usually using 1% w/w of Agarose in the final 

gel. Total volume was scaled for the different sized chambers. GelGreen was 

always added prior to casting, as gels were just used as spot-checks and weren’t 

used for quantification. 
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Agarose and TBE buffer were heated using a microwave until fully dissolved. 

GelGreen was added afterwards, if strong evaporation occurred during heating, 

the total volume was adjusted using water. The liquid gel was poured bubble-free 

on the trays, combs were added, and the gel was left on the bench for 15min, 

before being chilled to 4°C to harden. 

Electrophoresis chambers were filled using 1xTBE buffer. Combs were removed 

inside the chamber, to prevent gel pockets from collapsing. Depending on the 

upstream application, various amounts of DNA were loaded. Voltage and runtime 

were adjusted, depending on the expected fragment size and the chamber used. 

The fragments were visualized using UV light.  

A few µl of the siPAX7-pSilencer1.0 digest product were mixed in a 5+1 ratio with 

6xDNA loading dye and loaded on a 1% agarose gel containing GelGreen, along-

side the native siPAX7-pSilencer and a 1kb+ ladder for size comparison. The gel 

was run for 60min at 120V.  

3.1.4 Plasmid Dephosphorylation 

The digested plasmid was dephosphorylated using Antarctic phosphatase. This 

prevents self-ligation during cloning, as ligases require 5’ phosphates to ligate 

two DNA strands. Dephosphorylation was achieved by heating the following mix 

to 37°C for 30min: 

51µl digested siPAX7-pSilencer 

6µ 10x Antarctic phosphatase buffer 

3µl Antarctic phosphatase 

60µl  

The reaction was terminated by heating to 90°C for 2min. 

3.1.5 siPAX7 Insert Phosphorylation 

Sense and antisense strand were mixed equimolar (100pmol/l) in 1xDreamTaq 

buffer and annealed by heating to 95°C for 3min and to 37°C for 30min prior to 

5´ phosphorylation. This is required, as ligases generally require a 5´phosphate 
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group when ligating DNA strands. Phosphorylation was performed using T4 ki-

nase using following reaction mix: 

8µl annealed DNA insert 

(45pM) 

4µl buffer A 

0.4µl ATP (100pM) 

2µl T4 polynucleotide kinase 

25.6µl RNase free H2O 

40µl  

The reaction mix was incubated for 20min at 37°C. 

3.1.6 Ligation 

The digested and dephosphorylated plasmids and the phosphorylated siPAX7-

inserts were ligated in an approximated molar plasmid to insert ration of 1:4 using 

quick ligase. The complementary sticky ends produced by the digest facilitated 

insertion and ligation in the desired direction. The required amount of insert was 

calculated using this formula: 

'!"#$%& =
''()#*!+ ∗ *+,-!"#$%&

*+,-'()#*!+
 

The inserts had a size of 56bp and the digested pSilencer1.0 plasmid had a size 

of approximately 3300bp. In combination with the 49ng of plasmid used, this re-

sulted in an ideal amount of 830pg of phosphorylated insert per reaction: 

5.8µl digested and dephosphorylated pSilencer1.0 plas-

mid (5.8ng/µl) 

1µl phosphorylated siPAX7 insert (400 to 600 pg/µl) 

10µl 2x quick ligase buffer 

1µl quick ligase 

2.2µl RNase free H2O 

20µl  



 

 37 

The reactions were incubated for 30min at room temperature and then directly 

used for transformation. 

3.1.7 Transformation 

To amplify the amount of freshly ligated plasmid, it was transformed into NEB 

DH5α competent E.coli using a heat shock.  

The cells were thawed on ice for half an hour and then mixed with equal amounts 

of ligation product. After another 30min on ice, the cells were heat shocked at 

42°C for 30sec, causing them to incorporate the plasmids. The cells were incu-

bated on ice for another final 5min, then 25µl of cells were mixed with 475µl of 

SOC broth and incubated for 60min, at 37°C and 250rpm in a heat block.  

The entire 500µl were plated using plastic beads, on self-cast LB-agar plates 

containing ampicillin at 100µg/ml. The ampicillin prevents all bacteria, that didn’t 

absorb ligated plasmid containing an ampicillin resistance gene to die. The plates 

were incubated for 20h at 37°C. 

3.1.8 Colony PCR 

A master mix for 20 reactions was prepared as follows: 

50µl 10x green DreamTaq 

buffer 

40µl dNTP-mix 

20µl pSilencer-F primer 

20µl pSilencer-R primer 

2µl DreamTaq polymerase 

348µl RNase free H2O 

500µl  

Individual reactions of 25µl were prepared, alongside 15 liquid cultures of 5ml LB-

broth, once again containing 100µg/ml of ampicillin. Five colonies per plate were 

selected, marked on the plate and the picked up using a 10µl pipet. The pipets 

tip was initially dipped into a PCR mix, pipetted up and down three times and then 

dropped into one of the liquid cultures.  
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The liquid cultures were incubated for 18h at 37°C in an incubator-shaker combi-

nation with 250rpm. The PCR reactions were cycled using this protocol: 

95°C 2min 1x 

95°C 30sec  

56°C  30sec  

72°C 15sec 40x 

72°C 2min 1x 

8°C  ∞  

The PCR products were analyzed using gel electrophoresis in an 1.2% agarose 

gel, using 5µl reaction product, running for 40min at 120V. 

3.1.9 Mini Preparation Plasmid Isolation 

For each different insert, depending on the results of the colony PCR, three liquid 

cultures containing the insert were selected for plasmid isolation. 2ml of culture 

were used for isolation using the Monarch Plasmid Miniprep Kit from NEB. The 

concentration of the DNA obtained was measured using a spectrometer at 260nm 

wavelength. The 260/280nm ratio was used to determine the purity, with a ratio 

of approximately 1.8 correlation with pure DNA. The concentration was calculated 

automatically by the spectrometer.  

150ng of plasmid DNA was sent out for sanger sequencing using Eurofins Light 

Run services. The pSilencer-F primer was as sequencing primer. 

3.1.10 Glycerol Cryo Stocks 

Long term storage of transformed cells at -80°C requires bacteria to be sus-

pended in a mixture of glycerol and LB broth. The glycerol prevents ice crystals 

from forming and penetrating the bacterial cell membrane and wall. Bacteria 

stored in form of glycerol stocks can be regrown by simply scratching some ice 

from the top of the stock and resuspending it in LB broth, allowing the isolation of 

fresh plasmid decades after it has initially been transformed into bacteria. 

For the preparation of glycerol stocks, the remaining 3ml of the liquid cultures 

were pelleted for 3min at 6000g and then simply resuspended in 1.5ml 1:1 
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mixture of glycerol and LB broth. For each insert, one stock, for which the se-

quencing confirmed the desired insert, was stored at -80°C. 

3.1.11 Midi Preparation Plasmid Isolation 

As electroporation requires larger quantities of plasmid DNA, 100ml LB broth cul-

tures, with 100µg/ml of ampicillin were grown for 14h at 37°C and 250rpm in an 

incubator-shaker. The cultures were grown from the glycerol stocks. The plas-

mids were then isolated using the Qiagen Plasmid Plus Midi Kit, following the 

steps of the high-yield protocol, but still using the full 100ml of culture. The plas-

mid DNA isolated was quantified using a spectrometer and sent out for sequenc-

ing using the same primer as before. 

3.1.12 DNA Concentration 

In-ovo electroporation is typically conducted using plasmid concentrations be-

tween 1µg/µl and 6µg/µl per plasmid in the injection solution. As the three new 

siPAX7-pSilencer constructs also required an eGFP expressing pCAX plasmid to 

be electroporated alongside them, a final concentration of at least 4µg/µl was 

required. This high of a concentration is typically not achieved when isolating 

plasmids from bacteria, so the DNA needs to be concentrated by precipitation. 

DNA was precipitated by mixing 200µl of isolated plasmid with 140µl of isopro-

panol and 20µl of 3M sodium acetate at a pH of 5.4. The DNA in this mixture was 

pelleted by centrifugation for 30min at 16000g and 4°C. The supernatant was 

removed and replaced with 1.5ml of pure ethanol, followed by another 20min of 

centrifugation under the same conditions. The ethanol was removed afterwards 

and the pellet air dried for 10min at 37°C in the heat block. 

The DNA pellet was resuspended using RNase free water. The volume used was 

calculated using the following formula, aiming for a final concentration of 6µg/µl 

to have some headroom for DNA losses during prior steps. 

., =
/! ∗ .!
.,

 

The concentration obtained was measured using a spectrometer.  
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3.2 In-ovo Electroporation 
In-ovo electroporation is one of the easiest and most reliable methods for the 

genetic modification of chicken embryos, using once again the property of DNA 

to move towards the positive electrode in an electric field because of its negatively 

charged phosphate groups. Injecting plasmid DNA into the neural tube and ap-

plying a series of electricals pulses temporarily perforates the cell membranes, 

allowing DNA to enter the cells following the electric field. This results in a transi-

ent, genetic modification of the neural epithelium cells one sided of the brain, 

whilst the other side remains as an internal negative control.  

3.2.1 Embryo Staging and Egg Preparation  

Upon postal arrival, the fertilized chicken eggs were laid sideways, and the top 

was marked as the most likely position for the embryo to grow. 1-2ml of the egg’s 

albumin was removed from the egg using a syringe and an egg picker, poking a 

hole at the bottom side of the egg, where the air chamber is localized. The eggs 

were then incubated at 37°C and 65% humidity for 1.5 days using the Berta 56 

incubator. The eggs shells were then cut open using a forceps, scissors, and 

adhesive film. The adhesive film was first applied to the previously marked loca-

tion, preventing debris from falling on the embryo during the process of cutting. 

The age of embryonic development was assessed under a binocular microscope 

using the Hamburger and Hamilton (HH) stages of chicken development. 

3.2.2 Electroporation 

Chicken embryos at HH stage 9-11 were selected for electroporation. Under a 

binocular microscope the vitellin membrane was cut open using a sharpened 

tungsten wire, after a few drops of Ringer solution containing penicillin and strep-

tomycin were added into the egg. This was done to prevent the egg from drying 

out or getting infected during the further procedures. 

A mixture of plasmids, usually around 1µg/µl each, were injected into the neural 

tube using a micropipette pulled from glass capillaries. The injection mixture also 

contained 0.05% FastGreen allowing visual tracking of the injection.  
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After the injection, two electrodes were placed lateral on both sides of the em-

bryo’s midbrain. Five to eight electric pulses with a voltage of 20V and duration 

of 50ms were applied.  

The electroporated eggs were sealed back off using tape and put back in the 

incubator until reaching HH stage 14 or 17. 

The growth and electroporation success were monitored and documented using 

a microscope equipped with a fluorescent light capable of exciting the eGFP en-

coded on the electroporated plasmids. 

3.2.3 Tissue Preparation 

Under a binocular microscope, using a sharpened forceps and micro scissors the 

embryos were removed from their eggs and placed in a petri dish filled with ringer 

solution. Both sides of the dorsal midbrains of the embryos were isolated and 

transferred into 1.5ml reaction tubes using a pipet. The supernatant was removed 

after a centrifugation at 16000g for 1min and the tissue was stored at -20°C or 

directly processed into RNA, cDNA, or protein. Hindbrains, that by chance some-

times were electroporated as well, were also isolated for further analysis. 

A few embryos, electroporated with the three new siPAX7-pSilencer plasmids, 

had their midbrains imaged as an open book preparation prior to the final tissue 

isolation, with the idea of measuring potential differences in midbrain size under 

a microscope. For this special preparation technique, the midbrain is removed 

from the embryo, and then cut open ventrally, resulting in a flat, butterfly shaped 

preparation that can be imaged using a conventional microscope.  

3.2.4 TOP-dGFP Expression 

A TOP-dGFP construct was used to assess canonical Wnt signaling in-ovo. The 

TOP-dGFP plasmid contains a d2eGFP gene, coding a GFP protein with a short 

half-life time, under the control of 4 TCF/LEF binding sites. When Wnt signaling 

is active, CTNNB1 ($-catenin)/TCF complexes bind to the TCF/LEF site, resulting 

in GFP expression. Due to the short lifespan of the GFP, canonical Wnt signaling 

can be observed in real time. A plasmid encoding for an RFP protein was elec-

troporated alongside the TOP-dGFP plasmid as an electroporation control. PAX7 

expression was modified using pMES-∆GFP or pSilencer plasmids, not encoding 



 

 42 

any fluorescent proteins. As a baseline, embryos only electroporated with the 

TOP-dGFP and 2A-lyn-Cherry plasmids were used. 

Electroporated embryos were incubated until HH stage 17-18. The electroporated 

side of the embryo was prepared and imaged quickly, as the fluorescence of pro-

teins isn’t as stable as the fluorescence of synthetic dyes. 

3.2.5 Cell Counting for TOP-dGFP Experiments 

Microscope images were analyzed using Fiji for automated cell counting. In a first 

step the RFP and GFP channels were turned into a binary image using the 

threshold function. These binaries were then overlayed and once again turned 

into a binary, leaving only signal, where RFP and GFP overlapped. The individual 

cells were then separated using the watershed tool on the RFP and merged bi-

nary. Using the analyze particles tool, particles larger then 45 pixles2. The ratio 

of the merged to RFP cell number and area were calculated and compared be-

tween different PAX7 expression modifications. 

3.3 cDNA, RNA and Protein Isolation 
RNA extraction, especially for the analysis of individual dorsal midbrains, pre-

sented a challenge.  

The quantification of tissue used for RNA isolation using scales wasn’t reliable, 

as the residual ringer solution from tissue preparation had a higher mass then the 

tissue itself. Most common commercial RNA isolation kits (RNeasy Plus/Micro, 

peqGold TriFast) couldn’t be scaled down sufficiently and even if RNA is isolated, 

detection and quantification wasn’t possible outside of PCR reactions, as neither 

spectroscopic nor dye-based systems (Qubit, RNA High Sensitivity Kit) had a low 

enough detection threshold. 

Ultimately, a traditional phenol-chloroform extraction was performed, using 

Peqlabs peqGold TriFast, for the analysis of pooled embryos, as this method also 

allowed for protein isolation. For the individual analysis of embryos, cDNA was 

directly synthesized from tissue lysates using SyperScript IV CellsDirect cDNA 

Synthesis kit from ThermoFischer.  

For both methods, the amount of tissue used was controlled by careful and sym-

metric tissue preparation. For pooled embryo analysis, the amount of RNA used 
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for cDNA synthesis was measurable and thus controlled. For the remaining vari-

ations in concentrations, multiple reference genes were used in qPCR, and whole 

protein stains were used for western blot normalization. 

3.3.1 Isolations from Pooled Embryos  

The mid- and hindbrains of embryos at the same Hamburger and Hamilton stage, 

electroporated with the same plasmids were pooled and their RNA and proteins 

were extracted using a modified protocol of the peqGold TriFast kit. The RNA 

was later used for cDNA synthesis prior to qPCR, and the protein was used for 

western blot analysis. 

Pooled tissue was suspended in 1m TriFast reagent and transferred into 

1.4/2.8mm ceramic lysis tubes. Tissue lysis was done using a Bertin Minilys sys-

tem on the medium setting for three times 10s, letting the tubes chill on ice for 1-

2min between runs. This step was added to improve yields and reduce genomic 

DNA contaminations.  

The lysates were then transferred into a 2ml reaction tubes, where 200µl of chlo-

roform were added. Tubes were inverted three times, incubated at room temper-

ature for 10min and the centrifuged for 5min at 12000g, separating the clear 

aqueous phase containing the RNA from the DNA and protein, contained in the 

interphase and the red phenolic phase. 

3.3.1.1 Phenol-Chloroform Protein Isolation 

After separating the aqueous phase from the red phenolic phase and the inter-

phase, the latter two were mixed by with 300µl of pure ethanol. The ethanol 

caused DNA precipitation during centrifugation for 15min at 2000g and 4°C, after 

an initial incubation for 2min at room temperature. The supernatant was removed 

and mixed with 1.5ml of isopropanol, incubated for 10min at room temperature 

followed by centrifugation for 10min at 12000g, once again at 4°C. The superna-

tant was discarded, the pellet obtained air dried for 30min at 40°C and resus-

pended in 1% SDS at 75°C.  

The protein obtained was quantified using a spectrometer at 280nm or using the 

Qubit with its Qubit Protein Assay. For Qubit assays, the manufacturer’s 
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instructions were followed, and new standards were always prepared, prior to 

quantification. 

For short term, the protein was stored at -20°C, for storage longer than a week, 

samples were kept at -80°C. 

3.3.1.2 Phenol-Chloroform RNA Isolation 

The RNA in the aqueous phase was precipitated by adding 500µl of isopropanol, 

incubating the mixture on ice for 15min and a 10min centrifugation at 12000g and 

4°C. The pellet obtained was washed twice by removing the supernatant and 

replacing it with 75% ethanol followed by 20s of vortexing and 10min centrifuga-

tion under the same conditions.  

The pellet obtained was air dried for 20min, resuspended using water at 55°C 

and quantified using a spectrometer at 260nm. The 260/280 ratio was used for 

assessment of RNA purity, with ratios of 1.8-2.1 indicating pure RNA. The RNA 

integrity was measured using a QIAxcel capillary electrophoresis device.  

For short term, the RNA was stored at -20°C, for storage longer than a week, 

samples were kept at -80°C. 

3.3.1.3 cDNA Synthesis 

To be used in PCR and qPCR reactions, RNA needs to be transcribed into cDNA. 

This is accomplished by reverse transcription using enzymes derived from RNA 

viruses, like the Maxima H Minus reverse transcriptase.  

cDNA synthesis was done in two steps, in the first step, secondary structures in 

the RNA were dissolved, and oligo dT primer were annealed. This was accom-

plished by heating the following reaction to 65°C for 10min. 

1330ng total RNA 

2µl dNTP-mix 

2µl oligo dT primers 

 RNase free H2O 

29µl  
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After the first heating step, the reaction was cooled on ice, and following buffers 

and enzymes were added: 

8µl 5x RT buffer 

2µl Maxima H Minus reverse tran-

scriptase 

1µl RNase inhibitor 

40µl  

The reaction containing the enzymes, was now once again heated to 65°C for 

30min, followed by heat inactivation for 10min at 85°C.  

cDNA was stored at -20°C and used for qPCR within 24h. 

3.3.2 cDNA Synthesis Using the SyperScript IV CellsDirect Kit 

Individual midbrains of embryos electroporated, with mainly the siPAX7-pSi-

lencer1.0 and a pCAX plasmids, were used for direct cDNA synthesis with the 

SyperScript IV CellsDirect cDNA Synthesis kit.  

Following the manufacturer’s instructions, a lysis master mix was first prepared. 

per reaction: 

25.61µl SyperScript IV CellsDirect Lysis 

Solution 

0.26µl 100x Lysis Enhancer  

0.53 50x DNase I 

26.4µl  

24µl of lysis mix were added to each individual midbrain half in a 1.5ml reaction 

tube. Tissue was mechanically lysed using a sterile pestle. After an incubation of 

10min 3µl of SyperScript IV CellsDirect Stop Solution were added, mixed, and 

incubated for another 2min. Both incubations were done at room temperature.  

The final step was the reverse transcription itself. For this 8µl of SuperScript IV 

RT Master Mix were added and the tubes were transferred into a heat block. A 

master mix without reverse transcriptase was used as negative control. 
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25°C 10 min primer annealing  

50°C 10min reverse transcription 

85°C 5min heat inactivation 

After the heat inactivation, the cDNA was stored at -20°C. 

3.3.3 QIAxcel Capillary Electrophoresis 

Both, dsDNA and ssRNA capillary electrophoresis was done. DNA electrophore-

sis was used for quality control spot checks of qPCR products and in primer test-

ing. PCR product was directly loaded, alongside a 15-500bp marker.  

3.4 Quantitative Real-Time Polymerase Chain Reaction  
To analyze the effects of the electroporated plasmids on gene expression on an 

mRNA level quantitative real-time polymerase chain reaction (qPCR) was used.  

qPCR is a method derived from regular polymerase chain reaction (PCR). In a 

PCR, DNA is repeatedly heated up to 95°C to separate its strands. The temper-

ature is then dropped down to usually around 60°C, allowing short oligonucleo-

tides - called primers – to bind to the DNA. In most PCRs two primers per reaction 

are used specifically binding to opposing strands of the same gene of interest. 

After the primers are annealed to their DNA template, the reaction temperature 

is increased to 72°C allowing the Taq-Polymerase to synthesize the complemen-

tary strands of DNA starting from the primers. This process is repeated multiple 

times, theoretically doubling the amount of newly synthesized DNA with every 

cycle.  

 
Figure 3-2: Schematic drawing of a PCR reaction. If primers are available, the amount of targeted DNA 
doubles with each cycle, resulting in exponential amplification. 1: Denaturation. DNA strands separate at 
95°C. 2: Annealing. DNA primers bind template DNA, temperature variable, usually 60°C. 3: Elongation. 
The DNA polymerase synthesizes complementary DNA strand, starting at the primers 3’ end. Usually at 
72°C. Image after (Enzoklop, 2014) 
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To observe the amplification of DNA with every cycle, an intercalating dye 

(CYBR-/EVA-Green) can be added to the reaction. These dyes reversibly bind to 

double strand DNA, allowing the quantification of the total PCR product after each 

cycle using fluorescence. With the DNA molecules, that the primers bind to, dou-

bling with every cycle the signal intensity from the dyes increases exponentially. 

This phase, that allows for the quantification of the amount of DNA of the gene of 

interest, is typically flanked by an initial phase of only background signal caused 

by the other DNA present in the reaction and a plateau phase in the later cycles 

caused by the polymerase running out of nucleotides for further DNA synthesis.  

Using the fluorescence curves, a signal threshold can then be defined. All reac-

tions using the same primers within a run share the same threshold allowing for 

comparisons of the number of cycles needed to cross it, commonly referred to as 

Ct (cycle of threshold crossing) or Cq (cycle of quantification) value. A threshold 

as low as possible, whilst still intersecting all signal curves during the phase of 

exponential amplification is optimal. Most cyclers and software automatically set 

the thresholds and only in a few instances manual adjustment was needed. 

Once the cycling itself is completed, melting curves were obtained. This was done 

by reducing the temperature of the reactions down to 20°C and then slowly in-

creasing it back up to 95°C while measuring the fluorescens every 0.7°C. The 

increase of temperature leads to a denaturation of the DNA double strands, caus-

ing a reduction is fluorescence. As the sequence of the DNA determines the tem-

perature at which the strands separate, a drastic reduction in signal can be de-

tected at a specific temperature when the PCR product denatures. The change 

Figure 3-3: Schematic example of sig-
nal curves from qPCR. Curves have a 
sigmoid shape. The central, linear part 
represents the exponential amplification 
of DNA and is used for quantification. 
The lower the DNA input, the higher the 
number of cycles needed for the fluores-
cence signal to cross the baseline and 
to show detectable amplification. Image: 
(Mészáros, 2022) 
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in fluorescens was blotted against the temperature. A singular peak corresponds 

to a singular product being produced in the PCR (See figure 4-15).  

The experiments were performed using a 96 well format StepOne Plus cycler for 

pooled embryo analysis or on a Biomark with a 48.48 or 96.96 chip format for 

single embryo analysis.  

3.4.1 qPCR Primer Design and Validation 

Primers are one of the key components for stable qPCR reactions. For gene ex-

pression analysis primers must bind specifically to the intended cDNA target 

(=specificity) and show linear (exponential) amplification over a large range for 

target concentrations (=efficiency). 

3.4.1.1 Primer Design 

Initially PCR primers were designed using DNASTAR PrimerSelect. The design 

criteria were a PCR product length of about 400-600bp, a location close to the 3’ 

end of the mRNAs sequence and a melting temperature of around 60°C. After 

initial testing these primers were discarded as they also amplified the residual 

genomic DNA in the cDNA samples. 

The primers finally used for qPCR experiments were designed using Primer 

BLAST. Annealing temperatures of 60°C, the maximum PCR product length of 

less than 400bp and the RefSeq accession number were used as inputs, as well 

as the requirement of primers skipping an exon-exon junction to avoid amplifica-

tion of residual genomic DNA. 

For the detection of the two splice variants of the transactivation domain of PAX7 

the forward primers P7 and P9 published by Mao et al. were combined with an 

exon skipping reverse primer. (Mao et al., 2008) 

Predicted off target PCR products, using the Gallus gallus mRNA RefSeq library 

within Primer BLAST, of a length greater than 1500bp with only partial primer 

binding were accepted and their absence was validated both in regular PCR as 

well as in the qPCR reactions. 



 

 49 

3.4.1.2 Primer Validation 

All primers were initially tested using regular PCR and agarose electrophoresis. 

This was done to ensure the primers only amplified the intended gene and only 

worked on cDNA as a template. 

For the PCR reactions a master mix containing cDNA, genomic DNA or plasmid 

DNA was prepared on ice. Primers were added individually afterwards.  

Xµl Template (2.5µl cDNA or 50ng plas-

mid DNA) 

2.5µl 10x green DreamTaq buffer 

2µl dNTP-mix 

0.1µl DreamTaq polymerase 

Yµl RNase free H2O 

23µl  

1µl of forward and 1µl of reverse primer (both 10µmol/l) were added to each re-

action for a total reaction volume of 25µl. PCR grade water was used as no primer 

control. 

The genomic DNA was used as a control for cDNA specific amplification. The 

reactions containing cDNA were used to determine the gene specificity of the 

primers by analyzing the length of the PCR product produced. Plasmid DNA was 

used to check the splice variant selectiveness of the P7 and P9 primer combina-

tions, as in most tissues both splice variants seem to be expressed. 

sPAX7-pMES-∆GFP and lPAX7-pMES-∆GFP were used as plasmid DNA.  

Reactions were performed using the Primus 96 cycler. A total number of 40 cy-

cles was used to amplify weakly expressed genes and have a higher chance of 

detecting unintended amplification products. 
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95°C 5min 1x 

95°C 1min  

60°C  45sec  

72°C 1min 40x 

72°C 5min 1x 

20°C  ∞  

Initially some temperature gradient PCRs were performed, with the intend of op-

timizing annealing temperatures. This idea was soon discarded, as both qPCR 

cyclers only supported one annealing temperature per plate or chip. 

The PCR products were analyze using agarose gel electrophoresis, as described 

in 3.1.3. PCR products were loaded onto the gel, alongside with a 1kb+ DNA 

ladder for size comparison of the products. If only one band, at the expected size 

was detected in the reactions containing cDNA and no band in the reaction con-

taining genomic DNA the primer was assumed to be specific. For the reactions 

containing plasmid DNA, the P7 primer was expected to only amplify the short 

TA splice variant of PAX7, and the P9 primer was expected to only amplify the 

long TA splice variant of PAX7. 

In a second step the primer efficiency was tested using a dilution series of cDNA, 

derived from wildtype spinal cord RNA of HH stage 29 chicken embryos. The 

efficiency describes the ability of a PCR reaction to consistently double a tem-

plate each cycle. The efficiency depends on the primers; the other chemicals 

present in the reaction and the surrounding reaction conditions. As a result of this 

it is important to test for primer efficiency using conditions as close to the final 

experimental conditions as possible, hence the efficiency was tested individually 

for the qPCRs on the StepOne Plus cycler and on the Biomark. The efficiency 

testing for the latter one was done alongside the samples that is being further 

described in its own section. 

The efficiency of a reaction can be determined by running a dilution series under 

the same conditions as the later experiments themselves. A primer efficiency be-

tween 90% and 110% is commonly considered to be acceptable.  
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For the qPCRs performed on the StepOne Plus cycler a 96 well plate format was 

used, allowing for a total of 32 reactions when using triplicates of each reaction. 

A total of eight 1:1 dilutions were used, ranging from 400ng to 3.125ng of RNA 

equivalents of cDNAs, allowing for four primers being tested simultaneously.  

For each concentration of cDNA an individual master mix for 15 reactions (12 + 

3 overage) was prepared. The QuantiNova SYBR Green PCR Kit was used.  

150µl SYBR Green PCR Master Mix 

15µl QN ROX Reference Dye 

15µl cDNA 

93.75µl RNase free H2O 

273.75µl  

Forward and revers primers were mixed at a concentration of 10µmol/l each and 

1.75µl/well were loaded onto the 96 well plate. 18.25µl of master mix were added 

afterwards for a total reaction volume of 20µl per well. All preparation, mixing and 

loading steps were performed on ice. 

The plates were sealed with adhesive film, spun down using a plate centrifuge, 

vortexed and spun down again before being placed in the cycler. The qPCR was 

conducted using the following protocol, including a melting curve. 

95°C 10min 1x 

95°C 10sec  

60°C  1min 40x 

20°C  ∞ 1x 

3.4.2 Gene Expression Analysis 

The gene expression analysis experiments were performed on two different sys-

tems, using different reagents, methods of cDNA generation and sample pretreat-

ments. Pooled embryos were analyzed in a 96 well format on the StepOne Plus 

cycler using cDNA from RNA previously isolated using phenol-chloroform precip-

itation. Individual embryos were analyzed using 48.48 or 96.96 chips on the Flu-

idigm using cDNA isolated using the SuperScript IV CellsDirekt cDNA Synthesis 

Kit. 



 

 52 

For both instances the non-electroporated sides functioned as control groups and 

were always ran alongside the GFP positive electroporated samples, allowing for 

expression comparisons.  

3.4.2.1 qPCR Using StepOne Plus Cycler 

The effect of the plasmids electroporated of gene expression was analyzed using 

relative quantification. Pooled cDNA from chicken embryos was analyzed using 

the QuantiNova SYBR Green PCR Kit in a 96 well format. Like for the primer 

efficiency qPCRs, three master mixes were prepared for each plate, one from the 

control side, one from the electroporated GFP positive side and a negative control 

containing water instead of cDNA. For each region of the brain, each Hamburger 

Hamilton stage and each plasmid electroporated an individual plate was run.  

280µl SYBR Green PCR Master Mix 

28µl QN ROX Reference Dye 

28µl cDNA 

175µl RNase free H2O 

511µl  

One master mix allowed for reactions in triplicates of eight primers and still have 

the volume of four reactions as pipetting overage. The plate loading, preparation 

and cycling were performed identical to the reactions described under 3.4.1.2. 

3.4.2.2 qPCR Using Biomark  

cDNA from single embryos was used for chip-based qPCR on the Biomark. This 

specialized cycler uses low reaction volumes and allows for the parallel analysis 

of up to 96 samples with 96 different primer pairs. The reaction and the data 

obtained is the same as in any regular qPCR, but a preamplification of the sam-

ples is needed to ensure acceptably low Cq-values. In the following, sample prep-

aration and loading are described for a 96.96 IFC. Volumes were scaled down 

for smaller chips during initial testing.  

3.4.2.2.1 Preamplification 

Preamplification was done using 12 cycles of regular PCR with a master mix con-

taining all primers used for the later qPCR. The low number of cycles and ensures 
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an excess of reagents and allows for an even amplification of all target se-

quences.  

First, 1µl primers, forward and revers, all at 100µmol/l were mixed and the total 

volume was adjusted to 200µl using TE-buffer at a pH8. 

Using the primer mix, the following master mix for 96 reactions, including overage 

was prepared: 

110µl PreAmp Master Mix 

55µl pooled primer mix  

247.5µl RNase free H2O 

313.5µl  

1.25µl of cDNA were mixed with 3.75µl of master mix and amplified as a 2-step-

PCR in the StepOne Plus cycler. 

95°C 2min 1x 

95°C 15sec  

60°C  4min 12x 

8°C 5min 1x 

3.4.2.2.2 Exonuclease Digest 

Prior to loading the preamplification product on the qPCR chip, remaining primers 

and single stranded cDNA was removed by digest using ExoI. For this purpose, 

another master mix was prepared. 

154µl RNase free H2O 

22µl 10x Exonuclease Reaction Buffer  

44µl ExoI Exonuclease 

220µl  

2µl of master mix were added to the product of each preamplification reaction, 

the mixture was heated to 37°C for 30min, followed by heat inactivation at 80°C 

for 15min. 
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3.4.2.2.3 Chip Loading and Cycling 

Prior to loading of the chip, the products of the ExoI digest were diluted 1+9 with 

TE-buffer at pH8. 3.3µl of these dilutions were mixed with Sample Pre-Mix, vor-

texed for 20sec and then centrifuged at 1000g for 30sec. The Sample Pre-Mix 

was freshly prepared by adding 36µl of 20x DNA Binding Dye to 360µl of 2x Sso-

Fast EvaGreen Supermix with low ROX.  

The primer assays were prepared using following ingredients: 

9µl 2x Assay Loading Reagent 

0.45µl forward primer 

0.45µl reverse primer 

8.1µl RNase free H2O 

18µl  

The primer assays were also mixed by vortexing and then centrifuged at 1000g 

for 30sec. 

The 96.96 chip was primed following the manufacturer’s instructions and using 

the HX IFC Controller, program Prime (136x), after injecting 150µl of control line 

fluid and removing the cover sticker from the chip.  

The chip was then loaded by adding 5µl of each sample into the sample inlets. 

The primer assays were loaded in triplicates, using 5µl per assay inlet. The sam-

ples in primers were then injected into the chip itself using the Load Mix (136x) 

protocol on the HX IFC Controller. 

The fully loaded chip was then run on the Biomark, using the GE 96x96 

PCR+Melt v2 protocol, provided by Fluidigm. 

3.4.3 Data Analysis 

As described previously, the most common way to analyze amplification curves 

from qPCR reactions, is the comparison of Cq values – the instruments software 

of both, the StepOne Plus and the Biomark, automatically set the thresholds for 

quantification and directly report Cq values.  
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For all reactions, the amplification curves and thresholds were inspected individ-

ually, checking for exponentiality of amplification and whether the threshold was 

within the cycles of exponential amplification and sufficiently above the back-

ground signal. In addition to this, the melting curves for reactions using the same 

primers were compared – if all reactions showed one distinctive peak at the same 

temperature and the amplification curves showed clean amplification, the Cq val-

ues were included for downstream analysis. 

As all reactions were conducted in triplicates, the averages and standard devia-

tions were calculated. If the Cq value of one of the reactions differed strongly from 

the others, that reaction was omitted and only two values were used for further 

calculations. All calculations, except statistical testing were done using Excel. 

3.4.3.1 Primer Efficiency Calculation 

Primer efficiency reflects a primer pairs ability to duplicate the template DNA pre-

sent each cycle. It was determined using the Cq values from dilution series ex-

periments. 

The average of the Cq values obtained were blotted against the logarithmic RNA 

concentrations. Using the slope of a linear fit, the primer efficiency was calculated 

using following formula: 

-11+2+-'23 = 410
-.

#(/'$ − 18 ∗ 100% 

An efficiency of 100% corresponds to a perfect doubling of DNA templates. Effi-

ciency values between 90%-110% were considered acceptable. 

3.4.3.2 Comparative Expression Analysis 

The effects of electroporation on gene expression were analyzed using the ∆∆Cq 

method, which allows the calculation of relative differences between two sam-

ples, in this case, between the non-electroporated wild type side and the electro-

porated, GFP expressing side. 

In a first step, the geometric mean of the expression of all reference genes was 

calculated, alongside its standard deviation and standard error. 

/̅01$/* = ;/0. ∗ /02 ∗ …/0"!  
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The expression of the genes of interest was normalized by subtracting the just 

calculated geometric mean from the Cq values of the genes of interest. Alongside 

the normalized gene expression, its standard error was calculated. 

∆/0 = /0345 − /0̅1$/* 

=D∆7" = ;=D3452 + =D1$/*2 

Using the normalized expression, the relative expression between the different 

sides of the brain was calculated by another subtraction step. This time subtract-

ing the wildtype side from the electroporated side. The standard error of this dif-

ference was calculated alongside, ultimately allowing for the calculation of the 

standard deviation of expressional difference between the two sides. 

∆∆/0 = ∆/0389 − ∆/0:; 

=D∆∆7" = ;=D∆7"#$%2 + =D∆7"&'
2 

=>∆∆7" = =D∆∆7" ∗ √' 

The fold change of gene expression was then calculated from the ∆∆Cq value. 

F/ = 2-∆∆7( 
3.4.3.3 Statistical Analysis 

All statistical analysis was done using SPSS. The tests were selected based on 

scale level and sample distribution. For nominal scaled data, a Mann-Whitney-U 

test was performed. Interval scaled data was tested for distribution using the Kol-

mogorov-Smirnov test. Based distribution t-test for equality of means was used 

for date with a normal distribution. For data with skewed distribution, Lavene’s 

test for equality of variances was performed. 
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3.4.3.4 RIN-Analysis 

As the SyperScript IV CellsDirect cDNA Synthesis kit, as the name indicates, 

directly synthesizes cDNA from tissue, the RNA integrity couldn’t be measured 

using traditional capillary electrophoresis. To get at least some insight into the 

quality of cDNA used, two primers were designed. The ES603’GAPDH and the 

ES605’GAPDH primers were not only used for reference gene detection, but the 

difference of their Cq values also correlates with RNA/cDNA integrity. A ∆/0<´->´<3 

correlates to a RIN>7. 

3.5 Western Blot 
One of the most common techniques to assess gene expression on a protein 

level is western blotting. This technique combines the size separation of proteins 

by SDS poly acrylamide gel electrophoresis (SDS-PAGE) with the specificity of 

antibodies in on a bolt. 

In the first step, protein is denatured in the presence of SDS and DTT using heat, 

then loaded onto a poly acrylamide gel and separated by size using an electric 

field.  

As proteins vary in the composition of amino acids, they don’t have an electric 

charge proportional to their mass, like for example DNA has. SDS helps to com-

pensate for this, by not only acting as a detergent, but by surrounding the pro-

teins, it also contributes the negative charges of its sulfate groups, resulting in 

evenly negatively charged proteins. This negative charge now causes the pro-

teins to migrate towards the cathode, with larger proteins migrating a shorter dis-

tance in the gel, as the encounter a higher resistance.  

After electrophoresis, the poly acrylamide gel is then transferred on top of a ni-

trocellulose membrane and the proteins are transferred out of the gel, onto the 

membrane, once again using an electric field. This step is reoffered to as the 

blotting itself.  

Protein on the membrane is very stable and allows for a large variety of detection 

methods, like full protein stains or specific protein detection by antibodies. Both 

methods can be, depending on the chemistry used, be done in a way, that allows 

for quantification of the protein on the membrane. 
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3.5.1 SDS-PAGE 

Prior to loading the protein on the precast Bolt-Bis-Tris gels, it was mixed 1:1 with 

2x SDS probe buffer, 1% v/v proteinase inhibitor was added, and the mixture was 

heated to 95°C for 10min. 

The electrophoresis chamber was filled using MES or MOPS buffer, the comb 

was removed from the gels and up to 40µl of protein in SDS probe buffer were 

loaded alongside protein standards. Depending on the gel, chamber and power 

supply, the gels were run for different durations and at different voltages, usually 

starting at a lower voltage for the collection of the protein in the gel, prior to sep-

aration. The electric field was turned off, once the blue band from the bromophe-

nol blue had just left the gel. The final runs, used for quantification were done 

using the XCell system, 8% Bolt Bis-Tris gels, MES buffer and ran for 10min at 

100V followed by 17min at 200V.  

3.5.2 Semi-Dry Blotting 

The gels were removed from the electrophoresis chamber; the shells were prod-

ded open using a large spatula. Nitrocellulose membranes were rinsed using 

semi-dry blot buffer and placed on top of three sheets of Whatman paper soaked 

in the same buffer. This stack was transferred into the blotting chamber. The col-

lection gel and the lower end of the gel were removed and discarded; the center 

piece of the gel was placed on the nitrocellulose membrane and cover with an-

other three sheets of soaked Whatman paper. With the stack completed, the blot-

ting chambers lid was closed and pressed down using two full one-liter glass 

flasks. 15V were applied for 1h, with the positive electrode being at the bottom of 

the stack. A maximum of two gels were blotted simultaneously.  

The success of blotting was tracked by whole protein staining. The blots were 

submerged in PonceauS reagent for 5min, rinsed twice using water and then im-

aged. After Imaging, the membranes were trimmed using a scalpel and labeled 

using a pencil.  
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3.5.3 Antibody Staining 

All antibody stains on western blots were done using the Pierce Fast Western 

Blot, Super Signal West Femto Mouse kit. This kit uses a modified luminol rea-

gent and horseradish peroxidase coupled secondary antibody to generate chem-

iluminescence. As the stream of light emitted correlates with the amount of pe-

roxidase coupled antibody, it ultimately allows for the quantification of individual 

proteins on the nitrocellulose membrane. 

The antibodies were diluted, as recommended by their manufacturers using the 

Antibody Dilutant contained within the kit. A final volume of 1.5-2ml was used per 

blot. Blots were sealed in sous vide bags for antibody incubations. A maximum 

of two blots was stained within the same bag. The blots were incubated for 10-

16h over night at 4°C. 

The next morning, the blots were transferred into individual 50ml reaction tubes.  

For primary antibodies from mice, 1ml of Optimized HRP Reagent, provided in 

the kit, was mixed with 9ml of Antibody Dilutant. For primary antibodies from rab-

bits, 40µl of Amersham HRP anti rabbit antibody was mixed with 10ml of Antibody 

Dilutant. Either way, 10ml of diluted secondary antibody was added to the west-

ern blot membrane and incubated for 15min at room temperature on a rotor. 

After removing the secondary antibody, the membrane was washed four times 

for 5min using 20ml of the Wash Buffer provided in the kit. Washes were also 

conducted on the rotor system at room temperature.  

The final step of staining was adding 10ml of SuperSignal West Femto Working 

solution, freshly prepared from even parts of SuperSignal West Femto Lumi-

nol/Enhancer Solution and SuperSignal West Stable Peroxide Solution. This so-

lution was incubated for 5min under the same conditions as in the prior steps. 

Once the final incubation was done, the membrane was sealed in a sous vide 

bag, to prevent drying, and imaged using the Odyssey Fc system, with 10min 

exposure on the chemiluminescence channel, and 30sec on the 600nm and 

700nm channels. The latter ones imaged the protein standard, whilst the protein 

stained by the antibodies was visualized in the chemiluminescence channel. 
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3.5.4 Antibody Stripping 

As multiple different proteins were to be detected, the antibodies used for each 

staining needed to be removed before a membrane could be probed again with 

a different antibody. This was done using stripping buffer, in which the mem-

branes were incubated for 10min. The remainders of the strip buffer were re-

moved by three times 5min in TBST buffer and a final 5min in TBS buffer. All five 

incubations were done on in trays on a shaker.  

3.5.5 Whole Protein Stain 

For normalization of protein loaded, whole protein staining using the Revert 700 

Total Protein Stain from Licor was used.  

After detecting the individual antibodies, blots were stripped and incubated with 

10ml of Revert 700 Total Protein Stain in a 50ml reaction tubes on a rotor for 

10min, followed by two 30sec washes in self-prepared Revert Wash Buffer in 

trays on an orbital shaker. Prior to being sealed in plastic the blots were rinsed in 

water. 

The stain was detected using the 700nm channel on the Odyssey FC system for 

10min. 

3.5.6 Image Analysis 

Fiji was used for analysis of concentration gradients for antibody validation and 

Empiria was used for the final expression analysis, as it allowed for automatic 

normalization using the whole protein staining. 

In Fiji, images were first cropped and rotated. The image type was adjusted to 8-

bit greyscale. Only the chemiluminescence channel was used. The individual 

bands (ROI) were marked, and using the measuring function (cmd+m) the mean 

intensity was measured. Individual background measurements per lane were 

taken as well. The final signal intensity was calculated using following formula: 

*+H'IJ = (255 − MNO) − (255 − QI2RHSTU'V) 

Calculated signal intensities were blotted against the amount of protein loaded 

and a liner fit was calculated using Excel. 
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The amount of protein detected using antibodies was analyzed using Empiria and 

its function for quantitative western blots. Where possible, the functions for auto-

matic detection of lanes and bands were used. As many blots suffered from low 

protein input, manual adjustments were necessary in many cases.  

The individual signals measure were exported to Excel, which was used to cal-

culate means, standard deviations and generate diagrams. 

3.5.7 Validation of Antibodies 

Antibodies were validated, like qPCR primers, by dilution series. This allowed to 

check for proportional increase in signal, when increasing the protein on the blot. 

Dilutions from 5µl to 40µl of protein obtained from wild type E9 midbrain tissue 

were blotted, stained and imaged. The signal intensity was blotted against the 

volume of protein used. The r2 value of a liner fit with a y=0 intersect was calcu-

lated. Values of >0.85 were considered acceptable.  

The specificity of antibodies could unfortunately not be fully analyzed, as no pu-

rified protein of interest was available. Only the location of the signal from the blot 

could be compared with the protein standard and correlated with the expected 

weight of the target protein. 

3.6 Cryosections, Immunohistochemistry and Micros-
copy 

Microscopy and antibody-based stains are one of the foundations of gene ex-

pression analysis in tissues. They allow the correlation of anatomic structures 

with the qualitative expression of genes within that tissue. Genetically modified 

tissues themselves can also express genes, like GFP that can be directly de-

tected under a fluorescence microscope.  

3.6.1 Cryosections 

Tissue, like for example whole midbrains, was prepared and snap frozen in molds 

filled with Tissue Tek using dry ice. The block was kept at -20°C and further pro-

cessed inside the cryotome. Excess Tissue Tek was removed using a razor blade 

and the trimmed down block was mounted using a few drops of Tissue Tek. Using 
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the trim function, the block was further cut down, until the desired region of the 

tissue was reached. Consecutive cryosections were then performed, usually be-

tween 15-20µm thickness. The sections were air dried overnight and stored at -

20°C. 

3.6.2 Immunohistochemistry 

Like the antibody stains on western blots, proteins in tissue can be detected and 

their expression anatomically localized. A primary antibody binds to its epitope 

on the protein of interest. A secondary antibody, that is labeled with a fluorescent 

dye, now binds the primary antibody, visualizing the location of the protein of 

interest. Multiple different antibodies can be used on the same slide, allowing for 

colocalization of expression of multiple proteins. 

For this, cryosection were taken from the freezer, thawed for 15min and then 

rehydrated using BPS buffer. The tissue was circled using a hydrophobic pap 

pen, preventing liquids from spilling of the slide.  

For some antibodies, the slides were incubated in boiling 3mol/l citric acid at a 

pH6 using a steam cooker. Three rinses using PBS were done to remove the 

remaining acid.  

Sections were then blocked and permeabilized using antibody solution for 60min. 

Primary antibody incubation was done overnight at 4°C using antibody diluted in 

antibody solution.  

The next day, slides were washed three to four times for 10min at room temper-

ature using PBS, before adding the secondary antibodies in antibody solution and 

incubating for 2h in the dark at room temperature. 

The sections were washed for an additional 3 times for 15min, using PBS, with 

the second rinse also containing the DRAQ5 nuclear stain at 1:5000. Using 

24x50mm cover slide and 9+1 glycerol and PBS, the sections were covered and 

stored at 4°C for imaging. 

3.6.3 Confocal Laser Scan Microscopy 

Cryosections stained using immunohistochemistry were imaged using Z stacks 

on a Zeiss confocal laser scan microscope. Using the 488nm, 543nm and 633nm 

lasers, the Cy3, Cy5, Alexa dyes and DRAQ5 were visualized using appropriate 
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filters to exclude exciter frequencies. The pinhole size was set to 1 AU; the gain 

was individually adjusted for each section and the averaging was set to 4x. 

3.6.4 Apotome Microscopy 

A Zeiss inverted microscope with an apotome unit was used to image the un-

stained open book preparations of midbrains electroporated with pSilencer-

siPAX7 plasmids. The microscope was only used as a conventional fluorescence 

microscope with tile scan function, allowing for the imaging of the relatively large 

open book preparations. Slides were imaged in 488nm fluorescence and bright-

field mode. 

3.6.5 Binocular Fluorescence Microscopy 

Some embryos electroporated with Top-Flash plasmid constructs had been im-

aged using the Leica binocular microscope, equipped with a mercury arc lamp 

and filters, capable of exciting GFP and RFP proteins expressed in-ovo. Expo-

sure times for individual channels had been adjusted manually.  

This microscope was also used to check for electroporation success. 
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4 Results 
The influence of PAX7 and its transactivation domain splice variants on canonical 

Wnt signaling were analyzed using various approaches: 

- Initial testing was done using in vivo reporter assays. (Chapter 4.1) 

- These were later expanded upon, with RNA expression analysis using qPCR. 

(Chapter 4.2) 

- And complemented with protein expression quantification using Western 

blots. (Chapter 4.3) 

As the quantitative methods (qPCR and Western blot) had not been done in our 

lab previously, establishing these techniques took up a lot of time. The findings 

of this process are presented at the beginning of each individual chapter. 

Results from testing methods, that were not used in final testing as well as results 

from cloning new siRNA constructs can be found at the end of the results section. 

4.1 Wnt Signaling in Midbrain in Vivo 
The initial experiments using the TOP-dGFP plasmids done by Martin Zeeb in 

our lab indicated a reduction of canonical Wnt signaling in the midbrain, when 

PAX7 expression was knocked down using the siPAX7-pSilencer1.0 plasmid. 

Building on these experiments, chicken embryos were electroporated with TOP-

dGFP reporter gene constructs alongside different plasmids overexpressing the 

individual PAX7 splice variants, PAX3 or the PAX7/ENGRAILED fusion protein. 

For PAX7 knock-downs, the newly made siPAX7-pSilencer1.0 plasmids (chapter 

4.5) were used. 

As shown in figure 4-1, the transfections were successful. Canonical Wnt signal-

ing appears to be active in the dorsal midbrain as well as in the hindbrain, indi-

cated by the expression of GFP. 
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Figure 4-1: Canonical Wnt signaling can be detected in vivo in the dorsal midbrain at HH stage 17 
and is influenced by PAX7 knock-down. Without PAX7 expression modification (B-D), canonical Wnt 
signaling is active in the dorsal midbrain. Both, the PAX7 knock down (E and F) and the expression of the 
PAX7/EN1 fusion protein (G and H), that represses genes usually promoted by PAX7, reduce canonical Wnt 
signaling in the midbrain. The overexpression of the short (I and J) or the long PAX7 splice variant (K and 
L) as well as the overexpression of PAX3 (M and N) did not impact canonical Wnt signaling.  
A schematic overview of the chicken brain anatomy at HH stage 17. RE rhombencephalon (hindbrain), MB 
midbrain, DI diencephalon, TE telencephalon (forebrain), MHB mid-hindbrain-boundary, DO dorsal, V ven-
tral. Scale bar equals 100µm.  
GFP expression (encoded by TOP-dGFP reporter plasmid) indicates canonical Wnt signaling (B, D, F, H, J, 
L and N). RFP (encoded by Lyn-Cherry) functions as transfection baseline (B, C, E, G, I, K and M). Images 
B-D and K-N imaged using an LSM. Scale bar in these images: 100µm. Images E-J acquired using a bin-
ocular microscope, scalebar in these: 500µm. 
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4.1.1 Quantification of Canonical Wnt Signaling in Vivo Using 
Automated Cell Counting 

When using automated image analysis in Fiji, cell counting (table 4-1 and figure 

4-5) did not show any relevant changes in canonical Wnt signaling. Images of 26 

embryos electroporated with the TOP-dGFP reporter system and PAX7 expres-

sion modifying plasmids were analyzed. 

 WT 
(n=11) 

siPAX7-pSi-
lencer1.0 (n=2) 

enPAX7-
pMIW (n=2) 

sPAX7-pMES-
∆GFP(n=3) 

lPAX7-pMES-
∆GFP (n=8) 

mean 0,335 0,488 0,181 0,451 0,395 
SD 0,117 0,321 0,244 0,212 0,387 

Table 4-1: PAX7 expression modifications did not affect canonical Wnt signaling in the midbrain, 
when images are analyzed automatically. Number of cells with canonical Wnt signaling relative to all 
electroporated cells, in embryos at HH stage 17 electroporated with the TOP-dGFP reporter system and 
PAX7 expression modifications, counted using Fiji. SD: standard deviation, WT: wildtype – in this instance 
only electroporated with the TOP-dGFP reporter system. Data visualized in figure 4-5. 

The image quality varied significantly, as most images were taken using a binoc-

ular microscope system from whole mounted embryos at a <10x magnification 

whilst others were flat mounted and imaged using a LSM system and magnifica-

tions of 100x or 200x. Especially in images with lower magnification, the software 

struggled to identify individual cells.  

An attempt to circumvent this issue, by analyzing the fluorescent areas of the 

same images failed to show significant changes in canonical Wnt signaling too 

(table 4-2 and figure 4-6). 

 WT 
(n=11) 

siPAX7-pSi-
lencer1.0 (n=2) 

enPAX7-
pMIW (n=2) 

sPAX7-pMES-
∆GFP(n=3) 

lPAX7-pMES-
∆GFP (n=8) 

mean 0,315 0,263 0,140 0,220 0,294 
SD 0,099 0,215 0,191 0,178 0,278 

Table 4-2: PAX7 expression modifications did not affect canonical Wnt signaling in the midbrain, 
when images are analyzed automatically. Fluorescent areas analyzed using Fiji, in embryos at HH stage 
17 electroporated with the TOP-dGFP reporter system and PAX7 expression modifications. SD: standard 
deviation, WT: wildtype – in this instance only electroporated with the TOP-dGFP reporter system. siPAX7: 

Figure 4-2: PAX7 expression modifications did 
not affect canonical Wnt signaling in the mid-
brain, when images are analyzed automatically. 
Number of cells with canonical Wnt signaling rela-
tive to all electroporated cells, in embryos at HH 
stage 17 electroporated with the TOP-dGFP re-
porter system and PAX7 expression modifications, 
counted using Fiji. WT: wildtype, siPAX7: PAX7 
knock-down, enPAX7: repression of the pro-tran-
scriptional activity of PAX7, s/lPAX7: overexpres-
sion of the short or long PAX7 TA splice variant 
Visualization of table 4-1. 
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PAX7 knock-down, enPAX7: repression of the pro-transcriptional activity of PAX7, s/lPAX7: overexpression 
of the short or long PAX7 TA splice variant Data visualization in figure 4-6. 

The results of the cell counting and area analysis were inconclusive, due to the 

varying quality of images and low number of replicates, especially for siPAX7, 

enPAX7 and sPAX7, resulting in high standard deviations.  

Previous experiments from other members of the lab had similar problems. At-

tempts to improve image quality by only using flat mounted embryos and the LSM 

system struggled with fluorescent protein degradation. Attempts to amplify the 

fluorescent signal using dye coupled antibodies failed due to poor antibody spec-

ificity. Further complicating attempts to recreate what had already been done in 

our lab, the original images and documentation of the cell counting experiments 

conducted by Martin Zeeb could not be found and reanalyzed, due to a hard drive 

failure.  

4.1.2 Quantification of Canonical Wnt Signaling in Vivo by Man-
ual Image Analysis 

Because of the difficulties with software-based image analysis, we settled for vis-

ual analysis and categorization, based on the perceived expression of GFP rela-

tive to the RFP expression.  

 WT siPAX7 enPAX7 sPAX7 lPAX7 PAX3 
GFP@RFP 9 0 4 4 5 3 
GFP<RFP 5 5 9 2 4 2 
No/little 
GFP 

0 4 13 0 1 0 

S 14 9 26 6 10 5 
Table 4-3: PAX7 knockdown and enPAX7 expression reduce canonical Wnt signaling. Summary of 
embryos, visually categorized into three groups with different levels of canonical Wnt signaling. Embryos at 
HH stage 17, all electroporated with the TOP-dGFP construct. GFP expression indicates canonical Wnt 
signaling, RFP expression indicates electroporated cells. From the PAX7 expression modifications, the 
knock-down (siPAX7) showed the strongest reduction in canonical Wnt signaling, followed by the expression 
of the PAX7/ENGRAILED fusion protein (enPAX7). The long transactivation domain splice variant (lPAX7) 

Figure 4-3: PAX7 expression modifications did 
not affect canonical Wnt signaling in the mid-
brain, when images are analyzed automati-
cally. Fluorescent areas analyzed using Fiji, in 
embryos at HH stage 17 electroporated with the 
TOP-dGFP reporter system and PAX7 expression 
modifications. SD: standard deviation, WT: 
wildtype – in this instance only electroporated with 
the TOP-dGFP reporter system. siPAX7: PAX7 
knock-down, enPAX7: repression of the pro-tran-
scriptional activity of PAX7, s/lPAX7: overexpres-
sion of the short or long PAX7 TA splice variant. 
Visualization of table 4-2. 
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showed a tendency in reducing canonical Wnt signaling. Overexpression of the short transactivation domain 
splice variant (sPAX7) or PAX3 showed no impact on Wnt signaling. WT: Embryos electroporated with only 
the TOP-dGFP and 2A-lyn-Cherry plasmids, used as control group. siPAX7: Knock-down of PAX7 using 
the siPAX7-pSilencer1.0 plasmid. enPAX7: Expression of a PAX7/ENGRAILED fusion protein using the 
enPAX7-pMIW plasmid. sPAX7 and lPAX7: Overexpression of the long or short transactivation domain 
splice variant of PAX7, using the sPAX7-pMES-∆GFP or the lPAX7-pMES-∆GFP plasmids. PAX3: Overex-
pression of PAX3 using the PAX3-pMIW plasmid. 

Overall, GFP expression was lower than RFP expression, but both, the PAX7 

knock down and the PAX7/ENGRAILED construct showed a strong tendency to 

further reduce the number of GFP positive cells (table 4-3), with more than 84% 

of the embryos having a lowered or absent GFP expression, with the reduction 

for both electroporations being significant with a p<0.01 in a tow sided Mann-

Whitney-test using SPSS (table 4-4).  

The long splice variant of PAX7 showed a similar, but weaker, non-significant 

effect, with half of all embryos electroporated showing a reduced or absent GFP 

expression (table 4-4). 

Neither the short PAX7 splice variant, nor PAX3 showed a major impact on GFP 

expression compared to the wildtype (WT) embryos, only electroporated with the 

TOP-dGFP constructs (table 4-4).  

 siPAX7-pSi-
lencer1.0 

enPAX7-
pMIW 

sPAX7-
pMES-
∆GFP 

lPAX7-
pMES-
∆GFP 

PAX3-
pMIW 

Mann-Whitney 
U 12.5 60.5 41 67 33.5 

Wilcoxon W 117.5 165.5 62 172 138.5 
Z -3.442 -3.654 -0.1 -0.209 -0.166 

Asymp. Sig. 
(2-tailed) <.001 <.001 0.921 0.834 0.868 

Exact Sig. 
[2*(1-tailed 

Sig.)] 
<.001 <.001 .968 .886 .893 

Table 4-4: Significance testing of Top-dGFP experiments. Results from five individual Mann-Whitney-U 
test using SPSS, comparing the individual PAX7 expression modification with wildtype embryos. Embryos 
electroporated with siPAX7-pSilencer and enPAx7-pMIW showed a significant reduction in canonical Wnt 
signaling activity in the two-sided Mann-Whitney U test. Detailed results/test statistics can be found in ap-
pendix 9.1. 

In a few of the electroporated embryos, the rhombencephalon was electroporated 

alongside the targeted midbrain. Because of the lower number of embryos, es-

pecially “wildtype” embryos, no statistical analysis was performed. The effects 

observed were comparable to the effect seen in the midbrain, meaning a reduc-

tion in canonical Wnt signaling, when PAX7 is knocked down or the dominant 
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negative enPAX7 is being expressed. Interestingly, the overexpression of either 

PAX7 splice variant also resulted in a minor reduction, although a higher number 

of replicates is required for reliable statistical analysis. 

  WT siPAX7 enPAX7 sPAX7 lPAX7 PAX3 

GFP@RFP 4 0 0 0 3 2 

GFP<RFP 0 0 6 2 3 0 

No/little 

GFP 
0 6 0 0 0 0 

S 4 6 6 2 6 2 
Table 4-5: PAX7 knock-down reduces canonical Wnt signaling in the rhombencephalon. Summary of 
embryos, visually categorized into three groups with different levels of canonical Wnt signaling. Embryos at 
HH stage 17, all electroporated with the TOP-dGFP construct. GFP expression indicates canonical Wnt 
signaling, RFP expression indicates electroporated cells. All PAX7 modifications showed a tendency to re-
duce canonical Wnt signaling, with PAX7 showing the strongest reduction by far. More replicates are re-
quired for a statistical analysis WT: Embryos electroporated with only the TOP-dGFP and 2A-lyn-Cherry 
plasmids, used as control group. siPAX7: Knock-down of PAX7 using the siPAX7-pSilencer1.0 plasmid. 
enPAX7: Overexpression of a PAX7/ENGRAILED fusion protein, inactivating the transcription of all genes 
that PAX7 binds in the promoter region. The enPAX7-pMIW plasmid was used. sPAX7 and lPAX7: Over-
expression of the long or short transactivation domain splice variant of PAX7, using the sPAX7-pMES-∆GFP 
or the lPAX7-pMES-∆GFP plasmids. PAX3: Overexpression of PAX3 using the PAX3-pMIW plasmid. 

4.2 Detecting PAX7 and Wnt Signaling on RNA Level Us-
ing qPCR 

For qPCR, two different systems were used, a traditional well-based StepOne 

Plus PCR cycler and a high-throughput chip-based Biomark system, that was 

used for analysis of single embryos. 

A total of 15 qPCRs using the StepOne Plus cycler were performed. These runs 

differed in the modifications of the embryo, the tissue used (e.g. mes- or rhom-

bencephalon) and the Hamburger and Hamilton stage of the embryos. In addition 

to these, some reactions on wild type midbrain tissue were performed, to assess 

the relative strength of expression of the two different transactivation domain 

splice variants at different stages of development.  

An additional three chip-based qPCRs were run on the Biomark, allowing for the 

analysis of gene expression in individual embryos. 

• 1st test run, 48.48 chip, non-exon-skipping primers, cNDA from mes- and 

rhombencephalon tissue, various electroporations and HH stages, cDNA 

loaded concentration adjusted 
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• 2nd test run, 48.48 chip, exon-skipping primers, cNDA from mes- and 

rhombencephalon tissue, various electroporations at HH stage 17, cDNA 

loaded concentration adjusted 

• Final run, 96.96 chip, embryos at HH stage 17, exon-skipping primers, 

cNDA from midbrain tissue, electroporated with either pCAX or the 

siPAX7-pSilencer plasmid, cDNA loaded volume adjusted 

4.2.1 qPCR Validation and Sample Preparation 

As qPCR had not been done in our lab before, validating primers and developing 

RNA/cDNA isolation techniques presented a major task to be done, prior to meas-

uring the impact of PAX7 modifications of canonical Wnt signaling. 

4.2.1.1 RNA Isolation and cDNA Synthesis 

4.2.1.1.1 cDNA Synthesis for Chip-Based qPCR 

The isolation of RNA from individual midbrain halves from chicken embryos at 

HH stage 17 presented itself as quite the challenge, as the amount of RNA iso-

lated is extremely low. Several kits were tested first, always following the manu-

facturer’s instructions, before settling for the SuperScript IV CellsDirect cDNA 

Synthesis kit from Thermo Fischer Scientific. Table 4-6 gives an overview of kits 

testes. The last two kits in the list directly synthesized cDNA, so RNA quantifica-

tion was not applicable ant the kits efficacy was instead tested using PCR. 

Kit and Manufacturer RNA isolated  
RNeasy Plus Micro Kit, Qiagen 12µl à 3ng/µl (Qubit) 
QIAzol/Maxtract/RNeasy, Qiagen 12µl à 3.5ng/µl (Qubit) 
peqGOLD TRIfast (scaled down), 
Peqlab 

10µl à 6.2ng/µl (Qubit) 

Kit E6421, NEB àdirect cDNA, PCR worked 
SuperScript IV CellsDirect cDNA Syn-
thesis kit, Thermo 

àdirect cDNA, PCR worked, cheaper 
than E6421 from NEB 

Table 4-6: SuperScript IV CellsDirect cDNA Synthesis kit is the best kit for RNA isolation from mid-
brain halves. RNA isolated by various kits. Tissue from one halve of a midbrain from an embryo at HH stage 
17 was used. The kits from NEB and Thermo Fischer Scientific directly synthesized cDNA from tissue, so 
the RNA isolated could not be quantified and the cDNA was tested using PCR instead. 

The CellsDirect kit reliably produced cDNA, directly from tissue. Unfortunately, 

during the first two runs on the Biomark system, with cDNA from this kit we 

learned, that the included DNase digest did not fully remove the gDNA, as the Cq 
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values of the control without a reverse transcriptase in the master mix were not 

different from the Cq values of the actual samples (table 4-7). 

Primer Cq no-RT control sample Mean Cq of cDNA 35 samples 
Beta-actin-1 11.76 11.89 
60 GAPDH 5' 8.37 8.77 
60 Axin2 16.01 15.92 

Table 4-7: cDNA isolated using the CellsDirect kit also contains gDNA. The no-RT control doesn't con-
tain any cDNA, yet it has comparable Cq values to the other 35 samples containing cDNA. This indicates 
gDNA contamination and its amplification in the other samples. 

The contamination with genomic 

DNA was validated using in con-

ventional PCR and the 

60Chr1Centromere (Cen1) primer 

(figure 4-4). 

Further testing using PCR and gel 

electrophoresis revealed, as 

shown in figure 4-5, that mechani-

cally lysing the midbrain tissue us-

ing a small pestle reduced gDNA present in the cDNA. The DNase in a 40µl re-

action also seemed to be at its digestive capacity when a single midbrain at HH 

stage 17 was used. More tissue, like older midbrains at HH stage 24 or multiple 

midbrain halves resulted in a higher concentration of genomic DNA, when tested 

with centromere primers using regular PCR and electrophoresis. 

 

 

 

Figure 4-4: gDNA contamina-
tion in cDNA isolated using 
the CellsDirect kit. Electro-
phoresis from PCR using the 
Cen1 primers. Both cDNA sam-
ples isolated with the CellsDi-
rect kit show a band around 
104bp, like the one in the gDNA 
control, indicating contamina-
tion with genomic DNA. 

Figure 4-5: Mechanic lysis reduces 
gDNA contamination. Gel electro-
phoresis of PCR products using the 
Cen1 primer, amplifying gDNA. 
cDNA isolated using CellsDirect kit. 
A: cDNA isolated from ventral mid-
brain (vmb) and hindbrain (hb) tissue 
of one embryo at HH stage 17, trans-
fected with lPAX7-pMES. Addition of 
DNaseI from Fermentas reduced and 
mechanical lysis gDNA contamina-
tion (amplified using the Cen1 pri-
mer). The DNaseI from NEB did not 
work. All three samples show cDNA 
isolation (GAPDH primer) B: Using 
larger midbrains at HH stage 24, the 
mechanical lysis failed to eliminate 
gDNA contamination.  
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The second test run for chip-based qPCR revealed another issue. Resulting from 

the way, the CellsDirect kit worked. As this kit skips the RNA isolation and directly 

synthesizes cDNA from cells, the amount of RNA used per reaction cannot be 

quantified, so photometric single strand DNA quantification had to be used in-

stead.  

As the concentration of cDNA, for the second test run, had been adjusted to 12ng 

per well, similar Cq values for the reference genes were expected. Looking at the 

highly expressed reference genes (figure 4-6), the standard deviation was around 

± 3 - 3.5 cycles, which considering the exponentiality of PCR, results in a 64-

128-fold concentration difference between the sample with the highest and the 

lowest Cq value. 

 
Figure 4-6: High differences in cDNA concentration between samples. Average of Cq values for refer-
ence genes from all samples tested in the second test run for chip-based qPCR. The high standard deviation 
indicates a 64-128-fold difference of template DNA present in the individual midbrain cDNA samples. Error 
bars indicate the standard deviation. 

This standard deviation did not change, when looking at electroporated and 

wildtype sides separately (table 4-8), indicating that the electroporation is not re-

sponsible for differences between Cq values, but is instead most likely caused by 

variance in cDNA present between the individual samples.  
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ES605'GAPDH ES603'GAPDH ES60ACTB 
Mean SD Mean SD Mean SD 

All samples 11.87 3.41 10.46 2.97 11.99 3.35 
All electroporated side samples 11.81 3.35 10.35 2.91 11.80 2.98 
All wildtype side samples 11.97 3.56 10.56 3.09 12.19 3.75 

Table 4-8: CDNA concentration and not electroporation caused high Cq variances. Means and standard 
deviations of Cq values of reference genes, separately for electroporated and wildtype midbrain halves. The 
mean standard deviation are comparable between the different sides, showing no effect of electroporation, 
but instead indicating that the difference is caused by inconsistent cDNA concentration in the samples. 

For the third and final run using the Biomark system, cDNA was also isolated 

using the Cells Direct kit. A total of 20 embryos were in the control group, being 

electroporated with pCAX plasmids and 24 embryos were in the PAX7 knock-

down group, electroporated with the siPAX7-pSIlencer1.0 construct. The cDNA 

samples were tested using both quantitative and regular PCR.  

qPCR was used to get an approximate quantification of the cDNA present. 29 

cDNA samples were selected at random to be analyzed. Using two cDNA sam-

ples (13.01.22 pCAX and enPAX7-pMIW, both dorsal midbrain control-side 

halves) from the second qPCR run on the Biomark as reference in combination 

with the ES60 3’GAPDH primers, the amount of cDNA present in the new sam-

ples could be estimated. 

Most samples, except for the two samples from embryo number 6 in the PAX7 

knock-down (siPAX7) group, showed similar cDNA concentrations (figure 4-7). 

Detailed Cq-values can be found in appendix 9.2.2.1. 

 
Figure 4-7: Samples used for final chip-based qPCR have similar cDNA concentrations. Cq-values 
from GAPDH expression using ES60 3'GAPDH primers. Random selection of cDNA intended for 3rd Biomark 
experiment and two known good samples from 2nd experiment using the Biomark (pCAX and enPAX7-
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pMIW). Most samples show similar Cq-values (± 2 cycles), indicating a similar cDNA concentration. Samples 
6 from embryo with siPAX7-pSilencer1.0 show comparable Cq values to the no template (NC) control, indi-
cating no cDNA present. 

Since all samples tested, but the samples from embryo 6 in the PAX7 knock-

down group, showed successful amplification, all samples intended for the Bi-

omark were tested using regular PCR and gel electrophoresis (figure 4-15) with 

the same ES60 3’GAPDH primers, in search of other samples with no cDNA pre-

sent. 

 
Figure 4-8: Most samples for the final Biomark run contain cDNA. Gel electrophoresis from PCR using 
ES60 3'GAPDH primers. 1.5% gel, 100V, 60min. Expected fragment size: 196bp. cDNA samples intended 
for the 3rd experiment on the Biomark. All samples, except for embryo 6 in the PAX7 knock-down (siPAX7) 
group, show amplicons of the expected size, indicating successful cDNA synthesis. 

As a result of these pre-tests all samples, except samples from embryo 6 in the 

PAX7 knock-down group, were analyzed using the Biomark system. 

Knowing that the cDNA concentrations between samples were similar (figure 4-

8), the same volume of each sample was used for the final run of chip-based 

qPCR.  

This simplified approach resulted in overall slightly lower Cq-values compared to 

the second test run, but far more importantly in a lower variance between the 

samples. This is visible in the lower standard deviations (figure 4-9) between only 
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1.19 and 1.43 cycles (compared to 3 to 3.5 cycles in 2nd test run), indicating a 

more similar amount of cDNA used for each sample.  

 
Figure 4-9: Similar cDNA concentrations in samples used for final chip-based qPCR. Average of the 
Cq-Values of the two ES60GAPDH primers and ES60ACTB primer. The relatively low standard deviation 
indicated by the error bars shows the overall low variance of cDNA concentration between the samples. 

Comparing at the electroporated with the wildtype sides, no major difference for 

the means and standard deviations (table 4-9) can be seen. This indicates no 

impact on cDNA concentration by electroporation. 

  
ES605'GAPDH ES603'GAPDH ES60ACTB 
Mean SD Mean SD Mean SD 

All samples 8.18 1.30 8.02 1.19 9.76 1.43 
All electroporated side samples 8.34 1.37 8.16 1.09 9.86 1.21 
All wildtype side samples 8.01 1.50 7.87 1.18 9.67 1.38 

Table 4-9: Electroporation has no impact on average reference gene expression in final Biomark run. 
Means and standard deviations of Cq values of reference genes, separately for electroporated and wildtype 
sides. The mean standard deviation is comparable between the different sides, showing no effect of elec-
troporation and overall high consistency between samples. 

4.2.1.1.2 RNA Isolation and cDNA Synthesis for Well-Based qPCR 

The RNA isolation using traditional phenol/chloroform precipitation from pooled 

had been established previously. All samples except one, had their RNA isolated 

using traditional phenol/chloroform precipitation. 

This approach allowed for photometric RNA quantification and concentration ad-

justed loading of samples, reducing the amount of pre-testing required. 
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4.2.1.2  Quality Control 

Depending on the method of RNA/cDNA isolation the RNA integrity (RIN) was 

measured using either qPCR or capillary electrophoresis. qPCR was used for 

samples intended for chip-based qPCR, whilst capillary electrophoresis was used 

for the RNA samples used in traditional well-based qPCR. A RIN >7 was consid-

ered to be acceptable. 

4.2.1.2.1 Good Sample Integrity for Chip-Based qPCR 

As the first test run on the Biomark showed amplification of genomic DNA resi-

dues, the Cq values obtained weren’t analyzed.  

For the second test run, the average ∆/0<´->´	(3A9BC) was 1.41 cycles, with a 

standard deviation of 0.68 cycles, indicating a good RNA quality with a RIN>7. 

The ∆/0<´->´ for the final Biomark run, using only embryos electroporated with 

pCAX and siPAX7-pSilencer, showed an even better ∆/0<´->´	(3A9BC) average of 

0.16 cycles and a standard deviation of 0.30 cycles across all embryos analyzed, 

indicating a high RNA integrity. 

4.2.1.2.2 Suboptimal RNA Integrity for Pooled Embryo Samples 

Photometric quantification showed that the yield of RNA varied, as expected with 

the number of embryos used and the HH stage. Many samples showed low quan-

tities of RNA. Additionally, the measurements were skewed by both the 260/230 

and 260/280 ratios being <1.8. These ratios indicate the presence of phenolic 

residue and protein contamination, both falsely increasing the concentration 

measured. 

The RIN of this RNA, intended for well-based qPCR, was measured using capil-

lary electrophoresis. Additionally, the QIAxcel electrophoresis device also meas-

ured RNA concentration.  

Unfortunately, capillary electrophoresis had only just been made available to-

wards the end of the project, when the qPCR had already been run, so in some 

instances no RIN could not be determined as not enough RNA remained. Addi-

tionally, some RNA samples had been stored at -20°C for over a year at the time 

of measuring, allowing for degradation to occur. 
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The first measurements using the QIAxcel resulted in low RIN for many samples. 

In this first run, 50ng RNA had been loaded per sample, but the device showed 

much lower RNA input (1-121µg) for most samples. For all samples with an RIN 

<7 a second measurement using 5µl of undiluted RNA was taken. This resulted 

in drastic uplifts for some samples, for example from 6.7 to 9.0 in case of the 

control side of pCAX electroporated midbrains at HH stage 17.  

Tissue 

n of em
bryos  

Side  

C
oncentration 

ng/µl (photo-
m

etric)  

260/280 

260/230 

C
oncentration 

ng/µl (capillary)  

R
IN

 (capillary) 

MB HH stage 17 mixed 3x 
siPAX7-pSilencer1.0 a 

(= Batch 1) 
8 

GFP 53.2 2.1 - - - 

ctrl 69.2 2.1 - 40 8.1 b 

MB HH stage 17 mixed 3x 
siPAX7-pSilencer1.0 

(=Batch 2) 
15 

GFP 140 - - 104 8.1 b 

ctrl 135 - - 55 7.3 b 

MB HH stage 17 siPAX7-pSi-
lencer 

(= Batch 3) 
13 

GFP 30.8 1.80 0.55 89 9.0 

ctrl 31.2 1,86 0.60 121 8.4 

MB HH stage 14 siPAX7-pSi-
lencer 11 GFP 15 1.76 0.45 4 - 

ctrl 31 1.79 0.37 25 7.4 
MB HH stage 17 sPAX7-

pMES 15 GFP 86 1.87 - 12 6.5 
ctrl 148 1.61 - 18 6.1 

MB HH stage 14 sPAX7-
pMES 17 GFP 182 1.39 0.24 5 - 

ctrl 40 1.70 0.17 - - 
MB HH stage 17 lPAX7-

pMES 16 GFP 143 1.47 0.24 14 5.9 
ctrl 80 1.43 0.52 33 5.8 

MB HH stage 17 enPAX7-
pMIW  14 GFP 70 1.65 0.74 15 6.6 

ctrl 72 1.47 0.46 6 7.1 

MB HH stage 17 pCAX 13 GFP 96 1.63 1.57 17 7.6 
ctrl 87 1.56 0.71 15 6.7 

HB HH stage 17 sPAX7-
pMES 11 GFP 27 1.29 0.81 1 - 

ctrl 37 1.35 0.68 6 5.9 
HB HH stage 14 sPAX7-

pMES 12 GFP 40 1.32 0.28 6 - 
ctrl 102 1.29 0.37 2 6.3 

HB HH stage 17 siPAX7-pSi-
lencer1.0 17 GFP 78 1.43 0.68 4 5.9 

ctrl 51 1.31 0.43 4 5.8 
HB HH stage 17 lPAX7-

pMES 12 GFP 40.4 1.4 0.87 60 5.3 
ctrl 52.4 1.38 0.39 15 5.9 

HB HH stage 17 enPAX7-
pMIW 11 GFP 33 1.32 0.46 8 5.8 

ctrl 34 1.40 0.66 14 5.6 
Table 4-10: Low RNA yields correlate with low RNA integrity. RIN (QIAxcel) and concentrations (QIAxcel 
+ photometric) from RNA for qPCR on the StepOne Plus cycler. The 260/280 and 260/230 ratios below 1.8 
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indicate contamination with both protein and phenol, resulting in a higher concentration measured at 260nm. 
A RIN <7 indicates degraded RNA and is not recommended for qPCR. The concentration measured photo-
metrically was used for calculations for cDNA synthesis. The concentration measured using capillary elec-
trophoresis should always be 50ng/µl, as based on photometric measurements, the same amount of RNA 
was loaded for all samples. aRNA isolated using Blirt Extract Me kit. All other samples isolated using phe-
nol/chloroform isolation. More detailed overview of the individual batches can be found in table 4-16. b Re-
sults from first measurement with 50ng RNA loaded. 

The RINs measured, at least for the RNA from mesencephalon tissue electro-

porated with siPAX7 constructs were good (>7). The other samples were in the 

range between 5 and 7, which is suboptimal for qPCR as the RNA was already 

moderately degraded.  

4.2.1.3 Primer Validation 

Primers were validated in two steps, first testing their gen and cDNA specificity 

using PCR. In a second step, primer efficiency was validated using qPCR.  

4.2.1.3.1 Primers Show Specific Amplification 

The testing for both gene and - if applicable – cDNA specificity was overall suc-

cessful. All primers used in qPCR experiments passed these validations. 

Primers were ordered and tested in multiple batches. The first batch of primers 

(figure 4-10) was tested on gDNA from a HH stage 17 body and cDNA from a HH 

stage 18 midbrain, both wildtype. All primers showed an amplicon on cDNA at 

the expected length, except the PAX3 primer, for which it took a second iteration 

(ES60PAX3-2) to amplify its target gene. (figure 4-11). No specific amplification 

on gDNA was detectable, except amplicons >1.5kb for both GAPDH primers.

 
Figure 4-10: Exon-skipping primers are specific and cDNA selective. Side by side comparison of exon-
spanning primers for qPCR using genomic and cDNA as template. Gel electrophoresis from conventional 
PCR. On cDNA all primers show amplification at the expected length, except for the ESPAX3 primer. Some 
primers, like the ES60PAX7-R/P9-lPAX7-F combination show additional bands <100bp, most likely primer 
dimers. Especially the strong band for the PAX7 primer did not re-appear in later qPCRs. Using genomic 
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DNA as template resulted in no specific amplification, as when cDNA was used as template, the bands 
<100bp are visible, most likely primer dimers. 

The second (figure 4-12) and third (figure 4-13) batch of primers, used for the 

final siPAX7-pSilencer1.0 experiment on the Biomark were tested using the same 

gDNA and a cDNA from the control side of a pCAX electroporated midbrain at 

HH stage 17. As expected, only the frizzled (FZD) primers showed amplification 

on the genomic DNA. The FZD5, DKK4, HES4 and TCF7L1-2 primes showed no 

amplification on cDNA and weren’t used for further experiments.  

 
Figure 4-12: Exon-skipping primers are specific and cDNA selective. Side by side comparison of exon-
spanning primers for qPCR using genomic and cDNA as template of potential off-target genes of the siPAX7-
pSilencer1.0 construct and FZD receptors. The gDNA appears to contain some cDNA contamination, as the 
ES60ACTB (only labeled ACTB) and other primers also showed amplification on gDNA. The cDNA shows 
traces of gDNA presence (band around 100bp with the Cen1 primer). All primers produced a product of the 
expected size, when cDNA was used as template - except for the ES60ZEB1 and 60FZD5 primer, which 
were not used for later qPCR applications. Only genes used as labeling. All lanes – except for the FZD lanes 
– used exon-skipping primers. 

Figure 4-11: The ES60PAX3-2 ampli-
fies the inteded PAX3 target gene. 
PCR and gel electrophoresis. Plasmid 
containing a full-length PAX3 as tem-
plate, old cPAX3 primer as positive 
control. The new ES60PAX3-2 primers 
show successful amplification at the 
expected length. 
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Figure 4-13: Exon-skipping primers are specific and cDNA selective. Side by side comparison of exon-
spanning primers for qPCR using genomic and cDNA as template of potential off-target genes of the siPAX7-
pSilencer1.0 construct, FZD1 and diverse HES/NOTCH signaling pathway components. No specific ampli-
fication visible amplification on the genomic DNA is visible, except for the FZD1 primer, which is to be ex-
pected as FZD genes don’t contain any exons. The cDNA from the Cells Direct kit shows low levels of gDNA 
contamination, indicated by the weak band around 100bp with the Cen1 primer. ES60TCF7L1-2 and 
ES60HES4 failed to show amplification on gDNA and were excluded from further experiments 

4.2.1.3.2 PAX7 Primers Amplify Splice-Variants Specifically 

The splice variant specific primers were not only tested on cDNA, but also with 

plasmid DNA containing the individual splice variants. Amplicons at the correct 

length could be observed for the reaction with the P7/ES60PAX7-R primer com-

bination (specific for short TA splice variant of PAX7) with sPAX7-∆GFP-pMES 

and P9/ES60PAX7-R primer combination (specific for long TA splice variant of 

PAX7) with lPAX7-∆GFP-pMES (figure 4-14, lane 2 and lane 6). Interestingly, for 

the combination of P7 with the long splice variant plasmid and the combination of 

the P9 primer with the short splice variant plasmid, where no amplification was 

expected, an amplicon of larger size could be observed (figure 4-14, lane 3 and 

lane 5). This off target amplicon could also be replicated with the original P8 and 

P10 revers primers published by Mao et al. in 2009. Using different reaction buff-

ers or MgCl2 concentrations did not eliminate the off-target amplicons either. 

Fortunately, these amplicons did not appear in the qPCR products analyzed us-

ing capillary electrophoresis, where only singular amplicons at ~280bp or ~320bp 

could be observed.  
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The unexpected bands (figure 4-14) 

indicate either a contamination of 

the plasmid DNA with the other 

splice variant or some other unspe-

cific binding in the gene or plasmid. 

The latter one seems more likely, 

as in the case of contamination a 

shorter amplicon would be ex-

pected.  

To further determine the splice variant selectivity of the PAX7 splice variant pri-

mers, the same experiment war done using qPCR. Despite the high standard 

deviations, the P7/ES60PAX7-R primer combination showed over 10000 times 

stronger amplification (table 4-11) of the short splice variant compared with the 

long splice variant of PAX7. The P9/ES60PAX7-R primer combination primer 

showed an almost 50000 times stronger amplification (table 4-13) on its intended 

long splice variant. 

 P7/ES60PAX7-R P9/ES60PAX7-R 
mean SD mean SD 

sPAX7-∆GFP-pMES 9.318 1.548 22.717 0.884 
lPAX7-∆GFP-pMES 28.758 1.605 9.857 0.447 

fold difference (correct SV 
over wrong SV) 10799 489438 

Table 4-11: PAX7 splice variant specific primers are splice variant specific. The ES60PAX7-R primer 
paired with either the P7 primer amplifying the short TA of PAX7 or the P9 primer amplifying the long PAX7 
TA splice variant. The P7/ES60PAX7-R variant shows a more than 10000-fold preference for the intended 
short TA splice variant, whereas the P9/ES60PAX7-R combination shows almost a 490000-fold preference 
for the intended long PAX7 TA splice variant. Both primers amplify the inteded splice variant with a high 
specificity. 

Overall, the splice variant specific PAX7 primers can be considered to be specific 

for qPCR applications as they show: 

• A strong preference for their intended splice variant when tested with plas-

mid DNA 

• No off-target amplicons when testes using cDNA as template. 

4.2.1.3.3 Primers for Pooled-Embryo qPCR have Good Efficiency 

Once the specificity of the primers was tested, their efficiency was determined 

using qPCR. The ES603’GAPDH, ES60ACTB, ES60YWATZ, ES60CTNNB1, 

Figure 4-14 PAX7 splice variant 
specific primers have off-target 
amplicons in the PAX7 gene. 
PAX7 splice variant specific pri-
mers on plasmids containing spe-
cific PAX7 splice variants. Both 
primers show amplification on 
both splice variants, but in both 
cases the amplicons aren’t the ex-
pected length, that the primer 
should produce. Later qPCR test-
ing showed a strong preference of 
the primers for their intended 
splice variants. 
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ES60AXIN2, ES60CCND1 as well as the P7/ES60PAX7-R and P7/ES60PAX7-

R combinations, primer efficiency was assessed using the StepOne Plus cycler 

with cDNA from spinal cord of mixed wildtype embryos. All of the eight primers 

showed amplification with at least 5 of 6 of the cDNA concentrations tested (figure 

4-15). All had an efficiency of between 98-105% (table 4-12) and were thus viable 

for qPCR (>90% and <110%). 

RNA  

concentration 

[ng/µl] 

Log conc. 

ES60 

AC
TB 

ES60  

3'G
APD

H
 

ES60 

YW
ATZ 

ES60 

C
TN

N
B1  

P7/ES60
PAX7- r 

P9/ES60

PAX7- R
 

ES60 

AXIN
2  

ES60 
C

C
N

D
1 

250 2,398 
 

11,92 17,96 16,01 21,16 24,78 18,80 13,84 

50 1,699 12,27 14,27 19,93 18,09 23,54 27,00 20,98 16,05 

10 1,000 14,45 16,21 22,22 20,18 25,69 28,99 23,32 18,15 

2 0,301 16,84 18,46 24,42 22,54 27,83 31,33 25,22 20,46 

0,4 -0,398 19,03 20,85 26,78 24,80 30,37 34,03 27,92 23,00 

0,08 -1,097 21,46 23,31 29,12 27,18 33,05 
 

30,03 25,59 

Slope 
 

-3,288 -3,227 -3,212 -3,202 -3,355 -3,266 -3,224 -3,348 

Efficiency [%] 
 

101,4 104,1 104,8 105,3 98,6 102,4 104,3 98,9 
Table 4-12: Primers for pooled embryo qPCR show good efficiency. Cq values obtained by qPCR on a 
dilution series of cDNA. The slope of the Cq values with the logarithmic values of the RNA concentration 
equivalents allow for the efficiency calculation. Efficiencies between 90 to 110% are acceptable for qPCR. 

 
Figure 4-15: Primers for pooled embryo qPCR show good efficiency. Visualization of slopes used for 
efficiency calculation. Cq values and corresponding RNA amounts blotted.  

4.2.1.3.4 Primers for Single Embryo Analysis have too high Efficiency 

In addition to the primer testing using the StepOne Plus cycler, all primers used 

for single embryo analysis were tested with the Biomark system on the same chip 

alongside the samples themselves. Prior to this primer specificity was assess 

using conventional PCR (figures 4-10 to 4-14). 

Using the Biomark with a 96.96 chip, all primers successfully amplifying cDNA, 

showed efficiencies higher than 110% (table 4-13). This means, that the cDNA 
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more than doubles with each amplification cycle and renders the results from the 

single embryo analysis invalid. The ES60WNT1, ES60WNT3A, ES60HESX1 and 

EGFP primers failed amplification in more than two dilution steps and were ex-

cluded from all further analysis.  

Sample 

Log 
conc. 

ES60 
AC

TB 

ES60 
3'G

APD
H

 

ES60 
5'G

APD
H

 

ES60 
YW

ATZ  

ES60 
ATP5B  

ES60 
H

M
BS 

ES60 
AXIN

2 

ES60 
W

N
T4 

ES60 
LEF1 

1G pure 0.000 4.64 4.26 4.96 10.11 7.36 11.85 10.18 9.89 10.61 

1G 1:5 -0.699 10.30 8.09 8.51 14.07 12.47 15.24 14.44 16.07 14.51 

1G 1:25 -1.398 11.53 9.71 10.01 15.50 13.74 16.79 16.22 16.12 16.00 

1G 1:125 -2.097 12.21 10.27 10.55 16.09 14.29 17.29 16.84 17.13 16.70 

1G 1:625 -2.796 14.01 12.11 12.49 18.12 16.15 18.91 19.21 18.68 18.41 

1G 1:3125 -3.495 14.78 12.67 13.07 19.25 17.17 20.25 19.30 21.32 19.15 

Slope  -2.557 -2.235 -2.167 -2.390 -2.480 -2.189 -2.475 -2.699 -2.254 

Efficiency [%]  146.1 180.2 189.4 162.1 153.1 186.2 153.5 134.7 177.8 

 

Sample 
Log 

conc. 

ES60 
C

TN
N

B1  

60 FZD
1  

60 FZD
5  

60 FZD
9  

60 
FZD

10  

P7sPAX7-
F/ES60 
PAX7 -R

 

P9 IPAX7-
F/ES60 
PAX7 -R

 

ES60 
PAX3 -2 

ES60 
C

C
N

D
1 

1G pure 0.000 7.77 9.28 13.42 13.17 10.07 11.48 15.92 10.04 7.60 

1G 1:5 -0.699 11.98 13.49 16.87 17.66 13.62 15.85 19.51 13.55 11.45 

1G 1:25 -1.398 13.50 14.89 18.81 19.00 15.04 17.43 21.08 15.07 12.58 

1G 1:125 -2.097 14.11 15.65 18.72 19.53 15.77 18.28 22.46 15.62 13.24 

1G 1:625 -2.796 15.95 17.70 20.87 20.97 17.79 19.94 
 

17.58 15.20 

1G 1:3125 -3.495 16.49 18.25 21.06 22.23 18.40 20.29 
 

18.27 15.56 

Slope 
 

-2.296 -2.380 -2.047 -2.278 -2.243 -2.337 -3.033 -2.201 -2.115 

Efficiency [%] 
 

172.6 163.1 208.0 174.7 179.2 167.9 113.6 184.6 197.0 

 

Sample 

Log 
conc. 

ES60 
N

O
TC

H
1 

ES60 
H

ES1 

ES60 
H

ES5A 

ES60 
H

ES5 
like  

ES60 
H

ES6 

ES60 
H

EY1 

ES60 
C

H
M

P48 

ES60 
ER

M
N

 

ES60 
M

AP2  

1G pure 0.000 12.91 13.06 10.79 10.40 13.60 11.41 8.91 16.29 13.31 

1G 1:5 -0.699 16.40 17.08 15.29 14.73 17.37 14.90 12.35 19.47 16.96 

1G 1:25 -1.398 17.58 18.59 16.95 16.40 18.73 16.40 13.77 21.43 18.68 
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1G 1:125 -2.097 18.14 19.31 17.56 17.06 19.61 17.11 14.24 22.00 18.86 

1G 1:625 -2.796 15.79 20.90 19.59 18.85 22.17 19.57 16.35 23.78 20.85 

1G 1:3125 -3.495 15.66 21.90 20.85 19.50 22.04 19.42 17.05  20.51 

Slope  -0.510 -2.303 -2.609 -2.392 -2.348 -2.237 -2.173 -2.505 -1.956 

Efficiency [%]  9046.3 171.8 141.7 161.8 166.6 179.9 188.6 150.7 224.5 
Table 4-13: Too high primer efficiencies for primers used for single embryo analysis on the Biomark 
qPCR system. cDNA from the midbrain of a HH-stage 17 embryo, electroporated with pCAX, only electro-
porate side used. All primers failed efficiency validation with efficiencies > 110%. In addition to this the primer 
combination P9 lPAX7-F/ES60-PAX7-R failed amplification in samples with dilutions >1:625. 

In search of the cause of these too high primer efficiencies a well-based qPCR 

using the StepOne plus system was performed.  

The known good ES60ACTB primer was used with a fresh dilution series from 

the same cDNA used for efficiency testing on the Biomark system, alongside the 

Exo1-digested preamplification product, from the efficiency testing on the Bi-

omark, that had been stored at -20°C. 

Using the Cq-values obtained this way, primer efficiencies were calculated, re-

vealing a 94.9% (table 4-14) for the fresh dilution series, whereas the Exo1-di-

gested pre-amplification product showed an efficiency of 139.6% (table 4-14). 

The efficiency of the newly done dilution series only being 6 percentage points 

off from the previously measured efficiency (table 4-12) indicates the cDNA iso-

lated using the CellsDirect Kit not being the cause of the primer efficiencies being 

too high when using the Biomark system. As the efficiency obtained using the 

preamplification product (table 4-14) was in line with the efficiency result obtained 

using the Biomark system (table 4-13), the Biomark as a qPCR cycler also wasn’t 

the problem, leaving only the preamplification, the Exo1 digest or the dilution 

steps done prior to the preamplification as root cause, with the preamplification 

being the most likely culprit. 

No further experiments on this issue were performed and the experiments using 

the Biomark system weren’t re-run due to budged constrains. 
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Sample Log conc. 
New Dilution 

Series 

Exo1-Digested 

Preamplification 

Product 

pure 0.00 17.28 10.54 

1:5 -0.70 19.85 16.38 

1:25 -1.40 21.37 17.55 

1:125 -2.10 25.35 17.90 

1:625 -2.80 27.30 19.67 

1:3125 -3.49 28.90 21.39 

Slope 
 

-3.45 -2.63 

Efficiency 

[%] 
 

94.93 139.63 
Table 4-14: Preamplification process caused too high primer efficiencies. Cq-values and primer effi-
ciencies of the ES60ACTB primer. Both preamplification product from chip-based qPCR preparation and 
fresh dilution series using the same cDNA used as template. The resulting efficiencies are in both cases in 
line with previous results (table 4-13 and 4-14). This indicates the chip-based qPCR not causing the high 
efficiencies, leaving the preamplification/Exo-I digest as likely sources. 

4.2.2 Short TA Splice Variant of PAX7 is Dominant in the Mid-
brain 

cDNA synthesized by Ulrike Kohler from old, preexisting RNA samples (date of 

RNA isolation and number of biological replicates within each sample unknown) 

was used to assess expression of the two different PAX7 transactivation splice 

variants at different HH stages. As all samples were from wildtype tissue, only 

the ES603’GAPDH primer was used as reference gene, along with the P7- or 

P9/ES60PAX7-R primers, allowing for the direct import of standard deviations 

and ∆Cq values from the StepOne software. 

The quality of the qPCR was overall acceptable. The melt curves only showed 

singular peaks, the no template controls show no amplification, but the Cq values 

are much higher than desired (table 4-15). Values of 8-10 cycles for the reference 

genes and 15-20 for PAX7 splice variants would be desirable, as lower cycle 

numbers typically result in lower standard deviations. This indicates low 

cDNA/RNA input and might also be the result of poor RNA quality because of 

prolonged storage at -20°C. For the short splice variant, at HH stage 23 in the 

dorsal midbrain, two wells failed to detect amplification, thus no standard devia-

tion could be calculated.  
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Using the ∆Cq values, at least for the samples from the dorsal midbrain, where 

PAX7 is primarily expressed, a lower expression of the long PAX7 splice variant 

can be observed, as indicated by the higher ∆Cq values (table 4-15). The expres-

sion of the short splice variant seems to be constantly higher, between values of 

7.7 to 9.4 cycles, compared to thew 10-12.5 cycles of the long splice variant. The 

long splice variant shows a stronger change in expression, between the different 

HH stages, with a standard deviation of 1.13 cycles compared to the 0.65 cycles 

of the short splice variant. Overall, the expression of the long splice variant seems 

to be increasing from HH stage 17 to HH stage 29, with a decrease at HH stage 

38, whilst the short splice variant is constantly highly expressed.  

The ∆Cq values from the whole midbrains show strong deviations between the 

technical replicates, making the results less reliable, but the overall trend of 

stronger expression of the short splice variant prevails. 
 ES603' GAPDH P9+ES60PAX7-R P7+ES60PAX7-R 
 Mean SD Mean SD ∆Cq ∆Cq SD Mean SD ∆Cq ∆Cq SD 
dmb 
HH stage 17/18 19.31 0.11 31.82 0.58 12.50 0.59 28.21 0.45 8.90 0.47 

dmb 
HH stage 23 18.04 0.13 28.66 0.11 10.62 0.18 25.72  7.67  

dmb 
HH stage 24 17.96 0.13 28.71 0.27 10.76 0.36 26.39 0.39 8.44 0.49 

dmb 
HH stage 29 18.09 0.05 28.06 0.30 9.97 0.30 26.44 0.66 8.35 0.67 

dmb 
HH stage 38 18.42 0.08 30.78 0.24 12.36 0.25 27.82 0.29 9.40 0.30 

mb 
HH stage 17/18 19.28 0.29 32.59 1.36 13.31 1.39 30.09 1.69 10.81 2.09 

mb 
HH stage 22/23 17.37 0.14 29.85 0.76 12.47 0.77 26.77 1.61 9.40 1.98 

mb 
HH stage 35 20.78 0.10 31.09 0.28 10.31 0.48 30.46 0.23 9.68 0.40 

Table 4-15: The short TA domain splice variant of PAX7 shows higher expression in the midbrain. In 
the dorsal midbrain (dmb), where PAX7 is primarily expressed, the short splice variant shows higher expres-
sion (lower ∆Cq values) compared to the long splice variant. The high standard deviations for the results 
from the midbrain (mb) tissue don’t allow for the same statement, but the means show a similar trend.  
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Figure 4-16: Expression of PAX7 trans activation domain splice variants in the midbrain (mb) of 
wildtype chicken embryos between HH stage 17 and HH38. Left side: absolute ∆Cq values. Right side: 
fold change in expression of the short splice variant compared with the long splice variant. PAX7 is typically 
expressed in the dorsal midbrain (dmb) of chicken embryos. Here the short splice variant shows constant 
and stronger expression than the long splice variant. Error bars indicate standard deviation. 

4.2.3 ddCq Expression Analysis of Pooled Embryos  

Using the StepOne Plus cycler, qPCR was performed with one type of tissue, 

stage and plasmid electroporated per plate, but the results will be presented gene 

by gene, allowing for an easier comparison between the effects of the different 

electroporations.  

In the following, the individual results will be presented in detail, a summary of all 

results can be found in chapter 4.2.3.6. The detailed presentation for each gene 

is accompanied by general expression statistics and quality control data for the 

individual runs. 

Special attention was put on the PAX7 knock-down in the midbrain for embryos 

harvested at HH stage 17, as this was the expression modification known to show 

an impact on canonical Wnt signaling. Three individual badges of embryos were 

electroporated: 

Batch Number Plasmid n RNA Isolation Method 
Batch 1 3x siPAX7 

-pSilencer1.0 
plasmid mix 

8 Blirt Extract Me RNA Isolation Kit 

Batch 2 15 
Phenol/Chloroform Precipitation 

Batch 3 siPAX7-pSi-
lencer1.0 13 

Table 4-16: Multiple PAX7 knock-downs in the midbrain. Three batches of midbrain tissue with PAX7 
knock-downs were prepared, differing in the plasmid(s), RNA isolation technique and number of embryos 
included. The 3x siPAX7-pSilencer1.0 plasmid mix consists of the three plasmids generated in chapter 4.4; 
the plasmid used for batch 3 was the plasmid generated by Li that had previously shown to reduce canonical 
Wnt signaling activity. 
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4.2.3.1 qPCR Quality 

For most qPCR reactions run, the amplification and melting curves were exam-

ined per primer and for each plate individually, negative controls excluded. For 

12 qPCRs from PAX7 expression modifications and the qPCR from embryos 

treated with LiCl, all melt curves showed singular clean peaks at comparable 

temperatures (figure 4-17). 

 
Figure 4-17: Singular amplicon detected in all qPCRs, exemplary shown for qPCR from HH stage 17 
midbrain tissue, electroporated with the pCAX plasmid. All blots show singular sharp peaks, indicating only 
a singular amplicon being produced. Wells loaded with the same primer blotted together (excluding no tem-
plate control), the peaks being at the same temperature indicate the same amplicon being produced in each 
well. P7/ES60PAX7-R is abbreviated as ES60sPAX7 and P9/ES60PAX7-R is abbreviated as ES60lPAX7, 
analog to the splice variant amplified. 

Amplification curves had the expected sigmoid shape, except for the 

ES60CTNNB1 curves in the EnPAX7-pMIW electroporated midbrains, where 
Figure 4-18: qPCR quality control for samples 
with unexpected amplification curve shows 
only expected amplicon. Capillary electropho-
resis and meltcurve of the ES60CTNNB1 wells of 
the enPAX7-pMIW midbrain qPCR. Although ini-
tial background skewed the amplification curve, 
the PCR reaction only produced the expected 
129bp amplicon and showed a singular peak in 
the meltcurve analysis. F01-F03: PCR products 
(using the ES60CTNNB1 primer) from the GFP-
side of the enPAX7-pMIW electroporated em-
bryos, F04-F06: PCR products from the corre-
sponding control side. 
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strong initial background required manual tuning of the detection threshold. Using 

capillary electrophoresis, amplicon lengths were verified for all reactions on this 

plate (figure 4-18). 

 

A total of one well of the P9/ES60PAX7-R, one well of ES60ACTB and three wells 

of ES603’GAPDH reactions were omitted from the analysis, as they showed 

strong (>2 cycles) deviation from their other technical replicates. 

4.2.3.2 Reference Gene Expression Unaffected by Electroporations 

All qPCRs, except for the PAX7 knock-down batch 2 run and the run using the 

siPAX7-pSilencer1.0 designed by Li in midbrains at HH stage 14 used 

ES603’GAPDH, ES60YWATZ and the ES60ACTB primers to detect them as ref-

erence genes. These two exceptions only used ES603’GAPDH primers. 

The Cq values of the reference gens are, with the exceptions of PAX7 knock-

down batch 2 and the HH stage 17 midbrains electroporated with sPAX7-pMES, 

much higher than desired, but still within validated range. This is most likely the 

result of low RNA input. This itself wasn’t a problem, as all values were still within 

the area tested for primer efficiency, but it results in higher standard deviations. 

The standard deviations are acceptable, especially for the combined reference 

genes are mostly below 0.15 cycles. 

For most treatments and stages, the Cq values of the different reference genes 

show similar Cq-value differences between the sides, not raising concerns about 

their expression being affected by the treatments (table 4-17). An exception to 

this it the HH stage 14 midbrain electroporated with sPAX7-pMES, where the 

ES603’GAPDH primer produces an inverse delta compared to the other two pri-

mer pairs. (Figure 4-19) As this only occurs in one of four tissues/stages treated 

with sPAX7-pMES, it is unclear, whether this is caused by the treatment or just 

biological/technical variance. For ∆∆Cq analysis, the geometric mean was still 

used. 

One ES60ACTB well of the batch 1 of the PAX7 knock-down in the midbrain at 

HH stage 17 was omitted. Same goes for ES603’GAPDH primer wells in the sec-

ond run under the same conditions and for the runs with the siPAX7-pSilencer1.0 

plasmid from Li on midbrain tissue (both at HH stage 14 and 17 (=batch 3)). 
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Stage and 
Region Treatment n 

Si
de

 

ES60 
ACTB 

ES60 
YWATZ 

ES60 
3'GAPDH 

All Refer-
ence Genes 

M
ea

n 

SD
 

M
ea

n 

SD
 

M
ea

n 

SD
 

G
eo

. 
M

ea
n  

SD
 

H
H

 s
ta

ge
 1

7 
M

id
br

ai
n  

3x siPAX7-pSi-
lencer1.0; run 1 8 GFP 14.58 0.278 19.31 0.295 13.65 0.112 15.66 0.134 

ctrl. 16.72 0.067 20.76 0.772 14.09 0.261 16.97 0.236 

3x siPAX7-pSi-
lencer1.0; run 2 15 GFP     9.28 0.047 9.28 0.047 

ctrl.     9.66 0.057 9.66 0.057 

siPAX7-pSi-
lencer1.0 13 GFP 16.18 0.010 14.06 0.393 8.87 0.085 12.64 0.124 

ctrl. 15.95 0.020 13.68 0.115 7.16 0.028 11.60 0.036 

sPAX7-pMES 15 GFP 8.68 0.244 15.01 0.088 21.87 0.032 14.18 0.136 

ctrl. 8.58 0.094 15.04 0.010 21.73 0.020 14.10 0.052 

lPAX7-pMES 16 GFP 18.88 0.085 17.26 0.060 17.90 0.060 18.00 0.040 

ctrl. 18.89 0.045 16.09 0.180 17.83 0.067 17.57 0.071 

enPAX7-pMIW 14 GFP 16.24 0.071 18.87 0.039 15.76 0.103 16.90 0.046 

ctrl. 17.90 0.026 20.88 0.013 16.89 0.024 18.48 0.013 

pCAX 13 GFP 16.90 0.039 19.92 0.041 15.91 0.010 17.50 0.018 

ctrl. 16.90 0.034 19.80 0.059 15.88 0.025 17.45 0.023 

HH stage 
14 Hind-

brain 

siPAX7-pSi-
lencer1.0 11 GFP     11.26 0.139 11.26 0.139 

ctrl.     10.96 0.001 10.96 0.001 

sPAX7-pMES 17 GFP 21.65 0.034 23.91 0.030 18.41 0.065 21.20 0.029 

ctrl. 17.94 0.037 21.49 0.047 20.88 0.038 20.04 0.023 

HH stage 
17 Hind-

brain 

siPAX7-pSi-
lencer1.0 17 GFP 16.98 0.041 20.18 0.075 16.35 0.077 17.76 0.038 

ctrl. 18.94 0.020 22.46 0.174 17.69 0.114 19.60 0.066 

sPAX7-pMES 11 GFP 20.62 0.286 24.84 0.092 19.89 0.070 21.68 0.107 

ctrl. 17.92 0.035 21.48 0.197 16.47 0.293 18.51 0.124 

lPAX7-pMES 12 GFP 18.96 0.025 22.13 0.055 16.87 0.041 19.20 0.024 

ctrl. 18.83 0.096 21.98 0.075 16.92 0.012 19.13 0.039 

enPAX7-pMIW 11 GFP 19.17 0.077 22.88 0.017 17.66 0.074 19.79 0.039 

ctrl. 18.83 0.057 23.46 0.063 16.95 0.029 19.56 0.029 

HH stage 
14 Hind-

brain 
sPAX-pMES 12 

GFP 18.74 0.279 22.80 0.076 18.69 0.202 19.99 0.125 

ctrl. 18.72 0.116 22.46 0.014 18.13 0.052 19.68 0.045 

HH stage 
24 Body LiCl and NaCl 1 

LiCl 15.43 0.031 19.92 0.042 15.45 0.077 16.81 0.032 

NaCl 15.62 0.102 19.70 0.051 15.31 0.020 16.76 0.040 

Table 4-17: Overview of Cq values, showing no impact of electroporation on reference gene expres-
sion. Only the overexpression of the short splice variant of PAX7 seemingly increased GAPDH expression 
compared to ACTB and YWATZ, but only in HH stage 14 midbrains.  
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4.2.3.3 PAX7 Expression Modifications Do Not Cause Expected Changes 
in PAX7 Expression 

Expression analysis of the short and long transactivation domain splice variants 

was done using the same P7, P9 and ES60PAX7-R primer combinations as be-

fore, with P7 detecting the short, and P9 detecting the long splice variant. With 

average Cq values of ~25.6 cycles for the long and ~21.5 cycles for the short 

splice variant (appendix 9.2.1.1), Cq values are generally high, partly resulting in 

high standard deviations within the technical replicates, not allowing for conclu-

sions about electroporation impacts on gene overexpression or knockdowns. All 

Cq values are still within validated range. 

Overall expression of the short splice variant is stronger, with a ∆Cq of 3.89 cycles 

over all tissues and stages, when only looking at the control sides, confirming the 

earlier findings, at least for HH stage 14 and HH stage 17. 

4.2.3.3.1 Midbrain 

In the midbrain of embryos at HH stage 17, the electroporation of pCAX in 13 

embryos resulted in a 1.039-fold increase in expression of the long PAX7 splice 

variant. Similar changes were observed for the short splice variant, with a 0.998 

increase in expression. These results show, that the pCAX used as negative con-

trol did - as expected - not affect PAX7 gene expression (figure 4-20). 

A reduction in expression of the long splice variant could only be achieved in one 

of three knockdown experiments. Batch 1 showed a 55.6% reduction of the ex-

pression of the long splice variant. The 40% reduction of expression of the short 
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Figure 4-19: Low RNA in-
put likely caused false 
reference gene expres-
sion measurements. Av-
erage Cq values of refer-
ence genes in qPCR from 
midbrain at HH stage 14 
electroporated with 
sPAX7-pMES. The in-
verse expression levels of 
GAPDH compared to 
ACTB and YWHAZ, along-
side the high Cq values in-
dicate extremely low RNA 
input and reduce accuracy 
of results. Error bars 
(barely visible) indicate 
SD. 
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splice variant in the same experiment can unfortunately not be considered valid 

and reliable, as it has a standard deviation of 0.633 cycles with an ∆∆Cq value of 

only 0.74 cycles. The other two knockdown experiments show almost no impact 

on the expression of the short splice variant (∆∆Cq values of -0.09 cycles in both 

experiments), especially when considering the standard deviations of 0.205 cy-

cles and 0.227 cycles. Batch 2 showed a similar picture for the long splice variant 

(∆∆Cq of -0.16 cycles, SD 0.446 cycles) and the run using batch 3 even resulted 

in a 1.42-fold increase of long PAX7 expression with a standard deviation of 0.146 

cycles and an ∆∆Cq value of -0.5 cycles, making it a measurable increase (figure 

4-20). 

Overexpression of the long PAX7 splice variant worked as intended and resulted 

in a 2.77-fold increase of the expression of the lang splice variant PAX7. The 

expression of the short splice variant did also increase to, by 1.47-fold. For both 

increases, the standard deviations, from the base ∆∆Cq values are decently low, 

with 0.089 cycles and 0.092 cycles respectively, making these results unlikely to 

be an error of measurement (figure 4-20). 

Overexpression of the short splice variant, using the sPAX7-pMES plasmid did 

not affect the expression of the long splice variant, with a standard deviation of 

0.156 cycles and a ∆∆Cq value of 0.15. The expression of the short splice variant 

saw a minor reduction in expression, of at most 17%, but with a standard devia-

tion of 0.196 cycles and a base ∆∆Cq value of only 0.27 cycles, the reduction 

measured is to be taken with a grain of salt (figure 4-20). 

The same is true for the overexpression of the enPAX7-pMIW construct, a con-

struct that inhibits expression of all genes regulated by PAX7. Both the short and 

long splice variant show a minor reduction in their expression, of about 13-14%, 

which are to be considered valid measurements with standard deviations of 0.072 

cycles (∆∆Cq 0.22 cycles) for the short and 0.056 cycles (∆∆Cq 0.21 cycles) for 

the long splice variant (figure 4-20). 
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Figure 4-20: Only overexpression of the long PAX7 splice variant resulted in the expected PAX7 ex-
pression changes. A and B: ∆∆Cq values with standard deviations (technical replicates). The baseline of 
0 indicates no change from electroporation. Positive values show a reduction, negative values an increase 
of expression. C and D: Fold change, calculated from ∆∆Cq values. The long splice variant (lPAX7, in A and 
C) is only strongly affected by its overexpression (lPAX7-pMES) and the first knockdown experiment using 
the 3x siPAX7-pSilencer1.0 construct. The short splice variant (sPAX7, in B and D) is also affected by long 
splice variant overexpression (lPAX7-pMES). Most other electroporations show only weak effects (±10-15%) 
on expression and have relatively high standard deviations. The negative control (pCAX) doesn’t affect either 
splice variant. 

At HH stage 14 in the midbrain only samples were analyzed. The qPCR from the 

tissue of the 11 embryos electroporated with the siPAX7-pSilencer1.0 plasmid 

had standard deviations as high or higher than the ∆∆Cq value itself for both PAX7 

splice variants, not allowing for conclusions.  

The overexpression of the short splice variant in a total of 17 embryos resulted in 

a strong reduction of the expression of both PAX7 splice variants. With a ∆∆Cq 

value of 4.16 cycles and a standard deviation of only 0.180 cycles the reduction 

in expression for the long splice variant was much stronger than the reduction of 

the short splice variant with a ∆∆Cq of 2.01 cycles and a standard deviation of 

0.059 cycles. This results in a 75% expression reduction for the short and 94% 

expression reduction for the long splice variant (figure 4-21). As this sample was 

also the sample showing incongruent reference gene expression (figure 4-19), 

the validity of these results cannot be taken at face value.  
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Figure 4-21: Overexpression of the short PAX7 splice variant greatly reduces PAX7 expression in the 
midbrain at HH stage 14. A and B: ∆∆Cq values with standard deviations (technical replicates). The base-
line of 0 indicates no change from electroporation. Positive values show a reduction, negative values an 
increase of expression. C and D: Fold change, calculated from ∆∆Cq values. The high standard deviations 
from the qPCR with tissue electroporated with siPAX7-pSilencer1.0 don’t allow for conclusions. The over-
expression of the short splice variant using sPAX7-pMES resulted in a strong reduction of both the long 
(lPAX7, in A dan C) and short (sPAX7, in B and D) splice variants of PAX7. 

4.2.3.3.2 Hindbrain 

The knockdown of PAX7 resulted in a reduction in expression of both PAX7 splice 

variants in hindbrain tissue harvested at HH stage 17, but the reduction of the 

short splice variant was, with a ∆∆Cq of only 0.2 cycles and a standard deviation 

of 0.114 cycles questionable. The long splice variant shows a reduction of 34%, 

with a ∆∆Cq of 0.57 cycles and a standard deviation of 0.107 cycles (figure 4-22). 

Overexpressing the short PAX7 splice variant yields comparable results to the 

knock-down using the siPAX7 construct. Both short and long PAX7 splice vari-

ants show a reduced expression, but both are highly questionable with standard 

deviation from technical replicates being almost identical to the observed expres-

sion changes (lPAX7: ∆∆Cq 0.15 cycles, SD: 0.156 cycles, sPAX7: ∆∆Cq: 0.27 

cycles, SD: 0.196 cycles).  

The overexpression of the long splice variant using lPAX7-pMES, resulted in an 

even lower expression of the long splice variant, with a ∆∆Cq of 1.47 cycles and 

a standard deviation of 0.066 cycles. At the same time, the short splice variant 
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showed an increase in expression by 29% with ∆∆Cq values of -3.7 cycles and a 

standard deviation of 0.057 cycles (figure 4-22). 

The expression of the enPAX7-pMIW construct showed once again a reduction 

in the expression of both splice variants, but this time reducing expression of the 

short splice variant by 54% and of the long splice variant by 57%. With ∆∆Cq 

values of 1.12 cycles for the short and 1.21 cycles for the long splice variant, and 

their standard deviations at 0.095 cycles and 0.104 cycles, respectively, the 

measured reduction is this time most likely not the result of imprecision.  

 
Figure 4-22: PAX7 expression at HH stage 17 in the hindbrain is reduced by both PAX7 knock-down 
and overexpression. A and B: ∆∆Cq values with standard deviations (technical replicates). The baseline 
of 0 indicates no change from electroporation. Positive values show a reduction, negative values an increase 
of expression. C and D: Fold change, calculated from ∆∆Cq values. All, siPAX7-pSilencer1.0, sPAX7-pMES, 
lPAX7-pMES and enPAX7-pMIW reduce expression of the long PAX7 splice variant (lPAX7, in A and C). 
Expression of the short splice variant (sPAX7, in B and D) is reduced by enPAX7-pMIW and increased by 
lPAX7-pMES overexpression. The knockdown using siPAX7-pSilencer1.0 shows weak reduction on the ex-
pression of the short splice variant, but the relative standard deviation is high, the same is true for the over-
expression of the overexpression of the short PAX7 splice variant. 

At HH stage 14 in the hindbrain, only short splice variant of PAX7 was overex-

pressed by electroporation. The overexpression resulted in a reduction of expres-

sion for both splice variants; the short splice variant showed a marginally stronger 

expression reduction compared to the long splice variant. Expression of the long 

variant was reduced by 26%, with ∆∆Cq values of 0.45 cycles and a relatively 

high standard deviation of 0.281 cycles, compared to a ∆∆Cq of 0.69 cycles and 
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a standard deviation of 0.141 cycles resulting in a 38% reduction of expression 

of the short PAX7 splice variant. 

 
Figure 4-23: Overexpression of the short PAX7 splice variant in the hindbrain at HH stage 14 reduces 
PAX7 expression. A and B: ∆∆Cq values with standard deviations (technical replicates). The baseline of 0 
indicates no change from electroporation. Positive values show a reduction, negative values an increase of 
expression. C and D: Fold change, calculated from ∆∆Cq values. Only overexpression of the short PAX7 
splice variant was done, using the sPAX7-pMES plasmid. This resulted in a reduction of expression of 26% 
for the long splice variant (lPAX7, in A and C) and of 38% for the short splice variant (sPAX7, in B and D). 
The standard deviation for the ∆∆Cq value of the long splice variant are relatively high, reducing confidence 
in the result. 

4.2.3.3.3 Summary of PAX7 Expression Changes 

Summarizing the results for the PAX7 expression analysis, it can be concluded 

that in most cases, on an RNA level, the electroporations did not cause the ex-

pected effect. The knockdowns only resulted in a reduction of PAX7 (both splice 

variants) expression in half of the cases analyzed. Overexpression of the short 

splice variant always resulted in reduced expression of both PAX7 variants, over-

expressing the long PAX7 splice variant always resulted in increased expression 

of the short splice variant, but only showed an increase of itself in one of the two 

brain regions analyzed. 

4.2.3.4 PAX7 Knock-Down Does Not Reduce Wnt Signaling on an RNA 
Level 

The effect of PAX7 expression on canonical Wnt signaling on an RNA level was 

analyzed using the ES60AXIN2 primer and the ES60CTNNB1 primer. AXIN2 is 
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a feedback gene for Wnt signaling and commonly used to detect the activity of 

canonical Wnt signaling, with a higher expression of AXIN2 correlating with a 

higher Wnt signaling activity. (Lustig et al., 2002) The ES60CTNNB1 primer de-

tects expression of CTNNB1 ($-catenin) and was selected as potential target for 

the PAX7/Wnt interaction, as PAX7 has been shown to bind upstream of the 

gene, potentially regulating gene expression. 

AXIN2 showed a lower expression across all embryos, with Cq values averaging 

around 22.6 cycles compared to CTNNB1 at around 19.1 cycles average (de-

tailed results in appendix 9.2.1.2). All Cq values are within validated primer range. 

The standard deviations from the ∆Cq values of the technical replicates were 

good and mostly below 0.1 cycles, except for the PAX7 knock-down batch 1 at 

HH stage 17 midbrains and the PAX7 knock-down in midbrains at HH stage 14. 

The latter of the two had two wells with ES60AXIN2 failing to detect amplification 

and a strong variance between the wells with ES60CTNNB1 primers, most likely 

the result of low RNA input. 

4.2.3.4.1 Midbrain 

The electroporation with the pCAX plasmid, used as reference group, resulted in 

a change of both, AXIN2 and CTNNB1	expression by -10%, with ∆∆Cq values of 

0,15 cycles for AXIN2 and 0.16 cycles for CTNNB1, with standard deviations of 

0.054 cycles and 0.044 cycles respectively (figure 4-24).  

The knock-down of PAX7 expression shows mixed results. The first batch, using 

the 3x siPAX7-pSilencer1.0 mix resulted in a 49% reduction of AXIN2 expression, 

indicating a reduction in canonical Wnt signaling activity The caveat is a high 

standard deviation of 0.588 cycles with a ∆∆Cq value of 0.97 cycles, but still show-

ing a measurable difference. The two other runs show the opposite effect on 

AXIN2 expression, with both, the second and third batch showing an increase in 

expression by approximately 50%, with much smaller standard deviations. This 

goes against the previous findings, that showed a reduction in canonical Wnt sig-

naling activity using the TOP-dGFP reporter system. Looking at the expression 

of CTNNB1	, the first batch with a PAX7 knock-down resulted in a strong 61% 

reduction of expression, this time with a lower standard deviation of 0.295 cycles 

and a ∆∆Cq value of 1.34 cycles. The second batch using the same construct 
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resulted in functionally no change in CTNNB1 expression, especially when com-

paring it to the pCAX negative control. The third batch resulted in a 1.45-fold 

increase in CTNNB1 expression, with a ∆∆Cq value of -0.51 cycles and a stand-

ard deviation of 0.154 cycles (figure 4-24). 

The overexpression of the two transactivation domain splice variants of PAX7 

resulted in a minor reduction of AXIN2 expression for the short and a strong in-

crease for the long splice variant. The long splice variant increased AXIN2 ex-

pression 1.87-fold, whilst the short splice variant reduced expression by 26%, 

only slightly more change than seen from the negative control, especially when 

taking the standard deviation of 0.147 cycles with an ∆∆Cq of only 0.43 cycles 

into consideration. The effect of the short splice variant on CTNNB1 expression 

shows similar results, with a 19% reduction in expression only barely surpassing 

the 10% reduction from the pCAX plasmid, whilst having an over three times 

higher standard deviation. The standard deviation for the long splice variants ef-

fect on CTNNB1 expression surpasses the base value of its ∆∆Cq, not allowing 

for any meaningful interpretation (figure 4-24). 

The PAX7/ENGRAILED construct, enPAX7-pMIW, that inhibits expression of all 

genes directly regulated by PAX7, shows a 21% reduction in CTNNB1 expres-

sion. At the same time canonical Wnt signaling seems to be slightly increased, 

as AXIN2 expression was 1.15-fold higher compared to the wildtype control side. 

The relatively low increase, with a ∆∆Cq of only -0.15 cycles with its standard 

deviation of 0.054 cycles inspires much less confidence in the result, compared 

to the reduction of CTNNB1 expression with a ∆∆Cq 0.48 cycles and a standard 

deviation of 0.055 cycles (figure 4-24). 



 

 99 

 
Figure 4-24: The effects of PAX7 expression modifications on Wnt signaling in the midbrain are in-
conclusive. A and B ∆∆Cq values with standard deviations (technical replicates). The baseline of 0 indicates 
no change from electroporation. Positive values show a reduction, negative values an increase of expres-
sion. C and D: Fold change, calculated from ∆∆Cq values. AXIN2 (A and C) expression correlates with 
canonical Wnt signaling activity and is reduce in one of three PAX7 knockdown experiments, whilst in-
creased in the other two. Overexpression of the long splice variant also increased AXIN2 expression. 
CTNNB1 is the chicken’s homologue of !-catenin (B and D), an essential component of Wnt signaling. Its 
expression is reduced in one of three PAX7 knockdown experiments and increased in another one whilst 
not being affected in the third. The negative control (pCAX) shows only a minor impact on both genes, the 
same goes for the short PAX7 splice variant and the PAX7/ENGRAILED fusion gene. 

At HH stage 14 in the midbrain, only a knockdown of PAX7 and the overexpres-

sion of the short and more prominent splice variant were tested. Unfortunately, 

the standard deviations of the PAX7 knock-down sample are too high with some 

reactions completely failing amplification and not allowing for any meaningful in-

terpretation of the results. The overexpression of the short splice variant of PAX7 

resulted in a minor, 14% reduction of AXIN2 expression, but with a standard de-

viation of 0.103 cycles and a ∆∆Cq of only 0.21 cycles, the validity of this result 

can be questioned. The 28% reduction on CTNNB1 expression on the other hand 

is much more reliable, with a ∆∆Cq of 0.48 cycles and a standard deviation of 

0.042 cycles. (figure 4-25, A and B) 
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Figure 4-25: No clear impact of PAX7 modifications on Wnt signaling in midbrains at HH stage 14. A 
and B: ∆∆Cq values with standard deviations (technical replicates). The baseline of 0 indicates no change 
from electroporation. Positive values show a reduction, negative values an increase of expression. C and 
D: Fold change, calculated from ∆∆Cq values. The standard deviations of the PAX7 knockdown (siPAX7-
pSilencer) are too high to allow for any conclusions. The overexpression of the short splice variant of the 
PAX7 transactivation domain (sPAX7-pMES) show a reduction in CTNNB1 (!-catenin expression, in B and 
D). AXIN2 expression (A and C), correlating with canonical Wnt signaling was not affected by electro-
porations. 

4.2.3.4.2 Hindbrain 

In hindbrain at HH stage 17, AXIN2 expression changed overexpression of both 

PAX7 splice variants and the expression of the PAX7/ENGRAILED fusion pro-

tein. The knockdown of PAX7 only resulted in a minor reduction with relatively 

high standard deviation. The short splice variant and the enPAX7 fusion gene 

reduced AXIN2 expression, indicating a reduction in canonical Wnt signaling, with 

the short splice variant showing a stronger reduction of 56% compared to the 

45% reduction caused by enPAX7. Overexpression of the long PAX7 variant re-

sulted in a 47% increase in AXIN2 expression (figure 4-26 A and C). 

Expression of CTNNB1 was reduced by both, PAX7 knock-downs and overex-

pressions. Although the overexpression of the long splice variant of PAX7 caused 

only a minor and questionable reduction with a ∆∆Cq 0.18 cycles and a standard 

deviation of 0.074 cycles. The knockdown using the siPAX7-pSilencer1.0 con-

struct reduced CTNNB1 expression by 33%, overexpressing of the short PAX7 

splice variant reduced CTNNB1 expression by 38%. The reduction caused by 
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short splice variant overexpression is with a ∆∆Cq of 0.68 cycles was the strong-

est reduction seen for CTNNB1 in the hindbrain at HH stage 17 but also had the 

highest standard deviation of 0.26 cycles raising doubt about this result (figure 4-

33 B and D). 

 
Figure 4-26: Influence of PAX7 expression modifications on Wnt signaling in the hindbrain at HH 
stage 17. A and B: ∆∆Cq values with standard deviations (technical replicates). The baseline of 0 indicates 
no change from electroporation. Positive values show a reduction, negative values an increase of expres-
sion. C and D: Fold change, calculated from ∆∆Cq values. The AXIN2 expression (A and C) correlates with 
canonical Wnt signaling activity and is reduced by overexpression of PAX7 with the short splice variant 
transactivation domain (sPAX7-pMES) and a fusion gene from PAX7 with the ENGRAILED transactivation 
domain (enPAX7-pMIW) that inhibits transcription of genes regulated by PAX7. Knockdown of PAX7, the 
overexpression of both splice variants and the PAX7/ENGRAILD fusion protein reduced, in varying strength, 
CTNNB1 (!-catenin, B and D) expression, an essential component of Wnt signaling.  

Hindbrain tissue at HH stage 14 was only harvested from embryos in which the 

short PAX7 splice variant had been overexpressed. For CTNNB1 no change in 

expression could be detected. AXIN2 expression was reduced by 19%, but with 

a high standard deviation of 0.148 cycles and a ∆∆Cq of only 0.31 cycles the 

measurement is not the most reliable, rendering the data unusable (figure 4-27). 
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Figure 4-27: Measurements of PAX7 overexpression impact on canonical Wnt signaling unusable. A 
and B: ∆∆Cq values with standard deviations (technical replicates). The baseline of 0 indicates no change 
from electroporation. Positive values show a reduction, negative values an increase of expression. C and 
D: Fold change, calculated from ∆∆Cq values. Only the short splice variant of PAX7 electroporated. It shows 
no influence on CTNNB1 expression (B and D) and only a minor reduction in AXIN2 expression (A and C), 
both measurements show high standard deviations from the technical replicates. 

4.2.3.4.3 LiCl Positive Control 

Additionally, to the experiments modifying PAX7 expression, the whole body of 

an embryo was incubated with LiCl, an unspecific activator of canonical Wnt sig-

naling, to check whether an effect on AXIN2 expression could be detected. Un-

fortunately, the 14% increase in AXIN2 expression measured had a relatively 

high standard deviation from the measurements with 0.074 cycles when consid-

ering the ∆∆Cq of only -0.19 cycles (figure 4-28). The impact on CTNNB1 expres-

sion was even smaller and had higher standard deviations. 

Failing to detect a reliable increase in Wnt signaling induced by LiCl equals a 

failed positive control, putting all other results from detecting Wnt signaling 

through qPCR into question. 
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Figure 4-28: LiCl does not show the expected increase in canonical Wnt signaling. A and B: ∆∆Cq 
values with standard deviations (technical replicates). The baseline of 0 indicates no change from electro-
poration. Positive values show a reduction, negative values an increase of expression. C and D: Fold 
change, calculated from ∆∆Cq values. NaCl body was used as reference. Only one embryo was analyzed 
per treatment. Only neglectable changes in expression of AXIN2 (A and C) and CTNNB1 (B and D) were 
measured. 

4.2.3.4.4 Summary of Wnt Signaling Component Expression Changes 

To summarize, the knockdowns of PAX7 expression in the midbrain (HH stage 

14+17) resulted in an increase of AXIN2 expression in 3 of 4 experiments. Ex-

pression of CTTNB1 was reduced in 3 of 4 cases in the same experiments. The 

knock-down showed reduced expression for both genes.  

Overexpression of the short splice variant resulted in reduced AXIN2 expression 

at HH stage 14 and HH stage 17 in both mid- and hindbrain. A reduction in ex-

pression can also be observed for CTNNB1 in the same samples, with the ex-

ception being tissue from hindbrain at HH stage 14, where its expression was 

unchanged by the electroporations. 

The long PAX7 splice variant was only tested at HH stage 17. It showed reduction 

of AXIN2 expression in both mid- and hindbrain. CTNNB1 expression was un-

changed in midbrain and showed reduced expression in the hindbrain 

The reducing PAX7 transcriptional activity using the enPAX7 construct, only elec-

troporated at HH stage 17, reduced expression of both CTNNB1 and AXIN2, ex-

cept for AXIN2 in the midbrain, where a minor increase could be observed. 
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4.2.3.5 Effect of PAX7 Expression Modifications on CCND1 Expression 

The last gene studied in pooled tissue analysis was cyclin D1 (CCND1). It pro-

motes cells in the G1 phase of the cell cycle to enter the S phase and was used 

to check for the influence of PAX7 on cell proliferation. 

CCND1 was overall the strongest expressed gene of interest across all tissues 

and electroporation, reflecting the high proliferation in the embryonic brain. It 

showed an average ∆Cq of 18.25 cycles across all samples. The individual results 

were all within the range validated for the ES60CCND1 primers. The standard 

deviations from the technical replicates varied greatly between 0.808 cycles and 

0.013 cycles (appendix 9.2.1.3).  

CCND1 qPCRs weren’t done for all stages and tissues as not enough RNA was 

available. It was chosen to confirm results from prior experiments on PAX7 and 

its influence on the cell cycle, which unfortunately could not be confirmed. 

4.2.3.5.1 Midbrain at HH Stage 17 

The expression of CCND1 in the midbrain at HH stage 17 did not change in the 

negative control, the sample with the short PAX7 overexpression or the 

PAX7/EN1 expression. 

The knock-down experiments show, once again, very different effects between 

the three experiments. Batch 2 from the PAX7 knock-down experiments showed 

no impact on CCND1 expression. The first batch resulted in a 61% reduction of 

CCND1 expression, although be it with a high standard deviation of 0.295 cycles 

at a ∆∆Cq of 1.34 cycles. On the other hand, the third batch resulted in a 1.65-

fold increase in CCND1 expression, with a ∆∆Cq of -0.72 cycles and a standard 

deviation of 0.149 cycles. 

The only other electroporation that effected cyclin D1 expression was the long 

splice variant of PAX7. It increased CCND1 expression 1.56-fold equaling a ∆∆Cq 

of -0.65 cycles with a standard deviation of 0.094 cycles. 
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Figure 4-29: Changes in CCND1 expression at HH stage 17 in the midbrain, resulting from PAX7 ex-
pression modifications. A: ∆∆Cq values with standard deviations (technical replicates). The baseline of 0 
indicates no change from electroporation. Positive values show a reduction, negative values an increase of 
expression. B: Fold change, calculated from ∆∆Cq values. The knockdown experiments of PAX7 (siPAX7-
pSilencer1.0 constructs) resulted in every possible outcome: an increase, a reduction, and no change in 
expression – one possibility for each of the three batches tested. The overexpression of the long splice 
variant (lPAX7-pMES) also resulted in an increase in CCND1 expression. 

4.2.3.5.2 Mid- and Hindbrain at HH Stage 14 

At HH stage 14 only tissue with the short splice variant overexpressed was har-

vested in mir- and hindbrain. In the hindbrain the overexpression had no impact. 

In the midbrain on the other hand a 93% reduction (∆∆Cq: 3.88 cycles, SD: 0.072 

cycles) in CCND1 expression could be observed (figure 4-30). This strong 

change in expression stands as an outlier and requires further testing. 

 

Figure 4-30: Overexpression of the short PAX7 splice variant caused strong reduction in CCND1 ex-
pression. A: ∆∆Cq values with standard deviations (technical replicates). The baseline of 0 indicates no 
change from electroporation. Positive values show a reduction, negative values an increase of expression. 
B: Fold change, calculated from ∆∆Cq values. In the hindbrain no effect on CCND1 expression could be 
observed, whilst the midbrain showed a strong reduction in expression. This reduction stands as an outlier 
and requires further investigation. 

4.2.3.5.3 Hindbrain at HH Stage 17 

In the hindbrain at HH stage 17, both the overexpression of the long PAX7 splice 

variant as well as the knockdown of PAX7 resulted in a reduction of 11% and 

20% respectively. In both instances the standard deviations were relatively high 

compared to the base ∆∆Cq values. (figure 4-31) 
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Figure 4-31: PAX7 modifications do not meaningfully impact CCND1 expression in the hindbrain. A: 
∆∆Cq values with standard deviations (technical replicates). The baseline of 0 indicates no change from 
electroporation. Positive values show a reduction, negative values an increase of expression. B: Fold 
change, calculated from ∆∆Cq values. Although both, the knockdown using siPAX7-pSilencer1.0 and the 
overexpression of the long PAX7 splice variant, resulted in a small reduction in CCND1 expression, the 
validity of these results is questionable when looking at the relatively high standard deviations. 

Taken together the results of the CCND1 expression analysis after PAX7 expres-

sion modification, no clear conclusions can be drawn. The observable effects are 

either opposing each other (siPAX7-pSilencer1.0 in midbrains at HH stage 17) or 

unreliable resulting from poor reference gene performance (sPAX7-pMES in mid-

brains at HH stage 14). 

4.2.3.6 Summary of Pooled Tissue qPCR 

Since there were multiple batches of midbrain tissue at HH stage 17 transfected 

with plasmids knocking-down PAX7 expression, a comparative overview of the 

different expression changes is given in table 4-18. Batch 1 was the only batch 

showing strong suppression of PAX7 expression on an RNA level. It also showed 

a reduction in expression of AXIN2, CTNNB1 and CCND1.  

Sample n 
Short 

PAX7 SV 

Long 

PAX7 SV 
AXIN2 CTNNB1 CCND1 

Batch 1 8 (¯) ¯ ¯ ¯ ¯ 

Batch 2 15 - - ­ - - 

Batch 2 13 - ¯ ­ ­ ­ 

PAX7/EN1 14 (¯) - (­) ¯ - 
Table 4-18: Overview of Expression Changes from PAX7 knock-downs, detected in qPCR in pooled 
midbrain tissue at HH stage 17. Batch 1 shows a reduction in expression for all five genes tested. Batch 
2 and 3 did not show a comparable reduction in PAX7 expression. Both these batches also showed an 
increased expression of AXIN2, indicating increased canonical Wnt signaling activity, contradicting the find-
ings of the in vivo experiments. Expression of the PAX7/EN1 fusion protein did not affect PAX7 expression 
on canonical Wnt signaling. ­ increased expression, ¯ decreased expression, - expression unchanged. 
Brackets indicate weak changes compared to high standard deviations, rendering observed expression 
changes unreliable. 
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Analog to the overview for the PAX7 knock-down batches, a summary of expres-

sion changes resulting from PAX7 splice variant overexpression seen at HH 

stage 17 in the midbrain, is given in table 4-19.  

Sample n 
Short 

PAX7 SV 

Long 

PAX7 SV 
AXIN2 CTNNB1 CCND1 

NC 13 - - - - - 

Short 

PAX7 SV 
15 (¯) - ¯ ¯ - 

Long 

PAX7 SV 
16 ­ ­ ­ (­) ­ 

Table 4-19: Overview of Expression Changes from PAX7 overexpressions, detected in qPCR in 
pooled midbrain tissue at HH stage 17. In the NC (pCAX) no major expression changes were observed. 
Overexpressions did not result in PAX7 expression increases. Overexpression of the short PAX7 splice 
variant resulted in reduced canonical Wnt signaling, whilst overexpression of the long splice variant resulted 
in an increase. ­ increased expression, ¯ decreased expression, - expression unchanged. Brackets indicate 
weak changes compared to high standard deviations, rendering observed expression changes unreliable. 

Summarizing the results of all qPCRs using pooled tissue, no clear conclusions 

about the interactions between PAX7 and canonical Wnt signaling can be drawn. 

• Overall, only minor changes in gene expression were observed. In combi-

nation with varying standard deviations result interpretation is difficult. 

• The PAX7 expression modifications did not always cause the expected 

effects on PAX7 expression on an RNA level 

• No clear pattern in expression in-/decreases for AXIN2 or CTNNB1 can 

be seen, as a result from PAX7 expression modifications 

• CCND1 expression seems mostly unaffected by PAX7 expression modifi-

cations, and the few detectable changes are incoherent 

Drawing conclusion about the transfections at other HH stages or in the hindbrain 

is not straight forward either. A table summarizing these results can be found in 

appendix 9.2.1.4. 

4.2.4 ddCq Expression Analysis of Tissue from Single Embryos  

Since the analysis of pooled tissue did not show a clear impact of the PAX7 

knockdown on canonical Wnt signaling and as not all embryos with a PAX7 

knock-down showed the phenotype with smaller midbrains or reduced canonical 
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Wnt signaling activity in the Top-dGFP experiments, we decided to analyze the 

cDNA of the embryos individually using a 96.96 chip qPCR using a Biomark sys-

tem as it provided the required sample throughput. 

A total of 44 embryos were analyzed, 20 control group embryos, being electro-

porated with the GFP expressing pCAX plasmid and 24 with a PAX7 knock-down 

group, electroporated with the siPAX7-pSilencer1.0 construct.  

The expression of multiple genes was tested. Expression of the PAX7 splice var-

iants, multiple components of canonical Wnt signaling and the expression of sev-

eral HES genes was quantified. In addition to these genes, multiple potential off-

target genes of the siPAX7-pSilencer1.0 plasmid, used for the knock-down, had 

their expression quantified. The latter was done to ensure that effects seen with 

this construct were in fact caused by the PAX7 knock-down and not the result of 

another gene getting knocked-down by accident. 

4.2.4.1 Disclaimer and Summary 

As shown in detail in chapter 4.2.1.3.4, primer efficiencies for this experiment 

were poor and did not meet best practice standards. Therefore, all results ob-

tained cannot be taken as entirely valid, as Cq-values are heavily skewed.  

No statistically significant changes in expression were detected (two sided tests, 

p<0.05) because of the PAX7 knock-down. Even when only embryos were in-

cluded that showed at least a 50% reduction in expression of the short PAX7 

splice variant (the long splice variant had only one sample with a >50% reduction 

in expression) in the knock-down group, no statistically significant changes could 

be observed (appendix 9.2.2.4) 

Despite of all these limitations, the obtained data will be presented in detail in the 

following. 

4.2.4.2 Technical Summary and qPCR Performance 

From the 44 embryos analyzed, 6 were excluded. Two because amplification in 

with multiple primers failed and a further 4 embryos because the ∆Cq5’-3’ was 

larger than 1 cycle, indicating lower RIN. Three of the samples excluded because 

of lower RIN had all been prepared at least two years prior to the experiment 

itself, showing that cDNA degradation still occurs when samples are stored at -
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20°C. This left 19 control and 18 PAX7 knock-down embryos for downstream 

analysis. 

WNT1, WNT3a and HESX1 were excluded from the analysis as the primers tar-

geting them failed to show amplification in most cDNA samples. 

Using SPSS, the distribution of ∆∆Cq-values was analyzed for normal distribution 

using the Kolmogorov-Smirnov test (appendix 9.2.2.3)  

For all genes of interest that shoed a normal distribution, the t-test for equality of 

means and the Lavene’s test for equality of variances were performed. The latter 

showed a p>0.05 for all samples, confirming the equality of variances and allow-

ing for the use of the t-test for equality of means. Individual results for Lavene’s 

test can be found in appendix 9.2.2.3. 

Gene expression differences that showed a skewed distribution in the Kolmogo-

rov-Smirnov test had their changes in gene expression tested for statistical sig-

nificance using the Mann-Whitney-U test. 

4.2.4.3 Reference Genes 

Six primer pairs were used to detect reference gene expression and normalize 

the expression of the other genes. Multiple genes were used, instead of just a 

singular gene, to minimize impact of electroporation on reference gene expres-

sion, as no data for reference gene expression stability in the chicken embryos 

midbrain has been published yet. All of them were exon spanning, thus only am-

plifying cDNA. The two primers that amplify GAPDH were also used to assure 

RNA integrity. Besides them, ACTB, YWATZ, ATP5B and HMBS primers were 

used. All these genes are either involved in cellular metabolism or cytoskeleton 

and have been shown to have stable expression in many tissues. For the ∆∆Cq 

analysis, the geomean off the Cq-values all six primers were used (table 4-20). 

All Cq-values obtained were included in the analysis. Overall, the GAPDH primers 

produced the lowest Cq-values around 8 cycles, the ES60HMBS primer produced 

the highest Cq-values around 15 – 16 cycles. (table 4-20) The standard deviations 

for the individual triplicates averaged below 0.2 cycles (table 4-20 shows stand-

ard deviation across all samples) for all primers, indicating a high precision of the 
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measurements, even at higher cycle numbers. The individual results can be 

found in appendix 9.2.2.2. 
 ES60ACTB ES603'GAPDH ES605'GAPDH ES60YWATZ ES60ATP5B ES60HMBS Geomean 

mean 9.76 8.02 8.18 14.67 11.71 15.33 10.90 

SD 1.43 1.14 1.30 1.38 1.33 1.23 1.29 

Table 4-20: Reference gene expression in qPCR with tissue from single embryos. Averaged Cq values 
from all reactions off all embryos analyzed. The GAPDH primers show the lowest Cq Values, the ES60HMBS 
primer shows the highest Cq value. 

4.2.4.4 PAX7 and PAX3 Expression Not Affected by siPAX7-pSilencer1.0 

The P7 sPAX7-F/ES60PAX7-R and P9 lPAX7-F/ES60PAX7-R primer pairs were 

used to detect the short and long PAX7 transactivation domain splice variants, 

respectively. The ES60PAX3-2 primer pair was used to detect PAX3, the PAX 

gene family member with the closest relation to PAX7. This was done to investi-

gate a potential cross regulation. The ES60PAX3 primer as well as the primer 

pair amplifying the short PAX7 splice variant all embryos were included in the 

analysis. Five samples, in combination with the primer for the long PAX7 trans-

activation domain splice variant failed amplification and were excluded from the 

analysis. Two of these embryos were in the control group, one failed amplification 

on the GFP, the other on the wildtype side. The remaining 3 embryos were from 

the PAX7 knock-down group, with two of them failing amplification on the elec-

troporated GFP side. These two embryos showed both showed an above aver-

age reduction in short PAX7 splice variant expression, with ∆∆Cq-values of 1.29 

and 1.70 cycles compared to the average in the knock-down group of 0.58 cycles 

(table 4-21). The results for all three genes showed a normal distribution, so t-

tests were performed. 

∆∆Cq- 
Values Group N Mean Std. Devia-

tion 
Std. Error 

Mean 

sPAX7  
control 19 0.334 1.441 0.330 
PAX7 

knock-down 18 0.578 0.827 0.195 

lPAX7 
control 17 -0.352 0.955 0.232 
PAX7 

knock-down 15 0.158 0.746 0.193 

PAX3 
control 19 -0.026 0.461 0.106 
PAX7 

knock-down 18 0.086 0.357 0.084 
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Table 4-21: Group statistics for changes in expression (as ∆∆Cq-values) of PAX3 and the two PAX7 
trans activation domain splice variants. Mean and standard deviation/error form biological replicates. 
Higer means indicate lower expression.  

All genes revealed a wide spread of expression changes induced by the different 

transfections and only minor changes in the means between the two groups. 

Whilst the means for both PAX7 splice variants (figure 4-32) and PAX3 (figure 4-

33) show a reduction in expression in the PAX7-knock-down group, the combi-

nation of high standard deviations and low mean differences, resulted in neither 

the t-test showing significant differences (for p > 0.05, two-sided) between the 

groups analyzed (table 4-22).  

This indicates, that either the knock-down of PAX7 didn’t work or can’t be de-

tected using this method. 
 t-test for Equality of Means 
 

t 
Significance Mean Differ-

ence 
Std. Error 
Difference  One-Sided 

p 
Two-Sided 

p 
sPAX7 -0.627 0.267 0.535 -0.244 0.389 
lPAX7 -1.665 0.053 0.106 -0.509 0.306 
PAX3 -0.816 0.210 0.420 -0.111 0.136 

Table 4-22: Results from t-test for changes in expression of PAX3 and the two transactivation domain 
splice variants of PAX7. The negative mean difference indicates a reduction in expression of both genes 
analyzed, although none of them is reduced significantly. Tests done using SPSS.  

 
Figure 4-32: PAX7 knock-down did not affect PAX7 expression. Boxplots of ∆∆Cq values for the long 
and short PAX7 trans activation domain splice variant expression changes, split between the reference 
(pCAX) and PAX7 knock-down n (siPAX7-pSIlencer1.0) group. Although a difference in means, towards a 
lower PAX7 expression for both splice variants is visible, it is not significant (table 4-22). Whiskers mark the 
minimum/maximum value, circles and asterisks mark outliers. 
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Figure 4-33: PAX7 knock-down did not affect PAX3 
expression. Boxplots of ∆∆Cq values for PAX3 ex-
pression change, split between the reference (pCAX) 
and PAX7 knock-down (siPAX7-pSIlencer1.0) group 
No significant change in expression could be detected 
(table 4-22). Whiskers mark the minimum/maximum 
value, circles mark outliers.  

4.2.4.5 Expression of Wnt Signaling Pathway Components Not Affected 
by siPAX7-pSilencer1.0 

As in previous experiments, analyzing pooled embryos, AXIN2, the direct feed-

back gene for canonical Wnt signaling was analyzed as well as CTNNB1 (b-

catenin), the suspected gene linking Wnt signaling with PAX7. To expand on 

these two genes, LEF1, a gene coding for a protein binding b-catenin in the nu-

cleus and WNT4 coding for an activator of Wnt signaling were probed for expres-

sion changes. None of the reactions failed amplification, so all embryos were in-

cluded in the analysis. The ∆∆Cq-values obtained for AXIN2, LEF1 and WNT4 

(table 4-23) showed no normal distribution, so Mann-Whitney-U tests instead of 

t-tests were performed. 

∆∆Cq- 
Values Group N Mean Std. Devia-

tion 
Std. Error 

Mean 

AXIN2 
control 19 0.022 1.016 0.233 
PAX7 

knock-down 18 0.165 1.113 0.262 

CTNNB1 
control 19 0.021 0.326 0.075 
PAX7 

knock-down 18 0.166 0.273 0.064 

LEF1 
control 19 -0.146 0.391 0.090 
PAX7 

knock-down 18 -0.075 0.276 0.065 

WNT4 
control 18 0.165 1.113 0.262 
PAX7 

knock-down 19 -0.146 0.391 0.090 
Table 4-23: Group statistics for changes in expression (as ∆∆Cq-values) of canonical Wnt signaling 
components: AXIN2, CTNNB1, LEF1 and WNT4. Mean and standard deviation/error form biological repli-
cates. Higer means indicate lower expression, higher AXIN2 expression indicates higher canonical Wnt sig-
naling activity. 

Once again, the primers revealed a wide spread of expression changes for the 

individual embryos, but only minor differences in the means between the two 
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groups analyzed. Whilst all four genes analyzed showed a small reduction in ex-

pression, the large spread of individual results resulted in all reductions not being 

significant when tested. (two-sided t-test and Mann-Whitney-U test; p > 0.05) (ta-

ble 4-24 and 4-25 as well as figure 4-34 and 4-35) 

 
t-test for Equality of Means 

t 
Significance Mean Dif-

ference 
Std. Error 
Difference One-Sided 

p 
Two-Sided 

p 
CTNNB1 -1.460 0.077 0.153 -0.145 0.099 

Table 4-24: Results from t-test for changes in expression of CTNNB1. The negative mean difference 
indicates a reduction in expression of all genes analyzed, although not a significant one. Tests done using 
SPSS. 

 
Figure 4-34: PAX7 knock-down did not affect AXIN2 or CTNNB1 expression. Boxplots of ∆∆Cq values 
for AXIN2 and CTNNB1 expression changes, split between the reference (pCAX) and PAX7 knock-down n 
(siPAX7-pSIlencer1.0) group. Although a difference in means, towards a lower CTNNB1 expression is visi-
ble, it is not significant (table 4-24 and 4-25). Whiskers mark the minimum/maximum value, circles mark 
outliers. 

 Mann-
Whitney U 

Asymp. 
Sig. (2-
tailed) 

Exact Sig. 
[2*(1-
tailed 
Sig.)] 

AXIN2 169 0.952 0.964 
WNT4 169 0.952 0.964 
LEF1 171 1 1 

Table 4-25: Results from Mann-Whitney-U test for changes in expression of AXIN2, WNT4 and LEF1. 
None of the genes tested show a significant change in expression because of the PAX7 knock-down. Tests 
done using SPSS. 
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Figure 4-35: PAX7 knock-down did not affect LEF1 or WNT4 expression. Boxplots of ∆∆Cq values for 
LEF1 and WNT4 expression changes, split between the reference (pCAX) and PAX7 knock-down n 
(siPAX7-pSIlencer1.0) group. No significant changes in expression were detectable (table 4-25). Whiskers 
mark the minimum/maximum value, circles mark outliers. 

4.4.6.4 Frizzled Receptor Expression Not Affected by siPAX7-pSilencer1.0 

Further expanding the set of genes tested directly involved in canonical Wnt sig-

naling, the expression of the four primarily expressed frizzled receptors (FZD) 

receptors was tested. As none of the FZD genes in the chicken contain introns, 

the primers used weren’t skipping from exon to exon and thus not cDNA specific, 

increasing background signal from genomic DNA. For FZD1 and FZD10 this 

didn’t pose any problems, as both genes showed strong expression resulting in 

mean Cq-values ~7-8 cycles lower compared to the control sample without re-

verse transcription (no RT control) showing the amount of background signal from 

genomic DNA (table 4-26). For FZD5 and FZD9, both with a lower expression 

and lower Cq-value differences compared to the no RT control, this poses a prob-

lem, further difficulting the detection of expression changes (table 4-26). 

Only the combination of the 60FZD5 primer and one embryo from the PAX7 

knock-down group failed amplification and was excluded, all other data obtained 

was included in the analysis. 

Cq-Values 60 FZD1 60 FZD5 60 FZD9 60 FZD10 
Mean SD Mean SD Mean SD Mean SD 

no RT control 21.73 0.95 21.29 1.14 22.10 0.43 20.46 0.89 
all embryos 13.83 1.21 20.93 2.63 19.07 1.51 13.85 1.38 

Table 4-26: FZD receptor expression. Comparison between Cq-values of the control sample without re-
verse transcriptase in the cDNA synthesis reaction to the mean of all samples included in the gene expres-
sion analysis. For FZD1 and FZD10 a strong expression allows for easy interpretation. The weak expression 
of FZD5 and FZD9, only a few cycles above the background from genomic DNA contamination makes de-
tecting expression changes difficult. 
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∆∆Cq-Val-
ues Group N Mean Std. Devia-

tion 
Std. Error 

Mean 

FZD1 
control 19 0.094 0.336 0.077 

PAX7 knock-
down 18 -0.009 0.381 0.090 

FZD5 
control 19 0.669 3.647 0.837 

PAX7 knock-
down 17 -0.918 3.349 0.812 

FZD9 
control 19 0.248 1.237 0.284 

PAX7 knock-
down 18 -0.204 0.943 0.222 

FZD10 
control 19 -0.104 0.422 0.097 

PAX7 knock-
down 18 0.045 0.360 0.085 

Table 4-27: Group statistics for changes in expression (as ∆∆Cq-values) of frizzled receptors (FZD). 
Mean and standard deviation/error form biological replicates. Higer means indicate lower gene expression. 

For the overall strongly expressed FZD1 and FZD10 genes an overall low change 

in expression alongside a low spread between the individual embryos was ob-

served indicating a stable expression between embryos and groups. FZD5 and 

FZD9 show higher alterations in expression between the two groups, but a high 

variance within the groups prevents the results from being statistically significant 

in the t-test and Mann-Whitney-U test (table 4-28 and 4-29 as well as figure 4-36 

and 4-37). 

 
t-test for Equality of Means 

t 
Significance Mean Dif-

ference 
Std. Error 
Difference One-Sided 

p 
Two-Sided 

p 
FZD1 0.873 0.194 0.389 0.103 0.118 
FZD5 1.354 0.092 0.185 1.587 1.172 

FZD10 -1.147 0.129 0.259 -0.148 0.129 
Table 4-28: Results from t-test for changes in expression of frizzled receptors (FZD). Negative mean 
differences indicate a reduced level of gene expression, positive differences an increase in gene expression 
caused by the siPAX7-pSIlencer1.0 plasmid. None of the expression level changes are significant (p>0.05, 
two-sided t-test). Tests done using SPSS. 

 Mann-Whitney U Asymp. Sig. (2-tailed) Exact Sig. [2*(1-tailed Sig.)] 
FZD9 125 0.162 0.169 

Table 4-29: Results from Mann-Whitney-U test for changes in expression of FZD9. The changes in 
expression resulting from PAX7 knock-down are insignificant. Test done using SPSS. 
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Figure 4-36: PAX7 knock-down did not affect FZD1 or FZD5 expression. Boxplots of ∆∆Cq values for 
FZD1 and FZD5 expression changes, split between the reference (pCAX) and PAX7 knock-down n (siPAX7-
pSIlencer1.0) group. No significant changes in expression were detectable (table 4-28). Whiskers mark the 
minimum/maximum value, circles mark outliers. 

 
Figure 4-37: PAX7 knock-down did not affect FZD9 or FZD10 expression. Boxplots of ∆∆Cq values for 
FZD9 and FZD10 expression changes, split between the reference (pCAX) and PAX7 knock-down n 
(siPAX7-pSIlencer1.0) group. No significant changes in expression were detectable (table 4-28 and table 4-
29). Whiskers mark the minimum/maximum value, circles mark outliers, stars extreme outliers (more than 
1.5 interquartile ranges from box. 

4.2.4.6 Expression of Other Genes Active in Proliferating Cells Not Af-
fected by siPAX7-pSilencer1.0 

Widening the scope of genes, potentially affected by a knock-down of PAX7, mul-

tiple HES genes as well as NOTCH1, all involved in development of the midbrain 

and all expressed around HH stage 17, were probed for using exon spanning 

qPCR primers. All reactions showed successful amplification, so all were in-

cluded in the statistical analysis (table 4-30). 

∆∆Cq-Val-
ues Group N Mean Std. Devi-

ation 
Std. Error 

Mean 

NOTCH1 control 19 -0.535 1.494 0.343 
PAX7 knock-down 18 -0.425 1.413 0.333 

HES1 control 19 -0.239 0.997 0.229 
PAX7 knock-down 18 -0.112 0.735 0.173 

HES5A control 19 -0.011 0.455 0.104 
PAX7 knock-down 18 0.228 0.635 0.150 
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HES5like control 19 0.011 0.386 0.088 
PAX7 knock-down 18 0.203 0.309 0.073 

HES6 control 18 0.094 0.668 0.158 
PAX7 knock-down 18 -0.186 0.691 0.163 

HEY1 control 19 -0.076 0.296 0.068 
PAX7 knock-down 18 0.017 0.238 0.056 

Table 4-30: Group statistics for changes in expression (as ∆∆Cq-values) of NOTCH 1 and multiple 
members of the HES gene family expressed in the midbrain at HH stage 17. Mean and standard devia-
tion/error form biological replicates. Higer means indicate lower gene expression. 

The genes from the HES family show a non-significant reduction in expression 

caused by the siPAX7-pSilencer1.0 electroporation, except for HES6, where a 

non-significant increase can be observed. NOTCH1 also did not show a signifi-

cant change in expression, although a minor reduction on the PAX7 knock-down 

side could be observed (table 4-31 and figures 4-38 to 4-40). 

 
t-test for Equality of Means 

t 
Significance Mean Dif-

ference 
Std. Error 
Difference One-Sided 

p 
Two-Sided 

p 
NOTCH1 -0.231 0.409 0.819 -0.111 0.479 

HES1 -0.439 0.332 0.664 -0.127 0.289 
HES5A -1.318 0.098 0.196 -0.238 0.181 

HES5like -1.665 0.052 0.105 -0.192 0.115 
HES6 1.234 0.113 0.226 0.280 0.227 
HEY1 -1.047 0.151 0.302 -0.093 0.089 

Table 4-31: Results from t-test for changes in expression of NOTCH and members of the HES gene 
family expressed in the midbrain at HH stage 17. Negative mean differences indicate a reduced level of 
gene expression, positive differences an increase in gene expression caused by the siPAX7-pSIlencer1.0 
plasmid. None of the expression level changes are significant (p>0.05, two-sided t-test). Tests done using 
SPSS. 

 
Figure 4-38: PAX7 knock-down did not affect NOTCH1 or HES1 expression. Boxplots of ∆∆Cq values 
for NOTCH1 and HES1 expression changes, split between the reference (pCAX) and PAX7 knock-down n 
(siPAX7-pSIlencer1.0) group. No significant changes in expression were detectable (table 4-31). 
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Figure 4-39: PAX7 knock-down did not affect HES5A or HES5-like expression. Boxplots of ∆∆Cq values 
for HES5A and HES5-like expression changes, split between the reference (pCAX) and PAX7 knock-down 
n (siPAX7-pSIlencer1.0) group. No significant changes in expression were detectable (table 4-31). 

 
Figure 4-40: PAX7 knock-down did not affect HES6 or HEY1 expression. Boxplots of ∆∆Cq values for 
HES6 and HEY1 expression changes, split between the reference (pCAX) and PAX7 knock-down n 
(siPAX7-pSIlencer1.0) group. No significant changes in expression were detectable (table 4-31). 

4.2.4.7 Potential siPAX7-pSilecner1.0 off-Target Genes Expression not Af-
fected by siPAX7-pSilencer1.0 

As research using NCBIs BLAST tool revealed multiple genes besides PAX7 that 

could partially be bound and thus inhibited in translation by the siPAX7-pSi-

lencer1.0 construct used for the PAX7 knock-down experiment, a small selection 

of genes expressed in the chicken midbrain during development were tested for 

expression alterations.  

The ES60CHMP48, ES60ERMIN and ES60MAP2 primers showed decent ampli-

fication, all Cq-values obtained were analyzed, except for two embryos in the 

pCAX control group, that failed amplification when tested using the ES60ERMIN 

primers (table 4-32). 
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∆∆Cq- 
Values Group N Mean Std. Devia-

tion 
Std. Error 

Mean 

CHMP48 
control 19 0.038 0.279 0.064 
PAX7 

knock-down 18 -0.031 0.253 0.060 

ERMIN 
control 17 0.153 1.049 0.254 
PAX7 

knock-down 18 -0.498 1.063 0.251 

MAP2 
control 19 -0.038 0.491 0.113 
PAX7 

knock-down 18 0.125 0.384 0.091 
Table 4-32: Group statistics for changes in expression (as ∆∆Cq-values) of potential off-target genes 
of the siPAX7-pSIlencer1.0 construct. Mean and standard deviation/error form biological replicates. Higer 
means indicate lower gene expression. 

The minor changes in average expression in combination with large standard 

deviations, resulted in none of the expression changes observed in the PAX7 

knock-down group being significantly different from the pCAX control group (on 

the standard p<0.05 significance level, if p<0.1 was to be considered significant, 

ERMIN would show a significant uplift in expression as a result of the siPAX7-

pSilencer). This indicates that the siPAX7-pSilencer1.0 construct does not affect 

expression of the three potential off target genes tested (table 4-34 and figures 

4-48 and 4-49). 
 t-test for Equality of Means 
 

t 
Significance Mean Differ-

ence 
Std. Error 
Difference  One-Sided 

p 
Two-Sided 

p 
CHMP48 0.793 0.216 0.433 0.070 0.088 
ERMIN 1.822 0.039 0.078 0.651 0.357 
MAP2 -1.117 0.136 0.272 -0.163 0.146 

Table 4-33: Results from t-test for changes in expression potential off-target genes of the siPAX7-
pSIlencer1.0 construct. Negative mean differences indicate a reduced level of gene expression, positive 
differences an increase in gene expression caused by the siPAX7-pSIlencer1.0 plasmid. None of the ex-
pression level changes are significant. (p>0.05, two-sided t-test). Tests done using SPSS. 
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Figure 4-42: PAX7 knock-down did not affect CHMP48 or ERMIN expression. Boxplots of ∆∆Cq values 
for CHMP48 and ERMIN expression changes, split between the reference (pCAX) and PAX7 knock-down n 
(siPAX7-pSIlencer1.0) group. No significant changes in expression on a p<0.05 level were detectable. If 
results with a p<0.1 were to be considered significant, ERMIN would show a significant uplift in expression 
because of the PAX7 knock-down (table 4-33). 

4.3 Detecting PAX7 and Wnt Signaling on Protein Level 
Using Western Blot 

As qPCR failed to detect the intended effects of the electroporations, Western 

blot was used to test whether changes in gene expression could be observed on 

protein level. 

Protein from phenol-chloroform isolation was used for western blots detecting 

PAX7 and dephosphorylated active CTNNB1 ($-catenin). Like qPCR, antibodies 

were first validated using a dilution series from wildtype tissue.  

4.3.1 Difficulties 

Besides initial issues, with different electrophoresis chambers (for example the 

chamber from Biometra) and buffers, resulting in poor electrophoresis perfor-

mance, quantification of proteins proved especially difficult.  

For example, in initial testing, blots using 20µg of protein (1µg/µl and 6µg/µl 

measured using nanodrop) isolated from spinal cord resulted in no visible protein 

Figure 4-41: PAX7 knock-down did not affect 
MAP2 expression. Boxplots of ∆∆Cq values for 
MAP2 expression changes, split between the refer-
ence (pCAX) and PAX7 knock-down (siPAX7-pSI-
lencer1.0) group. No significant changes in expres-
sion were detectable (table 4-33). 
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in a ponceau stain, indicating falsely high photometric measurements. Dye based 

quantification using Qubit was tested – and showed unreliable results when test-

ing measurement linearity using a dilution series. The issues with quantification 

primarily stemmed from low tissue input and solvents skewing the measure-

ments. In the end, an approach analog to the qPCR from single embryos, the 

protein was simply directly loaded on the gels, skipping quantification. As once 

again midbrain halves with PAX7 expression modifications were to be compared 

with their corresponding wildtype midbrain halves, the amount of protein isolated 

and loaded should have been comparable. Minor differences in protein quantity 

could be adjusted for using whole protein normalization. 

Unfortunately, the amount of protein isolated was in many cases too low to be 

detected using ponceau stain. For example, three of the 8 midbrain blots had no 

visible protein in the Ponceau stain. Despite that, PAX7 and active-CTNNB1 pro-

tein was detected using antibodies, and an attempt at normalization using the 

Revert 700 fluorescent whole protein stain was made.  

4.3.2 Validation of Antibodies for Western Blot 

The anti PAX7 antibody from DSHB, the anti $-catenin non-phospho(active) S45 

antibody from Abcam and the anti active-$-catenin (ABC, clone 8E7) antibody 

from Upstate were tested on blots ranging from 5-40µl protein extracted from 

midbrain of E6 embryos.  

Blots were analyzed using Fiji, linear fits with forced y=0 intersects were calcu-

lated using Excel. Major outliers were excluded. Table 4-37 shows averaged R2 

values calculated. 

For the anti PAX7 and the anti-non-phospho $-catenin antibody from Abcam, lin-

ear fits with R2 values over 0.9 could be generated, indicating good linearity be-

tween 5µl and 40µl of reference E6 midbrain protein. The anti-ABC antibody 

failed to produce such results, a linear fit was only successful on one blot, with 

poor R2 values indicating a poor fit (table 4-34). 

A GAPDH antibody initially intended as loading control, produced multiple bands 

and was thus excluded from further testing and the Revert whole protein stain 

was instead used as loading control. 
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Anti PAX7, DSHB Anti	non-phospho $-
catenin, Abcam Anti ABC, Upstate 

Range R2 Range R2 Range R2 
5-40µl 0.938 10-40µl  0.978 5-40µl 0.235 
5-40µl 0.973 5-40µl  0.980   
5-40µl  0.969 5-40µl 0.912   
5-40µl* 0.978 5-40µl* 0.915   
average 0.965 average 0.946   

Table 4-34: Anti PAX7 and Anti non-phospho β-catenin antibodies show linear scaling. R2 values from 
dilution series western blots to validate linearity of antibody signals. Both the anti PAX7 antibody and the 
anti-non-phospho !-catenin antibody from Abcam produce good linear fits with R2 values >0.9. The Anti ABC 
antibody from Upstate showed poor performance and failed validation. * staining on stripped blots. 

4.3.3 Expression Analysis 

For a total of 14 different protein samples western blot analysis was performed. 

13 with modified PAX7 expression were from the same tissue samples as the 

RNA used for qPCR reactions (chapter 4.2.3). A positive control for canonical 

Wnt signaling activity was included, using protein isolated from LiCl (unspecific 

Wnt signaling activator) and NaCl (reference sample) treated embryos at HH 

stage. 

4.3.3.1 Summary 

Resulting from the low protein input quantification of protein expression failed. 

Most of the obtained signals were outside of validated primer range and the 

measurement inaccuracies resulting from weak signals made drawing conclu-

sions about the impact of the transfections impossible. 

In the following, the results will still be briefly presented. 

Figure 4-43: Good correlation between signal 
intensity and loaded protein. Exemplary blot 
with linear fit from western blot from antibody lin-
earity testing using E6 wildtype midbrain tissue 
and anti-non-phospho !-catenin antibody from 
Abcam. The linear fit shows good linear correla-
tion with an R2 of 0.98. 
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4.3.3.2 Whole Protein Stain 

Quantification of protein isolated using phenol-chloroform preparation proved to 

be highly unreliable. Therefore, the assumption that both sides of the midbrain 

should yield comparable amounts of protein was made and equal volumes of 

protein were loaded for each side. A reference sample was loaded alongside the 

test samples, ensuring that the amount of protein detected was within validated 

range.  

The whole protein stains using the Revert 700 Whole Protein Stain were analyzed 

using the Empiria software. The absolute signal intensities obtained cannot be 

compared across blotting membranes and antibodies as the Odyssey FC auto-

matically adjusts acquisition settings depending on signal intensity. 

Relative Signal Intensities for 
Whole Protein Stain 

 GFP Side Control Side 
Tis-
sue Stange Plasmid n Rel. 

Mean 
Rel. 
SD 

Rel. 
Mean 

Rel. 
SD 

M
id

br
ai

n HH stage 
17 

PAX7 knock-down; 
Batch 2 15 0.85 0.338 0.57 0.142 

PAX7 knock-down; 
Batch 3 13 1.53 0.680 2.04 0.396 

sPAX7-pMES 15 0.12 0.102 0.10 0.034 
lPAX7-pMES 16 0.59 0.341 0.84 0.200 

enPAX7-pMIW 14 0.56 0.066 0.54 0.074 
pCAX 13     

HH stage 
14 

siPAX7-pSilencer1.0 11 0.13 0.081 0.14 0.016 
sPAX7-pMES 17 0.29 0.102 0.36 0.010 

H
in

db
ra

in
 

HH stage 
17 

siPAX7-pSilencer1.0 17 1.42 1.000 0.64 0.809 
sPAX7-pMES 11 0.06 0.103 0.14 0.082 
enPAX7-pMIW 11 0.11 0.660 0.00 0.481 

HH stage 
14 sPAX7-pMES 12 2.99 1.741 2.53 1.992 

Table 4-35: Whole protein stain shows low protein input relative to loading control, in Western Blots. 
Sample protein loaded, relative to reference protein, calculated (from values in appendix 9.3) for better vis-
ualization and cross blot comparability.  

As shown in table 4-35, the relative signal intensity is below 1, which equals less 

than 10µl of reference E6 midbrain protein from antibody linearity testing. With a 

relative signal of 0.5 being the lower limit of validated signal rages, more than 

halve of the samples are bordering or are outside of validated ranges. 
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Overall, the amount of protein loaded, when comparing GFP and control sides is 

not too different, but extremely high standard deviations don’t allow for more than 

vague statements (table 4-35, figure 4-44).  

As expected, the sample using protein isolated from a whole embryo at HH stage 

20, intended as positive control for canonical Wnt signaling showed much higher 

signal intensity, equaling a higher amount of protein loaded, whilst absolute 

standard deviations were comparable to samples from mid-/hindbrain (figure 4-

45).  

 
Figure 4-45: Low amount of total protein loaded relative to E6 midbrain reference protein. Protein 
loaded over all is low, standard deviations from technical replicates are high.  

Figure 4-44: Low standard deviations in 
whole protein stain for protein isolated 
from whole body at HH stage 20. Revert 
700 whole protein stain, absolute signal, thus 
Y-axis not comparable with figure 4-51. The 
standard deviation is much lower compared 
to the absolute signal because of more pro-
tein being loaded.  
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4.3.3.3 Quantification of PAX7 Expression and Canonical Wnt Signaling 
on a Protein Level 

The results show that the signals obtained from the transfected samples were 

much weaker compared to the signal from the E6 midbrain reference sample. 

Most signals from transfected samples did not reach 50% of reference sample 

signal (table 4-36 and 4-37), equaling the lower limit of validated primer range. 

Signal intensities outside of validated range cannot be interpreted reliably. 

Normalized Signal Intensities for PAX7 
    GFP Side Control Side Refer-

ence 
E6 

Mid-
brain 

Tis-
sue Stage Plasmid n Mean SD Mean SD 

M
id

br
ai

n HH 
stage 17 

PAX7 knock-down; 
Batch 2 15 0.50 0.168 0.37 0.098 1.21 

PAX7 knock-down; 
Batch 3 13 0.58 0.195 1.01 0.139 1.96 

sPAX7-pMES 15     0.05 
lPAX7-pMES 16 2.67 1.100 1.04 1.051 4.11 

enPAX7-pMIW 14 0.04 0.008 0.05 0.008 0.19 
pCAX 13      

HH 
stage 14 

siPAX7-pSi-
lencer1.0 11 0.21 0.212 0.12 0.141 0.35 

sPAX7-pMES 17 0.11 0.163 0.05 0.009 0.05 

H
in

db
ra

in
 

HH 
stage 17 

siPAX7-pSi-
lencer1.0 17 0.12 0.022 0.09 0.041 1.18 

sPAX7-pMES 11 0.07 0.229 0.24 0.162 1.54 
lPAX7-pMES 12      

enPAX7-pMIW 11 0.00 0.004 0.01 0.008 0.22 
HH 

stage 14 sPAX7-pMES 12 0.03 0.042 0.61 0.949 24.90 
Table 4-36: PAX7 protein quantification of mid- and hindbrain tissue. Normalized signal intensities from 
PAX7 antibody. Averages and standard deviations from technical replicates. The signal intensities are blot 
specific and can’t be compared across blots. Blank spots: no bands visible. Most samples produce a signal 
<50% of the reference signal and are thus below validated antibody range.  

 
Normalized Signal Intensities for non-phospho 

CTNNB1 
    GFP Side Control Side Refer-

ence: 
E6 MB 

Tis-
sue Stage Plasmid n Mean SD Mean SD 

M
i

db ra
i n PAX7 knock-

down; Batch 2 15 17.20 5.716 19.80 3.812 12.40 
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HH 
stage 

17 

PAX7 knock-
down; Batch 3 13 74.67 46.437 35.30 7.545 55.20 

sPAX7-pMES 15     1.29 

lPAX7-pMES 16 76.93 45.694 45.83 16.89
6 14.10 

enPAX7-pMIW 14 4.60 0.297 0.93 0.699 5.45 
pCAX 13      

HH 
stage 

14 

siPAX7-pSi-
lencer1.0 11 -0.74 2.753 0.07 2.731 3.61 

sPAX7-pMES 17 0.26 0.448 -0.39 0.754 0.50 

H
in

db
ra

in
 HH 

stage 
17 

siPAX7-pSi-
lencer1.0 17 6.07 1.894 1.00 8.242 4.12 

sPAX7-pMES 11 -214.34 203.50
9 9.57 17.52

9 1.34 

lPAX7-pMES 12      

enPAX7-pMIW 11 8.11 11.112 -0.24 1.447 1.54 
HH 

stage 
14 

sPAX7-pMES 12 1.20 1.690 0.37 0.395 2.48 

Body 
HH 

stage 
20 

LiCl/NaCl 1 0.79 0.358 0.92 0.268  

Table 4-37: Canonical Wnt signaling activity quantifiable in a few protein samples. Normalized non-
phospho CTNNB1 signal from western blots. Averages and standard deviations from technical replicates. 
The signal intensities are blot specific and can’t be compared across blots. Blank spots: no bands visible. 
The samples from midbrain at HH stage 17 mostly are within validated antibody range.  

Independent of stage, brain region and electroporation not a single sample had 

both its brain sides within validated antibody range for the anti-PAX7 antibody 

whilst also having reasonable standard deviations. (figure 4-46) 
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Figure 4-46: PAX7 protein cannot be reliably quantified. Western blot results using the PAX7 antibody 
from DSHB. Signal normalized to whole protein stain. Most signals are below validated antibody range 
(<50% of loading control). Standard deviations from technical replicates are too high, to allow for valid con-
clusions about changes in PAX7 detected. Protein harvested at: A: HH stage 17, midbrain tissue; B: HH 
stage 14, midbrain tissue; C: HH stage 17, hindbrain tissue; D: HH stage 14, hindbrain tissue. 

The results from western blots stained using the non-phospho $-catenin antibody 

from Abcam look better compared to the results from PAX7 blots. The samples 

from the midbrain at HH stage 17 had mostly signal intensities within the validated 

range for antibody linearity. The spread between the individual measurements is 

still high resulting in high standard deviations. (figure 4-47) 
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Figure 4-47: High SDs undermine ability to draw conclusions about canonical Wnt signaling activity 
in HH stage 17 midbrain samples. Results from western blot of midbrain tissue at HH stage 17 using the 
non-phospho !-catenin antibody from Abcam. Signal normalized to whole protein stain. Protein harvested 
at: A: HH stage 17, midbrain tissue; B: HH stage 14, midbrain tissue; C: HH stage 17, hindbrain tissue; D: 
HH stage 14, hindbrain tissue. 

Samples from whole bodies at HH stage 20 treated with LiCl, intended as positive 

control for canonical Wnt signaling and tissue treated with an equimolar amount 

of NaCl as negative control were also tested using the non-phospho $-catenin 

antibody. Small changes in signal intensity and high standard deviations did not 

allow clear conclusions about CTTNB1 and Wnt signaling (figure 4-48). This pos-

itive control failing would put all other results using this antibody for quantification 

of canonical Wnt signaling in doubt, if they had shown significant differences in 

activity. 

Summarizing, for the western blots using the Abcam non-phospho (active) $-

catenin antibody, the same as for blots detecting PAX7 can be said. High 

Figure 4-48: Positive control does not show ex-
pected increase in canonical Wnt signaling ac-
tivity. Results from western blot of body tissue at 
HH stage 20 using the non-phospho !-catenin an-
tibody from Abcam. Signal normalized to whole pro-
tein stain. High variance between measurements 
don’t allow for conclusions about canonical Wnt sig-
naling. 
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variance between the individual measurements and low signal intensity don’t al-

low for reliable interpretation. Furthermore, the positive control failed detection of 

an increased canonical Wnt signaling activity. 

4.4 New siRNA Constructs for PAX7  
The original siRNA used to knock down PAX7 expression in the midbrain was 

designed by Naixin Li, a former member of the AG Wizenmann. In internal exper-

iments, this siPAX7-pSilencer1.0 construct had shown to reduce the size of mid-

brains (Li) and a reduction of canonical Wnt signaling (Zeeb). Unfortunately, the 

sequence of this siRNA also showed some partial alignment with other chicken 

gene, for example ERMIN or MAP2, both expressed in the midbrain or neurons 

and involved in development. This, in combination with the fact, that nowadays a 

combination of multiple siRNAs injected simultaneously, is the preferred method 

of siRNA-based knock downs, a set of new siRNA-pSilencer1.0 constructs was 

generated. 

4.4.1 Generation of New siPAX7 Plasmids 

The pSilencer1.0 plasmid backbone was 

successfully extracted from the siPAX7-

pSIlencer plasmid using an EcoRI and 

ApaI digest (figure 4-49). 

The sense and antisense strands of the 

inserts were hybridized and then phos-

phorylated. DH5" E.coli were trans-

formed with ligated insert and plasmid. 

Using colony PCR and agarose electro-

phoresis the transformation success was 

controlled (figure 4-50). 

 

 

 

 

Figure 4-49: Successful 
recovery of the pSi-
lencer1.0 backbone. Di-
gest of siPAX7-pSi-
lencer1.0 using EcoRI and 
ApaI. 50ng per lane. The 
signal from the fragment 
cut from the plasmid is too 
weak (expected 66bp), but 
the difference with the neg-
ative control indicates suc-
cessful digestion. The full 
length pSilencer1.0 plas-
mid has an expected size 
of 3.3kb. 
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Figure 4-50: Successful ligation and transformation of new siPAX7-pSilencer1.0 constructs. Bands at 
200bp indicate presence of pSIlencer1.0 plasmid with insert. The siPAX7-pSilencer1.0 plasmid functioned 
as positive control. All colonies, except the 4th for the 2373 insert show a strong signal of the expected size, 
indicating successful ligation and transformation. 

Sanger sequencing (figure 4-51) was used to confirm the presence of the desired 

inserts prior to the first in-ovo electroporations. 

4.4.2 Size Reduction Caused by PAX7 Knock-Down 

The newly generated plasmids were electroporated into the midbrain 11 chicken 

embryos, of which 8 were flat mounted at HH stage 17-18 as open book prepa-

rations and imaged. Using Fiji, the size of each midbrain half was measured and 

compared. The mean and standard deviation of the ratio of the areas were cal-

culated (table 4-39). As no control group electroporated with only GFP expressing 

Figure 4-51: Successful generation of 
new siPAX7-pSilencer1.0 constructs. 
Wilbur-Lipman alignment of the expected 
inserts with the sequencing results using 
DNASTAR MegAlign. The results show 
100% base identity for the plasmids used 
for later PAX7 knockdown. From top to 
bottom: Insert 506; Insert 2373; Insert 
1105. For better visibility, only the se-
quence of the 56bp sense strand of the 
insert shown. 
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plasmids was carried along and only n=8 embryos were measured, no signifi-

cance could be tested, but past internal experiments had shown no impact on 

midbrain size when embryos were electroporated using only the pCAX plasmid. 

Embryo ID Side Area [µm2] GFP/Control Mean of Ratios SD of Ratios 

22003 GFP 830732 0,996 

0,983 
 

0,120 
 

Control 834329 

22005 GFP 586449 0,915 Control 641097 

22007 GFP 418632 1,020 Control 410414 

22008 GFP 650298 0,902 Control 720840 

22010 GFP 537000 0,828 Control 648729 

22011 GFP 812690 1,215 Control 668848 

22012 GFP 812780 1,067 Control 761569 

22013 GFP 930115 0,923 Control 1007494 
Table 4-38: PAX7 knock-down using the new siPAX7-pSilencer1.0 constructs does not reduce aver-
age midbrain size. The comparison (through ratios) revealed only a 2% difference between both sides, 
indicating no effect of siPAX7 expression on midbrain size at HH stage 17-18 (n=8). 

The new pSilencer1.0 plasmids did not show to reduce the average midbrain 

size, when compared to the unelectroporated side. 

4.5 Antibody Testing for IHC 

4.5.1 Detecting Canonical Wnt Signaling with IHC 

The detection of canonical Wnt signaling activity, using the anti-active $-catenin 

antibody (ABC antibody) from Upstate, that only stains dephosphorylated, thus 

active CTNNB1, was another idea that was tested out. A total of over 40 of pre-

existing cryosection slides were stained, some with 3M citric acid pretreatment 

(figure 4-52), some in combination with GFP stains and some with prolonged in-

cubation times.  
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Figure 4-52: IHC using the anti-active β-catenin antibody (ABC antibody) from Upstate. Both slides 
underwent pretreatment in heated citric acid at pH 6. A: Neural epithelia of an embryo at HH stage 17 
electroporated with the siPAX7-pSilencer1.0 plasmid. The antibody shows the expected nuclear staining, 
indicating active canonical Wnt signaling. B: Neural epithelia of a wildtype embryo at HH stage 23. The ABC 
antibody stained cytoskeletal CTNNB1. This staining pattern was the predominant when testing this anti-
body. It was not possible to determine the cause for the highly different patterns in staining, as the nuclear 
staining was not reproduceable, so this approach was abandoned.  

Overall, only two stains showed the specific nuclear staining, whilst the majority 

only showed cytoplasmatic/cytoskeletal staining. Control sections, stained with 

DSHB’s PAX7 antibody always worked, indicating that the issue was caused by 

the ABC primary antibody and not by other steps in the process.  

4.5.2 Detecting HES Genes Using IHC 

Some initial testing using HES1 and HES4 primary antibodies from Santa Cruz 

Biotechnology was performed too and showed for the total of 4 stains done spe-

cific nuclear staining (figure 4-53), but as the intention for IHC experiments had 

been the probing for canonical Wnt signaling, further staining was abandoned in 

favor of western blotting.  
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Figure 4-53: IHC using ant HES1 and anti HES4 antibodies on midbrain tissue. Maximum intensity pro-
jection using LSM. Preexisting cryosection of midbrain tissue, HH stage unknown. The antibodies show clear 
nuclear staining, as expected. Scalebar at 20µm.  
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5  Discussion 
The aim of this project was to investigate the influence of two PAX7 splice vari-

ants on the canonical Wnt signaling in the dorsal midbrain of chicken embryos.  

Firstly, it was possible to confirm, that in vivo, PAX7 and its transcription promot-

ing activity is required for canonical Wnt signaling in the dorsal midbrain at HH 

stage 17. Secondly, the investigation of the effects of expression modifications of 

the two PAX7 splice variants on gene expression on an RNA level, did not give 

more insight into the different effects of the splice variants. However, these ex-

periments showed that PAX7 expression is required for canonical Wnt signaling 

in the dorsal midbrain at HH stage 17, thus confirming the previous in vivo find-

ings on an RNA level. The testing of the effects of PAX7 expression modifying 

transfections on a protein level with Western blot was unsuccessful, because of 

difficulties in protein isolation. 

Taken together, it seems likely that PAX7 expression interacts with canonical Wnt 

signaling. Furter experiments are required, to identify potential differences in the 

activities of the two PAX7 transactivation domain splice variants. 

5.1 Impact of PAX7 Targeting Transfections in Vivo 

5.1.1 PAX7 is Required for Canonical Wnt Signaling in Vivo 

Previous findings of Martin Zeeb (unpublished) could be confirmed. He had 

shown, using the same in vivo reporter gene assay, that the knock-down of PAX7 

using siRNA reduced canonical Wnt signaling.  

Expression of PAX7/ENGRAILED fusion construct (n=26) showed a reduction of 

canonical Wnt signaling comparable to the PAX7 knock-down (n=9). This indi-

cates that the pro-transcriptional activity of PAX7 is essential for normal canonical 

Wnt signaling in the dorsal midbrain around HH stage 17. 

No significant changes in canonical Wnt signaling could be observed, when over-

expressing PAX7 splice variants (short PAX7 SV n=6, long PAX7 SV n=10) or 

PAX3 (n=5) in the dorsal midbrain. Since, the TOP-dGFP reporter can only detect 

whether canonical Wnt signaling is active, but not the strength of the activity. As 

canonical Wnt signaling is normally active in the dorsal midbrain, these findings 
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were not surprising. Interesting are the few examples in which ventral midbrain 

was electroporated with the short PAX7 splice variant. Here induction of canoni-

cal Wnt signaling was observable. Thus, a study in which the two PAX7 splice 

variants get ectopically expressed in ventral midbrain might be able to give some 

more insights into differences between the splice variants. These results confirm 

that PAX7 is required for normal canonical Wnt signaling in the dorsal midbrain. 

In some embryos the hindbrain was transfected too. Like in midbrain, both the 

knock-down of PAX7 expression (n=6) as well as the repression of PAX7 target 

genes using the PAX7/ENGRAILED fusion protein (n=6) resulted in a reduction 

in canonical Wnt signaling. An interesting finding, potentially worth investigating 

was that the overexpression of either PAX7 splice variant seemed to also reduce 

canonical Wnt signaling activity in vivo, but not as strong as the PAX7 knock-

down or the PAX7/ENGRAILED fusion protein did. Due to the low number of rep-

licates no statistical analysis was performed. This result hints at a potential self-

regulation of PAX7 expression or regulatory differences between the mid- and 

hindbrain and requires further investigation.  

Canonical Wnt signaling was visualized in the dorsal midbrains of 70 chicken 

embryos using the TOP-dGFP vector (Dorsky et al., 2002). This allowed for the 

detection of cells with active canonical Wnt signaling with a fluorescens micro-

scope. To achieve reproducibility and high statistical power, images were ana-

lyzed with Fiji. Unfortunately, the software was unable to differentiate between 

individual cells, resulting in highly varying results and high standard deviations. 

This was because most embryos were imaged using a binocular microscope with 

low magnification. Imaging with the LSM would have allowed for higher magnifi-

cations, resolving this issue. As the LSM available at the institute was old, it re-

quired 30-40min for a single image and its lasers quickly bleached the fluorescent 

proteins. This led to signal degradation while imaging and prevented re-imaging. 

Re-imaging was often required as the brains had to be flat-mounted, which made 

the adjustment of microscope settings difficult, as the tissue was thicker than the 

usual cryosections. Boosting signals by staining the fluorescent proteins with dye-

couple ant GFP or RFP antibodies had failed previously, as each antibody 

stained both green and red fluorescent proteins.  
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As software-based image analysis was unsuccessful, the expression of fluores-

cent proteins had to be categorized instead by visual inspection. This potentially 

introduced observer bias and weakened the statistical power, as different statis-

tical tests had to be used. 

As multiple vectors (up to 5) had to be electroporated at once, this experiment 

was more susceptible to electroporation related issues, as discussed in chapter 

5.4. 

The in vivo experiments sometimes showed differences between embryos within 

the same group, like for example in the enPAX7 group. Here 4 of 26 embryos 

showed no effect from transfection, whilst the others showed reduced canonical 

Wnt signaling. Electroporation related issues might explain the lack of effect 

seen. However, it could also be the result of cyclic gene expression. Cyclic gene 

expression is well known in the embryonic brain, for example in HES genes. In 

the hope to partially mitigate this issue by comparing transfected and un-trans-

fected sides of the same embryos, other methods for detection of canonical Wnt 

signaling, like for example IHC and qPCR, were explored. 

5.1.2 The Effects of the New siPAX7 Constructs Are Comparable 
to Old PAX7 Knock-Down in Vivo 

The siPAX7-pSilencer1.0 construct has a few known potential off target mRNAs 

it could potentially bind to, that weren’t known when it was concepted. Thus, new 

siPAX7 constructs were designed and tested. Transfections in dorsal midbrain 

tissue showed a reduction in size in about 50% of the embryos at HH stage 17, 

a result comparable to the effects caused by the old siPAX7 (Li, 2007). In the in 

vivo experiments, using the canonical Wnt signaling reporter system, the new 

siPAX7 constructs showed the expected result and reduced canonical Wnt sig-

naling. For the impact of the new constructs on gene expression, please see 

chapter 5.4 and 5.5.4. 

In hindsight, it would have been more elegant to have a singular vector express-

ing all three siRNAs (Wang et al., 2006) as well as having a vector with a “scram-

bled” siRNA as a negative control vector, instead of using an entirely different 

plasmid as control (Fakhr et al., 2016). 
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5.2 Detection of Wnt Signaling on a Protein Level 

5.2.1 Detection of Wnt Signaling in Cryosections 

To detect canonical Wnt signaling, as well as PAX7 and various HES proteins 

cryosections of transfected midbrain tissue was stained using immunohistochem-

istry. This allowed for the comparison of the electroporated and unelectroporated 

brain sides in the same embryo. It also eliminated the need for transfections with 

multiple plasmids and allowed for the tracking of transfected cells using GFP. The 

issue of fluorescent protein bleaching was also eliminated, as only GFP was pre-

sent, which could be re-stained. This enabled high resolution and high magnifi-

cation imaging. 

Since no commercially available antibodies for detection of canonical Wnt signal-

ing were validated in chicken tissue an antibody targeting human $-catenin was 

tested. Chicken CTNNB1 is >99.6% identical to the human and mouse orthologs, 

especially in the domains involved in phosphorylation.  

The anti-active $-catenin antibody (ABC antibody) from Upstate did not just bind 

the active form of CTNNB1, but also the inactive form involved in the cytoskeleton 

and cell-cell contacts, thus not only the nucleus but also the cytoskeleton was 

stained. Comparing these finding with published results revealed a lack of studies 

using this antibody in IHC. Just like the findings in chicken, most images showed 

primarily cytoskeletal staining and only a few stained nuclei (Staal et al., 2002, 

van Noort et al., 2002). Western blot seems to be the primary application for this 

antibody, with many papers listed in the vendors reference (Merck).  

5.2.2 Detection of PAX7 and Canonical Wnt Signaling Using 
Western Blot 

Another approach for detection of changes in protein level is Western blotting. 

This technique allows for separate quantification of different proteins, like PAX7 

and canonical Wnt signaling through dephosphorylated CTNNB1. The impact of 

PAX7 expression modifying transfections on PAX7 expression and canonical Wnt 

signaling on a protein level has not been tested and published so far. 
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Taken together, the results from the Western blots could not be interpreted. The 

Western blots were hindered by low protein isolation and the lack of reliable bal-

ancing of loaded protein between samples.  

Embryonic tissue had to be pooled to obtain the required amounts of protein. The 

use of phenol-chloroform precipitation allowed for the simultaneous isolation of 

RNA and protein, allowing for parallel qPCR and Western blotting. This simulta-

neous analysis of transfection impacts would have been interesting, as it might 

have given insights into expression regulation and signal pathway interactions on 

an RNA and protein level. Unfortunately, this method resulted in low yield for both 

RNA and protein (see chapter 5.3.1). Additionally, none of the solvents used for 

protein resuspension allowed for quantification using the Qubit system.  

The SDS electrophoresis procedure itself also proved difficult. In the end, a XCell 

SureLock Mini-Cell system produced decent gels. 

The Pierce Fast Western Blot, Super Signal West Femto Mouse kit worked well, 

even when the used secondary anti mouse antibody was substituted with a anti 

rabbit antibody. In combination with the DSHB and PAX7 antibody and anti	non-

phospho $-catenin antibody from abcam, passing testing for specificity signal 

proportionality. 

Instead of reference protein expression, the fluorescent Revert 700 total protein 

stain was used for normalization, which performed well in testing. This normali-

zation was important, as the total protein could not be quantified prior to electro-

phoresis.  

Unfortunately, total protein staining revealed large differences between the trans-

fected and control samples in 5 of 13 blots. In addition to this, less then halve of 

the blots had PAX7 or dephosphorylated CTNNB1 within validated detection 

range. This boiled down to overall low protein input and made drawing conclu-

sions about protein levels impossible. 

Further testing for the anti-non-phospho $-catenin antibody is required. The LiCl 

positive control, did not show the expected increase of canonical Wnt signaling. 

This could be because of technical difficulties, as in the other samples. Another 

possible explanation is a feedback mechanism, that could downregulate canoni-

cal Wnt signaling. This would not be atypical after 6h of strong chemical 
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activation. (Ikeda et al., 1998, Itoh et al., 1998, Lustig et al., 2002) Another expla-

nation could be the detection of cytoskeletal CTNNB1, just as seen in IHC, re-

sulting in high background signal. A negative control, with inhibited canonical Wnt 

signaling, would be important to rule out this potential issue. High background 

from unelectroporated cells within the tissue might remain an issue (see chapter 

5.1, 5.3 and 5.4), even if enough protein were to be isolated. Fluorescence as-

sisted cell sorting and protein isolation from the nucleus only might be possible 

approaches addressing these issues. 

5.3 Influence of PAX7 Transfections on Gene Expres-
sion on an RNA Level 

A large part of this project was to establish a reliable qPCR protocol, that includes 

pre- and post-analytic procedures and quality controls.  

Two types of qPCR workflows were established, one for pooled brain tissue and 

one for midbrain tissue from single embryos. 

The first was for pooled tissue. Here, an RNA isolation protocol, including RIN 

measurements and cNDA synthesis were established, although there is room for 

improvements. Primers for qPCR on the StepOne were validated and the work-

flow was successfully established. The second qPCR approach was for ex-

tremely low tissue input from single midbrain halves. For this, a direct isolation of 

cDNA from tissue was established. This cDNA was then analyzed using chip-

based qPCR on the Biomark system. Here, primer efficiency testing failed. Fur-

ther testing and optimizations are required, until reliable results can be obtained. 

The qPCR experiments were focused on gene expression changes after trans-

fections targeting PAX7 expression, including knock-down and overexpression. 

The expressions of the individual PAX7 splice variants were quantified, as well 

as various components of the Wnt signaling pathway. Furthermore, the changes 

in expression of select cell cycle genes, PAX3 and several HES genes were an-

alyzed. 
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5.3.1 RNA Isolation for qPCR 

5.3.1.1 RNA from Pooled Brain Tissue 

 The RNA was isolated alongside protein using phenol-chloroform precipitation, 

suffering from the same yield problems as described in chapter 5.2 Furthermore, 

despite multiple washing steps, phenolic residues skewed photometric RNA 

quantification. This became evident in qPCR (highly different Cq-values for refer-

ence genes between samples) and RNA quantification through capillary electro-

phoresis. 

The RNA integrity of most samples was poor. Only 8 of 22 samples had a RIN 

>7 under best conditions. A RIN of <7 indicates RNA degradation. RNA decay is 

a complex process and does not affect all mRNA equally. This reduces qPCR 

reliability. Since RIN measurements were taken 2-3 month after the RNA had 

already been tested using qPCR, the RIN then might have been better. In addition 

to this, it was observed that low RNA input reduced RIN. With the newer samples 

and the samples with more RNA having good RIN, it is likely, that the RIN for the 

other samples was good too, at the time of qPCR testing. 

5.3.1.2 RNA Isolation from Single Midbrain Halves 

It has been shown that not all embryos transfected with vectors targeting PAX7 

develop the expected phenotype (Li, 2007). Transfections targeting PAX7 ex-

pression showed the strongest effect on midbrain size when done at HH stage 9-

11. The size change itself was best observed 2-3 days after transfection. These 

size changes resulted from PAX7 influencing proliferation, especially at early 

stages. The larger number of cells produced early, later results in a larger mid-

brain. However, at HH stage 17 no or only minimal size changes are observable. 

So, the analysis of tissue from individual embryos theoretically allows the selec-

tion of tissues with the expected expressional changes, after quantification, thus 

reducing background. Theoretically, it could also allow for cyclic gene expression 

to be addressed. On the other hand, isolating RNA/cDNA from half of a dorsal 

midbrain at HH stage 17, an amount of tissue invisible without a microscope, was 

difficult and required new isolation methodology. 

All approaches using traditional RNA extraction kits yielded too low for proper 

quantification. Kits that directly synthesized cDNA from tissue, optimized for 
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between 1-10000 cells worked well, if a tissue lysis step using a pestle was in-

cluded. This additional lysis step successfully reduced gDNA residues, that could 

have caused falsely low Cq-values for the non-exon-skipping primers, like the 

FZD primers.  

The approach of directly synthesizing cDNA did not allow to simply measure the 

RIN using the QIAxcel, as only RNA can be used for RIN measurement. It also, 

as qPCR testing revealed, didn’t allow for quantification, with up to 128-fold dif-

ferences in reference gene quantity between samples photometrically containing 

the same amount of ssDNA. This was most likely because of remaining genomic 

DNA. Dye based approaches, like Qubit also cannot differentiate between ssDNA 

and dsDNA, according to the manufacturer’s manual, so equal volumes of cDNA 

were simply used for all qPCR reactions.  

The issue of RIN was circumvented with two primer pairs, that amplify the oppos-

ing ends of the same gene. Identical Cq-values would then correspond to a per-

fect RNA integrity. A fix number for an acceptable Cq difference cannot be found 

in the literature, but a difference of up to one cycle is described as common, even 

in high RIN samples. Most cDNA obtained from single midbrain tissue was well 

within the one cycle difference, which is associated with high quality RNA sam-

ples. The average delta between the Cq-values for the 3’- and 5’-end primers in 

the final chip-based qPCR run was only 0.16 cycles, with a SD of 0.30 cycles. 

Absolute RIN could be theoretically determined by running a series of cDNA syn-

thesized from RNA with different known RINs alongside the samples to be tested, 

if exact RIN numbers were desired. However, before this another issue with the 

chip-based qPCR needs to be resolved, as shown in the next chapter (chapter 

5.4.3) (Ho-Pun-Cheung et al., 2009, Bustin et al., 2009). 

An interesting finding, of the last run of chip-based qPCR was that the 6 samples 

of old cDNA, that were included from the previous test runs and had been stored 

at -20°C for two years had a lower RIN with a ∆Cq of 1.63 cycles. This confirmed 

that cDNA degradation took place at these temperatures. 

5.3.2 Primer Validation for qPCR 

For reliable qPCR, the validation of primers is essential. All primers used were 

tested for specificity and efficiency using cDNA as template. In addition, melt 
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curve peaks were visually inspected, and some of the qPCR products were spot 

checked using capillary electrophoresis for production of the intended amplicon. 

The first set of primers was tested and discarded, as they also amplified residue 

gDNA. The use of exon skipping primers and the inclusion of mechanical tissue 

lysis, prior to the DNaseI digest, solved this issue. 

The creation of PAX7 transactivation domain splice variant and cDNA specific 

primers was an issue. All primers tested showed unspecific amplification for the 

other splice variant, when tested on plasmid DNA containing the isolated PAX7 

variants. In the end, the forward primers published by Mao et al. were combined 

with an own, exon skipping revers primer. These primer pairs had an at least 

10000 timers stronger amplification on the targeted PAX7 variant, when tested 

on plasmid DNA using qPCR (Mao et al., 2008). 

Primer efficiency testing with dilution series for the pooled tissue experiments was 

successful. The primer efficiency testing for single midbrain qPCR failed. Here, 

primers showed efficiencies of 135-200%, with one outlier at 9000%. All primers 

were well outside the 90-110% required for reliable qPCR. 

High primer efficiencies are uncommon. Low efficiencies, often caused by tran-

scription inhibitors that prevent the doubling of target DNA each cycle, are far 

more common. Further testing, with the intermediate products from the chip 

qPCR workflow, revealed that the issue was the pre-amplification procedure. The 

pre-amplified dilution series in combination with known good primers (ES60ACTB 

primers, 101% efficiency) produced a primer efficiency of 139%. It has been pub-

lished that pre-amplifications of cDNA for the Biomark system can introduce a 

bias of Cq values (Korenkova et al., 2015). Interestingly, this usually occurs when 

higher numbers of pre-amplification cycles (>24 cycles, compared to the 12 cy-

cles used here) are used. To mitigate the issue of improper primer efficiency and 

continue the use of the Biomark system for these experiments, further investiga-

tion into the exact source of this bias is required. 
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5.3.3 qPCR from Pooled Brain Tissue 

5.3.3.1 Reference Gene Expression Stability 

The combination of the three used refence genes proved reliable. In 11 out of 14 

pooled samples the transfection did not induce reference gene expression 

changes. Of the three other samples, two only had one reference gene quantified. 

The remaining sample (HH stage 14, midbrain, sPAX7-pMES) was an outlier. In 

it the GAPDH expression GFP side was much higher than expected. An error of 

measurement was unlikely, as the standard deviation from the technical repli-

cates was in the same range as in the other measurements. As other samples 

(different HH-stages or brain regions) electroporated with the same plasmid did 

not show this behavior, it is up for speculation whether this is a stage and region-

specific effect of the overexpression of the short PAX7 splice variant or whether 

it was an error, for example caused by contamination. 

5.3.3.2 PAX7 Expression in Wildtype Midbrain Tissue 

Naixin Li showed a proliferation promoting function of the short transactivation 

domain splice variant of PAX7, resulting in larger midbrains (Li, 2007). The long 

splice variant was published as the dominant splice variant in satellite cells by 

Mao et al. in 2008. Kiona Lim, Ulrike Kohler and Annette Richter also showed the 

presence of the long splice variant in the midbrain (figure 5-1). Here, at HH stages 

below stage 29, the short splice variant was stronger expressed than the long 

splice variant. 

The qPCR on wildtype tissue 

confirmed these results. In early 

HH stages, the short splice vari-

ant is the predominant one in the 

midbrain. The qPCRs also 

showed that the expression of 

the long splice variant in the mid-

brain increased from stage to 

stage. These results raise the interesting question whether the long splice variant 

might become the predominant splice variant later in the development. Mao et al. 

Figure 5-1: The short PAX7 transactivation domain splice 
variant is the predominant one in the midbrain between 
HH stage 17 and 29. Gel electrophoresis from PCR. Done 
by Ulrike Kohler and Kiona Lim in our lab, 2016. 
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showed in their 2008 publication, that in muscle satellite cells, at later develop-

ment stages, the long PAX7 splice variant is predominant. The youngest stages 

analyzed in this publication are around HH stage 24-35 (correlating to in-ovo day 

7-9 in Mao et al.) and here, expression levels are only described as “almost the 

same everyday” (Mao et al., 2008) between the two splice variants. This does not 

allow for direct comparisons between their and our findings. So far, it seems like 

PAX7 undergoes a splice variant switch during development, that potentially co-

incides with a change in its transcriptional activity. In early stages, the short PAX7 

splice variant promotes proliferation in the midbrain, which determines the later 

overall size of the midbrain. PAX7 (splice variant not known) it is also known to 

be expressed in distinct layers of the midbrain in later stages, where cells are 

differentiating and no longer proliferating (Kawakami et al., 1997a). Further in-

vestigation of the expression patterns of the different PAX7 splice variants, both 

in the midbrain at later developmental stages and in satellite cells or neural crest 

cells in earlier stages would be interesting.  

5.3.3.3 Gene Expression Changes in Transfected Tissue 

The analysis of the impact of PAX7 expression modifications on canonical Wnt 

signaling with qPCR confirmed the in vivo findings. The PAX7 knock-down (2 of 

6 samples) and the suppression of PAX7 pro-transcriptional activity (PAX7/EN-

GRAILED fusion gene, 2 of 2 samples) resulted in reduced canonical Wnt signal-

ing and reduced CTNNB1 expression. Overexpression of the long PAX7 splice 

variant in the mid- and hindbrain resulted in increased expression of the short 

PAX7 splice variant and increase canonical Wnt signaling. Interestingly, when 

the long PAX7 splice variant was overexpressed, the expected increase in ex-

pression of the long PAX7 splice variant could only be observed in the midbrain, 

whilst in hindbrain the expression was reduced. This indicates regulatory differ-

ences in PAX7 expression between mid- and hindbrain. 

Independent of stage and brain region, overexpression of the short PAX7 splice 

variant resulted in unchanged or mildly reduced expression levels of the individ-

ual PAX7 splice variants. Canonical Wnt signaling showed comparable minor re-

ductions in activity. 
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Taken together, the expected changes in PAX7 expression could only be de-

tected in 3 of 13 samples. This aligns with our previous unpublished findings. We 

could show, that PAX7 knock-downs reduced midbrain size and that overexpres-

sion of the short PAX7 splice variant increased midbrain size in vivo (Li, 2007). 

The effect of these PAX7 expression modification was strongest if transfections 

were done between HH stage 9-11. No or only minor changes in PAX7 expres-

sion could be detected at later stages on a protein level using IHC (Annette Rich-

ter, unpublished). Not being able to detect the expected changes could be the 

result of high background from untransfected cells/weak transfection or loss of 

transfected vector (see chapter 5.4). However, since changes in expression, both 

for the PAX7 splice variants and for AXIN2 are detectable, it is unlikely that the 

transfections did not cause an effect. Another possible explanation might be au-

toregulation. This hypothesis is supported by the differing effects seen when 

overexpressing the individual PAX7 splice variants. The long PAX7 splice variant 

was able to increase PAX7 expression, especially of the short splice variant. 

Overexpression of the short PAX7 splice variant on the other hand reduced PAX7 

expression, also mainly of the short splice variant. It would have been expected, 

to be able to detect high levels of mRNA of the PAX7 splice variant that was being 

overexpressed. The vectors used for overexpression contained CMV enhancer 

and ACTB promoters, that provide strong and constant expression, that should 

not be affected by feedback mechanisms, as other regulatory elements were 

missing. Whilst epigenetic silencing of CVM promoters is possible, it has mostly 

been published to occur later after transfection (Brooks et al., 2004) and transient 

in-ovo transfections have been shown to be active for 72h (Momose et al., 1999). 

This either means, that the PAX7 mRNA from the vector was degraded at excep-

tionally high rates or that the transfection did not provide as much mRNA as ex-

pected, most likely resulting from low quantities of vector remaining. However, 

low quantities of vector would in turn again hint at poor transfection, as transfec-

tions should, as stated above, theoretically be active for up to 72h (Momose et 

al., 1999). Another possible explanation, for not being able to detect the mRNA 

transcribed from the vector could be poor cDNA synthesis. Poly-dT primers were 

used in revers transcription, so that only cDNA from mRNA was synthesized. 
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With the way, the pMES plasmids used for overexpression were designed, the 

reverse transcriptase had to first transcribe the EGPF gene and the IRIS site, 

before starting transcription of PAX7. This could have lowered reverse transcrip-

tion efficiencies, resulting in lower detection in the qPCR. Further testing is 

needed to determine, whether poor transfection efficiencies, autoregulation or is-

sues with the reverse transcription resulted in the unexpectedly low PAX7 RNA 

levels after overexpression of the short PAX7 splice variant. Here, it would be 

important to specifically detect the PAX7 mRNA produced by the transfection 

vector, independently from endogenic PAX7. Separate quantification could for 

example be achieved by using a primer pair binding in PAX7 and the IRES site 

or the EGFP primers. This would allow for statements on transfection efficiency 

and give more insight into the interactions between the endo- and exogenic 

PAX7. 

 

Canonical Wnt signaling was detected using AXIN2, a known feedback gene 

(Lustig et al., 2002). CTNNB1 (β-catenin) is an essential signal transducer in ca-

nonical Wnt signaling. PAX7 is known to bind in its promoter region. This makes 

it a possible candidate for pathway crosstalk.  

The qPCR experiments from pooled tissue confirm the in vivo findings of Martin 

Zeeb (unpublished). The pro-transcriptional activity of PAX7 seems to be re-

quired for canonical Wnt signaling, both in dorsal mid- and hindbrain. Overall, and 

independent from transfections, expression levels of both PAX7 splice variants 

correlate well with canonical Wnt signaling activity. Currently, there are no pub-

lished result on PAX7 and canonical Wnt signaling interactions in the chicken 

midbrain. However, interactions in satellite cells have been studied. Here, PAX7 

and canonical Wnt signaling seem to have a partially antagonistic role, with PAX7 

promoting proliferation and WNTs blocking PAX7 in favor of cell differentiation 

(Hulin et al., 2016, Zhuang et al., 2014, Cui et al., 2019).  

Our results differ from these publications. Satellite cells are, like the cells of the 

mid- and hindbrain derived from the neural plate. The different cell populations, 

different organisms and different stages of development could account for these 

differences. Some cooperative interactions of PAX7 and especially WNT3A have 
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been described (Pan et al., 2015). Changes in the regulatory effects caused by 

signaling systems during embryonic development are also not uncommon, so the 

interactions between PAX7 and canonical Wnt signaling might change from syn-

ergistic to antagonistic during development (Green et al., 2020). 

To investigate the influence of PAX7 on cell cycle, the last gene analyzed was 

Cyclin-D1, encoded by CCND1. It is a well-known gene that depending on the 

level of expression and other co-factors either promotes proliferation or differen-

tiation in neuronal progenitor cells. (Ratineau et al., 2002, Bienvenu et al., 2010) 

Expression of CCND1 did mostly correlate to PAX7 expression. This aligns with 

our previous results (Kira Wolff, unpublished). 

For all stages, brain region and transfections – except for the PAX7 knock-down 

in the midbrain at HH stage 17 – only one batch of embryos was analyzed. Be-

cause of this lack of individually detected biological replicates and with the single 

midbrain tissue analysis failing, all findings are to be considered preliminary.  

5.3.3.3.1 Pooled Tissue from Dorsal Midbrain  

HH Stage 17 
The dorsal midbrain at HH stage 17 was the primary stage and region of interest. 

Of the six samples analyzed (plus the pCAX control group), only one batch (1 of 

3 batches) of PAX7 knock-downs and the overexpression of PAX7 showed the 

expected effects on PAX7 expression. The pCAX control showed only minor al-

terations in gene expression, that were used as baseline for expression changes 

induced by other transfections. 

The PAX7 knock-down resulted in reduced expression of both PAX7 splice vari-

ants (long >> short SV), in the first batch of embryos transfected. A reduction in 

expression of AXIN2, CTNNB1 and CCND1 was also detected. This result sup-

ports the previous in vivo findings, that a PAX7 knock-down reduces canonical 

Wnt signaling (AXIN2). The other two batches of tissue with PAX7 knock-downs 

showed either no impact on PAX7 expression or even a weak increase in expres-

sion, with the expression of the other three genes tested showing minor and in-

coherent changes in expression.  
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The overexpression of the long PAX7 splice variant (1 of 1 batch) in the dorsal 

midbrain had the opposite effect, resulting in an increase in expression of all 

genes tested. This indicates that PAX7 overexpression can promote canonical 

Wnt signaling, a finding not observable in the in vivo experiments. 

Overexpression of the short splice variant (1 of 1 batch) did not result in the ex-

pected increase in PAX7 expression, but mildly reduced AXIN2. As discussed 

previously, weak remaining effect from transfection or autoregulation might be 

causing the weak expression changes observed. 

Expression of the PAX7/ENGRAILED fusion gene (1 of 1 batch) only showed a 

reduction in CTNNB1 expression. This potentially supports the hypothesis of 

PAX7 promoting CTNNB1 expression, whilst also antagonizing the hypothesis 

that PAX7 directly regulates its own transcription. 

HH Stage 14 
Gene expression quantification from the knock-down (1 of 1 batch) resulted in 

high standard deviations, most likely resulting from very low RNA input. No mean-

ingful conclusions about expression changes could be drawn. 

Interestingly, the overexpression of the short PAX7 splice variant (1 of 1 batch) 

resulted in the strongest reduction in PAX7 expression of all samples tested in 

qPCR. This would support the hypothesis of PAX7 regulating its own expression. 

In combination with the findings of the PAX7/ENGRAILED fusion protein not re-

ducing PAX7 expression, this indicates an indirect feedback mechanism that reg-

ulates PAX7 expression, without PAX7 binding to its own promoter region. 

CTNNB1 showed a minor reduction in expression and AXIN2 expression was not 

affected. CCND1 expression was massively reduced (93% reduction). This re-

duction would fit the observed increase seen when PAX7 was knocked down 

(Kira Wolff). Interestingly, no other sample especially not the dorsal midbrain 

sample with the same electroporation, showed a comparable effect in CCND1 

expression. These strong changes in expression could potentially fit in with pre-

vious findings, that the electroporations show their strongest impact on prolifera-

tion shortly after electroporation. Ther might also be other differences in expres-

sional changes when comparing the effects of transfections between midbrain 

tissue harvested at HH stage 14 and 17, but as many expressional changes 
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observed were only minor and only one sample was tested in most instances, 

further testing is required. 

5.3.3.3.2 Hindbrain  

HH Stage 17 
Overexpression of the long PAX7 splice variant (1 of 1 batch) increased expres-

sion of the short PAX7 splice variant, whilst expression of the long splice variant 

was reduced. Overexpression of the short splice variant (1 of 1 batch) mildly re-

duced expression of both splice variants. AXIN2 expression was increased by 

overexpression of the long PAX7 splice variant and reduced by the short PAX7 

splice variant. The results for AXIN2 concur with the results seen in the midbrain 

at HH stage 17. The findings for PAX7 expression fit with the hypothesis, that 

especially the short PAX7 splice variant regulates its own expression. 

The expression of the PAX7/ENGRAILED fusion gene (1 of 1 batch) resulted in 

the expression reduction of all genes tested. For the PAX7 expression regulation, 

the exact interactions remain unclear, but the hypothesis of the transcription pro-

moting activities of PAX7 being required for canonical Wnt signaling are further 

reinforced by these results. The PAX7 knock-down (1 of 1 batch) did reduce or 

mildly reduce expression of all genes tested, fitting in nicely with the findings in 

the midbrain. 

HH Stage 14 
The knock-down failed to reduce PAX7 expression (1 of 1 batch) and for testing 

of other genes, insufficient amounts of RNA were isolated. 

The overexpression of the short splice variant (1 of 1 batch) resulted in minor 

reductions of the expression of both PAX7 splice variants. This effect was com-

parable to the effects seen at HH stage 17. The expression of other genes was 

not altered in a relevant manner. The standard deviations were high for all genes, 

which was most likely the result of low RNA input, as seen in the overall high Cq-

values. Thus no conclusions could be made. 

5.3.4 Single Midbrain Tissue qPCR 

Whilst isolation of cDNA from single dorsal midbrain halves was successful, all 

primers failed efficiency testing. No reliable conclusions can be drawn about 
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potential impacts of PAX7 knock down on canonical Wnt signaling or any of the 

other genes tested. 

Independent from this, even when the results were statistically analyzed, and 

even when only samples showing a reduced PAX7 expression were included, no 

significant changes in gene expression were be observed. 

From these results it remains unclear, whether there actually is no detectable 

change in expression caused by the PAX7 knock down or whether the primer 

efficiencies skewed the results too much for the changes to be detected.  

The only gene showing a remotely significant change in expression (p=0.087) 

was ERMIN. It is a potential off target gene of the siPAX7-pSilencer1.0 and in-

volved in the cytoskeleton of neurons in the adult brain. Its expression in the 

chicken midbrain has not been described yet, but it is known to be expressed in 

the brain of mouse embryos until E 18 (Yue et al., 2014). This change in expres-

sion might be caused by chance (p=0.087 = 8.7% chance), as the gene shows 

an increase in expression, instead of the expected decrease caused by RNA in-

terference. It could also hint at the PAX7 knock-down inducing differentiation. 

However, this finding was accomplished with primers with skewed efficiencies, 

thus is not reliable anyways. 

Three primers were excluded, as they failed successful amplification in many em-

bryos. This is most likely explained by weak expression of their target genes at 

HH stage 17 in the midbrain. (Badde et al., 2005, Quinlan et al., 2009, Chapman 

et al., 2002)  

Besides these difficulties, using volume adjusted cDNA loading worked well, with 

only 5% of sample being excluded for poor qPCR performance.  

5.4 In-Ovo Electroporation 
This methodology allows for the easy introduction of one or multiple plasmids into 

the chicken embryo and it allows for the timing at which gene expression modifi-

cations come into effect. Furthermore, this technique allows for a wildtype control 

within the same embryo, as only one side receives the plasmid DNA. This re-

duces the impact of for example genetic or developmental differences between 

embryos, whilst also reducing the number of embryos needed. Expression of 
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fluorescent proteins allows for the tracking of transfected cells or as reporter 

gens. With the plasmids used for this thesis, transfections were transient, and the 

genomic DNA was not altered. Because of this, the experiments were only clas-

sified as S1 experiments, lowering lab safety requirements.  

However, since none of the vectors used integrated into the genomic DNA and 

as most embryos were harvested 6 to 24h after electroporation, it was unclear 

how many cells were still affected by transfection. Theoretically, the number of 

cells/gene dose was halved with every cell division as they did not contain a eu-

caryotic replication origin. However, many publications showed effects on a pro-

tein level from transfection peaking 20h after electroporation and lasting for up to 

72h (Momose et al., 1999, Nakamura and Funahashi, 2001). As the embryos 

were incubated for less than 24h at a maximum, effects from transfection should 

still be strong. The exact dose of vector initially received by the embryos was 

unknown, both from variation in electroporation efficiency and DNA concentration 

in the injection solution (Momose et al., 1999). The high DNA concentrations 

(over 1µg/µl) in the injection solution frequently precipitated, thus effectively low-

ering the DNA concentration. For several experiments (TOP-dGFP, all PAX7 

knock-downs) multiple plasmids at once had to be electroporated. Whilst this has 

been shown to work (Veron et al., 2015, Itasaki et al., 1999, Huber et al., 2013, 

Momose et al., 1999), here the impact of the effects listed above was potentiated, 

as each plasmid was affected individually. This became obvious in the in vivo 

reporter gene experiments (chapter 4.1 and 5.1.1). Here cells only expressing 

the reporter gene (GFP) were observed, but the fluorescens signal for the cell 

being electroporated (RFP) was missing, thus not all plasmids electroporated 

were present. As the impact of transfection varied between embryos and batches 

and with several experiments not showing any effect from transfection (chapter 

4.2.3.3 and 5.3.1), despite expressing the transfection reporter GFP, it is unclear 

how much of this can be attributed to the issue with the transfection methodology 

and how much is from biological effects. Vectors that can integrate into the ge-

nomic DNA are available and permanent knockouts using CRISPER-CAS have 

been published (Veron et al., 2015). Whilst the prolonged effects of these trans-

fections would be interesting to study, they were not the aim of this project. The 
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plasmids used in this project had shown to increase and reduce midbrain size (Li, 

2007) and to reduce canonical Wnt signaling (Martin Zeeb, unpublished). 
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6 Conclusion and Outlook 
It was possible to confirm that the knock-down of PAX7 results in a reduction in 

canonical Wnt signaling activity in the chicken midbrain at HH stage 17 in vivo. 

Further it was possible to show, that the transcription promoting/enhancing capa-

bilities of PAX7 are required for regular canonical Wnt signaling activity in the 

dorsal midbrain, as the repression of PAX7 transcriptional target genes also re-

sulted in reduced canonical Wnt signaling.  

To gain more insight in the interactions of the long and short PAX7 transactivation 

domain splice variants with canonical Wnt signaling qPCR and Western blots 

were performed. 

Whilst the results from qPCR did partially support the in vivo findings, most of its 

results were inconclusive and the Western blots failed all together. 

The primary issue with the experiments, was the acquisition of suitable RNA and 

protein from tissue with a sufficiently high number of transfected cells. In most 

qPCRs the expected modification of PAX7 gene expression could not be de-

tected, but when PAX7 expression changes were detected, they supported the 

in vivo findings.  

These preliminary findings need to be reproduced. To improve further experi-

ments on the regulation of PAX7 splice variants, establishing PAX7 expression 

modifications as well as methods to quantify their activity are important. Further-

more, high transfection efficiencies are key. Stable modifications of PAX7 expres-

sion, that eliminate potential loss of transfection over time, could be tested. Tol2-

transposase constructs (Sato et al., 2007) and CRISPR-CAS (Veron et al., 2015) 

have been published, however as these systems increase complexity it is debat-

able how big the activable improvements would be. Fluorescence Activated Cell 

Sorting (FACS) (Farley, 2013, Williams and Sauka-Spengler, 2021) or single cell 

RNA sequencing would be potential approaches to reduce background from un-

transfected cells, however both approaches are cost intensive. 

The conventional qPCR, using cDNA from either single or pooled tissue was suc-

cessfully established, but going forward, the combined isolation of RNA and 
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protein using a phenol-chloroform precipitation protocol cannot be recom-

mended. Column-based RNA isolation proved more reliable and resulted in 

higher yield with lower contamination. 

High throughput qPCR (Biomark system), for analysis tissue from individual em-

bryos, requires further validation and testing, with the major problem being the 

amplification efficiency of the pre-amplification.  

Western blots were unsuccessful due to low protein input. A different approach 

for protein isolation, for example an established RIPA protocol should be estab-

lished. (Scharr et al., 2023) The anti $-catenin non-phospho(active) S45 antibody 

from abcam and the anti PAX7 antibody from DSHB worked well, but working 

positive and negative controls are required prior to further experimentation. Stain-

ing of active CTNNB1 in combination with DRAQ-5 nuclear staining in cryosec-

tions could also be retried. This would allow for the isolation of the signal from 

nuclear CTNNB1, the CTNNB1 that contributes to canonical Wnt signaling. 

 

Based on my findings, the findings of Naixin Li, Annette Richter and Martin Zeeb, 

I propose, that with progressing developmental stages, PAX7 in the dorsal mid-

brain undergoes a switch in splice variant expression. Initially the short transacti-

vation domain splice variant of PAX7 promotes proliferation, whilst later, the long 

splice variant promotes differentiation by enabling canonical Wnt signaling. To 

test this hypothesis, and to verify the previous finding further experiments are 

required. 
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6.1 Zusammenfassung und Perspektiven 
Es ist gelungen die vorbeschriebene Aktivitätsreduktion des kanonischen Wnt 

Signalwegs aufgrund eines PAX7 Knock-downs, im dorsalen Mittelhirn von Hüh-

nerembryonen im HH Stadium 17, in vivo zu bestätigen. Des Weiteren ist es ge-

lungen zu zeigen, dass die transkriptionsfördernden/-induzierenden Eigenschaf-

ten von PAX7 für eine normale Aktivität des kanonischen Wnt Signalwegs benö-

tigt werden, da die Repression aller normalerweise von PAX7 induzierten Genen 

ebenfalls zu einer Reduktion der Aktivität des Wnt Siganalwegs führte. 

Um einen tieferen Einblick in die Interaktionen der verschiedenen, kurzen und 

langen PAX7 Transaktivierungsdomänensplicevarianten zu bekommen, wurden 

qPCR und Western Blots durchgeführt. 

Einige qPCR Ergebnisse bestätigten die Resultate der in vivo Versuche, jedoch 

war der Großteil der qPCR Ergebnisse uneindeutig und die Western Blots haben 

durch die Bank nicht funktioniert. 

Das primäre Problem mit den qPCR und Western Blot Experimenten war die Ge-

winnung von ausreichenden Mengen an RNA und Protein aus Gewebe mit einer 

hohen Transfektionsrate. In den meisten qPCRs konnte die erwartete Modifika-

tion der PAX7 Expression nicht nachgewiesen werden. In den Proben, in denen 

jedoch die erwarteten Modifikationen vorgefunden werden konnten, zeigten sich 

Veränderungen des kanonischen Wnt Signalwegs, welche denen der in vivo Ex-

perimenten entsprachen.  

Es empfiehlt sich diese vorläufigen Ergebnisse zu wiederholen und zu verifizie-

ren. Für weiter Versuche sollte der Fokus auf der Etablierung einer Transfekti-

onsmethodik liegen, deren Effekt und Aktivität zuverlässig bestimmt werden 

kann. Hierbei ist insbesondere eine hohe Effizienz der Transfektionen wichtig. 

Stabile Transfektionen, welche den potenziellen Verlust der Transfektion über 

Zeit reduzieren könnten getestet werden. Tol2-transposase Konstrukte (Sato et 

al., 2007) und CRISPR-CAS (Veron et al., 2015) Knock-outs sind bereits publi-

ziert worden. Hierbei kann jedoch über die Höhe des erzielbaren Verbesserungs-

potentials diskutiert werden, da diese Systeme die Komplexität der Versuche er-

höhen. Des Weiteren könnten FACS (Fluorescence Activated Cell Sorting) 
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(Farley, 2013, Williams and Sauka-Spengler, 2021) oder Einzelzell RNA Sequen-

zierung genutzt werden, um das Hintergundsignal von Zellen ohne Transfektion 

zu verringern. Beide Methoden sind jedoch kostenintensiv.  

Die konventionelle qPCR auf dem StepOne Cycler, mit cDNA von gepoolten 

Embryos, sowie cDNA von einzelnen Embryonen konnte erfolgreich etabliert 

werden. Für weitere Versuche an Gewebe von gepoolten Embryonen sollten zur 

RNA Isolation lieber säulchenbasierte Kits verwendet werden, da diese eine hö-

her RNA Ausbeute zeigten, weniger gesundheitsschädliche Chemikalien ver-

wenden. Die parallele Isolation von RNA und Proteinen zu geringen Ausbeuten 

und hohen Kontaminationsgraden der Proben führte. 

Bei der Hochdurchsatz-qPCR auf dem Biomark System, für die Expressionsana-

lyse von Gewebe aus einzelnen Embryonen, sind weitere Validierungen und Test 

nötig, da die Primereffizienzen zu hoch sind. Das Problem hierbei liegt vermutlich 

in der Preamplifikation. 

Die Western Blot Versuche sind durchweg gescheitert. Dies lag an zu geringen 

Mengen an isoliertem Protein. Eine effizientere Methode zur Proteinisolierung, 

welche auch die Messung der Gesamtproteinmenge vor der Elektrophorese er-

möglicht, wäre von Vorteil. Beispielsweise das bereits etablierte RIPA-Protokoll 

wäre ein geeigneter Startpunkt für weiter Versuche. (Scharr et al., 2023) 

Der anti $-catenin non-phospho(active) S45 Antikörper von abcam, sowie der 

anti PAX7 Antikörper von DSHB haben insgesamt gut funktioniert. Für den $-

catenin Antikörper wären für weitere Experimente jedoch funktionierende Positiv- 

und Negativkontrollen wichtig. Weitere IHC Versuche mit den anti non-phospho 

$-catenin Antikörpern in Kombination mit einer Zellkernfärbung durch DRAQ-5 

auf Kryoschnitten könnten ebenfalls durchgeführt werden. Dies sollte es erlauben 

das tatsächliche Signal des kanonischen Wnt Signalweges vom zytoskeletalen 

Hintergrund zu isolieren. 

Basierend auf meinen Ergebnissen sowie den Ergebnissen von Naixin Li, Anette 

Richter und Martin Zeeb, vermute ich, dass es während der Embryonalentwick-

lung im dorsalen Mittelhirn des Huhns zu einem Wechsel der Expression der 
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PAX7 Splicevarianten kommt. Zunächst wird die kurze Splicevariante der Trans-

aktivirungsdomäne exprimiert, welche Proliferation fördert. Später domminiert 

dann die lange Splicevariante, welche über den Wnt Signalweg die Zelldifferen-

zierung fördert. Zur Überprüfung dieser Hypothese, sowie zur Bestätigung der 

bisherigen Ergebnisse sind jedoch weitere Versuche unumgänglich. 
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9 Appendix 

9.1 Canonical Wnt Signaling in Vivo 
The manual categorizations of canonical Wnt signaling were statistically analyzed 

using Mann-Whitney tests with SPSS. 

9.1.1 PAX7 Knock-Down 

Ranks 
 electroporation N Mean Rank Sum of Ranks 
effect WT 14 8.39 117.50 

siPAX7-pSilencer1.0 9 17.61 158.50 
Total 23   

Table 9-1: Ranks from Mann-Whitny test for canonical Wnt signaling of in vivo PAX7 knock-down 
experiments. 

Test Statistics 
 effect 
Mann-Whitney U 12.500 
Wilcoxon W 117.500 
Z -3.442 
Asymp. Sig. (2-tailed) <.001 
Exact Sig. [2*(1-tailed Sig.)] <.001 

Table 9-2: Results of Mann-Whitney test show significant reduction of canonical Wnt signaling, when 
PAX7 is knocked-down. 

9.1.2 enPAX7 

Ranks 
 electroporation N Mean Rank Sum of Ranks 
effect WT 14 11.82 165.50 

enPAX7-pMIW 26 25.17 654.50 
Total 40   

Table 9-3: Ranks from Mann-Whitny test for canonical Wnt signaling of in vivo experiments when 
PAX7 pro-transcriptional activity is suppressed. 

Test Statistics 
 effect 
Mann-Whitney U 60.500 
Wilcoxon W 165.500 
Z -3.654 
Asymp. Sig. (2-tailed) <.001 
Exact Sig. [2*(1-tailed Sig.)] <.001 

Table 9-4: Results of Mann-Whitney test show significant reduction of canonical Wnt signaling, when 
the pro-transcriptional activity of PAX7 is blocked. 
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9.1.3 Overexpression Short PAX7 SV 

Ranks 
 electroporation N Mean Rank Sum of Ranks 
effect WT 14 10.57 148.00 

sPAX7-pMES-∆GFP 6 10.33 62.00 
Total 20   

Table 9-5: Ranks from Mann-Whitny test for canonical Wnt signaling of in vivo experiments with the 
overexpressed short PAX7 splice variant. 

Test Statistics 
 effect 
Mann-Whitney U 41.000 
Wilcoxon W 62.000 
Z -.100 
Asymp. Sig. (2-tailed) .921 
Exact Sig. [2*(1-tailed Sig.)] .968b 

Table 9-6: Results of Mann-Whitney test show no significant change of canonical Wnt signaling, 
when the short PAX7 splice variant is overexpressed. 

9.1.4 Overexpression Long PAX7 SV 

Ranks 
 electroporation N Mean Rank Sum of Ranks 
effect WT 14 12.29 172.00 

lPAX7-pMES-∆GFP 10 12.80 128.00 
Total 24   

Table 9-7: Ranks from Mann-Whitny test for canonical Wnt signaling of in vivo experiments with the 
overexpressed long PAX7 splice variant. 

Test Statistics 
 effect 
Mann-Whitney U 67.000 
Wilcoxon W 172.000 
Z -.209 
Asymp. Sig. (2-tailed) .834 
Exact Sig. [2*(1-tailed Sig.)] .886 

Table 9-8: Results of Mann-Whitney test show no significant change of canonical Wnt signaling, 
when the long PAX7 splice variant is overexpressed. 

9.1.5 Overexpression PAX3 

Ranks 
 electroporation N Mean Rank Sum of Ranks 
effect WT 14 9.89 138.50 

PAX3-pMIW 5 10.30 51.50 
Total 19   

Table 9-9: Ranks from Mann-Whitny test for canonical Wnt signaling of in vivo experiments with 
overexpressed PAX3. 
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Test Statistics 
 effect 
Mann-Whitney U 33.500 
Wilcoxon W 138.500 
Z -.166 
Asymp. Sig. (2-tailed) .868 
Exact Sig. [2*(1-tailed Sig.)] .893 

Table 9-10: Results of Mann-Whitney test show no significant change of canonical Wnt signaling, 
when the PAX3 is overexpressed. 

9.2 Detailed qPCR Results 

9.2.1 qPCR from Pooled Brain Tissue 

In the following, tables containing both averaged Cq-values or ∆∆Cq-values for 

the individual genes and samples can be found. 

9.2.1.1 PAX7 Expression  

 
Stage 

and Re-
gion 

Treatment n Side 
P9/ES60PAX7-R P7/ES60PAX7-R 

Cq SD Cq SD 

H
H

 s
ta

ge
 1

7 
M

id
br

ai
n  

3x siPAX7-pSi-
lencer1.0; run 1 8 GFP side 23.84 0.054 20.73 0.017 

control side 23.98 0.217 21.30 0.572 
3x siPAX7-pSi-
lencer1.0; run 2 15 

GFP side 17.67 0.353 17.33 0.171 
control side 18.22 0.263 17.81 0.085 

siPAX7-pSilencer1.0 13 GFP side 25.45 0.066 14.68 0.162 
control side 24.91 0.012 13.73 0.091 

sPAX7-pMES 15 
GFP side 25.91 0.008 15.53 0.128 

control side 25.68 0.056 15.19 0.028 

lPAX7-pMES 16 GFP side 24.94 0.031 23.88 0.035 
control side 25.97 0.022 24.01 0.026 

enPAX7-pMIW 14 
GFP side 24.57 0.010 21.58 0.030 

control side 25.94 0.013 22.94 0.014 

pCAX 13 GFP side 24.93 0.052 21.90 0.041 
control side 24.93 0.040 21.85 0.040 

HH 
stage 14 
Midbrain 

siPAX7-pSilencer1.0 11 
GFP side 26.32 0.020 22.22 0.048 

control side 26.67 0.279 21.24 0.605 

sPAX7-pMES 17 GFP side 27.94 0.145 23.92 0.016 
control side 22.63 0.099 20.75 0.043 

HH 
stage 17 

Hind-
brain 

siPAX7-pSilencer1.0 17 
GFP side 27.75 0.175 23.26 0.081 

control side 29.67 0.106 24.89 0.023 

sPAX7-pMES 11 GFP side 27.94 0.145 23.92 0.016 
control side 22.63 0.099 20.75 0.043 

lPAX7-pMES 12 
GFP side 25.79 0.040 23.94 0.013 

control side 24.24 0.024 24.24 0.031 

enPAX7-pMIW 11 GFP side 30.36 0.089 25.39 0.054 
control side 28.93 0.025 24.06 0.062 
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HH 
stage 14 

Hind-
brain 

sPAX7-pMES 12 
GFP side 29.67 0.243 25.92 0.004 

control side 28.91 0.045 24.92 0.048 

Table 9-11: Cq values of PAX7 splice variants from pooled tissue qPCR. Mean and standard deviation 
(SD) of technical replicates from Cq values obtained. The P9/ES60PAX7-R primer pair detects the long, the 
P7/ES60PAX7-R primer pair detects the short splice variant of the PAX7 transactivation domain. The side 
electroporated is labeled as GFP side, the unelectroporated wildtype side is labeled control side. (n=number 
of embryos) 

Stage 
and Re-

gion 
Treatment n 

P9/ES60PAX7-R P7/ES60PAX7-R 

∆∆Cq SD Fold 
Change ∆∆Cq SD Fold 

Change 

H
H

 s
ta

ge
 1

7 
M

id
br

ai
n 

3x siPAX7-pSi-
lencer1.0; run 1 8 1.17 0.352 0.444 0.74 0.633 0.600 

3x siPAX7-pSi-
lencer1.0; run 2 15 -0.16 0.446 1.117 -0.09 0.205 1.065 

siPAX7-pSilencer1.0 13 -0.50 0.146 1.415 -0.09 0.227 1.064 
sPAX7-pMES 15 0.15 0.156 0.900 0.27 0.196 0.830 
lPAX7-pMES 16 -1.47 0.089 2.770 -0.56 0.092 1.478 

enPAX7-pMIW 14 0.21 0.056 0.865 0.22 0.074 0.856 
pCAX 13 -0.05 0.072 1.039 0.00 0.064 0.998 

HH 
stage 14 
Midbrain 

siPAX7-pSilencer1.0 11 -0.64 0.541 1.563 0.68 1.078 0.625 

sPAX7-pMES 17 4.16 0.180 0.056 2.01 0.059 0.247 

HH 
stage 17 

Hind-
brain 

siPAX7-pSilencer1.0 17 0.57 0.107 0.675 0.20 0.114 0.872 
sPAX7-pMES 11 0.15 0.156 0.900 0.27 0.196 0.830 
lPAX7-pMES 12 1.47 0.066 0.360 -0.37 0.057 1.294 

enPAX7-pMIW 11 1.21 0.104 0.433 1.12 0.095 0.461 
HH 

stage 14 
Hind-
brain 

sPAX7-pMES 12 0.45 0.281 0.732 0.69 0.141 0.620 

Table 9-12: ∆∆Cq values and fold change of PAX7 splice variants, from pooled tissue qPCR, always 
comparing the side electroporated with a PAX7 construct with the corresponding control sides from the same 
embryos. (n number of embryos, SD standard deviation of technical replicates) 

9.2.1.2 AXIN2/CTNNB1 Expression 

Stage and Region Treatment n Side ES60AXIN2 ES60CTNNB1 
Cq SD Cq SD 

H
H

 s
ta

ge
 1

7 
M

id
br

ai
n  

3x siPAX7-pSi-
lencer1.0; run 1 8 GFP side 19.87 0.088 17.05 0.081 

control side 20.22 0.514 17.02 0.083 
3x siPAX7-pSi-
lencer1.0; run 2 15 GFP side 21.91 0.024 12.53 0.099 

control side 22.92 0.013 12.76 0.033 
siPAX7-pSi-

lencer1.0 13 GFP side 21.34 0.040 15.92 0.082 
control side 20.88 0.031 15.42 0.016 

sPAX7-pMES 15 GFP side 21.43 0.019 19.88 0.017 
control side 20.92 0.007 19.51 0.030 

lPAX7-pMES 16 GFP side 22.88 0.025 15.11 0.342 
control side 23.35 0.066 14.89 0.138 

enPAX7-pMIW 14 GFP side 20.09 0.031 18.97 0.005 
control side 21.88 0.004 20.21 0.016 

pCAX 13 GFP side 21.94 0.020 18.93 0.023 
control side 21.74 0.041 18.72 0.023 
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HH stage 14 Mid-
brain 

siPAX7-pSi-
lencer1.0 11 GFP side 20.95 0.082 20.89 0.051 

control side 20.92  19.04 1.736 

sPAX7-pMES 17 GFP side 24.93 0.034 23.92 0.015 
control side 23.56 0.090 22.29 0.011 

HH stage 17 
Hindbrain 

siPAX7-pSi-
lencer1.0 17 GFP side 22.87 0.040 19.64 0.075 

control side 24.47 0.080 20.91 0.003 

sPAX7-pMES 11 GFP side 26.87 0.028 23.88 0.071 
control side 22.51 0.139 20.03 0.189 

lPAX7-pMES 12 GFP side 23.40 0.045 20.90 0.021 
control side 23.88 0.043 20.66 0.055 

enPAX7-pMIW 11 GFP side 25.34 0.039 21.64 0.037 
control side 24.26 0.062 21.03 0.007 

HH stage 14 
Hindbrain sPAX7-pMES 12 GFP side 24.97 0.028 22.21 0.059 

control side 24.35 0.060 21.95 0.017 

HH stage 24 Body LiCl and NaCl 1 LiCl 21.55 0.041 18.72 0.029 
NaCl 21.69 0.033 18.76 0.027 

Table 9-13: Cq values of AXIN2 and CTNNB1 from pooled tissue qPCR. Mean and standard deviation 
(SD) of technical replicates from Cq values obtained. The ES60AXIN2 primer detects AXIN2, a feedback 
gene for canonical Wnt signaling, the ES60CTTNB1 primer detects CTNNB1 (!-catenin), an essential com-
ponent of Wnt signaling. The side electroporated is labeled as GFP side, the unelectroporated wildtype side 
is labeled control side. (n=number of embryos) 

Stage and Re-
gion Treatment n 

ES60AXIN2 ES60CTNNB1 

∆∆Cq SD Fold 
Change ∆∆Cq SD Fold 

Change 

H
H

 s
ta

ge
 1

7 
M

id
br

ai
n  

3x siPAX7-
pSilencer1.0; 

run 1 
8 0.97 0.588 0.51 1.34 0.295 0.39 

3x siPAX7-
pSilencer1.0; 

run 2 
15 -0.62 0.078 1.54 0.16 0.127 0.89 

siPAX7-pSi-
lencer1.0 13 -0.57 0.139 1.49 -0.53 0.154 1.45 

sPAX7-pMES 15 0.43 0.147 0.74 0.30 0.149 0.81 
lPAX7-pMES 16 -0.90 0.107 1.87 -0.22 0.377 1.16 

enPAX7-
pMIW 14 -0.21 0.072 1.15 0.35 0.055 0.79 

pCAX 13 0.15 0.054 0.90 0.16 0.044 0.90 

HH stage 14 
Midbrain 

siPAX7-pSi-
lencer1.0 11 -0.27 0.279 1.20 1.55 3.017 0.34 

sPAX7-pMES 17 0.21 0.103 0.86 0.48 0.042 0.72 

HH stage 17 
Hindbrain 

old siPAX7-
pSilencer1.0 17 0.24 0.117 0.85 0.57 0.107 0.67 

sPAX7-pMES 11 1.19 0.217 0.44 0.68 0.260 0.62 
lPAX7-pMES 12 -0.56 0.077 1.47 0.18 0.074 0.88 

enPAX7-
pMIW 11 0.86 0.088 0.55 0.39 0.061 0.77 

HH stage 14 
Hindbrain sPAX7-pMES 12 0.31 0.148 0.81 -0.04 0.146 1.03 

HH stage 24 
Body LiCl and NaCl 1 -0.19 0.074 1.140 -0.09 0.065 1.06 

Table 9-14: ∆∆Cq values and fold change of AXIN2 and CTNNB1, from pooled tissue qPCR, always 
comparing the side electroporated with a PAX7 construct with the corresponding control sides from the same 
embryos. The body used at HH stage 24 for the LiCl experiment was compared to a same stage body treated 
with NaCl in equimolar amounts. (n number of embryos, SD standard deviation of technical replicates) 
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9.2.1.3 CCND1 Expression 

Stage and 
Region Treatment n Side ES60CCND1 

Cq SD 
H

H
 s

ta
ge

 1
7 

M
id

br
ai

n 

3x siPAX7-pSilencer1.0; 
run 1 8 GFP side 13.14 0.190 

control side 14.32 0.808 
3x siPAX7-pSilencer1.0; 

run 2 15 GFP side 19.07 0.051 
control side 19.49 0.120 

siPAX7-pSilencer1.0 13 GFP side 15.63 0.060 
control side 15.31 0.041 

sPAX7-pMES 15 GFP side 15.57 0.013 
control side 15.44 0.018 

lPAX7-pMES 16 GFP side 17.77 0.048 
control side 17.98 0.021 

enPAX7-pMIW 14 GFP side 19.04 0.051 
control side 20.49 0.018 

pCAX 13 GFP side 19.53 0.063 
control side 19.44 0.013 

HH stage 
14 Midbrain 

siPAX7-pSilencer1.0 11 GFP side   
control side   

sPAX7-pMES 17 GFP side 20.49 0.035 
control side 15.46 0.051 

HH stage 
17 Hind-

brain 

siPAX7-pSilencer1.0 17 GFP side 20.40 0.041 
control side 21.91 0.048 

sPAX7-pMES 11 GFP side   
control side   

lPAX7-pMES 12 GFP side 21.18 0.021 
control side 20.95 0.015 

enPAX7-pMIW 11 GFP side   
control side   

HH stage 
14 Hind-

brain 
sPAX7-pMES 12 

GFP side 19.56 0.010 

control side 19.26 0.025 
Table 9-15: Cq values of CCND1 from pooled tissue qPCR. Mean and standard deviation (SD) of technical 
replicates from Cq values obtained. CCND1 is a gene promoting the S phase of the cell cycle and a marker 
for proliferation. The side electroporated is labeled as GFP side, the unelectroporated wildtype side is la-
beled control side. (n=number of embryos) 

Stage and 
Region Treatment n 

ES60CCND1 
∆∆Cq SD Fold Change 

H
H

 s
ta

ge
 1

7 
M

id
br

ai
n 

3x siPAX7-pSilencer1.0; run 1 8 1.34 0.295 0.39 

3x siPAX7-pSilencer1.0; run 2 15 -0.03 0.150 1.02 

siPAX7-pSilencer1.0 13 -0.72 0.149 1.65 

sPAX7-pMES 15 0.06 0.147 0.96 
lPAX7-pMES 16 -0.64 0.096 1.56 

enPAX7-pMIW 14 0.13 0.105 0.91 
pCAX 13 0.05 0.070 0.97 
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HH stage 
14 Midbrain 

siPAX7-pSilencer1.0 11    

sPAX7-pMES 17 3.88 0.072 0.07 

HH stage 
17 Hind-

brain 

siPAX7-pSilencer1.0 17 0.33 0.099 0.80 

sPAX7-pMES 11    

lPAX7-pMES 12 0.17 0.052 0.89 
enPAX7-pMIW 11    

HH stage 
14 Hind-

brain 
sPAX7-pMES 12 0.00 0.135 1.00 

Table 9-16: ∆∆Cq values and fold change of CCND1, from pooled tissue qPCR, always comparing the 
side electroporated with a PAX7 construct with the corresponding control sides from the same embryos. (n 
number of embryos, SD standard deviation of technical replicates. 

9.2.1.4 Overview Pooled Brain Tissue qPCR 

H
H

 s
ta

ge
 

&  
Ti

ss
ue

 

Sample n 
Short 
PAX7 

SV 

Long 
PAX7 

SV 
AXIN2 CTNNB1 CCND1 

M
id

br
ai

n 
H

H
 s

ta
ge

 
17

 

NC 13 - - - - - 
Short PAX7 SV 15 (¯) - ¯ ¯ - 
Long PAX7 SV 16 ­ ­ ­ (­) ­ 

PA
X7

 
kn

oc
k-

do
w

n Batch 1 8 (¯) ¯ ¯ ¯ ¯ 
Batch 2 15 - - ­ - - 
Batch 3 13 - ¯ ­ ­ ­ 

PAX7/EN1 14 (¯) - (­) ¯ - 
Midbrain 
HH stage 

14 

PAX7 knock-
down  - - - - x 

Short PAX7 SV  ¯ ¯ - ¯ ¯¯¯ 

H
in

db
ra

in
  

H
H

 s
ta

ge
 1

7 PAX7 knock-
down  (¯) ¯ (¯) ¯  

Short PAX7 SV  (¯) (¯) ¯ (¯) ¯ 
Long PAX7 SV  ­ ¯ ­ - (¯) 

PAX7/EN1  ¯ ¯ ¯ ¯  

Hind-
brain HH 
stage 14 

Short PAX7 SV  (¯) - - - - 

Table 9-17: Overview of Expression Changes detected in qPCR in pooled brain tissue. Expression 
changes overall were minor. Not all samples tested showed the expected change in PAX7 expression. Gene 
expression for other genes varied. Overall, it seems like the pro-transcriptional activity of PAX7 is required 
for canonical Wnt signaling.­ increased expression, ¯ decreased expression, - expression unchanged. 
Brackets indicate weak changes compared to high standard deviations, rendering observed expression 
changes unreliable. 
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9.2.2 qPCR from Midbrain Tissue of Single Embryos 

9.2.2.1 Sample Concentration Pre-Testing 

 ES603’GAPDH 
Sample Mean SD 

No template control 33.54 0.91 
13.01.22 pCAX dmb ctrl 14.64 0.09 
20.07.21 enPAX7 dmb ctrl 15.21 0.08 
siPAX7 2 ctrl 14.84 0.05 
siPAX7 3 gfp 14.83 0.15 
siPAX7 4 ctrl 14.77 0.05 
siPAX7 4 gfp 14.53 0.05 
siPAX7 6 ctrl 34.58* 0.30 
siPAX7 6 gfp 33.52* 0.93 
siPAX7 7 gfp 16.82 0.04 
siPAX7 8 gfp 14.85 0.02 
siPAX7 8 ctrl 15.06 0.03 
siPAX7 9 gfp 14.27 0.06 
siPAX7 11 gfp 14.51 0.07 
siPAX7 12 gfp 15.71 0.03 
siPAX7 15 ctrl 15.36 0.17 
siPAX7 15 gfp 17.77 0.04 
GFP 3 ctrl 16.03 0.04 
GFP 3 gfp 18.39 0.04 
GFP 4 gfp 17.32 0.07 
GFP 5 gfp 14.72 0.06 
GFP 9 ctrl 16.86 0.09 
GFP 10 ctrl 14.17 0.07 
GFP 10 gfp 14.67 0.05 
GFP 12 ctrl 16.48 0.08 
GFP 13 gfp 14.99 0.04 
GFP 14 ctrl 14.94 0.06 
GFP 16 ctrl 14.20 0.05 
GFP 17 ctrl 15.01 0.01 
GFP 20gfp 13.98 0.02 
GFP 21 ctrl 14.03 0.06 
GFP 21gfp 14.06 0.06 

Table 9-18: cDNA quantity comparable in most samples intended for final Biomark qPCR. qPCR using 
cDNA isolated from individual dorsal midbrain halves. ES603’GAPDH primers were used. Samples marked 
with an asterisk did not contain cDNA, as Cq-values equal the no template control. 

9.2.2.2 Cq-Values from Single Midbrain Tissue qPCR 

Tissue isolated from individual midbrain had its gene expression of multiple genes 
tested using qPCR on the Biomark system. The Cq-value averages of the individ-
ual triplicates can be found in the following tables, alongside their standard devi-
ations. Samples from a control group, electroporated with the only GFP express-
ing pCAX vector were compared to a group with a PAX7 knock-down using the 
siPAX7-pSilencer1.0 vector designed by Li. A no template control and a control 
with tissue, but without reverse transcriptase were carried along. 
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 Sample ES60 ACTB  Sample ES60 ACTB 
Average SD Average SD 

D
ilu

tio
n 

Se
rie

s 
fo

r E
ffi

ci
en

cy
 

Te
st

in
g 

1G pure 4.64 0.298 

PA
X7

 k
no

ck
-d

ow
n 

G
ro

up
 (s

iP
AX

7-
pS

ile
nc

er
1.

0 
tra

ns
fe

ct
ed

) 

1G 10.31 0.248 
1G 1:5 10.30 0.077 1C 8.85 0.156 
1G 1:25 11.53 0.176 2G 9.05 0.223 
1G 1:125 12.21 0.114 2C 9.57 0.128 
1G 1:625 14.01 0.082 3G 9.28 0.183 
1G 1:3125 14.78 0.099 3C 9.52 0.073 

C
on

tro
l G

ro
up

 (p
C

AX
 tr

an
sf

ec
te

d)
 

1G 10.24 0.119 4G 9.04 0.048 
1C 9.13 0.026 4C 9.17 0.145 
2G 9.80 0.059 5G 10.76 0.133 
2C 10.75 0.155 5C 10.32 0.082 
3G 13.35 0.205 6G 22.79 1.703 
3C 12.40 0.228 6C 21.83 1.021 
4G 11.31 0.054 7G 11.65 0.177 
4C 13.62 0.183 7C 10.86 0.200 
5G 8.61 0.120 8G 8.69 0.157 
5C 8.58 0.057 8C 9.11 0.170 
6G 10.62 0.058 9G 8.61 0.111 
6C 10.56 0.099 9C 8.73 0.152 
7G 10.18 0.109 10G 10.29 0.058 
7C 8.67 0.073 10C 9.29 0.008 
8G 12.68 0.158 11G 8.05 0.123 
8C 12.93 0.238 11C 10.20 0.052 
9G 11.43 0.021 12G 10.03 0.159 
9C 12.58 0.090 12C 9.54 0.067 

10G 9.51 0.139 13G 10.26 0.152 
10C 8.15 0.170 13C 9.96 0.090 
12G 8.96 0.144 14G 9.35 0.087 
12C 6.31 0.093 14C 10.86 0.085 
13G 9.07 0.096 15G 12.56 0.094 
13C 8.41 0.068 15C 11.80 0.072 
14G 10.46 0.081 16G 8.36 0.079 
14C 9.36 0.068 16C 8.94 0.172 
15G 8.54 0.168 17G 9.32 0.044 
15C 8.85 0.207 17C 9.45 0.131 
16G 7.99 0.150 18G 10.75 0.055 
16C 8.84 0.173 18C 10.85 0.132 
17G 11.13 0.122 19G 11.42 0.100 
17C 10.62 0.155 19C 10.10 0.186 
18G 6.92 0.126 20G 9.95 0.029 
18C 673.88 563.124 20C 9.47 0.059 
19G 7.47 0.078 21G 10.91 0.086 
19C 7.75 0.103 21C 9.59 0.087 
20G 7.77 0.112 22G 13.08 0.273 
20C 7.99 0.034 22C 13.08 0.031 
21G 7.62 0.078 23G 13.22 0.069 
21C 8.00 0.103 23C 18.90 0.354 

Controls no Template 999.00 0.000 24G 16.41 0.306 
no RT 348.88 563.021 24C 11.83 0.065 

Table 9-19: qPCR results from single midbrain tissue for ACTB expression. This genes expression was 
used as a reference gene. Failed amplifications were encoded as 999 cycles, so all three-digit values were 
excluded from analysis. Samples with G are from transfected, samples with C from the untransfected brain 
sides. 
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 Sample ES60 3'GAPDH  Sample ES60 3'GAPDH 
Average SD Average SD 

D
ilu

tio
n 

Se
rie

s 
fo

r E
ffi

ci
en

cy
 

Te
st

in
g 

1G pure 4.26 0.046 

PA
X7

 k
no

ck
-d

ow
n 

G
ro

up
 (s

iP
AX

7-
pS

ile
nc

er
1.

0 
tra

ns
fe

ct
ed

) 

1G 7.56 0.089 
1G 1:5 8.09 0.033 1C 6.94 0.036 
1G 1:25 9.71 0.102 2G 7.54 0.083 
1G 1:125 10.27 0.064 2C 7.74 0.090 
1G 1:625 12.11 0.052 3G 7.56 0.044 
1G 1:3125 12.67 0.080 3C 7.27 0.051 

C
on

tro
l G

ro
up

 (p
C

AX
 tr

an
sf

ec
te

d)
 

1G 8.44 0.038 4G 7.52 0.147 
1C 7.26 0.074 4C 7.55 0.069 
2G 7.91 0.095 5G 8.96 0.101 
2C 7.94 0.032 5C 8.80 0.063 
3G 11.42 0.109 6G 22.16 0.253 
3C 9.88 0.026 6C 999.00 0.000 
4G 9.79 0.046 7G 9.22 0.055 
4C 11.97 0.094 7C 8.77 0.079 
5G 7.26 0.118 8G 7.24 0.106 
5C 7.69 0.039 8C 7.62 0.064 
6G 9.23 0.166 9G 7.08 0.131 
6C 8.61 0.034 9C 7.26 0.051 
7G 8.84 0.074 10G 9.05 0.085 
7C 7.22 0.094 10C 7.35 0.065 
8G 9.93 0.048 11G 7.20 0.071 
8C 10.38 0.051 11C 8.27 0.048 
9G 9.77 0.070 12G 8.81 0.052 
9C 10.03 0.060 12C 7.57 0.030 

10G 7.03 0.028 13G 7.92 0.090 
10C 6.76 0.108 13C 7.89 0.055 
12G 7.96 0.037 14G 7.86 0.033 
12C 5.83 0.059 14C 8.83 0.091 
13G 7.78 0.023 15G 10.09 0.011 
13C 7.20 0.038 15C 9.68 0.052 
14G 8.93 0.044 16G 7.21 0.056 
14C 7.51 0.091 16C 7.42 0.013 
15G 7.12 0.056 17G 7.70 0.043 
15C 7.45 0.097 17C 8.31 0.132 
16G 7.08 0.048 18G 8.80 0.124 
16C 7.14 0.024 18C 8.62 0.071 
17G 8.18 0.045 19G 8.67 0.058 
17C 7.87 0.016 19C 7.73 0.006 
18G 6.22 0.096 20G 7.89 0.078 
18C 999.00 0.000 20C 7.15 0.048 
19G 6.55 0.036 21G 8.99 0.014 
19C 6.44 0.185 21C 7.49 0.047 
20G 6.46 0.061 22G 8.93 0.090 
20C 6.78 0.083 22C 9.14 0.025 
21G 6.69 0.061 23G 11.53 0.096 
21C 6.97 0.029 23C 16.58 0.160 

Controls no Template 999.00 0.000 24G 15.63 0.088 
no RT 673.27 564.188 24C 9.56 0.096 

Table 9-20: qPCR results from single midbrain tissue for the expression of the 3‘-domain of GAPDH. 
This expression was used as a reference gene and for RIN measurement. Failed amplifications were en-
coded as 999 cycles, so all three-digit values were excluded from analysis. Samples with G are from trans-
fected, samples with C from the untransfected brain sides. 
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Sample ES60 5'GAPDH  

Sample ES60 5'GAPDH 
 Average SD  Average SD 

D
ilu

tio
n 
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r E
ffi
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cy
 

Te
st

in
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1G pure 4.96 0.063 

PA
X7

 k
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er
1.

0 
tra

ns
fe

ct
ed
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1G 7.90 0.127 
1G 1:5 8.51 0.070 1C 7.24 0.216 
1G 1:25 10.01 0.041 2G 7.64 0.113 
1G 1:125 10.55 0.099 2C 7.91 0.097 
1G 1:625 12.49 0.105 3G 7.63 0.084 
1G 1:3125 13.07 0.113 3C 7.56 0.037 

C
on

tro
l G

ro
up

 (p
C

AX
 tr

an
sf

ec
te

d)
 

1G 8.72 0.130 4G 7.78 0.138 
1C 7.09 0.164 4C 7.59 0.157 
2G 7.76 0.139 5G 9.42 0.089 
2C 8.15 0.098 5C 8.77 0.123 
3G 11.76 0.147 6G 999.00 0.000 
3C 9.81 0.068 6C 999.00 0.000 
4G 9.48 0.102 7G 9.48 0.074 
4C 12.85 0.325 7C 8.88 0.194 
5G 7.20 0.198 8G 7.69 0.027 
5C 7.40 0.046 8C 7.85 0.108 
6G 9.35 0.197 9G 7.46 0.230 
6C 8.84 0.127 9C 7.46 0.116 
7G 8.84 0.171 10G 9.30 0.271 
7C 7.15 0.096 10C 7.65 0.211 
8G 10.01 0.224 11G 6.94 0.060 
8C 10.71 0.181 11C 9.28 0.200 
9G 10.09 0.128 12G 8.93 0.169 
9C 10.41 0.111 12C 7.35 0.115 

10G 7.29 0.097 13G 7.96 0.089 
10C 6.45 0.019 13C 8.38 0.045 
12G 7.97 0.229 14G 8.09 0.053 
12C 5.50 0.125 14C 9.58 0.043 
13G 7.81 0.062 15G 11.21 0.180 
13C 7.11 0.137 15C 10.87 0.129 
14G 9.47 0.070 16G 7.31 0.147 
14C 7.60 0.070 16C 7.83 0.091 
15G 7.06 0.058 17G 8.15 0.142 
15C 7.45 0.190 17C 8.52 0.123 
16G 7.00 0.045 18G 9.48 0.212 
16C 7.09 0.138 18C 9.29 0.213 
17G 8.18 0.174 19G 9.59 0.178 
17C 7.98 0.075 19C 8.30 0.120 
18G 5.86 0.119 20G 8.30 0.111 
18C 350.27 561.815 20C 7.68 0.120 
19G 6.20 0.106 21G 9.76 0.072 
19C 6.28 0.144 21C 7.63 0.023 
20G 6.35 0.040 22G 10.17 0.161 
20C 6.57 0.200 22C 10.38 0.129 
21G 6.37 0.110 23G 12.84 0.159 
21C 6.65 0.275 23C 17.88 0.196 

Controls no Template 999.00 0.000 24G 18.16 0.147 
no RT 999.00 0.000 24C 11.73 0.128 

Table 9-21: qPCR results from single midbrain tissue for the expression of the 5‘-domain of GAPDH. 
This expression was used as a reference gene and for RIN measurement. Failed amplifications were en-
coded as 999 cycles, so all three-digit values were excluded from analysis. Samples with G are from trans-
fected, samples with C from the untransfected brain sides. 
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Sample ES60 YWATZ  

Sample ES60 YWATZ 
 Average SD  Average SD 
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1G 14.30 0.206 
1G 1:5 14.07 0.226 1C 13.40 0.202 
1G 1:25 15.50 0.372 2G 13.91 0.145 
1G 1:125 16.09 0.224 2C 14.40 0.092 
1G 1:625 18.12 0.294 3G 14.18 0.097 
1G 1:3125 19.25 0.220 3C 14.11 0.139 

C
on

tro
l G

ro
up

 (p
C

AX
 tr
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1G 14.22 0.219 4G 14.03 0.159 
1C 13.19 0.322 4C 13.86 0.170 
2G 14.54 0.210 5G 15.76 0.186 
2C 15.25 0.167 5C 15.54 0.191 
3G 17.44 0.403 6G 999.00 0.000 
3C 16.43 0.031 6C 674.46 562.116 
4G 16.23 0.116 7G 16.02 0.399 
4C 18.58 0.056 7C 15.77 0.107 
5G 13.50 0.236 8G 13.60 0.216 
5C 13.51 0.086 8C 14.16 0.151 
6G 16.45 0.225 9G 14.28 0.180 
6C 15.74 0.262 9C 13.67 0.233 
7G 14.92 0.254 10G 15.21 0.151 
7C 13.62 0.318 10C 14.49 0.254 
8G 16.97 0.226 11G 12.87 0.213 
8C 17.39 0.244 11C 15.56 0.111 
9G 16.92 0.162 12G 15.16 0.300 
9C 17.64 0.224 12C 14.58 0.111 

10G 13.79 0.311 13G 14.57 0.173 
10C 12.84 0.183 13C 14.50 0.259 
12G 14.15 0.227 14G 14.68 0.211 
12C 11.74 0.205 14C 15.94 0.274 
13G 13.84 0.131 15G 18.13 0.381 
13C 13.74 0.286 15C 17.31 0.248 
14G 15.31 0.088 16G 13.45 0.228 
14C 14.62 0.284 16C 13.77 0.112 
15G 13.49 0.212 17G 14.69 0.130 
15C 14.20 0.109 17C 14.36 0.292 
16G 13.09 0.247 18G 15.57 0.131 
16C 13.76 0.087 18C 15.31 0.349 
17G 17.45 0.055 19G 15.74 0.292 
17C 17.39 0.327 19C 14.55 0.266 
18G 12.21 0.179 20G 14.20 0.090 
18C 999.00 0.000 20C 13.38 0.155 
19G 12.77 0.170 21G 15.67 0.216 
19C 13.18 0.075 21C 14.59 0.075 
20G 13.01 0.165 22G 18.69 0.192 
20C 13.17 0.169 22C 18.30 0.586 
21G 12.82 0.255 23G 17.39 0.553 
21C 13.11 0.242 23C 21.57 0.482 

Controls no Template 348.40 563.437 24G 19.99 0.280 
no RT 999.00 0.000 24C 16.10 0.128 

Table 9-22: qPCR results from single midbrain tissue for the YWATZ expression. This genes expres-
sion was used as a reference gene. Failed amplifications were encoded as 999 cycles, so all three-digit 
values were excluded from analysis. Samples with G are from transfected, samples with C from the untrans-
fected brain sides. 
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Sample ES60 ATP5B  

Sample ES60 ATP5B 
 Average SD  Average SD 
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1G 11.93 0.124 
1G 1:5 12.47 0.209 1C 10.93 0.142 
1G 1:25 13.74 0.089 2G 10.92 0.107 
1G 1:125 14.29 0.105 2C 11.31 0.055 
1G 1:625 16.15 0.065 3G 10.70 0.061 
1G 1:3125 17.17 0.311 3C 10.64 0.098 
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1G 12.50 0.070 4G 10.71 0.020 
1C 11.55 0.111 4C 11.06 0.043 
2G 12.49 0.148 5G 12.17 0.076 
2C 13.05 0.081 5C 11.93 0.148 
3G 15.32 0.202 6G 23.91 1.374 
3C 14.04 0.188 6C 21.04 0.320 
4G 14.23 0.098 7G 13.32 0.091 
4C 15.60 0.314 7C 12.51 0.218 
5G 10.74 0.088 8G 10.97 0.069 
5C 11.03 0.107 8C 11.18 0.122 
6G 12.35 0.117 9G 10.23 0.086 
6C 11.96 0.088 9C 10.16 0.067 
7G 12.30 0.053 10G 12.57 0.174 
7C 11.00 0.054 10C 11.22 0.117 
8G 13.68 0.194 11G 10.33 0.040 
8C 13.48 0.161 11C 11.26 0.153 
9G 12.52 0.159 12G 12.21 0.118 
9C 13.80 0.084 12C 11.73 0.068 

10G 11.45 0.143 13G 12.43 0.118 
10C 10.79 0.049 13C 11.94 0.030 
12G 11.06 0.162 14G 11.63 0.075 
12C 8.99 0.058 14C 12.69 0.110 
13G 10.63 0.110 15G 14.24 0.156 
13C 10.08 0.171 15C 13.49 0.080 
14G 12.14 0.050 16G 10.79 0.075 
14C 10.94 0.093 16C 10.86 0.056 
15G 10.31 0.178 17G 11.26 0.027 
15C 10.66 0.121 17C 11.80 0.092 
16G 10.03 0.042 18G 12.35 0.118 
16C 11.10 0.147 18C 12.88 0.137 
17G 13.27 0.221 19G 13.51 0.177 
17C 13.17 0.200 19C 12.35 0.144 
18G 9.73 0.048 20G 12.11 0.205 
18C 23.57 0.770 20C 11.26 0.093 
19G 9.58 0.059 21G 12.96 0.076 
19C 9.44 0.080 21C 12.11 0.117 
20G 9.98 0.030 22G 13.90 0.155 
20C 10.03 0.071 22C 13.76 0.065 
21G 9.90 0.074 23G 14.83 0.085 
21C 10.24 0.142 23C 21.51 0.701 

Controls no Template 24.04 1.147 24G 17.94 0.250 
no RT 22.93 2.056 24C 13.58 0.063 

Table 9-23: qPCR results from single midbrain tissue for the ATP5b expression. This genes expression 
was used as a reference gene. Failed amplifications were encoded as 999 cycles, so all three-digit values 
were excluded from analysis. Samples with G are from transfected, samples with C from the untransfected 
brain sides. 
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1G 14.49 0.090 
1G 1:5 15.24 0.118 1C 14.30 0.199 
1G 1:25 16.79 0.183 2G 14.79 0.331 
1G 1:125 17.29 0.246 2C 15.12 0.144 
1G 1:625 18.91 0.343 3G 15.09 0.164 
1G 1:3125 20.25 0.383 3C 15.04 0.063 
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1G 15.57 0.196 4G 14.64 0.192 
1C 14.26 0.095 4C 14.92 0.146 
2G 15.81 0.067 5G 16.35 0.287 
2C 16.49 0.248 5C 16.52 0.101 
3G 18.34 0.199 6G 22.62 0.438 
3C 16.99 0.060 6C 20.81 0.210 
4G 15.91 0.166 7G 15.93 0.091 
4C 19.27 0.579 7C 15.67 0.184 
5G 14.48 0.110 8G 14.73 0.076 
5C 14.28 0.125 8C 14.93 0.254 
6G 16.49 0.243 9G 14.71 0.224 
6C 16.06 0.354 9C 14.61 0.029 
7G 15.67 0.403 10G 16.10 0.310 
7C 14.74 0.224 10C 15.13 0.175 
8G 17.93 0.537 11G 14.03 0.182 
8C 18.29 0.359 11C 15.06 0.109 
9G 16.45 0.061 12G 15.49 0.430 
9C 17.61 0.063 12C 14.91 0.131 

10G 14.46 0.221 13G 15.39 0.081 
10C 13.78 0.143 13C 15.19 0.197 
12G 14.82 0.258 14G 15.20 0.195 
12C 12.77 0.162 14C 16.10 0.212 
13G 14.59 0.256 15G 18.43 0.305 
13C 14.28 0.050 15C 17.64 0.550 
14G 16.08 0.162 16G 14.27 0.061 
14C 15.13 0.203 16C 14.44 0.078 
15G 14.26 0.252 17G 15.71 0.184 
15C 14.59 0.209 17C 15.41 0.144 
16G 13.94 0.130 18G 16.08 0.251 
16C 14.16 0.081 18C 16.15 0.027 
17G 17.25 0.227 19G 16.35 0.146 
17C 16.86 0.161 19C 15.23 0.276 
18G 13.01 0.152 20G 15.18 0.160 
18C 23.41 0.933 20C 14.52 0.078 
19G 13.54 0.161 21G 16.38 0.196 
19C 13.85 0.140 21C 15.66 0.096 
20G 13.63 0.083 22G 18.27 0.059 
20C 14.12 0.232 22C 17.86 0.170 
21G 13.51 0.188 23G 18.22 0.171 
21C 13.73 0.093 23C 22.56 1.172 

Controls no Template 23.99 0.958 24G 20.12 0.230 
no RT 23.48 1.484 24C 17.57 0.170 

Table 9-24: qPCR results from single midbrain tissue for HMBS expression. This genes expression 
was used as a reference gene. Failed amplifications were encoded as 999 cycles, so all three-digit values 
were excluded from analysis. Samples with G are from transfected, samples with C from the untransfected 
brain sides. 

 
Sample ES60 AXIN2  

Sample ES60 AXIN2 
 Average SD  Average SD 
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1G 14.39 0.117 
1G 1:5 14.44 0.154 1C 13.55 0.095 
1G 1:25 16.22 0.132 2G 14.17 0.108 
1G 1:125 16.84 0.170 2C 14.51 0.103 
1G 1:625 19.21 0.344 3G 14.58 0.056 
1G 1:3125 19.30 0.200 3C 14.32 0.113 

C
on

tro
l G

ro
up

 (p
C

AX
 tr

an
sf

ec
te

d)
 

1G 14.74 0.092 4G 14.12 0.068 
1C 13.41 0.067 4C 14.33 0.066 
2G 15.29 0.066 5G 15.96 0.071 
2C 15.18 0.039 5C 15.68 0.127 
3G 17.52 0.164 6G 999.00 0.000 
3C 15.71 0.098 6C 999.00 0.000 
4G 15.78 0.120 7G 15.49 0.046 
4C 17.25 0.266 7C 14.26 0.023 
5G 14.22 0.040 8G 14.06 0.114 
5C 14.63 0.073 8C 14.04 0.028 
6G 16.18 0.128 9G 13.99 0.083 
6C 15.82 0.113 9C 13.98 0.093 
7G 15.45 0.200 10G 15.45 0.089 
7C 14.26 0.049 10C 14.74 0.174 
8G 16.70 0.399 11G 13.95 0.077 
8C 17.53 0.241 11C 15.17 0.158 
9G 15.88 0.013 12G 15.30 0.222 
9C 16.57 0.114 12C 14.59 0.039 

10G 14.12 0.029 13G 15.14 0.065 
10C 13.70 0.046 13C 14.74 0.174 
12G 14.55 0.051 14G 14.48 0.015 
12C 12.21 0.097 14C 15.26 0.075 
13G 14.05 0.091 15G 17.22 0.112 
13C 14.11 0.085 15C 17.08 0.100 
14G 14.61 0.084 16G 13.47 0.044 
14C 14.76 0.047 16C 13.91 0.093 
15G 13.33 0.081 17G 14.55 0.074 
15C 14.24 0.080 17C 14.73 0.121 
16G 13.39 0.132 18G 15.45 0.085 
16C 13.58 0.049 18C 15.14 0.019 
17G 14.31 0.080 19G 15.01 0.109 
17C 14.11 0.141 19C 14.49 0.023 
18G 12.53 0.016 20G 14.48 0.072 
18C 999.00 0.000 20C 13.57 0.029 
19G 12.88 0.112 21G 15.37 0.131 
19C 13.10 0.070 21C 14.75 0.038 
20G 12.99 0.057 22G 17.16 0.454 
20C 13.41 0.029 22C 17.80 0.221 
21G 12.99 0.019 23G 17.61 0.107 
21C 13.26 0.074 23C 22.92 1.572 

Controls no Template 999.00 0.000 24G 21.65 1.968 
no RT 999.00 0.000 24C 15.86 0.113 

Table 9-25: qPCR results from single midbrain tissue for AXIN2 expression. This genes expression 
was used to detect canonical Wnt signaling. Failed amplifications were encoded as 999 cycles, so all three-
digit values were excluded from analysis. Samples with G are from transfected, samples with C from the 
untransfected brain sides. 
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Sample ES60 WNT1  

Sample ES60 WNT1 
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1G 25.50 0.684 
1G 1:5 349.18 562.764 1C 22.30 0.535 
1G 1:25 24.83 1.113 2G 24.11 0.509 
1G 1:125 674.49 562.063 2C 22.72 1.179 
1G 1:625 674.58 561.914 3G 21.02 0.141 
1G 1:3125 999.00 0.000 3C 21.50 0.641 
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1G 25.48 0.215 4G 21.97 0.331 
1C 21.19 0.714 4C 22.36 0.135 
2G 23.72 0.367 5G 21.10 0.243 
2C 23.55 1.271 5C 22.91 1.179 
3G 348.77 563.121 6G 999.00 0.000 
3C 25.16 1.503 6C 999.00 0.000 
4G 24.04 2.585 7G 23.96 1.437 
4C 999.00 0.000 7C 20.97 0.932 
5G 21.00 0.537 8G 21.97 0.825 
5C 22.79 1.356 8C 20.77 0.440 
6G 22.91 0.923 9G 20.96 0.162 
6C 21.57 0.368 9C 22.21 0.923 
7G 23.76 0.899 10G 23.08 0.670 
7C 21.47 0.824 10C 25.19 1.311 
8G 350.38 561.724 11G 21.57 0.683 
8C 24.71 0.693 11C 23.32 1.170 
9G 21.31 0.244 12G 21.19 0.339 
9C 674.60 561.886 12C 21.88 0.977 

10G 21.96 0.448 13G 349.12 562.812 
10C 21.03 0.742 13C 22.97 1.023 
12G 21.89 0.579 14G 22.85 0.371 
12C 18.67 0.229 14C 26.06 2.542 
13G 20.30 0.194 15G 23.75 0.715 
13C 22.09 0.772 15C 24.15 1.698 
14G 22.26 0.500 16G 21.03 0.864 
14C 25.06 0.845 16C 23.49 2.891 
15G 19.27 0.074 17G 21.69 0.838 
15C 23.37 1.568 17C 22.83 1.642 
16G 20.51 0.281 18G 348.41 563.429 
16C 20.89 0.599 18C 22.92 0.753 
17G 348.78 563.107 19G 350.13 561.939 
17C 21.22 0.499 19C 23.10 1.474 
18G 19.73 0.348 20G 23.82 0.912 
18C 999.00 0.000 20C 21.65 0.358 
19G 19.34 0.319 21G 24.75 1.725 
19C 20.74 0.700 21C 22.26 0.651 
20G 20.73 0.128 22G 675.16 560.914 
20C 20.33 0.551 22C 25.93 2.306 
21G 19.44 0.473 23G 999.00 0.000 
21C 20.91 0.785 23C 999.00 0.000 

Controls no Template 999.00 0.000 24G 674.42 562.191 
no RT 999.00 0.000 24C 675.56 560.223 

Table 9-26: qPCR results from single midbrain tissue for WNT1 expression. This gene is spart of the 
Wnt signaling pathway. Failed amplifications were encoded as 999 cycles, so all three-digit values were 
excluded from analysis. Samples with G are from transfected, samples with C from the untransfected brain 
sides. 
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Sample ES60 WNT3A  

Sample ES60 WNT3A 
 Average SD  Average SD 
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1G 674.25 562.488 
1G 1:5 674.98 561.223 1C 673.15 564.391 
1G 1:25 349.46 562.521 2G 674.55 561.966 
1G 1:125 675.66 560.048 2C 349.95 562.096 
1G 1:625 999.00 0.000 3G 350.28 561.809 
1G 1:3125 999.00 0.000 3C 999.00 0.000 
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1G 999.00 0.000 4G 675.43 560.435 
1C 350.53 561.595 4C 999.00 0.000 
2G 674.96 561.253 5G 999.00 0.000 
2C 675.16 560.915 5C 999.00 0.000 
3G 674.40 562.218 6G 999.00 0.000 
3C 674.05 562.822 6C 999.00 0.000 
4G 999.00 0.000 7G 350.46 561.652 
4C 999.00 0.000 7C 350.98 561.205 
5G 674.89 561.368 8G 674.56 561.940 
5C 348.93 562.981 8C 673.62 563.579 
6G 999.00 0.000 9G 350.55 561.572 
6C 349.10 562.834 9C 674.12 562.716 
7G 674.91 561.339 10G 675.22 560.798 
7C 349.53 562.461 10C 674.18 562.606 
8G 999.00 0.000 11G 999.00 0.000 
8C 999.00 0.000 11C 999.00 0.000 
9G 999.00 0.000 12G 675.23 560.780 
9C 999.00 0.000 12C 351.67 560.605 

10G 350.49 561.625 13G 675.18 560.874 
10C 350.73 561.416 13C 675.52 560.281 
12G 675.19 560.855 14G 26.68 2.156 
12C 349.71 562.304 14C 999.00 0.000 
13G 351.80 560.493 15G 999.00 0.000 
13C 674.16 562.643 15C 999.00 0.000 
14G 999.00 0.000 16G 25.59 3.222 
14C 674.96 561.252 16C 25.41 2.897 
15G 349.77 562.246 17G 673.68 563.465 
15C 350.17 561.900 17C 351.28 560.941 
16G 349.20 562.746 18G 674.18 562.597 
16C 348.30 563.521 18C 999.00 0.000 
17G 673.46 563.847 19G 674.69 561.723 
17C 27.01 1.234 19C 25.98 2.292 
18G 24.13 2.229 20G 674.15 562.651 
18C 999.00 0.000 20C 999.00 0.000 
19G 22.41 0.227 21G 999.00 0.000 
19C 23.94 0.467 21C 348.85 563.049 
20G 23.17 1.626 22G 24.39 1.432 
20C 673.05 564.566 22C 349.42 562.559 
21G 23.51 1.793 23G 999.00 0.000 
21C 25.95 2.171 23C 999.00 0.000 

Controls no Template 999.00 0.000 24G 674.17 562.615 
no RT 999.00 0.000 24C 999.00 0.000 

Table 9-27: qPCR results from single midbrain tissue for WNT3a expression. This gene is spart of the 
Wnt signaling pathway, but it was excluded from the analysis as too many amplifications failed due to low 
expression. Samples with G are from transfected, samples with C from the untransfected brain sides.  
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Sample ES60 WNT4  
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1G 15.99 0.336 
1G 1:5 16.07 0.129 1C 13.51 0.094 
1G 1:25 16.12 0.088 2G 13.07 0.225 
1G 1:125 17.13 0.162 2C 13.52 0.054 
1G 1:625 18.68 0.450 3G 12.87 0.072 
1G 1:3125 21.32 0.463 3C 13.10 0.126 
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1G 15.62 0.177 4G 13.07 0.045 
1C 14.43 0.150 4C 13.43 0.097 
2G 15.20 0.008 5G 13.87 0.096 
2C 16.11 0.175 5C 13.22 0.049 
3G 17.69 0.091 6G 999.00 0.000 
3C 15.88 0.197 6C 999.00 0.000 
4G 18.30 0.514 7G 18.24 0.475 
4C 18.66 0.456 7C 15.01 0.130 
5G 13.02 0.032 8G 12.13 0.061 
5C 13.69 0.071 8C 12.43 0.064 
6G 14.50 0.040 9G 11.74 0.092 
6C 14.35 0.216 9C 12.29 0.131 
7G 13.71 0.024 10G 12.90 0.096 
7C 12.36 0.041 10C 12.65 0.052 
8G 15.37 0.180 11G 11.85 0.078 
8C 15.63 0.207 11C 13.28 0.175 
9G 14.58 0.006 12G 14.23 0.186 
9C 16.58 0.179 12C 14.14 0.128 

10G 15.51 0.125 13G 16.66 0.228 
10C 12.59 0.044 13C 14.05 0.055 
12G 12.22 0.042 14G 13.28 0.094 
12C 11.49 0.106 14C 14.84 0.139 
13G 12.54 0.027 15G 16.03 0.163 
13C 11.83 0.113 15C 16.65 0.118 
14G 15.20 0.157 16G 12.18 0.057 
14C 15.15 0.085 16C 12.80 0.050 
15G 13.26 0.140 17G 13.08 0.075 
15C 14.26 0.252 17C 13.37 0.061 
16G 14.72 0.303 18G 14.39 0.142 
16C 15.42 0.231 18C 15.34 0.064 
17G 16.15 0.193 19G 18.21 0.359 
17C 14.53 0.147 19C 16.99 0.250 
18G 12.29 0.028 20G 16.41 0.055 
18C 999.00 0.000 20C 14.59 0.053 
19G 12.25 0.040 21G 14.38 0.075 
19C 11.70 0.079 21C 13.59 0.034 
20G 11.46 0.043 22G 17.01 0.046 
20C 11.74 0.096 22C 16.70 0.087 
21G 11.37 0.052 23G 17.88 0.088 
21C 11.74 0.070 23C 347.93 563.847 

Controls no Template 675.23 560.779 24G 22.12 1.480 
no RT 999.00 0.000 24C 16.20 0.034 

Table 9-28: qPCR results from single midbrain tissue for WNT4 expression. This gene is spart of the 
Wnt signaling pathway. Failed amplifications were encoded as 999 cycles, so all three-digit values were 
excluded from analysis. Samples with G are from transfected, samples with C from the untransfected brain 
sides. 
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1G 14.51 0.137 
1G 1:5 14.51 0.122 1C 13.86 0.147 
1G 1:25 16.00 0.091 2G 13.95 0.050 
1G 1:125 16.70 0.027 2C 14.45 0.085 
1G 1:625 18.41 0.140 3G 14.44 0.129 
1G 1:3125 19.15 0.220 3C 14.58 0.167 
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1G 14.98 0.154 4G 14.48 0.137 
1C 13.51 0.157 4C 14.22 0.112 
2G 14.91 0.096 5G 16.77 0.227 
2C 16.08 0.142 5C 16.26 0.276 
3G 18.56 0.421 6G 999.00 0.000 
3C 16.74 0.084 6C 999.00 0.000 
4G 16.32 0.220 7G 15.88 0.081 
4C 19.55 0.597 7C 15.83 0.132 
5G 13.66 0.156 8G 14.12 0.123 
5C 13.77 0.115 8C 14.37 0.108 
6G 15.88 0.173 9G 14.22 0.066 
6C 15.48 0.097 9C 14.03 0.087 
7G 15.15 0.320 10G 16.05 0.157 
7C 13.82 0.049 10C 14.83 0.014 
8G 18.83 0.301 11G 13.28 0.086 
8C 18.78 0.276 11C 15.44 0.222 
9G 15.81 0.042 12G 15.39 0.138 
9C 16.78 0.127 12C 14.31 0.231 

10G 13.91 0.101 13G 14.75 0.205 
10C 13.23 0.098 13C 14.67 0.040 
12G 14.04 0.154 14G 14.63 0.083 
12C 11.90 0.055 14C 16.18 0.326 
13G 14.05 0.114 15G 20.73 0.360 
13C 13.67 0.020 15C 18.61 0.097 
14G 15.67 0.136 16G 13.56 0.008 
14C 14.96 0.132 16C 14.00 0.060 
15G 14.03 0.069 17G 14.93 0.195 
15C 14.16 0.062 17C 14.63 0.135 
16G 13.41 0.169 18G 15.85 0.266 
16C 13.67 0.102 18C 16.06 0.069 
17G 16.63 0.165 19G 15.65 0.088 
17C 17.44 0.109 19C 14.75 0.099 
18G 12.20 0.087 20G 14.32 0.066 
18C 999.00 0.000 20C 13.93 0.080 
19G 12.63 0.141 21G 15.93 0.116 
19C 12.93 0.060 21C 14.96 0.173 
20G 12.98 0.032 22G 18.32 0.201 
20C 13.27 0.088 22C 18.53 0.188 
21G 12.95 0.155 23G 17.64 0.047 
21C 13.33 0.126 23C 999.00 0.000 

Controls no Template 999.00 0.000 24G 22.50 1.103 
no RT 999.00 0.000 24C 17.42 0.084 

Table 9-29: qPCR results from single midbrain tissue for LEF1 expression. This gene is spart of the 
Wnt signaling pathway. Failed amplifications were encoded as 999 cycles, so all three-digit values were 
excluded from analysis. Samples with G are from transfected, samples with C from the untransfected brain 
sides. 
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Sample ES60 CTNNB1  

Sample ES60 CTNNB1 
 Average SD  Average SD 
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1G 11.28 0.103 
1G 1:5 11.98 0.029 1C 10.44 0.106 
1G 1:25 13.50 0.058 2G 11.04 0.054 
1G 1:125 14.11 0.189 2C 11.53 0.066 
1G 1:625 15.95 0.179 3G 11.72 0.029 
1G 1:3125 16.49 0.104 3C 11.75 0.078 
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1G 12.37 0.038 4G 11.54 0.105 
1C 10.70 0.114 4C 11.45 0.030 
2G 12.11 0.070 5G 13.54 0.043 
2C 12.58 0.084 5C 12.90 0.059 
3G 15.85 0.232 6G 999.00 0.000 
3C 13.73 0.095 6C 999.00 0.000 
4G 13.75 0.046 7G 13.34 0.198 
4C 16.51 0.341 7C 12.29 0.103 
5G 10.35 0.040 8G 11.82 0.054 
5C 10.88 0.074 8C 11.58 0.170 
6G 13.77 0.057 9G 11.67 0.147 
6C 13.29 0.104 9C 11.32 0.028 
7G 12.45 0.087 10G 13.35 0.197 
7C 11.00 0.065 10C 12.01 0.030 
8G 14.31 0.203 11G 10.73 0.030 
8C 14.84 0.100 11C 12.64 0.155 
9G 13.92 0.152 12G 12.59 0.136 
9C 14.26 0.079 12C 11.34 0.099 

10G 10.85 0.060 13G 11.75 0.156 
10C 10.25 0.119 13C 11.63 0.068 
12G 11.75 0.061 14G 12.12 0.044 
12C 8.91 0.038 14C 12.88 0.031 
13G 11.19 0.109 15G 16.14 0.073 
13C 11.15 0.007 15C 15.49 0.240 
14G 12.26 0.079 16G 11.16 0.050 
14C 11.02 0.090 16C 11.40 0.059 
15G 10.33 0.029 17G 12.05 0.079 
15C 10.92 0.075 17C 12.14 0.044 
16G 9.87 0.040 18G 13.40 0.130 
16C 9.90 0.120 18C 13.19 0.163 
17G 13.00 0.082 19G 12.76 0.053 
17C 13.07 0.082 19C 12.01 0.098 
18G 9.38 0.120 20G 11.75 0.027 
18C 999.00 0.000 20C 10.47 0.064 
19G 9.73 0.131 21G 13.70 0.047 
19C 9.90 0.035 21C 12.36 0.036 
20G 10.33 0.054 22G 15.44 0.116 
20C 10.43 0.058 22C 15.11 0.169 
21G 9.88 0.065 23G 16.20 0.086 
21C 10.20 0.051 23C 21.22 0.594 

Controls no Template 999.00 0.000 24G 19.76 0.124 
no RT 999.00 0.000 24C 14.66 0.050 

Table 9-30: qPCR results from single midbrain tissue for CTNNB1 expression. This gene is spart of the 
Wnt signaling pathway. Failed amplifications were encoded as 999 cycles, so all three-digit values were 
excluded from analysis. Samples with G are from transfected, samples with C from the untransfected brain 
sides. 
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1G 13.13 0.055 
1G 1:5 13.49 0.058 1C 12.48 0.050 
1G 1:25 14.89 0.051 2G 13.09 0.113 
1G 1:125 15.65 0.051 2C 13.59 0.049 
1G 1:625 17.70 0.135 3G 13.27 0.103 
1G 1:3125 18.25 0.291 3C 13.41 0.020 
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1G 13.70 0.053 4G 13.17 0.033 
1C 12.75 0.064 4C 12.87 0.104 
2G 13.61 0.046 5G 15.03 0.084 
2C 14.22 0.111 5C 14.31 0.049 
3G 16.02 0.196 6G 999.00 0.000 
3C 15.18 0.199 6C 999.00 0.000 
4G 15.06 0.097 7G 15.02 0.219 
4C 17.81 0.222 7C 14.92 0.084 
5G 12.55 0.036 8G 13.59 0.067 
5C 12.47 0.051 8C 13.99 0.091 
6G 14.69 0.185 9G 13.56 0.119 
6C 14.19 0.083 9C 13.60 0.061 
7G 14.37 0.080 10G 15.11 0.220 
7C 12.92 0.040 10C 13.72 0.086 
8G 15.61 0.176 11G 12.32 0.099 
8C 15.77 0.059 11C 14.52 0.205 
9G 15.42 0.069 12G 14.33 0.052 
9C 15.81 0.101 12C 13.12 0.057 

10G 12.94 0.162 13G 13.19 0.155 
10C 11.97 0.046 13C 14.06 0.097 
12G 13.36 0.030 14G 13.94 0.052 
12C 11.06 0.078 14C 15.47 0.084 
13G 13.64 0.152 15G 16.99 0.264 
13C 12.84 0.085 15C 16.74 0.199 
14G 15.21 0.048 16G 12.65 0.042 
14C 13.27 0.079 16C 13.12 0.138 
15G 13.25 0.089 17G 14.34 0.076 
15C 12.86 0.004 17C 14.19 0.047 
16G 12.48 0.011 18G 15.28 0.249 
16C 12.86 0.032 18C 14.79 0.044 
17G 14.83 0.039 19G 15.30 0.111 
17C 14.71 0.158 19C 13.81 0.052 
18G 11.70 0.103 20G 13.79 0.118 
18C 999.00 0.000 20C 13.45 0.070 
19G 11.80 0.089 21G 15.84 0.117 
19C 12.08 0.022 21C 14.00 0.081 
20G 12.35 0.060 22G 16.31 0.138 
20C 12.35 0.126 22C 16.08 0.142 
21G 12.56 0.050 23G 17.63 0.126 
21C 12.42 0.106 23C 22.95 0.842 

Controls no Template 999.00 0.000 24G 20.27 0.563 
no RT 21.73 0.952 24C 15.16 0.131 

Table 9-31: qPCR results from single midbrain tissue for FZD1 expression. This gene is spart of the 
Wnt signaling pathway. Failed amplifications were encoded as 999 cycles, so all three-digit values were 
excluded from analysis. Samples with G are from transfected, samples with C from the untransfected brain 
sides. 
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1G 23.22 2.216 
1G 1:5 16.87 0.184 1C 23.36 1.532 
1G 1:25 18.81 0.285 2G 21.85 0.279 
1G 1:125 18.72 0.095 2C 22.07 0.553 
1G 1:625 20.87 0.114 3G 21.64 0.818 
1G 1:3125 21.06 0.352 3C 22.33 1.326 
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1G 16.86 0.289 4G 22.18 1.286 
1C 21.00 0.948 4C 25.83 4.077 
2G 17.53 0.320 5G 22.93 1.358 
2C 27.42 0.338 5C 23.53 2.496 
3G 24.61 0.743 6G 25.77 1.630 
3C 20.28 0.267 6C 24.45 0.665 
4G 22.99 0.737 7G 20.99 1.490 
4C 22.40 2.037 7C 24.83 0.895 
5G 18.90 0.142 8G 18.53 0.303 
5C 20.20 0.594 8C 23.51 2.082 
6G 20.53 0.383 9G 15.80 0.131 
6C 21.37 0.402 9C 23.27 3.726 
7G 19.06 0.782 10G 24.24 0.204 
7C 20.02 0.897 10C 18.21 0.288 
8G 23.51 0.891 11G 21.06 1.077 
8C 24.07 2.881 11C 17.42 0.293 
9G 22.33 1.525 12G 24.23 1.370 
9C 21.11 0.631 12C 23.52 3.303 

10G 22.50 1.443 13G 23.52 1.438 
10C 19.41 0.786 13C 23.31 1.082 
12G 19.41 0.784 14G 22.19 0.963 
12C 16.75 0.243 14C 21.50 0.666 
13G 22.76 0.635 15G 24.10 0.429 
13C 16.85 0.290 15C 23.57 1.960 
14G 23.33 2.027 16G 22.14 0.842 
14C 16.93 0.312 16C 16.84 0.121 
15G 20.82 0.763 17G 18.71 0.092 
15C 20.35 0.392 17C 348.01 563.776 
16G 20.25 0.461 18G 20.21 0.443 
16C 18.21 0.222 18C 19.98 0.477 
17G 22.94 0.979 19G 18.27 0.256 
17C 17.78 0.296 19C 17.10 0.175 
18G 18.84 0.954 20G 18.69 0.438 
18C 25.59 2.240 20C 22.79 1.048 
19G 18.71 0.565 21G 22.72 0.861 
19C 15.83 0.197 21C 21.83 1.458 
20G 16.69 0.109 22G 16.96 0.025 
20C 16.81 0.070 22C 16.99 0.335 
21G 19.66 0.608 23G 351.97 560.347 
21C 19.74 0.234 23C 999.00 0.000 

Controls no Template 25.32 1.046 24G 674.88 561.388 
no RT 21.29 1.138 24C 21.30 0.595 

Table 9-32: qPCR results from single midbrain tissue for FZD5 expression. This gene is spart of the 
Wnt signaling pathway. Failed amplifications were encoded as 999 cycles, so all three-digit values were 
excluded from analysis. Samples with G are from transfected, samples with C from the untransfected brain 
sides. 
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 Average SD  Average SD 

D
ilu

tio
n 

Se
rie

s 
fo

r E
ffi

ci
en

cy
 

Te
st

in
g 

1G pure 13.17 0.072 

PA
X7

 k
no

ck
-d

ow
n 

G
ro

up
 (s

iP
AX

7-
pS

ile
nc

er
1.

0 
tra

ns
fe

ct
ed

) 

1G 19.72 0.046 
1G 1:5 17.66 0.291 1C 18.97 0.380 
1G 1:25 19.00 0.331 2G 19.05 0.287 
1G 1:125 19.53 0.088 2C 19.28 0.120 
1G 1:625 20.97 0.609 3G 18.93 0.115 
1G 1:3125 22.23 0.912 3C 19.64 0.133 
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1G 17.88 0.012 4G 18.75 0.277 
1C 18.42 0.205 4C 19.10 0.224 
2G 17.68 0.218 5G 20.60 0.461 
2C 21.03 0.495 5C 19.90 0.239 
3G 21.99 0.638 6G 999.00 0.000 
3C 20.22 0.333 6C 674.97 561.245 
4G 20.35 0.243 7G 21.88 0.874 
4C 22.42 0.221 7C 20.59 0.150 
5G 18.09 0.180 8G 18.38 0.138 
5C 18.01 0.248 8C 19.24 0.309 
6G 19.79 0.332 9G 16.68 0.137 
6C 19.24 0.306 9C 19.26 0.211 
7G 19.22 0.301 10G 20.43 0.658 
7C 18.56 0.251 10C 18.03 0.142 
8G 21.29 0.277 11G 17.31 0.333 
8C 21.69 0.648 11C 18.35 0.097 
9G 20.35 0.154 12G 19.76 0.154 
9C 20.52 0.522 12C 19.32 0.344 

10G 18.84 0.050 13G 19.45 0.235 
10C 17.73 0.049 13C 19.66 0.181 
12G 18.39 0.146 14G 18.89 0.475 
12C 15.63 0.061 14C 20.79 0.332 
13G 18.67 0.497 15G 23.54 1.251 
13C 17.15 0.237 15C 22.43 1.106 
14G 20.99 0.210 16G 17.88 0.155 
14C 17.07 0.185 16C 17.02 0.126 
15G 18.30 0.094 17G 18.67 0.397 
15C 18.73 0.133 17C 19.51 0.427 
16G 18.34 0.082 18G 19.57 0.514 
16C 17.97 0.185 18C 20.15 0.326 
17G 21.30 0.306 19G 19.53 0.620 
17C 18.46 0.173 19C 17.99 0.060 
18G 16.54 0.215 20G 18.91 0.290 
18C 999.00 0.000 20C 19.77 0.291 
19G 16.72 0.105 21G 22.23 0.951 
19C 15.91 0.063 21C 19.90 0.253 
20G 16.21 0.285 22G 18.44 0.172 
20C 16.38 0.151 22C 18.87 0.243 
21G 17.00 0.226 23G 21.21 0.368 
21C 17.40 0.416 23C 999.00 0.000 

Controls no Template 999.00 0.000 24G 348.97 562.946 
no RT 22.10 0.433 24C 21.57 0.660 

Table 9-33: qPCR results from single midbrain tissue for FZD9 expression. This gene is spart of the 
Wnt signaling pathway. Failed amplifications were encoded as 999 cycles, so all three-digit values were 
excluded from analysis. Samples with G are from transfected, samples with C from the untransfected brain 
sides. 
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1G 13.71 0.175 
1G 1:5 13.62 0.056 1C 12.68 0.103 
1G 1:25 15.04 0.051 2G 13.34 0.074 
1G 1:125 15.77 0.116 2C 13.72 0.072 
1G 1:625 17.79 0.075 3G 13.41 0.076 
1G 1:3125 18.40 0.055 3C 13.66 0.061 
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1G 13.96 0.148 4G 13.49 0.035 
1C 12.56 0.062 4C 13.12 0.055 
2G 13.78 0.061 5G 15.59 0.067 
2C 14.47 0.085 5C 15.04 0.107 
3G 17.22 0.451 6G 351.90 560.402 
3C 14.98 0.072 6C 347.85 563.911 
4G 15.46 0.092 7G 14.80 0.119 
4C 18.52 0.136 7C 13.50 0.039 
5G 12.39 0.108 8G 13.52 0.044 
5C 12.69 0.021 8C 13.39 0.181 
6G 14.97 0.067 9G 13.28 0.021 
6C 14.58 0.063 9C 13.82 0.105 
7G 14.00 0.081 10G 15.25 0.295 
7C 13.02 0.013 10C 14.32 0.007 
8G 15.91 0.072 11G 12.74 0.077 
8C 16.40 0.248 11C 14.62 0.162 
9G 15.67 0.164 12G 14.26 0.044 
9C 16.41 0.062 12C 13.29 0.049 

10G 12.86 0.040 13G 14.00 0.050 
10C 11.90 0.100 13C 13.81 0.111 
12G 13.49 0.084 14G 13.71 0.012 
12C 10.73 0.041 14C 15.30 0.149 
13G 13.14 0.081 15G 18.70 0.489 
13C 13.07 0.106 15C 18.22 0.358 
14G 14.12 0.113 16G 12.66 0.023 
14C 13.89 0.057 16C 13.14 0.027 
15G 12.35 0.087 17G 13.88 0.126 
15C 13.19 0.040 17C 13.88 0.166 
16G 12.08 0.053 18G 15.24 0.063 
16C 12.49 0.069 18C 14.68 0.053 
17G 15.85 0.136 19G 14.65 0.149 
17C 15.22 0.130 19C 13.74 0.141 
18G 11.07 0.077 20G 13.65 0.096 
18C 350.27 561.821 20C 13.03 0.037 
19G 11.45 0.047 21G 15.36 0.126 
19C 11.94 0.012 21C 13.99 0.111 
20G 11.92 0.044 22G 16.19 0.069 
20C 12.34 0.083 22C 16.46 0.122 
21G 11.88 0.063 23G 16.72 0.196 
21C 11.94 0.082 23C 20.86 0.385 

Controls no Template 673.67 563.489 24G 20.38 0.240 
no RT 20.46 0.887 24C 15.62 0.022 

Table 9-34: qPCR results from single midbrain tissue for FZD10 expression. This gene is spart of the 
Wnt signaling pathway. Failed amplifications were encoded as 999 cycles, so all three-digit values were 
excluded from analysis. Samples with G are from transfected, samples with C from the untransfected brain 
sides. 
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1G 14.80 0.128 
1G 1:5 15.85 0.215 1C 14.13 0.219 
1G 1:25 17.43 0.137 2G 14.72 0.132 
1G 1:125 18.28 0.452 2C 15.26 0.011 
1G 1:625 19.94 0.547 3G 15.22 0.251 
1G 1:3125 20.29 0.491 3C 15.04 0.228 
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1G 16.13 0.044 4G 15.44 0.215 
1C 14.21 0.116 4C 15.25 0.248 
2G 15.54 0.225 5G 17.69 0.388 
2C 15.21 0.044 5C 16.41 0.210 
3G 20.39 0.980 6G 674.24 562.495 
3C 16.49 0.124 6C 673.94 563.018 
4G 17.36 0.104 7G 16.71 0.313 
4C 19.91 0.629 7C 14.92 0.168 
5G 13.46 0.056 8G 15.60 0.219 
5C 14.19 0.189 8C 14.53 0.210 
6G 16.29 0.144 9G 15.00 0.015 
6C 15.95 0.161 9C 15.20 0.494 
7G 15.79 0.217 10G 17.70 0.100 
7C 14.22 0.144 10C 16.01 0.053 
8G 17.15 0.039 11G 15.00 0.117 
8C 17.44 0.606 11C 17.09 0.138 
9G 16.62 0.126 12G 15.95 0.043 
9C 17.42 0.357 12C 14.53 0.123 

10G 14.06 0.027 13G 15.60 0.376 
10C 13.61 0.025 13C 14.65 0.117 
12G 15.38 0.145 14G 15.10 0.280 
12C 12.45 0.042 14C 15.86 0.235 
13G 14.52 0.128 15G 18.17 0.514 
13C 14.71 0.078 15C 17.52 0.133 
14G 15.28 0.043 16G 14.53 0.139 
14C 14.90 0.101 16C 14.83 0.103 
15G 13.65 0.094 17G 14.91 0.072 
15C 14.30 0.109 17C 15.53 0.167 
16G 13.39 0.151 18G 16.78 0.020 
16C 13.41 0.046 18C 16.64 0.446 
17G 14.91 0.129 19G 16.67 0.331 
17C 14.28 0.123 19C 15.50 0.186 
18G 12.94 0.160 20G 15.25 0.284 
18C 999.00 0.000 20C 14.16 0.115 
19G 13.20 0.146 21G 16.69 0.178 
19C 13.50 0.122 21C 15.54 0.087 
20G 13.21 0.053 22G 18.71 0.192 
20C 13.70 0.176 22C 18.46 0.442 
21G 13.47 0.104 23G 19.01 0.334 
21C 13.58 0.207 23C 347.93 563.847 

Controls no Template 674.05 562.825 24G 21.08 0.926 
no RT 999.00 0.000 24C 17.33 0.426 

Table 9-35: qPCR results from single midbrain tissue for short PAX7 splice variant expression. This 
gene was the primary focus of this study. Failed amplifications were encoded as 999 cycles, so all three-
digit values were excluded from analysis. Samples with G are from transfected, samples with C from the 
untransfected brain sides.   
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1G 18.38 0.088 
1G 1:5 19.51 0.481 1C 17.79 0.483 
1G 1:25 21.08 1.171 2G 18.82 0.469 
1G 1:125 22.46 0.715 2C 19.52 0.619 
1G 1:625 350.23 561.852 3G 19.12 0.225 
1G 1:3125 999.00 0.000 3C 18.75 0.275 
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1G 21.11 0.298 4G 19.44 0.253 
1C 18.59 0.153 4C 19.57 0.601 
2G 19.35 0.796 5G 999.00 0.000 
2C 22.58 1.436 5C 21.14 0.981 
3G 348.58 563.283 6G 999.00 0.000 
3C 20.95 0.402 6C 999.00 0.000 
4G 22.29 0.932 7G 20.98 1.257 
4C 674.03 562.872 7C 347.24 564.440 
5G 16.76 0.162 8G 19.87 0.338 
5C 18.10 0.816 8C 19.24 0.265 
6G 19.99 0.543 9G 19.27 0.597 
6C 19.46 0.665 9C 19.82 0.847 
7G 19.63 0.446 10G 350.07 561.989 
7C 18.37 0.659 10C 20.94 0.812 
8G 21.79 0.382 11G 19.46 0.180 
8C 22.08 1.218 11C 21.50 0.332 
9G 21.23 0.725 12G 20.05 0.987 
9C 21.00 0.388 12C 18.20 0.340 

10G 17.56 0.419 13G 19.45 0.198 
10C 16.97 0.210 13C 18.25 0.473 
12G 18.50 0.678 14G 18.53 0.443 
12C 16.10 0.190 14C 19.53 0.340 
13G 18.15 0.216 15G 673.29 564.139 
13C 19.42 0.771 15C 21.09 1.238 
14G 19.97 0.410 16G 18.51 0.108 
14C 18.96 0.453 16C 18.56 0.288 
15G 17.45 0.011 17G 19.49 0.538 
15C 17.85 0.503 17C 19.99 0.769 
16G 17.38 0.181 18G 21.09 0.683 
16C 17.39 0.102 18C 20.72 1.099 
17G 18.41 0.183 19G 21.76 0.952 
17C 19.06 0.303 19C 19.60 0.176 
18G 16.36 0.203 20G 19.31 0.177 
18C 999.00 0.000 20C 18.13 0.461 
19G 16.70 0.275 21G 20.55 0.752 
19C 17.26 0.486 21C 20.89 2.130 
20G 16.34 0.273 22G 21.00 1.070 
20C 17.29 0.047 22C 20.14 0.347 
21G 16.73 0.124 23G 21.73 0.607 
21C 17.31 0.057 23C 673.34 564.068 

Controls no Template 999.00 0.000 24G 22.86 0.674 
no RT 673.98 562.947 24C 18.96 0.358 

Table 9-36: qPCR results from single midbrain tissue for long PAX7 splice variant expression. This 
gene was the primary focus of this study. Failed amplifications were encoded as 999 cycles, so all three-
digit values were excluded from analysis. Samples with G are from transfected, samples with C from the 
untransfected brain sides. 
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1G 13.46 0.102 
1G 1:5 13.55 0.053 1C 12.70 0.120 
1G 1:25 15.07 0.140 2G 12.98 0.094 
1G 1:125 15.62 0.080 2C 13.54 0.090 
1G 1:625 17.58 0.419 3G 13.44 0.076 
1G 1:3125 18.27 0.221 3C 13.34 0.054 
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1G 13.75 0.050 4G 13.78 0.029 
1C 12.15 0.110 4C 13.17 0.031 
2G 13.18 0.073 5G 14.97 0.078 
2C 13.51 0.134 5C 14.74 0.180 
3G 16.16 0.177 6G 23.06 0.528 
3C 14.37 0.082 6C 674.01 562.899 
4G 15.23 0.124 7G 14.18 0.138 
4C 17.59 0.280 7C 13.35 0.044 
5G 11.64 0.065 8G 13.29 0.027 
5C 11.67 0.098 8C 12.95 0.031 
6G 14.86 0.166 9G 13.36 0.161 
6C 14.56 0.076 9C 13.20 0.200 
7G 13.83 0.020 10G 15.68 0.190 
7C 12.79 0.106 10C 14.25 0.105 
8G 14.87 0.134 11G 12.31 0.032 
8C 15.35 0.048 11C 14.47 0.070 
9G 15.26 0.075 12G 13.82 0.229 
9C 15.39 0.049 12C 13.20 0.030 

10G 12.01 0.102 13G 13.60 0.098 
10C 11.63 0.131 13C 13.39 0.094 
12G 13.73 0.093 14G 13.34 0.020 
12C 10.40 0.048 14C 14.40 0.128 
13G 12.76 0.072 15G 16.29 0.156 
13C 12.65 0.048 15C 15.70 0.141 
14G 13.17 0.106 16G 12.49 0.096 
14C 13.07 0.084 16C 12.91 0.077 
15G 11.98 0.079 17G 13.97 0.114 
15C 12.40 0.022 17C 13.58 0.137 
16G 11.29 0.011 18G 15.06 0.147 
16C 11.78 0.023 18C 14.58 0.077 
17G 13.25 0.148 19G 13.92 0.106 
17C 13.05 0.060 19C 13.22 0.061 
18G 10.69 0.061 20G 13.09 0.088 
18C 999.00 0.000 20C 12.51 0.120 
19G 11.17 0.097 21G 14.81 0.147 
19C 11.54 0.056 21C 13.80 0.117 
20G 11.55 0.085 22G 16.54 0.135 
20C 11.98 0.114 22C 16.52 0.049 
21G 11.41 0.059 23G 15.29 0.161 
21C 11.55 0.060 23C 22.24 1.552 

Controls no Template 673.94 563.028 24G 18.26 0.075 
no RT 24.26 4.018 24C 15.08 0.192 

Table 9-37: qPCR results from single midbrain tissue for PAX3 expression. This gene is a close relative 
to PAX7. Failed amplifications were encoded as 999 cycles, so all three-digit values were excluded from 
analysis. Samples with G are from transfected, samples with C from the untransfected brain sides. 
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1G 11.21 0.053 
1G 1:5 11.45 0.103 1C 10.54 0.104 
1G 1:25 12.58 0.117 2G 10.46 0.103 
1G 1:125 13.24 0.054 2C 11.01 0.018 
1G 1:625 15.20 0.158 3G 10.60 0.049 
1G 1:3125 15.56 0.117 3C 11.06 0.026 
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1G 11.56 0.085 4G 10.86 0.022 
1C 10.35 0.031 4C 10.75 0.114 
2G 11.88 0.119 5G 12.63 0.006 
2C 12.29 0.088 5C 12.02 0.087 
3G 14.76 0.124 6G 23.93 0.983 
3C 13.06 0.119 6C 25.23 2.206 
4G 13.32 0.078 7G 13.10 0.121 
4C 16.66 0.089 7C 12.91 0.080 
5G 10.53 0.082 8G 10.04 0.061 
5C 10.72 0.014 8C 10.49 0.102 
6G 12.18 0.048 9G 10.05 0.097 
6C 11.98 0.108 9C 10.06 0.089 
7G 11.92 0.035 10G 11.61 0.078 
7C 10.25 0.037 10C 10.58 0.085 
8G 13.42 0.125 11G 9.60 0.017 
8C 14.01 0.103 11C 11.64 0.149 
9G 12.64 0.071 12G 11.65 0.112 
9C 13.34 0.117 12C 10.41 0.061 

10G 10.66 0.048 13G 11.23 0.064 
10C 9.94 0.083 13C 11.51 0.046 
12G 10.46 0.095 14G 11.09 0.059 
12C 8.54 0.056 14C 12.65 0.105 
13G 10.22 0.106 15G 14.15 0.143 
13C 9.75 0.118 15C 14.08 0.078 
14G 12.19 0.092 16G 10.03 0.026 
14C 10.69 0.003 16C 10.51 0.020 
15G 9.85 0.040 17G 11.05 0.101 
15C 10.09 0.075 17C 11.06 0.036 
16G 9.93 0.059 18G 11.96 0.077 
16C 10.11 0.061 18C 12.00 0.079 
17G 11.93 0.097 19G 12.72 0.005 
17C 11.87 0.028 19C 11.46 0.174 
18G 8.84 0.070 20G 10.89 0.054 
18C 23.40 0.652 20C 10.47 0.064 
19G 8.70 0.081 21G 12.06 0.048 
19C 8.91 0.021 21C 10.87 0.042 
20G 9.31 0.070 22G 14.33 0.125 
20C 9.40 0.016 22C 14.25 0.185 
21G 8.96 0.118 23G 14.99 0.131 
21C 9.13 0.032 23C 20.47 0.093 

Controls no Template 348.74 563.143 24G 18.58 0.256 
no RT 22.71 0.557 24C 13.71 0.033 

Table 9-38: qPCR results from single midbrain tissue for CCND1 expression. This gene is involved in 
cell cycle regulation. Failed amplifications were encoded as 999 cycles, so all three-digit values were ex-
cluded from analysis. Samples with G are from transfected, samples with C from the untransfected brain 
sides.  
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1G 16.62 0.142 
1G 1:5 21.30 0.999 1C 347.76 563.988 
1G 1:25 999.00 0.000 2G 19.21 0.356 
1G 1:125 999.00 0.000 2C 22.62 0.849 
1G 1:625 999.00 0.000 3G 15.72 0.100 
1G 1:3125 673.70 563.434 3C 347.93 563.841 
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1G 21.48 0.320 4G 17.84 0.438 
1C 21.18 0.894 4C 21.02 0.645 
2G 15.68 0.155 5G 14.99 0.135 
2C 674.56 561.947 5C 20.72 1.396 
3G 20.66 0.285 6G 999.00 0.000 
3C 21.86 1.339 6C 999.00 0.000 
4G 19.23 0.881 7G 17.62 0.241 
4C 999.00 0.000 7C 19.61 1.454 
5G 14.73 0.049 8G 18.27 0.501 
5C 999.00 0.000 8C 20.96 1.502 
6G 16.27 0.160 9G 14.35 0.073 
6C 999.00 0.000 9C 347.98 563.798 
7G 16.92 0.460 10G 22.55 0.837 
7C 347.99 563.793 10C 21.62 0.668 
8G 21.12 0.922 11G 15.33 0.139 
8C 349.14 562.791 11C 673.82 563.230 
9G 20.98 0.391 12G 16.13 0.353 
9C 999.00 0.000 12C 347.30 564.389 

10G 20.55 0.271 13G 16.94 0.144 
10C 999.00 0.000 13C 20.72 0.454 
12G 16.65 0.069 14G 14.65 0.129 
12C 18.55 0.362 14C 21.27 0.201 
13G 12.91 0.110 15G 16.67 0.252 
13C 347.89 563.876 15C 347.08 564.577 
14G 999.00 0.000 16G 15.86 0.165 
14C 349.74 562.279 16C 999.00 0.000 
15G 999.00 0.000 17G 15.36 0.137 
15C 999.00 0.000 17C 348.77 563.118 
16G 999.00 0.000 18G 19.49 0.400 
16C 675.22 560.796 18C 675.12 560.972 
17G 15.77 0.071 19G 16.62 0.279 
17C 17.65 0.139 19C 673.21 564.288 
18G 16.09 0.233 20G 14.73 0.071 
18C 999.00 0.000 20C 673.73 563.390 
19G 14.56 0.190 21G 17.03 0.071 
19C 15.20 0.167 21C 19.94 0.153 
20G 14.08 0.086 22G 14.47 0.079 
20C 14.24 0.121 22C 20.72 0.612 
21G 13.19 0.121 23G 20.62 0.609 
21C 19.02 0.637 23C 999.00 0.000 

Controls no Template 999.00 0.000 24G 673.85 563.180 
no RT 999.00 0.000 24C 347.60 564.130 

Table 9-39: qPCR results from single midbrain tissue for EGFP expression. This gene was intended as 
indicator for transfection efficiency but excluded from analysis due to too many transfected samples not 
showing amplification. Samples with G are from transfected, samples with C from the untransfected brain 
sides. 
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Sample ES60 HESX1 
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1G 19.64 0.966 
1G 1:5 21.51 0.223 1C 19.42 0.114 
1G 1:25 347.61 564.116 2G 20.26 0.542 
1G 1:125 23.37 0.420 2C 20.26 0.112 
1G 1:625 673.35 564.050 3G 20.66 1.256 
1G 1:3125 999.00 0.000 3C 19.13 0.983 
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1G 25.35 4.157 4G 20.00 0.748 
1C 19.21 0.804 4C 20.36 1.565 
2G 20.87 0.476 5G 23.18 4.688 
2C 20.88 1.030 5C 19.47 0.215 
3G 24.75 2.290 6G 999.00 0.000 
3C 22.41 1.718 6C 28.29 0.498 
4G 21.99 1.032 7G 21.84 1.694 
4C 22.93 2.964 7C 22.52 0.513 
5G 20.59 1.226 8G 22.18 1.509 
5C 20.26 1.145 8C 19.83 0.930 
6G 22.88 1.062 9G 20.73 1.542 
6C 20.80 1.018 9C 19.42 0.608 
7G 347.75 564.003 10G 24.52 2.559 
7C 19.81 0.622 10C 20.81 0.421 
8G 21.64 0.993 11G 18.94 0.236 
8C 347.96 563.816 11C 23.48 0.488 
9G 24.74 2.865 12G 22.15 0.730 
9C 347.69 564.047 12C 22.58 1.373 

10G 20.54 0.533 13G 21.73 1.548 
10C 18.72 0.269 13C 20.56 0.379 
12G 19.92 0.440 14G 20.35 1.234 
12C 17.71 0.220 14C 20.44 0.665 
13G 20.35 0.460 15G 348.05 563.743 
13C 20.00 0.810 15C 347.71 564.031 
14G 21.49 0.628 16G 19.68 0.980 
14C 20.26 1.272 16C 20.61 0.903 
15G 19.40 0.502 17G 347.41 564.297 
15C 19.80 0.260 17C 21.11 0.776 
16G 19.88 0.525 18G 348.05 563.743 
16C 19.76 0.808 18C 22.79 0.729 
17G 27.82 0.093 19G 347.80 563.953 
17C 348.46 563.389 19C 21.24 0.654 
18G 17.97 0.362 20G 20.48 0.356 
18C 28.21 0.714 20C 20.59 0.518 
19G 18.01 0.335 21G 20.98 0.579 
19C 18.56 0.717 21C 21.89 0.664 
20G 18.92 0.385 22G 673.31 564.106 
20C 19.35 0.090 22C 347.71 564.035 
21G 18.05 0.381 23G 999.00 0.000 
21C 18.27 0.728 23C 999.00 0.000 

Controls no Template 352.11 560.223 24G 999.00 0.000 
no RT 351.59 560.678 24C 21.05 0.534 

Table 9-40: qPCR results from single midbrain tissue for HESX1 expression. This gene was excluded 
from analysis due to too many transfected samples not showing amplification. Samples with G are from 
transfected, samples with C from the untransfected brain sides. 
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1G 14.54 0.181 
1G 1:5 16.40 0.091 1C 14.86 0.123 
1G 1:25 17.58 0.288 2G 15.46 0.166 
1G 1:125 18.14 0.181 2C 15.08 0.170 
1G 1:625 15.79 0.192 3G 14.86 0.110 
1G 1:3125 15.66 0.115 3C 15.24 0.084 
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1G 16.72 0.299 4G 14.69 0.208 
1C 15.15 0.190 4C 14.79 0.034 
2G 16.58 0.012 5G 14.47 0.050 
2C 15.96 0.231 5C 15.05 0.402 
3G 14.45 0.059 6G 14.86 0.260 
3C 16.08 0.123 6C 14.19 0.194 
4G 14.55 0.181 7G 13.01 0.128 
4C 14.28 0.102 7C 14.25 0.126 
5G 15.82 0.093 8G 15.59 0.234 
5C 14.55 0.034 8C 14.88 0.080 
6G 15.10 0.090 9G 17.27 0.242 
6C 14.85 0.148 9C 15.69 0.262 
7G 16.32 0.315 10G 14.22 0.181 
7C 16.09 0.297 10C 15.78 0.135 
8G 14.51 0.138 11G 15.51 0.050 
8C 15.17 0.332 11C 16.33 0.349 
9G 14.25 0.238 12G 14.36 0.405 
9C 15.31 0.242 12C 14.58 0.098 

10G 14.72 0.199 13G 14.63 0.141 
10C 14.84 0.092 13C 14.44 0.087 
12G 15.33 0.070 14G 14.41 0.100 
12C 14.09 0.147 14C 14.36 0.227 
13G 15.12 0.130 15G 14.29 0.226 
13C 15.86 0.144 15C 14.49 0.212 
14G 14.67 0.083 16G 14.76 0.176 
14C 16.78 0.280 16C 16.56 0.206 
15G 14.65 0.231 17G 17.20 0.120 
15C 15.05 0.262 17C 15.31 0.213 
16G 14.32 0.098 18G 15.38 0.306 
16C 15.20 0.243 18C 14.95 0.215 
17G 14.46 0.044 19G 15.34 0.156 
17C 16.24 0.067 19C 15.70 0.068 
18G 14.42 0.093 20G 15.32 0.123 
18C 14.14 0.153 20C 16.87 0.102 
19G 14.47 0.096 21G 15.55 0.086 
19C 16.22 0.157 21C 15.43 0.286 
20G 15.56 0.138 22G 17.39 0.543 
20C 16.11 0.014 22C 18.30 0.229 
21G 15.08 0.058 23G 17.14 0.262 
21C 14.88 0.058 23C 18.65 0.188 

Controls no Template 14.41 0.062 24G 17.10 0.148 
no RT 15.57 0.216 24C 19.65 0.440 

Table 9-41: qPCR results from single midbrain tissue for NOTCH1 expression. Failed amplifications 
were encoded as 999 cycles, so all three-digit values were excluded from analysis. Samples with G are from 
transfected, samples with C from the untransfected brain sides. 
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1G 17.48 0.036 
1G 1:5 17.08 0.281 1C 16.54 0.116 
1G 1:25 18.59 0.356 2G 16.57 0.245 
1G 1:125 19.31 0.189 2C 16.73 0.112 
1G 1:625 20.90 0.725 3G 16.34 0.249 
1G 1:3125 21.90 0.620 3C 16.62 0.166 
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1G 17.39 0.210 4G 17.30 0.133 
1C 16.55 0.012 4C 16.20 0.081 
2G 17.02 0.183 5G 17.95 0.108 
2C 17.80 0.342 5C 17.23 0.055 
3G 18.61 0.302 6G 999.00 0.000 
3C 17.63 0.072 6C 674.83 561.474 
4G 18.52 0.427 7G 18.12 0.622 
4C 24.64 1.299 7C 17.49 0.181 
5G 16.48 0.253 8G 15.62 0.196 
5C 15.26 0.041 8C 16.82 0.230 
6G 17.74 0.392 9G 15.86 0.211 
6C 17.28 0.284 9C 16.07 0.167 
7G 18.00 0.122 10G 16.60 0.143 
7C 16.49 0.139 10C 16.48 0.214 
8G 19.27 0.357 11G 15.67 0.074 
8C 19.26 0.777 11C 18.28 0.069 
9G 17.41 0.036 12G 17.16 0.186 
9C 19.04 0.086 12C 16.38 0.179 

10G 16.11 0.027 13G 16.69 0.220 
10C 14.86 0.109 13C 17.87 0.461 
12G 15.23 0.007 14G 15.73 0.142 
12C 14.00 0.091 14C 17.80 0.132 
13G 16.46 0.096 15G 19.88 0.374 
13C 15.50 0.111 15C 19.91 0.781 
14G 17.99 0.433 16G 15.36 0.123 
14C 17.46 0.203 16C 16.74 0.106 
15G 16.48 0.280 17G 17.00 0.465 
15C 16.74 0.215 17C 16.70 0.025 
16G 15.90 0.150 18G 18.70 0.555 
16C 16.63 0.126 18C 17.54 0.236 
17G 15.85 0.128 19G 18.76 0.576 
17C 14.95 0.142 19C 17.02 0.245 
18G 14.64 0.071 20G 16.81 0.200 
18C 999.00 0.000 20C 16.50 0.299 
19G 14.74 0.067 21G 18.03 0.171 
19C 15.16 0.049 21C 16.51 0.291 
20G 14.93 0.071 22G 20.64 0.410 
20C 15.22 0.059 22C 19.81 0.293 
21G 14.67 0.077 23G 20.79 0.999 
21C 14.74 0.085 23C 999.00 0.000 

Controls no Template 999.00 0.000 24G 999.00 0.000 
no RT 999.00 0.000 24C 19.67 0.605 

Table 9-42: qPCR results from single midbrain tissue for HES1 expression. This gene belongs to the 
family of Hes genes. Failed amplifications were encoded as 999 cycles, so all three-digit values were ex-
cluded from analysis. Samples with G are from transfected, samples with C from the untransfected brain 
sides.  
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1G 14.39 0.064 
1G 1:5 15.29 0.172 1C 13.27 0.091 
1G 1:25 16.95 0.221 2G 13.87 0.062 
1G 1:125 17.56 0.275 2C 14.43 0.104 
1G 1:625 19.59 0.292 3G 14.19 0.061 
1G 1:3125 20.85 1.149 3C 14.51 0.087 
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1G 15.47 0.048 4G 14.58 0.060 
1C 14.21 0.039 4C 14.30 0.098 
2G 14.31 0.050 5G 15.97 0.064 
2C 14.95 0.046 5C 15.59 0.060 
3G 18.79 0.464 6G 26.27 0.302 
3C 16.87 0.167 6C 25.37 0.140 
4G 17.73 0.416 7G 16.67 0.124 
4C 21.47 0.554 7C 14.44 0.083 
5G 11.99 0.046 8G 15.83 0.110 
5C 12.06 0.045 8C 15.51 0.146 
6G 16.44 0.110 9G 15.38 0.144 
6C 15.84 0.339 9C 14.73 0.206 
7G 16.74 0.170 10G 16.48 0.047 
7C 15.39 0.126 10C 15.68 0.108 
8G 16.45 0.051 11G 13.11 0.051 
8C 17.36 0.365 11C 15.94 0.328 
9G 18.06 0.088 12G 15.67 0.133 
9C 18.26 0.292 12C 14.69 0.038 

10G 13.09 0.055 13G 14.58 0.057 
10C 12.20 0.097 13C 14.80 0.195 
12G 14.18 0.082 14G 15.78 0.086 
12C 11.36 0.097 14C 17.34 0.224 
13G 14.25 0.095 15G 20.80 0.197 
13C 13.50 0.059 15C 20.09 0.328 
14G 15.13 0.122 16G 13.71 0.101 
14C 13.35 0.065 16C 14.29 0.130 
15G 12.99 0.112 17G 16.03 0.123 
15C 13.53 0.044 17C 15.01 0.106 
16G 11.88 0.019 18G 16.85 0.156 
16C 12.25 0.068 18C 16.84 0.107 
17G 17.47 0.134 19G 15.66 0.135 
17C 17.93 0.287 19C 14.30 0.127 
18G 11.65 0.037 20G 14.20 0.026 
18C 25.77 1.810 20C 13.78 0.051 
19G 11.98 0.026 21G 18.22 0.296 
19C 12.45 0.078 21C 15.56 0.037 
20G 12.72 0.057 22G 18.37 0.045 
20C 12.85 0.038 22C 18.68 0.192 
21G 12.53 0.046 23G 18.26 0.298 
21C 12.44 0.064 23C 999.00 0.000 

Controls no Template 26.31 0.720 24G 22.54 1.066 
no RT 27.53 0.489 24C 15.13 0.095 

Table 9-43: qPCR results from single midbrain tissue for HES5a expression. This gene belongs to the 
family of Hes genes. Failed amplifications were encoded as 999 cycles, so all three-digit values were ex-
cluded from analysis. Samples with G are from transfected, samples with C from the untransfected brain 
sides. 
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1G 14.11 0.108 
1G 1:5 14.73 0.057 1C 13.19 0.092 
1G 1:25 16.40 0.190 2G 14.17 0.039 
1G 1:125 17.06 0.185 2C 14.75 0.116 
1G 1:625 18.85 0.499 3G 14.38 0.060 
1G 1:3125 19.50 0.149 3C 14.65 0.061 
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1G 15.31 0.097 4G 14.60 0.034 
1C 13.92 0.066 4C 14.50 0.104 
2G 15.26 0.038 5G 16.74 0.145 
2C 15.81 0.061 5C 16.40 0.058 
3G 18.26 0.098 6G 999.00 0.000 
3C 16.69 0.133 6C 999.00 0.000 
4G 17.20 0.200 7G 16.81 0.267 
4C 20.54 0.273 7C 15.56 0.081 
5G 12.85 0.028 8G 15.17 0.091 
5C 12.85 0.063 8C 15.13 0.075 
6G 15.89 0.126 9G 14.52 0.054 
6C 15.68 0.068 9C 14.24 0.062 
7G 16.01 0.273 10G 16.10 0.112 
7C 14.39 0.062 10C 14.83 0.026 
8G 16.92 0.264 11G 13.83 0.089 
8C 16.97 0.188 11C 16.10 0.294 
9G 17.72 0.268 12G 15.67 0.251 
9C 17.69 0.107 12C 14.47 0.097 

10G 13.20 0.122 13G 14.34 0.081 
10C 12.72 0.046 13C 14.25 0.162 
12G 14.47 0.068 14G 14.81 0.054 
12C 11.69 0.064 14C 16.07 0.085 
13G 14.26 0.064 15G 19.98 0.648 
13C 13.79 0.105 15C 19.95 0.263 
14G 15.25 0.097 16G 13.93 0.023 
14C 13.79 0.068 16C 14.19 0.100 
15G 13.01 0.078 17G 15.57 0.121 
15C 13.49 0.065 17C 14.98 0.103 
16G 12.62 0.082 18G 16.75 0.188 
16C 12.93 0.100 18C 16.06 0.053 
17G 17.81 0.322 19G 15.68 0.057 
17C 18.41 0.238 19C 14.22 0.042 
18G 12.02 0.039 20G 14.36 0.072 
18C 999.00 0.000 20C 13.50 0.066 
19G 12.38 0.061 21G 17.39 0.291 
19C 12.51 0.099 21C 15.59 0.208 
20G 12.87 0.036 22G 17.70 0.186 
20C 12.89 0.089 22C 17.47 0.265 
21G 12.83 0.078 23G 17.50 0.225 
21C 13.00 0.020 23C 23.33 0.776 

Controls no Template 999.00 0.000 24G 19.58 0.218 
no RT 675.57 560.197 24C 15.74 0.089 

Table 9-44: qPCR results from single midbrain tissue for HES5-like expression. This gene belongs to 
the family of Hes genes. Failed amplifications were encoded as 999 cycles, so all three-digit values were 
excluded from analysis. Samples with G are from transfected, samples with C from the untransfected brain 
sides. 
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Sample ES60 HES6  

Sample ES60 HES6 
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1G 17.65 0.086 
1G 1:5 17.37 0.407 1C 16.78 0.134 
1G 1:25 18.73 0.099 2G 17.88 0.107 
1G 1:125 19.61 0.277 2C 18.25 0.186 
1G 1:625 22.17 1.362 3G 17.10 0.158 
1G 1:3125 22.04 0.781 3C 17.55 0.108 
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1G 17.78 0.412 4G 17.67 0.219 
1C 16.73 0.085 4C 17.01 0.124 
2G 16.76 0.219 5G 18.78 0.080 
2C 17.90 0.238 5C 18.69 0.519 
3G 19.08 0.177 6G 999.00 0.000 
3C 18.92 0.217 6C 674.45 562.130 
4G 20.41 0.548 7G 19.49 0.113 
4C 348.32 563.508 7C 19.88 0.457 
5G 16.92 0.265 8G 17.55 0.324 
5C 15.66 0.155 8C 18.30 0.323 
6G 20.32 0.683 9G 18.17 0.207 
6C 19.01 0.305 9C 17.75 0.152 
7G 19.30 0.391 10G 17.42 0.261 
7C 17.85 0.183 10C 16.90 0.063 
8G 18.61 0.218 11G 15.81 0.181 
8C 18.80 0.527 11C 17.89 0.330 
9G 19.99 0.894 12G 18.09 0.171 
9C 21.44 1.002 12C 17.63 0.187 

10G 16.61 0.025 13G 17.06 0.179 
10C 16.02 0.069 13C 18.97 0.134 
12G 18.09 0.348 14G 17.34 0.191 
12C 14.76 0.096 14C 18.75 0.369 
13G 17.11 0.175 15G 19.83 0.331 
13C 16.11 0.159 15C 20.50 0.033 
14G 18.60 0.248 16G 16.04 0.258 
14C 16.85 0.150 16C 16.96 0.021 
15G 16.70 0.237 17G 19.10 0.240 
15C 16.33 0.167 17C 18.64 0.154 
16G 15.56 0.087 18G 20.20 0.480 
16C 15.91 0.140 18C 19.48 0.493 
17G 19.47 0.122 19G 18.83 0.050 
17C 19.41 0.292 19C 17.01 0.086 
18G 15.20 0.132 20G 17.73 0.073 
18C 351.97 560.342 20C 17.06 0.284 
19G 15.25 0.159 21G 20.19 0.331 
19C 16.01 0.058 21C 19.11 0.102 
20G 16.22 0.151 22G 19.60 0.568 
20C 16.47 0.097 22C 19.64 0.647 
21G 15.80 0.162 23G 22.79 0.638 
21C 15.64 0.136 23C 999.00 0.000 

Controls no Template 999.00 0.000 24G 349.07 562.856 
no RT 675.28 560.703 24C 18.93 0.283 

Table 9-45: qPCR results from single midbrain tissue for HES6 expression. This gene belongs to the 
family of Hes genes. Failed amplifications were encoded as 999 cycles, so all three-digit values were ex-
cluded from analysis. Samples with G are from transfected, samples with C from the untransfected brain 
sides. 
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Sample ES60 HEY1 
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1G 15.08 0.136 
1G 1:5 14.90 0.210 1C 13.99 0.182 
1G 1:25 16.40 0.125 2G 14.50 0.070 
1G 1:125 17.11 0.162 2C 15.09 0.109 
1G 1:625 19.57 0.085 3G 14.77 0.057 
1G 1:3125 19.42 0.439 3C 15.03 0.076 
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1G 15.46 0.080 4G 14.78 0.157 
1C 14.12 0.152 4C 14.79 0.203 
2G 14.48 0.149 5G 15.95 0.066 
2C 15.13 0.131 5C 15.45 0.047 
3G 17.97 0.303 6G 351.01 561.179 
3C 16.49 0.182 6C 351.05 561.142 
4G 16.21 0.195 7G 15.51 0.091 
4C 19.38 0.455 7C 15.24 0.046 
5G 14.22 0.176 8G 14.83 0.100 
5C 14.13 0.046 8C 15.25 0.245 
6G 16.18 0.351 9G 14.50 0.145 
6C 15.28 0.116 9C 14.89 0.174 
7G 16.00 0.115 10G 16.48 0.075 
7C 14.65 0.052 10C 15.03 0.132 
8G 17.04 0.103 11G 13.96 0.071 
8C 17.37 0.478 11C 16.01 0.222 
9G 15.92 0.234 12G 16.05 0.111 
9C 16.93 0.203 12C 14.99 0.127 

10G 14.40 0.036 13G 15.38 0.093 
10C 13.59 0.131 13C 15.06 0.041 
12G 15.17 0.130 14G 15.05 0.250 
12C 12.52 0.120 14C 16.20 0.152 
13G 14.81 0.265 15G 17.30 0.511 
13C 14.76 0.132 15C 17.02 0.107 
14G 15.55 0.093 16G 14.29 0.131 
14C 14.83 0.038 16C 14.50 0.111 
15G 13.70 0.040 17G 15.14 0.106 
15C 14.35 0.162 17C 15.27 0.122 
16G 13.33 0.111 18G 16.30 0.104 
16C 13.94 0.106 18C 15.79 0.201 
17G 15.17 0.113 19G 15.78 0.095 
17C 14.76 0.059 19C 14.81 0.072 
18G 13.04 0.127 20G 15.05 0.067 
18C 999.00 0.000 20C 14.37 0.069 
19G 13.11 0.048 21G 16.42 0.246 
19C 13.56 0.040 21C 14.91 0.342 
20G 13.63 0.136 22G 18.69 0.510 
20C 13.79 0.051 22C 19.12 0.190 
21G 13.70 0.155 23G 18.32 0.327 
21C 13.77 0.185 23C 349.59 562.406 

Controls no Template 674.16 562.647 24G 22.37 0.431 
no RT 350.82 561.343 24C 17.85 0.235 

Table 9-46: qPCR results from single midbrain tissue for HEY1 expression. This gene belongs to the 
family of Hes genes. Failed amplifications were encoded as 999 cycles, so all three-digit values were ex-
cluded from analysis. Samples with G are from transfected, samples with C from the untransfected brain 
sides. 



 

 203 

 
Sample ES60 CHMP48  

Sample ES60 CHMP48 
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1G 12.09 0.155 
1G 1:5 12.35 0.080 1C 11.38 0.147 
1G 1:25 13.77 0.094 2G 11.89 0.190 
1G 1:125 14.24 0.189 2C 12.30 0.152 
1G 1:625 16.35 0.140 3G 12.47 0.095 
1G 1:3125 17.05 0.101 3C 12.26 0.130 
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1G 12.68 0.067 4G 12.35 0.022 
1C 11.50 0.063 4C 12.29 0.113 
2G 12.92 0.027 5G 13.89 0.121 
2C 13.24 0.085 5C 13.67 0.123 
3G 15.75 0.242 6G 999.00 0.000 
3C 13.99 0.058 6C 999.00 0.000 
4G 14.46 0.043 7G 14.11 0.181 
4C 16.39 0.304 7C 13.74 0.172 
5G 11.67 0.100 8G 12.08 0.101 
5C 11.88 0.051 8C 12.33 0.091 
6G 13.68 0.121 9G 11.93 0.119 
6C 13.13 0.066 9C 12.01 0.052 
7G 13.10 0.078 10G 13.59 0.185 
7C 11.72 0.085 10C 12.45 0.060 
8G 15.13 0.206 11G 11.66 0.054 
8C 15.01 0.101 11C 12.61 0.109 
9G 13.72 0.050 12G 13.20 0.135 
9C 14.48 0.073 12C 12.24 0.091 

10G 11.64 0.063 13G 12.59 0.048 
10C 11.24 0.063 13C 12.29 0.042 
12G 12.36 0.073 14G 12.59 0.035 
12C 10.18 0.057 14C 13.33 0.046 
13G 12.08 0.053 15G 16.22 0.164 
13C 11.72 0.090 15C 15.40 0.195 
14G 13.13 0.136 16G 11.56 0.048 
14C 11.93 0.083 16C 11.75 0.063 
15G 11.56 0.069 17G 12.45 0.096 
15C 11.82 0.099 17C 12.75 0.029 
16G 11.12 0.147 18G 13.51 0.091 
16C 11.28 0.066 18C 13.40 0.053 
17G 14.04 0.132 19G 13.23 0.140 
17C 14.17 0.118 19C 12.42 0.070 
18G 10.57 0.122 20G 12.22 0.064 
18C 348.40 563.438 20C 11.55 0.016 
19G 10.86 0.065 21G 13.57 0.126 
19C 10.87 0.031 21C 12.82 0.035 
20G 11.07 0.049 22G 14.42 0.174 
20C 11.11 0.068 22C 14.34 0.243 
21G 10.80 0.107 23G 16.00 0.205 
21C 11.26 0.063 23C 22.12 0.763 

Controls no Template 999.00 0.000 24G 19.03 0.297 
no RT 999.00 0.000 24C 15.23 0.133 

Table 9-47: qPCR results from single midbrain tissue for CHMP48 expression. This gene was a poten-
tial off target gene of the PAX7 knock-down. Failed amplifications were encoded as 999 cycles, so all three-
digit values were excluded from analysis. Samples with G are from transfected, samples with C from the 
untransfected brain sides. 
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1G 19.45 0.440 
1G 1:5 19.47 0.185 1C 19.49 0.241 
1G 1:25 21.43 0.616 2G 19.18 0.718 
1G 1:125 22.00 0.633 2C 20.23 0.446 
1G 1:625 23.78 0.281 3G 19.50 0.544 
1G 1:3125 673.76 563.338 3C 20.24 0.088 
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1G 19.98 0.346 4G 20.13 0.622 
1C 20.01 0.511 4C 19.95 0.394 
2G 19.78 1.023 5G 21.50 1.141 
2C 21.98 0.799 5C 21.98 0.519 
3G 21.78 0.758 6G 26.85 1.967 
3C 21.06 0.795 6C 999.00 0.000 
4G 22.14 0.196 7G 25.37 2.663 
4C 349.79 562.229 7C 22.30 0.112 
5G 19.82 0.453 8G 19.00 0.341 
5C 18.99 0.535 8C 20.40 0.316 
6G 21.75 1.091 9G 18.84 0.343 
6C 21.21 0.616 9C 19.44 0.303 
7G 22.18 0.889 10G 19.41 0.110 
7C 20.33 0.436 10C 19.69 0.205 
8G 350.10 561.970 11G 19.18 0.306 
8C 22.43 0.513 11C 20.09 0.270 
9G 20.98 0.676 12G 20.85 0.599 
9C 23.22 2.108 12C 21.68 0.718 

10G 20.13 0.296 13G 19.51 0.272 
10C 17.95 0.392 13C 21.54 0.179 
12G 18.89 0.075 14G 19.89 0.814 
12C 17.54 0.288 14C 21.97 0.509 
13G 21.15 0.732 15G 22.38 0.991 
13C 19.88 0.503 15C 348.45 563.392 
14G 22.06 0.877 16G 19.00 0.295 
14C 19.78 0.166 16C 19.63 0.236 
15G 21.33 0.709 17G 20.92 0.078 
15C 21.41 0.576 17C 21.45 1.494 
16G 21.50 1.302 18G 21.28 0.800 
16C 20.51 0.701 18C 20.75 0.099 
17G 22.86 0.765 19G 21.79 0.170 
17C 21.58 0.585 19C 20.09 0.896 
18G 18.70 0.361 20G 20.87 0.148 
18C 351.16 561.049 20C 21.46 0.423 
19G 18.70 0.288 21G 21.88 0.500 
19C 19.13 0.099 21C 20.16 0.254 
20G 18.52 0.646 22G 22.50 2.048 
20C 18.15 0.151 22C 21.58 0.589 
21G 19.01 0.185 23G 347.54 564.184 
21C 18.06 0.036 23C 999.00 0.000 

Controls no Template 350.86 561.305 24G 999.00 0.000 
no RT 351.27 560.953 24C 21.99 0.885 

Table 9-48: qPCR results from single midbrain tissue for ERMN expression. This gene was a potential 
off target gene of the PAX7 knock-down. Failed amplifications were encoded as 999 cycles, so all three-digit 
values were excluded from analysis. Samples with G are from transfected, samples with C from the untrans-
fected brain sides. 
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1G 15.93 0.213 
1G 1:5 16.96 0.025 1C 15.34 0.053 
1G 1:25 18.68 0.053 2G 16.34 0.339 
1G 1:125 18.86 0.083 2C 16.62 0.054 
1G 1:625 20.85 0.596 3G 16.44 0.104 
1G 1:3125 20.51 0.161 3C 16.56 0.064 
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1G 17.29 0.176 4G 16.78 0.182 
1C 15.28 0.062 4C 16.25 0.108 
2G 16.51 0.056 5G 18.40 0.224 
2C 16.47 0.078 5C 17.98 0.151 
3G 18.90 0.255 6G 999.00 0.000 
3C 17.07 0.087 6C 999.00 0.000 
4G 17.88 0.146 7G 18.13 0.356 
4C 20.55 0.430 7C 17.17 0.293 
5G 15.55 0.068 8G 16.28 0.199 
5C 15.52 0.095 8C 16.15 0.227 
6G 17.86 0.107 9G 16.68 0.096 
6C 16.97 0.044 9C 16.64 0.093 
7G 17.17 0.099 10G 18.21 0.220 
7C 16.04 0.148 10C 17.11 0.185 
8G 17.73 0.189 11G 15.69 0.147 
8C 18.08 0.178 11C 18.41 0.254 
9G 17.75 0.127 12G 17.03 0.093 
9C 18.67 0.436 12C 15.78 0.158 

10G 16.02 0.109 13G 16.42 0.201 
10C 15.11 0.173 13C 16.87 0.052 
12G 16.67 0.179 14G 16.36 0.196 
12C 14.20 0.103 14C 17.28 0.204 
13G 16.37 0.051 15G 19.66 0.303 
13C 16.48 0.187 15C 18.57 0.212 
14G 17.03 0.179 16G 15.70 0.076 
14C 17.06 0.088 16C 16.41 0.028 
15G 15.49 0.099 17G 17.24 0.254 
15C 16.32 0.116 17C 16.92 0.021 
16G 15.56 0.264 18G 18.30 0.087 
16C 15.67 0.104 18C 17.35 0.044 
17G 17.45 0.131 19G 17.38 0.107 
17C 17.46 0.194 19C 16.35 0.142 
18G 14.34 0.029 20G 16.45 0.140 
18C 999.00 0.000 20C 15.72 0.033 
19G 14.56 0.207 21G 18.30 0.179 
19C 15.04 0.100 21C 16.76 0.123 
20G 15.31 0.205 22G 21.52 0.108 
20C 15.73 0.079 22C 21.15 0.517 
21G 14.79 0.100 23G 20.51 0.374 
21C 14.75 0.142 23C 999.00 0.000 

Controls no Template 999.00 0.000 24G 22.11 0.500 
no RT 674.34 562.325 24C 19.47 0.208 

Table 9-49: qPCR results from single midbrain tissue for MAP2 expression. This gene was a potential 
off target gene of the PAX7 knock-down. Failed amplifications were encoded as 999 cycles, so all three-digit 
values were excluded from analysis. Samples with G are from transfected, samples with C from the untrans-
fected brain sides. 
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9.2.2.3 Results from Statistical Analysis of all Samples 

Tests of Normality 

 Group Kolmogorov-Smirnov 
Statistic n Sig. 

AXIN2 pCAX .202 16 .082 
siPAX7-pSilencer1.0 .305 14 <.001 

WNT4 pCAX .202 16 .082 
siPAX7-pSilencer1.0 .305 14 <.001 

LEF1 pCAX .231 16 .022 
siPAX7-pSilencer1.0 .143 14 .200* 

CTNNB1 pCAX .154 16 .200* 
siPAX7-pSilencer1.0 .109 14 .200* 

FZD1 pCAX .120 16 .200* 
siPAX7-pSilencer1.0 .167 14 .200* 

FZD5 pCAX .157 16 .200* 
siPAX7-pSilencer1.0 .225 14 .053 

FZD9 pCAX .214 16 .048 
siPAX7-pSilencer1.0 .195 14 .155 

FZD10 pCAX .146 16 .200* 
siPAX7-pSilencer1.0 .122 14 .200* 

sPAX7 pCAX .205 16 .070 
siPAX7-pSilencer1.0 .188 14 .193 

lPAX7 pCAX .160 16 .200* 
siPAX7-pSilencer1.0 .175 14 .200* 

PAX3 pCAX .144 16 .200* 
siPAX7-pSilencer1.0 .130 14 .200* 

CCND1 pCAX .163 16 .200* 
siPAX7-pSilencer1.0 .129 14 .200* 

NOTCH1 pCAX .126 16 .200* 
siPAX7-pSilencer1.0 .190 14 .183 

HES1 pCAX .090 16 .200* 
siPAX7-pSilencer1.0 .112 14 .200* 

HES5A pCAX .151 16 .200* 
siPAX7-pSilencer1.0 .176 14 .200* 

HES5like pCAX .184 16 .151 
siPAX7-pSilencer1.0 .122 14 .200* 

HES6 pCAX .110 16 .200* 
siPAX7-pSilencer1.0 .194 14 .162 

HEY1 pCAX .111 16 .200* 
siPAX7-pSilencer1.0 .132 14 .200* 

CHMP48 pCAX .104 16 .200* 
siPAX7-pSilencer1.0 .171 14 .200* 

ERMIN pCAX .167 16 .200* 
siPAX7-pSilencer1.0 .141 14 .200* 

MAP2 pCAX .116 16 .200* 
siPAX7-pSilencer1.0 .109 14 .200* 

Table 9-50: Results from testing of normal distribution of samples with the Kolmogorov-Smirnov test 
in SPSS. All samples show normal distribution (Sig. >0.05), except for AXIN2, WNT4, LEF1 and FZD9. For 
these samples Mann-Whitney tests were done, the other genes with normal distribution were tested for 
significance of changes seen using t-tests. Asterisk: This is a lower bound of the true significance. 
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9.2.2.4 Results from Statistical Analysis of Samples with Reduced PAX7 
Expression 

In addition to the analysis of all samples, a statistical analysis of the embryos with 

a larger than 50% reduction in expression of the short PAX7 splice variant was 

done. It, like the full analysis did not show any significant expression changes. 

Group Statistics 
 Group N Mean Std. Deviation Std. Error Mean 

sPAX7 pCAX 19 0.33 1.440 0.330 
siPAX7-pSilencer1.0 8 1.34 0.275 0.098 

lPAX7 pCAX 17 -0.35 0.954 0.232 
siPAX7-pSilencer1.0 5 0.31 1.170 0.523 

PAX3 pCAX 19 -0.03 0.461 0.106 
siPAX7-pSilencer1.0 8 -0.05 0.388 0.137 

CTNNB1 pCAX 19 0.02 0.326 0.075 
siPAX7-pSilencer1.0 8 0.22 0.363 0.128 

FZD1 pCAX 19 0.09 0.336 0.077 

 
Levene's Test for Equality of Variances 

F Sig. 

AXIN2 0.256 0.616 
WNT4 0.256 0.616 
LEF1 0.804 0.376 
CTNNB1 0.496 0.486 
FZD1 0.381 0.541 
FZD5 0.11 0.743 
FZD9 0.102 0.752 
FZD10 0.092 0.763 
sPAX7 1.127 0.296 
lPAX7 0.276 0.603 
PAX3 0.329 0.57 
CCND1 0.038 0.847 
NOTCH1 0.068 0.795 
HES1 0.035 0.854 
HES5A 2.07 0.159 
HES5like 0.213 0.648 
HES6 0.005 0.945 
HEY1 1.007 0.323 
CHMP48 0.712 0.405 
ERMIN 0.271 0.606 
MAP2 0.626 0.434 

Table 9-51: Results from Leven's test show equal variances of all genes with normal distribution, if 
all samples are included in the analysis. This allows for the statistically more powerful use of t-test results 
for equal variances, as shown in chapter 4.2.4 
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siPAX7-pSilencer1.0 8 0.07 0.346 0.122 

FZD5 pCAX 19 0.67 3.647 0.837 
siPAX7-pSilencer1.0 8 -1.36 3.219 1.138 

FZD10 pCAX 19 -0.10 0.422 0.097 
siPAX7-pSilencer1.0 8 0.08 0.386 0.136 

NOTCH1 pCAX 19 -0.54 1.494 0.343 
siPAX7-pSilencer1.0 8 -1.35 1.162 0.411 

HES1 pCAX 19 -0.24 0.997 0.229 
siPAX7-pSilencer1.0 8 -0.19 0.613 0.217 

HES5A pCAX 19 -0.01 0.455 0.104 
siPAX7-pSilencer1.0 8 0.38 0.761 0.269 

HES5like pCAX 19 0.01 0.386 0.088 
siPAX7-pSilencer1.0 8 0.26 0.236 0.083 

HES6 pCAX 18 0.09 0.668 0.158 
siPAX7-pSilencer1.0 8 -0.33 0.486 0.172 

HEY1 pCAX 19 -0.08 0.296 0.068 
siPAX7-pSilencer1.0 8 -0.02 0.176 0.062 

CHMP48 pCAX 19 0.04 0.279 0.064 
siPAX7-pSilencer1.0 8 -0.19 0.244 0.086 

ERMIN pCAX 17 0.15 1.049 0.254 
siPAX7-pSilencer1.0 8 -0.40 1.441 0.510 

MAP2 pCAX 19 -0.04 0.491 0.113 
siPAX7-pSilencer1.0 8 0.13 0.256 0.090 

Table 9-52: Group statistics from SPSS for single brain tissue samples with normal distribution that 
showed reduced PAX7 expression. t-tests were performed for these samples. 

Ranks 
 Group N Mean Rank Sum of Ranks 

AXIN2 
pCAX 19 13.68 260 

siPAX7-pSilencer1.0 8 14.75 118 
Total 27   

WNT4 
pCAX 19 13.68 260 

siPAX7-pSilencer1.0 8 14.75 118 
Total 27   

LEF1 
pCAX 19 14.42 274 

siPAX7-pSilencer1.0 8 13 104 
Total 27   

FZD9 
pCAX 19 13.95 265 

siPAX7-pSilencer1.0 8 14.13 113 
Total 27   

Table 9-53: Group statistics from SPSS for single brain tissue samples without normal distribution 
that showed reduced PAX7 expression. Mann-Whitney-tests were performed for these samples. 
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Independent Samples Test 

 

Levene's Test for Equality 
of Variances t-test for Equality of Means 

F Sig. t 
Significance 

One-
Sided p 

Two-
Sided p 

sPAX7 

Equal variances as-
sumed 4.465 0.045 -1.93 0.033 0.065 

Equal variances not 
assumed 

  -2.906 0.004 0.008 

lPAX7 

Equal variances as-
sumed 0.209 0.652 -1.29 0.106 0.212 

Equal variances not 
assumed 

  -1.149 0.148 0.297 

PAX3 

Equal variances as-
sumed 0.083 0.776 0.129 0.449 0.899 

Equal variances not 
assumed 

  0.138 0.446 0.892 

CTNNB1 

Equal variances as-
sumed 0.23 0.635 -1.378 0.09 0.18 

Equal variances not 
assumed 

  -1.317 0.106 0.212 

FZD1 

Equal variances as-
sumed 0.054 0.819 0.189 0.426 0.852 

Equal variances not 
assumed 

  0.187 0.427 0.855 

FZD5 

Equal variances as-
sumed 0.051 0.824 1.362 0.093 0.185 

Equal variances not 
assumed 

  1.436 0.086 0.172 

FZD10 

Equal variances as-
sumed 0.016 0.9 -1.046 0.153 0.306 

Equal variances not 
assumed 

  -1.086 0.148 0.295 

NOTCH1 

Equal variances as-
sumed 0.736 0.399 1.377 0.09 0.181 

Equal variances not 
assumed 

  1.528 0.072 0.145 

HES1 

Equal variances as-
sumed 0.268 0.609 -0.125 0.451 0.902 

Equal variances not 
assumed 

  -0.152 0.441 0.881 

HES5A 

Equal variances as-
sumed 3.978 0.057 -1.64 0.057 0.114 

Equal variances not 
assumed 

  -1.336 0.107 0.214 

HES5like 

Equal variances as-
sumed 1.052 0.315 -1.693 0.051 0.103 

Equal variances not 
assumed 

  -2.055 0.026 0.052 

HES6 

Equal variances as-
sumed 1.34 0.258 1.616 0.06 0.119 

Equal variances not 
assumed 

  1.828 0.042 0.084 

HEY1 Equal variances as-
sumed 2.502 0.126 -0.534 0.299 0.598 
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Equal variances not 
assumed 

  -0.654 0.26 0.52 

CHMP48 

Equal variances as-
sumed 0.48 0.495 1.969 0.03 0.06 

Equal variances not 
assumed 

  2.084 0.027 0.055 

ERMIN 

Equal variances as-
sumed 0.877 0.359 1.101 0.141 0.282 

Equal variances not 
assumed 

  0.98 0.174 0.349 

MAP2 

Equal variances as-
sumed 2.456 0.13 -0.901 0.188 0.376 

Equal variances not 
assumed 

  -1.152 0.131 0.261 
Table 9-54: Results from t-test of single midbrain samples with reduced PAX7 expression. The Le-
ven’s test shows that all genes, except for the short PAX7 splice variant have equal variances. The short 
PAX7 splice variant is also the only gene showing significant expression changes compared to the control 
group, which is not surprising as only samples showing a reduced expression of this gene were included in 
the analysis. 

Test Statistics 
 AXIN2 WNT4 LEF1 FZD9 

Mann-Whitney U 70 70 68 75 
Asymp. Sig. (2-tailed) 0.75 0.75 0.671 0.958 

Exact Sig. [2*(1-tailed Sig.)] 0.775 0.775 0.696 0.979 
Table 9-55: Results from Mann-Whitney test of single midbrain samples with reduced PAX7 expres-
sion. None of the genes tested show significant changes in expression. 

9.3 Protein Expression Analysis 
 

Absolute Signal Intensities for Whole 
Protein Stain 

    GFP Side Control Side Refer-
ence 
E6 

Mid-
brain 

Tis-
sue Stange Plasmid 

n 
Mean SD Mean SD 

M
id

br
ai

n HH stage 
17 

3x siPAX7-pSilencer1.0 15 71.23 28.418 48.27 11.935 84.20 
siPAX7-pSilencer1.0 13 58.77 26.043 78.20 15.174 38.30 

sPAX7-pMES 15 9.81 8.021 8.14 2.650 78.90 
lPAX7-pMES 16 39.36 22.817 56.47 13.419 67.00 

enPAX7-pMIW 14 37.28 4.380 35.60 4.903 66.50 
pCAX 13      

HH stage 
14 

siPAX7-pSilencer1.0 11 16.19 9.943 17.10 1.916 123.00 
sPAX7-pMES 17 22.97 8.165 28.70 0.794 80.40 

H
in

db
ra

in
 

HH stage 
17 

siPAX7-pSilencer1.0 17 17.55 12.398 7.96 10.033 12.40 
sPAX7-pMES 11 3.01 4.998 6.95 3.956 48.50 
lPAX7-pMES 12 12.25 4.874 9.51 3.957  

enPAX7-pMIW 11 1.21 7.459 -0.03 5.434 11.30 
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HH stage 
14 sPAX7-pMES 12 14.42 8.409 12.22 9.619 4.83 

Body HH stage 
20 LiCl/NaCl 1 110.02 12.340 112.70 14.240  

Table 9-56: Intensities of whole protein stain on Western Blots. Average and standard deviation (SD) 
from protein triplicates loaded, detected using Revert 700 Whole Protein Stain. The signal intensities are 
blot specific and can’t be compared across blots. 10µl of protein from antibody linearity testing loaded as 
reference alongside. For the lPAX7-pMES HH stage 17 hindbrain and the whole body blots no E6 midbrain 
reference sample was loaded 

 

 


