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Facial patterning and development – Our face is our identity  



1.  Global and specific gene expression analyses and 3D 
imaging study 

 (1) General gene expression profiles during mandible 
development using microarray/RNA-Seq 

 (2) Specific gene expression, define sub-domains within 
the developing mandible, and correlate this information 
with cell fate analysis 

 (3) 3D imaging and ontology development  

2. Gene expression, cell fate and 3D imaging during maxilla 
development 

Specific Aims 
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Gene expression in the secondary palate 

Search 

Tissues: 
Epithelium 

Oral epithelium 
Nasal epithelium 

Midline epithelium 
Basal epithelium 
Peridermal cells 

Mesenchyme 
Nasal region 
Oral region 

Anterior region 
Posterior region 

Palatal bone primordium 

Muscles of the soft palate 
Levator 
Tensor 

Palatoglossus 
Palatopharyngeous 

Uvula 

Species: 
Mouse 

Rat 
Human 
Other 

Select the tissue of interest (click at the tissue of interest to get a list of the genes expressed in that 
tissue) 

Molecules: 
Growth factors 

Receptors 
Signaling molecules 
Transcription factors 

Intracellular molecules 
Extracellular molecules 

Plasma membrane molecules 
miRNA 

Enhancers 

500 µm 

3D images 
µCT scans 

Color code: Nasal mesenchyme 
Oral mesenchyme 

Anterior mesenchyme 
Posterior mesenchyme 

Nasal epithelium 
Midline epithelium 
Oral epithelium All mesenchyme 
All epithelium 
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Treacher Collins syndrome 
 1/50,000  

Craniofacial microsomia 
(Goldenhar syndrome, 
hemifacial microsomia, 
Oculo-Auriculo-Vertebral 
syndrome 

 1/3500-25,000 

Mandible and Maxilla Developmental Defects 



	  Mandibular defects and craniofacial malformations 

Hypoplas(c	  mandible	  	  
(primary	  anomay)	  

Glossoptosis	  
(secondary	  anomaly)	  

U-‐shaped	  palate	  
(secondary	  anomaly)	  

Pierre-Robin sequence 



Integrated palate, tongue, and mandible development 

cell fate, gene expression and 3D imaging analyses  



Integrated palate, tongue, and mandible development 



Cleft palate as a secondary defect of mandible 
malformation  

See poster by Carolina Parada 

See poster by Carolina Parada 



Gene expression and patterning of the branchial arch 
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Molecular identity of the proximal region of the 
developing mandible 



Gene expression profile analyses  
No. Samples Scan Date Location Stage 
3 11/20/2014 Distal E13.5 
3 11/20/2014 Distal E14.5 
3 11/20/2014 Proximal E13.5 
3 11/20/2014 Proximal E14.5 

•  Downloaded from CHLA on 11/25/2014 
•  All samples run on Affymetrix GeneChip Mouse 

Genome 430 2.0 
•  Data imported into Partek Genomics Suite 6.6 
•  Preliminary analysis completed on 12/9/2014 



Consistent distribution of probeset intensities across all samples 



Principal Component Analysis shows good separation between sample 
groups  



Analyses 
Partek ANOVA and Ingenuity Pathway Analysis (IPA) 

1.  Distal vs Proximal in Stage E13.5 
2.  Distal vs Proximal in Stage E14.5 
3.  Stage 13.5 vs Stage E14.5 in Distal 
4.  Stage 13.5 vs Stage E14.5 in Proximal 

•  Genes from each ANOVA with fold change >1.5 or <-1.5 & 
FDR-adjusted p<0.05 were carried forward to each respective 
IPA 

•  All other default settings used 



B
io

lo
gi

ca
l 

pr
oc

es
se

s 
Pa

th
w

ay
s 

Downregulated genes Upregulated genes C 

Gene expression profile along the Distal-Proximal axis in the developing mandible 



Pitx2 





Genetic cell lineage analyses 

E10.5 



Epithelium 
CNCC-derived 
mesenchyme Myogenic cells 

B C A 

Cell lineage analysis during mandible development 

E14.5 

K14-Cre;R26R                                  Wnt1-Cre;ZsGreen                           Myf5-Cre;ZsGreen 



Morphogenesis of craniofacial bones 
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E18.5 

Maxilla	  

1. Anterior point of maxilla 
2. Lateral inferior intersection of frontal and zygomatic 

process 
3.  Junction point of zygoma with zygomatic process 
4. Anterio-medial point to zygomatic process 
5. Posterior point of maxilla  
6. Posterior-lateral point of the palatine process  
7. Posterior-medial point of the palatine process 
8. Most Anterior-medial point of palatine process 
9. Anterior-lateral point of palatine process 
10. Medial point of premaxillary-maxillary suture 
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Mandible	  

E18.5 1. Most anterior point of mandible 
2. Anterior-superior point of mandible 
3. Mental foramen 
4. Molar alveolus of dentary 
5. Anterior junction of mandibular ramus and body 
6. Superior tip of coronary process  
7. Most inferior point of mandibular notch  
8. Anterior point of condylar process 
9. Posterior point of condylar process  
10. Superior point of angular process 
11. Secondary cartilage of angular process"
12. Inferior junction of mandibular ramus and body 
13. Midpoint of external oblique ridge 
14. Inferior point of mandibular body 
15. Mandibular foramen!



3D interactive imaging of the craniofacial complex 



MILESTONES Year 1 Year 2 Year 3 Year 4 Year 5 

SA 1-1: Microarrays (mandibles)  50 control arrays 75 mutant arrays 

SA 1-1: In situ analysis (mandible) 8 genes 7 genes 7 genes 7 genes 2 genes 

SA 1-2: Cell lineage tracing (mandible) 24 controls 

SA 1-2: 3D imaging (mandible) 12 controls                  36 mutants 

SA 2-1: Microarrays (maxillas) 10 control arrays 20 mutant arrays 

SA 2-1: In situ analysis (maxilla) 7 genes 7 genes 7 genes 

SA 2-2: Cell lineage tracing (maxilla) same as in SA1-2 

SA 2-2: 3D imaging (maxilla) 12 controls 36 mutants 
SA 2-2: Heat maps (mandible + 
maxilla) 

4 
controls 12 mutants 

OUR MILESTONES 



Collaborations and interactions 

1.  The FaceBase hub 
2.  Williams, Hooper, Jones (gene expression) 
3.  Visel lab (enhancer studies)  
4.  Spritz, Ophir (dysmorphic facial development) 
5.  Jabs, Holmes, van Bakel (suture gene 

expression, genetic cell lineage) 
6.  Brinkley (ontology) 
7.  Others 
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Rank D vs P in E14.5 Fold change p value 

1 Alx1 26.6482	   3.14E-‐05	  
2 Idi2 17.7867	   0.000496924	  
3 Dynap 17.2311	   5.73E-‐06	  
4 Tmprss11a 14.3198	   2.47E-‐06	  
5 Krt6b 12.5041	   1.71E-‐05	  To
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Rank D vs P in E14.5 Fold 
change 

p value 

1 Oc90 -‐37.9093	   5.89E-‐05	  
2 Matn1 

-‐34.3355	  
0.0003732
18	  

3 Myl2 
-‐24.7842	  

0.0001036
52	  

4 Zic3 
-‐20.5493	  

0.0002684
16	  

5 Crh -‐17.7517	   7.55E-‐06	  
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Gene	  expression	  profile	  along	  the	  Distal-‐Proximal	  axis	  in	  the	  developing	  mandible	  


