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Developental gene families in humans 

Transcription	factors,	transcription	regulators,	growth	factors,	cell	
receptors,morphogenes,	cytokines…	

•  TGF-β	superfamily	of	cytokines	(TGFβ;	BMP	-	SMAD)		

• Wingless	(Wnt)	

•  Hedgehog	(HH),	Patched,	GLI	-	(brain)	

•  Nodal,	FGFs,	BMPs	

•  Notch-delta	(somits)	

•  Homeobox	

•  PAX	

•  SOX	(High	mobility	group)	T-box	genes	

•  Zinc	finger	genes,	

•  RET	protooncogene,	

•  FGF	receptors,…..	



TGF-β genes	(33	members	fromcytokine	family)	/ BMP 



Delta-Notch 
signaling 



Sonic hedgehog /
Patched GLI 

Holoprosenecephaly	typ3	

(Brain,	limbs,	spinal	cord,		

axons,	thalamus,	lungs,		

teeth)	



Holoprosencephaly	Hedgehog	(HH),	Patched,	GLI	)	



Homeobox 
 genes (39	gena)	



Homeotic mutations (egz.) 







PAX genes 



Zinc finger 
genes 

Greig	syndrom	(polysyndactyly)	

Abnormalities	of	head,	hands,	feet.		

Laterality	defects	(situs	inversus).	





FGF receptor signaling 

A	–	Apert	

C	-	Crouizon	

TK	–	tyrosin	kinase	

Ig	–	immunoglobulin	domene	

TM	–	transmembrane	domene	

P	–	Pfeiffer		

J	–	Jackson	Weiss	

TD	–	Thanatophoric	dysplasia	

ACH	–	Achondroplasia	

HCH	-	Hypochondroplasia	





Different	FGF	signaling	disorders:	

•  1.	Apert	

•  2.	Achondroplasia	

•  3.	Thanatophoric	dysplasia	

•  4.	Crouzon	
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Ciliopathies 



Hydatiform moles 



Sex differentiation - SRY 



X-chromosome inactivation 



Lyonisation – X chromosome inactivation 

• XIST	RNA	promotes	metilation	
(epigenetic	silencing)	of	
inactivated	X-chromosome	

• Pseudoautosomal	region	
remains	active	

• Both	X	chromosomes	are	active	
in	sex	organs	



Twinning Monozygotic:	 Dizygotic:	



Patterns of inheritance 
Chapter	7	



Inheritance pattern 

Mendelian	inheritance:	

• Autosomal:	-dominante	

	-	recessive	

•  Sex-linked:	-X	linked	recessive	

																								-	X	linked	dominante	

																								-	Y	linked	(holandric)	



Autosomal dominant (50% risk) 



Autosomal dominante with reduced 
penetrance (non penetrance) 



Autosomal recessive inheritance 
- Cosanguinity (25% risk) 



X linked recessive 



X linked dominante 



Y-linked inheritance 





Nonmendelian inheritance 

• Anticipation:	the	symptoms	of	the	genetic	disorder	become	apparent	
at	an	earlier	age	with	each	generation	

• Mosaicism	=	consists	of	more	than	one	cell	type	(occurs	during	early	

development):	-	somatic	

																														-	germ	cells	

• Uniparental	disomy:	heterodysomy	or	isodisomy	

																																					-	Genomic	imprinting	

• Mitochondrial	inheritance	

• Multifactorial	diseases	



Genomic imprinting  
-  alternative methylation patern 

Angelman	(15q11-q13)	

• paternal	
uniparental	
disomy		

• UBE3A	(ubiquitin	
3	ligase),	
expresed	from	a	
mother	is	missing	

Prader	willy	(15q11-q13)	

• maternal	uniparental	
disomy		

•  SNRPN	(small	nuclear	

ribonucleoprotein	
polypeptide	N)		and	
adjacent	genes,	expressed	
from	a	father,	are	missing	

11p15	region:	

•  Beckwith-Wiedemann	syndrom	(paternal	uniparental	disomy)	

•  IGF2	overexpression	→	overgrowth)		

•  Russel-Silver	syndrom	(maternal	uniparental	disomy)	–	growth	retardation		



Mitochondrial inheritance 

• Heteroplasmy:	a	wide	range	of	
clinical	severity	

•  Effects	energy	metabolism	of	a	cell	


