c-kit: involved in NCC and PGC migration

c-met: the receptor for SF/HFG ligand. This ligand/receptor pair controls migration of myoblasts to limbs. 
          Pax-3 is required for it's expression

c-ret:  Required for trhe normal migration of enteric nuerons. Mutations in Ret are associated with Hirshprung's 

disease (where part of the intestine lacks nerves)

CatSper: Ca channel on sperm. Necessary for motility.

Cbfa1: Induces chondrocyte hypertrophy, vascular invasion and osteoblast differentiation. 
(Basically everything that needs to be done to get from  cartilage to bone.)

Collagens: Actively dividing chondrocyted secrete collagen type IIb, IX, XI. 

                 Mature chondrocytes secrete type X and osteoblasts secrete type I. 
                 All of this collagen acts as a "scaffolding" for bone formation.

d-HAND: Induces right ventricular expansion. Nkx 2.5 induces e-HAND expression 

which in turn induces left ventricular expansion. d-HAND and e-HAND are responsible for heart looping.
DCC: netrin receptor on the grwoth cone of the axon. Necessary for the migration of axons.

Delta: expressed by differentiating neurons. Delta signals to neighbor to postpone differentiation in order to 

retain a pool of undifferentiated cells. The delta receptor is called notch.

Dpp: ?

E-cadherin: forms tight junctions during compaction. It is necessary to establish inside vs. outside of the embryo 

(in other words to establish the ICM vs the trophectoderm)

e-HAND: see d-HAND

En-1: Important for D/V patterning of limb. Represses Wnt-7a thereby inducing ventral formation of limb

endothelin receptor: ? Neural Crest function/ migration of melanocytes

(see Hirschsprung's Disease, also)

endothelin:? See above
engrailed, wingless: segment polarity genes in drosophila (segnment polarity gene review - they are expressed 

in identical patterns in each segment). Engrailed in vertebrates is expressed in a gradient in the tectum which 

helps the retinal neurons find their correct position (Anterior vs. Posterior)

erythropoeitin: stimulates erythroid progenitors to differentiate making more RBCs. Released by kidneys when 

O2 levels are low.

Eve, Hairy: example of pair-rule genes given in class. 
Review: mutations in pair-rule genes lead to deletions of every other segment)

	Gene
	Protein encoded
	Site of Expression
	Function

	Fertilin
	Membrane Protein
	sperm
	Fuses with egg intergrin

	FGF10
	Secreted molecule
	Limb mesoderm, variety of tissues
	(Wnt 6 activ. FGF10) ( stimulates FGF8 ((( A/P position of limbs

	FGF4
	Secreted molecule
	ICM, AER, limb
	Required for trophectoderm proliferation (in ICM with Oct4), ( limb bud formation ( AER formation; A/P Position of limbs; ectopic expr ( ectopic limb devt

	FGF8
	Secreted molecule
	Limb, AER, variety of tissues
	Stimulates Shh (Shh stimulates FGF4) and maintains FGF10 expr ( A/P position of limbs

	FGFR1,2,3
	Transmembrane protein
	Bones, variety of tissues
	1,2 – stimulates membraneous ossification

3 – stimulates enchondrodral ossification; increases differentiation by inhibiting chondrocyte proliferation – 

	Fibrillin
	Matrix protein
	Cardiac cushion
	Scaffold for valve formation ‡ Left = mitral & Right = tricupsid

	Follistain
	Secreted molecule
	Pancreatic Mesoderm
	

	Fos
	TF
	Variety of tissues
	Stimulates osteoclast formation from macrophages

	GDF1
	Secreted molecule
	Variety, include node
	Growth and

Determination Factors, act in conjunction with Bone

Morph. Proteins (BMPs); 



	GDF5
	Secreted molecule
	Precartilage mesenchyme of limbs
	GDF5 specifically mentioned

in Brachypodism (an example of the role of BMPs in

Bone Development)

	Hedgehog
	Secreted molecule
	Cellular blastoderm
	Along with Shh, it inactivates Ptc, which causes Ptc to release Smo… allows Smo signaling ( cancer

	HNF3b
	TF
	Node, notohord, floorplate, endoderm
	UNABLE TO FIND

	Hox genes (A-D), 1-13
	TFs
	Variety
	Hox a/d ( proximal/distal axis

Hox 10/11 ( hindlimb specificity

Hox 12/13 ( proximodistal axis of limb; form most distal portion b/c in contact with AER the longest

*** I am sure there is more, but this is all I found***

	Hunchback
	TFs
	Syncytial blastoderm (high = anterior /low = posterior)
	Inhibits Kr at high levels, activates Kr at medium levels (Kruppel)

Inhibits kni and gt (knirps and giant)


GDNF – kidney       GFRa – kidney

Kruppel= (gap gene) repressed by high Hb, activated at intermediate Hb

                Represses Hairy and Even Skipped

Knirps = (gap gene) repressed by Hb but active at low Hb (anterior stripe controlled by different TFs)

                Activates Hairy

Giant = (gap gene) repressed potently by Hb (also has anterior stripe elements)

                               Repressed by tailless at posterior end

                               Represses even skipped 

Tailless = (gap gene) expressed in response to Torso-like signaling

                   (TF that represses knirps and giant expression in the posterior end

I-mf =inhibitor of MyoD in the sclerotome by blocking nuclear localization
Indian Hedgehog (ihh) = expressed in chondrocytes transitioning from proliferating to hypertrophic
                                         -Targets the perichondrium so it relases PTHrP 

                                        -PTHrP which will tell the chondrocytes to divide not differentatie (-ve feedback loop)

                                Ihh Knockout(premature differentiation and ectopic sites of bone formation

IDO (indoleamine 2,3 dioxygenase)= secreted by TED cells to suppress mom’s immune system

                                                              (depletes Trp which decreases mama’s T cells)
LacZ = tissues making LacZ product (B-galactosidase) produces blue color

               Used as a reporter gene
LIF  (leukemia inhibitory factor)= prepares uterus for implantation. Regulated by estrogen upsurge
Lmx-1=for limb development leads to dorsal pattern. Expression induced by Wnt7a
Mef2C = Mef-2 famly controls muscle specific gene expression and is regulated by myogenin

Mfg-1 = “my favorite gene” = hypothetical 

MRF4= expressed later for terminal differentiation and maturation of muscle

Mullerian Inhibitory Substance (MIS) = causes regression of the Mullerian ducts. 
Myf5 = expressed early to regulate myogenin and myoblast formation (muscle precursor)

MyoD= expressed early to regulate myogenin and myoblast formation (muscle precursor)

              -regulated by PAX-3

              MyoD family has four members (MyoD, myf5, myogenin, and MRF4)

Myogenin = expressed later for terminal differentiation and maturation of muscle

Myosin VIIa =expressed in apical cilia of hair cell and in processes of the retinal pigment epithelium
                     =thus a mutation in this gene leads to Usher’s Syndrome (deafness and blindness!)

Myosin II HC-A = no earthly idea. Ill let you know if I find it but don’t lose sleep over it =)
Myosin II HC-V = see above =)
Myostatin= negativaley regulates muscle size (not on the list, but I think its important)

Nanos: In flies, the establishment of global A-P polarity is achieved through differential localized expression of bicoid (anterior group) and nanos (posterior genes) gene products.  These genes are provides as maternal RNAs.  Bicoid (A to P) and nanos (P to A) protein functions as a morphogen (substances that are present in a gradient and that specify different cell fates at different concentrations).  Nanos encodes a RNA binding protein that represses the translation of hb mRNA.  

Netrin: Are secreted by the fllor plate of the developing spinal cord, and are essential to the proper guidance of commissural interneurons.  These neurons develop in the alar plate of the neural tube and send processes towards the floor plate (after which they cross the floor plate, and travel anteriorly until they make connections with the brain).  In embryos lacking netrin, commissural neurons fail to reach the floorplate.  Netrin also guides axons towards the midline.  DCC is the receptor for netrin, and is expresses on growth cones of commissural axons.  Netrins can either attract or repel axonal growth cones, depending on the type of receptor.  Chemoattractant receptors increase the levels of cAMP and cGMP within the filopodia and growth cones.  Chemorepulant receptors decrease the level of these cyclic nucleotides, leading to rapid dissociation of actin filaments into subunits, and the subsequent collapse of the filopodia.

Neurogenin3: Ngn3 may act to specify a common endocrine precursor from which alpha, PP, beta and delta pancreatic cells derive.  Pax6 is important in the differentiation of that common progenitor to alpha cells and mature islet cells.  Pax4 is important in the differentiation of that common precursor into the beta/delta lineage.

Neurotrophin: Neurotrophins are secreted by posysynaptic cells.  These are endocytosed by the presynaptic cell, and transported in a retrograde manner, back in side the axon to the cell body.  Neurotrophins can signal the cell to sprout additional neuritis, but their most important function is to keep the neuron alive.   Neurons that fail to make proper connections may be cut off from their supply of neurotrophins.  This lack of neurotrophins triggers apoptosis.

Nkx2.5:  Cells that are specified to a cardiac fate express a molecular marker Nkx2.5.  Induction of cardiogenesis is due to signals found in the anterior endoderm that is in close contact with the anterior lateral plate mesoderm.  BMP-2 is a cardiac induced.  Inhibition of Wnt signaling (by crescent) is involved in cardiogenesis.  


Nkx2.5 belongs to a family of Nk-2 genes encoding homeodomain transcription factors.  These genes are related to a Dros. gene called tinman.  Tinman is expressed in Dros. heart and is essential for its formation.  Nkx2.5 is the earliest marker for cells specified to a cardiac fate and it is likely to play a key role in the cardiogenic pathway.  However, Nkx2.5 is not essential for cardiogenesis.  Nkx2.5-/- mutation results in a looping defect at later stages of cardiac development in mouse.  In Nkx2.5 mutant, the expression of eHAND(1) is severely downregulated in the heart, suggesting that HAND1 lies downstream of Nkx2.5.  The process of looping is envisioned to occur by asymmetric proliferation or migration of cardiac myocytes across the LR axis of the growing heart tube.  HAND1 regulates left ventricular expansion.  HAND2 regulates RV expansion.    In humans, mutations in the Nkx2.5 gene are found in a congenital heart disease, such as atrial septal defect (ASD: shunt between right and left atria, which was formed to bypass circulation in fetus, is not closed at birth)

Nodal: Signals from Extraembroyonic ectoderm induce Nodal expression in adjacent epiblast.  Nodal positively regulates its own expression, allowing it to spread throughout the epiblast and VE.  Although nodal is a TGFβ family member, this positive auto-regulation does not depend on Smad2, so probably Nodal is signaling through another Smad.  Nodal also induces expression of specific markers in the most distal VE cells, which are going to migrate to form the AVE.  Induction of these genes does require Smad2, explaining the defect in A-P patterning of Smad2 mutant embryos. The cells of the AVE respond to Nodal signaling.  They are stimulated to proliferate, which apparently helps to drive their asymmetric migration to the future anterior end of the embryo.  The AVE comes to lie under the future anterior nervous system.  There it sends specific signals, whose main purpose seems to be the repression of genes in the epiblast necc for primitive streak formation (i.e. mesoderm induction).  This allows the primitive streak to form specifically on the posterior side of the embryo, and the brain to form on the anterior side.


Nodal plays an important role in setting up the LR asymmetry in early chick embryos.  Normally nodal is asymmetrically expressed on the left side of the embryo.  Expression of nodal on the right side results in dextocardia. 

Noelin-1:  Noelin-1 is an early determinant of NCC.  Noelin upregulates Slug expression to maintain the neural crest cells’ continued proliferation.

Nogo: Axon chemorepellant from CNS white matter contains Nogo, and its active for Nogo-66, which mediates chemorepellant function through a specific receptor, which is expressed on the surface of neurons.  Two additional white matter components, MAG and OMgp, also function as chemorepellants and act by binding to the Nogo-66 receptor.  These molecules are responsible for the axon-repelling properties of adult CNS white matter which prevent CNS neuronal regeneration (growth cone sprouting).  Nogo is not present in PNS white matter, and therefore, PNS neurons can regrow.  

Notch:  When a cell in the neural epithelium first makes a commitment to differentiate, it begins to express Delta on its surface.  Delta then suppresses differentiation in adjoining cells by binding to Notch, a transmembrane receptor with an intracellular signaling domain.  Notch is expressed in high levels by these undifferentiated neighbors, and its level is decreases when cells differentiate into neurons.  The net result is that when a few cells begin to differentiate, they signal their immediate neighbors to postpone differentiation and these neighbors continue growth as undifferentiated precursor cells.  This provides one mechanism that prevents all precursor cells from differentiating at the same time, and act to reserve a population of undifferentiated neural stem cells.  Notch and Delta activity can also contribute to the decision of what neural cell type is produced.  They provide a mechanism for how very short range cell-cell signaling during postmitotic commitment could govern the mosaic of cell types.


At least some of the effect of FGF10 on developing pancreatic epithelium involve maintenance of an active Notch pathway. which acts to block both endocrine and exocrine differentiation, and thereby preserve an undifferentiated, proliferative progenitor population responsible for ongoing growth and branching morphogenesis.  Notch pathway activation appears to represent a characteristic feature of human pancreatic cancer.

Oct-4: The presence of an ICM is necc for maintenance and proliferation of the trophectoderm.  Genes involved in this paracrine function of the ICM include the transcription factor Oct4, which is expressed in pluripotent cells, including the ICM.  Mouse embryos lacking Oct4 develop to blastocyst stage, but the ICM expresses markers of trophectoderm, and the embryo fails to grow.  Another gene is Fgf3 which is also expressed by the ICM, and KOs show similar growth arrest of the trophectoderm.  Fgf4 expression is greatly reduced in the Oct4 mutant embryos, and addition of exogenous Fgf4 restores proliferation of the troph cells.  Therefore Oct4 has 2 roles: one in autonomously promoting survival of the ICM, and one in regulating the transcription of Fgf4 in the ICM, which stimulates proliferation of the troph cells.  


Embryonic stem cells are derived from the ICM of a blastocyst that has been explanted and propagated in tissue culture.  Cells derived from the ICM express key embryonic genes such as Oct-4.  Soon after proliferation, most RCM cells extinguish Oct-4 expression and cease proliferation.  Only one or a few or the ICM-derived cells will eventually re-express Oct-4.  These few cells resume rapid proliferation, yielding the cell populations that we designate as embryonic stem cells.  

Otx2

Parathyroid related protein (PTHrP): The transition from proliferative chondrocytes to hyperplastic chondrocytes is regulated by Ihh and PTHrP/PTH-R.  To review, endochondral ossifivation begins with the aggregation of undifferentiated mesenchyme.  Cells at the core of the condensation become chondrocytes and spindle shaped cells at the periphery form a surrounding sheath, known as perichondrium.  Growth occurs by proliferation of chondrocytes and deposition of ECM.  After condensation, cells near the center stop dividing, become hypertrophic and alter their ECM.  Blood vessels invade from the perichondrium, osteoblasts appear in association with vascularization and cartilage is replaced with bone.  Thus chondrocytes drive bone growth and serve as a scaffold for osteoblasts.  


Two protesin have been shown to regulate the transition from proliferating chondrocytes to differentiated hypertrophic chondrocytes thus assuring slow, but steady bone growth.  On is Ihh, which is expressed in cells undergoing the transition from proliferation to hypertrophy.  The target for the Ihh signal is the perichondrium.  As a consequence of receiving the Ihh signal, perichondrial cells produce PTHrP which signals back to the chondrocytes (which expresses PTH-receptor) to continue to proliferate and to not differentiate into hypertrophic chondrocytes.  When ossification occurs and the hypertrophic chondrocytes die (by apoptosis), Ihh levels decline, PTHrP levels decline and a new group of condrocytes can cease proliferation and differentiate into hypertrophic chondrocytes.   Loss of either Ihh or PTHrP cause premature differentiation of chondrocytes into hypertrophic chondrocytes.  Ihh only affect bones that form by endochondral ossification.

Patched (Ptc):  The Ptc protein functions normally in regulating activity of the hedgehog pathway.  It does so by blocking the positive action of another transmembrane protein encoded by the smoothened (Smo) gene.  Stimulation by Hh protein will inactivate Ptc, thus releasing the Smo protein for positive action within the pathway (activate Gli).  Patients (ex: Gorlin syndrome) with heterozygous mutant ptc are prone to high incidence of basal cell carcinomas, as well as other tumors such as medulloblastomas, because they result in constitutive activation of Smo and subsequently Gli.  (Loss of function mutations in Shh pathway, however, can result in holoprosencephaly).  Cyclopamine can be used as therapy because of its ability to inactivate Smo.


Patched is also important in SHH function as a A/P limb patterning morphogen.  Ptc, SHH’s target, is distributed in a graded manner along axis(as well as Gli3), which highest concentration furthests from ZPA.

Pax1: Ventralizing influence in somite: Either floor plate, notochord or cultured cells expressing SHH can be shown to induce expression of Pax-1, a marker of sclerotome fate (vertebral precursors, the ventral-most component of the somite).  Wnt expression from dorsal neural tube contributes dorsalizing influence that opposes Shh in formation of medial myotome and dorsal dermosyotome.


Signals from the notochord and nervo cord control cell fate within the somite.  Such signals (high levels of SHH) result in the expression of Pax-1 in the sclerotome, inhibiting the formation of dermamyotome and differentiation of myotome cells.  In shh KO mice, the axial skeleton is missing, due in part to lack of expression of Pax-1 in the sclerotome.  

Pax-1 is also expressed in the limb buds, face mesenchyme and pharyngeal pouches.  Alterations in the Pax-1 locus are correlated with another mouse mutant, undulated (un).  In this mutant, formation of the axial skeleton, the shoulder girdle and the thymus are affected.  The axial skeleton defect suggests that the PAX-1 protein is necessary for the formation of vertebral bodies and intervertebral discs.   PAX-1 expression is induced by signals from the notochord and floor plate (SHH).

Pax3: Dorsalizing influence in neural tube: BMPs (4/7) expressed from dorsal roof plate of epidermal ectoderm (becoming neural tube) acts on dorsal half, while shh from ventral floor plate and from notochord act in ventral half.  PAX3/7 subsequent expression is limited to dorsal side of the neural tube. 


PAX3 is required in migrating muscle precursors, is regulated by signals from notochord, and has a role in muscle determination through regulation of MyoD.  As somites form, Pax-3 becomes repressed in the ventral half of the somite, becoming limited to the dermamyotome.  Later, Pax-3 levels become higher in the moral lateral half of the dermamyotome where the limb muscle precursors are found.  As the dermamyotome cells activate the MyoD family of genes, Pax-3 expression is no longer detectable.  The migratory limb bud muscle precursors continue to express Pax-3 during migration and, at least according to one group of investigators, Pax-3 expression disappears as MyoD begins to be expressed in these cells.  Signals from the notochord limit the domain of Pax-3 expression.


Pax-3 is required in limb muscle.  Two alleles of known mouse mutations, known as Splotch, contain mutations that disrupt the coding region of the Pax-3 gene.  In these Splotch mutants, neither myogenin nor AChase are detectable in the fore- and hindlimbs, and the limb musculature in these animals is severly reduced.  However, the axial musculature is relatively normal as is expression of both myogenin and AChase.  Cells from the lateral region of the somites of Splotch mutant mice can undergo muscle differentiation when transplanted into the limb buds of normal mice embryos, indicating that these mutant cells do not caontain an intrinsic defect in the myogenic program.  Thus, Pax-3 is required in cells from the lateral somite to migrate into the limbs.


Pax-3 is required for the expression of the c-met receptor in the migrating limb bud muscle precursors.  Mutations in c-met have several deficiencies for skeletal muscle in the limb buds, diagram, and the tip of the tongue, although more axial muscles are affected.  The ligand for the c-met receptor (SF/HGF) has been shown to induce cell motility and migration.  SF/HGF is also expressed in the dermamyotome and in migrating muscle precursor cells.  Thus, SF/HGF and the c-met receptor comprise a signaling system that regulates the migration of myogenic progenitors to the limbs.  Skeletal muscle is virtually absent in the truck of doubly-mutant mice for splotch/Pax-3 and myf-5.  MyoD fails to be activated in the myotome.  Pax-3 has been shown to activate MyoD expression in cultured cells.


Current for muscle migration and differentiation: 1) in mice, signals from the notochord, floor plate (SHH) and dorsal neural tube (WNTs) are required to induce myotome fates in cells of the somite.  2) In response to these external signals, myogenic precursors express myogenin and Pax-3.  Pax-3 is required in the migrating muscle cell precursors (limbs and other distal muscle) for expression of c-met and migration.  Pax-3 and Myf-5 are required to activate MyoD expression, although there is a correlation between the disappearance of Pax-3 and expression of MyoD.  3) As Pax-3 levels decline, myogenic precurors express members of the Myo-D and MEF-2 gene family.  Since Pax-3 levels decline earliest in the most medial muscle precursors, the muscle differentiate earliest.  Muscle cells that migrate the furthest (limb) differentiate later, after Pax-3 levels decline.  Postponing muscle differentiation in more lateral cells of the myotome is likely due to signals from the lateral plate mesoderm (BMP-4).  4) Myo-d, Mef-2 (and ubiquitously expressed E12) proteins collaborate to activate expression of muscle-specific structural proteins.  5) Several proteins can prevent muscle differentiation if the Myo-D proteins are expressed in non-muscle cells.  For example, I-mf functions in the sclerotome to block nuclear localization and DNA binding and/or dimerization of MyoD family members.  Id also attenuates MyoD function by forming inactive heterodimers.  6) The number of cells committed to form muscle is determined by both exogenous patterning signals supplied by the floor plate, notochord, and dorsal neural tube, but also by intrinsic muscle specific signals such as myostatin.

Pax6:  Aniridia, an inherited disorder caused by heterozygous mutations of the human PAX-6 homeobox gene, is characterized by absence of the iris, defects in the corneal surface and absence of the retinal fovea.  Loss of both copies of PAX6 is lethal, and cause a complete failure of eye development.  PAX6 expression is essential for several pathways in eye development, including early establishment of the lens primordium, lens differentiation, induction of the iris and the differentiation of the neurons in the retina.  Ectopic expression of fly Pax6 can be engineered in transgenic flies and causes small eyes to form on antennae, legs, and wings.   


Pax6 also important in olfactory placode development on ectoderm. Olfactory placode cells express Pax6 during development of olfactory epithelium.  Mice homozymgous for mutations in Pax6 fail to develop an olfactory epithelium.  The early epithelium develops two layers of cells, an apical layer of supporting cells and a deeper layer of olfactory sensory neurons and their stem cells. Olfactory stem cells from surface ectoderm function into renewing olfactory neurons.  

Pdx1: Is a homeodomain transcription factor expressed in a discrete domain of foregut endoderm destined to form the distal stomach, the proximal duodenum, the hepatic bud and the ventral and dorsal pancreatic buds.  Within this relatively broad foregut domain, Pdx1 expression is eventually restricted to developing pancreas and subsequently to mature B-cells.  Pdx1 expression in dorsal foregut endoderm appears to require induction by adjacent notochord and dorsal aorta, while Pdx1 expression in ventral endoderm is induced by pairs vitelline veins.  Within the foregut, Pdx1 conveys competence to generate pancreas and further refinement is required to prevent ectopic pancreas from forming in the gastric and intestinal aspects of PDX1-positive foregut.  In addition to ongoing Pdx1 expression, foregut endoderm destined to become pancreas is marked by expression of the bHLH transcription factor Ptf1.  In contrast, foregut endoderm destined to become liver or intestine extinguishes expression of Pdx1 and does not activate Ptf1.

Phospholipase Cd4: The acrosome rxn is a specialized example of exocytosis in which the outer acrosomal membrane fuses with the overlying sperm plasma membrane.  The membrane.  The membrane fusion requires a rise in intracellular Ca++, which is triggered by binding of sperm to ZP3.  A critical downstream component of the ZP3 binding induced transduction pathway is PLCd4.  Knockout mice of this gene in mice result in reduced male fertility.  The sperm from mutant males does not show an increase in Ca++ in response to ZP3 or subsequently undergo the acrosome reaction.  Not only does the sperm fail to penetrate the zona, but even in the basence of the zona fails to fuse with the egg cell membrane, deomonstrating the importance of the acrosome reaction for both of these processes.

Phospholipase Zeta: In the cortical reaction during fertilization, following egg-sperm fusion, there are oscillating waves of Ca++ from internal stores in the egg, which in turn trigger the fusion of the cortical granules with the egg plasmid membrane.  It appears that sperm specific phospholipase, PLCζ, is the trigger in the sperm.
Pitx-1:  Pitx-1 and Tbx-4 encode transcription factors that are expressed throughout the hindlimb (induced by FGF and Hox code), but not forelimb.  Expression of Pitx-1 in the forelimb induces expression of Tbx-1 and two Hox genes (Hoxc10 and HoxC11) that are normally expressed normally only in the hindlimb.  Wing buds in which Pitx-1 was misexpressed develop into limbs with some morphological characteristics of hindlimbs.   

Pitx-2: one of several genes (including nodal) which are differentially expressed in the precursors to the heart and internal organs that show L-R asymmetry.  Pitx-2 is a homeodomain containing transcription factor.  In Kartagener’s sydrome, where left-right dynein (LRD) is mutated resulting in a complete reversal of LR asymttery in 50% of affected individuals while the other 50% are normal, Pitx-2 (and nodal) are expressed in random distribution.

Polycystin 1 (PKD-1)

Polycystin 2:  The cation channel polycystin-2 is required to establish LR asymmetry.  LRD localizes to a centrally located subset of node monocilia, while polycystin-2 is found in all node monocilia.  Asymmetric calcium signaling appears at the left margin of the node coincident with nodal flow.  These observations suggest that LP symmetry is established by an entirely ciliary mechanism: motile, LRD-containing monocilia generate nodal flow, and nonmotile polycystin-2 containing cilia sense nodal flow initiating an asymmetric calcium signal at the left border of the node.

Rhodopsin: rhodopsin iw an integral membrane protein that detects light though the cis-trans photoconversion of retinal, a vit A derivative covalently bound to the protein (opsin).  Light causes a change in the shape of rhodopsin that is used to activate an enzyme cascade that changes the membrane potential through closure of an ion channel.  This, in turn, modulates the release of neurotransmitter.  The membraneous outer segment of the cilium is attached to the surface of the cell by a narrow connecting cilium that contains the familiar barrel shaped array of 9 microtubules characteristic of all cilia.

Robo:  Netrins guide the commissural axons to the floorplate, but a second mechanism is required to bring the growth cone all the way across to the other side of the floor plate.  This is accomplished by the gradient of a diffusible ligand, Slit, which is made by the floorplate and has a strong chemorepulsive effect on the commissural axons when it binds to the slit receptor on the growth cone, Robo.  Somehow, robo remains inactive until the axon crosses the floorplate.  At this point Robo is activated and the growth cone is strongly repelled away from the floorplate until it reaches a point where an unknown cue begins to guide it anteriorly on its journey to the brain. 

Scatter Factor: ligand for c-met, induces cells motility and migration
Scr: induces salivary glands, induces comb formation on legs of Drosophila
Antp: represses salivary glands
Ubx: required for development of posterior thoracic and abdominal segments
Slit: chemorepulsive effect on Robo, allowing axon to cross floor plate and go to brain
Smad2: induces A/P polarity and formation of primitive streak
Smoothened: activates Shh pathway
Sonic hedgehog: see question in 1999 test!
Sox9: required for cartilage condensation and development, mutations lead to sex reversal
Src: needed for osteoclast function
SRY: testes determining factor
Steel: chemoattractant and ligand for c-kit, involved in neural crest migration
Tbx4,5: distinguish forelimb from hindlimb
Testosterone: induces male differentiation
TGFB: induces epithelial to mesenchymal transformation
TIE1,2: receptor for angiopoietin, recruits local mesenchymal cells to forming vessel
VEGF: required for vasculogenesis and angiogenesis
VEGFR1,2: assemby of vascular endothelium, differentiation of angioblasts and hematopoietic cells
vHNF-1: transcrition factor in the liver of adults but is also necessary for the formation of the visceral 

endoderm.

vHNF-1 KO's are unable to gastrulate

Wnt1: along with shh, induces myotome differentiation
Wnt7a: involved in D/V polarity, dorsalizes limb
ZP1,2,3: bind to B-1,4-galactosyltransferase on sperm, facilitating penetration of zona
