Fertilization to Gastrulation
Day 1 – fertilization
Day 2 – rapid mitotic division in zona pellucida

Day 3 – morula (16 cell)

· Inner Cell Mass = embryoblast

· Outer Cell Mass = trophoblast / placenta

Day 4 – zona pellucida breaks down, fluid enters into blastocoele; embryo now called a blastocyst; implantation

Day 6 – trophoblast penetrates uterine mucosa

Day 8 – inner cell mass divides into epiblast and hypoblast

· Epiblast lines amniotic cavity

· Hypoblast lines yolk sac

· In between is the bilaminar germ disc

Embryonic Period – weeks 3-8

· Progenitor cell populations give rise to tissues/organs

Gastrulation – 3rd layer acquired to form trilaminar germ disc

· Primitive streak forms on caudal end of dorsal surface of epiblast
· Primitive Node – slightly elevated part of streak on cephalic end

· Epiblast cells migrate inside bilaminar germ disc

· Displace hypoblast with defnitive endoderm

· Fill space with mesoderm

Post-Gastrulation
· Buccopharyngeal membrane (future mouth) and cloacal membrane (future anal-urogenital orifice) = endoderm touches ectoderm

· Prochordal Plate – mesoderm passes on either side, meets in front to form cardiogenic plate, anterior to notochord, induces formation of anterior neural tube

· Notochord – underlies neural tube and induces its formation

· Germ Layers:

· Ectoderm
· neural and surface ectoderm

· neural ectoderm becomes:

· neural tube (brain and spinal cord)

· neural crest (PNS, bones, etc.)

· dorsal layer

· columnar epithelium

· becomes:

· brain, nerves, spinal cord

· nails, skin, hair

· male urethra (endoderm+ectoderm)

· Mesoderm
· Three Types

· Paraxial Mesoderm= segmental units, somites added cranial to caudal

· Sclerotome ( axial skeleton
· Dermomyotome ( segmental skin and muscle
· Intermediate Mesoderm = urogenital structures

· Lateral Plate Mesoderm 

· Parietal – covers amnion

· Ventral & lateral body wall (with ectoderm)

· Limb skeleton

· Visceral – covers yolk sac

· Gut wall (with endoderm)

· Serous membranes

· Mesonephric duct

· Becomes:

· Heart, blood cells, blood vessels

· Cartilage, bones

· Muscles

· Kidneys, Bowman’s Capsule
· Urinary and genital systems derived mostly from intermediate mesoderm

· Uterus 

· Gonads (ovary, testes)

· Vaginal Canal (mesoderm and endoderm)

· Seminal vesicles

· Endoderm
· Ventral layer

· Squamous epithelium

· Becomes:

· Lining of digestive and respiratory tracts

· Liver, pancreas, bladder (trigone is originally mesoderm, then becomes endoderm; UG sinus)
· Urethra (endoderm+ectoderm in male)

· prostate

· Vaginal Canal (mesoderm and endoderm)

· Embryonic Folding

· Lateral Folding – transformation into a cylinder with gut tube; caused by rapid growth of somites; everything is lined now by ectoderm, and yolk sac has been pinched off
· Cephalocaudal Folding – brings heart to thorax, caused by rapid CNS growth

· Vitelline Duct – narrow connection between gut tube and yolk sac

· Allantois – endodermal diverticulum from yolk sac into connecting stalk (umbilical cord) – forms portion of cloaca – remanant is urachus, which turns into median umbilical ligament in adult
· Neurulation – neural ectoderm becomes neural tube

· Initiated by notochord

· Fusion of neural folds begins in cervical region, extends both cranially and caudally

· Neuropores – open ends that communicated with amniotic cavity

· Placodes – ectodermal thickenings that become nasal epithelium, ear, & eye

· Mesenchyme – mixed middle germ layer (mesoderm + neural ectoderm)

· Neural Ectoderm becomes neural tube (brain and spinal cord) and neural crest (nerve ganglia, Schwann cells, PNS, bones (skull), connective tissue, freckles)
Homeobox (Hox) Genes
· Codes for homeodomain proteins

· Responsible for craniocaudal segments

· 1 set in Drosophila, 4 sets in humans

· Combinatorial code

· Colinearity of genes with segments (3’=anterior,early,head ; 5’=posterior,late,tail)

Fetal Period
· 3 mo – birth, growth/maturation

· CNS specializes = susceptible

Teratogenesis
· Embryo most vulnerable during embryonice period (week 3-8)

· 1 insult affects multiple organ systems

Urinary and Genital Systems
	
	Urinary System
	Genital System

	Production
	Kidney
	Gonads: Ovary / Testis

	Delivery
	Ureter
	Uterine Tube / vas Deferens

	Storage
	Bladder
	Uterus

	Distribution
	Urethra
	Vagina / Urethra


· Both urinary and genital systems arise from intermediate mesoderm

· Both enter the cloaca

The Urinary System
· Bladder and urethra derived from cloaca

· Cloaca lined by endoderm

· Urorectal septum divides the cloaca into the urogenital sinus (ventral, continuous with allantois) and anorectal canal (dorsal)

· Cloacal membrane divides into urogenital membrane and anal membrane

· derived from ENDODERM since they are derived from the gut tube

Kidney Formation
· Pronephros – transient, cervical region, regressed by week 4

· Mesonephros – thoracic & upper lumbar regions, functions briefly, induces formation of kidney, forms duct for adult male genital system

· Mesonephric duct = Wolffian duct, runs for thorax to UG sinus

· Nephrotomes – segmental tubes, form UG ridges along embryonic midline

· medially opens to a capillary bed (glomerulus encapsulated by Bowman’s capsule)

· laterally opens to mesonephric duct 

· Regresses by third month, but mesonephros duct remains

· Metanephros – lower lumbar region, forms definitive kidney

· Ureteric bud = outgrowth of mesonephric duct, becomes ureter

· RECIPROCAL INDUCTION

· Ureteric bud induces renal vesicles (little nephrons) in the metanephric blastema (tissue cap)

· Metanephric Blastma induces budding and branching of collecting ducts

· Kidney oringinally in pelvic region,  (appear to) ascend to abdomen, rotates 90 degrees counterclockwise

· Mesonephric ducts move closer together, enter urethra, become ejaculatory ducts in males; ureters ascend on trigone
· Trigone orginally derived from mesoderm, then replaced by endoderm

· Ducts are mesoderm

· Bladder is endoderm (from UG sinus)

· Trigone is mixed

Genital System
· Phenotypic gender not manifested until week 7
· Y chromosome contains TDF (testis-determining factor) on SRY (sex-determining region)

· Female develops by default under influence of maternal estrogens

· GONADS – derived from MESODERM

· Indifferent Stage

· Germ cells migrate out to yolk sac

· Genital ridge forms on mesonephros

· Germ cells migrate back, populate genital ridge

· Male Testis

· Coelemic epithelial cells form primary sex cords – invaginate to surround germ cells

· Remnant mesonephric tubules connect sex cords to mesonephric duct

· Primary sex cords  ( medullary cords ( seminiferous tubules

· Female Ovaries

· Primary sex cords degenerate

· Coelomic epithelial cells form secondary sex cords (cortical cords), which surround germ cells

· Secondary Sex Cords ( follicles

· DUCTS – derived from MESODERM

· Mesonephric Duct = Wolffian Duct – males ( ductus deferens

· Paramesonephric Duct = Muellerian Duct – females ( ducts fuse to form uterine tubes, uterus, vaginal canal; mesonephric ducts degenerate

· Vaginal canal is derived from endoderm (UG sinus) and mesoderm (paramesonephric ducts)

· EXTERNAL GENITALIA

· Genital Tubercle – genital folds meet in midline, ridge around outer part of UG sinus

· Male: glans penis

· Female: glans clitoris

· Genital Folds – initial swellings on sides of cloacal membrane

· Male: fuse at raphe of penis = penile urethra

· Female: Labia Minora

· Genital Swellings

· Male: scrotum

· Female: labia majora

