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fertilization—joining of male and female gametes

zona pellucida—coat of sulfated glycoproteins (ZP proteins) surrounding the oocyte

ZP3—receptor for sperm; binding of sperm triggers acrosome reaction

acrosome reaction—fusion of outer acrosomal membrane with the overlying sperm plasma 

membrane; causes release of proteolytic enzymes necessary for penetration of sperm through the zona

cortical granules—thousands of granules located beneath the oocyte membrane

cortical reaction—fusion of cortical granules to plasma membrane; induced by sperm 

penetration; triggered by calcium oscillations; results in release of enzymes into perivitelline space; causes alteration of sperm receptors to prevent polyspermy

zygote—fertilized oocyte

cleavage divisions—division of embryo into daughter cells without change in overall size; 

remains enclosed in the zona pellucida

blastomeres—daughter cells resulting from cleavage divisions

compaction—process by which outer blastomeres adhere through tight and gap junctions; results 

in segregation of some cells to the outside surface (outer cell mass) and some to the inside of the embryo (inner cell mass)

morula—embryo at 32 cell stage

blastocyst—consists of two cell types (inner cell mass and trophoblast) and a fluid-filled cavity 

(blastocyst cavity, which eventually forms the primary yolk sac)

embryonic stem cells—pluripotent cells derived from the inner cell mass; can be cultured, 

expanded, genetically manipulated, and re-introduced into another host embryo where they will contribute to all of the cell lineages in the resulting chimera, including the germline

imprinting—results in differential expression of maternal and paternal genes; maternal genes 

required for embryo development; paternal genes required for trophoblast development

hydatidiform mole—pregnancy without an embryo; are diploid and contain only paternal 

chromosomes; can be partial or complete; can result in choriocarcinomas secreting high levels of hCG

hatching—hatching of blastocyst from zona pellucida prior to implantation

implantation—invasion of the embryo into the uterine wall

syncytiotrophoblast—multinucleated cells derived from the trophoblast cells overlying the inner 

cell mass; highly invasive; eventually engulf the entire embryo

cytotrophoblast—trophoblast cells forming the wall of the blactocyst

bilaminar germ disc—two-layered embryo consisting of the epiblast and hypoblast

epiblast—derived from the inner cell mass; will form the amnion and embryo proper

hypoblast—derived from the inner cell mass; will form parietal and visceral endoderm

parietal endoderm—forms the extraembryonic endoderm lining the blastocyst cavity or primary 

yolk sac (Heuser’s membrane)

visceral endoderm—plays important role in supporting survival and patterning of the embryo

amniotic cavity—fluid-filled cavity that forms between the epiblast and cytotrophoblast at the 

embryonic pole; eventually encloses the entire embryo

chorionic cavity—space that separates the embryo/amnion/yolk sac from the outer wall of the 

blastocyst

primitive streak—groove that forms on the future caudal/posterior side of the embryo

primitive node—group of cells at the anterior end of the primitive streak

gastrulation—movement of epiblast cells through the primitive streak into the space between the 

epiblast and hypoblast to form the endoderm and mesoderm

trilaminar germ disc—embryo having the three germ layers (ectoderm, mesoderm, endoderm)

ectoderm—cells in the epiblast that do not move through the primitive streak; gives rise to the 

epidermis, neural plate, and neural crest

endoderm—cells that move through the primitive streak and displace the hypoblast; gives rise to 

the lining of the gut, thyroid gland, lungs, and digestive organs

mesoderm—cells that move through the primitive streak and occupy the space between the 

endoderm and the epiblast

axial mesoderm—mesoderm that forms in the midline; derived from the primitive node; most 

anterior is the prechordal plate; posterior to prechordal plate is the notochord, which grows in length as the primitive streak regresses posteriorly; plays an important role in patterning the embryo

buccopharyngeal and cloacal membranes—two places where mesoderm is excluded and 

ectoderm and endoderm are directly apposed

paraxial mesoderm—mesoderm lying immediately on either side of the notochord; forms 

somitomeres and somites

somitomeres—rounded whorl-like structures that form in pairs on either side of the midline in a 

cranial-to-caudal progression; all but the first seven pairs further develop into somites

somites—blocks of paraxial mesodermal cells that help to establish the segmental organization 

of the body; give rise to the axial skeleton, skeletal muscles, and parts of the dermis of the skin

intermediate mesoderm—mesoderm that forms just lateral to the paraxial mesoderm; gives rise 

to the urinary system and parts of the genital system

lateral plate mesoderm—mesoderm that forms lateral to the intermediate mesoderm; divides into 

a dorsal somatic layer and a ventral splanchnic layer

somatopleuric mesoderm—forms part of the body wall, limbs, and dermis

splanchnopleuric mesoderm—contributes to the visceral organs, heart, and circulatory system

sclerotome—ventral portion of the somite; gives rise to the axial skeleton; splits into a cranial 

and caudal half, with each vertebra forming from the caudal half of one sclerotome fusing to the cranial half of the succeeding sclerotome

Hox genes—homeobox genes in mammals related to homeotic genes in flies involved in 

specifying positional identity; organized in clusters on the chromosome; expressed in overlapping domains corresponding to their location within the cluster

dermomyotome—dorsal portion of the somite; separates into dermatome and myotome

dermatome—contributes to the dermis of the neck, back, and trunk

myotome—gives rise to skeletal muscle

neural plate—derived from ectoderm; folds into a neural tube by a process called neurulation; 

neural tube increases in length as it zippers up both cranially and caudally

spina bifida—open vertebral canal resulting from failure of the neural tube to close; failure of the 

vertebral arches to fuse can result in mild to severe consequences; the mildest form is referred to as spina bifida occulta; protrusion of the dura and arachnoid from the vertebral canal results in a meningocele; protrusion of neural tissue along with the meninges results in a meningomyelocele

neural crest—ectodermal cells that arise along the lateral margins of the neural folds; detach 

from the neural plate, migrate, and differentiate into many different cell types

Hirschsprung’s disease—absence of enteric ganglia innervating the colon resulting from failure 

of neural crest cell migration; results in a dilation of a segment of the colon; often diagnosed from failure of newborn to pass meconium or stool

embryonic folding—bringing together of cephalic, lateral, and caudal edges of the embryo along 

the ventral midline; converts the embryo from a flat disc to a  three-dimensional form; leads to the formation of the gut tube and intraembryonic coelom

gut tube—blind-ending tube formed by endoderm as a result of embryonic folding; divided into 

the foregut, midgut, and hindgut

intraembryonic coelom—space formed between the somatopleuric mesoderm and 

splanchnopleuric mesoderm as a result of embryonic folding; forms the pericardial, pleural, and peritoneal cavities

septum transversum—bar of mesoderm initially located anterior to the cardiogenic area; carried 

ventrally and caudally by cephalic folding; eventually forms the initial transverse partition separating the coelom into thoracic and abdominal regions

Meckel’s diverticulum—remnant of vitelline duct, which normally regresses

dorsal mesentery—thin layer of mesenchyme in the region of the abdominal viscera that 

suspends the gut tube and its derivatives in the peritoneal cavity; structures suspended by the mesentery are referred to as intraperitoneal

retroperitoneal—visceral organs (like the kidneys and bladder) that develop in the body wall 

outside the peritoneal cavity 

secondarily retroperitoneal—organs (like the ascending and descending colon, duodenum, and 

pancreas) that are initially suspended by the mesentery and subsequently become fused to the body wall

foregut—pharynx, esophagus, stomach, superior half of duodenum, lungs, liver, gallbladder, 

pancreas; abdominal foregut supplied by the celiac trunk

midgut—inferior half of duodenum, jejunum, ileum, cecum, appendix, ascending colon, right 

two-thirds of transverse colon; supplied by the superior mesenteric trunk

hindgut—left one third of transverse colon, descending colon, sigmoid colon, rectum, urogenital 

sinus; supplied by the inferior mesenteric artery

midgut rotation—rapid growth of the ileum produces a primary intestinal loop that herniates into 

the umbilicus; loop undergoes a 90 degree counterclockwise rotation; following retraction back into the abdominal cavity, the midgut undergoes an additional 180 degree rotation

left-sided colon—initial 90 degree rotation occurs normally, but second 180 degree rotation fails 

to occur

lung bud—outpouching of the endodermal foregut; undergoes branching morphogenesis during 

embryonic, pseudoglandular, canalicular, saccular, and alveolar stages of development

respiratory distress syndrome (RDS) of prematurity—pulmonary insufficiency resulting from 

inadequate production of surfactant

surfactant—mixture of phospholipids and proteins that reduce the surface tension of the liquid 

film lining the alveoli; facilitates inflation of the lungs at birth

hepatic diverticulum—grows out from the ventral side of the duodenum into the inferior region 

of the septum transversum; gives rise to hepatocytes, bile canaliculi, and hepatic ducts; supporting stroma of the liver develops from splanchnopleuric mesoderm; liver is a major hematopoietic organ in the developing embryo

cystic diverticulum—forms the gallbladder and cystic duct

pancreatic buds—dorsal and ventral buds grow out from duodenum; ventral buds migrate 

posteriorly to a position adjacent to the dorsal bud; the two buds fuse to form the definitive pancreas; rotation of the ventral buds in both directions around the duodenum results in an annular pancreas

endocardial tubes—pair of vascular elements that form in the cardiogenic region (horseshoe-

shaped zone of splanchnopleuric mesoderm located cranial and lateral to the neural plate); brought to the thoracic midline by embryonic folding; fuse to form a single primitive heart tube

dorsal aortae—paired vessels that form the primary outflow tract of the heart

common cardinal veins—venous drainage into the heart from the body of the embryo

vitelline veins—venous drainage from the yolk sac

umbilical veins—delivers oxygenated blood from the placenta

endocardium—innermost layer of endothelial cells

myocardium—layer of cardiac myocytes surrounding the endocardium

cardiac jelly—layer of thick acellular matrix that separates the endocardium from myocardium

sinus venosus—inferior-most portion of the heart tube; consists of right and left sinus horns; the 

right horn eventually becomes incorporated into the right posterior wall of the primitive atrium where the superior and inferior venae cavae drain into the heart; the left horn gives rise to the coronary sinus and the oblique vein of the left atrium

primitive atrium—cranial to the sinus venosus; gives rise to both atria

primitive ventricle—cranial to the primitive atrium; gives rise to the left ventricle

bulbus cordis—cranial to the primitive ventricle; inferior part gives rise to the right ventricle; 

superior part gives rise to the outflow tracts, including the truncus arteriosus, which splits to form the ascending aorta and pulmonary trunk

looping of the heart tube—folding of the linear tube to establish the spatial relationships of the 

future heart chambers

septum primum—thin, membranous tissue that extends from the superoposterior wall of the 

atrium and grows toward the atrioventricular canal; separates right and left atria; leaves behind an opening called the ostium secundum

endocardial cushions—four thickenings of the endocardium in the region of the atrioventicular 

canal; superior and inferior cushions meet and fuse to form the septum intermedium, which divides the atrioventicular canal into left and right sides

septum secundum—thick, muscular tissue that grows adjacent to the septum primum; leaves 

behind an opening called the foramen ovale that is staggered relative to the ostium secundum

interventricular septum—has muscular component that arises from the inferior wall of the 

ventricle and a membranous component that arises from the endocardial cushion

truncoconal septum—spiral-shaped septum that partitions the outflow tract (also called the 

aorticopulmonary septum); neural crest derived

congenital heart malformations—dextrocardia (usually reflects situs inversus), atrial septal defect 

(ASD), ventricular septal defect (VSD, most common congenital heart malformation), atrioventricular spetal defect (endocardial cushion defect, most common cardiac malformation in Down syndrome), tricuspid and mitral valve defects, persistent truncus arteriosus (failure of truncoconal septa to form), transposition of the great vessels, tetralogy of Fallot (pulmonary stenosis, VSD, overriding aorta, right ventricular hypertrophy)

pronephros—earliest nephric structure to develop in the cervical region; series of epithelial balls; 

transient and non-functional

mesonephros—next nephric structures to develop in the thoracic and lumbar regions; 

mesonephroi form functional units with a Bowman’s capsule surrounding a glomerulus at one end and draining into the mesonephric ducts; mesonephric units regress, but mesonephric ducts form part of the reproductive system in males

metanephros—definitive kidneys that form in the sacral region; kidney development results from 

reciprocal inductive interactions between the ureteric bud and metanephric mesenchyme

ureteric buds—sprout from the mesonephric ducts and grow into the metanephric blastema; 

grow and branch in response to signals from the metanephric blastema; form the ureters and collecting ducts 

metanephric blastema—portion of the intermediate mesoderm in the sacral region; forms 

metanephric tissue caps and then nephric vesicles in response to inducing signals from the tips of the branches of the ureteric bud; nephric vesicles go on to form Bowman’s capsules, proximal and distal convoluted tubules, and loops of Henle 

horseshoe kidney—results from fusion of the inferior poles of the two metanephroi; becomes 

caught under the inferior mesenteric artery during descent

function of the fetal kidney—main function is not to clear waste products but rather to 

supplement the production of amniotic fluid; bilateral renal agenesis results in oligohydramnios (insufficient amniotic fluid)

genital ridge—site of future gonad; site of migration of primordial germ cells

primitive sex cords—aggregates of supporting cells surrounding the germs cells; consists of 

cortical and medullary regions

paramesonephric ducts—also called Mullerian ducts; form just lateral to the mesonephric ducts 

(also called Wolffian ducts)

indifferent phase of genital development—initial phase in which both paramesonephric and 

mesonephric duct systems and both cortical and medullary regions of the sex cords are present in both sexes

SRY—sex-determining region of the Y chromosome; transcription factor that triggers male 

development

Sertoli cells—form from cells in the medullary region of the sex cords in response to SRY; 

organize around germ cells to form tubular testis cords, which will go on to form seminiferous tubules

mullerian inhibiting substance (MIS)—also called antimullerian hormone (AMH); secreted by 

Sertoli cells; causes the paramesonephric ducts to regress

Leydig cells—produce testosterone, which promotes the survival and differentiation of the 

mesonephric ducts

dihydrotestosterone—converted from testosterone by the enzyme 5-alpha-reductase; required for 

differentiation of external genitalia in males and secondary sexual features

mesonephric duct-derived structures—vas deferens, epididymis, seminal vesicles

paramesonephric duct-derived structures—oviducts (fallopian tubes), uterus, superior portion of 

the vagina

persistent Mullerian duct syndrome—can be caused by mutations in either MIS or its receptor; 

XY males have testes, male external genitalia, and both mesonephric and paramesonephric duct-derived structures

pseudohermaphrodite—individual with gonads and sex chromosomes of one sex and genitalia 

exhibiting some characteristics of the other sex; caused by abnormal levels of sex hormones or their receptors

androgen insensitivity—also called testicular feminization; can be caused by mutations in the 

androgen receptor gene; in males, leads to female external genitalia and regression of mesonephric duct structures

congenital adrenal hyperplasia—usually results from 21-hydroxylase deficiency, which leads to 

a buildup of androstenedione; in females, excess androgens results in ambiguous external genitalia; females have normal mullerian duct structures

limb buds—consist of an ectodermal cap and an inner mesodermal core derived from 

somatopleuric lateral plate mesoderm

apical ectodermal ridge (AER)—ridgelike thickening of ectoderm at the apex of the limb bud; 

essential for outgrowth of the limb

mesodermal core—mesoderm in the distal part of the limb underlying the AER is called the 

progress zone; age of the mesoderm specifies the identity of the proximodistal segment

zone of polarizing activity (ZPA)—small region on the posterior side of the limb bud that plays 

an important role in anterior-posterior patterning (e.g. digit identities)

origin of limb components—lateral plate mesoderm gives rise to the bones, tendons, ligaments, 

and vasculature; somitic mesoderm gives rise to the muscles; neural crest gives rise to the melanocytes and Schwann cells; surface ectoderm gives rise to the epidermis

congenital anomalies of the limb—reduction defects (parts of the limb are missing; meromelia, 

amelia); duplication defects (presence of super-numerary elements; polydactyly); dysplasia (malformation; syndactyly, gigantism)

optic vesicles—lateral evaginations of the neural tube in the future diencephalic region; 

invaginates to form the optic cup; thick inner wall of the optic cup gives rise to the neural retina; thin outer wall of the optic cup gives rise to the pigment retina; the two walls are separated by a narrow intraretinal space that is continuous with the ventricular cavity

lens placode—thickening of the surface ectoderm adjacent to the optic cup; pinches off to form 

the lens vesicle

otic placode—thickening of the surface ectoderm in the region of the hindbrain; pinches off to 

form the otic vesicle; endolymphatic appendage gives rise to the endolymphatic sac and duct; utricular region gives rise to the semicircular canals; saccular region gives rise to the cochlea

prosencephalon—forebrain; gives rise to the telencephalon (anterior forebrain) and diencephalon 

(posterior forebrain)

telencephalon—gives rise to the cerebral cortex, hippocampus, basal ganglia, and olfactory bulb

diencephalon—gives rise to the thalamus, neurohypophysis of the pituitary, optic chiasm, and 

retina

mesencephalon—midbrain; gives rise to the superior colliculus and substantia nigra

rhombencephalon—hindbrain; gives rise to the metencephalon and myelencephalon

metencephalon—gives rise to the pons and cerebellum

myelencephalon—gives rise to the medulla oblongata

infundibulum—diverticulum in the floor of the third ventricle (diencephalon); gives rise to the 

posterior lobe of the pituitary (neurohypophysis)

Rathke’s pouch—ectodermal placode in the roof of the stomodeum that invaginates to form a 

diverticulum; gives rise to the anterior lobe (adenohypophysis) and the intermediate lobe (pars intermedia) of the pituitary
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