A is for Acrosome:

Sperm cells of mammals and sea urchins have an acrosome at their tip.  The sperm cell is packed with gene carrying DNA molecules bound into chromosomes.  There is a long whip called a “flagellum” that propels it.

The egg (ovum) is much larger than the sperm.  It is surrounded by a vitelline envelope full of receptor proteins.  Enzymes in the acrosome dissolve the jelly surrounding the vitelline envelope.  There are molecules in the acrosome that bind to the receptor proteins in the vitelline envelope so that the sperm can pass through.

As the sperm passes into the egg, it fuses with the egg.  This process is called “fertilization.”  The fertilized egg is called a “zygote.” Changes take place in the outside of the egg preventing the entrance of an additional sperm.  The vitelline envelope changes into a protective fertilization membrane.  The cytoplasm of the egg becomes chemically activated.  The haploid nucleus of the egg fuses with the haploid nucleus of the sperm to form a diploid zygote nucleus.

The fertilized egg begins to divide by mitotic cell division.  Centrioles from both egg and sperm contribute to the spindle fibers that form in this cell division.  Most of the cytoplasm and the mitochondria come from the egg.

The early rounds of cell division are controlled by proteins made by the egg.  Gradually diploid cell nuclei produced from the zygote nucleus begin to take control.

B is for Blastula:

In sea urchins, the zygote divides every hour for ten hours creating a ball of cells called the “morula.”  Water is pumped to the center of this ball creating a fluid filled cavity called the “blastocoel.”  The hollow embryo is now known as a “blastula.”  The sea urchin embryo has about the same volume as the original egg.  For this reason, this early division is often known as “cleavage.”

Once the blastula forms, an opening begins to appear called the “blastopore.”  Some cells break loose and move like amoebas into the blastocoel.  The entire lip of the blastopore begins to move inward forming a cavity known as the “archenteron.”  The cells on the outside of the blastula will form and external tissue known as the “ectoderm.”  The cells of the archenteron will become a tissue called the “endoderm.”  Cells in-between the endoderm and the ectoderm form a tissue known as the “mesoderm.”

The archentron will form the digestive tract and the blastopore will become the anus.  Deutrostomes, including vertebrates, invertebrate chordates, and echinoderms form anus first.  Protosomes like insects from mouth first.  The formation of an archentron changes the blastula into a gastrula.  The process that forms the gastrula is called “gastrulation.”  Once the gastula is formed in begins to differentiate.  A mouth begins to form and the archenteron begins to differentiate into stomach and intestine.  This differentiation takes place along chemical gradients.

C is for Cleavage:

Sea urchin eggs have small amounts of yolk.  The yolk tends to be in the lower part of the egg.  This is called the “vegetal” half.  The opposite end is called the “animal” half.  The first cleavage and second cleavages of the sea urchin egg cut through both the animal and the vegetal poles of the egg.  The third cleavage cuts the vegetal pole from the animal pole resulting in eight cells.  If you separate the animal half from the vegetal half you get an incomplete embryo.  The animal half is all mouth and the vegetal half is all gut.  There are factors in the cytoplasm of the egg itself, chemical gradients laid down in the maternal cytoplasm that help control development.

If the cells are separated, the embryo will not develop normally.  If they are brought together, they will arrange themselves in the normally pattern and resume development.  Thus, the relationship of the cells themselves is important in the development of the sea urchin.

Frog eggs have a larger amount of yolk than sea urchin eggs.  A gray crescent develops in the egg right after penetration of the sperm.  This crescent is vital to the differentiation of the embryo.  The frog embryo develops a blastopore at the boundary of the gray crescent and the vegetal part of the egg.  The formation of the blastopore initiates garstulation.  Cells stream across the dorsal lip of the bastopore and form an archenteron that fills up the blastocoel.  The floor of the archenteron is filled with yolky endoderm cells.  The roof lies below the mesoderm.

D is for Development:

During the development of frogs, three layers appear in the developing gastrula.  The outside is covered with ectoderm.  The archenteron inside is composed of endoderm.  Between the ectoderm and the endoderm in the roof of the archenteron is a sheet of mesoderm cells.  The chordmesoderm creates an embryonic structure called the “notochord.”  This structure stiffens the pack of primitive chordates.

The chordmesoderm generates lateral strips that form the somites that generate muscle, skeleton, and the dermis layer of the skin.  The ectoderm above the chordmesoderm is the neural ectoderm that forms the brain and nervous system.  The end of gastrulation signals the formation of the notochord and the formation of the neural plate from the neural ectoderm.  Ridges form along the neural plate that curve upward and bend inward to create the neural tube.

Lateral plate mesoderm will form the outer covering of internal organs and the lining of the coelom.  The lateral plate mesoderm begins to split open to create the beginning of the coelomic cavity.

The dorsal lip of the blastopore is a key organizer in this process of differentiation.  Transplanted dorsal lips have the capacity to organize the tissues of the host into new embryos.

Birds develop within an egg covered by a shell.

E is for Egg:

A chicken embryo develops within inside an amniotic egg.  The chicken egg has a shell on the outside and membranes on the inside that provide a private aquarium for the developing embryo.  There is so much yolk in a chicken egg that it does not divide with the rest of the egg when cleavage occurs.  Only the top part of the cytoplasm goes through cleavage.  This cap of dividing cells produces a flattened blastula known as a “blastodisc.”

An elongated blastopore develops known as the “primitive streak.”  Cells move inward at the primitive streak to form sheets of mesoderm and endoderm.  The mesoderm spreads.  The notochord forms from chordamesoderm. The coelom begins to form in lateral plate mesoderm.  Neural ectoderm begins to differentiate above the chordamesoderm.  The embryo begins to become tubular and lift away from the surface.  Ridges of neural plate come together to form the neural tube.

Extraembryonic tissues form as extensions of the blastodisc.  Mesoderm and endoderm combine to produce a membrane surrounded the yolk known as the “yolk sac.”

The endodermal cells digest the yolk.  The mesoderm forms blood vessels that carry the digested yolk back to the embryo.  As the embryo lifts up, ectoderm and mesoderm at its base form folds of tissue that lift up and fuse to form the amnion and the chorion.  The amniotic cavity fills with fluids that surround and cushion the embryo.  A pouch forms from the hindgut called the “allantois.”

F is for Formation:

The allantois is a membrane composed of mesoderm and ectoderm that forms from the hindgut.  Its first use is excretion.  It fills up with uric acid wastes.  Part of the allantois increases in size and fills up much of the space inside the egg.  It fuses with the chorion to make a chorioallantoic membrane that acts provides a means of gas exchange with the exterior of the egg.

Gas exchange and the voiding of wastes are necessary because the embryo is going thorough the processes associated with organ formation.  This stage is known as “organogenesis.”  In this stage, the brain and spinal cord begin to form from the neural tube as neural ectoderm begins to differentiate into nerve tissue.  Pockets coming out of the head end of the neural tube, the optic vesicles induce the beginnings of a lens primordium in the surrounding ectoderm and start the organogenesis of the eyes.

Mesoderm cells begin to move into place along the notochord and developing nervous system to form the beginning of the vertebral column.  A series of somites emerge on each side of the notochord.  They differentiate into cells that form elements of the skeleton, cell that form the underlayer of the skin, and cells that form muscles.

Kidneys, gonads, and the ducts of the excretory and reproductive systems form from lateral plate mesoderm.

The endoderm forms the respiratory and digestive organs.

G is for Gills:

Pouches develop at the head end of the archenteron.  They push out and join with the ectoderm.  The ectoderm folds inward to meet them.  The result is a series of grooves.  These grooves will form perforations and gill filaments in aquatic vertebrates.  Portions of these pouches develop into tubes connecting to the middle ears, tonsils, parathyroid glands, and the thymus gland.  Similar pouches from the archenteron develop into lungs.  Other out pockets develop into liver, pancreas, and gall bladder.

Organs are formed of the union of different kinds of tissues.  The stomach lining comes from endoderm and the muscles and blood vessels from mesoderm.  The different structures found in organs are formed as a result of increases and decreases in cell growth, adhesion of cells to other cells, deposits of extracellular materials, and the extension and contraction of cells into new shapes and forms.

The wings of chickens develop from wing buds with a central mass of mesodermal cells and a layer of ectoderm.  An apical ectodermic ridge develops that induces the mesodermal cells beneath it to divide.  The first cells will form the proximal structures of the wind and the later mesodermal cells will form the distal structures of the wing.  This differentiation is controlled by chemicals secreted by the posterior margin.  The substance released is retinoic acid, a substance related to Vitamin A.  Retinoic acid binds to receptors in the cells of the mesoderm.

H is for Human:

Human development is similar in many ways to the developmental patterns in other animals.  Early human embryology has a good deal of similarity to that of sea urchins, even greater similarity to that of frogs, and even more similarity with the development of chickens.  The greatest similarity is found with other placental mammals.

Human oocytes develop in the ovary.  They are usually released in 28-day intervals.  Ordinarily, fertilization takes place in the oviduct.  The first cleavage takes place at about 36 hours after fertilization.  The second cleavage takes place around 60 hours.  The third cleavage takes place around three days.  At this point the cells are all about the same size as in the sea urchin.

At five days, a blastula of 120 cells has formed.  It takes the form of a blastocyst.  It has the form of a ring with a mass of cells inside.  The ring is called the “trophoblast.”  It is made of a double layer of cells enclosing the embryo.  The trophoblast will form the chorion.  It releases chorionic gondatrophin which stimulates the ovary to continue releasing hormones that suppress menstruation.  It begins to induce the formation of a placenta.  Finger like projections of the chorion invade the uterine lining.

Other extraembryonic membranes develop.  Primitive mammals develop yolk sacs with yolk.  Human embryos develop yolk sacs without any yolk.  The allantois develops from the hindgut.  It will become the umbilical cord.

I is for Interactions:

The placenta covers a fifth of the uterus by the third week.  Maternal and embryonic circulation are not directly connected.  Choronic villi project into the maternal blood spaces supplied by the uterine artery.  The placenta becomes the excretory and respiratory organ of the embryo as food, gasses, wastes, pass readily across the thin barrio between the embryonic and the maternal blood.  Important interactions include the placental hormones that influence the mother to suppress menstruation.

The embryo is 1.5 millimeters long by the second week. 

As it grows, a primitive streak forms that functions as a blastopore.  Cell migrations across the streak establish the three layers of the human embryo: ectoderm, endoderm, and mesoderm.  These layers interact and influence each other to fold and grow in ways that generate the various organs and organ systems of the human body.  During the third week, the neural groove is generating the begins of the nervous system.  A tube like heart forms and begins to beat.  The primitive germ cells appear in the yolk sac and start to migrate to the gonads.

As a result of these interactions, by the end of the first month, the neural groove has closed into a tube.  The notochord has appeared and 40 pairs of somites are arranged along it.  Paired tubes develop into the four-chambered heart.  The gonads are forming at 38 days, but male and female are still identical.  The embryo begins to look human in the second month.  It is now a “fetus.”

J is for Juvenile:

Monotremes lay eggs like birds and reptiles. Marsupials expel the embryo when it is very young.  It climbs into a pouch on the mother’s abdomen and attaches to a nipple in the pouch.  Placentals keep the embryo in the uterus till it matures, feeding it by means of a large placenta.  The embryo begins from the cleavage of a zygote.

The cleaving ball of cells embeds itself in the wall of the uterus and begins the process of gastrulation and organogenesis that will transform the embryo into a fetus by the second month. The fetus will grow and differentiate further.  The human fetus is expelled from the uterus after nine months.  At this stage it is still quite helpless and is dependent upon milk from its mothers breast for food.

The juvenile condition is very important in humans because juveniles tend to have a large head relative to the body of the embryo.  By emphasis and extension of the juvenile stage, a process known as neoteny, humans have developed a large brain and an extended life cycle that gives juveniles the opportunity to learn from their parents and develop the complex behavior patterns, tool use, and speech associated with human culture.

This neotenous condition means that humans are rather unspecialized mammals, except in matters such as brain development and learning.  In these areas we are highly specialized and very dependent upon our exceptionally large brains.

K is for Kidney:

Kidney tissue is made up of tiny tubules.  Waste liquid passes through these tiny tubes as needed substances are absorbed and wastes left behind.  There are three forms of these tubes, pronephric, mesonephric, and metanephric.  The most primitive form toward the head and the most advanced toward the tail.  The pronephric tubules are only found in adults of the most primitive forms.  These involve a funnel shaped open end that was used to pass excess coelomic fluid to the outside.

The pronephric tubules degenerate.  The mesonephric tubules next to them become the kidneys in frogs and higher fish.  These form instead into the ovaries or testes in  reptiles, birds and mammals.  The mesonephric duct becomes part of the vas deferens in males.  Mullerian ducts form in connections with the mesonephric ducts.  The Mullerian ducts become vestigial in males.  They become the oviducts, uterus, and vagina of females.

The mammalian kidneys form from the metanephros.  The metanephros arises from the mesonephric duct and surrounding mesoderm.  As the metanepheric kidneys develop, they begin to move upward toward the head.

The allantois begins as an outpocket of the gut.  The gut enlarges into a cloaca.  A urorectal fold separates the rectal portion of the gut from the urogenital sinus.  This sinus is continuous with the allantois.  The mesonephric ducts empty into this sinus.

L is for Lungs:

The stomadeal (mouth) plate is broken to form an oral opening in the human embryo in the fourth week.  At this point the embryo does not look human or have human intelligence.  Its organization is less defined than that of an earthworm.  There are no eyes, only optic vesicles that are beginning the process of eye induction.  There is no brain, only a neural tube that is beginning the process of nervous system formation.

A groove appears in the throat (pharynx) region near the last pair of pharyngeal pouches.  This grows into a tube called the “laryngotracheal groove.”  This tube becomes the trachea.  Bronchial buds form on its tip that give rise to the lungs.

The digestive tube narrows into an esophagus.  The foregut expands to form the beginnings of the stomach.  Outgrowths of the gut begin the liver, pancreas, and gallbladder.

In the chicken, there are three circulatory arcs.  One carries blood to the yolk sac for the absorption of food, one goes to the allantois for gas exchange, and one carries blood to the embryo.  Young mammalian embryos show the same three arcs.  The mammalian allantois is applied to the uterine lining rather than to porous shell, as in the chicken.

The heart develops from paired tubular primordial.  Veins entering the heart combine in the sinus venosus.

M is for Mammals:

The development of the embryo of mammals is so similar to that of other animals that it is common to study those other animals in order to understand mammals and humans.  The homeobox and homeotic genes that are important in the genetics of embryology were first discovered in fruit flies.  Mammals are deutrostomes, unlike flies and other arthropods; the chordate embryo begins gastrulation tail first rather than head first.  Deutrostomes tend to have radial cleavage and deutrostome embryos tend to be indeterminate in growth patterns rather than showing the spiral cleavage and determinant growth found in many protostome (forming head first) invertebrates.  Each cells seems predetermined to form a particular structure from the very moment of its origin in many protostomes.  Sea urchins eggs are often chosen by embryologists to study the early stages of deutrostome embryology.

The earliest stages of human embryology show many similarities with the sea urchins, frogs, chickens, and fetal pigs.  Human embryos cleave radially like a sea urchin.  They show gastrulation like a frog embryo, develop a neural tube, and develop a frog like kidney.  Just as in chickens, this frog like kidney becomes the testis or the ovary and a new kidney tissue develops out of the frog like kidney duct.  Human embryos, like all mammal embryos, show signs of their evolutionary origin in egg laying reptiles and in amphibians with a mesonephric kidney.  They show the same pouches that develop into gills in fish.  

Pronephric tissue appears and then recedes.

N is for Neural:

Young mammalian embryos will from the neural plate just following the appearance of the primitive streak in a manner similar to the bird embryo.  This is the same point at which the notochord is beginning its rapid elongation.  The notochord is the structure that provides the support to primitive inveterbrate chordates.  The early stages of somite formation in humans show remarkable similarity to the comparable stage in the chicken. 

The human embryo begins to show a longer neural plate in the region of what will become the forebrain, showing early indications of the exceptional expansion of that region that characterizes human development.  The neural plate in this region expands much more that in the chick, the other parts of the embryo are very similar to the embryo of a chicken.  A human embryo in the fourth week is not that different from a 50-hour-old chicken embryo.

A human embryo in the fifth week shows a mandibular arch and a hyoid arch developing from the gill pouches.  Arm buds and leg buds are beginning to develop.  There is a prominent tail, a cardiac prominence, a hepatic prominence, and a mesonephric prominence.

The thin ectoderm leaves the developing brain visible.  The nasal pit and optic cups are also prominent.  The branchial arches are marked.  The maxillary process will form the upper jaw.  Deep furrows mark the position of the gill clefts that would form gills in fish.

O is for Organs:

By the fifth week, the neck has not yet elongated.  The heart is the largest structure in the thorax.  The lungs are only cell clusters at this point.  The beginnings of the diaphragm show as a shelf of mesoderm known as the “septum transversum.”  

The belly stalk is a prominent feature of the abdominal region.  Surface bulges mark the position of somites in the head region.  They are similar to the somites in the chicken and develop in a similar fashion.  The buds of legs and arms appear as projections from the body wall.  They become paddle like.  The arm bud develops slightly faster than the leg bud.  The tail is just as well developed in humans, at this stage, as it is in the pig.  This gives the lie to the antievolutionist denial of the presence of vestiges of earlier evolutionary history.  In spite of this denial, these vestiges are the most significant factors in human embryology.

The brain is going through a transition.  The neural tube has expanded.  The expansions have left the beginning of the brain divided into three parts.  These three are now expanding further to generate the five parts that characterize the older embryonic brain.  Optic vesicles emerge from the forebrain and auditory vesicles from the hindbrain.  The forebrain begins to differentiate into the two sections of the telencephalon and the diencephalon.  The midbrain begins to develop into the mesencephalon and the hindbrain into metencephalon and myelencephalon.

P is for Pharynx:

The ancestral vestiges of what would be the gill formation of the fish is the major feature of the throat region in the human embryo.  There are four pouches on each side that extend out into a gill furrow.  The tissue of the gill furrow is very thin and formed only of external ectoderm and internal endoderm.  Aortic arches develop in the mesoderm between the gill clefts.  These arches fail to develop the capillary beds to support the gills that would develop in fish.  The pattern of aortic arches that pass from the ventral heart to the dorsal aorta by way of gill arches along the throat area (pharynx) is the same as the pattern that characterizes the circulation of the blood in fish.

The endoderm of the throat produces a number of important structures.  The first to emerge is the beginnings of the thyroid gland from the floor of the throat at the second gill arch. 

The first pair of pharyngeal pouches, between the manidibular and hyoid arches associates with the auditory vesicles.  It generates the beginnings of the Eustachian tubes and the tympanic cavity of the middle ear.

The second pair of pouches begins to shrink.  They persist as tissue associated with the tonsils.  The third and fourth pairs of pharyngeal pouches give rise to the parathyroid glands and the thymus gland.

The auditory vesicles begin as placodes that become pits.

Q is for Quadruped:

The brain of the human embryo is set out in a pattern like that of primitive quadrupeds.  This pattern can be seen in brains of amphibians and reptiles.  The basic pattern is not that different from the pattern found in sharks.

At an early stage the brain forms a series of five swellings and thickenings of the neural tube.  Most of this tube remains tubular and becomes the spinal chord.  The front of the tube forms a structure called the telencephalon.  It has a right and a left lobe that will eventually supply nerves for smell receptors (olfactory) in the nostrils.  The roof of this primitive structure will expand to form the right and left hemispheres of the cerebrum, the major brain structure in humans.

Behind the telencephalon is the diencephalon. Its thickened sides become the thalamus and its lower part becomes the hypothalamus.  It generates an outgrowth that is responsible for the formation of the pituitary gland.  The optic nerves from the eyes enter this part of the brain.  Behind the diencephalon is the mesencephalon.  Optic lobes form on this part of the brain that process visual information in many animals. Behind the mesencephalon is the metencephalon that generates the cerebellum and structures controlling equilibrium.  The last of these five brain segments is the myelencephalon.  The medulla oblongata is formed from this embryonic structure.

Pairs of cranial nerves emerge from these structures.

R is for Reptile:

The reptile level of evolution brings some basic changes in the quadruped body plan that is reflected in the development of the human embryo.  Six pairs of aortic arches are present in all vertebrate embryos.  The embryo of a chicken or a man has gill pouches and aortic arches like an embryonic fish.  The first two arches disappear in the development of salamanders.  The third arch becomes part of the carotids carrying blood to the head.  The fourth arch becomes part of the dorsal aorta.  The fifth pair of arches can be found in salamanders but it is lost in man and the higher vertebrates.  The sixth pair gives off branches going to the lungs.  This also forms the ductus arteriosus that allows fetal circulation to bypass the lungs.

The pronephros part of the kidney functions only in the embryo except in some cyclostomes.  The mesonephros is the functioning kidney of fish and amphibians.  This kidney functions only in the embryo of reptiles, birds, and mammals.  The kidney of the adults of these groups is a metanephros that develops at the tail end of the kidney forming tissue.  The mesonephros supplies tissue for the formation of the gonads and the vas deferens in males.

The early stages of the development of the embryo are not that different in reptiles, birds, and humans.  The major difference in the early stages is the extensive development of the neural plate in the head regions and the early increase and expansion in the portions of the neural tube that will form the brain.

S is for Systems:

As the various systems of the body develop, the neural folds close to form a neural tube.  Mesoderm on either side of the notochord forms blocks called somites.  The somites form the backbone and ribs and associated muscles.  Lateral mesoderm on either side of the somites splits and begins to form the body cavities.  

The gill slits begin to form in the throat region.  A mouth breaks through at the head end.  This stage where the pharyngeal gill slits are emerging is sometimes known as the “pharyngula.”  The eggs of frogs, chickens, fish, and humans are very different, but these animals are surprisingly similar in the pharygula stage.  Blood is pumped forward an up the backside of the gut.  It moves through six pairs of aortic arches.  In the larva of frogs and salamanders, the blood will move out into the blood vessels of the gills.  All these gill slits close in mammals, except for the first, which forms the Eustachian tubes opening into the middle ear.

Birds and reptiles develop flattened out on a large mass of yolk.   Placental mammals do not do this, yet the embryo develops as if they did.  Mammals, birds, and reptiles grow embryonic membranes.  The amnion creates a fluid filled sac.  The yolk sac, from belly of the embryo, encloses the yolk from which birds and reptile embryos get their food.  The yolk sac forms in higher mammals, but has no yolk.  The allantois grows out of the hindgut and stores wastes.  It and the chorion form the placenta in placental mammals.

T is for Third:

The appendage buds are evident by the third day of development of the chick embryo.  The main mass of the buds is made of closely packed mesoderm.  The outer covering is ectoderm.

By the end of the third day, the walls of the forebrain have formed a pair of vesicles, which will become the lobes of the telencephalon.  These vesicles generate the cerebral hemispheres.  The infunibular depression in the floor of the diencephalon deepens.  It will fuse with Rathke’s pocket to form the hypophysis of the pituitary gland.

Cell from the neural crest aggregate to form the sensory ganglia of the cranial nerves.  The spinal nerve roots will begin to emerge on the fourth day of chick development.  The tips of the growing nerve cells spread in an amoeba like fashion sending out slender extensions from the cell body.

The gut ends in blind pockets.  The mouth depression begins to form and breaks through on the third day of chick development.  The first indications of the respiratory system, the thyroid, and parathyroids, and the thymus begin to appear on the third and fourth days of chick development.

The liver begins as a diverticulum from the gut just past the stomach.  Branching masses of cells appear in this region by the fourth day.  The pancreas also appears at this time.

U is for Urogenital:

Young embryos show no sexual differentiation.  Two different duct systems are present in the urogenital area. If the individual becomes female, the Mullerian ducts expand to form oviducts and fusing at the base to form the uterus and the vagina.  The mesonephric ducts begin to disappear.  

If the individual becomes male, the Mullerian ducts become vestigial and the mesonephric ducts gradually differentiate into the vas deferens.  The testes forms in the mesonephros and then gradually descent into the scrotum, drawing the vas deferens with them.

The gonads begin as thickenings in the mesonephros.  

Masses of cells develop into the seminiferous tubules of the testes.  The mesonephric ducts closest to the testes become the epididymis.  A think covering of smooth muscle converts the rest of the mesonephric duct into the vas deferens.  Dilations of the vas deferens near its end become the seminal vesicles.  Male hormone stimulates the development of the mesonephric ducts and suppresses the development of the Mullerian ducts.

The external genitalia develop from a genital eminence that differentiates into a genital tubercle surrounded by genital swellings.  A depression forms that establishes the urogential orifice.  This opening is separated from the anus by the development of urorectal folds.  In males, the genital tubercle is elongated into a penis.  The genital folds become a foreskin; the genital swellings form the scrotum.

V is for Vulva:

In the female, the genital tubercle will form the clitoris.  The genital folds will become the labia minora.  The genital swellings will become the labia majora.  The urogenital sinus is not changed as much as in the male.  This orifice is where the vagina and the urethra open.  In combination with the genital tubercle, folds, and swellings, it will form the vulva in the female.

In the male, the developing penis forms a groove along its entire underside.  The ventral margins of this groove fuse to form the penile portion of the urethra.  The portion of the urethra between the neck of the bladder and the opening of the urogenital sinus becomes the prostatic urethra.  The female urethra does not extend beyond the urogenital sinus.

About the time the cloacal membrane ruptures, the separation of the cloaca anus and urogenital sinus is complete.  As the urogenital sinus is lengthened, it is added to the allantois.   The mesonephric ducts empty into this sinus.  The allantois begins to dilate to form a urinary bladder.  The neck of the bladder forms from tissue that was part of the cloaca.  The end of the mesonephric duct begins to be absorbed into the bladder wall.

The prostate and cowper’s glands found in the male develop from the urethral epithelium derived from the urogenital sinus.  The vas deferens in the male will fuse with the urogenital sinus, which forms in turn the urethra between the bladder and the penis.

W is for Woman:

Humans are language-using creatures.  An embryo does not have human status until it is named and is recognized and recognizes its mother, until it has status in a language using community.  The early embryo has less intelligence and personal status than a tapeworm.  The fetus never develops the intelligence and personality of a rat or a mouse, even in the late stages of development.  Until the second month, the embryo does not even resemble a human.  It is a blob of tissue with a tail and no eyes.  Its face resembles a worm or an alien more than it resembles a human.

The status of the embryo should be decided by its mother and by no one else.  Until born the embryo should not be given human status unless its mother gives it human status.  Woman’s rights advocates have biology on their side.  If it is wrong to kill human embryos, it is wrong to kill fish and chickens.  Fish and chickens have more intelligence, more consciousness, and personality.

What right has anyone to take the life of a fish, of a bird?  Why does this blob of cells have more status than the sea urchins and chicken embryos it so closely resembles?  Only because it is valuable to its mother.  The women’s rights advocates are quite correct.  Until born the embryo is part of the mother’s body.  No one should have any say in what becomes of it other than the woman that owns the womb that nurtures it.  It is either that, or stop killing fish and chickens and cows.  Unless you are a total animal rights freak, there is no good basis for not killing embryos.

X is for Xenografting:

The transplanting of tissues is an important method in the study of embryology.  Transplants made within the same embryo are autografts.  Transplants between species are heterographs.  Transplants between orders are xenographs.

A nucleus has been transplanted from a cell in the intestine of a frog into an egg with an inactivated nucleus.  An adult frog developed from this egg.

Studies of this kind have demonstrated that certain structures act as inducers of activity in other structures.  Chemical gradients are present in the embryo that respond to inducers. The genes in the nucleus of the cell code for the proteins that are needed to generate these gradients and respond to them.

The activation and deactivation of these genes and proteins is the physiological background that provides the basis for the changes that emerge in the chemistry and structure of the developing embryo.

Experiments have demonstrated that induction takes place without direct contact if chemical exchanges are allowed.  The capacity of the organizer to induce neural plate formation transcends species.  A secondary neural tube can be induced in a chick embryo using a xenograft from a rabbit embryo.  The critical role of the dorsal lip of the blastula and the chordamesoderm as organizers has been demonstrated time and time again in different Vertebrates.

Y is for Yolk:

The yolk gradually is enclosed by membranes that are formed in the embryo itself.  The extraembryonic membranes form as extensions of the blastodisc.  Each membrane is a combination of two tissue types.  Mesoderm and endoderm combine to form the yolk sac.  The yolk sac provides nutrition to the developing reptile or bird embryo.  The endodermal cells digest the yolk; blood vessels in the mesoderm carry the digested food back to the embryo.

As mammals evolved, they changed from egg laying creatures totally dependent upon the yolk as a source of food, to creatures that retained the egg within the oviduct long enough to nurture it.  Gradually the base of the oviducts evolved into a uterus.  Gradually the yolk sac was replaced by a placenta as the source of food for the embryo.  Gradually the yolk sac contained less and less yolk.

The embryo of birds and reptiles begins as a flattened ball of cells resting on the mass of yolk.  The embryo of amphibians forms a blastula with lots of yolk at the vegetal pole.  The sea urchin egg does not have that much yolk and cleaves uniformly producing cells of uniform size.  The frog egg does not cleave uniformally because of the great amount of yolk in the cells as the vegetal pole.  The result is an amphibian blastocoel that is small and off center.  The evolutionary changes by which the blastula will be converted into a disc floating on a mass of yolk is visible when comparisons are made in the anatomy of the embryo in the Vertebrates.  Embryology does support Darwin.

Z is for Zygote:

An embryo develops from a fertilized egg, from a Zygote.  That egg has already laid down the basic chemical gradients that will control the differentiation of the embryo.  Early development is largely controlled by the genes of the mother that were responsible from laying down these chemical patterns.  Only gradually do the father’s genes begin to influence development.  This is why paternal genes may not show up in children but in grandchildren.  Recessive genes are not the only reason that genetic effects may skip generations.

Male children will be more like their mothers because they get their X chromosome from their mother.  They get all of their cytoplasm and mitochondria from their mother.  Their mother’s cytoplasm controls the early differentiation of their embryo.  These influences are also working in female children.  Since females get an X chromosome from their father, there is a small increase in the relative genetic contribution of the male.  

It is not till a man has daughters and granddaughters that he begins to see the full effects of his genes.  Their male children may seem to be throwbacks to him, not just because of dominant recessive genetic relationships, but also because this is the first chance for his genes to influence the development of early embryonic gradients in a male offspring.  

A male’s cytoplasmic genes are those of his mother.

