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Animal Development
Lecture Outline

I. Development includes all the changes that take place during the entire life of an individual

A. After fertilization the zygote divides by mitosis, forming an embryo

B. Differentiation causes cells to specialize, and differential gene expression is responsible for variations in chemistry, behavior, and structure among cells

II. Fertilization has genetic and physiological consequences

C. Fertilization is the union of a sperm and an ovum to form a zygote

1. Fertilization determines the sex of the offspring in mammals and many other animals

2. Fertilization stimulates changes in the egg that allow development

3. Fertilization may be divided into four steps

D. The first step in fertilization involves contact and recognition

1. The plasma membrane of the sea urchin egg is surrounded by the vitelline layer and the thicker, outer jelly coat (zona pellucida in mammals)

2. The acrosome reaction is the release of proteolytic enzymes from the acrosome of the sperm, which digest a path through the external coverings

3. If sea urchin gametes are of the same species, binding on the acrosome adheres to a specific receptor on the vitelline membrane

4. In mammals, sperm must undergo capacitation, which is a maturation process that occurs in the female reproductive tract

E. Sperm entry is regulated (the following description applies to sea urchins)

1. The microvilli of the egg membrane form a fertilization cone

a) The sperm is drawn into the cone

b) The plasma membranes of the gametes fuse

2. The fast block to polyspermy involves an electrical change in the egg plasma membrane, preventing additional sperm from entering

3. The slow block to polyspermy (the cortical reaction) involves depolarization of the egg plasma membrane due to calcium ion release

4. The vitelline membrane forms a fertilization envelope in some animals at this point (in mammals, the zona pellucida undergoes changes that prevent entry of additional sperm)

F. Fertilization activates the egg

1. The release of calcium ions also triggers metabolic changes

a) Protein synthesis is triggered 

G. Sperm and egg pronuclei fuse

1. The sperm nucleus is propelled to the egg nucleus by microtubules

During cleavage the zygote divides, giving rise to many cells

H. The ovum contributes the majority of the zygote cytoplasm

1. Both gametes contribute equal numbers of chromosomes

2. Cleavage is a series of rapid mitotic division not accompanied by significant cell growth

3. The zygote forms a two celled embryo, and continues divisions–to form a ball of 32 cells called the morula

4. The morula continues divisions to form the hollow blastula

a) The cells are called blastomeres

b) The cavity of the blastula is the blastocoel

I. The pattern of cleavage is affected by the yolk

1. Isolecithal eggs have a uniform yolk distribution

a) Simple chordates and most invertebrates have isolecithal eggs

b) Isolethical eggs typically have holoblastic cleavage

c) Radial cleavage is typical of deuterostomes

d) Spiral cleavage is typical of protostomes

2. Telolethical eggs have much yolk concentrated at the vegetal pole of the egg

a) Eggs of reptiles and birds are highly telolethical

b) The more metabolically active end of the cell is the animal pole

c) Cell division takes place in the blastodisc (meroblastic cleavage)

d) In birds and some reptiles, the blastodisc splits into the epiblast and hypoblast, separated by the blastocoel

J. Cleavage may distribute developmental determinants

1. Cleavage provides building blocks for development

2. The unequal distribution of cytoplasm of the zygote results in blastomeres with different cytoplasmic composition

3. Mosaic development is a rigid developmental pattern

4. Regulative development is a result of homogeneous cytoplasm, and cells produced by cleavage are equivalent

5. Most animals have developmental patterns somewhere between these two extremes

6. The cytoplasm may separate into an area of lighter and darker material; the gray cytoplasm in amphibians is called the gray crescent

a) Cells developing from the area of the gray crescent become the dorsal portion of the embryo

K. Cleavage provides building blocks for development

1. Cleavage divides the zygote into many small cells that serve as the building blocks for later development

2. At the end of cleavage, cells that make up the blastula begin to move about, and surface proteins help cells recognize each other

The germ layers form during gastrulation

L. The gastrula is a three-layered embryo

1. The layers are germ layers:  the endoderm, mesoderm, and ectoderm

M. The pattern of gastrulation is affected by the amount of yolk

1. The cells at the vegetal pole invaginate, initiating gastrulation

2. The opening of the archenteron is the blastopore

a) The vegetal pole invaginates and meets the opposite wall, obliterating the blastocoel

b) The archenteron is the newly formed cavity

c) The blastopore is the opening of the archenteron, and becomes the anus in deuterostomes

3. In birds, the epiblast cells form the primitive streak, with the primitive groove serving as the functional equivalent of the blastopore

a) No archenteron is formed

b) Hensen’s node is the site of cells that will form the notochord

III. Organogenesis begins with the development of the nervous system

N. The nervous system is the first organ system to develop

1. The notochord grows and induces the overlying ectoderm to form the neural plate

2. Cells of the neural plate fold in to form the neural groove and the surrounding neural folds

3. The neural folds fuse, forming a hollow neural tube

4. The anterior portion forms the brain; the rest forms the spinal cord

O. The neural crest forms on either side of the point of fusion, and cells migrate to form the dorsal root ganglia, the postganglionic sympathetic neurons, many sense organs, and all pigment-forming cells

1. The trachea grows from the gut and the lungs develop from it

2. The pharyngeal pouches grow laterally from the pharynx

3. The branchial grooves meet the pharyngeal pouches and form the branchial arches, important in many structures of the head

4. The pharyngeal and branchial grooves may form the gill slits and gills in aquatic vertebrates

IV. Extraembryonic membranes protect and nourish the embryo

P. Terrestrial vertebrates have four extraembryonic membranes

1. These membranes develop from the germ layers, but are not part of the embryo and are lost at birth

Q. The chorion and amnion enclose the embryo

1. The amniotic cavity fills with amniotic fluid, which envelops the embryo and cushions it

R. The allantois is an outgrowth of the gut and stores nitrogenous wastes in reptiles and birds

The yolk sac encloses the yolk in vertebrates with yolk-rich eggs

1. In humans, there is no yolk sac, but the yolk aids in formation of red blood cells

V. Human development

S. The gestation period lasts 266 days from fertilization to birth

T. Development begins in the oviduct

1. About 24 hours after fertilization, the zygote has divided to form a 2-celled embryo

a) The embryo passes down the oviduct by cilia and peristalsis

2. The zona pellucida has dissolved by the 5th day, when the embryo enters the uterus

3. The embryo floats free for several days, nourished by fluids from glands in the uterine wall

a) At this point, it is called a blastocyst

4. The trophoblast forms the chorion and amnion

5. The inner cell mass forms the embryo itself

U. The embryo implants in the wall of the uterus

1. The embryo implants on about the 7th day of development

2. The trophoblast secretes enzymes that erode an area of the uterine wall

V. The placenta is an organ of exchange

1. The placenta is the site of nutrient, gas, and waste exchange

2. The placenta secretes hormones that maintain pregnancy

a) Trophoblast cells release human chorionic gonadotropin (hCG), which signals the corpus luteum to enlarge and produce progesterone

3. The placenta develops from the embryonic chorion and maternal uterine tissue

4. Chorionic villi are formed from the chorion and project into the endometrium

5. The umbilical cord, containing two umbilical arteries and one umbilical vein, connects the embryo and the placenta

W. Organ development begins during the first trimester

1. Gastrulation occurs during the 2nd and 3rd weeks, followed by neurulation

2. The heart beats spontaneously after 3.5 weeks

3. After the first two months of development, the products of conception are called a fetus

4. After the first trimester, the fetus can be recognized as a human, and the sexes can be differentiated

X. Development continues during the second and third trimesters

1. The fetus moves freely, and the heart can be heard with a stethoscope

2. If born at 24 weeks, the fetus has a 50% chance of survival

3. Any fetus born before 37 weeks of gestation is considered premature, but has a good chance of surviving if born after 30 weeks

More than one mechanism can lead to a multiple birth

4. Monozygotic (identical) twins arise from a single fertilized egg

a) If the resulting embryos do not completely separate, conjoined twins are formed

5. Dizygotic (fraternal) twins develop from two separate fertilized eggs

6. Triplets or other multiple births may be monozygotic or from multiple fertilized eggs

Y. Environmental factors affect the embryo

1. Prenatal development is greatly affected by anything circulating in the maternal blood

a) The embryo is most susceptible to harm during the first trimester

2. About 5% of newborns in the United States have a clinically significant birth defect, accounting for about 15% of deaths of newborns

3. Sonograms may help diagnose defects and position of the fetus(es)

Z. 
The neonate must adapt to its new environment

1. The initial breathing response of the neonate is initiated by the accumulation of carbon dioxide

2. Breathing increases blood flow through the pulmonary circuit

AA. 
Aging is not a uniform process

1. Aging results in decreased function in the organ systems 

2. Different organ systems age at different rates

AB. Homeostatic response to stress decreases during aging

1. The model of cellular aging describes the loss of ability to divide seen in older cells

a) This process may be due to the loss of the production of telomerase

2. Apoptosis, which is genetically programmed cell death, may also contribute to the changes seen during aging

Research and Discussion Topics

· Both drug-addicted babies and children affected by fetal alcohol syndrome (FAS) are an important health care issue.  Investigate the ways these drugs affect fetal development, and what long-term developmental problems may occur.  How are these neonates treated clinically?

· Vitamins are critical for the developing embryo, particularly in the first trimester.  For example, investigate the correlation between low levels of folic acid and spinal tube defects, such as spina bifida.  Do you agree with the statement that all women who might possibly become pregnant should take folic acid supplements?  How many birth defects of this type might be avoided if women took these supplements?

