
34 
 ______________________________________________________________________________________________________   

REPRODUCTION  
AND DEVELOPMENT 
 
 
 
 
Lecture Outline 

 I. From Frog to Frog and Other Mysteries 
  A. We know the stages in frog reproduction: zygote, ball of cells, differentiation, tadpole, adult. 
  B. But what do we know about the complex hidden events of reproduction and development? 
 

 II. The Beginning: Reproductive Modes 
  A. There are two basic types of animal reproduction: 
   1. Sexual reproduction permits adaptation through variation but is biologically costly because 

the sexes are separate; animals must produce gametes and must find each other (usually) for 
fertilization to occur. 

   2. Asexual reproduction by budding (example: sponge) results in offspring identical to the 
parents; this is a useful strategy in stable environments. 

  B. Difficulties must be overcome by animals that achieve reproductive success with separate sexes. 
   1. Reproductive timing must allow for male and female gametes to be available at nearly the 

same time. 
    a. Sensory structures and hormonal controls must be precise in both parents. 
    b. Seasonal cues and behavioral patterns must evoke a suitable response in both sexes. 
   2. It is a challenging task to find and recognize a potential mate of the same species. 
    a. Chemical signals and body color/patterns are useful. 
    b. Males spend much energy in performing elaborate courtship rituals. 
   3. Fertilization also comes at a cost with separate sexes. 
    a. External fertilization in water requires large numbers of gametes. 
    b. Internal fertilization requires an investment in elaborate reproductive organs, including 

the penis, to transfer sperm to the female. 
   4. Energy is set aside for nourishing some number of offspring. 
    a. Those eggs with little yolk must develop larval stages quickly. 
    b. Others, such as birds, have adequate food reserves for a more lengthy development within 

the shell. 
    c. Some eggs, such as those of humans, have no yolk; the embryo must be nourished with 

energy molecules drawn from the mother. 
  

 III. Stages of Development—An Overview 
  A. Gamete formation: eggs or sperm form and mature within the parents. 
  B. Fertilization begins when a sperm penetrates an egg and is completed when the sperm nucleus 

fuses with the egg nucleus, resulting in formation of the zygote. 



  C. Repeated mitotic divisions—cleavage—convert the zygote to a blastula; cell numbers increase 
but not cell size. 

  D. Gastrulation results in three germ layers, or tissues: 
   1. Ectoderm is the outer layer; it gives rise to the nervous system and the outer layers of the 

integument. 
   2. Endoderm is the inner layer; it gives rise to the gut and organs derived from it. 
   3. Mesoderm is the middle layer; muscle, organs of circulation, reproduction, excretion, and 

skeleton are derived from it. 
  E. Organ formation begins as germ layers subdivide into populations of cells destined to become 

unique in structure and function. 
  F. During growth and tissue specialization, organs acquire specialized chemical and physical 

properties. 
 

 IV. A Visual Tour of Frog and Chick Development 
  [This section consists entirely of a two series of photographs: (a) the embryonic development of the 

frog, and (b) the onset of organ formation in the chick up to 72 hours] 
 
 V. Early Marching Orders 

  A. Information in the Egg Cytoplasm 
   1. The sperm contributes little more than the paternal DNA. 
   2. The oocyte contains the majority of materials that will affect early development. 
    a. RNA transcripts will be translated into proteins that are used in chromosome replication. 
    b. Ribosomal subunits necessary for protein synthesis are stockpiled. 
    c. Microtubules will influence the division orientation during cleavage. 
   3. The position of the nucleus will identify the animal pole (closest) and vegetal pole (opposite), 

where yolk will accumulate. 
   4. The amount and distribution of yolk dictate the cleavage planes and resulting spatial positions 

of the resulting cells. 
  B. Reorganization of the Egg Cytoplasm at Fertilization 
   1. Penetration of the egg by the sperm triggers a structural reorganization in the egg cytoplasm. 
   2. Microtubules move granules from the animal pole to form a gray crescent near the equator 

opposite the penetration site. 
   3. Near the crescent, the body axis of the frog embryo will become established and gastrulation 

will begin. 
  C. Cleavage 
   1. Repeated mitotic divisions of the zygote produce many cells that are not necessarily larger but 

differ in size, shape, and activity. 
    a. Cytoplasmic determinants, such as proteins and RNA, in the oocyte help determine the 

future shape and arrangement of body parts. 
    b. Simply by their cytoplasmic location, daughter cells produced during cleavage end up at 

certain places in the cytoplasm near these determinants. 
   2. One of the earliest recognizable stages is the blastula. 
    a. In sea urchins, this is a hollow single-layered sphere enclosing a space, the blastocoel. 
    b. In amphibians, the blastocoel is restricted to the animal pole because the yolk at the 

vegetal pole impedes cleavage. 
    c. In reptiles and birds, the cleavage is restricted to a tiny, caplike region at the animal pole. 
    d. In mammals, an inner cell mass (future embryo) forms on the inside of a hollow sphere; 

the early embryo is called the blastocyst . 
  D. Gastrulation 
   1. Gastrulation results in very little increase in size but does involve dramatic rearrangements 

of cells. 
    a. In sea urchins, there is an inward migration resulting in the gut. 
    b. In vertebrate embryos, rearrangements result in formation of the neural tube, which 

defines the long axis of the body and is the forerunner of the brain and spinal cord. 



   2. The greatest significance of gastrulation is the establishment of the internal (gut), inter-
mediate (movement, support, blood circulation), and surface (integument) regions of the 
body. 

 
 VI. How Specialized Tissues and Organs Form 

  A. Cell Differentiation 
   1. All differentiated cells have the same number and kind of genes, but through controls on the 

expression of those genes some cells produce proteins not found in other cells. 
   2. Experiments have shown that the differentiated cell has not lost any of its original genetic 

information because it can still direct differentiation if placed in the necessary environment. 
   3. The production of identical twins from the two cells produced by the first cleavage is elegant 

proof of the retention of full genetic composition after mitosis. 
  B. Morphogenesis 
    1. Morphogenesis is the organization of differentiated cells into tissues and organs; it is the 

result of several events. 
   2. In active cell migration, cells move by pseudopods projecting from the cell body; this is seen 

in the establishment of neural networks. 
    a. Cells are guided in their movement by following chemical gradients. 
    b. Cells also respond to adhesive cues provided by recognition proteins at the surface of 

other cells. 
   3. Localized growth  contributes to changes in sizes, shapes, and proportions of body parts, 

probably the result of regulatory genes. 
   4. Controlled cell death is genetically programmed elimination of tissues and cells that are used 

for only short periods in the embryo or adult. 
  C. Pattern Formation 
   1. Pattern formation refers to the specialization of tissues and their orderly positioning in space. 
    a. Embryonic induction is the name for this selectively induced gene expression during 

development. 
    b. Researchers have recently identified a class of signaling molecules called morphogens 

that serve as inducers. 
   2. Certain genes that control the developmental responses of groups of cells along the body's 

anterior-posterior axis lie in a parallel sequence in the chromosomes. 
    a. Homeobox genes control blocks of genes necessary for pattern formation. 
    b. "Fate maps" of a Drosophila  zygote shows where each kind of differentiated cell in the 

forthcoming body segments originates. 
    c. Experiments with mutated homeobox genes showed that fruit flies could produce legs on 

the head where antennae should be! 
 

 VII. Reproductive System of Human Males 
  A. Where Sperm Form 
   1. The testes reside in the scrotum, which is a few degrees cooler than body temperature for 

proper sperm development. 
   2. Each testis is divided into about 300 lobes, each of which contains two or three seminiferous 

tubules where sperm are continuously formed beginning at puberty. 
  B. Where Semen Forms 
   1. Sperm move from a testis ——> epididymis (for maturation and storage) ——> vas deferens 

——> ejaculatory ducts —— urethra (located inside the penis). 
   2. The sperm-bearing fluid—semen—is formed by secretions from the seminal vesicles 

(fructose and prostaglandins) and the prostate (buffers against acidic vagina). 
   3. The bulbourethral glands secrete a mucus-rich fluid into the vagina during sexual arousal. 
  C. Cancers of the Prostate and Testis 
   1. There are about 40,000 deaths per year of older men due to prostate cancer. 
   2. There are about 5,000 cases of testicular cancer each year in the United States. 
   3. Routine examination and tests are necessary to detect these subtle cancers. 



 
 VIII. Male Reproductive Function 

  A. Sperm Formation 
   1. Diploid spermatogonia undergo mitosis ——> primary spermatocytes, which undergo 

meiosis I ——> haploid secondary spermatocytes, which undergo meiosis II ——> haploid 
spermatids ——> mature sperm. 

   2. Sertoli cells in the tubule provide nourishment and chemical signals to the developing sperm. 
   3. Each sperm has a head (nucleus and acrosome), midpiece (mitochondria), and tail 

(microtubules). 
  B. Hormonal Controls 
   1. Testosterone, produced by Leydig cells located between the lobes in the testes, stimulates 

spermatogenesis, the formation of reproductive organs and secondary sex characteristics, and 
helps to develop and maintain normal (or abnormal?) sexual behavior. 

   2. Luteinizing hormone (LH) is released from the anterior pituitary (under prodding by GnRH 
from the hypothalamus) and stimulates testosterone production. 

   3. GnRH also causes the pituitary to release FSH, which stimulates the production of sperm, 
beginning at puberty. 

 
 IX. Reproductive System of Human Females  

  A. The Reproductive Organs 
   1. The egg is released from the ovary ——> oviduct ——> uterus (zygote will implant in its 

lining, the endometrium). 
   2. The lower part of the uterus is the cervix, which extends into the vagina, which in turn leads 

to the outer vulva (labia majora, labia minora, and clitoris). 
  B. Overview of the Menstrual Cycle 
   1. Most female mammals follow an estrous cycle; humans and other primates have a menstrual 

cycle (there is no relationship between heat and fertility). 
   2. During each cycle an oocyte matures and escapes from the ovary and (if it is fertilized) may 

implant in the endometrium; if there is no implantation, the uterine lining is sloughed at the 
end of each cycle of (approximately) 28 days. 

   3. There are three major phases in the menstrual cycle: 
    a. In the follicular phase, there is menstrual flow, endometrial breakdown and rebuilding, 

and maturation of the oocyte. 
    b. Ovulation  is the rather quick release of the oocyte from the ovary. 
    c. During the luteal phase , the corpus luteum forms and the endometrium is primed for 

possible pregnancy 
   4. FSH and LH stimulate the ovaries to secrete estrogens and progesterone, which in turn 

promote changes in the endometrium (which may grow outside the uterus in a condition 
known as endometriosis). 

 
 X. Female Reproductive Function 

  A. Cyclic Changes in the Ovary 
   1. At birth about 2 million immature eggs (oocytes) are already present and arrested in meiosis 

I. 
   2. Of the approximately 300,000 oocytes still present at age seven, only about 400- 500 will 

mature in a lifetime. 
   3. The follicle consists of a layer of cells (granulosa) surrounding the primary oocyte; the 

granulosa cells gradually deposit a layer of material (zona pellucida) around the follicle. 
    4. During the menstrual cycle, one oocyte resumes meiosis I to form a secondary oocyte and a 

polar body (both haploid). 
   5. At about midcycle, there is a surge of LH that causes ovulation—the release of the secondary 

oocyte. 
  B. Cyclic Changes in the Uterus 



   1. During the first half of the cycle, the hypothalamus signals the anterior pituitary to release LH 
and FSH, which in turn stimulate the ovary to secrete estrogen. 

   2. The corpus luteum persists for about twelve days following ovulation, secreting progesterone 
that inhibits further FSH and LH secretion. 

   3. If fertilization does not occur, the corpus luteum degenerates, progesterone and estrogen 
levels fall, and FSH and LH are again secreted to begin another cycle. 

 
 XI. Visual Summary of the Menstrual Cycle 
  [This section consists of an excellent diagram depicting the sequential events of the menstrual cycle.] 
 
 XII. Pregnancy Happens 

  A. Sexual Intercourse 
   1. In male sexual arousal, the spongy tissue spaces inside the penis become filled with blood to 

cause an erection. 
   2. During coitus, mechanical stimulation of the penis causes involuntary contractions that force 

semen out and into the vagina. 
   3. Ejaculation in the male, and similar contractions in the female, are termed orgasm. 
  B. Fertilization 
   1. Of the 150 million to 350 million sperm deposited in the vagina during coitus, only a few 

hundred ever reach the upper region of the oviduct where fertilization occurs. 
   2. Only one sperm will successfully enter the cytoplasm of the secondary oocyte after digesting 

its way through the zona pellucida. 
    a. The arrival of that sperm stimulates the completion of meiosis II, which yields a mature 

ovum. 
    b. The sperm nucleus fuses with the egg nucleus to restore the diploid chromosome number. 
 

 XIII. Formation of the Early Embryo 
  A. Pregnancy lasts an average of 38 weeks. 
   1. Embryo formation takes about two weeks. 
   2. The embryonic period lasts from the third to the end of the eighth week. 
   3. The fetal period extends from the eighth week until birth. 
  B. Early Cleavage and Implantation 
   1. During the first few days after fertilization, the zygote undergoes repeated cleavages as it 

travels down the oviduct. 
   2. By the time it reaches the uterus, it is a solid ball of cells (morula), which is transformed into 

a blastocyst. 
    a. Before the first week ends, the human blastocyst contacts and adheres to the uterine 

lining. 
    b. The inner cell mass of the blastocyst is transformed into an embryonic disk that will 

develop into the embryo proper within the next week. 
  C. Extraembryonic Membranes  
   1. The membranes and their functions are: 
    a. The amnion is a fluid-filled sac that keeps the embryo from drying out and acts as a shock 

absorber. 
    b. The yolk sac  becomes a site for blood cell formation. 
    c. The chorion, a protective membrane around the embryo, forms a portion of the placenta 

and secretes a hormone (human chorionic gonadotropin) that maintains the uterine 
lining after implantation. 

    d. The allantois  does not function in waste storage (as it does in birds) but is active in blood 
formation and formation of the urinary bladder. 

   2. Cells of the blastocyst secrete the hormone HCG, which stimulates the corpus luteum to 
continue the secretion of estrogen and progesterone. 

 
 XIV. Emergence of the Vertebrate Body Plan 



  A. By the third week of development, a two-layered disk consisting of ectoderm and endoderm has 
formed. 

   1. The "primitive streak", a forerunner of the neural tube from which the brain and spinal cord 
will form, has appeared. 

   2. Some cells also form the notochord, from which the vertebrae will form. 
  B. Toward the end of the third week, mesoderm has developed and is giving rise to somites—

segments of bones and skeletal muscles. 
 



 XV. On the Importance of the Placenta 
  A. The placenta is a combination of endometrial tissue and embryonic chorion. 
  B. Materials are exchanged from blood capillaries of mother to fetus, and vice versa, by diffusion; 

the maternal blood and fetal blood do not mix! 
 

 XVI. Emergence of Distinctly Human Features 
  A. By the end of the fourth week the embryo has embarked on an intricate program of cell 

differentiation and morphogenesis, including development of limbs, circulation, and umbilical 
cord. 

  B. The second trimester encompasses months four, five, and six; the individual is now called a fetus; 
the heart is beating; fuzzy hair (lanugo) covers the body. 

  C. The third trimester extends from month seven until birth; the earliest delivery in which survival 
on its own is possible is the middle of this trimester. 

 
 XVII. From Birth Onward 

  A. Giving Birth and Nourishing the Newborn 
   1. Birth begins with contractions of the uterine muscles; the cervical canal dilates, and the 

amniotic sac ruptures. 
   2. The fetus is expelled accompanied by fluid and blood; the umbilical cord is severed; finally the 

placenta is expelled. 
   3. The mammary glands first produce a special fluid for the newborn; then, under the influence 

of prolactin, they produce milk. 
   2. Oxytocin is released in response to suckling and further increases the milk supply. 
  B. Postnatal Development, Aging, and Death 
   1. The stages of postnatal development are: newborn (first two weeks) ——> infant (2 weeks to 

15 months) ——> child (to 12 years) ——> pubescent (individual at puberty) ——> 
adolescent (from puberty to 3–4 years later) ——> adult. 

   2. Aging is the progressive cellular and bodily deterioration built into the life cycle of all 
organisms. 

    a. Some experiments indicate that cells have a limited division potential (is this the cause or 
the result of aging?). 

    b. Perhaps aging is loss of the capacity for DNA self-repair, or perhaps autoimmune 
responses intensify over time, producing increased vulnerability to disease and stress. 

 
 XVIII. Control of Human Fertility 

  A. Some Ethical Considerations 
   1. When does development begin? When does life begin? 
   2. What about overpopulation compared to available resources? 
   3. What about the consequences of unwanted pregnancies? 
  B. Birth Control Options 
   1. Abstention is most effective but unrealistic. 
   2. In the rhythm method, there is no intercourse during the days when an egg is capable of being 

fertilized. 
   3. Withdrawal before ejaculation would seem to be effective but is not. 
   4. Douching is similarly ineffective due to the speed with which sperm enter the uterus. 
   5. Surgery to cut and tie the oviducts (tubal ligation) or vas deferens (vasectomy) is effective and 

generally considered an irreversible method to prevent sperm and egg union. 
   6. Spermicidal foam and jelly are toxic to sperm but not reliable unless used in combination with 

a barrier device. 
   7. A diaphragm fits over the cervix and prevents entry of sperm into the uterus. 
   8. Condoms prevent sperm deposition in the vagina but must be used with care. 
   9. The Pill contains synthetic female hormones and prevents ovulation when taken faithfully 

according to directions. 



   10. RU-486, the "morning-after pill" intercepts pregnancy by blocking fertilization or preventing 
implantation. 

 
 
 


