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CHAPTER 1

What is Reproduction?
Reproduction is the biological process by which 

new organisms known as the offsprings are produced by their 
parents.

The ability to reproduce is a defining feature of all living 
organisms. Through reproduction, genes are passed to a new 

generation.



Asexually
Mitosis

A single parent can 
give rise to the 
offspring.

Sexually
Meiosis
Two parents (male and 
female) are required to 
give rise to the 
offspring.

Reproductive 
strategies



Asexually – Mitosis
Binary Fission -- Bacteria
Budding -- Echinodermata and hydra
Parthenogenesis – Reptile (lizard)
Fragmentation – Starfishes

(natural selection)

Sexually – Meiosis: Two parents (        ) are required to give rise to the offspring.

(natural selection + sexual selection)

 Fitness to Survive



Natural selection is the differential survival and 
reproduction of individuals due to differences 
in phenotype. It is a key mechanism of evolution, 
the change in the heritable traits characteristic of 
a population over generations.

Charles Darwin popularised the term "natural 
selection", contrasting it with artificial selection, 
which is intentional, whereas natural selection is 
not.

https://en.wikipedia.org/wiki/Phenotype
https://en.wikipedia.org/wiki/Evolution
https://en.wikipedia.org/wiki/Heredity
https://en.wikipedia.org/wiki/Population
https://en.wikipedia.org/wiki/Charles_Darwin
https://en.wikipedia.org/wiki/Selective_breeding




Sexual Reproduction

Each new individual receives its chromosomes in two 

equal portions: 

half carried in a male gamete, the spermatozoon (see 

Chapter 6), and 

half in a female gamete, the oocyte (see Chapter 8). 

These gametes come together at fertilization (see 

Chapter 11) to form the genetically novel zygote.



Sexual Selection
One biological sex chooses mates of the other sex to mate with (intersexual selection), 

and compete with members of the same sex for access to members of the opposite sex 

(intrasexual selection). 

These two forms of selection mean that some individuals have greater reproductive 

success than others within a population, for example because they are more attractive or 

prefer more attractive partners to produce offspring. 

Successful males benefit from frequent mating and monopolizing access to one or more 

fertile females. Females can maximise the return on the energy they invest in 

reproduction by selecting and mating with the best males.

Cost of sexual selection: it involves considerable energy expenditure in locating, 

attracting and keeping a sexual partner, and also can expose both partners to increased 

risk of death – from sexual competitors or predators preying on the sexually occupied!

https://en.wikipedia.org/wiki/Biological_sex
https://en.wikipedia.org/wiki/Mate_choice
https://en.wikipedia.org/wiki/Mating
https://en.wikipedia.org/wiki/Reproductive_success
https://en.wikipedia.org/wiki/Population
https://en.wikipedia.org/wiki/Animal_sexual_behaviour
https://en.wikipedia.org/wiki/Offspring




Internal fertilization is a reproduction process 
that occurs inside the body of the female 
organism. 

This type of fertilization is mostly seen in land 
animals, birds, reptiles, and mammals. 

For internal fertilization to take place, the male 
sperm has to fuse with the female oocyte in the 
female reproductive tract.



Fertilization in mammals is internal



Oviparity versus viviparity



Female tract has evolved a dual role in 

mammals: it transports spermatozoa to the 

site of fertilization, and then nourishes the 

developing embryo. This dual role imposes 

complex functional changes on the tract, 

the subject of Chapters 9 and 10. 

Corresponding changes have evolved in the 

developing embryo to optimize its nutrition. 

These include the development of 

specialized membrane systems and 

placentae for tapping into maternal 

nutrition in the uterus. These maternal–



Viviparity involves relatively prolonged 

periods of gestation, which make major 

demands on the pregnant female, whose 

metabolism and physiology are modified to 

meet the needs of the developing embryo 

and fetus (see Chapter 14).

Pregnancy can often go wrong – a 

considerable selective cost to the species (see 

Chapters 15 and 16). 

Indeed, a major source of evolutionary 

selective pressure comes at around 



Numbers of ovarian 
germ cells during 
the life of a
human female from 
conception.



Differences between mammalian and frog 
eggs.

Frog eggs must carry with them most of 
what they need to transform into 
swimming tadpoles that can then feed 
themselves, something that they do very 
rapidly! 

Mammalian eggs in contrast gain their 
nutrients for growth from the mother: 
largely through the placenta



Fecundity (繁殖力) vs. Fertility (生育力)

Fecundity is the capability of an individual or population to produce offspring whereas fertility is 
the number of offspring produced by the population or the individual.

Fertility is the actual number of offspring produced. The individual capable of reproducing is 
known as fertile.

Fecundity is the natural ability of a person to reproduce and that depends on the health and 
availability of healthy and genetics. 

On the other hand, fertility is the number of offspring per couple in a population.

Fertility is dependent on various factors, such as lifestyle, stress, emotional and reproductive 
health, willingness, availability of a potential mating partner, and preventive measures being taken.

Fecundity is not equivalent to fertility as the translation of the ability to reproduce is further 
dependent on a number of societal, environmental, and physiological factors.



Parental care

The universal feature unique to all 

mammals, and through which they are 

named, is the production of milk from 

‘mammae’ or nipples to nurture the 

neonate (see Chapter 18).

Milk production is just one aspect of the extended period 
of parental care shown by mammals – a further energy 
investment in just a few young (see Chapter 19).

Mammals have evolved a high-investment, low-volume 



Reproductive life cycles
We are born physically and sexually immature. We 

then spend the 1st decade of our life growing and 

maturing physically and establishing an individual 

identity. Shortly thereafter, at adolescence, we mature 

sexually at puberty (see Chapter 3).

By the early- to mid-teens, we achieve the capacity to 

produce fertile eggs or sperm (see Chapters 6–11) and, in 

women, to carry a pregnancy (see Chapters 12–17). This 

reproductive capacity, or fecundity, then characterizes 

much of our adult life. 

However, there are distinct differences between men 

and women in their life-time fecundity patterns. Male 

fecundity, once achieved, persists throughout life, albeit 



Female 
fecundity is 
‘time 
limited’. 
Rates of 
fertility (red 
range) and 
childlessness 
(blue bars) by 
age of woman.

Loss of 

quality eggs

Male fecundity, once achieved, 

persists throughout life, albeit 

slowly tapering downwards with 



Generative life cycle -
- pluripotent lineage 
of germ cells 
primordial germ cells

Somatic life cycle --
pluripotent lineage of cells 
whole body

Reproductive life cycles







ECTODERM (outer layer of embryo)

ENDODERM (inner layer of embryo)

MESODERM (middle layer of embryo)

• Epithelial lining of digestive tract and associated organs
(liver, pancreas)

• Epithelial lining of respiratory, excretory, and reproductive tracts
and ducts

• Thymus, thyroid, and parathyroid glands
•Germ cells

• Skeletal and muscular systems
• Circulatory and lymphatic systems
• Excretory and reproductive systems (except germ cells)
• Dermis of skin
• Adrenal cortex

• Epidermis of skin and its derivatives (including sweat glands,
hair follicles)

• Nervous and sensory systems
• Pituitary gland, adrenal medulla
• Jaws and teeth



Somatic cell nuclear transfer (SCNT) is also known as ‘reproductive cloning”; Dolly Sheep ((see 

Chapters 21 and 22)! The same chromosomal and genetic composition (give or take a few atypical cells) and, 
moreover, all these genes are functionally competent. We know this because you can take a nucleus from an adult somatic 
cell and inject it into an enucleated oocyte, where it can then direct the formation of a new individual.



The epigenetic cycle

All cells have an identical 

genetic make up, how do cells 

from the pluripotent lineage 

differ from somatic cells? 



Humans have between 20 000 and 25 000 genes. 

Our genes, through their code of DNA 

triplets, encode proteins and it is proteins 

that largely make us who we are – genotype 

encodes phenotype.

However, only a restricted subset of genes is expressed in any 
one cell, and that subset is characteristic for each cell type at 
particular times in its life cycle. Thus, muscle, nerve, skin and gut 
cells each express different combinations of genes.



They differ in 3 ways:
1. They differ in the pattern of chemical modification to certain cytosine bases in the 

DNA, lacking methyl groups that are present on non-expressing genes: changes in 
the DNA methylation patterns (Figure 1.7a).

2. They are wrapped up in a distinctive subset of associated proteins called histones
that give the chromatin a distinctive looser euchromatin structure.

3. These histones themselves show characteristic patterns of post-translational 
modification by acetylation, methylation, etc. (Figure 1.7b).

These three processes are each the result of epigenetic influences (from epi = outside 
of the genes), which are so called because they do not affect the genetic code itself 
(which would be a genetic change), but only the gene organization in ways that affect 

the capacity of those genes to be expressed (Figure 1.7c).





The pluripotent germ cell lineage are 

characterized by quite distinctive 

epigenetic patterns from those in non-

pluripotent somatic cells.

How this distinctive cycle of epigenetic 
patterning is controlled is the subject of 

intense study.





These pluripotent cells can now 

be isolated and persuaded to 

grow indefinitely in vitro as 

embryonic stem cells (ESCs). 

ESCs, given their pluripotency, 

have medical promise as sources 

of repair for damaged tissues 

(see Chapters 21 and 22).



The 
reproductiv

e body



Human female oocyte and the male 

spermatozoon:

Human male (Figure 1.8) develops obvious 

external genitalia and a system of 

internal ducts and glands that conveys 

the spermatozoa in seminal fluid from 

the testis to the penis and thence 

reproductively to the vagina (see Chapters 

7 and 10).

Female develops less prominent external 

genitalia (see Chapters 9 and 10), but has an 

internal system of ducts that 

accommodate the erect penis and its 

ejaculated spermatozoa and transport some 

of them through the cervix and uterus 

to the oviduct (or fallopian tube).

The oviduct is the site of fertilization, but the fertilized oocyte 
must then pass back to the uterus to implant and gestate until 
delivery through the cervix and vagina (see Chapters 11–17).



The basic anatomical differences between men and 

women are rooted in their different reproductive 

roles. In addition to the production of different 

gametes, each gonad also has a distinctive pattern of 

hormone production, notably of the sex steroid 

hormones.
However, the sex steroids do not act alone but in 

conjunction with a range of other hormones as 

well as with the nervous system. 

Key hormones amongst these are the 

gonadotrophins and prolactin, large 

proteinaceous hormones produced by the pituitary 

gland, and some smaller hormones produced by the 

hypothalamus – oxytocin, gonadotrophin 

releasing hormone (GnRH), and prolactin 



Brain, 
Hypothalamu

s and 
Pituitary





Textbook FIGURE 1–16.
The axes of the central nervous system are illustrated for the rat (A), an animal whose central nervous system is organized in a linear fashion, and the 
human (B), whose central nervous system has a prominent flexure at the midbrain. (Reproduced with permission from Martin JH. Neuroanatomy: Text 
& Atlas, 2nd ed. Stamford, CT: Appleton & Lange; 1996.)











HYPOTHALAMUS

Pituitary



FIGURE 9–1
Midsagittal section 
through the 
diencephalon.













Vasopressin (antidiuretic hormone; ADH)
Oxytocin (OT)

Magnocellular 

neurosecretory 

system



CRH, corticotropin-releasing hormone; 

TRH, thyrotropin-releasing hormone; 

GnRH, gonadotropin-releasing hormone; 

GRH, growth hormone-releasing hormone; 

GIH, growth hormone-inhibiting hormone; 

PRH, prolactin-releasing hormone; 

PIH, prolactin-inhibiting hormone 

(dopamine)

Parvocellular

neurosecretory 

system



Protein and 
Peptide 

Hormones



Effects of hypophyseotropic hormones on the secretion of anterior pituitary hormones. 

CRH, corticotropin-releasing hormone; 

TRH, thyrotropin-releasing hormone; 

GnRH, gonadotropin-releasing hormone; 

GRH, growth hormone-releasing hormone; GIH, growth hormone-inhibiting hormone; 

PRH, prolactin-releasing hormone; PIH, prolactin-inhibiting hormone. 



Anterior pituitary hormones. 

ACTH, adrenocorticotropic hormone; 

TSH, thyroid-stimulating hormone; 

FSH, follicle-stimulating hormone; 

LH, luteinizing hormone; 
(In women, FSH and LH act in sequence on the 

ovary to produce growth of the ovarian follicle, 

ovulation, and formation and maintenance of the 

corpus luteum. 

In men, FSH and LH control the functions of the 

testes) 

Prolactin;

GH, growth hormone;





Leydig cells

Human Anatomy

Marieb & Mallatt

3rd Edition, 2001

Testosterone



Steroid Hormones











Reproductive messengers



Sex steroid receptors
Whether or not a particular steroid 

affects a tissue, and how it affects it, 

depends mainly on whether that tissue 

expresses a steroid receptor.
Steroids, being lipid soluble, can pass freely 

into a target cell nucleus to combine with 

an intranucleoplasmic receptor, 

thereby activating it.

This steroid–receptor complex, but not the steroid or 

receptor alone, can then bind to specific DNA 

sequences in the chromatin: the so-called acceptor 

sites or steroid response elements (SREs) specific for 

each steroid (e.g. ARE, PRE and ERE for androgens, 



Leydig cells

Human Anatomy

Marieb & Mallatt

3rd Edition, 2001

Testosterone



The measurement of variation 

in hormone levels alone will 

not provide an adequate basis 

for understanding 

reproductive function. The 

receptor profile must 

also be known.



Signaling Pathways



Somatomammotrophic polypeptides, which exert pervasive 

effects on tissue growth and function, including 

effects on the mammary gland. 

The three main members all evolved from a single 

ancestorial gene through duplication and  

modification, and so are structurally and 

functionally related: 

prolactin (PRL; Box 1.3), 
placental lactogen (PL; also called placental somatomammotrophin) 

and 

growth hormone (GH; also called somatotrophin). 

Each consists of a single polypeptide chain. 

PRL and PL are particularly concerned with lactation, 

GH plays a role in puberty, and a placental variant 





Biosynthetic pathway 
(from top downwards) and 
molecular structures of the 
catecholamines: dopamine, 
noradrenaline and 
adrenaline.

Prolactin Inhibitory 
Hormone

Melatonin



GnRH is a decapeptide derived by cleavage from a larger precursor called prepro-GnRH. The upper blue bar shows the
structure of the human cDNA for prepro-GnRH (molecular weight 10 000), which comprises the decapeptide GnRH preceded 
by a signal sequence of 23 amino acids and followed by a Gly–Lys–Arg sequence necessary for enzymatic processing and 
C-terminal amidation of GnRH



Oxytocin, like GnRH, is also derived 
from a larger precursor (a) consisting of 
(central yellow bar): a leader sequence (S);
the oxytocin nonapeptide sequence (OT); 
a Gly–Lys–Arg linker sequence, 
serving the same function as described for 
GnRH in the legend to Figure 1.18, and a 
neurophysin sequence.







Endocrine
Exocrine
Paracrine
Autocrine
Juxtacrine





SEE YOU AROUND! 


