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Introduction

This course looks at the human being in the context of an individual life cycle, examining some of the processes that contribute to the formation of a new person. After a brief discussion of historical ideas about human conception, and about contraception to the present day, we look at the cells involved in the conception and development of a new individual. Gamete production (that is, production of mature cells able to unite with another in sexual reproduction) in both men and women is introduced and the role gametes in fertility and, when things go wrong, infertility is explained. We then discuss the early development of a new individual, along with some thoughts on women's experience of pregnancy. 

This OpenLearn course provides a sample of Level 2 study in Science. 

Learning outcomes

After completing this course, you should be able to:

· explain the scientific basis for the main methods of contraception (Question 1) 

· list the factors affecting fertilization (Questions 2 and 5) 

· describe with the help of diagrams the early stages of embryonic development (Question 3) 

· describe the main developmental forces at work during early embryonic development (Questions 3 and 4) 

· discuss social attitudes towards fertility, and suggest how these can change with culture (including religion) and education (Questions 5 and 6). 

1 What is development?

In this course we begin to look at the human being in the context of an individual life cycle, examining some of the processes that contribute to the formation of a new person. This is the first time that many of you will have encountered this level of biological detail; we would ask that you take the time to understand it fully at this stage. We hope to show you that, far from being a dry academic subject, the study of biology allows us to glimpse a dimension of dynamic sophistication and elegance that underpins all the richness and variety of life. 

Development can be defined as the collection of processes that produce a whole new individual. From this definition you might surmise that development is a life-long process, as we never stop ‘developing’; however, for now we shall confine our discussion to the early steps of the story, beginning with the production of sex cells – eggs and sperm – which have the capacity to fuse together to form a new, unique being. The study of development has a relatively short history. Until the late 17th century it was believed that a new individual was entirely preformed in the sex cells of its male parent. Indeed, some scientists of the day claimed that by using microscopes, invented in the early 17th century, they could actually see tiny preformed people – called homunculi – in sperm cells (Figure 1a). The female was thought to act only as an oven in which the baby could grow (Figure 1b) until it was large enough to survive birth. 

Start of Figure
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Figure 1(a) Homunculi claimed to be visible in sperm.

View description - Figure 1(a) Homunculi claimed to be visible in sperm.
End of Figure
Start of Figure
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Figure 1(b) Pregnancy simplified. (From late 17th century illustrations)

View description - Figure 1(b) Pregnancy simplified. (From late 17th century illustrations)
End of Figure
However, the advent of better microscopes did not substantiate these claims, and gradually it became clear that both sperm and an egg, produced by the mother, were needed to make a baby. 

Why should we want to make babies? One view is that babies are noisy, disruptive, smelly, exhausting and expensive. They are a large drain on physical resources, especially those of their mothers. Parental input into rearing babies and children lasts a long time – until recent years, with people generally living longer than they used to, parenting was literally a lifetime's work. And yet parents generally find their children rewarding (at least sometimes). They are usually precious to them, and even the most mild-mannered parents will physically fight to protect their child. From an evolutionary point of view, it is important that we should keep on reproducing, otherwise our numbers would dwindle and our species might risk extinction. But few people, if any, embark on baby-making with this thought uppermost in their minds. Fortunately, our conscious behaviour is not dictated by this kind of evolutionary imperative: most of us have some freedom of choice, and our decisions are made by taking account of many factors in our lives, some of which may be subconscious, others overwhelmingly practical. 

Many babies, of course, just ‘come along’: the urge for sexual intercourse is very strong, and, in our society at least, has become separated from the urge to reproduce. But for those of us who have the choice of whether or not to reproduce, a majority – recently quoted as 80% of British adults – chooses to have at least one child. The reasons for this are many. 

Start of SAQ
SAQ 1

Start of Question
Q Can you think of some? 

End of Question
View answer - SAQ 1
End of SAQ
No doubt you thought of many other reasons.

Start of Activity
Start of Question
Q Make a list of the factors affecting your decision whether or not to have one or more children. Ask at least one other person to do the same, and then compare your answers. Note the points of similarity and difference between your answers. Are there any factors which are positive for one person and negative for another? Why do you think this is the case? 

End of Question
End of Activity
The factors listed by you and your friends may have included such items as not wanting to take on added responsibilities, wanting the stability of family life, not being able to afford giving up work, one's (or one's partner's) age, being in an unstable relationship, and doubtless many others. It is likely that many of the reasons given will be social rather than biological: this emphasizes our role as social, highly interactive beings with the ability to adapt our behaviour to suit our environments. 

We shall now go on to consider some of these reasons in more detail, and look at how people can choose whether to have a child. 

1.1 How has the human population grown?

For most of human history there have been relatively few people in the world. Figure 2 shows that only over the last 50 years have numbers really shot up, and that, at the turn of the century, the population reached over six billion. 

Start of Figure
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Figure 2 Estimated population of the world.

End of Figure
The size of a population depends fundamentally on just two factors: the birth rate and the death rate. When the birth rate exceeds the death rate, there will be net population growth; when the death rate exceeds the birth rate, there will be net shrinkage. When the two rates are balanced, the population remains stable. Common sense dictates that we should be aiming for a stable population which can be sustained by the Earth's limited resources. 

Start of SAQ
SAQ 2

Start of Question
Q Assume that in an ideal world every adult is in a relationship with just one other person. How many children would each couple have in order for the population to be stable? 

End of Question
View answer - SAQ 2
End of SAQ
Of course, the situation in the real world is a long way removed from this hypothetical ideal. Some people have no offspring; others have one, or two, or several. The United Nations suggests that, based on current trends, the world population will reach between 10.4 billion and 14 billion before levelling off, and eventually declining, due to famine and disease. To put this into a more understandable context, 10 billion people are twice the number who were alive in 1987. 

What factors affect the death rate of a population? Broadly speaking, the main factors are the biblical favourites war, disease and famine. These also affect the birth rate: disease and famine generally prevent successful pregnancies (see Section 4), whereas after a war there is generally an increase in birth rate. (This is allegedly due to an increased rate of sexual intercourse by couples who have been separated for long periods.) We in the developed world have been relatively uninfuenced by these factors in recent times. The wars our countries engage in are usually fought at some distance from us; most of us have more than adequate nutrition (at least quantitatively, but see below3), and modern medical science has significantly reduced the impact of disease for most of us. Yet a glance at the fertility rates of various countries shows that the rate is actually lowest among the developed countries (Table 1). 

Start of Table
Table 1 Some population statistics. This table shows various figures about the populations of some developed and developing countries. Fertility rate is an estimated measure of the rate of fertilizations, and includes numbers of live births and numbers of reported abortions; infant mortality rate is infant deaths per 11000 live births; – means data unavailable. 

	
	Population estimate mid-1993 (millions)
	Total fertility rate
	Infant mortality rate
	Life expectan cy at birth (years)
	Married women using contraceptio n (%)
	People under 15 (%)
	Literacy 1990 (male/ female) (%)
	GNP per capita 1991 (US)

	UK
	58.0
	1.8
	7.1
	76
	81
	19
	>95
	16 750

	Brazil
	152.0
	2.6
	63.0
	67
	66
	35
	83/80
	2920

	Egypt
	58.3
	4.6
	56.0
	60
	48
	39
	63/34
	620

	India
	897.4
	3.9
	91.0
	59
	45
	36
	62/34
	330

	China
	1178.5
	1.9
	53.0
	70
	83
	28
	84/62
	370

	Nigeria
	95.1
	6.6
	84.0
	53
	6
	45
	62/40
	290

	Thailand
	57.2
	2.4
	40.0
	68
	66
	29
	95/91
	1580

	Poland
	38.5
	2.0
	14.4
	71
	–
	25
	–
	1830

	USA
	258.3
	2.0
	8.6
	75
	74
	22
	>95
	22 560


End of Table
Start of SAQ
SAQ 3

Start of Question
Q Which other country shows a low birth rate? 

End of Question
View answer - SAQ 3
End of SAQ
In view of the generally high standard of health care and nutrition in the developed countries, one might expect the birth rates to be much higher than they are. Assuming that there is no problem of widespread infertility (that is, the biological inability to produce successful pregnancies), a reasonable explanation is that people are choosing to limit the size of their families, and have the education and means to be able to select both the number of their pregnancies and the intervals between them. A woman is fertile for around 40 years, and could in theory have one pregnancy each year. Yet it is unlikely that many women would bear 40 children, even in the absence of contraception, nor would many want to. 

Nevertheless, in the developing world it is common for women to have many pregnancies, giving rise to the rapid and unsustainable increase in global population. Large families are highly desirable, and sons are particularly welcome as they will be able to work to support their ageing parents, and will command dowries from their wives' families. In some Hindu communities, sons are also regarded as spiritually ‘superior’; only a man's prayers can send souls to heaven. Daughters, on the other hand, are often less welcome, as dowries will have to be found for them unless they are to remain with their parents for their adult lives. This dislike of daughters is at its most extreme in societies that practise female infanticide. 

In many developing countries, both food and medical supplies are scarce, which will limit the mother's fertility. Of fertilizations that do occur, it is estimated that more than one-third fail because they are biologically abnormal, or because the mother develops an infection that terminates the pregnancy. Some of these infections can prevent the woman from conceiving again. New-born babies are very vulnerable to injury and disease, and this is another natural means of population control. If the mother is undernourished, it may be some time before she can conceive again, even if she is taking no measures to prevent conception. Breastfeeding can in some cases prevent ovulation – this is known as lactational amenorrhoea – so if a mother is still feeding her previous baby she is less likely to start another pregnancy. 

Thus, to some extent, family size, and hence population, is limited by the environment.

The ‘natural’ ways of controlling family size sound quite draconian to most of us, based as they are on death and famine. In the developed world, and increasingly in developing countries, we have recourse to other methods to limit our families, and it is to these that we turn next. 

1.2 Artificial contraception

1.2.1 Decoupling sex and reproduction

Humans have separated sex and reproduction: unlike other species, we can enjoy sexual intercourse even (or especially) at times when fertilization is not possible. Many sexual encounters are casual, and in these cases it is often very important to avoid pregnancy. Even during long-term relationships, many couples choose to avoid having children. Thus for many people contraceptive measures are an essential part of their lives. This is not a modern phenomenon: as you will see, birth control has been popular for many centuries. In the absence of other means of family planning, infanticide is said to have been common in times past, and even, in some places, in more recent times, but there are other methods which involve less of a physical and emotional input from the mother. Deliberate attempts to avoid pregnancy probably began with the man withdrawing from the woman before ejaculation. Although this can indeed prevent a sperm from reaching an egg, it is notoriously unreliable, and nowadays people generally prefer to use different and more reliable methods. There are four broad types of contraception available: chemical, mechanical, surgical, and the so-called natural methods. We shall consider them in turn. 

1.2.2 Chemical contraceptives

These methods rely to a large extent on an understanding of the physiology of the reproductive process. They are targeted at preventing the production or release of gametes, i.e. the sex cells – sperm and eggs – which need to fuse to produce a new individual. To date, most effort in this area has been directed towards preventing a woman from ovulating, i.e. releasing an egg, although more recently trials have begun on ‘male pills’ which block sperm production. 

Ovulation in women generally occurs once every 28 days or so. During part of this time, the lining of the womb thickens, ready to receive a fertilized egg. If fertilization does not take place, the lining is shed as menstrual blood. This gives the 28-day cycle its common name of the menstrual cycle. The menstrual cycle is under the infuence of two main hormones, oestrogen and progestogen, produced by the body at varying levels during the menstrual cycle as shown in Figure 3. The important thing to remember is that it is the relative levels of the two hormones that determine whether, and when, an egg is released. Chemical contraceptives interfere with this delicate balance and prevent ovulation. 

Start of Figure
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Figure 3 Levels of the hormones oestrogen (black line) and progestogen (continuous red line) during the menstrual cycle. M=menstruation. The downward-pointing arrow shows the time of ovulation. (The dashed red line shows what the progestogen level would be if fertilization occurred during the cycle.) 

End of Figure
You can see from Figure 3 that there are several ways of interfering with the balance between oestrogen and progestogen.

Start of SAQ
SAQ 4

Start of Question
Q List three ways of doing this. 

End of Question
View answer - SAQ 4
End of SAQ
In practice, the last two methods have been most effective. There are combined pills, containing various levels of oestrogen and progestogen, and progestogen-only pills. Combined pills give a cocktail of oestrogen and progestogen designed to vary throughout the cycle, complementing natural levels, so that the critical balance required for ovulation is never reached. Progestogen-only pills consistently increase the level of progestogen, mimicking the pregnant state (Figure 3), so that ovulation and implantation cannot occur. The failure rate (i.e. the number of pregnancies per year per hundred women using a particular method, expressed as a percentage) associated with these pills varies between less than 1% and 4% (that is, between one and four women will become pregnant for every 100 taking the pills for a year), depending on how regularly – at the same time each day – the pills are taken. 

Start of SAQ
SAQ 5

Start of Question
Q From general knowledge, can you suggest why it is important to take the pills regularly? 

End of Question
View answer - SAQ 5
End of SAQ
Thus in order to make sure that the hormone levels do not accidentally reach the critical point for ovulation to occur, it is necessary to take the pills at the same time each day. With the progestogen-only pill, a delay of as little as three hours can result in ovulation and hence pregnancy, although the combined pill is a little more fexible in this respect. 

As women go about their daily business, it is not always possible for them to be as regular in their pill taking as is necessary. But there is another option available. It consists of an implanted source of progestogen, which releases the hormone slowly and continuously for a long period. This can be two or three months, from a single injection, to as much as five years from one or more matchstick-sized plastic tubes containing the hormone inserted into the upper arm. As you might expect, the failure rates from this form of contraception are lower than those associated with pill taking. 

Start of SAQ
SAQ 6

Start of Question
Q What would you predict the failure rate to be? 

End of Question
View answer - SAQ 6
End of SAQ
Progestogen implants have been used extensively in some developing countries, where it can sometimes be very difficult for a woman to keep to a regular timetable, so a lot of information is available about their efficacy. The failure rate is actually as much as 2% over a five-year period. This is because although in some women the administration of this dose of progestogen does indeed prevent ovulation, in some others it does not. In these women, progestogen can still act as a contraceptive, but for other reasons (see below). This variation illustrates an important point: we are all individuals, and although our bodies and physiologies are broadly similar, many differences exist between us, which must be accommodated in any discussion of health and well-being. 

The other effects of progestogen are to thicken the cervical mucus (that is, the wet, sticky substance produced by the neck of the womb), making it difficult for sperm to penetrate, and also to alter the lining of the womb, making it difficult for a conceptus (newly-formed embryo) to attach there; attachment, or implantation, as you will see below, is essential for a successful pregnancy. A look back to Figure 3 will remind you that progestogen is indeed normally present at high levels during the third week of the cycle, but drops during the fourth week, when implantation of a conceptus would occur. It is believed that these auxiliary effects of progestogen actually contribute more to its contraceptive effect than does its variable ability to prevent ovulation. 

Start of SAQ
SAQ 7

Start of Question
Q Can you suggest any advantage offered by one of these other effects of progestogen? 

End of Question
View answer - SAQ 7
End of SAQ
Of course, no drug is without its side-effects, and contraceptive pill use has been associated with a number of adverse conditions. Perhaps the most serious is the increased risk of cardiovascular disease among women – particularly those who smoke – who have taken the combined pill for a number of years and whose blood pressure is raised. Another potentially serious effect is the apparent increase in some forms of cancer, particularly of the cervix and breast, although the evidence for this is not clear-cut. More commonly, women may experience headaches or nausea. On the positive side, there is some evidence that the pill provides some protection against developing cancers of the ovary and endometrium (the lining of the uterus, or womb). Menstrual bleeding is usually lighter and more regular. Users of the progestogen-only pill report different side-effects: their menstrual bleeding tends to be irregular, they have an increased frequency of cysts on their ovaries. They also have an increased risk of ectopic pregnancy, i.e. one where implantation occurs in the wrong place, such as in the Fallopian tube, the tube leading from the ovary, where the egg is produced, to the uterus. This is an extremely serious condition which can result in infertility or even death. 

Start of SAQ
SAQ 8

Start of Question
Q Why do you think this increase in ectopic pregnancies occurs? 

End of Question
View answer - SAQ 8
End of SAQ
A lot of research has been carried out into the feasibility of a chemical contraceptive for men. The most popular approach has been to use a cocktail of hormones that interfere with sperm production. The main drawback is that because of the length of time required to produce sperm (more than nine weeks; see below), there is a significant delay before any effect of the hormones is apparent, and furthermore, there is a similar delay when contraception is no longer required, before sperm production is resumed. Moreover, getting the dose right is a problem: even on high doses, some men still produce sperm, and the sperm may be abnormal, which could in theory lead to abnormal pregnancies. Finally, there seems to be some resistance among men to using chemical contraceptives: the term ‘chemical castration’ demonstrates how scared some men are of losing their ability to produce sperm, with all the psychological implications which this might have. 

1.2.3 Mechanical methods of contraception

While hormone-containing pills represent a very sophisticated kind of contraceptive, mechanical contraceptives are a straightforward idea: they act by preventing sperm and egg from meeting. Mechanical contraceptives in their simplest form have been around since before Roman times; some are shown in Figure 4. The earliest ‘penis protectors’ were allegedly used less for contraception than as protection against disease, and as a badge of rank. 

Start of Figure
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Figure 4(a) Drawing of part of a XIX Dynasty (1350–1200 BC) original, showing an Egyptian wearing something on his penis.

View description - Figure 4(a) Drawing of part of a XIX Dynasty (1350–1200 BC) original, showing an ...
End of Figure
Start of Figure
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Figure 4(b) Late 18th century English condom made from animal gut and secured by a red silk ribbon.

View description - Figure 4(b) Late 18th century English condom made from animal gut and secured by ...
End of Figure
Start of Figure
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Figure 4(c), Some 19th century contraceptive devices: Fig 1, a sponge; Fig 2, a syringe (used after intercourse to wash semen out of the vagina); Fig 3, a cap. 

View description - Figure 4(c), Some 19th century contraceptive devices: Fig 1, a sponge; Fig 2, a syringe ...
End of Figure
Male condoms, placed over the penis to catch the ejaculate and so prevent it from entering the woman, are probably the most widely used form of contraception, particularly as they also provide a barrier to pathogens. Unfortunately, they have very high failure rates: as high as 15% has been reported in some UK studies, although careful use can improve this to 2%. The high failure rate is partly because they are very thin and split easily during use, but also partly because they are often not put on soon enough, allowing sperm in pre-ejaculatory secretions to enter the vagina. Recently, female condoms have also become widely available. These are designed to fit over the vulva and inside the vagina.They are loose-fitting, and therefore less likely to break, but they are easily dislodged from the vulva, allowing the man's penis to enter the vagina beside, instead of inside, the condom. There are not yet any published failure rates for female condoms, but early results suggest that they are likely to be as effective as the male variety. Condoms have few physical side-effects, apart from occasional allergic reactions to rubber, but they are not popular with all men (or women), as they may be so tight-fitting as to dull sensation. 

Although until fairly recently condoms have been the exclusive province of the man, other forms of mechanical contraceptive can be used by the woman. These are all devices that can be inserted into the vagina to prevent ejaculated sperm from passing through the cervix and entering the womb. These mechanical barriers include diaphragms, caps and sponges, early versions of which are shown in Figure 4c. These all fit tightly over the cervix, and caps and diaphragms come in different sizes to accommodate women of different shapes. In spite of this, they do not fit perfectly, and need to be used with a spermicide (a substance that kills sperm on contact) to be effective. Caps and diaphragms can be used repeatedly, but sponges are disposable, and are purchased already impregnated with spermicide. Depending upon how correctly they are used, failure rates of between 4% for caps and diaphragms and 25% for sponges are reported. The use of barrier contraceptives with spermicidal properties also has a long history. The ancient Egyptians, in around 1850 BC, were using a variety of pastes inserted into the vagina; honey and crocodile dung seem to have been popular, according to one source (Green, 1971). An alternative method was half a lemon placed over the cervix, which made an effective barrier, while the citric acid in the lemon juice acted as a spermicide. 

Figure 5 shows the female reproductive tract, highlighting the places where barrier contraceptives are used.

Start of Figure
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Figure 5 The female reproductive tract.

End of Figure
There exists another kind of mechanical device that does allow the meeting of sperm and egg, but nevertheless prevents pregnancy: the intra-uterine device, or IUD. Strictly speaking, this is not a contraceptive as such, but an abortifacient (something that causes an abortion), and for this reason some people have reservations about its use. An IUD is inserted by a doctor into the uterus (womb), where it lies against the inner wall. This appears to set up a reaction within the wall which prevents a conceptus from implanting. Note that once the conceptus has implanted it is referred to as an embryo. 

Start of SAQ
SAQ 9

Start of Question
Q What other contraceptive already mentioned prevents implantation? 

End of Question
View answer - SAQ 9
End of SAQ
Some IUDs contain high levels of copper, which is thought to dissolve very slowly in the uterine fluid. The high local levels of copper are thought to disable the sperm in some way, so these IUDs may, in fact, be ‘proper’ contraceptives, preventing fertilization. IUDs have low failure rates, of 1 or 2%, but, unlike barrier methods, they offer no protection against sexually transmitted disease. They can also cause very heavy menstrual bleeding, and users have a higher risk of infections of the uterus and Fallopian tubes, which can lead to infertility. 

1.2.4 Surgical methods of contraception

Surgical methods are by and large the most drastic and irreversible ones, ranging from castration to relatively untraumatic tube-tying. Because of the psychological and physiological side-effects, surgical removal of the testes or ovaries is not generally carried out for contraceptive reasons alone, although these operations may be carried out for other reasons, such as the presence of malignant tumours. Any kind of surgical sterilization can be physiologically traumatic for a woman, as it involves cutting or blocking the Fallopian tubes, leading from the ovaries to the uterus, to prevent the eggs from meeting any sperm (Figure 6a). The Fallopian tubes are located quite deep within the abdomen, so even ‘key-hole’ surgery is quite invasive. Surgical sterilization of men (vasectomy), on the other hand, is so straightforward that it can be done in 10 minutes under local anaesthetic, and is often referred to as ‘coffee-table’ surgery. Here, the tubes leading from the testes, where the sperm are produced, to the penis, are cut before they reach the glands which contribute other components, including fuid, to the ejaculate (Figure 6b). Thus, ejaculation takes place normally, but no sperm are released. No hormones are affected by the procedure, so sexual behaviour is unaltered. 

You would probably predict that surgical contraceptive methods were very effective, and you would be correct. But once again, failure rates are not zero: occasionally, the operation is not performed correctly, the cut tubes will spontaneously repair themselves, and fertility will be restored. Reported failure rates are still low, however: about 0.1% is the norm (for both male and female sterilization). One side-effect of male sterilization seems to be an increased risk of developing kidney stones, or prostate or testicular cancer, although this has not been firmly shown. In general, female surgical sterilization seems relatively problem-free, although some women have reported having heavier periods. 

Another method of contraception which we shall consider here is surgical abortion. This is, apart from coitus interruptus (withdrawal), probably the earliest form of ‘contraception’, and it is only within the last few decades that it has become a proper surgical process: prior to this time, and in many countries even today, abortion was frequently a ‘self-help’ method of contraception, and at best was the province of well-intentioned amateurs. Surgical (as opposed to spontaneous) abortion consists of a physical, or occasionally chemical, intervention which causes the growing fetus to detach from the uterus and pass out, with the placenta (afterbirth), through the vagina. (Fetus is the term used to describe the developing human after the eighth week of gestation, when all the systems of the body have formed.) Surgical abortion can be carried out at any time during pregnancy, but the current legal limit for a surgical abortion in the UK is at 24 weeks of gestation. (This is the term used to describe the progress of a pregnancy; babies are generally born after 38 weeks of gestation.) Because modern medical practices can allow some fetuses as young as 22 weeks to survive with intensive care, the ‘social’ limit, i.e. what is generally considered acceptable, is closer to 18 or 20 weeks. Surgical abortion is carried out by inserting instruments into the uterus via the cervix, and either sucking or scraping out the contents. This ensures that all the placenta is removed as well as the fetus: if any part of the placenta is left in the uterus, it may give rise to a serious infection. In times past, it was often sufficient to rupture the membranes surrounding the fetus (hence the popularity of the ‘knitting needle’ method, in which a knitting needle or other similar object was inserted through the cervix to induce an abortion). Once the membranes are ruptured, the fetus is very prone to infection, which is likely to kill it. A dead fetus is generally rejected by the uterus, which expels it. The success rate of an abortion is very high, although it depends on the precise method used. 
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Figure 6 Diagram to show where sterilization cuts are made (a) for women and (b) for men. Notice that in (a) the tubes may be blocked rather than cut, using rings or clips. 

End of Figure
Although the majority of abortions are carried out by physical removal of the fetus and placenta, chemical abortifacients are becoming more widely used. These are commonly referred to as ‘morning after’ pills, and, although there are several kinds, generally act by administering a cocktail of hormones whose effect is to alter the environment of the uterus so that implantation of the embryo is impossible. These pills can be used for only the first few days after unprotected intercourse, as they will generally not produce an abortion if implantation has already occurred. However, a different hormone, the most widely used form of which is known as RU486, can be used at rather later stages. RU486 is a type of prostaglandin. Prostaglandins are a family of hormones made in the body from fats, and are unusual in that they do not need to be transported by the blood to their target organs, but are produced nearby. The effects of prostaglandins are diverse, and some of them are believed to be involved in labour. RU486 acts by inducing delivery of the recently implanted embryo. One drawback of chemical abortifacients is that they need to be administered before a pregnancy has been confirmed, so are probably less suitable for regular use than as an emergency measure, because of the acute side-effects (headaches and nausea) experienced by many women taking them. 

Even in the cleanest of modern hospitals, abortion presents a significant risk to the mother. The forcible detachment of a healthy placenta from the wall of the uterus leaves a large number of ‘open’ blood vessels, and there is a considerable likelihood that haemorrhage (bleeding) will occur, possibly resulting in the mother's death. Although nowadays death from this cause is extremely rare, subsequent infection can render the woman sterile. The introduction of legal abortion in the UK following the 1967 Abortion Act, which allowed abortions to be carried out under cleaner conditions, made a significant difference to the maternal death rate, and this has provided a strong argument for legalizing abortion elsewhere. The argument is as follows: if it is accepted that abortion is going to happen regardless of the law, might it not be better to minimize the risk associated with the operation by allowing it to be carried out properly, rather than under unsanitary, back-street conditions? 

The adverse effects of undergoing an abortion are not all physical. Although a woman's initial reaction is often one of relief that she is no longer pregnant, there are often severe long-term emotional effects of the loss of a baby – for, almost always, by the time the abortion is carried out, the woman is all too aware that what is growing inside her is a baby, and not just a lump of tissue. This emotional reaction is sometimes overlooked both by the woman herself and by medical staff with whom she comes into contact, and sympathetic counselling should be offered to anyone in this situation. The emotional impact is, of course, particularly severe if the woman actually wanted the baby, but underwent an abortion because the fetus was abnormal. There is a large body of literature on the subject of abortion, but space constraints prevent further discussion here. 

As mentioned above, abortion is one of the oldest methods of limiting family size. It is believed that in this country one of the major roles of the wise women and healers of olden times was as practitioners of abortion. This is thought to be an important cause of their persecution as witches: the largely male establishment resented anybody who could empower women, particularly in the matter of their own fertility, and they perceived this question of a woman's choice as a threat to their sovereignty. The objection to abortion on the grounds that it takes the fetus’ life is a relatively recent development. Even the Roman Catholic Church, until 1869, found early abortion acceptable. This was because of an ongoing debate about when the soul enters the body: if it was not until ‘quickening’ (that is, when fetal movements can be felt), then abortion before this time did not result in taking a life, and so was permissible. However, in 1869, Pope Pius VI decreed that the soul enters the body at the moment of conception, so abortion at any time is wrong. Whatever the ethical, legal and political debates surrounding abortion, the fact remains that it is a widely used and effective means of limiting family sizes throughout the world. 

1.2.5 Natural methods of contraception

Many people with particular religious beliefs are fundamentally opposed to the use of artificial methods of contraception. In the developing world, where, as you saw above, the population is frequently increasing at an unsustainable rate, this is a particular problem. For Muslims and Roman Catholics (and others), who may nonetheless wish to limit their families, the preferred option is to use natural family planning methods. The most commonplace method, which involves estimating the ‘fertile period’ (the time when sperm and egg could meet and result in a pregnancy) from the date of the last menstrual period, only stands a chance of working if the woman has regular menstrual periods. Many women do not, so this method is extremely unreliable. Indeed, in a very short menstrual cycle, it is possible that ovulation may occur immediately after menstruation, and so, because sperm can live for up to five days inside a woman, intercourse within five days of this time – from the start of menstruation – is risky. Other natural methods are based on a close observation of the physical changes that women experience throughout their menstrual cycles, and avoidance of intercourse during the fertile period. In particular, two parameters are most often used: body temperature, and the consistency of mucus secreted from the cervix. 

A woman's body temperature rises just after ovulation, and remains elevated for three days. The egg will live for only about two days, so the third day of high temperature marks the end of the fertile period. However, it is not true to say that the beginning of the high-temperature phase corresponds with the start of the fertile period; because of sperm survival, intercourse on any of the five days preceding ovulation might result in pregnancy. Again, because this method cannot pinpoint the start of the fertile period, it is necessary to abstain from intercourse from the First day of menstruation, and resume only after the end of the fertile period. This effectively rules out intercourse for more than half the woman's menstrual cycle. It is also prone to error since other factors, such as illness and some drugs, can also raise body temperature. 

The other common natural method of contraception, the cervical mucus method, relies on the fact that the cervical mucus changes in consistency before ovulation. Cervical mucus is one of the body's natural defences, as it helps to prevent infection by presenting a thick, sticky barrier which pathogens cannot easily cross (see Section 3.1). For most of the menstrual cycle the mucus is present in only small amounts, but is very viscous. However, about five days before ovulation, more is produced, and it is ‘wetter’ and more slippery. 

Start of SAQ
SAQ 10

Start of Question
Q Can you suggest what the advantage of this might be? 

End of Question
View answer - SAQ 10
End of SAQ
The change in cervical mucus therefore defines the start of the fertile period. However, once again the method is not foolproof, and many women find it difficult to distinguish between ‘wet’ and ‘dry’ days. 

In contrast to the artificial contraceptive methods mentioned above, which are all fairly easy to use, natural methods require very careful observation, counselling and instruction by a trained practitioner, and are generally not very suitable for many women who have irregular cycles or naturally variable cervical mucus. Failure rates are high: as many as 20% of women using these methods will become pregnant each year. There are no side-effects caused by physical intervention, although the requirement to be aware of one's body temperature can sometimes take away the spontaneity of a sexual encounter. 

However, new techniques are on the horizon. If you look at Figure 7, you will see that another hormone, luteinizing hormone (LH) has a production pattern that varies throughout the menstrual cycle. (LH is made by the pituitary gland, a part of the brain.) The interesting thing about this hormone is the peak it shows around the time of ovulation. Recently a test has been produced to monitor LH levels in urine, and give a colour change when levels are rising or high. By avoiding intercourse on the ‘high LH’ days, it is believed that fertilization can be avoided. There is not yet any evidence to suggest how effective this test is, although the technology it uses – which space prevents us from discussing here – suggests that it will be very sensitive. 
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Figure 7 Pattern of production of luteinizing hormone (LH) through the menstrual cycle. The downward-pointing arrow denotes the time of ovulation. 

End of Figure
The choice of whether or not to practise contraception, and if so, which method to adopt, is a complex one. There are physical and emotional advantages and drawbacks to all the methods; religious, economic and cultural pressures also play a very important part in the decision. Most individuals will have to make some kind of choice about the matter at some time in their lives, however, so it is important that the relevant information be freely available to all who need it. In this country there is widespread availability of family planning clinics, which are a good source of advice about suitable methods for particular individuals. 

1.2.6 Summary of Section 1.2

1. Many people wish to limit the number of their offspring, and so resort to contraceptive measures.

2. Chemical contraceptives interrupt the production of gametes, or prevent implantation.

3. Mechanical or barrier contraceptives prevent egg and sperm from meeting and, in the case of IUDs, prevent implantation.

4. Surgical methods of contraception involve physical alteration of the reproductive tract so as to prevent eggs and sperm from meeting. 

5. Abortion is a traditional and widely used form of birth control, but it sparks ethical and legal debate.

6. Natural methods of contraception are the only means ethically acceptable to some people, but they restrict intercourse during much of the menstrual cycle, and are less reliable than other methods. 

7. A reductionist understanding of the reproductive process has allowed the development of better contraceptives.

1.3 Preparing for conception

1.3.1 Why are cells different?

Now let us go on with our story and assume that we have decided the time is right to have a baby. The primary requirement for conception is that healthy gametes should be produced. We shall therefore look first at how gametes are made, and then examine some of the factors affecting their quality. But we must start with an explanation of what gametes are, and what sets them apart from other kinds of cell. In other words, what makes gametes special? Gametes are the cells that fuse to form a new individual, as you saw above, but why would the fusion of any two cells not do the job just as well? In fact, experiments have been done in which pairs of body cells have been fused together artificially, but in no case has an embryo, far less a living person, ever been produced. Perhaps we need to think about different sorts of cells. 

All the cells in your body are ‘your cells’ but, if you could look at them using a microscope you would see that there are many obvious differences in their appearance. The shape of the cell, position of the nucleus, the number of mitochondria and the presence or absence of various cytoplasmic structures are all clues to the cell's function. Some such differences are visible by microscopy, but there are many others which are apparent only at the level of the molecules within the cells. 

The molecules within cells can be classified broadly as carbohydrates, lipids or proteins. Many of the characteristic differences shown by different types of cell are due to the different proteins found in these cells. This is an important concept, which you should remember. 

Start of SAQ
SAQ 11

Start of Question
Q From general knowledge, can you name any specific proteins found in the body? 

End of Question
View answer - SAQ 11
End of SAQ
Every cell in the body contains thousands of proteins, but different types of cell contain different proteins. For example, collagen is made by several different types of cell, including skin cells, keratin is made by skin cells only, and insulin is made by a particular group of cells in an organ called the pancreas. All cells make proteins by assembling amino acids, which are obtained from food. There are only 20 amino acids used in the body, so differences between proteins (each of which can be hundreds of amino acids long) arise from differences in the order in which the amino acids are joined together. 

Start of SAQ
SAQ 12

Start of Question
Q How does a cell ‘know’ how to assemble amino acids in a particular order? 

End of Question
View answer - SAQ 12
End of SAQ
The chromosomes contain all the information needed to produce the molecules out of which an individual is made: not just about which proteins out of the whole lot to make, but also when to make them and where (in which cells of the developing embryo) they are made. 

Start of SAQ
SAQ 13

Start of Question
Q If all cells of an individual carry the same chromosomes, and therefore the same instructions, how can different types of cell make different proteins? 

End of Question
View answer - SAQ 13
End of SAQ
Because the chromosomes carry all the information needed for the molecular composition of a new individual, they are very important structures. 

Start of SAQ
SAQ 14

Start of Question
Q Where do a cell's chromosomes come from? 

End of Question
View answer - SAQ 14
End of SAQ
Start of SAQ
SAQ 15

Start of Question
Q Each cell of a particular species contains the same number of chromosomes (23 pairs, i.e. 46, in humans). What would you predict would be the number present in a cell resulting from the fusion of two others? 

End of Question
View answer - SAQ 15
End of SAQ
But since each cell contains the same number (46), this cannot be what happens. We can resolve this paradox by considering our original question: what makes gametes special? The answer (at long last!) is that human gametes contain only half the normal number of chromosomes, i.e. 23 – only one member of each pair. How this is accomplished we shall see below. 

1.3.2 The reduction of chromosome number: meiosis

If you look at the chromosomes shown in Figure 8 you will see that they have been lined up in pairs. The members of each pair are of similar shape and size, and unlike the members of other pairs. At a molecular level these distinctions are maintained: the order of the bases in the DNA is very similar in both members of a pair, but is quite different from that found in other pairs. By ‘very similar’ we mean that the order of the particular genes on each chromosome of the pair is the same, but the exact order of the bases within those genes may be slightly different. 
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Figure 8 Karyotypes of male and female human chromosomes. (X and Y are the sex chromosomes – see later.)

End of Figure
To produce pictures like those in Figure 8, chromosomes from a dividing cell are photographed down a microscope. Each individual chromosome's photograph is cut from the resulting print, and the chromosomes are lined up and matched into pairs based on size and the position of the constriction which is found somewhere along each chromosome's length. (This constriction is called the centromere, and has structural properties which enable it to attach to the mitotic spindle during cell division) The resulting matched pairs of chromosomes are photographed again, to give a karyotype, as shown. Note that such pictures are obtained only for dividing cells, in which the chromosomes are replicated – each one consisting of two strands, which are held together at the centromere. In fact, each strand is itself a chromosome, but while still joined to its partner like this, is called a chromatid. 

Start of SAQ
SAQ 16

Start of Question
Q If the order of bases in two copies of a particular gene is slightly different, what does this imply about the protein that the gene codes for? 

End of Question
View answer - SAQ 16
End of SAQ
It is these subtle differences in the amino acid sequences of our proteins that make us individuals. For example, we all have genes for hair colour, but we do not all have the same colour hair! These different forms of the same gene are called alleles. 

The fact that the members of a pair of chromosomes carry the same genes, albeit slightly different forms of them, means that each body cell is actually carrying two sets of genetic information. One set is derived from the mother, the other from the father. Each gamete, however, carries only one set of chromosomes; and each chromosome is a mixed combination of alleles from the chromosome pair that the mother inherited from her father and mother. The same is true of each sperm cell from the father. (The cell division process by which this gene mixing comes about is called meiosis, and is discussed below.) Thus, when fertilization occurs the fertilized egg will contain the two sets of chromosomes characteristic of the body cells. The individual chromosomes, however, will be different (i.e. have different combinations of alleles) from those carried by either the mother or the father – this is why we are not identical to our parents or to our siblings (unless we have an identical twin, who would be derived from the same conceptus). What happens is that during meiosis a process occurs which allows alleles to swap between members of the pair. This recombination of alleles is of vital importance to us, both as individuals (as we have seen, this process is what makes us individuals), and as a species, because it gives rise to the genetic variations that allows our species to be fexible, make compromises and survive. 

Because each pair of chromosomes is qualitatively different from all the other pairs, a mechanism is needed to make sure that each egg and sperm cell has a complete set of chromosomes, and not just any 23. This is achieved by the process of meiosis, which is shown diagrammatically in Figure 9. The key points to remember about meiosis are: (a) that it halves the number of chromosomes per cell, and (b) that it gives rise to new gene combinations. 

As with mitosis, by the time they become visible each meiotic chromosome has replicated, i.e. it has been accurately copied along its entire length (Figure 9a). The pairs of chromosomes move so that they come to lie side by side (Figure 9b), and the pairs migrate towards the equator of the cell (Figure 9d). During this process, the arms of the chromosomes make contact with each other (Figure 9c), and members of a pair can cross over and exchange material by two chromatids breaking at the corresponding point, then rejoining with the ‘wrong’ chromatid. 
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Figure 9 A generalized diagram of meiosis, showing the sequence of events for just two pairs of chromosomes. (For clarity, the meiotic spindle is not shown.) Although this diagram illustrates the basic process, note that there are many species, including humans, in which the precise details vary. 

End of Figure
Because all the chromosomes have replicated and become chromatid pairs, there are actually sets of four chromatids lined up together at stage (c), allowing a large number of possible exchanges. Because of the way the pairs of chromosomes were aligned at the equator of the cell, one member of each pair (i.e. one set of two chromatids) moves to each pole (Figure 9e). Note that it is not the case that all the chromosomes originating from this individual's mother goes towards one pole, while all those originating from its father goes to the other: the pairs are randomly assorted, so that at each pole there is a mixture of maternally-derived and paternally-derived chromosomes, although there will be a complete set of 23 at each pole (Figure 9f). The cell membrane now pinches in, producing two new cells. 

Although each new cell now holds 23 chromosomes, there is still twice the amount of genetic material as is needed for a gamete.

Start of SAQ
SAQ 17

Start of Question
Q Why is this so? 

End of Question
View answer - SAQ 17
End of SAQ
The two copies (i.e. the pair of chromatids) are held together at the centromere, the constriction lying part of the way along each chromosome that is the point of attachment to the meiotic spindle (not shown in Figure 9). 

This stage is illustrated in Figure 9g. So meiosis needs to proceed further, to reduce the genetic material to one copy per gamete. The 23 chromosomes in each new cell assemble at the equator once more (Figure 9h), and one chromatid is pulled towards each pole via the centromere (Figure 9i). Once again, the cell divides (Figure 9j), yielding from the original one a total of four cells, each of which contains one copy of each of 23 different chromosomes. These four cells are now ready to be gametes. 

Start of SAQ
SAQ 18

Start of Question
Q What about mitosis? What is the most important difference between meiosis and mitosis? 

End of Question
View answer - SAQ 18
End of SAQ
But although the cells now have the right number of chromosomes to be gametes, they need to undergo various steps of maturation before they can take part in fertilization. We shall now look at these steps in men and women. 

1.3.3 Gamete production in men

A sexually mature man is producing sperm all the time at a rate of around 300–600 per gram of testis per second. This provides the 500 million or so which are released at each ejaculation. But the formation of an individual sperm takes about nine weeks (64 days). Sperm are produced in the testes, and production is most efficient at a temperature several degrees lower than the normal body temperature of 371°C. For this reason the testes (plural of testis) are suspended outside the body cavity in the scrotum, and if the testes fail to descend from their original position near the kidneys to this location during development, sperm production will not occur. 

Figure 10b shows the structure of the adult testis. It consists of a large number of coiled tubes, called seminiferous tubules, which empty into a collecting area called the rete testis. From here larger tubes, the vasa efferentia, carry the mature sperm to the epididymis, where various substances are added to improve sperm ‘quality’ (this will be explained below). From the epididymis leads the muscular-walled vas deferens, contractions of which help ejaculation. The vas deferens empties into the urethra at the base of the penis (Figure 10a). 
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Figure 10 (a) The male reproductive system. (b) A section of testis; for simplicity, the figure shows only one seminiferous tubule per lobe; in reality, there are thousands. One of the tubules is shown extended 

End of Figure
Sperm production takes place in the seminiferous tubules. There are three stages to the process: a mitotic phase, in which several rounds of division mean that cell numbers are increased; a meiotic division which reduces the chromosome number in each cell and provides individual allele combinations; and a maturation and packaging phase, in which the chromosomes are readied for transport in sperm outside the man's body. The cells destined to become sperm are known as spermatogonia, and they undergo several rounds of mitosis until a population of cells known as spermatocytes is produced. Some of these enter meiosis, and after this a population of spermatids results, which are ready to be packaged into sperm. Figure 11 shows a mature sperm: it has a head, a midpiece and a tail. There is also an attachment to the head, an enzyme-containing vesicle called the acrosome, which is vital for fertilization (see below). 
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Figure 11 Structure of a mature human sperm.

End of Figure
The head contains the chromosomes, tightly packed with protein so that they can fit into the small space available. The midpiece is the power supply of the sperm, as it contains the mitochondria which provide the energy needed for the sperm to swim. Swimming is accomplished by means of the tail, which can beat rapidly, although does not do so until ejaculation. 

Sperm formation is quite a complicated sequence of events, and of the spermatogonia that begin the process, only a proportion will successfully complete it, the rest dying at different stages along the way. During the whole process, the developing cells move from the outer layer of the seminiferous tubule inwards towards the lumen (the hollow part) of the tube. This means that a cross-section taken across the seminiferous tubule will show a characteristic array of cells at different stages of sperm development, as shown in Figure 12. By the time the cells reach the lumen they are complete sperm, but they are not yet able to fertilize an egg. For this they need to be bathed in secretions from various sources. Just what these various secretions do is not entirely clear, but some which are sugars seem to act as a source of energy for the swimming process. One source of secretion is the epididymis (Figure 10b); another essential source is the prostate gland (shown in Figure 10a). The whole mixture of sperm cells and the secretions they are bathed in is called semen, and this is what is ejaculated. 

These, then, are the mechanics of the process, but how is it controlled? We shall now take a brief look at the control mechanisms.
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Figure 12 (a) Cross-section through a set of seminiferous tubules. (b) Cross-section through a single seminiferous tubule, showing ‘wedges’ of tubule at different stages of sperm production. 

View description - Figure 12 (a) Cross-section through a set of seminiferous tubules. (b) Cross-section ...
End of Figure
1.3.4 Hormonal control of sperm production

The most important hormone involved in controlling sperm production is a steroid called testosterone. This is produced in the testis itself, by the Leydig cells (see Figure 12a). The testosterone is released from the Leydig cells between the tubules, and taken up by the neighbouring Sertoli cells. The Leydig cells are stimulated to make testosterone by two other hormones, luteinizing hormone (LH) and follicle-stimulating hormone (FSH), which are both produced by the pituitary gland and reach the testis via the blood. (Although subsequently found to be present in males, these hormones were originally named in relation to their role in females.) Once the Sertoli cells have taken up the testosterone, they convert it to a much more effective substance, dihydrotestosterone (DHT), and this is what stimulates the spermatogonia to enter the sperm production pathway, First by undergoing several rounds of mitosis, then one meiosis. FSH and LH also play a role in maintaining the pathway, and in producing high local levels of DHT within the testes. 

Start of SAQ
SAQ 19

Start of Question
Q Why do you think it might be important to have local differences in hormone levels? 

End of Question
View answer - SAQ 19
End of SAQ
Sperm do not live for more than a few days once formed, so cannot be stored for long. The production of sperm to ensure a constant supply is illustrated in Figure 12b, where different ‘wedges’ of the tubule are at different stages of development. This shows that different areas were started off at different times. 

To summarize, the production of good-quality, fertile sperm requires First that the testis be at the correct temperature. Spermatogonia are triggered to enter the developmental pathway by a cocktail of hormones, in particular DHT, the production of which is controlled by the brain. Sperm production involves three phases: mitosis, meiosis, and packaging. The completed sperm then have to be mixed with a variety of substances before they are ejaculated. Only sperm that contain a correct set of chromosomes, can swim powerfully, and have an intact acrosome, are candidates for fertilization. 

1.3.5 Gamete production in women

It is time now to turn to the question of how female gametes – eggs – are made. There are substantial differences between sperm and eggs, and consequently their production pathways are very different. 

Start of SAQ
SAQ 20

Start of Question
Q Can you give one similarity in the production of eggs and sperm? 

End of Question
View answer - SAQ 20
End of SAQ
In contrast to sperm, which contribute, along with a set of chromosomes, only a very small quantity of cytoplasm to the fertilized egg, the egg itself contributes a large amount of cytoplasm. Indeed, the egg is among the largest of human cells, being in the range of 90–1201μm (i.e. around one-tenth of a millimetre) in diameter – practically visible with the naked eye. As you will learn later, the growing embryo lives without the benefit of a placenta for the first two weeks of its life, so the egg's cytoplasm must supply many of its needs during this time (the rest can be obtained from the liquid in which it is bathed – see below). It is quite demanding for a cell to produce so much cytoplasm – making all those proteins, for example, is expensive in terms of energy and raw materials – so the developing egg is nourished by a group of ‘ladies-in-waiting’ called granulosa cells, which develop alongside the egg, and remain in close contact with it. 

Egg production takes place in the ovary, which, unlike the testis, remains in the abdomen at 371°C. As with sperm production, there are three phases involved, but they are not sequential. Mitosis and meiosis occur as before, but the packaging part of the maturation phase is replaced by a growth phase which increases the amount of cytoplasm, and which occurs concurrently with a large part of the meiotic phase. Only one egg is ovulated each month, so that you might expect the whole development phase to take around a month to complete. You may therefore be surprised to learn that the process can take more than 50 years! This is because egg development begins before birth, in the first month of gestation in fact. The cells destined to become eggs begin their mitotic cycles then, and all the cells begin meiosis before birth. This means that at birth, a girl will have in her ovaries all the oocytes (pronounced ‘oh-oh-sites’ – partially matured eggs) that she will ever have. If these are destroyed, for example by exposure to radiation, the woman will be infertile. Unlike the situation with sperm, which die a few days after their completion, at this stage of development the oocytes remain alive, but enter a kind of suspended animation known as arrest. All will stay arrested until puberty, after which time some will be stimulated to carry on through meiosis. Although there are more than two million oocytes present at birth, only a few hundred will ever proceed to maturity (and fewer still will be fertilized). Nevertheless, after puberty a few are reactivated every day, resulting in a steady trickle of maturing oocytes, one of which will be released each month. 

Each oocyte is enclosed in a follicle (small sac), whose cells, as we mentioned above, encourage its maturation and growth (see Figure 13). The oocytes are arrested at a very early stage of meiosis, at the time when the four chromatids (i.e. the two pairs of duplicated chromosomes) are in intimate contact with each other (see Figure 9c). They resume meiosis, but in an unusual way: at the end of the First division, half the chromosomes, but almost all the cytoplasm, go to one cell. The remaining chromosomes are discarded in a small bag on the outside of the large cell, called the first polar body, and are subsequently destroyed. The ‘big’ oocyte resumes meiosis, its chromosomes lining up at the equator for the second time, but the process is then arrested again. The oocyte is ovulated in this state. Meiosis is not reactivated until 2–3 hours after fertilization when, once again, one set of chromosomes is expelled in a polar body (the second) and lost. Thus, in contrast to male meiosis which results in four gametes, in women there is only one, which is relatively very large; Figure 14 shows the relative sizes of the egg and the polar bodies. 
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Figure 13, (a) Diagram of ovary to show the development of a follicle and the production of a mature oocyte. Maturation proceeds clockwise from the top left. One of the primordial (undeveloped) follicles is stimulated, and starts to grow. (b) Enlarged diagram showing the follicle containing the oocyte, a lot of fuid, and the granulosa cells which nourish the oocyte. Note that after ovulation the follicle itself develops into a structure called the corpus luteum, which plays a role in pregnancy. 

End of Figure
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Figure 14 Photograph of fertilized egg with two polar bodies. This photograph also shows the two sets of chromosomes present in a fertilized egg, one set derived from the mother and the other derived from the father. Because the sets of chromosomes do not constitute a proper nucleus, it is more accurate to refer to each as a pronucleus (plural: pronuclei). The polar bodies contain the other sets of chromosomes derived from the two cell divisions of the meiosis that produced the egg: they will eventually detach and degenerate. 

End of Figure
The maturation of the oocyte is often called the follicular phase, as it occurs while the oocyte is within the follicle. It is characterized by a massive amount of protein synthesis in the oocyte, which loads up the cytoplasm with all the ‘goodies’ that a newly fertilized egg will need. The surrounding follicle cells also undergo mitosis to form a thick layer around the oocyte. They make a protective jelly coat, called the zona pellucida, between themselves and the oocyte, but maintain contact with it by means of long strands of cytoplasm which pass through the zona. All this happens spontaneously, without any hormonal infuences from the brain or elsewhere. However, towards the end of this first step, some of the follicle cells develop the ability to respond to FSH and LH, and this ability is crucial for the process to go further. 

Because of the slow trickle of oocytes into the first phase of maturation, at any point in time there are always a few follicles which have reached the end of this first step. There are two possible fates for these follicles: either they will degenerate and die, or, if sufficient levels of LH and FSH are present, and the cells can respond to them, another round of mitosis will occur in the follicle cells, making the follicle bigger. At this stage, the oocyte itself does not increase in size, but the follicle enlarges even more because its cells begin to secrete a fuid which surrounds and cushions the oocyte (see Figure 13b). The follicle cells also start to make certain sex hormones, including testosterone and oestrogen. As with the testis, the ovarian follicle does this in response to hormonal cues from the brain. The oestrogen is important: it causes even more of the follicle cells to become sensitive to LH, and this, in its turn, is vital for further maturation. Once again, the increase in sensitivity must coincide with an increase in levels of LH, otherwise the follicle will degenerate. If the timing is good, then the oocyte can enter into the final maturation phase, the pre-ovulatory phase. The pre-ovulatory phase coincides with the progress of the oocyte through the first meiotic division, and it results in the oocyte being ovulated, i.e. released from the surface of the follicle, together with the first polar body (Figure 13a). Once this occurs, the follicle continues to secrete hormones, but different ones, and in different amounts: it becomes a corpus luteum, making progestogen, not oestrogen, in preparation for a possible pregnancy. 

Although both the resumption of meiosis and cytoplasmic maturation are stimulated by an increase in local levels of LH, the oocyte itself is not sensitive to LH: the effect comes via the LH-sensitive follicle cells. By the time of ovulation the oocyte is at the surface of the follicle, separated from the outside world by only a thin layer of cells. Increased fuid pressure within the follicle causes it to pop, and the egg, still surrounded by some granulosa cells but no longer firmly attached to them, is ejected. It enters the Fallopian tube (see Figure 5), where it is wafted gently downwards by the fimbriae lining the tube. Fertilization can take place in the Fallopian tube if sperm are present there. 

Start of SAQ
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Start of Question
Q Within how many days must intercourse have occurred for there to be fertile sperm in the Fallopian tubes? 

End of Question
View answer - SAQ 21
End of SAQ
1.3.6 Hormonal control of egg production

As you can see from the preceeding section, hormones play a crucial role in the maturation of the oocyte. Figure 3 showed you how levels of oestogen and progestogen vary throughout the menstrual cycle, and suggested that hormone balance is important for a woman's fertility, but you can now see how subtle the control really is. Cells have to develop sensitivity to hormones at the times when the hormones are likely to be present, otherwise the entire operation will fail. 
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Start of Question
Q At which stages of egg production is this important, and which hormones are involved? 

End of Question
View answer - SAQ 22
End of SAQ
Once again, then, there is a significant contribution to the entire process by the pituitary gland.

1.3.7 Factors affecting fertilization

It is useful at this stage to summarize the main factors involved in a successful fertilization. First and foremost, fertile gametes must be made. This depends fundamentally on the health of the prospective parents. If they are diseased or undernourished, or have been exposed to high levels of radiation, then not only will they not produce healthy gametes, but they will probably not want to engage in the kinds of activity that might bring their gametes together. 

DNA replication and protein synthesis are metabolically expensive processes. Our metabolism only runs if we supply it with a source of energy and the correct raw materials, and these are obtained from our food. It follows therefore that if we cannot eat enough of the ‘right’ food, i.e. that containing sufficient energy and building blocks, our metabolism will run down. Ultimately this will result in death, but before that time the body will find ways to maximize its resources by cutting down on non-essential activities, including reproduction. It is well documented that undernourished women do not have menstrual cycles, and though there is nothing as easily measured in men, it is clear that sperm production suffers too in times of hardship. Indeed, there is some concern about the observation that over the past century in the UK there has been a drop in men's average sperm count. The reason(s) for this remains a mystery, and so far there has been no adverse effect on fertility, but there is obviously a possibility that, unchecked, it could result in an increasing proportion of infertile men. 

Any process that interrupts the correct production of hormones is likely, as you have seen, to have an adverse effect on gamete production. Many sex hormones are derived from the lipid cholesterol which, although it generally receives a very bad press on account of its propensity for blocking arteries, is a vital constituent of the healthy body. It, or precursors required to synthesize it, must be present in the diet. Cholesterol is a component of cell membranes, and is also vital for the production of several hormones, the steroid hormones. Figure 15, which you need not memorize, and which is included only for interest, shows the chemical structures of the main sex hormones, and how these structures are related to the structure of cholesterol. (Chemical formulae can be written out to show the relative positions of the atoms in a molecule. This gives an idea of the shape of the molecule, which is very important for its function.) Although we are not suggesting that everyone should adopt a high-cholesterol diet, it is clear that some at least is necessary for reproductive success. 
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Figure 15 Structures of cholesterol, progesterone (a progestogen), testosterone and oestradiol (an oestrogen). The cholesterol fused ring structure is shown in colour. (Note: these are skeleton representations – none of the carbon atoms and directly attached hydrogen atoms are shown. Each line denotes a single C to C bond, with the C atoms at the ends of the lines and H atoms attached to them; so a ‘free end’ represents a CH3 group, a ‘bend’ is a CH2 group and where three lines converge it means there is a CH group.) 

End of Figure
We have looked at some of the factors affecting the production of healthy gametes, but there remains a further important criterion for fertilization. 
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Start of Question
Q What is it? 

End of Question
View answer - SAQ 23
End of SAQ
Biologically successful intercourse is defined as intercourse in which the man can maintain an erection for long enough to allow sperm to enter the woman's vagina. This usually means that ejaculation has to occur, but some leakage of sperm may take place before this. The maintenance of an erection depends not just on physical factors but, very importantly, on psychological ones too. There is no requirement for female orgasm to occur, and there is certainly no substance to the old wives’ tale that ‘you can't get pregnant unless you come’; interestingly, though, there is some evidence that a woman's emotional state may affect her ability to conceive. (Unfortunately, not wanting a baby is not an effective contraceptive!). Of course, it is difficult to conduct experiments to clarify this, and for the time being this evidence remains rather circumstantial. Nevertheless, it seems clear that, in humans, the process of reproduction is more than just a physical one. 

1.4 Summary of Section 1

1. Gametes are special cells because they contain only one set of chromosomes instead of the more usual two sets.

2. The chromosome number is halved by meiosis.

3. The crossing over and random assortment of chromosomes in meiosis produces a unique set of genes in every gamete, and thus in every individual (except for identical twins, who are derived from the same conceptus). 

4. Sperm production involves many rounds of mitosis, one meiosis (involving two cell divisions), and a maturation and packaging phase. Millions of sperm can be produced every day. 

5. Egg production also involves mitosis followed by meiosis, but the meiosis is arrested until the oocyte is stimulated to re-enter division. Only one egg is produced per menstrual cycle, and only one gamete is produced as a result of each meiosis. 

6. Gamete production in both men and women is infuenced by hormones.

7. Good health is necessary for the production of healthy gametes.

2 Fertilization

2.1 How fertilization happens

Now that we have dealt with the basic biology, we can resume and give more detail to our story, and return to where we left it: fully mature, strongly swimming sperm have been deposited in the vagina, and will begin their race to the newly ovulated egg. 
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Start of Question
Q Where do the sperm have to go to fertilize an egg? 

End of Question
View answer - SAQ 24
End of SAQ
Immediately following ejaculation, the semen coagulates, which reduces loss from the vagina due to gravity. However, it soon liquefies again, and most of it leaks from the vagina, but within a minute or two of ejaculation some sperm have already swum through the cervix and entered the uterus. They may be helped on their way both by the wafting motion of cilia lining the entrance to the cervix, and also by muscular contractions of the woman's reproductive tract if she has experienced orgasm, but these are not required. It used to be thought that sperm do not swim purposefully up the reproductive tract: that their direction of swimming is completely random, and, indeed, changes frequently, and that sperm only get to the ‘right’ place by luck. However, it has recently been reported that sperm have a net tendency to swim up the Fallopian tube containing the recently ovulated egg, rather than the other tube. It is not clear how the sperm accomplish this, but it is possible that they are responding to subtle chemical signals. Whatever the mechanism turns out to be, the first hurdle is getting through the cervix. 
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Start of Question
Q Why is this difficult? 

End of Question
View answer - SAQ 25
End of SAQ
Of the many sperm ejaculated, only about 100 get through to the uterus. These then undergo a process called capacitation, the precise nature of which is not known, but is necessary to give them the capacity to fertilize an egg. The process can only occur in the uterus when it has been ‘primed’ by oestrogen (that is, at a particular point in the menstrual cycle), and takes several hours. Even after capacitation, sperm are still not fully able to fertilize: they require one final change, called activation. Activation involves changes to the membranes surrounding the sperm, including the one surrounding the acrosome. This develops holes, releasing from inside the acrosome an enzyme called hyaluronidase. Another change at activation is in the swimming properties of the sperm. Instead of the regular, wave-like beats used up to this stage, the tail starts to beat in a periodic, whiplash movement, propelling the sperm along in lurches. Activation must take place very close to the egg, as once it has occurred the sperm will not survive for long. 

The sperm become activated in the Fallopian tube, where they will meet the moving egg, still surrounded by some follicle cells. The follicle cells are removed by the action of the hyaluronidase from the acrosome (by digestion of the polysaccharide material holding the cells together) and the sperm stick to the outside of the zona pellucida, as shown in Figure 16. Other enzymes from the acrosome (e.g. protein-digesting ones) produce a path through the zona, and the whiplash movement of the tails propels the sperm along their paths, leaving them in close proximity to the egg. The membrane of one of them fuses with that of the egg. This sperm stops all swimming movements immediately, and a change takes place in the egg membrane which effectively stops any other sperm from fusing with it. Enzymes are released from the egg's surface which alter the structure of the zona and prevent any further sperm from penetrating it. These events take place within a few minutes of fusion, and the chromosomes of the successful sperm begin to move into the egg cytoplasm. The final part of fertilization, taking longer but absolutely vital, is the egg's resumption of meiosis to get rid of the extra set of chromosomes. Two to three hours after fusion the second polar body is extruded, and the fertilized egg is left with one set of maternal chromosomes to complement the paternal set from the sperm. Although the two chromosome sets are independent to begin with, and so are called pronuclei (these can be seen in Figure 14), by the time of the first division of the fertilized egg the chromosomes have mingled and will all come to lie in the same equatorial plane. This would appear to mark the time at which the embryo becomes autonomous, but as you will see below, this is not necessarily the case. However, it is certainly a prerequisite for a new individual. 
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Figure 16 Photo showing a sperm stuck to an egg.

End of Figure
If the egg is old, i.e. was ovulated several hours before fertilization, the processes described above may not occur accurately.
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Start of Question
Q Can you predict what sort of errors might occur? 

End of Question
View answer - SAQ 26
End of SAQ
2.2 Why fertilization may not happen

It is estimated by most practitioners that more than 50% of all conceptions are genetically abnormal, and it has been suggested that this results in part from the fertilizing of old eggs. Of course, good maternal health and adequate nutrition are also important for the production of good eggs. To maximize the chance of healthy offspring, perhaps intercourse should be timed so that sperm are present as soon as the egg is ovulated. But, as you have seen for practitioners of natural methods of contraception, timing ovulation may be more easily said than done, and even when it can be pinpointed, it may be socially inconvenient to have intercourse at that time. Many abnormal embryos are in fact aborted naturally, and persistent abortion of this sort may be one cause of infertility. 
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Start of Question
Q Can you suggest other biological reasons for infertility? 

End of Question
View answer - SAQ 27
End of SAQ
It is sometimes impossible for structural reasons for egg and sperm to meet. This may be because sperm are not ejaculated properly, or because there is some kind of anatomical blockage in the woman's reproductive tract. In these cases in vitro fertilization (IVF) may help. This involves removing eggs from the woman's ovaries just before they would normally ovulate, and mixing them with sperm that has either been ejaculated or, if ejaculation is not possible, with sperm removed from the vas deferens. The woman can be treated with hormones so that several eggs ripen at the same time; the sperm can be concentrated if necessary. Either eggs or sperm (or both) can be taken from a donor, rather than from the couple themselves. The gametes are mixed in a dish (in vitro means ‘in a glass’) and observed under a microscope. Enzymes necessary for the whole process, such as hyaluronidase, can be added. Once fertilization has occurred, and the embryos appear to be progressing normally (see Section 6), they can be placed in the woman's uterus, where they may implant and grow normally. Although several embryos may be produced by this method, usually only two or three are given the opportunity to implant (the rest are frozen for future use). This is to reduce the risk of multiple pregnancies, which are not desirable for the welfare of the mother or the babies. A variation of this is GIFT, gamete intra-Fallopian transfer, where the gametes (sperm and eggs), taken from whatever source, are mixed together, then immediately placed in the Fallopian tubes. This ensures that the conditions for fertilization are as ‘natural’ as possible. In both cases, it is important that the woman should be at the correct point in her cycle so that her uterus is able to receive an implanting embryo. This may require her to have hormone treatment. 

IVF and GIFT are valuable techniques for overcoming blockages, and their use has made many couples happy, although in general success rates are low: of the order of 10% per menstrual cycle, varying to some extent depending on the practitioner involved. But sometimes couples are infertile for no obvious physical reason: both produce healthy gametes, and have no physical abnormalities. It turns out that some women unwittingly produce antibodies that interfere with their partner's sperm, and prevent their survival. 

Antibodies are very large protein molecules, they play an important part in the immune system, the body's machinery to fight infectious disease. As with most proteins, the key to an antibody's functions lies in its shape. 
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Start of Question
Q Why is the shape of a protein important? 

End of Question
View answer - SAQ 28
End of SAQ
Antibodies have the ability to distinguish between molecules that ‘belong’ in the body, that is, are ‘self’, and other, non-self, molecules. Antibodies patrol the whole body, being carried around in the blood and lymph, but also penetrating the tissues to maintain maximum surveillance. Their response to meeting a non-self molecule is to attach to it, and form an insoluble complex which can be removed by other parts of the immune system. Usually this response is limited to invading microbes, but occasionally antibodies are produced against inappropriate targets – in this case, components of the sperm's membrane. The bodies of women in whom this happens recognize the sperm as non-self, and the immune system responds by making antibodies against them. When the antibodies attach to the sperm's membrane, they prevent it from fertilizing an egg, and infertility results. This type of infertility is not the result of a disease but of an over-enthusiastic defence mechanism. The important point to note from this is that even a normal body mechanism, if deployed inappropriately, can result in abnormal functioning – dis-ease. The treatment for this kind of infertility is to ‘de-sensitize’ the woman, that is, inject her with very low levels of the offending sperm membranes, in an attempt to fool her body into thinking that these are just another few self molecules. Perhaps surprisingly, this treatment often works remarkably well. 

2.3 Summary of Section 2

1. After ejaculation some sperm penetrate the cervical mucus, and on arriving in the uterus become capacitated.

2. A few sperm swim up the Fallopian tube containing the recently ovulated egg.

3. In the tube the sperm become activated. This involves changes to the membranes and a change in the swimming pattern.

4. Enzymes from the acrosome allow the sperm to get next to the egg, by removing follicle cells and digesting a path through the zona pellucida. 

5. The membranes of the egg and one sperm fuse, allowing chromosomes from the sperm to enter the egg.

6. The egg resumes meiosis.

7. In cases where ‘natural’ fertilization cannot take place, IVF or GIFT may allow conception.

3 Small beginnings – the first two weeks

3.1 Pre-implantation and assymetric division

Let us now return to the Fallopian tube, where a fertilized egg is assembling its chromosomes prior to commencing a series of mitotic divisions which will eventually give rise to the millions of cells that make up the human body. Obviously these millions of cells do not just exist as an amorphous mass: they are differentiated into many different types of cell, and they are organized into recognizable, discrete structures: tissues and organs. This is accomplished by a coordinated sequence of complicated events, yet the fascinating choreography of development is based, like ballet, on a few relatively straightforward steps. In the very first days of embryonic development the stage is set for the full repertoire of movements, so understanding the early days allows us insights into the later processes, not yet fully understood, that lead to the development of a new-born baby. 

Figure 17 shows the stages of development of the human conceptus (early embryo) during the first week or so. These stages are called pre-implantation, because during this time the embryo lies free within the mother's reproductive tract. From the time of fertilization until the early blastocyst stage, roughly 5 days, the conceptus is in the Fallopian tube. A blastocyst is the first structure that looks different from the blob of cells that is the conceptus. A blastocyst consists of two distinct types of cell, and is swollen by fuid which is produced by one of these types. We shall discuss this further in a moment. By the time the blastocyst arrives in the uterus, the hormonal cycle has progressed, so that the uterus will be able to accommodate the embryo, and allow it to attach to the thickened uterine wall. Prior to this, implantation is impossible. 
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Figure 17 The stages of early human development. (Note: from the fertilized egg onwards each cell contains two sets of chromosomes in its nucleus – for simplicity, the cell nuclei are not shown beyond stage (c).) 

End of Figure
Start of SAQ
SAQ 29

Start of Question
Q Which hormone is involved in preventing implantation? 

End of Question
View answer - SAQ 29
End of SAQ
The divisions resulting in the stages shown in Figure 17 are called cleavage divisions. This means that the divisions take place without any net cell growth, resulting in the cells roughly halving in size at each division. In this way, the large amount of cytoplasm in the egg is reduced to more manageable amounts. You will recall that the cytoplasm in the egg provides the conceptus with many of the nutrients it needs to get it started; as the conceptus becomes metabolically active, synthesizing its own nucleic acids and proteins, it becomes less dependent on components in the cytoplasm, and more reliant upon external supplies of nutrients from the surrounding fuid. 

Three waves of cell division result in an 8-cell conceptus whose cells are all in contact with the ‘outside’, i.e. the uterine fuid, through the zona pellucida (Figure 17d–g). But the fourth division is different, and, as you will see, vital for further development. The division from 8 to 16 cells is asymmetric, that is, the division does not occur across the centre of the cell, but is closer to one end than the other. 
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Start of Question
Q What is the consequence of this asymmetry? 

End of Question
View answer - SAQ 30
End of SAQ
At the 16-cell stage, the first differentiative event has occurred: there are two populations of cells: eight large cells on the outside, and eight smaller cells on the inside. Size is not the only difference between them; although cells of both populations have a nucleus, cytoplasm and a cell membrane, the constituents of the cytoplasm and the cell membranes are different. In particular, one of the differences in the membranes means that the smaller, inner cells are more adhesive than the larger, outer cells, and form a tight ball of cells lying within, though still connected to, the outer shell. You would not expect the constituents of the nucleus to be different, as the same DNA is present in all cells of this individual, but different proteins are made in the two populations (in particular, different membrane proteins, giving rise to the differential adhesiveness). 
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Start of Question
Q What does the synthesis of different sets of protein imply is happening at the level of the DNA? 

End of Question
View answer - SAQ 31
End of SAQ
3.2 Compaction and adhesion

Around the time of the 8- to 16-cell division, the conceptus undergoes a morphological (shape) change, called compaction, in which the cells fatten on each other, and the outlines of individual cells become hard to distinguish. This stage, sometimes referred to as a morula, from the Greek word for mulberry, is shown in Figure 17i. At this stage it is hard to see individual cells; in fact, unless the cells are separated by various laboratory treatments, it is not possible to see the two different cell types present in an intact embryo at the 16-cell stage. (Figure 17h is included for clarity even though it is not a stage normally seen.) Once compaction has occurred, it is impossible to see subsequent cell divisions, although they do occur at frequent intervals. By the time the fuid-filled cavity of the early blastocyst appears (Figure 17j), there are about 64 cells, and a mature, expanded blastocyst can contain more than 250 cells (Figure 17k). 

As mentioned above, the blastocyst consists of two cell types which are derived from the asymmetric division at the 8-cell stage. The larger cells resulting from that division form the trophoblast cells, which surround the fuid-filled cavity, and indeed are responsible for making the fuid. These cells will form the embryo's contribution to the placenta, the organ which will supply nutrients to and remove waste products from the embryo throughout the rest of gestation. The smaller cells from the asymmetric division form the inner cell mass. These are the cells that will give rise to the embryo proper, and to some of the membranes surrounding it. The trophoblast cells do not undergo much further differentiation, but the inner cell mass cells have a long developmental road ahead of them. 

How interchangeable are the two cell populations? Is differentiation into two different types of cell really a permanent step, or can it be reversed? The answer seems fairly clear-cut: once a cell has differentiated, there is no turning back. If a trophoblast cell is put into the middle of a group of inner cell mass cells it will not contribute to the inner cell mass, but will be pushed to the outside of the clump, and discarded. This happens because trophoblast cells have different protein molecules on their surfaces from those found on the surfaces of inner cell mass cells. 
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Start of Question
Q Can you remember a property of some of the surface molecules which might account for this? 

End of Question
View answer - SAQ 32
End of SAQ
In fact, many surface proteins – the glycoproteins – carry short chains of carbohydrate on them and it is the carbohydrate part that is responsible for the stickiness. Adhesion of one cell to another can be regarded as an early form of communication of the ‘Is there something there – Yes or No’ variety. But it seems that cells are able to recognize similarities and differences between themselves purely on the basis of their adhesive properties. This differential adhesion is what pushes the trophoblast cell out of the clump of inner cell mass cells. The inner cell mass cells adhere more tightly to each other than they do to the trophoblast cell, with the result that it is gradually excluded from the group. The concept of differential adhesion is an important one that you are likely to meet in further study. 

It seems clear that by the time the inner cell mass and the trophoblast are visibly distinct, they have differentiated to such an extent that they cannot substitute for each other. But what about earlier stages? It has been known for many years that in some animals the fate of early embryonic cells has not been determined: cells from 2- and 4-cell embryos can substitute for each other and can even, if separated from their fellows, give rise to complete new embryos. It is ethically difficult to do this kind of experiment with human embryos, but what little experimental evidence there is seems to accord with what has been found in other mammals: until the 8-cell stage, embryonic cells are developmentally ‘plastic’, that is, their fate is not yet sealed. By the 8-cell stage, however, preparations are clearly under way for the asymmetric division that marks the first differentiation, and the cells cannot safely be tampered with. 

3.3 Summary of Section 3

1. For the first week after fertilization, the conceptus (early embryo) foats freely in the female reproductive tract, obtaining some of its nutrients from the fuid in which it is bathed. 

2. The fertilized egg begins a series of divisions to give 2, then 4, then 8 undifferentiated cells. There is no net cell growth, so each generation of cells is smaller than the last. 

3. The 8- to 16-cell division is different, and important. Each cell divides asymmetrically, to yield one large, outside cell and one small, inside cell. 

4. The two populations of cells are different from each other, and cannot substitute for each other in development. They are differentially adhesive, and express different subsets of genes. 

5. The large, outside cells give rise to the trophoblast, which will make the placenta. The small, inside cells make the inner cell mass, which will form the embryo and associated membranes. 

4 A new life

There is a common belief that life begins at the moment of conception, i.e. when a sperm fuses with an egg. This is a step forward from past years, when life was alleged to start at the time of ‘quickening’, i.e. when a woman could feel her fetus moving inside her. However, both these opinions suffer from an underlying falsehood: that life ‘begins’ at all. Life is a continuum; gametes are produced by living parents, and fuse to produce new living individuals, but unfused gametes are nonetheless alive and capable of metabolic activities. So the question is not ‘when does life begin?’, but rather ‘When does a new individual come into being?’ The answer to this highly controversial question could, in theory, be at any time from the moment of penetration of the egg membrane by the sperm up to the time of birth, and, indeed, the Roman Catholic Church debated for centuries the time when the soul enters the new being (see above). As with many contentious issues, people's opinions will be drawn not just from biology, but from psychology and sociology too. However, for now we shall concentrate on a biological answer to the question. 

Common (female) experience suggests that a new individual is alive, and certainly kicking, from around 17 weeks of gestation. Heartbeats and other spontaneous movements can be detected by ultrasound scans several weeks earlier than this. And, if life is defined in terms of metabolic activity, a new individual is alive by two weeks of gestation, when pregnancy tests can detect a substance, chorionic gonadotropin, made by the trophoblast cells as part of placental activities, so the conceptus is metabolically active at this stage at least. 

So let us now address the question of the development of individuality.
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Start of Question
Q What characteristics distinguish one individual from another? 

End of Question
View answer - SAQ 33
End of SAQ
As you saw above, a new individual, resulting from the fusion of two gametes, is characterized by having two sets of genes, and therefore two alleles of each gene. Some of the alleles will have come from the mother, and others from the father. 
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Start of Question
Q In view of this, how could you distinguish a new individual from its mother? 

End of Question
View answer - SAQ 34
End of SAQ
It is technically quite tricky to carry out this kind of test in humans. It is not possible to start with laboratory breeding stocks with well characterized alleles as geneticists can do in some other species! So recourse has been made to studying traits that could only ever have come from the father. One such trait is the sex of the embryo. Sex, as you may know, is determined by the chromosomes: among the 46 human chromosomes are two that are called sex chromosomes. There are two sorts of sex chromosomes: X chromosomes, which are among the largest, and Y chromosomes, which are among the smallest. Every female has two X chromosomes in each of her cells; every male has one X chromosome and one Y chromosome. The sex chromosomes behave as a pair during meiosis, lying together at the equator, then separating to opposite poles of the dividing cell, even though they are physically ill-matched in terms of size (see Figure 8, left). 
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Start of Question
Q Which sex chromosomes will be present in the gametes of men and women? 

End of Question
View answer - SAQ 35
End of SAQ
This means that an X-containing egg may be fertilized by either an X-bearing sperm or a Y-bearing sperm. In the former case the embryo will have two X chromosomes and be female; in the latter case the embryo will have an X and a Y and be male. 

The sex chromosomes do not only carry genes determining sex; most of their length is taken up with genes concerned with quite different characteristics such as blood group. In fact, the only part of the Y chromosome that is essential for maleness is a tiny area called Sry (formerly tdf, testis-determining factor). Another gene on the Y chromosome codes for a protein that is a normal part of the (male) cell membrane, and it is possible to distinguish the presence of this protein on the surface of pre-implantation embryos. 
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Start of Question
Q What does this tell us? 

End of Question
View answer - SAQ 36
End of SAQ
The earliest that this protein has been detected on embryos is the 4-cell stage. This and other evidence tells us that the embryo's genes have probably been ‘switched on’ by the 4-cell stage, i.e. about 2 days after fertilization. This is long before most mothers have any inkling that they might be pregnant. As we have mentioned before, more than 50% of conceptions will fail, and the majority of these failures are at very early stages. A significant proportion is probably due to an inability of the embryo's genes to become functional. In these cases, implantation will not occur, and menstruation will take place at the normal time, washing the failed embryo out, and leaving the woman with no sign that she was ever pregnant. 

Strictly speaking, then, the question we asked at the beginning of this section – When does a new individual come into being? – has been answered from a biological perspective. The embryo begins to function independently at the 4-cell stage, but it is certainly not capable of independent existence at this stage. It still uses cytoplasmic components from the mother, although these are progressively metabolized and by the blastocyst stage, few, if any, remain. Once the embryonic genes have been switched on, early development seems to proceed automatically, with little reference to the outside world; this is why early embryos can be successfully grown in the laboratory. The embryo, moving slowly down the Fallopian tube into the womb, is constantly bathed in various secretions, but all that it appears to need is a suitable temperature (371°C), an appropriate level of acidity, an energy source, raw materials for synthesis as well as the right mixture of ions. Large glycoprotein molecules, present in the tubal secretions, seem to help stabilize the cell membranes, which are fragile because the cells are so big. 

A few days later, however, the picture is very different. The embryo begins to burrow into the wall of the womb, and a placenta is formed. The placenta is a large and important organ, and it is made jointly by the embryo and its mother. By the time the placenta begins to form, about two weeks have passed since fertilization. Only if a woman has very regular 28-day menstrual cycles, and her period has not appeared on time, will she have any inkling that she may be pregnant. We shall go on to look at this aspect of reproduction now. 

4.1 How does a woman know she's pregnant?

4.1.1 Identifying the pregnacy

Our description of the developing embryo has, so to speak, detached it from its mother. But we should remember that on the other end of the placenta is a woman whose reaction to her pregnancy may lie almost anywhere in the scale of human emotion, and whose behaviour during her pregnancy will have an enormous effect on its outcome. This section attempts to look at the pregnancy from the mother's point of view. Of course, it cannot possibly be applicable to all women in all pregnancies – no text could ever do that – but it will attempt to draw out some general facts. 

As you have seen above, much has been said throughout the ages about the beginning of pregnancy and the formation of a new individual. For most women, this is frankly irrelevant: fertilization and the first cell divisions pass unnoticed. The first sign of pregnancy for many women is a missed menstrual period, but this is by no means diagnostic. Women who have infrequent or irregular cycles may not be aware that they have missed one; even in women with regular cycles there are several reasons why a period might be missed. 

Start of SAQ
SAQ 37

Start of Question
Q Give some of these reasons. 

End of Question
View answer - SAQ 37
End of SAQ
Some women who are eager to become pregnant, and who are highly aware of their bodies, claim to ‘feel different’ only a few days after biologically successful intercourse. Just what these feelings consist of is difficult to ascertain, nor do they seem to be common to all women, but there is no doubt that they are real enough to the women concerned. Symptoms such as sore breasts and feeling bloated are certainly common in pregnancies, but do not usually become apparent until a couple of weeks after fertilization, a time when some women experience these symptoms anyway pre-menstrually. Conversely, women who either have no idea that they might be pregnant, or those who do not want to be, and unconsciously deny the possibility, can go for several months before finally realizing that they are in fact pregnant. Even symptoms such as nausea and vomiting, which some women find overwhelming, are often shrugged off as ‘a tummy bug’. So there is a significant emotional component in the recognition of pregnancy. 

Whether or not a woman will welcome a pregnancy, it is often very important for her to know as early as possible whether a pregnancy has occurred. Pregnancy testing must surely have had a long history; it is related that some wise women could tell, apparently just by looking, whether a woman was pregnant. Indeed, even today there are mystics who claim that a woman's ‘aura’ changes when she is pregnant. If this is true, it might be related to the ‘different feelings’ that some women experience. However, these ‘tests’ cannot be substantiated by a scientific explanation, and other, more reproducible tests have been sought. One early favourite was the observation that if urine from a pregnant woman was rubbed on the back of a female toad, the toad would be induced to lay eggs. Urine from a non-pregnant woman would not do this. This was the pregnancy test of choice for many years, but it was not very accurate. 

Start of SAQ
SAQ 38

Start of Question
Q Can you suggest why not? 

End of Question
View answer - SAQ 38
End of SAQ
The reason why pregnant women's urine can cause a toad to spawn is that it contains hormones which can penetrate the toad's skin and have the appropriate physiological effect in the toad's body. This led to the search for more accurate tests, and modern ones have got it down to a fine art. 

Although many of the hormones in a woman's urine are present whether or not she is pregnant, there is one hormone that is absolutely diagnostic of pregnancy. It is called chorionic gonadotropin, and is made by trophoblast cells in the placenta, as you will see later. Currently available tests detect a very small amount of chorionic gonadotropin in urine, and so can be used very early in pregnancy – in fact, as soon as the placenta is formed, at around two weeks after fertilization. This time corresponds with the time a period would be expected if the woman were not pregnant, so can be used reliably as soon as the period is missed. 

4.1.2 Experiencing the pregnancy

If a woman does find herself pregnant, what can she expect? Pregnancy is a time of enormous physical and emotional changes, and these are often difficult to cope with. To begin with, the physical effects of early pregnancy can be extremely unpleasant. The nausea and vomiting of morning sickness can be very severe, and although in many women the symptoms abate after a while, in others they persist right through the pregnancy. Sickness is thought to be due to the high levels of progestogen circulating in the blood. 

Start of SAQ
SAQ 39

Start of Question
Q Where is the progestogen made? 

End of Question
View answer - SAQ 39
End of SAQ
At later stages, progestogen is made by the placenta, and it is necessary to maintain the pregnancy. Women differ in the degree of morning sickness that they suffer – some do not suffer at all, and in many women the amount they suffer varies with each pregnancy. It is not known whether this is because women produce different amounts of progestogen, or whether they can tolerate different levels of it (or both). Whatever the reason, this does not alter the fact that the woman may feel very ill. During this time she may nonetheless have to function as efficiently as always, while perhaps concealing her condition – for it will not at this stage be obvious to anybody (except perhaps mystics) that she is pregnant. 

Other ‘normal’ symptoms of early pregnancy are generally easier to cope with. Sore breasts, again resulting from exuberant hormones, are often no more painful than what the woman may experience every month during her menstrual cycle. An increased appetite, something which, rather perversely, often accompanies morning sickness, is usually easily dealt with. Many symptoms associated with pregnancy, such as raised blood pressure or fuid retention, do not usually occur until later on, when the fetus has grown bigger. 

One thing that must be emphasized is that all the changes associated with pregnancy are for the baby's benefit. A normal, healthy woman is well adapted to her diet and lifestyle, so it is likely that she will find any body changes unpleasant. Added to the physical discomfort is often severe emotional upheaval, particularly if it is a first pregnancy. The prospect of fundamental lifestyle changes are sometimes difficult for people to accept. Even when a pregnancy is very much wanted, it is not unusual for women to suffer periods of depression and worry about the future. Part of the worry surrounds practical issues like jobs, housing and money, but most women also worry about the pregnancy itself, and whether the baby will be healthy. As you know, many pregnancies are unsuccessful for the very reason that the embryos are not healthy, and, perhaps mercifully, many abnormal fetuses are spontaneously aborted. However, a small number of babies are born with some kind of abnormality, and this knowledge cannot fail to be a source of worry, especially if there is a family history of disease or if the woman is in her late 30s or older. 

In our society, pregnancy is generally very popular with the non-pregnant, particularly in the ‘correct’ social circumstances. But even the most universally welcomed pregnancy is likely to appeal rather more to by-standers than to the mother-to-be herself. The combination of physical effects and deep emotional disturbances can cause uncharacteristic mood swings which may be hard to live with. All this makes pregnancy seem like a case for intensive care (and perhaps contributed to the pervasive view that pregnancy is an illness), but even the worst of pregnancies is only temporary, and this knowledge gives many women cause for cheer, especially if they are looking forward to having their baby. Many women differentiate in their own minds between ‘expecting a baby’ and ‘being pregnant’, and the feelings associated with each can be diametrically opposed. Most women, however, achieve some balance that they can live with, so that although reproduction may not be an entirely pleasurable experience, it is usually not all bad, either. The anticipation, the challenge, the excitement of feeling movements, and generally feeling special are all aspects of pregnancy that most people thoroughly enjoy. 

4.2 Selecting the sex of a child

Once a pregnancy has been established, many couples are anxious to know the sex of their unborn baby. The reasons for this are many, ranging from the prosaic (will the baby be able to use its brother's or sister's old clothes) to the deeply religious (as described for Hindus in Section 2). In many communities there is so much social pressure on mothers to produce the ‘right’ sex (usually male) that infanticide of the ‘wrong’ sex is widely practised. Because this is illegal in most societies, figures to substantiate this claim are not available. Although cultures differ in their regard for individual human life, it is probably true to say that no mother, whatever her beliefs, can be completely unmoved by the death of her baby. Although this matter is complicated by cultural factors, a lot of pain might be avoided if couples could choose the sex of their child. 

Start of Activity
Start of Question
Q Conduct a straw poll among your acquaintances, particularly any who are expecting a baby. Do they, or would they, want to know the sex of their unborn baby? What are their reasons for feeling this way? How many would like to be able to choose in advance the sex of their child? 

End of Question
View answer - Untitled activity
End of Activity
Start of SAQ
SAQ 40

Start of Question
Q When does the sex of a baby become apparent? 

End of Question
View answer - SAQ 40
End of SAQ
The sex of a fetus can be deternined using amniocentesis. This technique involves sampling the amniotic fluid (the liquid that surrounds the fetus): a hollow needle is inserted through the mother's abdomen and some of the amniotic fluid is withdrawn. In the fluid are found some fetal cells which have been shed during development. These can be tested for biochemical or chromosomal abnormalities, if the family history suggests that this is a possibility. The appearance of the chromosomes will also reveal the sex of the fetus. Amniocentesis is not routinely used, however, as it brings a risk of miscarriage. 

As far as telling the sex of a fetus simply by looking, it is, of course, necessary to wait until the genitals are visible. Although the genitals are quite well developed by about 12 weeks’ gestation, they are very small, and hard to distinguish. In practice, it is often possible to tell the baby's sex by 17–18 weeks, at the time of a routine ultrasound scan. However, unless there is a good reason for telling the mother (such as to give her information about whether the baby is likely to suffer from an inherited disease affecting only one sex), many hospitals withhold this information on the grounds that some people would procure an abortion if the baby were found to be of the wrong sex. We leave you to think about the ethics of this. 

How easy might it be to choose an embryo's sex? There are two approaches to this that are technically possible at present. One involves looking at the chromosomes of the fertilized egg or conceptus, to see if a Y chromosome is present or not. This is clearly possible only when the embryo is outside the mother's body at this stage. 

Start of SAQ
SAQ 41

Start of Question
Q When might this be the case? 

End of Question
View answer - SAQ 41
End of SAQ
In most IVF procedures, more embryos result than can realistically be replaced into the mother. The general rule is that no more than three embryos should be put back. 

Start of SAQ
SAQ 42

Start of Question
Q Why do you think this is? 

End of Question
View answer - SAQ 42
End of SAQ
Excess embryos are usually frozen or discarded. However, since all the embryos are cultured in the laboratory for a short while to ensure that they are developing normally, it is a simple matter to use one cell of each to check the chromosomes. If embryos are sexed in this way, only those of the chosen sex can be replaced in the mother, ensuring that the baby will be the right sex. Loss of one cell is not a problem for the health of the embryo; as you saw above, at early stages the embryos are developmentally plastic, and one cell can easily replace another. 

Embryo sexing is all very well in cases where the mother is undergoing IVF, but is clearly impractical for most cases.

Start of SAQ
SAQ 43

Start of Question
Q Can you suggest another, easier technique for ensuring an embryo of a particular sex? 

End of Question
View answer - SAQ 43
End of SAQ
This is fine in theory, but how can the two types of sperm be reliably separated? They are produced together, and the ejaculate contains a mixture of roughly equal amounts of each type. They look the same, are the same size, have the same proteins on their surface, and swim with the same random path. 

Start of SAQ
SAQ 44

Start of Question
Q Look back at Figure 8. Can you suggest a difference between X-bearing and Y-bearing sperm? 

End of Question
View answer - SAQ 44
End of SAQ
Because DNA accounts for a significant part of the weight of a sperm (remember there is very little cytoplasm), the difference in amount of DNA means that Y-bearing sperm are a little bit lighter than X-bearing sperm. Thus, you might expect them to be able to swim a little further or a little faster than X-bearing sperm, assuming the energy supply within the sperm is constant. This is difficult to demonstrate in practice. Because sperm swim in a completely random way, it needs sophisticated microscopes and measuring equipment to trace the paths taken by individual sperm after ejaculation. Furthermore, manipulating sperm so as to be able to measure them can interfere with their ability to fertilize. 

There is one approach that has yielded some promising results. Although sperm move in a random way, it seems that they have a tendency to swim up a gradient of concentration (that is, from a dilute solution to a more concentrated solution) of some sugars. If ejaculated sperm are placed in a tube, on top of a carefully layered gradient of sugar, with a dilute solution at the top and a more concentrated solution at the bottom, then after a while the sperm can be shown to have swum down the tube (see Figure 18). It is claimed that those sperm that have swum the furthest are the lighter ones, that is, the Y-bearing sperm. The heavier, X-bearing sperm do not swim so far along the tube. In theory, taking sperm from the top or bottom of the tube would be expected to give pure populations of X- and Y-bearing sperm respectively. Based on this approach, many sperm-sexing centres have been established, which claim to be able to produce babies of the desired sex by artificial insemination with such ‘pure’ populations of sperm. Unfortunately, the success rate achieved by such methods is little different from the 50% that would be achieved with any pregnancy. This is due to the random paths taken by the sperm: although they have a net tendency to swim up a gradient, the tortuous path they take can negate any separating effect of the weight difference (which is less than 1%). So the most that can be obtained is two populations of sperm enriched in X- or Y-bearing members. 

Start of Figure
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Figure 18 Gradient separation of X- and Y-bearing sperm.

End of Figure
In spite of the lack of certainty offered by sperm selection techniques, they enjoy a certain amount of popularity, particularly among people whose cultures strongly favour one sex of child. It seems clear that many people find this kind of intervention in their reproductive processes preferable to abortion or infanticide. 

5 Questions for course

Start of Activity
Question 1 (Objective 2) 

Start of Question
Figure 19 is a graph showing how the viscosity (thickness and stickiness) of a woman's cervical mucus changes with time. Day 0 is the start of her menstrual period. 

1. Can you suggest when ovulation might be occurring?

2. What would be the effect on mucus viscosity if the woman took a daily dose of progestogen?

Start of Figure
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Figure 19 Relationship between viscosity of cervical mucus and time over the course of one menstrual cycle. M=menstruation.

End of Figure
End of Question
View answer - Question 1 (Objective 2)
End of Activity
Start of Activity
Question 2 (Objective 3) 

Start of Question
State two main differences in the meiotic divisions that take place in males and females.

End of Question
View answer - Question 2 (Objective 3)
End of Activity
Start of Activity
Question 3 (Objectives 4 and 5) 

Start of Question
Describe the first four divisions undergone by a fertilized egg. In what way are the first three different from the fourth?

End of Question
View answer - Question 3 (Objectives 4 and 5)
End of Activity
Start of Activity
Question 4 (Objective 5) 

Start of Question
A sponge is a simple animal consisting of only two cell types, one of which encloses the other. If the cells are separated by passing the sponge through a sieve, and thoroughly mixed, in time they will reaggregate and the two cell types will resume their correct respective positions. Suggest how this may happen. 

End of Question
View answer - Question 4 (Objective 5)
End of Activity
Start of Activity
Question 5 (Objectives 3 and 6) 

Start of Question
Is it correct to say that an ejaculate consists of two populations of sperm? Is this important?

End of Question
View answer - Question 5 (Objectives 3 and 6)
End of Activity
Start of Activity
Question 6 (Objective 6) 

Start of Question
The Roman Catholic Church is currently strongly opposed to abortion, yet 200 years ago it was not. Why has this change come about? 

End of Question
View answer - Question 6 (Objective 6)
End of Activity
Conclusion

In this course we have looked at some of the factors which infuence a couple's decision to have a child. For people who choose not to do so, at least for some part of their lives, a range of contraceptive practices is available. We have looked at the biological processes involved in producing gametes, and at the precise sequence of events necessary to produce a healthy, fertilized egg. We have seen how this egg develops, first as a pre-programmed, free-living embryo, then becomes buried within its mother's tissues. We have looked at some of the effects that this has on the mother herself, and have glimpsed some of the physiological sacrifices that a mother must make for the sake of her baby. Finally, we put reproduction into a more social context, and looked at the ways in which cultural preferences for babies of a particular sex can be fulfilled to some extent by modern practices. 

Keep on learning

Start of Figure
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End of Figure
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SAQ 1

Answer

A People like babies, and want one of their own. Other family members are generally keen for young couples to have families. It is a socially acceptable thing to do. It may help to cement a relationship. People enjoy living in large families. 

Back to Session 1 SAQ 1
SAQ 2

Answer

A If each couple had two surviving children, they would effectively replace themselves in the population, and overall numbers would remain stable. 

Back to Session 1 SAQ 2
SAQ 3

Answer

A China, where there is a state policy allowing only one child per family. 

Back to Session 1 SAQ 3
SAQ 4

Answer

A Altering the oestrogen level, altering the progestogen level, or altering the levels of both hormones, but to differing extents. 

Back to Session 1 SAQ 4
SAQ 5

Answer

A Not only do hormone levels vary throughout a month, but they also vary over each 24-hour period, showing a diurnal or circadian rhythm. (If you did not know this, don't worry – you will learn more about the rhythms of hormones elsewhere in this course.) 

Back to Session 1 SAQ 5
SAQ 6

Answer

A You would probably say zero, since pregnancy cannot occur without ovulation. 

Back to Session 1 SAQ 6
SAQ 7

Answer

A Thick cervical mucus will hinder the passage not only of sperm, but also of any pathogenic (disease-causing) organisms. Thus, in women, cervical mucus is one of the body's defence barriers. 

Back to Session 1 SAQ 7
SAQ 8

Answer

A Because of the reduced receptiveness of the uterus to implantation. 

Back to Session 1 SAQ 8
SAQ 9

Answer

A This is one of the effects of progestogen. 

Back to Session 1 SAQ 9
SAQ 10

Answer

A It will be easier for sperm to penetrate into the uterus and Fallopian tubes at a time when an egg might be there to be fertilized. 

Back to Session 1 SAQ 10
SAQ 11

Answer

A Well-known proteins include collagen, which enhances the stretchiness of skin, keratin, the protein that forms hair and nails, and insulin, the hormone involved in controlling the level of blood glucose. Perhaps you thought of others: many are listed on the labels of cosmetics or food items, or in cookery books. 

Back to Session 1 SAQ 11
SAQ 12

Answer

A From the genetic code – the instructions carried by the DNA making up the chromosomes in the cell nucleus. 

Back to Session 1 SAQ 12
SAQ 13

Answer

A They use different subsets of information from the chromosomes (i.e. different sets of genes). 

Back to Session 1 SAQ 13
SAQ 14

Answer

A Ultimately, all an individual's cells are derived from the one original cell that resulted from the fusion of an egg with a sperm: the fertilized egg. So the cell's chromosomes came from the gametes’ chromosomes. 

Back to Session 1 SAQ 14
SAQ 15

Answer

A It would have twice as many. 46 chromosomes in each of the fusing cells would give a fertilized egg containing 92. 

Back to Session 1 SAQ 15
SAQ 16

Answer

A The amino acids may also be slightly different, if the base change caused a change in the code (. 

Back to Session 1 SAQ 16
SAQ 17

Answer

A Because each chromosome has replicated, giving two copies of each. 

Back to Session 1 SAQ 17
SAQ 18

Answer

A In mitosis, there is one round of DNA replication and one cell division. In meiosis there is also one round of DNA replication, but there are two cell divisions. This ensures that each of the four resulting cells contains only one copy of the genetic information. 

Also, whereas in mitosis the chromosomes in the two progeny cells are identical with those of the parent cell, in meiosis the gametes’ chromosomes are subtly different because of random assortment of the chromosomes and the exchange of material between similar strands that has taken place during the First cell division. 

Back to Session 1 SAQ 18
SAQ 19

Answer

A So that only some of the spermatogonia embark on the sperm production pathway. 

Back to Session 1 SAQ 19
SAQ 20

Answer

A Both are gametes, so must undergo meiosis to reduce the number of chromosomes by half. 

Back to Session 1 SAQ 20
SAQ 21

Answer

A Within five days (Section 3). 

Back to Session 1 SAQ 21
SAQ 22

Answer

A FSH and LH at the end of the first stage of maturation; LH alone just prior to ovulation. 

Back to Session 1 SAQ 22
SAQ 23

Answer

A Biologically successful sexual intercourse. 

Back to Session 1 SAQ 23
SAQ 24

Answer

A Through the cervix, up through the uterus, and into the Fallopian tubes (see Figure 5). 

Back to Session 2 SAQ 1
SAQ 25

Answer

A The cervix is plugged with mucus. This is normally very viscous, but becomes thinner around the time of ovulation. 

Back to Session 2 SAQ 2
SAQ 26

Answer

A If more than one sperm fused with the egg, or if the second polar body was not extruded, there would be too many sets of chromosomes in the fertilized egg. This would produce abnormal embryos. 

Back to Session 2 SAQ 3
SAQ 27

Answer

A There are a vast number of points at which the fertilization process might go wrong. But broad categories are failure of sperm production, failure of egg production, and failure of the interactions between them. 

Back to Session 2 SAQ 4
SAQ 28

Answer

A It allows that protein to interact with (bind to) other specific molecules. 

Back to Session 2 SAQ 5
SAQ 29

Answer

A Progestogen (Section 3.1). 

Back to Session 3 SAQ 1
SAQ 30

Answer

A The resulting cells will be of two different sizes (Figure 17h). 

Back to Session 3 SAQ 2
SAQ 31

Answer

A Different genes are being transcribed. 

Back to Session 3 SAQ 3
SAQ 32

Answer

A Adhesiveness. Adhesion between cells is mediated by surface proteins whose shapes allow them to interact with each other. 

Back to Session 3 SAQ 4
SAQ 33

Answer

A Almost any answer is correct here! You might have mentioned eye colour, fingerprints, or handedness, for example. But a more molecule-orientated answer might have mentioned enzymes, or genes (an individual's inheritance). 

Back to Session 4 SAQ 1
SAQ 34

Answer

A By identifying an allele that had been inherited only from the father. 

Back to Session 4 SAQ 2
SAQ 35

Answer

A Eggs will always contain one X chromosome among their 23. Sperm contain either an X chromosome or a Y chromosome. (If you are at all unsure about this, go back to the diagram of meiosis, Figure 9.) 

Back to Session 4 SAQ 3
SAQ 36

Answer

A If the protein is there, it must have been made by the embryo's cells, as the mother cannot make it – she has no Y chromosome. So this means that the embryo's own genes are active, and it is beginning to become a male individual. 

Back to Session 4 SAQ 4
SAQ 37

Answer

A The woman may be undernourished, or ill, or breastfeeding, or be taking a lot of exercise. 

Back to Session 4 SAQ 5
SAQ 38

Answer

A If the toad was old or ill it might not be able to lay eggs. (On the other hand, if it was ready to spawn anyway, it might do so regardless of this external stimulus.) 

Back to Session 4 SAQ 6
SAQ 39

Answer

A It is made initially by the corpus luteum. 

Back to Session 4 SAQ 7
Untitled activity

Answer

A You probably found that many people do not mind what sex their baby is as long as it is healthy. However, some people have very strong feelings about this, one way or the other. This may be for cultural reasons, as we mentioned above. But it may also be because they have a family history of a genetic disease which affects only one sex, and therefore want a child of the other sex, which will be unaffected. Or it might simply be because they already have one or more children of a particular sex, and want some variety. 

Back to Session 4 Activity 1
SAQ 40

Answer

A As you saw in Section 7, one of the first ‘markers’ of the new male individual is carried on the Y chromosome. This is first expressed at the 4-cell stage, so this is when embryos of different sexes can be functionally distinguished. 

Back to Session 4 SAQ 8
SAQ 41

Answer

A During an in vitro fertilization procedure (IVF). 

Back to Session 4 SAQ 9
SAQ 42

Answer

A If all three should implant, this is a major physical load for a woman to cope with. Since there is only a certain amount of space in the uterus, too many embryos will mean that resources will be limited, and the babies will be small. 

Back to Session 4 SAQ 10
SAQ 43

Answer

A Fertilizing an egg with either an X-bearing or a Y-bearing sperm. (Section 7). 

Back to Session 4 SAQ 11
SAQ 44

Answer

A The Y chromosome is smaller than the X chromosome. Therefore Y-bearing sperm contain less DNA than X-bearing sperm. 

Back to Session 4 SAQ 12
Question 1 (Objective 2)

Answer

1. This woman is probably ovulating around days 12–16 of her cycle. At this time the cervical mucus is of low viscosity. This would allow easier entry by sperm, and fertilization might occur if sperm were present when an egg was ovulated. 

2. Progestogen increases the viscosity of cervical mucus. Therefore if it were taken every day, the drop in viscosity would not occur (or at least not to the same extent). Thus it might prove impossible for sperm to pass through the cervix, and fertilization would not occur. Furthermore, the persistent high level of progestogen would prevent the wall of the uterus from becoming receptive to an implanting embryo. 

Back to Session 5 Activity 1
Question 2 (Objective 3)

Answer

1. In females, mciosis starts before birth, then stops until puberty, and from then on until the menopause a few divisions are completed each month, resulting in the production of (usually) just one egg. In males, all the stages of meiosis occur after puberty, and the process then carries on continuously during adulthood, resulting in a constant and copious supply of sperm (millions per day). 

2. In females, of the four products of meiosis only one will become an egg. In males, all of the meiotic products can become sperm. 

Back to Session 5 Activity 2
Question 3 (Objectives 4 and 5)

Answer

The first four divisions are cleavage divisions, taking place without net cell growth. The first three (1 to 2, 2 to 4, and 4 to 8 cells) all involve symmetrical divisions across the centre of the cells, yielding daughter cells of equal sizes. But the fourth, 8- to 16-cell, division is asymmetric, yielding two populations of cells, one made up of large cells (which will give rise to the trophoblast), and the other of smaller cells (which will give rise to the inner cell mass). 

Back to Session 5 Activity 3
Question 4 (Objective 5)

Answer

By differential adhesion. The sponge cell membranes carry molecules which can recognize and stick to some surface molecules but not others. Thus the inner cells will stick tightly to each other, and less tightly to the outer cells. These can also stick to each other, but more loosely still. Over time the tightly stuck cells will find themselves in the centre of the mass, and the more loosely stuck cells will surround them. 

Back to Session 5 Activity 4
Question 5 (Objectives 3 and 6)

Answer

Yes – the two populations arc X-bearing sperm and Y-bcaring sperm. This relates to the sex chromosome they receive at meiosis. There are equal numbers of X- and Y-bearing sperm, so equal chances of getting male or female embryos. The X chromosome is larger and therefore heavier than the Y chromosome, so it was suggested that this might be a basis for separating the populations of sperm, for use in selecting the sex of an embryo in IVF or GIFT. But the random swimming paths taken by sperm largely negate any effects the weight difference might have. 

Back to Session 5 Activity 5
Question 6 (Objective 6)

Answer

It used to be thought that the soul did not enter the fetus until its movements could be felt (quickening). Before this, the fetus was not considered to be alive, so could be aborted without sin. But in 1869 Pope Pius VI decreed that the soul entered the embryo at fertilization. This meant that the embryo was alive from this moment onwards, so abortion was seen to be taking a life. 

Back to Session 5 Activity 6
Figure 1(a) Homunculi claimed to be visible in sperm.

Description

Figure 1 (b) 

Back to Session 1 Figure 1
Figure 1(b) Pregnancy simplified. (From late 17th century illustrations)

Description

Figure 1 (b) 

Back to Session 1 Figure 2
Figure 4(a) Drawing of part of a XIX Dynasty (1350–1200 BC) original, showing an Egyptian wearing something on his penis.

Description

Figure 4 (a) 

Back to Session 1 Figure 5
Figure 4(b) Late 18th century English condom made from animal gut and secured by a red silk ribbon.

Description

Figure 4 (b) 

Back to Session 1 Figure 6
Figure 4(c), Some 19th century contraceptive devices: Fig 1, a sponge; Fig 2, a syringe (used after intercourse to wash semen out of the vagina); Fig 3, a cap. 

Description

Figure 4 (c) 

Back to Session 1 Figure 7
Figure 12 (a) Cross-section through a set of seminiferous tubules. (b) Cross-section through a single seminiferous tubule, showing ‘wedges’ of tubule at different stages of sperm production. 

Description

Figure 12 (a) 

Back to Session 1 Figure 15
Page 1 of 2

15th November 2018

https://www.open.edu/openlearn/science-maths-technology/science/biology/early-development/content-section-0

[image: image25.jpg]