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Exam tips


Advice on key points in the text to help you learn and recall content, avoid pitfalls, and polish your exam technique in order to boost your grade.
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Knowledge check


Rapid-fire questions throughout the Content Guidance section to check your understanding.


[image: ]







[image: ]


Knowledge check answers


Turn to the back of the book for the Knowledge check answers.
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Summaries





•  Each core topic is rounded off by a bullet-list summary for quick-check reference of what you need to know.
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About this book



The WJEC specification


This guide will help you to prepare for the WJEC A-level Biology Unit 4 exam: Variation, inheritance and options. Your knowledge and understanding of some of the principles in Units 1 and 2 may be re-examined here as well.


The Content Guidance covers all the concepts you need to understand and facts you need to know for the Unit 4 exam, including each of the section B options: Immunology and disease, Human musculoskeletal anatomy and Neurobiology and behaviour. It also includes exam tips and knowledge checks to help you prepare for Unit 4.


Eduqas specification


This guide will help you to prepare for some parts of the Eduqas Biology Component 2: Continuity of life exam and the section B options of Component 3: Requirements for life exam (Immunology and disease, Human musculoskeletal anatomy and Neurobiology and behaviour). Your knowledge and understanding of some of the core concepts may also be assessed in these papers. The second and third unit guides in this series cover the remainder of Components 2 and 3.


This section also includes exam tips and knowledge checks to help you prepare for these exams. The exam tips include notes of where content that was not on the old BY5 specification has been added. This list is not necessarily exhaustive, however, so it is important to check the specification carefully when revising to make sure that you have covered all the required content.


The Questions & Answers section contains questions on each of the topic areas in the specification. These will give you an idea of what you will be asked to do in the exam. After each question there are answers by two students, followed by comments on what they have written. These are important because they give you an insight into the responses the examiners are looking for in the exam. They also highlight some of the common mistakes students make.



Revision techniques


It is important to develop effective revision and study techniques. The key to effective revision is to make it active. Most people cannot revise effectively by just reading through notes or a book. In order to learn you have to do something with the information. Below are some examples of active revision techniques — try them all and find out which ones work for you.


Consolidate your notes


Take information from your notes and this book and present it in a different form. This can be as simple as just writing out the key points of a particular topic. One effective consolidation technique involves taking some information and turning it into a table or diagram. More creative consolidation techniques include the use of mind maps or flash cards.


These techniques will make you think about the information you are revising. This increases the chance of you remembering it and also allows you to see links between different topic areas. Developing this kind of holistic understanding of the content is the key to getting top marks in the exam.


Complete practice exam questions


Completing practice exam questions is a crucial part of your revision. It allows you to practise applying the knowledge you have gained to the exam questions, and to see if your revision is working. A useful strategy is to complete questions on a topic that you have not yet revised fully. This will show you which areas of the topic you know already and which areas you need to work on. You can then revise the topic and go back and complete the questions again to check that you have successfully plugged the gaps in your knowledge.


Use technology


There are many creative ways to use technology to help you revise. For example, you can make slideshows of key points, shoot short videos or record podcasts. The advantage of doing this is that, by creating the resource, you are thinking about a particular topic in detail. This will help you to remember it and improve your understanding. You will also have the finished product, which you can revisit closer to the exam. You could even pass on what you have made to your friends to help them.





Content Guidance


 


Variation and inheritance



Sexual reproduction in humans


Human reproduction is a straightforward topic, with students normally answering the questions well. It is important that you learn each stage of the processes — for example, spermatogenesis, oogenesis and the acrosome reaction — in detail.


Reproductive systems


Reproduction in humans relies on internal fertilisation. The male and female reproductive systems (Figure 1 (a) and (b)) are adapted to allow this to occur.
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The functions of the various parts of the male reproductive system are as follows:





•  scrotum — contains the testes



•  testes — contain the seminiferous tubules where spermatogenesis (production of spermatozoa, the male gametes) occurs



•  epididymis — where the spermatozoa mature



•  vas deferens — connects the epididymis to the urethra



•  seminal vesicle — produces a secretion that aids the mobility of spermatozoa



•  prostate gland — produces a secretion that neutralises the alkali of the urine



•  urethra — tube that carries urine and spermatozoa out of the body



•  penis — intromittent organ used to insert spermatozoa into the reproductive system of the female
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The functions of the various parts of the female reproductive system are as follows:





•  ovary — oogenesis (production of oocytes, the female gametes) occurs in the ovary



•  oviduct (Fallopian tube) — the site of fertilisation, where a spermatozoon fuses with an oocyte. At fertilisation a zygote is formed, which then moves down the oviduct towards the uterus



•  uterus — the embryo implants in the lining of the uterus (the endometrium) and then continues to develop in the uterus



•  vagina — during sexual intercourse spermatozoa are deposited at the top of the vagina






Gametogenesis


Gametes are haploid cells that contain half the full, diploid number of chromosomes. A gamete contains one chromosome from each homologous pair. The production of gametes is known as gametogenesis. Spermatogenesis is the production of spermatozoa (more than one sperm cell) and occurs in the seminiferous tubules in the testes; oogenesis (production of oocytes) occurs in the ovary.


Spermatogenesis


Sperm are produced in the seminiferous tubules. The process is described below:





1  Germinal epithelial cells undergo mitosis to form spermatogonia.



2  Spermatogonia undergo mitosis to form primary spermatocytes. Up to this point all the cells formed are diploid (contain the full number of chromosomes).



3  Primary spermatocytes undergo meiosis I to form haploid secondary spermatocytes. Haploid secondary spermatocytes complete meiosis II to form spermatids.



4  Spermatids then mature to form sperm.
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Knowledge check 1


Is a spermatid a haploid cell or a diploid cell?
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The process of spermatogenesis is shown in Figure 2.
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Knowledge check 2


Where does spermatogenesis occur?
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Sperm (Figure 3) comprise three main parts. The head, which contains the nucleus, is capped by the acrosome, which releases enzymes that digest the zona pellucida. The body contains mitochondria, which release energy as ATP. The tail (flagellum) propels the sperm using energy (ATP).




[image: ]




Sperm are nourished and protected by Sertoli cells in the seminiferous tubules. Interstitial cells (cells of Leydig) are found also in the testis and secrete testosterone. Testosterone is a hormone involved in stimulating the process of spermatogenesis.
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Knowledge check 3


What is the function of the Sertoli cells?
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Oogenesis


Oogenesis produces oocytes in the ovaries. The first stage of the process occurs before birth:





1  Oogonia divide by mitosis to form primary oocytes. The primary oocytes begin meiosis but stop at prophase I.



2  Germinal epithelial cells also divide to form follicle cells, which surround the primary oocyte.





The next stage of oogenesis occurs once a month once the girl reaches puberty:





3  Several follicles begin to develop but only one matures into a Graafian follicle.



4  The primary oocyte completes meiosis I to form a haploid secondary oocyte and a polar body.





In oogenesis, both meiosis I and meiosis II involve an uneven splitting of the cytoplasm. It is important that the oocyte contains as much cytoplasm as possible to provide nourishment for the developing embryo until it reaches the endometrium. This is achieved by polar bodies being formed in both meiosis I and meiosis II. Polar bodies are haploid, so contain one-half of a full set of chromosomes, but they are very small and cannot be fertilised.
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Knowledge check 4


In addition to a primary oocyte what is also produced at the end of meiosis I in oogenesis?
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5  The mature Graafian follicle moves to the surface of the ovary where it releases the secondary oocyte — this is ovulation.



6  The secondary oocyte then begins meiosis II but stops at metaphase II.



7  If a sperm cell enters the oocyte and fertilisation occurs, then the secondary oocyte completes meiosis II, forming an ovum and a second polar body.



8  The nucleus of the sperm fuses with the nucleus of the secondary oocyte to form the zygote.
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Exam tip


Make sure that you can state which cells in gametogenesis are haploid and which are diploid.
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Fertilisation


During sexual intercourse spermatozoa are ejaculated out of the epididymis. They travel up the vas deferens and out through the urethra. Secretions from the seminal vesicle aid spermatozoa mobility and secretions from the prostate gland neutralise the alkali of any urine in the urethra. The spermatozoa are deposited at the top of the vagina. They swim up out of the vagina through the cervix along the lining of the uterus and into the oviduct where they meet the secondary oocyte, which has been released from the ovary.
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Knowledge check 5


Where does fertilisation occur?
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Before a sperm cell can fertilise the oocyte, capacitation must occur. This is a biochemical process that occurs several hours after the sperm enter the female reproductive tract. The membrane surrounding the acrosome in the head of the sperm becomes more permeable and prepares for the acrosome reaction that will occur when the sperm attempt to enter the oocyte.
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Knowledge check 6


What must occur before a sperm cell can fertilise an oocyte?
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Once capacitation has occurred the sperm cell is ready to enter the oocyte. When a sperm comes into contact with the outer jelly layer of the oocyte the acrosome reaction is triggered. The acrosome membrane ruptures and hydrolase enzymes are released. These enzymes digest their way through the zona pellucida, which are the outer layers around the oocyte. The membranes of the sperm and the oocyte fuse and the genetic material from the sperm then enters the oocyte. The cortical reaction then occurs:





•  The contents of the cortical granules fuse with the cell membrane of the oocyte and cause a modification of the zona pellucida.



•  A fertilisation membrane then forms, which prevents polyspermy — the entry of additional sperm into the oocyte.





The entry of the sperm’s genetic material stimulates the secondary oocyte to complete meiosis II. The haploid nucleus of the sperm then fuses with the haploid nucleus of the oocyte to form the diploid nucleus of the zygote.
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Knowledge check 7


What prevents more than one sperm from fertilising an oocyte?
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After fertilisation has occurred the zygote moves down the oviduct, rapidly dividing by mitosis to form a hollow ball of cells known as the blastocyst. This rapid cell division is called cleavage. When the blastocyst reaches the uterus it implants in the uterus lining (the endometrium). The outer layer of the blastocyst is called the chorion and the outer layer of the chorion is called the trophoblast. The chorion develops chorionic villi that absorb nutrients through the endometrium. The long, thin shape of the villi means that they have a large surface area. The placenta develops between the tissues of the mother and the foetus.


Hormonal control



Menstrual cycle


The menstrual cycle (Figure 4) is regulated by hormones.
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Exam tip


Hormonal control of the reproductive system is new to the specification.
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•  FSH (follicle stimulating hormone) is secreted by the anterior pituitary gland. FSH stimulates the maturation of a follicle in the ovary. It also stimulates the ovaries to produce oestrogen.



•  Oestrogen inhibits the release of FSH and stimulates the release of luteinising hormone (LH) by the anterior pituitary gland. Oestrogen also triggers the repair of the endometrium. LH causes ovulation to occur and the Graafian follicle to develop into the corpus luteum.



•  Progesterone is secreted by the corpus luteum and causes further development of the endometrium.



•  If implantation doesn’t occur FSH and LH levels fall, causing the corpus luteum to degenerate. Progesterone levels also fall and the endometrium breaks down and leaves the uterus during menstruation.






Pregnancy





•  The developing embryo releases the hormone human chorionic gonadotrophin (hCG), which maintains the corpus luteum for the first 16 weeks of pregnancy.



•  The placenta secretes progesterone and oestrogen. Progesterone suppresses the uterine wall’s ability to contract. Oestrogen stimulates the growth of the uterus and development of the mammary glands.



•  FSH and LH secretion are inhibited.






Birth





•  Oestrogen levels increase and progesterone levels decrease just before birth. The decrease in progesterone allows the uterine wall to contract.



•  Oxytocin is released by the anterior pituitary gland and stimulates the contraction of the uterine wall. As contractions of the uterine wall then lead to more oxytocin being released, this is an example of positive feedback. Oxytocin also acts on the mammary glands to allow milk to be released from the nipple.



•  Prolactin is also released by the anterior pituitary gland before and after birth and stimulates the mammary glands to produce milk.





The placenta


The placenta (Figure 5) is an organ that connects the developing foetus to the wall of the uterus via the umbilical cord.


The functions of the placenta include the following:





•  Exchange of gases and nutrients. The foetal and maternal blood flow in opposite directions in capillaries in the placenta. This countercurrent flow maintains a concentration gradient, allowing nutrients and oxygen to diffuse into the foetus’s blood and for carbon dioxide to diffuse out. The foetal blood flows into and out of the placenta through the blood vessels in the umbilical cord.



•  Providing a barrier between the maternal and foetal blood and protection from the differences between maternal and foetal blood pressures.




•  Protection from the mother’s immune system. As the foetus has different antigens from the mother, the mother’s immune system would attack the foetus if it came into contact with it.



•  Secretion of hormones. The placenta secretes oestrogen and progesterone.





The amniotic fluid around the foetus protects it from impacts, acting as a shock absorber.
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Summary





•  The human male reproductive system is adapted to introduce spermatozoa into the reproductive system of a female. The human female reproductive system is adapted to allow fertilisation to occur internally and to facilitate internal development of the embryo.



•  Gametogenesis is the formation of haploid gametes. Spermatogenesis produces sperm in males and oogenesis produces oocytes in females.



•  Sexual intercourse introduces sperm into the female’s body. Before fertilisation can occur capacitation of sperm must occur. The acrosome reaction then allows one sperm cell to fertilise the oocyte in the oviduct, forming a zygote.



•  The zygote divides to form a blastocyst, which implants in the endometrium. The chorion (outer layer of the blastocyst) develops to form the chorionic villi.



•  The menstrual cycle, birth and lactation are all controlled by the endocrine system.



•  The placenta allows exchange of gases and nutrients, provides a barrier between the maternal and foetal blood, provides protection from the mother’s immune system and differences between maternal and foetal blood pressures, and secretes hormones.
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Sexual reproduction in plants


There are many different types of reproduction in the plant kingdom. In this specification you learn about sexual reproduction in flowering plants.
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