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Sexual & Asexual Reproduction

Comparing Sexual & Asexual Reproduction

Sexual repro ductio n invo lves two  parents  and is the fusio n o f the nuclei o f two  gameteto  fo rm

a z ygo teand the pro ductio n o f o �spring that are genetically di�erent fro m each o ther

A gamete is a sex cell (in animals: sperm and o vum; in plants: po llen nucleus and o vum)

Gametes di�er fro m no rmal cells as they co ntain half  the number o f

chro mo so mes fo und in o ther bo dy cells - we say they have a haplo id nucleus

This is because they o nly co ntain o ne co py o f  each chro mo so me, rather than the two

co pies fo und in o ther bo dy cells

In human beings, a no rmal bo dy cell co ntains 4 6 chro mo so mes but each gamete

co ntains 23 chro mo so mes

When the male and female gametes fuse, they beco me a z ygo te (fertilised egg cell)

This co ntains the full 4 6 chro mo so mes, half o f which came fro m the father and half fro m

the mo ther - we say the z ygo te has a diplo id nucleus

There are number advantages and disadvantages to  an o rganism carrying o ut sexual

repro ductio n

Advant ages & disadvant ages of  sexual reproduct ion t able

Asexual repro ductio n

Asexual repro ductio n do es no t invo lve gametes o r f ertilisatio n

Only o ne parent is required so  there is no  fusio n o f gametes and no  mixing o f genetic

info rmatio n

As a result, the o �spring are genetically identical to  the parent and to  each o ther (they

are clo nes)

Many plants repro duce via asexual repro ductio n
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Bacteria pro duce exact genetic co pies o f themselves in a type o f asexual repro ductio n

called binary �ssio n

There are a number o f advantages and disadvantages to  an o rganism carrying o ut

asexual repro ductio n

Advant ages & disadvant ages of  asexual reproduct ion t able

The key di�erences between sexual and asexual repro ductio n include:

The number o f  parent o rganisms

Ho w o �spring are pro duced (the type o f  cell divisio n required)

The level o f  genetic similarity between o �spring

The po ssible so urces o f  genetic variatio n in o �spring

The number o f  o �spring pro duced

The time taken to  pro duce o �spring
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Sexual Reproduction

Meiosis & Fertilisation in Sexual Reproduction

Meio sis is a fo rm o f nuclear divisio n that results in the pro ductio n o f haplo id cells f ro m diplo id

cells

It pro duces gametes in plants and animals that are used in sexual repro ductio n

It takes place in two  successive divisio ns: meio sis I and meio sis II

Mo re info rmatio n abo ut meio sis can be fo und here

During meio sis, speci�c mechanisms o ccur to  lead to  genetic variatio n within the resulting

gametes, this breaks up parental co mbinatio ns o f alleles derived fro m the mo ther and father

chro mo so mes

Cro ssing o ver - the pro cess by which no n-sister chro matids exchange alleles during meio sis

I

Independent asso rtment  - the pro ductio n o f di�erent co mbinatio ns o f  alleles  in daughter

cells due to  the rando m alignment o f  ho mo lo go us pairs o f  chro mo so mes  during meio sis I

Rando m f ertilisatio n - there are millio ns o f co mbinatio ns o f sperm and egg cells and the

fusio n o f these sperm and egg cell

Within each divisio n there are fo ur stages; pro phase, metaphase, anaphase and telo phase

Meio sis o ccurs:

In the testes o f male animals and the o varies o f female animals

In the anthers and o varies o f �o wering plants

Meio sis leads to  the pro ductio n o f the fo llo wing haplo id gametes:

Spermato z o a, o r sperm cells, in male animals, o va (singular o vum) in female animals

Male plant gametes are carried in po llen grains and female plants gametes are held in

the o vules within the plant o vary

The f usio n o f  gametes during f ertilisatio n pro duces new co mbinatio ns o f  alleles leading to

genetic variatio n
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Male & Female Di�erences in Sexual Reproduction

The pro cess o f meio sis in males and females is identical, ho wever the resulting gametes are very

di�erent

This leads to  a number o f di�erence in the repro ductive strategies in males and females

Comparison of  male & f emale gamet es t able

The di�erences between male and female gametes, no t just in humans, means that there are

di�erences in the strategies develo ped fo r repro ductive success

Human f emales release o nly o ne egg cell (per menstrual cycle) whereas a male will release

many tho usands o f  sperm cells  per ejaculatio n, this is because the majo rity o f which will no t

reach the egg cell (o nly o ne sperm cell can fertilise an egg cell)
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Male & Female Reproductive Systems

Yo u sho uld be able to  draw and anno tate diagrams  o f the female and male repro ductive

systems  to  identify the di�erent structures

Yo u sho uld also  be able to  recall the f unctio n o f each o f these structures

Female reproduct ive syst em diagrams

Front and side view of the female reproductive system

Female reproduct ive syst em t able
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Front and side view of the male reproductive system

Male reproduct ive syst em t able
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The Menstrual Cycle

The Menstrual Cycle

The menstrual cycle  is the series o f changes that take place in the female bo dy leading up to  and

fo llo wing the release o f an egg fro m the o varies

It starts in early ado lescence in girls and is co ntro lled by ho rmo nes

The average menstrual cycle is 28 days  lo ng

The uterus lining, o r endo metrium, thickens fro m day 7  thro ugh to  day 28 o f the cycle in

preparatio n fo r receiving a fertilised egg

The release o f an egg, o r o vulatio n, o ccurs abo ut half way  thro ugh the cycle o n day 14 , and the

egg then travels do wn the o viduct to  the uterus

Eggs develo p inside �uid-�lled sacs kno wn as egg f o llicles  inside the o vary

The fo llicle releases the egg at o vulatio n and beco mes an empty fo llicle kno wn as a co rpus

luteum

Failure to  fertilise the egg leads to  menstruatio n, co mmo nly kno wn as a perio d

Menstruatio n invo lves the lo ss o f menstrual blo o d via the vagina

This is caused by the breakdo wn o f the endo metrium

Menstruatio n takes place ro ughly between days 1−7  o f the cycle

The number o f days during which menstruatio n o ccurs can vary

After menstruatio n �nishes, the endo metrium starts to  thicken again in preparatio n fo r the

po ssible implantatio n o f a fertilised egg in the next cycle

T he menst rual cycle diagram
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Changes in the endometrium during the menstrual cycle

How ovarian and pituitary hormones control the menstrual cycle

Fo ur ho rmo nes  co ntro l the events that o ccur during the menstrual cycle:

Two  o f these ho rmo nes are pro duced by the pituitary gland  in the brain

Fo llicle-stimulating ho rmo ne (FSH)

Luteinising ho rmo ne (LH)

The o ther two  ho rmo nes are pro duced in the o varies

Oestro gen (also  kno wn as o estradile); pro duced by the egg f o llicle, and by the co rpus

luteum after o vulatio n

Pro gestero ne; pro duced by the co rpus luteum

The ro les o f FSH and LH:

FSH is secreted by the pituitary gland  and stimulates the develo pment  o f several

immature egg cells  in f o llicles  in the o vary

FSH also  stimulates the secretio n o f  o estro gen by the f o llicle wall

The pituitary gland  is stimulated to  release LH when o estro gen levels have reached their

peak

LH causes o vulatio n to  o ccur; the shedding o f the mature egg cell fro m the fo llicle and

its release fro m the o vary

The shedding o f the mature egg cell leaves behind an empty egg fo llicle called the

co rpus luteum

LH also  stimulates the pro ductio n o f pro gestero ne  fro m the co rpus luteum

Diagram t o show t he impact  of  LH and FSH on t he menst rual cycle

Page 8 of 47
For more help visit our website www.exampaperspractice.co.uk



Changes in the levels of the pituitary hormones FSH and LH in the blood during the menstrual cycle

The ro les o f o estro gen (also  kno wn as o estradile) and pro gestero ne:

Oestro gen levels rise fro m day 1 to  peak just befo re day 14

This causes the endo metrium to  start thickening and the egg cell to  mature

The peak in o estro gen o ccurs just befo re the egg is released

Pro gestero ne  stays lo w fro m day 1−14 and starts to  rise o nce o vulatio n has o ccurred

Pro gestero ne is pro duced by the co rpus luteum

The increasing levels o f pro gestero ne cause the endo metrium to  co ntinue to  thicken

A fall in pro gestero ne levels as the co rpus luteum deterio rates causes the endo metrium to

break do wn, resulting in menstruatio n

Diagram t o show t he impact  of  oest rogen and progest erone on t he menst rual cycle
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Changes in the levels of oestrogen and progesterone in the blood during the menstrual cycle

Negative and positive feedback mechanisms controlling the menstrual cycle
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The fo ur ho rmo nes all interact  to  co ntro l the menstrual cycle via bo th negative and po sitive

feedback

FSH and o estro gen

FSH stimulates the develo pment o f a fo llicle, and the fo llicle wall pro duces the ho rmo ne

o estro gen; it can be said that FSH stimulates the pro ductio n o f  o estro gen

As well as causing gro wth and repair o f the endo metrium, o estro gen also  causes an

increase in FSH recepto rs; this makes the fo llicles mo re receptive to  FSH which, in turn,

stimulates mo re o estro gen pro ductio n

This is po sitive f eedback

When o estro gen levels are high eno ugh, it inhibits the secretio n o f  FSH

This is negative f eedback

LH and o estro gen

When o estro gen rises to  a high eno ugh level, it stimulates the release o f  LH fro m the

pituitary gland, causing o vulatio n o n aro und day 14 o f the cycle

After o vulatio n, LH causes the wall o f  the f o llicle to  develo p into  the co rpus

luteum, which secretes mo re o estro gen

This is po sitive f eedback 

LH and pro gestero ne

LH stimulates the wall o f the fo llicle to  develo p into  the co rpus luteum, which

secretes pro gestero ne

Pro gestero ne thickens and maintains the endo metrium but also  inhibits the

secretio n o f  FSH and LH fro m the pituitary gland

This is negative f eedback

Glands and hormones of  t he menst rual cycle diagram
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Where hormones involved in the menstrual cycle are made and act - remember that hormones travel

around the body in the bloodstream but only have an e�ect on a target organ
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Hormones Involved With In Vitro Fertilisation Treatment

A co uple may �nd it di�cult to  co nceive a baby naturally

This can be due to  insu�cient levels o f  repro ductive ho rmo nes  a�ecting the develo pment o f

egg and sperm cells, o r as a result o f issues with the repro ductive system o f  the male o r

f emale

One po ssible treatment is fo r eggs to  be fertilised by sperm o utside the bo dy  in carefully

co ntro lled labo rato ry co nditio ns

This is kno wn as in vitro f ertilisatio n, o r IVF

Altho ugh the pro cess can vary, it no rmally fo llo ws the same main steps:

The �rst step invo lves sto pping the no rmal secretio n o f ho rmo nes; the wo man takes a drug

to  inhibit  the secretio n o f  FSH and LH fro m the pituitary gland

This also  causes o estro gen and pro gestero ne secretio ns to  sto p

This  tempo rarily halts the menstrual cycle, allo wing do cto rs to  co ntro l the timing and

quantity  o f egg pro ductio n in the wo man's o varies

The wo man is then given injectio ns o f  FSH and LH to  stimulate the develo pment o f

f o llicles; as the injectio n gives a much higher FSH co ncentratio n than is present during a

no rmal menstrual cycle, 'supero vulatio n' o ccurs

Many mo re fo llicles than no rmal begin to  mature

The eggs are then co llected fro m the wo man and fertilised by sperm fro m the man in sterile

co nditio ns in the labo rato ry

The fertilised eggs develo p into  embryo s

At the stage when they are tiny balls o f cells, abo ut 4 8 ho urs af ter f ertilisatio n, o ne o r mo re

embryo s are inserted into  the mo ther’s uterus

Finally, extra pro gestero ne  is no rmally given to  the wo man to  ensure the endo metrium is

maintained

The success rate o f IVF is lo w (~30% ) but there have been many impro vements and

advancements in medical techno lo gies which are helping to  increase the success rate
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Fertilisation

Human Fertilisation

Fertilisatio n is the f usio n o f o ne sperm cell and o ne o vum (egg cell); this fusio n o f two  haplo id

nuclei gives rise to  a diplo id z ygo te

During sexual repro ductio n, many sperm are released, and the sperm cells are attracted to wards

the seco ndary o o cyte by chemical signals

When the sperm cells reach the seco ndary o o cyte, the pro cess that takes place at its cell

surface prevents mo re than o ne sperm f ro m passing thro ugh its cell surf ace membrane

The entry o f mo re than o ne sperm into  a single o o cyte is kno wn as po lyspermy

When the �rst sperm cell digests its way thro ugh the z o na pellucida, it reaches the o o cyte cell

surface membrane; co mplementary recepto rs o n the head o f  the sperm bind with pro teins o n

the o o cyte cell surf ace membrane, enabling the cell surface membranes o f the two  gametes

to f use to gether and the sperm nucleus to  enter the o o cyte

At this po int vesicles released f ro m the egg destro y the sperm �agellum (tail) and its

mito cho ndria

Inside the o vum haplo id sets o f chro mo so mes fro m the sperm and egg cell are bo th within the

cyto plasm o f the o o cyte

The paternal and maternal chro mo so mes fo rm a pro nucleus within which DNA undergo es

replicatio n to  prepare f o r mito sis

The two  haplo id pro nuclei co me to gether and the tempo rary membranes disso lves to  create

a diplo id cell, the z ygo te, fertilisatio n is no w co mplete

Chro mo so mes undergo  the �rst mito tic divisio n o f the no w diplo id cell, subsequent mito tic

divisio ns take place to  fo rm a blasto cyst

Fert ilisat ion diagram
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Mechanisms during the process of fertilisation destroy the sperm tail and polyspermy is prevented
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Plant Reproduction

Sexual Reproduction in Flowering Plants

Production of Gametes

In �o wering plants, male and f emale gametes are pro duced in the anther and o vule  (see

diagram belo w fo r po sitio n o f these structures), respectively

Male gametes are co ntained within po llen grains, which are released fro m the anthers

The anther co ntains po llen sacs

Each po llen sac co ntains a diplo id mo thercell which undergo es meio sis to  fo rm fo ur

haplo id po llen grains (the gametes)

Mito sis o ccurs  to  pro duce mo re haplo id male gametes

Female gametes are made in the o vules

A single diplo id cell within the o vule undergo es meio sis  to  pro duce fo ur haplo id egg

cells

Only o ne o f these cells survives which undergo es mito sis to  pro duce f emale gametes

Pollination and Fertilisation 

Po llinatio n is the pro cess o f transferring po llen fro m the anther o f o ne �o wer to  the stigma o f

ano ther

So me �o wering plants are hermaphro ditic which means they co ntain bo th male and f emale

parts 

Self  po llinatio n can o ccur in so me o f these species when po llen is transferred between

di�erent �o wers o n the same plant, o r even fro m anther to  stigma within the same �o wer

Cro ss po llinatio n is the transfer o f po llen fro m o ne plant to  ano ther

Flo wers make use o f a variety o f metho ds, such as shape, co lo ur and scent, to  attract

po llinato rs to  aid with po llinatio n

All po llinatio n metho ds are fo rms o f sexual repro ductio n because the gametes are

pro duced by meio sis so  there is f usio n o f  gametes  to  fo rm a diplo id nucleus

After po llinatio n has o ccurred, a po llen tube gro ws fro m the po llen grain do wn the style to

the o vary o f the plant

The male nuclei travel do wn the po llen tube to  the female o vule

Two  male nuclei travel do wn the po llen tube to  the o vule; o ne will fuse with an o vule nucleus

to  fo rm the z ygo te while the o ther will go  o n the fo rm the plant embryo 's fo o d sto re

Fertilisatio n o ccurs when the haplo id male and female nuclei fuse and a diplo id z ygo te is

fo rmed

After fertilisatio n, the o vule beco mes a seed and the o vary develo ps into  the f ruit

Fert ilisat ion in �owering plant s diagram
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The process of fertilisation in a �owering plant to produce an embryo
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Anatomy of an Insect-Pollinated Flower

The develo pment o f �o wers o ccurs in the repro ductive stage o f the plant life cycle

Flo wers co ntain all the necessary o rgans and tissues required fo r sexual

repro ductio n by po llinatio n

Key structures o f the �o wer include

The anther - where the male gamete, po llen, is fo und

The stigma - part o f the female repro ductive o rgan which receives the po llen

The o vary - where the female gametes are lo cated

Insect  pollinat ed �ower diagram

The structure of an insect pollinated �ower

Exam T ip

Yo u sho uld be able to  draw diagrams anno tated with names o f structures and their functio ns o f

insect po llinated plants.

Flower st ruct ures and t heir f unct ions t able

Structure Function

Sepal
Pro tecting the develo ping �o wer whilst

inside the bud

Petal Co lo urful to  attract po llinato rs
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Anther Part o f the stamen that pro duces the male

gametes

Po llen Co ntains the male nuclei fo r fertilisatio n

Filament
The stalk o f the stamen that ho ld up the

anther

Stigma
The to p o f the carpel, the female part o f the

�o wer, po llen lands here

Style
The part o f the carpel that suppo rts the

stigma

Ovary Co ntains the o vules

Ovule
The chamber within the o vary where female

gametes develo p

Pollination

Promoting Cross-Pollination

Flo wers are the repro ductive o rgan o f the plant

They usually co ntain bo th male and female repro ductive parts

Plants pro duce po llen which co ntains a nucleus inside that is the male gamete

Unlike the male gamete in humans (sperm), po llen is no t capable o f  lo co mo tio n (mo ving fro m

o ne place to  ano ther)

This means plants have to  have mechanisms in place to transf er po llen f ro m the anther to  the

stigma

This pro cess is kno wn as po llinatio n and there are two  main mechanisms by which it o ccurs:

transferred by insects (o r o ther animals like birds) o r transferred by wind

The structure o f insect and wind-po llinated �o wers are slightly di�erent as each is adapted fo r

their speci�c functio n

Insect-pollinated �ower features

Fo r the �o wers o f many plant species, the po llinating agents are insects (e.g. bees)

Insects o ften visit these �o wers to  co llect nectar (a sugary substance pro duced by insect-

po llinated �o wers and the base o f their petals, which pro vides the insects with energy)

As an insect enters the �o wers in search o f nectar, it o ften brushes against the anthers, which

depo sit sticky po llen o nto  the insect's bo dy

When the insect visits ano ther �o wer, it may brush against the stigma o f this seco nd �o wer and in

the pro cess, may depo sit so me o f the po llen fro m the �rst �o wer, resulting in po llinatio n

The structures o f an insect-po llinated �o wer ensure that the �o wer is well-adapted fo r

po llinatio n by insects
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Wind-pollinated �ower features

Fo r wind-po llinated �o wers, the pro cess o f po llinatio n is mo re rando m than it is fo r insect-

po llinated �o wers

When ripe, the anthers o pen and shed their po llen into  the o pen air

The po llen is then either blo wn by the wind o r carried by air currents until it (by chance) lands o n

the stigma o f a plant o f the same species, resulting in po llinatio n

The structures o f a wind-po llinated �o wer ensure that the �o wer is well-adapted fo r po llinatio n

by the wind
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Cro ss-po llinatio n o ccurs when the po llen f ro m o ne plant is transferred to  the stigma o f ano ther

plant o f  the same species

This is the way mo st plants carry o ut po llinatio n as it impro ves genetic variatio n

Cro ss-po llinatio n relies co mpletely o n the presence o f po llinato rs and this can be a pro blem if

tho se po llinato rs are missing (e.g. the reductio n in bee numbers is o f great impo rtance to  humans

as bees po llinate a large number o f fo o d cro ps) - this do esn’t apply to  wind-po llinated plants

In additio n to  the mechanisms described abo ve fo r insect and wind po llinated plants, plants also

have a variety o f o ther metho ds to  ensure successf ul cro ss-po llinatio n

Di�erent maturatio n times  fo r the po llen and o vules o f the same �o wer. This prevents self-

po llinatio n fro m o ccurring

Self -inco mpatibility mechanisms  are used in so me species that ensure if po llen lands o n

the stigma fro m the same plant the plant pro duces chemicals that ensure a po llen tube do es

no t gro w

Plants can pro duce �o wers that o nly have either male o r f emale parts  o r the who le plant is

either male o r female

Wind-po llinated plants are less likely to  self-po llinate due to  the wind carrying the po llen f ar

f ro m the parent plant

Preventing Self-Pollination

The po llen fro m a �o wer can land o n its o wn stigma o r o n the stigma o f  ano ther �o wer o n the

same plant - this is kno wn as self-po llinatio n

Self-po llinatio n reduces genetic variety o f  the o �spring as all the gametes co me fro m the

same parent (and are therefo re genetically identical). this can lead to  inbreeding 

Lack o f variatio n in the o �spring is a disadvantage if enviro nmental co nditio ns change, as it is less

likely that any o �spring will have adaptatio ns that suit  the new co nditio ns well

Genetic mechanisms  in many plant species ensure male and female gametes fusing during

fertilisatio n are fro m di�erent plants

Each plant has a set o f  genes that co ntro ls the gro wth o f  a po llen tube  so  that when po llen

lands o n the stigma o f a �o wer o f the same plant pro tein interactio ns o ccur that prevent the

gro wth o f  a po llen tube

This is an example o f a self -inco mpatibility mechanism

The mechanism may include

A po llen grain fails to  germinate into  a po llen tube

A po llen grain germinates but do es no t enter the style

The po llen nuclei enters the o vule but it degenerates befo re fertilisatio n can o ccur

Fertilisatio n o ccurs but the embryo  degenerates befo re gro wth is established

Page 24 of 47
For more help visit our website www.exampaperspractice.co.uk



Seed Dispersal & Germination

Seed Dispersal & Germination

Seed dispersal

Seed dispersal is then required in o rder to  distribute the seeds away fro m the parent plant

and reduce co mpetitio n between the o �spring and the parent plant

Metho ds o f seed dispersal include

Wind o r water

Parachute o r wing shaped lightweight seeds will travel o n the wind o r �o at in water

Animals

Fleshy fruit is eaten by animals and seeds distributed thro ugh egestio n 

Sticky o r ho o ked seeds catch o n to  the fur o r feathers o f passing animals

Explo sio ns

So me po ds explo de pro pelling the seeds away fro m the parent plant

Seed dispersal can o ften be co nfused with po llinatio n

Po llinatio n is the transf er o f  po llen f ro m anther to  stigma, while seed dispersal is

the distributio n o f  mature seeds. Bo th pro cesses can invo lve wind, water, o r animals.

Seed germination

Once a seed has fo rmed within the o vary o f a �o wer they undergo  a perio d o f do rmancy 

When co nditio ns beco me favo urable the seed may germinate

Germinatio n is the start o f  gro wth in the seed

Requirements for germination

Three facto rs are required fo r successf ul germinatio n:

Water - allo ws the seed to swell up, which causes the seed co at (testa) to burst , allo wing

the gro wing embryo  plant to  exit the seed. Water also  allo ws the enz ymes in the embryo  to

start wo rking so  that gro wth can o ccur (increases metabo lic activity)

Oxygen - required fo r respiratio n, so  that energy can be released fo r germinatio n

Warmth - germinatio n impro ves as temperature rises (up to  a certain po int) as the reactio ns

which take place are co ntro lled by enz ymes, which canno t functio n e�ectively when

temperatures are to o  lo w

T he process of germination

A seed co ntains a plant embryo  and  f o o d reserves f o r its gro wth

The fo o d reserves co ntain endo sperm tissue which are transferred to  the embryo  thro ugh early

leaf structures called co tyledo ns

Seeds needs to  replenish water lo st during do rmancy and do es so  thro ugh a pro cess called

imbibitio n which activates the bio chemistry o f the embryo
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The rate o f  respiratio n and pro tein synthesis increases  and the embryo  can prepare to  emerge

thro ugh the seed co at

A structure called the radicle is the �rst to  emerge and fo rms the initial ro o t structure which

respo nds to  gravity and gro ws do wnward  into  the so il

The �rst structure to  appear abo ve gro und is called the hypo co tyl, this is a curved po rtio n o f

the plant sho o t fo und belo w the co tyledo ns and gro ws upwards

As the sho o t gro ws the �rst leaves begin to  appear f ro m the co tyledo n and pho to synthesis

can begin

The ro o t structure is also  established and full plant gro wth can o ccur

St ages of  germinat ion diagram

The process of germination in �owering plant showing the development of roots and shoots
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Hormones & Puberty (HL)

Hormones & Puberty

During puberty, repro ductive ho rmo nes cause seco ndary sexual characteristics to  develo p

This is under the co ntro l o f ho rmo nes, two  types o f sex ho rmo nes include

Go nado tro pin-releasing ho rmo ne  (GnRH) 

Stero id sex ho rmo nes  such as o estro gen (also  kno wn as o estradio l) and testo stero ne

The increase in sex ho rmo nes pro ductio n leads to  the changes asso ciated with puberty

The o nset o f puberty is triggered by the release o f ho rmo nes f ro m the hypo thalamus  in the

brain which secretes GnRH

This is detected by the pituitary gland  (situated underneath the hypo thalamus) which in turn

secretes two  further ho rmo nes

LH

FSH

These ho rmo nes are pro duced in bo th females and males and they enhance the e�ects o f

the sex ho rmo nes o estro gen and testo stero ne

Fo llo wing this the develo pment o f the seco ndary sexual characteristics takes place

Male secondary sexual charact erist ics

The development of male secondary sexual characteristics at puberty are under hormonal control
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The development of female secondary sexual characteristics at puberty are under hormonal control

Female secondary sexual charact erist ics
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Gametogenesis (HL)

Gametogenesis

Sexual repro ductio n invo lves f ertilisatio n; the f usio n o f  sex cells, o r gametes, fro m two

parents

Gametes are specialised, haplo id cells 

The fusio n o f gametes fo rms a z ygo te

In animals, male gametes are sperm cells and female gametes are o va (singular o vum), also  kno wn

as o o cytes

Gametes are pro duced in pairs o f glands kno wn as go nads

Sperm are pro duced in the male testes  (singular testis)

Ova are pro duced in the female o varies  (singular o vary)

The pro cess o f gamete fo rmatio n is kno wn as gameto genesis, and it invo lves bo th mito sis  and

meio sis

Speci�cally the pro ductio n o f sperm cells is spermato genesis  and pro ductio n o f o va is

o o genesis

Gameto genesis in bo th males and females invo lves the fo llo wing stages:

Cells dividing by mito sis  to  pro duce many new cells, all o f which have the po tential to

develo p into  gametes

Cells gro wing and di�erentiating

Cells dividing by meio sis to  pro duce haplo id gametes

Spermatogenesis

The pro ductio n o f sperm takes place in the testes  in males f ro m puberty o nwards

The testes co ntain many small tubes, o r tubules, kno wn as seminif ero us tubules

The gaps, o r interstices, between the seminifero us tubules are �lled with cells called

interstitial cells, so metimes kno wn as Leydig cells

The interstitial cells pro duce the male sex ho rmo ne testo stero ne

Spermato genesis begins in the germinal epithelium, a layer o f cells that makes up the o uter layer

o f the seminifero us tubules

Cells in the germinal epithelium divide by mito sis, pro ducing diplo id cells called spermato go nia

(singular spermato go nium)

Of the two  daughter spermato go nia cells, o ne will go  o n to  eventually beco me a sperm cell,

while the o ther remains in the germinal epithelium where it can co ntinue develo pment

Spermato go nia begin to  migrate fro m the germinal epithelium to wards the lumen o f the

seminifero us tubules; they do  this by mo ving thro ugh the gaps between Serto li cells

Serto li cells fo rm the inner lining o f  the seminif ero us tubules

Spermato go nia di�erentiate into  immature sperm cells called primary spermato cytes

Primary spermato cytes mature and divide by meio sis
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Meio sis I fo rms seco ndary spermato cytes

Meio sis II fo rms spermatids

Spermatids fo rmed during meio sis remain asso ciated with the Serto li cells  as they mature into

sperm cells, also  kno wn as spermato z o a

Once fully matured, the sperm cells detach fro m the Serto li cells and mo ve alo ng the

seminif ero us tubule lumen to wards the sperm duct

On their way to wards the sperm duct, the mature sperm pass thro ugh a co iled tube called the

epididymis

Spermat ogenesis diagram
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Spermatogenesis begins in the germinal epithelium of the seminiferous tubules and the new cells migrate

towards the tubule lumen as they di�erentiate.  Both mitosis and meiosis are involved.

Oogenesis
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The pro ductio n o f o va begins in the o varies o f  the f emale f o etus  befo re birth

The o varies are surro unded by an o uter layer o f  cells  called the germinal epithelium; the cells in

this layer divide by mito sis  thro ugho ut the �rst 7 mo nths o f fo etal develo pment to  fo rm diplo id

cells called o o go nia (singular o o go nium)

The o o go nia migrate thro ugho ut the tissues o f  the o varies

This pro cess o f o o go nia fo rmatio n sto ps af ter 7  mo nths, by which time several millio n

o o go nia have been pro duced

These are all the o o go nia that the o varies will pro duce in the female’s lifetime

During the f ew mo nths leading up to  birth, the o o go nia in the fo etus’ o varies gro w in siz e  and

enter meio sis I, and a layer o f  cells called f o llicle cells  develo p aro und them

The partially divided o o go nia to gether with their layer o f fo llicle cells are kno wn as primary

f o llicles

Once the o o go nia have develo ped into  primary fo llicles the o o genesis pro cess pauses until the

start o f puberty

Altho ugh the o varies co ntain several millio n primary fo llicles at birth, many o f them degrade

thro ugho ut a wo man’s life and never reach maturity

When puberty begins, the ho rmo ne FSH stimulates the co ntinued develo pment o f  several

primary f o llicles  in the o vary

Only o ne o f the stimulated fo llicles will reach maturity

Meio sis I co ntinues and the primary fo llicle divides to  fo rm two  new cells

The divisio n o f cyto plasm is no t equal and the result o f meio sis I is a seco ndary o o cyte

alo ng with a very small cell called a po lar bo dy

The po lar bo dy cell has very little cyto plasm and do es no t mature f urther

The seco ndary o o cyte fo rmed at the end o f meio sis I enters meio sis II; at this po int, it leaves the

o vary, to gether with its layer o f fo llicle cells, in the pro cess o f o vulatio n

The remains o f the fo llicle that are left behind in the o vary develo p later into  the co rpus

luteum

The seco ndary o o cyte do esn’t �nish meio sis II until af ter a sperm cell enters it , at which po int

meio sis II �nishes  just bef o re the nuclei f use

The seco ndary o o cyte beco mes an o vum very brie�y  between the end o f meio sis II and the

fusio n o f the two  nuclei

A seco nd po lar bo dy  is pro duced at the co mpletio n o f meio sis II

Oogenesis diagram
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Oogenesis also begins in the germinal epithelium before new cells migrate through the tissues of the

ovary. Both mitosis and meiosis are involved.
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Fertilisation & Implantation (HL)

Preventing Polyspermy During Fertilisation

Fertilisatio n is the f usio n o f o ne sperm cell and o ne o vum; this fusio n o f two  haplo id nuclei gives

rise to  a diplo id z ygo te

During sexual repro ductio n, many sperm are released, and the sperm cells are attracted to wards

the seco ndary o o cyte by chemical signals

Remember that at this po int in the o o genesis pro cess, meio sis II has no t yet been

co mpleted, so  the f emale gamete is still a seco ndary o o cyte  and no t yet an o vum

When the sperm cells reach the seco ndary o o cyte, the pro cess that takes place at its cell

surface prevents mo re than o ne sperm f ro m passing thro ugh its cell surf ace membrane

The entry o f mo re than o ne sperm into  a single o o cyte is kno wn as po lyspermy

The o o cyte is surro unded by a layer o f  f o llicle cells, as well as a layer o f glyco pro teins kno wn as

the z o na pellucida

The sperm cells need to  digest the glyco pro teins o f  the z o na pellucida in o rder to  reach the

o o cyte cell surface membrane; they do  this by releasing digestive enz ymes f ro m a structure

called the acro so me

This is kno wn as the acro so me reactio n

When the �rst sperm cell digests its way thro ugh the z o na pellucida, it reaches the o o cyte cell

surface membrane; co mplementary recepto rs o n the head o f  the sperm bind with pro teins o n

the o o cyte cell surf ace membrane, enabling the cell surface membranes o f the two  gametes to

f use to gether and the sperm nucleus to  enter the o o cyte

At this po int the pro cess o f meio sis II co ntinues, leading to  the release o f the seco nd po lar

bo dy and the f o rmatio n o f  the mature o vum

The fusio n o f the two  cell surface membranes triggers the mo vement o f  a series o f  vesicles

called co rtical granules; the vesicles mo ve fro m the o uter layer o f the o vum cyto plasm to  the cell

surface membrane, releasing enz ymes that digest the binding pro teins o n the cell surf ace o f

the o vum and that cause the z o na pellucida to  harden

This is the co rtical reactio n

The enz ymes are released by the pro cess o f exo cyto sis

Once the binding pro teins have been bro ken do wn and the z o na pellucida has hardened, no

mo re sperm cells can enter the o vum; po lyspermy is prevented

Inside the o vum the male and f emale nuclei f use  to gether and f ertilisatio n is co mpleted

Prevent ing polyspermy diagram
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Mechanisms during the process of fertilisation prevent polyspermy
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Blastocyst Development & Implantation

Fo llo wing human fertilisatio n, the newly f ertilised o vum divides by mito sis  to  fo rm two  diplo id

nuclei (i.e. each nucleus co ntains two  sets o f chro mo so mes) and the cyto plasm divides equally

to  fo rm a two -cell embryo

Mito sis co ntinues to  fo rm a fo ur-cell embryo  and this pro cess co ntinues until eventually, the

embryo  takes the shape o f a ho llo w ball called a blasto cyst (with an internal gro up o f cells called

blasto meres)

Blasto meres will eventually develo p into  the f o etus

The embryo  is no w referred to  as a blasto cyst and up until this po int is fo und  in the o viduct

After abo ut seven days it co nsists o f aro und 125 cells and will have reached the uterus

During the embryo  stage and up until this po int the blasto cyst is surro unded by a pro tective

extracellular co at  called the z o na pellucida; at aro und seven days o f age this co at breaks do wn

and is lo st

The blasto cyst has used up the nutrient supplies o f the egg cell and no w needs an external supply

o f nutrients, which it o btains by implanting into  the endo metrium (uterus lining)

The o uter layer o f the blasto cyst develo ps �nger-like pro jectio ns that allo w it to  penetrate  the

endo metrium

At this stage, there is already an exchange o f  nutrients and o xygen with the mo ther’s blo o d

The embryo  co ntinues to  gro w and develo p rapidly after this po int

Implant at ion of  t he blast ocyst  diagram

The blastocyst implants into the endometrium of the uterus
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Hormones in Pregnancy (HL)

Human Chorionic Gonadotropin

Sho rtly after the develo ping embryo  implants into  the endo metrium it begins secretio n o f the

ho rmo ne human cho rio nic go nado tro pin (hCG)

hCG is secreted during the �rst 8−10 weeks  o f pregnancy

The ro le o f this ho rmo ne is to :

Stimulate the co rpus luteum in the o vary to  maintain secretio n o f  o estro gen and

pro gestero ne  (in o rder to  co ntinue the develo pment o f the endo metrium)

Stimulate  the gro wth o f  the placenta and uterine enlargement

Inhibit menstruatio n

During the seco nd trimester (after 12 weeks) hCG declines  and the placenta takes o ver the ro le

o f stimulating the secretio n o f o estro gen and pro gestero ne

Pregnancy tests detect the presence o f hCG in the mo ther's urine and can be used to  co n�rm a

po sitive pregnancy

Hormone changes during pregnancy graph
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hCG increases during the �rst 12 weeks of pregnancy to stimulate the release of oestrogen and

progesterone; after 12 weeks hCG declines as the placenta takes over

Pregnancy tests

The co n�rmatio n o f a pregnancy during the early stages can be thro ugh the presence o f  hCG

This is detected in the the mo ther's blo o d and urine 

A pregnancy test kit makes use o f a speci�c type o f antibo dy called a mo no clo nal antibo dy

(mAb) which is used to  detect the presence o f  hCG

Mo no clo nal antibo dy is a single antibo dy that can be used o utside o f  the bo dy and will

react to  a speci�c antigen, in this hCG

When using a pregnancy test the mo ther will urinate o nto  the test strip, the urine will co ntain

higher levels o f  hCG if the mo ther is pregnant

The urine, co ntaining the hCG will travel alo ng the test strip o f the pregnancy test; the test

strip co ntains the mo no clo nal antibo dies which bind to  the hCG (if  present) and lead to  a

co lo ur change within the pregnancy test which can be seen and info rm the mo ther that she

is pregnant

If there is no  co lo ur change it means that hCG is no t present (in high eno ugh co ncentratio ns)

to  bind to  the mo no clo nal antibo dies and give the co lo ur change

Pregnancy t est  diagram

Monoclonal antibodies are used to detect the presence of the hormone hCG in the urine of pregnant

women
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Hormonal Control of Pregnancy & Birth

T he role of progesterone

The ho rmo ne pro gestero ne is secreted by the placenta thro ugho ut pregnancy

Pro gestero ne inhibits the pro ductio n o f ano ther ho rmo ne, o xyto cin, by the pituitary gland

Pro gestero ne inhibits co ntractio ns  o f the muscles  o f the uterus wall (the myo metrium), which

co uld induce birth if no t inhibited

At the end o f  pregnancy, the f o etus  pro duces the ho rmo ne o estro gen, which signals to  the

placenta to  sto p pro ducing pro gestero ne, thereby initiating the pro ductio n o f  o xyto cin by

the pituitary gland and the start o f labo ur (and the start o f the muscular co ntractio ns that

eventually lead to  the birth o f the baby)

T he role of oestrogen

At the end o f pregnancy, the ho rmo ne o estro gen is pro duced by the f o etus  and the placenta

Oestro gen makes the uterine wall mo re sensitive to  o xyto cin

Pro gestero ne  is also  inhibited  by o estro gen

Labour

Oxyto cin no w stimulates co ntractio ns  o f the muscles in the myo metrium

Oxyto cin is released by the pituitary gland in the brain

Stretch recepto rs in the cervix detect the co ntractio ns and signal the pituitary gland to

increase o xyto cin secretio n

Mo re o xyto cin creates f urther co ntractio ns, which in turn signal fo r f urther release o f  o xyto cin

in this po sitive f eedback lo o p

This pro cess increases the co ntractio ns slo wly and rhythmically

Posit ive f eedback loop diagram
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The positive feedback loop stimulates the release of oxytocin and causes the contraction of the uterus

wall

Birth

Relaxatio n o f the cervix muscles  causes the cervix to  dilate  and widen

Uterine co ntractio ns co ntinue and cause the amnio tic sac to  burst , releasing the amnio tic �uid

thro ugh the o pen cervix

The baby is pushed o ut  thro ugh the cervix and vagina as co ntractio ns co ntinue

As the umbilical co rd is cut, the baby is physio lo gically separated  fro m the mo ther

Afterbirth

After the baby has been delivered, uterine co ntractio ns co ntinue  and the placenta will separate

fro m the uterine wall

The mo ther will then birth the placenta and remains o f the umbilical co rd

St ages of  birt h diagram
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The stages of birth, which are initiated by the hormone oxytocin
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The Placenta (HL)

The Placenta & the Exchange of Materials

Mammals can be split into  di�erent catego ries o n the basis o f their mechanism f o r f o etal

no urishment

Placental mammals, such as humans

Mo no tremes, o r egg laying mammals, such as a platypus

Marsupials, such as kangaro o s, who se o �spring develo p in a po uch

Placental mammals rely o n the co mplex system o f blo o d vessels  specially designed to  maximise

exchange o f substances between mo ther and fo etus witho ut any direct co nnectio n between

them

The placenta is also  respo nsible fo r pro ductio n o f  key pregnancy ho rmo nes  o estro gen and

pro gestero ne

The fo etus is co nnected to  the placenta via the umbilical co rd and is co ntained within the

amnio tic sac  �lled with amnio tic �uid  which pro tects the fo etus

Structure of the placenta

The placenta is an o rgan primarily made up o f a co mplex arrangement o f blo o d vessels arranged

into  placental, o r cho rio nic, villi with maternal blo o d �o w distributed aro und the villi

Thro ugho ut the co urse o f the pregnancy, the number o f villi increases to  meet the demands

o f the gro wing fo etus

Maternal blo o d and f o etal blo o d never mix directly, but �o w either side o f a layer o f cells that

make up the placental barrier; there is a very sho rt distance between the maternal and fo etal

blo o d to  allo w exchange o f  nutrients and gases

The mo ther's blo o d �o ws o ut o f  the mo ther's blo o d vessels  and fo rms po o ls in the spaces

surro unding the placental villi; these spaces are kno wn as the inter-villo us spaces

The placental membrane, o r barrier, pro vides a selectively permeable barrier which restricts the

exchange o f substances between mo ther and baby

Substances that mo ve acro ss the barrier f ro m mo ther to  f o etus  include

Oxygen

Antibo dies

Antibo dies cro ss the placenta using a mechanism called endo cyto sis

Water

Gluco se

Unwanted  o r harmf ul substances  may also  cro ss the placental barrier, including alco ho l,

drugs o r small patho gens such as viruses

Bacterial patho gens are to o  large to  cro ss the barrier

Substances that mo ve acro ss the barrier f ro m f o etus to  mo ther include

Carbo n dio xide

Water

Urea

The placenta is co nnected to  the gro wing fo etus by the umbilical co rd

T he placent a diagram
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The placenta brings the maternal and paternal blood systems close but without directly mixing

Exam T ip

Yo u are no t required to  kno w details o f placental structure apart fro m the large surface area o f

the placental villi. Yo u sho uld understand which exchange pro cesses o ccur in the placenta and

that it allo ws the fo etus to  be retained in the uterus to  a later stage o f develo pment than in

mammals that do  no t develo p a placenta.
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Hormone Replacement Therapy (HL)

Hormone Replacement Therapy & Coronary Heart Disease

Ho rmo ne replacement therapy (HRT) is a treatment used to  relieve the sympto ms o f the

meno pause

The meno pause is when a f emale sto ps having perio ds fo r lo nger than 12 mo nths. It's a

natural part o f ageing that usually happens between 45 and 55 years o ld

During the meno pause the o varies have sto pped releasing eggs (o vulating) and sto pped

pro ducing mo st o f  their o estro gen and pro gestero ne, this is in respo nse to  the o varies no

lo nger respo nding to  FSH and LH, two  ho rmo nes released fro m the pituitary gland in the brain

Due to  a decrease in o estro gen and pro gestero ne there is no  lo nger a nagative feedback lo o p

fro m the o varies to  the pituitary gland and so  LH and FSH levels increase

These ho rmo nal changes can cause many sympto ms in the wo man including

Ho t �ushes

Breast tenderness

Headaches

Sleep issues

Emo tio nal changes

HRT can be given to  a wo man experiencing the meno pause 

This replaces the ho rmo nes o estro gen and pro gestero ne

Oestro gen has many e�ects all o ver the bo dy including blo o d vessels, bo ne strength, the

skin, the urinary tract, the uterus and the brain

Taking synthetic o estro gen, in the fo rm o f a tablet, patch, cream o r gel, can help reduce the

sympto ms o f the meno pause

NOS: In early epidemiological studies, it was argued that women undergoing
hormone replacement therapy (HRT ) had reduced incidence of coronary heart
disease (CHD) and this was deemed to be a cause-and-e�ect relationship.
Later randomiz ed controlled trials showed that use of HRT  led to a small
increase in the risk of CHD

Almo st 40 years ago , epidemio lo gical o bservatio nal study o n the e�ect o f HRT sho wed that the

use o f  HRT  led to  a small decrease in the risk o f  develo ping co ro nary heart disease (CHD) 

Wo men who  to o k HRT had a lo wer risk o f heart disease than tho se that did no t

This lead to  many wo men cho o sing, and being advised, to  take HRT fo r this bene�t

The e�ect was deemed to  be a cause-and-e�ect relatio nship

Rando mised co ntro lled trials in the 1990s sho wed that the use o f  HRT  may cause increased risk

o f  heart disease

New evidence suggests the “timing hypo thesis” has to  be co nsidered when investigating the link

between HRT and CHD
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HRT started in the early years o f the meno pause, do es pro vide bene�t to  the heart with

reduced risk o f CHD

The timing hypo thesis suggests that the di�erence fro m the early o bservatio nal studies and

the rando mised trials is because the rando mised trials included many wo men who  were

several years po stmeno pausal, whereas the o bservatio nal studies included wo men who

were in the early meno pausal years

The co rrelatio n between HRT  and decreased incidence o f  CHD is no t actually a cause-and-

e�ect relatio nship

In general, wo men who  take HRT are mo re educated, wealthier, have healthier lifestyles, and

have fewer cardio vascular risk facto rs

A meta-analysis study sho wed that the previo usly o bserved reduced risk fo r CHD amo ng HRT

users was decreased when analysis included so cio eco no mic status
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