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11.4.100genesis & Spermatogenesis

Similarities Between Oogenesis & Spermatogenesis

= Sexualreproductioninvolves fertilisation;the fusionof sexcells, orgametes,fromtwo
parents
= Gametes are specialised, haploid cells
= Thefusionofgametesformsazygote
= |nanimals, male gametes are spermcells and female gametes are ova(singularovum), also known
asoocytes
= Gametes are produced inpairs of glands known as gonads
= Spermare produced inthe male testes (singulartestis)
= Ovaare produced inthe female ovaries (singularovary)
= Theprocess of gamete formationis known as gametogenesis, and itinvolves both mitosis and
meiosis
= Specificallythe productionof spermcells is spermatogenesis and productionofovais
oogenesis
= Gametogenesisinbothmales and females involves the following stages:
= Cells dividingby mitosis to produce manynew cells, allof which have the potentialto
develop into gametes
= Cells growing and differentiating
= Cells dividingby meiosis to produce haploid gametes

Spermatogenesis

= The productionof spermtakes place inthe testesinmales frompuberty onwards
= Thetestes containmany smalltubes, ortubules, knownas seminiferous tubules
= The gaps,orinterstices,betweenthe seminiferous tubules are filled with cells called
interstitial cells,sometimes known as Leydig cells
= Theinterstitial cells produce the male sexhormone testosterone
= Spermatogenesis begins inthe germinal epithelium, alayerof cells that makes up the outerlayer
of the seminiferous tubules
= Cellsinthe germinal epithelium divide by mitosis, producing diploid cells called spermatogonia
(singularspermatogonium)
= Ofthe two daughterspermatogoniacells,one willgo onto eventuallybecome aspermcell,
while the otherremains inthe germinal epitheliumwhere it can continue development
= Spermatogoniabeginto migrate fromthe germinal epitheliumtowards the lumen of the
seminiferous tubules;theydo this by moving through the gaps between Sertolicells
= Sertolicells formthe innerlining of the seminiferous tubules
= Spermatogoniadifferentiate into immature spermcells called primary spermatocytes
= Primaryspermatocytes mature and divide by meiosis
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= Meiosislforms secondary spermatocytes
= Meiosisliforms spermatids

= Spermatids formed duringmeiosis remain associated withthe Sertolicells as theymatureinto
spermcells,also knownas spermatozoa

= Once fullymatured, the spermcells detachfromthe Sertolicells and move along the
seminiferous tubule lumentowards the spermduct
= Ontheirwaytowards the spermduct, the mature spermpass throughacoiled tube called the

epididymis

Oogenesis

= Theproductionofovabeginsinthe ovaries of the female foetus before birth
= The ovaries are surrounded byanouterlayer of cells called the germinal epithelium;the cellsin
this layerdivide by mitosis throughout the first 7 months of foetaldevelopment to formdiploid
cells called oogonia(singularoogonium)
= The oogoniamigrate throughout the tissues of the ovaries
= Thisprocessofoogoniaformationstops after7 months, bywhichtime several million
oogoniahave beenproduced
= These are allthe oogoniathat the ovaries willproduce inthe female’s lifetime
= Duringthe few months leadingup to birth, the oogoniainthe foetus’ovaries growinsize and
entermeiosis |, and alayerof cells called follicle cells develop around them
= The partiallydivided oogoniatogetherwith theirlayerof follicle cells are known as primary
follicles
= Oncethe oogoniahave developed into primaryfollicles the oogenesis process pauses until the
startof puberty
= Althoughthe ovaries containseveral million primaryfollicles at birth,manyofthemdegrade
throughoutawoman'’s life and neverreach maturity
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When pubertybegins, the hormone FSH stimulates the continued development of several
primary follicles inthe ovary
= Only one of the stimulated follicles willreach maturity
MeiosisIcontinues and the primaryfollicle divides to formtwo new cells
= Thedivisionofcytoplasmis not equaland theresult of meiosis lis asecondary oocyte
alongwithavery smallcellcalled apolarbody
= Thepolarbodycellhas very little cytoplasmand does not mature further
The secondaryoocyte formed at the end of meiosis |enters meiosis Il; at this point,itleaves the
ovary,togetherwithits layerof follicle cells,inthe process of ovulation
= Theremains of the follicle that are left behind inthe ovarydeveloplaterinto the corpus
luteum
The secondaryoocyte doesn’t finishmeiosis lluntilafteraspermcellenters it, at which point
meiosis lIfinishes just before the nucleifuse
= Thesecondaryoocyte becomes anovumvery briefly between the end of meiosis lland the
fusionof the two nuclei
= Asecond polarbodyis produced atthe completionof meiosis Il
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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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Differences Between Oogenesis & Spermatogenesis

= Oogenesis and spermatogenesis have some processesincommon,including:
= Mitosis
= Meiosis
= Cellgrowth
= Celldifferentiation
= Thetwo types of gametes thatformhave very different roles inthe fertilisationprocess, so
although there are similarities inhow they form, there are differences betweentheresults of
oogenesis and spermatogenesis
Differences Between Oogenesis & Spermatogenesis Table
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11.4.2 Fertilisation

Preventing Polyspermy

= Fertilisationis the fusionof one spermcelland one ovum;this fusion of two haploid nucleigives
rise to adiploid zygote
= During sexualreproduction,many spermare released, and the spermcells are attracted towards
the secondaryoocyte bychemical signals
= Rememberthatatthis pointinthe ocogenesis process,meiosisllhas notyetbeen
completed,so the female gamete is stillasecondary oocyte and notyetanovum
= Whenthe spermcellsreachthe secondaryoocyte, the process that takes place atits cell
surface prevents more thanone spermfrompassing throughits cell surface membrane
= Theentryofmore thanone sperminto asingle oocyte is known as polyspermy
= Theoocyteissurrounded byalayerof follicle cells,as wellas alayerof glycoproteins known as
the zonapellucida
= Thespermcells need to digest the glycoproteins of the zonapellucidainordertoreachthe
oocyte cellsurface membrane;theydo this byreleasing digestive enzymes fromastructure
called the acrosome
= Thisis knownas the acrosomereaction
= Whenthe firstspermcelldigestsits waythroughthe zona pellucida,itreaches the oocyte cell
surface membrane;complementary receptors onthe head of the spermbind withproteins on
the oocyte cellsurface membrane, enabling the cell surface membranes of the two gametes to
fuse togetherand the spermnucleus to enterthe oocyte
= Atthis pointthe process of meiosis llcontinues,leadingto therelease of the second polar
bodyand the formationof the mature ovum
= The fusionofthe two cell surface membranes triggers the movement of aseries of vesicles
called cortical granules;the vesicles move from the outerlayerof the ovumcytoplasmto the cell
surface membrane, releasing enzymes that digest the bindingproteins onthe cellsurface of
the ovumand that cause the zonapellucidato harden
= Thisis the corticalreaction
= The enzymes arereleased bythe process of exocytosis
= Oncethebinding proteins have beenbrokendownand the zona pellucida has hardened, no
more spermcells canenterthe ovum;polyspermy is prevented
= |nside the ovumthe male and female nucleifuse togetherand fertilisationis completed
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Mechanisms during the process of fertilisation prevent polyspermy
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Internal & External Fertilisation

= Fertilisationis the fusionofone spermcelland one ovum
= Spermcells tend to be mobile,ormotile,enabling themto move towards the ovum
= Forspermto be able to move towards the ovumtheyneed to be released into a fluid medium
= Aquatic animals are constantlysurrounded by a fluid medium,so spermcanbereleased
directly into the environment and fertilisationcantake place outside the body;this is external
fertilisation
= Animals that carryout external fertilisationinclude fishand amphibians
= [nexternalfertilisationtherisks of gametes being eatenby predators or washed away
fromeachotherare high, so species that carryout external fertilisationoftenrelease both
ovaand sperminto the waterinvery large quantities to increase the chances of
reproducing successfully
= Maleland animals release sperm, alongwith fluid produced in theirbodies, into the internal
reproductive tract of the female animal; this is internal fertilisation
= Animals that carryoutinternal fertilisationinclude birds and mammals
= Internalfertilisationensures that the gametes are inclose proximity to each otherand that
theyare protected frompredation, so gamete numbers tend to be smaller
= ovaare oftenreleased one at atime inthis type of fertilisation
= |nhumans the fluid is known as semen;spermand semen are released into the female vagina
during sexualintercourse
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11.4.3Pregnancy

Implantation of the Blastocyst

Followinghumanfertilisation, the newly fertilised ovumdivides by mitosis to formtwo diploid
nuclei(i.e.eachnucleus contains two sets of chromosomes) and the cytoplasmdivides equally
to formatwo-cellembryo
Mitosis continues to formafour-cellembryo and this process continues until eventually, the
embryo takes the shape of ahollow ball called ablastocyst (withaninternal group of cells called
blastomeres)

= Blastomeres willeventuallydevelopinto the foetus
The embryo is now referred to as ablastocyst and up until this pointis found inthe oviduct
Afteraboutsevendaysitconsists of around 125 cells and will have reached the uterus
During the embryo stage and up until this point the blastocystis surrounded by aprotective
extracellular coat called the zonapellucida; at around seven days of age this coat breaks down
andislost
The blastocysthas used up the nutrient supplies of the eggcelland now needs an external supply
of nutrients, whichit obtains byimplantinginto the endometrium (uterus lining)
The outerlayerof the blastocyst develops finger-like projections that allow it to penetrate the
endometrium
At this stage, thereis already an exchange of nutrients and oxygenwiththe mother’s blood
The embryo continues to grow and develop rapidly afterthis point

The blastocystimplants into the endometrium of the uterus
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Comparing GestationBetweenMammals

= The average humangestationperiod (the time between conceptionand birth) is around 38
weeks
= Humans are bornrelatively helpless,immobile,and unable to obtain theirownfood
= Species like this are classified as altricial species
= Generallyaltricial species have shortergestationperiods
= Otherspecies are borninanadvanced state;theyare able to move around, have good visionand
are able to feed themselves almostimmediately
= Examplesinclude ducks and horses
= Species like this are classified as precocial
= Mammals with alarge body mass are generally precocial and have longer gestationperiods

The correlationbetween animalsize and the development of their young at birth

= We cancompare gestationperiods formammals with differentadult body masses,according
to the development of the young at birth(i.e.whetherthe species s altricial orprecocial)
= Forbothaltricialand precocialmammal species, the length of the gestationperiod is positively
correlated withadultbodymass
= However, this does not always hold true (some mammal species may have similargestation
periods despite having differentbodymasses)
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The relationship between gestation period and aduit body mass formammal species subdivided into
whether the species are described as altricial or precocial
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11.4.4 Hormones in Pregnancy

Role of hCG inEarly Pregnancy

= Shortlyafterthe developingembryo implants into the endometriumit begins secretionof the
hormone human chorionic gonadotropin(hCG)
= hCGissecreted duringthe first 8-10 weeks of pregnancy
= Therole ofthishormoneis to:
= Stimulate the corpusluteuminthe ovaryto maintainsecretionof oestrogenand
progesterone (inorderto continue the development of the endometrium)
= Stimulate the growthof the placentaand uterine enlargement
= |nhibit menstruation
= Duringthe second trimester(after12 weeks) hCG declines and the placentatakes overtherole
of stimulatingthe secretionof oestrogenand progesterone
= Pregnancytests detectthe presence of hCGinthe mother's urine and canbe used to confirma
positive pregnancy

hCG increases during the first 12 weeks of pregnancy to stimulate the release of oestrogen and
progesterone; after 12 weeks hCG declines as the placenta takes over
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Hormones & Birth
Therole of progesterone

= The hormone progesteroneis secreted bythe placenta throughout pregnancy

= Progesteroneinhibits the productionof anotherhormone, oxytocin, by the pituitary gland

= Progesteroneinhibits contractions of the muscles of the uterus wall (the myometrium), which
could induce birthif notinhibited

= Atthe end of pregnancy, the foetus produces the hormone oestrogen, which signals to the
placentato stop producingprogesterone, therebyinitiatingthe productionof oxytocinby
the pituitary gland and the start of labour(and the start of the muscularcontractions that
eventuallylead to the birth of the baby)

Therole of oestrogen

= Atthe end ofpregnancy,the hormone oestrogenis produced bythe foetus and the placenta
= Oestrogenmakes the uterine wallmore sensitive to oxytocin
= Progesteroneis also inhibited byoestrogen

Labour

= Oxytocinnow stimulates contractions of the muscles inthe myometrium
= Oxytocinisreleased bythe pituitarygland in the brain
= Stretchreceptorsinthe cervixdetect the contractions and signal the pituitary gland to
increase oxytocinsecretion
= More oxytocincreates further contractions, whichinturnsignal forfurtherrelease of oxytocin
inthis positive feedbackloop
= This processincreases the contractions slowlyand rhythmically
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The positive feedback loop stimulates the release of oxytocin and causes the contraction of the uterus
wall

Birth

= Relaxationofthe cervixmuscles causes the cervixto dilate and widen
= Uterine contractions continue and cause the amniotic sac to burst, releasing the amniotic fluid

through the open cervix
= The babyis pushed out throughthe cervix and vagina as contractions continue
= Astheumbilicalcordis cut,the babyis physiologically separated from the mother

Afterbirth

= Afterthe babyhas beendelivered,uterine contractions continue and the placentawill separate

from the uterine wall
= The motherwillthenbirththe placentaand remains of the umbilicalcord

The stages of birth, which are initiated by the hormone oxytocin
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11.4.5The Placenta

The Placenta & the Exchange of Materials

= Mammals canbe splitinto different categories onthe basis of theirmechanismfor foetal
nourishment
= Placental mammals, such as humans
= Monotremes,oregglayingmammals, suchas aplatypus
= Marsupials, such as kangaroos,whose offspringdevelopinapouch
= Placentalmammals relyonthe complexsystemofblood vessels speciallydesigned to maximise
exchange of substances betweenmotherand foetus without anydirect connectionbetween
them
= Theplacentaisalsoresponsible forproductionof key pregnancy hormones oestrogenand
progesterone
= Thefoetusis connected to the placentaviathe umbilicalcord and is contained within the
amniotic sac filled withamniotic fluid which protects the foetus

Structure of the placenta

The placentais an organ primarily made up of acomplexarrangement of blood vessels arranged
into placental, orchorionic, villiwith maternal blood flow distributed around the villi
= Throughoutthe course of the pregnancy, the numberofyvilliincreases to meetthe demands
of the growingfoetus
= Maternalblood and foetalblood never mixdirectly, but flow eitherside of alayerof cells that
make up the placental barrier; there is averyshortdistance between the maternal and foetal
blood to allow exchange of nutrients and gases
= The mother's blood flows out of the mother's blood vessels and forms poolsinthe spaces
surrounding the placental villi;these spaces are known as the inter-villous spaces
= The placentalmembrane, orbarrier, provides aselectivelypermeable barrierwhichrestricts the
exchange of substances betweenmotherand baby
= Substances thatmove across the barrierfrommotherto foetusinclude
= Oxygen
= Antibodies
= Antibodies cross the placentausingamechanismcalled endocytosis
= Water
= Glucose
= Unwanted orharmfulsubstances mayalso cross the placental barrier,includingalcohol,
drugs orsmall pathogens such as viruses
= Bacterialpathogens are too large to cross the barrier
= Substancesthatmove across the barrierfromfoetus to motherinclude
= Carbondioxide
= Water
= Urea
= The placentais connected to the growing foetus by the umbilicalcord
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The placenta brings the maternal and paternal blood systems close but without directly mixing
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The Placenta & Hormones

= Hormones playafundamentalrole inpromoting foetal development and maintaining the
pregnancy
= Thelevels of hormones change throughout the stages of pregnancyand development of
pregnancyorgans, such as the placenta
= |nitially, the degeneratingcorpus luteum(a group of cells that forminthe ovaryfollowing
ovulation) releases hormones that support the initial stages of the pregnancy, up to about week
9
= The placentathentakes overinreleasingsteroid hormones,oestrogenand progesterone
= Therole of oestrogenis to stimulate growthofthe uterus and mammary glands (commonly
called breasts inhumans)
= Therole of progesteroneis to support the liningof the uterus to maintain the pregnancy
= |fthe placentafails to initiate hormone production, a miscarriage mayoccur

Pregnancy hormones change throughout gestation and with placental growth
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11.4.6 OestrogenPollution

Assessing the Risks of Oestrogen Pollution

NOS: Assessingrisks and benefitsof scientificresearch: theriskstohumanmale
fertilitywerenot adequatelyassessed before steroidsrelated toprogesterone and

oestrogenwerereleasedintothe environment asaresult of the use of the female
contraceptive pill

= Advancesinscience and technologycancome with potentialrisks which may outweighthe
benefits of theresearch
= |tisimportant that scientists tryto establish the extent of these potentialrisks and their
implications before making decisions onwhetherto continue with theirresearch
= |nthe absence of athoroughrisk analysis the negative impacts cannot be predicted, which
mayresultinaseries of unforeseenconsequences
= Theresultingconsequences could have far-reaching effects which extend beyond the precise
nature of the processes being studied
= Forexample,the use of certainfertilisers inagriculture can have asevere impacton
surrounding communities with anegative effect onbiodiversity

Oestrogen Pollution

= The contraceptive pill, whichwas introduced in1943,cancontainasynthetic versionof
oestrogen,called ethinylestradiol
= Over4Oyears later, highlevels of ethinylestradiol, attributed to contraceptive hormones, were
measured inwaterbodies
= Theselevels had beenbuildingdue to the accumulationof hormones fromhumansewage inthe
waterways
= Useofoestrogenbased hormonesinlivestockalso contributes to theraised levels of
contraceptive hormones measured
= Studies carried outinto therisks of oestrogenpollutionhave indicated thatincreased exposure
could be apotential contributoryfactorin feminisationof fishsampled fromover50 sites
around the UK
= There has also beenasuggestionthat oestrogen exposure maybe responsible forreduced
fertility inhumanmenacross the UKoverthe past 50 years
= Possible procedures to reduce the levels of hormones inthe waterways are expensive and
require more researchto ensure theyare effective
= While thereis evidence thatoestrogenpollutionlevels inwaterbodies haverisen, the water
and drugindustries that would need to undertake these procedures claimthat thereis not
enoughevidence to be sure of acausallink between the pollutionand the observed negative
effects onfishand male fertility

Page 18 of 23
For more help visit our website www.exampaperspractice.co.uk



E=l

Exam Papers Practice

11.4.7 Skills: Annotating Sexual Reproduction Diagrams

Annotating the Seminiferous Tubule and Ovary

Annotating the SeminiferousTubule

The testes containmany small tubes, ortubules, known as seminiferous tubules
The productionof sperm,orspermatogenesis, takes placeinthe lining of the seminiferous
tubules
Anannotated diagram of spermatogenesis inthe lining of the seminiferous tubule should show
the following events
1.Cells of the germinal epitheliumdivide by mitosis to produce diploid spermatogoniacells
2.Spermatogoniagrow and differentiate into primary spermatocytes
3.Primaryspermatocytes entermeiosis |, dividingto produce secondary spermatocytes
4.Secondaryspermatocytes complete meiosis ll, producingimmature spermcells knownas
spermatids
5.Spermatids associate withnearby Sertolicells as they grow and differentiate
= Sertolicells are sometimes known as nurse cells
6.Mature spermcells,orspermatozoadetachfromthe Sertolicells and leave the
seminiferous tubule
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Annotatingthe Ovary

= Theproductionofova,oroogenesis, beginsinthe ovaries of the female foetus before birth
= Anannotated diagramof oogenesis taking place inside the ovaryshould show the following
events
1.Duringthe first 7 months of foetaldevelopment, cells of the germinal epithelium divide by
mitosis to produce diploid cells called oogonia
2.During the second half of pregnancy alayerof follicle cells develops around the oogoniato
formaprimary follicle, whichthenenters meiosis |
= Note that at this point the process pauses withmeiosis I stillincomplete
3.Hormones released from puberty up until the menopause stimulate the growthof several
primary follicles eachmonth
= The hormone that stimulates aprimaryfollicle to mature is FSH
4.0ne of these developing primaryfollicles completes meiosis |, dividingto formasingle
haploid secondary oocyte
= Notethatthe second daughtercellproduced duringmeiosis Ireceives verylittle
cytoplasmand is knownas apolarbody
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5.The secondaryoocyte enters meiosis lland leaves the ovaryinthe process of ovulation
= Note thatmeiosis llwillbe completed and anovumformed afteraspermcellenters the
secondaryoocyte
6.The remains of the follicle developsinto acorpusluteum, which degenerates if fertilisation
doesnottake place

Most of the oogenesis process takes place in the ovaries
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Annotating the Mature Sperm & Egg
Annotating the sperm

= Spermand ovaare examples of specialised cells, meaning that theirstructure aids their
function
= Specialfeatures of spermcells thatrelate to functioninclude
= Ahaploid nucleus that canfuse withanovumnucleus to formadiploid zygote
= Anacrosome containingdigestive, orhydrolytic,enzymes to aid entryinto the ovum
= Manymitochondriaforthe release of energy to aid movement
= Atailmade of proteinmicrotubules to aid movement

Sperm cells are specialised to enable movement towards and entry into the ovum
Annotatingthe Egg

= Specialfeatures of ovathatrelate to functioninclude
= Ahaploid nucleus that canfuse withaspermcellnucleus to formadiploid zygote
= Asurroundingjellylayer,orzonapellucida,that canhardento prevent polyspermy (whenthe
ovumis penetrated by more than one sperm, this can effect embryo development)
= Aseries of vesicles,orcortical granules, containing digestive enzymes that are released
into the zonapellucidato prevent polyspermy
= Acytoplasmrichinnutrients forthe developingembryo afterfertilisation
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Ova are specialised to prevent polyspermy and aid development of the embryo

Page 23 of 23
For more help visit our website www.exampaperspractice.co.uk



