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Question:Discussthefactorsfacilitatingthemovementofspermsinthe

femalereproductivetract.

1.Femalereproductivetractenvironment:Thefemalereproductive

tract,composedoftheovaries,oviducts,uterus,cervix,andvagina,is

immatureatbirthanddevelopsintoafullyfunctionalreproductive

unitbyPND42.Theovaryisconsideredmatureoncetherathas

experiencedatleasttwoovulatorycycles,andthistypicallyoccursby

PND42.Notallsegmentsofthereproductivetractmatureatthe

samerateastheovary.Theepitheliumoftheoviducthasallits

componentsbyPND21andtheepitheliumofthevaginais

hormonallyresponsivebyPND30.Theaimofthischapteristo

describethepostnatalhistologicaldevelopmentofthefemale

reproductivetracttissuesandhighlightimportantdevelopmental

landmarksineachtissueatthevariouspostnatalages.Female

reproductivetractdevelopmentisacomplexprocessintricatelytied

tothepatterningofthemalereproductivetractandrenalanlage.

Developmentstartsfromundifferentiatedmesodermknownasthe

genitalridge,withgermcellsmigratingtothislocationfromtheyolk

sac.Themüllerianductbeginsasaninvaginationofthecoelomic

epitheliumatthetopofthegenitalridgeandelongatesbyactivecell

proliferationusingtheWolffianductasaguide.Manygeneshave



beenlinkedtofemalereproductivetractdevelopment,butonlyafew

havebeendirectlyimplicatedbyanimalknockoutmodels;thisis

becausethesimplexfemalereproductivetractpattern(i.e.,onewith

asinglecervixanduterus,withtwoseparatefallopiantubes)is

limitedtohumansandotherprimates.Mostrecently,genomic

sequencinghasidentifiedmoregenes,mostlytranscriptionfactors

andextracellularsignalingmolecules,andmutationsinthosegenes,

associatedwithmalformationsofthefemalereproductivetract.The

mostcommoncongenitalabnormalityofthehumanfemalegenital

tractoccurswhenthepairedmüllerianductsfailtofuseorthe

subsequentseptumfailstoresorb,yieldingaspectrumofuterine

anomalies,includinguterusdidelphysandbicornuateuterus.

Externalfemalegenitaltractdevelopmentrequiresboththeabsence

ofakeymaledeterminingfactor(SRY)andpresenceofitsantagonist.

Virilizationofgeneticallyfemalefetusesisduetoexcessive

androgensfromcongenitaladrenalhyperplasiaormaternalblood.

2.Cell-cellinteractions:Cell–cellinteractionreferstothedirect

interactionsbetweencellsurfacesthatplayacrucialroleinthe

developmentandfunctionofmulticellularorganisms.These

interactionsallowcellstocommunicatewitheachotherinresponse

tochangesintheirmicroenvironment.Thisabilitytosendandreceive

signalsisessentialforthesurvivalofthecell.Interactionsbetween

cellscanbestablesuchasthosemadethroughcelljunctions.These

junctionsareinvolvedinthecommunicationandorganizationofcells

withinaparticulartissue.Othersaretransientortemporarysuchas

thosebetweencellsoftheimmunesystemortheinteractions



involvedintissueinflammation.Thesetypesofintercellular

interactionsaredistinguishedfromothertypessuchasthose

betweencellsandtheextracellularmatrix.Thelossof

communicationbetweencellscanresultinuncontrollablecell

growthandcancer.Cell–cellinteractionsdrivenumerous

physiologicalprocessesandhelpenablecoordinatedfunctioningin

multicellularorganisms.Manycell–cellinteractionshavenotbeen

wellcharacterized,partiallybecause,untilrecently,muchworkwas

devotedtoexaminingcellmatrixinteractions,andpartiallybecause

studyingcell–cellassociationscomeswithalonglistofchallenges.

Therearethreekeychallengestothelatter.First,suchassociations

aregenerallymoregeometricallycomplex.Thisisnottosaythat

cell–celladhesionplaquesarenecessarilysmaller,butcell–substrate

interactionscanbeexaminedovertheareaofsomespread,adhered

cell,whereascell–celljunctionsarelimitedtoaslightlythickened

perimeterofthecell,with3Dorientationevenwhencellsareplated

onflatsurfaces.Second,variousextracellularmatricesarereadily

isolatedorpurchased,whilecell–celljunctionsrelymoreonspecific

receptor–receptorinteractions,whichinturnrelyonexpensive

antibodiesorpurifiedreceptors.Finally,effectsofcell–cell

interactionsareverydifficulttoisolatefromcell–substrate

interactionsinadherentcells.Thereverseisabitsimpler—somecell

modelscanworkwithsparselyplatedcells.Butgeneratingconsistent

cellcultureconditionswherecell–cellinteractionsdominateisnot

alwaysasimplematter.

3.Geneexpression:Geneexpressionistheprocessbywhich



informationfromageneisusedinthesynthesisofafunctionalgene

product.Theseproductsareoftenproteins,butinnon-protein-coding

genessuchastransferRNA(tRNA)orsmallnuclearRNA(snRNA)

genes,theproductisafunctionalRNA.Geneexpressionisexpanded

bythesubsequentdiscoveriesofreversetranscriptionandRNA

replication.Theprocessofgeneexpressionisusedbyallknownlife

eukaryotes(includingmulticellularorganisms),prokaryotes(bacteria

andarchaea),andutilizedbyviruses—togeneratethe

macromolecularmachineryforlife.

Ingenetics,geneexpressionisthemostfundamentallevelatwhich

thegenotypegivesrisetothephenotype,i.e.observabletrait.The

geneticinformationstoredinDNArepresentsthegenotype,whereas

thephenotyperesultsfromthe"interpretation"ofthatinformation.

Suchphenotypesareoftenexpressedbythesynthesisofproteins

thatcontroltheorganism'sstructureanddevelopment,orthatactas

enzymescatalyzingspecificmetabolicpathways.

Allstepsinthegeneexpressionprocessmaybemodulated

(regulated),includingthetranscription,RNAsplicing,translation,and

post-translationalmodificationofaprotein.Regulationofgene

expressiongivescontroloverthetiming,location,andamountofa

givengeneproduct(proteinorncRNAs)presentinacellandcanhave

aprofoundeffectonthecellularstructureandfunction.Regulationof

geneexpressionisthebasisforcellulardifferentiation,development,

morphogenesisandtheversatilityandadaptabilityofanyorganism.

Generegulationmayalsoserveasasubstrateforevolutionary

change.



Geneexpressionisanimportantprocesstodevelopvariousbiological

functionsanddrivethephenotypes.Followingthemolecularcentral

dogma,ageneapieceofDNAonthechromosomeisfirsttranscribed

toRNA(transcription).Geneexpressionisinfluencedbynumerous

factors,includingmoleculeswithinthecell,mutationscausing

dominantnegativeeffectsandhaploinsufficiency,signaling

moleculesfromsurroundingcellsandtheenvironment,andepistasis.

Variousmoleculeswithinthecellmodulategeneexpression.

4.Phenotypicspermtraits:Spermcompetitionisthecompetition

betweentheejaculatesofdifferentmalesforthefertilizationofa

givensetofova.CharlesDarwin(1871)proposedsexualselectionasa

processthatoperatesonvariationinmaleabilitytocompetewith

othermalesforaccesstoreproductiveopportunities,andwhich

promotestraitsthatconferanadvantageinreproductivecompetition.

Inmosttaxaindividualfemalesmaycopulate(orspawn)with

multiplemales(i.e.,arepolyandrous).Asaconsequence,the

ejaculatesofdifferentmalesmayco-occuraroundasetofovaatthe

timeoffertilization,resultinginspermcompetition.Sperm

competitionintroducesvariationinmalereproductivesuccess

determinedbytherelativecompetitivefertilizingefficiencyofthe

ejaculatesofdifferentmales,andgeneratespostcopulatory,

intrasexualselection,whichpromotestraitsthatincreasethe

fertilizationsuccessofanejaculateundercompetitiveconditions.A

secondconsequenceofpolyandryisthepotentialforintersexual

selectiontocontinueaftercopulationthroughmechanismsthat

enablefemales(orova)tobiastheoutcomeofspermcompetitionin



favorofthespermofcertainmales,aprocessknownassperm

selectionorcrypticfemalechoice.Thepastthreedecadeshaveseen

anexplosionofinterestinpostcopulatorysexualselectionthathas

highlightedtheimportanceofspermcompetitionandcrypticfemale

choiceasenginesofevolutionarychange.Thischapterreviewsrecent

empiricalandtheoreticaladvancestodiscussvariouswaysinwhich

spermcompetitionmayshapetheevolutionofspermandejaculate

traits.


