
 

Chapter 16
introduction
modelorganismsspecieseasytoraisein a labuseinexperiments
knowthemechanismsthatsendcellsdowndiverginggeneticpathwaystoadoptdifferentfate
stemcellsareapowerfulcelltypethatiskeytothedevelopmentalprocess
understandhowflaws ingeneexpressionresult incancer
ection1Aprogramofdifferentialgeneexpressionleadstothedifferentcelltypesinanorganism
celldivisioncelldifferentiationmorphogenesiswhyfrogsgofromtadpoles frogs

celldivisionwouldonlyresultin agroupofidenticalcells
differentiationtheprocessbywhichcellsbecomespecializedinstructurefunction
organizedintotissuesorgans
morphogenesis thedevelopmentof theformof anorganismitsstructuresshaping
of anorganismiontesqitstinttiegemnessedingeriengtupeaneatgiferenitydifferentcellsdifferentgeneexpres
specifictranscriptionfactoractivatorsbutwheredotheactivatorscome from
materialsplacedin thecellbymaternalcellssetup aprogramspecificgenes
expressedinanyparticularcellof adevelopingorganismdeterminesitspath

2sourcesofinformationtells acell whichgenestoexpressat agiventimeduring
development
Theegg'scytoplasm containsRNAproteinsencodedbythemother'sDNA
mRNAsproteinssubstancesorganellesdistributedunevenly
cytoplasmicdeterminantsmaternalsubstancesintheeggthatinfluencethecourseof
earlydevelopment
duringcelldivisionsthezygote'scytoplasmisdistributedintodifferentcellsand
thecellsnucleiisexposed todifferentdeterminants

2Theenviornmentaroundacell
signalsconveyed to anembryoniccellfromothernearbycells
inductionwhensignalsrelievedbyzygotesfromotherzygotescausechangesin the
targetcell

determinationthepointat which anembryoniccellisirreversiblycommitted tobecoming
aparticularcelltype
theoutcomefordeterminationismarkedbytheexpressionofgenesfortissuespecific
proteinsfoundonlyin a specificcelltypegivethecellitsstructurefunction
differentiatedcellsarespecialistsatmakingtissuespecificproteins
livercellsspecializeinmakingalbumin

musclecelldetermination
embryonicprecursorcells grownanalyzed
differentgenesisolated
eachexpressedinaseparateprecursorcell
watched for differentiation intomytoblastsmusclecells
discoveredmasterregulatorygenes proteinproductscommitthecellsto becoming
skeletalmuscle cells
nmusclecellsthe molecularbasisofdetermination istheexpressionof onet regulator
genes
somecells indevelopingorganismsareprogrammedtodie
apoptosisprogrammedcelldeath
cellularagentschopupDnafragmenttheorganelles other cytoplasmic
components



patternformationcytoplasmicdeterminantsinductivesignalsbothcontributetosetting
upaspatialorganization inwhichtissuesorgansareintheircorrectplaces
positionalinformationmolecularcues that controlpatternformation
fruitflieshaveaheadtailaxisabackbellyaxisand a leftrightaxis
EdwardBLewisdetermines thatgenesdirectthedevelopmentalprocesses
homeoticgenesregulatorygenesthatcontrolpatternformation
embryoniclethalsmutationswith death causingphenotypes
cytoplasmicdeterminants are thesubstances that establishaxes
calledmaternaleffectgenes ifmutantinthemothermutantin theoffspring
eggpolaritygenes

bicoiddeterminesheadstructure
if amomhastwomutantbicoidalleles theooospringhastwobackhalves

morphogongradienthypothesisgradientsofsubstancescalledmorphogensestablishan
embryo'saxesandotherfeaturesofitsform
bicoid researchwasgroundbreakinginrequiredfor someoftheearlieststepsinIledto theidentificationof a specific
patternformation
increasedunderstandingofthemother'scriticalrole intheinitialphasesinembryonic
development
3 agradientofmorphogenscandeterminepolarityandpositionhasbeenprovedkeyto
developmentalconcept
section2cloningoforganismsshowed thatdifferentiatedcellscanbereprogrammedstem
cancellsexpressallofitsgenes
cloningWhenadifferentiatedcellgeneratesawholeorganismw omeiosisor
ertilizationparentdonatesasinglecell
stemcellsrelativelyunspecializedcellsthatcanbothreproducethemselvesanddifferentiate
ntomanydifferenttissues
differentiationdoesnotnecessarilyinvolveirreversible changes in DNA
totipotentplantcellsthatcandedifferentiateandgiverisetoall thespecializedcelltypes
oftheorganism
differentiatedcellsinanimalsgenerallydon'tdivideinculture
Research
removenucleusfromanegg
replaceit w anucleusof adifferentiated cell somaticcellnucleartransfer
Olderdonornucleus lowerpercentageof normaltadpoles
somethingin thenucleusdoeschangeas animalcellsdifferentiate
sometimesclonesarenotidentical

cloneshavelowefficiencyandhighincidence ofabnormalities
in thenucleiofdifferentiatedcellsa lil bitofgenesareturnedonandtherestofthegen
aren'taccepted

resultofchangesinthechromatinDNAincellsfromclonedembryosoftenhavemore
methylgroups

earlyanimalembryoshavestemcells that can make anydifferentiatedcell
adultbodiesalsohave stemcells replacenon reproducingspecializedcellsasneeded
stemscells canbeused tosupplycellsfortherepair ofdamageddiseasedorgans
pluripotentcapableofdifferentiatingintomanydifferentcelltypes
scientistwereableto turn differentiatedcellsbacttostemcells

calledinducedpluripotent stem cellslibs
iPSdifferentthannormalstemcells



celldivisiondifferent
2majorusedforiPScells
cellsfrompplw diseaseshavebeenmade toipssotheycanbestudied
2 apatient'scells canbeusedto replacenonfunctioningtissues
genescanalsoreprogramadifferentiatedcell intoanotherwto it passingthruitspluripote
late
section3Abnormalregulationofgenesthataffectthecellcyclecanleadtocancer
cancercellsavoidcontrolmechanism
oncogenescancercausinggenes
protooncogenescodeforproteinsthatstimulatenormalcellgrowthdivisonnormal
versionsofoncogenes

ocogeneshappenwhenageneticchangehappens increaseeitherinthe amountof
protoecogene'sproteinproductintheintrinsicactivityofeachproteinmolecule
CHANGESOFPROTOOCOGENESTOOCOGENES
movementofDnawithinthegenome
amplificationofaprotooncogeneitself3pointmutationsinacontrolelementortheprotooncogenes
cancercellshavechromosomes thathavebrokenandrejoinedincorrectly
if ageneendsup near apromoter it canbecomeanoncogene

amplificationincreasesthenumberofcopiesoftheproto oncogenethrugeneduplication
changesin controlelementscauses anincreasein apromoterenhancer'sexpression
changesthegene'sproductstoamoreactiveproteinoronethat is moreresistantto
degradation

tumorsuppressorgenesgeneswhosenormal productsinhibitcelldivisionproteinstheyencod
helppreventuncontrolledcellgrowth
functionsofproteinsmadefromtumor suppressorgenes
repairdamagedDNApreventscellsfromaccumulatingcancercausingmutation
controladhesionofcellstoeachotheror to the extracellular matrix

proteinsfunctionincorrectlyincanfrgyfourin cancercells rasprotooncogene antwogeneshavemutations that com
p53tumor suppressorgene
rasgeneencodesRasprotein
erasproteinis a Gproteinthatrelaysasignalfrom agrowthfactor receptor to
acascadeofproteinkinases
ultimatelystimulatesthecellcycle normally doesn'toperateunlesstriggeredby
appropriategrowthfactor
mutations cancausetheRasproteinto stimulate cell cycle w ogrowth
factors
causesexcessivecelldivision

p53gene atumorsuppressor gene theproteinitencodesisaspecifictranscriptionfactor
thatpromotessynthesisof cellcycleinhibitingproteins

amutation thatimpactsthisgeneleadsto increasedcelldivision


