Chapter 9

The Role of Vehiclesin Natural Selection

Theorganismis justthe genes way of makinganothemene.
— Dawkins, TheSelfishGene

| coinedthe term ‘vehicle’ not to praiseit but to bury it. ...The question'what is
thevehiclein this situation?’ may be no morejustified than‘what is the purposeof
Mount Everest?’.

— Dawkins, Buryingthe \ehicle

Lewontinamguesthatselectioncanactat mary levels. But selectiononly resultsin adaptation
if it producesa changein genefrequencies.Genefrequenciesrethe bottomline of evolution.
Dawkins (1976), following Williams (1966), hasusedthis fact to argue that natural selection
shouldbe understoodhsa procesghatonly actson genesyatherthanotherlevelsin the natural
hierarchy In this chapter arguethattherole of organismgandothergenetic'vehicles’)cannot
be soeasilyeliminated.

Theamgumentfor genicselectionisnstartsfrom the fact thatacquiredcharacteristicare not
inherited. In its moderninterpretatiornthis hasbecomethe CentralDogmaof molecularbiology
which stateghatinformationcannotpassfrom proteinto DNA, but only thereverse;i.e. changes
to the phenotypdncurredduring developmentwill have no effect on the DNA passedn to sub-
sequengenerationshroughthe germ-line. Therefore asDawkins putsit, anorganismis notthe
objectof Darwinianevolutionbecause

to regardanorganismasareplicator. . . is tantamounto a violation of the‘central
dogma’of thenon-inheritancef acquiredcharacteristicsA stick insectlookslike a
replicator in thatwe maylay out a sequenceonsistingof daughtergranddaughter
great-granddaughtestc,in which eachappeargo be a replicaof the precedingone
in the series.But supposea flaw or blemishappearsomavherein the chain,saya
stickinsectis unfortunateenougho losealeg. Theblemishmaylastfor thewhole of
herlifetime, butit is notpasse@nto thenext link in thechain.Errorsthataffect stick
insectshut nottheirgenesarenot perpetuatedNow lay outaparallelseriesonsisting
of adaughtersgenomegranddaughtesgenomegreat-granddaughtegjenomeetc.
If ablemishappearsomevherealongthisseriedt will be passeanto all subsequent
links in the chain.It mayalsobereflectedin the bodiesof all subsequerlinks in the
chain,becausén eachgeneratioriherearecausahrraovs leadingfrom genego body:.
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But thereis no causaklrrav leadingfrom bodyto genesNo partof thestickinsects
phenotypes a replicator Nor is herbodyasa whole. It is wrongto saythat ‘just
as genescan passon their structurein genelineages,organismscan passon their
structuren organismlineages’.....

The specialstatusof geneticfactorsratherthan non-genetidactorsis desered
for onereasoronly: geneticfactorsreplicatethemseles,blemishesandall, but non-
geneticfactorsdo not. (Dawkins, 1982,p99)

This picture of evolution is summedup in Weismanns famousdiagrarm in which arrovs
of causalinfluencerun solely from the genomeof one generatiorto that of the next, with the
expressedhenotypebeingno morethanan epiphenomenadffshootfrom the main branch:the
organismis justthegenes way of makinganothergene(figure9).
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Figure9.1:

Genegproduceorganismsput genesarealsoparts of organisms.And the organismcanbite
backandaffectthegeneghatthey contain.Thisproduceswo kindsof problemswith Weismanns
diagram,dependingon how thoseeffectsareunderstoodThefirst is thatthereplicationof genes
is causallydependenbn organismsandthis dependences the subjectof the next section. The
secondis thatthe replicationof genesis conceptuallydependenbn organisms,andthis is the
subjectof sections9.2and9.3. And in section9.4 1 shonv how we needto understandboth kinds
of dependengin orderto understanavolution.

9.1 Burying Vehicles

Mayr (1963) describeswo ways in which phenotypesausallyeffect the genesthey contain.
The first is that ‘natural selectionfavours (or discriminatesagainst)phenotypesnot genesor
genotypesp184] (seealso(Gould,1978,p90) and (Brandon,1982)). Genefrequencieshange
becausef the effectsthey have on the ability of organismsto reproduce.The more successful
the organism,thenthe moreits geneswill spread.The secondagumentis whatMayr calls ‘the
genetictheoryof relatiity’, whichis that'no genehasa fixedselectve value;the samegenemay
conferhigh fitnesson onegenetichackgroundandbevirtually lethalon another’[p296] (seealso
(Sober& Lewontin, 1982)and(Gould,1978,p91)). Thefitnessof agene— i.e. therateatwhich
its frequeng changes— depend®n its context (including therestof the genomethe organism,
andits ervironment)andis not a fixed propertyof the gene-in-itself.

Evolution, like all otherbiological processess a denseweb of interactingcause®perating
at, and between differentlevels of organisation. Mayr’'s agumentis that we should pick out
organismsas playing a privileged causalrole in this process;but this agumentstandsor falls

1This diagramhasoftenbeenattritutedto Weismannthoughl canfind norecordof him actuallyusingit.
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accordingo how onechooseso definecause Dawkins’ defenceof genicselectionisnstartsfrom
thefollowing point:

Philosopherspossiblywith justification,makeheary weatherof the conceptof cau-
sation,but to aworking biologistcausations arathersimplestatisticalconcept.Op-
erationallywe can never demonstrateahat a particularobsened event C causeda
particularresultR, althoughit will oftenbe judgedhighly likely. Whatbiologistsin
practiseusuallydo is to establishstatistically that eventsof classR reliably follow
eventsof classC ... Statisticalmethodsaredesignedo help usassessto ary speci-
fied level of probabilisticconfidencewhetherthe resultswe obtainreally indicatea
causarelationship.(Dawkins, 1982,p12)

This Humeandefinitionof causadissolesthe causaboundarieshat pick out vehiclesasinelim-
inableactorsin evolution. Accordingto this definition naturalselectionworksthroughvehicles,
ratherthanonthem. To seewhy thisis considereachof Mayr’s objectionsn turn.

Mayr’s first amgumentwasthat phenotypicpropertieshot genescausedifferentialreproduc-
tion. Dawkins’ responselepend®n causatiorbeingtransitive. Accordingto Dawkins’ definition,
if C cause€l andE1 causeE?2 thentheremustbe a correlationbetweeneachpair. This fur-
therimpliesthatE2 will becorrelatedwvith C, andhencehatC cause€2. Now Mayr aguesthat
phenotypidifferencegE1) causdifferentialreproductior(E2), but thosephenotypidifferences
(E1) arethemselescausedy geneticdifferenceqC). If causationis transitive thenit is equally
truethatgeneqC) causdifferentialreproduction(E2).

Mayr’s secondbjectionwasthatthe effectsof genesarecontext dependentHowever givena
particularcontet thenallelic differencesvill becorrelatedvith phenotypidifferencegandhence
with fitness). Thereforeaccordingto Dawkins’ definition of causeit is still correctto saythata
particularallele hasa causaleffect on fitness. For example,Lewontin and Sober(1982)discuss
the caseof heterozygoteuperiorityin which a heterozygotéAa) is fitter thaneitherhomozygote
(AAandaa). In the caseof humansickle-cellanaemiafor example,homozygotes$or thenormal
allele have functional haemoglobirbut are vulnerableto malaria,homozygotedor the mutant
allelesuffer anaemiaandheterozygoteareresistanto malariaandavoid anaemiaTheeffectsof
eachindividual allele (A or a) depend®n thealleleit is pairedwith, andso SoberandLewontin
concludethatthey cannotbe attributedwith a uniquecausalkole: ‘if ageneraiseshe probability
of agivenphenotypen onecontet andlowersit anotheythereis no suchthingsasthe causatole
thatthegenehasin general’(Sober1985,p313).However Sterelty andKitcher (1988)amuethat
evolution doesnotrequirethata genehasa causakole ‘in general’,but only in specificcontets.
A genicselectionistanperfectlywell aguethatanA alleleis fitter thana whenpairedwith ana,
but lesswhenpairedwith anA.

Both of theseobjectiongo Mayr's algumentgrove only thatthe gene-centristiew is asvalid
asthe vehicle-centrisand,in hisfirst book, Dawkins comparedhetwo pointsof view to thetwo
possibleviews of the NeckerCube: neitheris morecorrectthanthe other they arejust different
views of thesameprocessHowever Dawkinslaterpresentednadditionalagumenthatquestions
the validity of the vehicle-centrisiview per se This is the conceptof the extendedphenotype
(1982,ch11-13).Considerthe geneghatcontributeto the beaver’s habitof building dams.What
mattersfor the successfuteplicationof thesegenesds not the particularactionsof the beaver —
the bitesit takesout of trees,the driftwood it collects,andso on — but the size of the artificial
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lake that it produces. The bigger the lake then the more protectedthe beaver will be against
land-basegredatorsandthe easierit will find food. This turnsthe vehicle-centrisg aguments
againstthemselesin a kind of reductioof Mayr’s first objection: if what causallymattersfor

evolution is the phenotypiceffects of genesnot the genesthemseles, thenindividualsdo not

have a privilegedpositionin theontologyof evolution. Thespreadf bearer genesdepend®nthe
propertieof beaver lakes,notthepropertiesof beaversthemseles. Causallyspeakingindividual

organismsarenomore,andnolessthanonepartof theextendedohenotypicernvironmentthrough
which genegeplicatethemseles. Thevehicleis buried,in Dawkins’ phrasg1994).

If Dawkins (and Hume)are right aboutthe natureof causationthenMayr (and Lewontin)
arewrong that naturalselectionactson vehicles. Thereare two possibleresponseso this. The
first is to amuethat Dawkins is wrong aboutcause asSoberdoes(1985). | believe that Sobers
criticismis valid, but definingsufficient conditionsfor causatiorcapableof supportingthis claim
wouldtakeustoofar from thedirectconcernf thisthesig. Causations aminefieldthat! would
ratheravoid if atall possible.However thereis anothemway in which individual organismsplay
anineliminablerolein our understandingf naturalselection.Thisrole is conceptualratherthan
causalandis the subjectof therestof this chapter

9.2 Counting Genes

Whatis agene?The Mendelianansweris thata geneis a unit of heredity but this describesvhat
agenedoes notwhatit is. The biochemicalansweiis thata geneis a sequencef DNA, but not
all possibleDNA sequencearegenes Sowhatmakesa particularsequenca gene?Theoriginal
answeto this questionwasgivenin theslogan'one gene pneprotein’,i.e. ageneis asequencef
DNA thatcodedfor a protein,but it is now clearthatthe situationis morecomplicated¢hanthat.
In prokaryotesgenesaindtheproteinghey codefor areco-linear;thatis thesequencef amino
acidsin eachproteinis representetly a correspondinginbrokersequencef codonsn the DNA.
Thereforestartingfrom the slogan‘one gene,one protein’ we can clearly identify a geneasa
contiguoussequencef codonson a DNA molecule.However sincel977it hasbecomeapparent
that the situationin eukaryotess rarely that simple. Insteadof forming a contiguoussequence
thegenemayberealisedin a ‘mosaic’ of partsspreadacrosghe genome.Theinitial pre-mRM
transcriptof themaosaicis then‘spliced’: a processn which sectionsjntrons areeditedout. The
dihydrofolatereductas€ DHFR) gene for example,canvary in lengthfrom 25-31kbdepending
onthemammalit occursin. Most of this variationlies in the sequenceyosition,andlengthof the
intronswhich play no active role, however someof thesentronsthemselescodefor proteinsthat
functionindependentlyf thatcodedfor by theremainingexons. Moreover the exonsandintrons
in theoriginal DNA sequencenaybesplicedin mary differentwaysdependingn the actionsof
otherregulatorygenespor on the presencef ancillary proteins. Thustwo or more mosaicsmay
intermingleacrosghe samestretchof DNA (Breathnact& Chambon1981)(Wu, 1978).
Geneganalsooverlaponthe DNA suchthatthe samesequencef nucleotidesodefor more
thanoneprotein. Onefunctionalgeneis oftensimply a truncatedversionof anotherbut in other
caseghetwo expressiorprocessemaybereadin differentframessuchthatthedivisionsbetween

2In chapter2 | only proposeda necessargonditionon causalkxplanation(i.e. thatthe causeof A hasanidentity
independenof A), andavoidedthe problemof sufficiengy.
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the codonsfor onegenedo not coincidewith thoseof the other In suchsituationswve cannottell
whichaminoacid— letalonewhich protein— abasepaircodedor withoutobservingheprocess
of expressiorin action.

Genegdo not even have to betied to a particularplaceon a chromosome Transposablee-
guencespr transposongrecapableof ‘jumping’ from onelocationto anotheritherby detaching
themseles from the main DNA sequencer by inducing the replicationof copiesthat subse-
guentlyinsertthemselesat a new location. Most transposonarelikely to be entirely ‘selfish’,
with no furtherphenotypiceffects,but it is alsopossiblethatthey area majorsourceof effective
mutationgBerg & Howe, 1989).

Genesmay also be polymorphic;i.e. they may be encodedn a variety of different DNA
sequencesdMe usuallydescribalifferentsequenceatasinglelocusasalternatve alleles,but it is
alsopossibleto describethemasalternatve forms of the samegene. Again the crucial factoris
the effect on phenotype.Thereis a continuumof typesof changeof DNA sequencesncluding
thosethat changeDNA sequencédut not protein sequencethosethat changeprotein sequence
without changingts secondanstructureand/orfunction, thosethat createproteinswith different
actwities, andthosethat createmutantproteinsthatare non-functional Whereon this continuum
we draw the line betweeralternative forms of the samegeneandalternatie allelesdependson
theirrole in the overall metabolisnof the organism(Gusella,1986).

In short,a geneis defined'semantically’in termsof therole thatit playsin the metabolism
anddevelopmentbof anorganism not ‘syntactically’ in termsof a DNA sequenceAs Lewin puts
it

Geneganbeisolatedby working backfrom aprotein. .. The concepbof thegene
itself, however, hasrecentlyevolved further The questionof what's in a nameis
especiallyappropriatdor the gene.We canno longersaythata geneis a sequence
of DNA that continuouslyanduniquely codesfor a particularprotein. In situations
in which a stretchof DNA is responsiblefor productionof one particularprotein,
currentusageregardsthe entire sequencef DNA, from the first point represented
in the messengeRNA to the last point correspondingdo its end,as comprisingthe
“gene”, exons,introns,andall.

Whenthe sequencesepresentingproteinsoverlap or have alternatie forms of
expressionwe may reversethe usualdescriptionof the gene.Insteadof saying“one
gene— onepolypeptide”,we may describethe relationshipas“one polypeptide—
onegene”. Thuswe regardthe sequenceactuallyresponsibl€or productionof the
polypeptidg(includingintronsaswell asexons)asconstitutingthe gene while recog-

nising that from the perspecire of anotherprotein, partof this samesequencelso
belonggo its gene.(Lewin, 1997,p146)

Suppose copyof theDHFR geneis replicatedputin sodoingmutatesnto oneof its alternate
forms. Shouldwe describehis processasthe successfuteplicationof a singlegene or thedeath
of an old geneandthe creationof a new one? Hastherebeena changein genefrequencies?
The answerdependsn the effect of the new sequencen the organism. The conceptof ‘gene
frequeng’, like thatof ‘gene’itself, is dependentn phenotypigroperties.

Genedo notjustdeterminghestructureof proteins.Their othermainfunctionis to regulate
the productionof proteins,andthis alsoraisegproblemsin individuatinggenes Sometimes reg-
ulatinggenewill directly controlthetranscriptiorof a neighbourIn theabsencef this expressor
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theregulatoris functionallyneutral like a switchthatis not connectedo arything. In othercases
the regulationis more subtleandlong-range jnvolving the productionof intermediateancillary
proteins. Generegulation canalsobe affectedby ervironmentalfactorsthatinduceexpression,
or affecttheinitiation andterminationof transcription(Reznikof etal., 1985)(Platt,1986).If the
sameDNA molecules putin anothemrganismor in vitro, thendifferentgenesnaybeexpressed.

Reyulationcanalsooccuratlevelsabove thatof asinglegene.Eukaryoticgeneghatcodefor
proteinswhosefunctionsarerelatedare often organisednto clusters suchasthethreelac genes
in E. coli which codefor enzymeghatdecomposetransportandaid the metabolisnmof, lactose.
Thesethreegenesaregroupedogetheronthegenomeandrespondo a singleregulator forming
a functionally unified operon thatrespondswiftly to the presencef lactosein the ervironment
(Jacob& Monod,1961). Thereforefrom the point of view of Mendeliananalysisit is the operon,
ratherthanits constituenggenesthatis the unit of heredity

The compleities of generegulation meanthat an apparentlysimple question,suchas the
numberof geneson agenomedoesnot necessarilhave asimpleanswer:

The major questionabouteukaryoticDNA concernsthe numberand types of
genesin a genome.We may identify the coding potentialof a genomedirectly, by
identifying regionsthathave openreadingframes.Large scalemappingof thisnature
is complicatedby the fact that genesareinterruptedin highereukaryoticgenomes,
sothatmary separate@penreadingframesmay be partof a singlegene....Since
we do notnecessarilyhave informationaboutthe functionsof theproteinproductsor
indeedproof thatthey areexpressedat all, this approactis restrictedto definingthe
potentialof thegenome....

Anotherapproacthis to definethe numberof genedirectly in termsof their ex-
pressionin RNA or protein. This givesan assuranc¢hatwe aredealingwith bona
fide genesthat are expressedunderknown circumstanceslt is of coursethe only
approachthatallows usto askhow mary genesareexpressedn aparticulartissueor
cell type,whatvariationexistsin the relative levels of expressionandhow mary of
thegenesxpressedn oneparticularcell areuniqueto thatcell or arealsoexpressed
elsavhere.(Lewin, 1997,p645)

Thefirst of theseapproachetells usthe potentialcapacityof the genomeput maynot distin-
guishbetweerfunctionalgenespseudogenédsand‘junk’ DNA. Thesecondf theseapproaches
cantell us morepreciselyhow mary functionalgenesare presentput thenthis numberwill be
dependenbn the cellular (andwider) ervironment: put the samegenomein a differentcell, or
in vitro, andthe numberof geneschanges Genefrequenciesare not determinedsolely by DNA
sequence.

Geneslike mentalstatesarefunctionalentities,definedby therelationshipbetweerthe sub-
stratein whichthey arerealised DNA), andits ervironment(theliving organism).Genesarethe
rolethatDNA playsin thedevelopmenbf anorganismjustasmentalstatesaretherole thatbrain
statesplay in behaiour. If youtakea DNA moleculeout of its chromosomalnuclear cellular,
andorganismicervironmentthenit doesnot containary genesjust asa slice of braintissueon
a slide doesnot containbeliefs. Of coursein orderto be accordeda well-definedcausalrole —
i.e. in orderto understandhow they dothejob they do — it is necessaryo understandhow these
functionalgenesarerealisedin DNA, just aswe hadto understandhow mentalrepresentations

3Sequencesf DNA thataresimilar to functionalgenesbut play no active role.
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wererealisedn brainstatedn orderto understandhow they playeda causarolein ourbehaiour;
but this shouldnot temptus into forgettingthatit is the functionalrole that matters. Genesare
emegentpropertieof theinteractionbetweerDNA andits ervironment.lt is atruismthatgenes
cannotreplicate or have ary developmentakffects,outsideof theappropriateellularandorgan-
ismic ervironment. This is true, but is only half the story. Strictly speakinggenesdo not even
exist outsideof theappropriateernvironment.

9.3 Counting Replicators

Naturalselectiomecessarilynvolvesa changen genefrequenciesBut genefrequencieslepend
on how DNA expressionis regulatedby the organism. So perhapsve shoulddo the ‘bookkeep-
ing’# for evolution in the hard curreny of nucleotidesequencesiatherthanthe fluid termsof
genesBut whatlengthof sequence®s the unit of selectiora singlenucleotidepr is it the entire
genomeDawkins amguesthatary sequenceanbea unit of selection— an‘active replicator’'—
solong asit hassomeeffect onthe phenotypeandsorespondgo selection(1982,p90-1).

Thereasorfor measuringvolutionin termsof arbitrarylengthsof DNA ratherthanorganism-
dependengeness thatonly changedn theuniversalcurrengy of DNA mattersor theevolutionary
future. However notall DNA mattersequally RecallDawkins’ agumentwhy we cannotunder
standevolutionsolelyin termsof thereplicationof organismsnamelythat‘errorsthataffect stick
insectsbut not theirgenesarenot perpetuated’Thisis true, but doesnotimply thatall errorsthat
affectstickinsectsgenewill bepasseaneither Unlessthoseaffectedgenesarepartof thestick
insects germ-linecells, andunlessthosecells go on to form aviable zygote,then, like the stick
insectslostleg, thosegeneticerrorswill notbepassedn. If stickinsectsarenotreplicatorghen
neitheraretheir non-germ-lineggenes.

The gene-centristiew restson a principleddistinctionbetweena replicatorandthe vehicle
throughwhich the replicatorsurvivesinto the next generationlt is the fate of the replicatorthat
mattersnotthatof thevehicle. Thereforewe have to distinguish betweerthereplicationinvolved
in vehicle-tuilding andthereplicationinvolvedin lineage-hiilding — what Dawkins describess
germ-line ratherthandead-endeplication.

The samedistinctionunderliesthe problemof ‘head-counting(Sober 1985, p29). Suppose
two land-dwellingorganismdive on a rock surroundedy water Onehascopiesof geneA and
getsfat, while the otherhascopiesonly of B andgetsthin. The proportionof A-typecellsin this
two-organismpopulationincreasesbut this doesnot constituteadaptiveevolution: fatnessdoes
not constitutefitness. The samepoint alsoappliesto the replicationof sterileworkersin groups
of eusocialinsects.The productionof moreworkersincreaseshetotal numberof the geneshey
carry and may strengtherthe nest,but they are as much asan evolutionary dead-endas stick-
insectlegs. Theonly germ-linereplicationin this caseis thatinvolvedin the productionof new
swarmingqueensin othercasesheremaybeno prior separatioetweerdead-en@ndgerm-line
cells. For examplethe apicalcell of a stravberryplantrunnermaydie afterfruiting, or therunner
may takeroot andform anoffspringthatliveson afterthe deathof the original. Thedevelopment
of the plantthusturnsa dead-endell into agerm-linereplicator

4Thistermis dueto Wimsatt(1980).
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Considemnotherexample.Many cancerousumoursareinducedthroughthe actionsof proto-
oncogeneshatarepresentn the cells of the hostorganismandnormally play a role in healthy
development.Thecellularproto-oncogene-myg for example ,codedor aproteinthathelpsiniti-
ateRNA transcription.Theseoncogenesanbeimplicatedin the growth of cancerousumoursin
two ways. Thefirst involvesthe hostbeinginfectedwith aretrovirus, suchasthemousemammary
tumourretrovirus (MMTYV), whichchangeshewaythecellularoncogenés regulated.Theresult-
ing tumourmaythenhelpthevirus propagateOr a tumourmayform withoutviral infectiondue
to a mutationin the regulatory genesof the mousecell (Bishop,1983) (Bishop,1985) (Varmus,
1984)(Heldin & Westermark1984).

In bothof thesecases changen theregulationof c-myccausestumourto grow. Thelineage
of theoriginalcancerousell will grow explosively, butwill diewith thehost.Buttheevolutionary
storiesof eachof theseprocessess very different. In the former casethe replicationof mycis a
vital part of the reproductve cycle of the virus. In the latter casethe cancerouseplicationis
simply a by-productof having growth factorswhoseregulationis vulnerableto mutation. Thus
a singleact of DNA replicationcanbe a dead-endwith respectto one vehicle (the mouse)and
constitutethereplicationof the germ-lineof anotherthevirus).

Is canceranadaptatiorand,if so,whofor? In the caseof mousemammarytumoursboththe
healthyandtumourouscells,andthevirus, all containthe samemycgene.Thereforewe cannot
saythatthecanceis anadaptatiorfor mycgenesimpliciter, but only with respecto theparticular
lineageof reproducingsehiclesthatcarryit. It maybeanadaptatiorfor themycof MMTV, or for
themycof atumourouscell, butit is certainlynotanadaptatiorfor the mycof the healthycells of
themouse.Unlesswe identify thevehiclethroughwhich the geneis transmittedhenwe have not
yetansweredawkins’ question.

The pointof doingour evolutionarybookkeepingn termsof DNA sequencess to determine
whetherevolution is occurring. But in orderto do this we cannotjust countthe total number
of copiesof a sequencén the ecosystemsinceit is only germ-linereplicationthat mattersfor
evolution. But whatconstituteggerm-linereplication?Dawkins definest asfollows:

A germ-linereplicatoris areplicatorthatis potentiallytheancestoof anindefinitely
long line of descendanteplicators. A genein a gameteis a germ-linereplicator
Sois a genein oneof the germ-linecells of a body, a direct mitotic ancestorof a
gamete Sois ary genein Amoebgoroteus Sois anRNA moleculein oneof Orgel’s
(1979)test-tubesA dead-endeplicatoris a replicatorwhich may be copieda finite
numberof times, giving rise to a shortchainof descendentdut which is definitely
not the potentialancestorof an indefinitely long line of descendentsMost of the
DNA moleculesn our bodiesaredead-endeplicators. They may be ancestor®f a
few dozengeneratorsf mitotic replication,but they will definitelynotbelong-term
ancestors(Dawkins, 1982,p83)

The problemherelies in the words ‘potential’ and ‘indefinite’. In one senseall DNA has
the potentialto replicateindefinitely, sincewe areableto extractthe nucleicacidfrom theliving
organismandreplicateit in vitro. In anotheisenseno DNA canhave anindefinitechainof descen-
dentssincetheuniverseis bounded Nonethelesshedistinctionbetweergerm-lineanddead-end
replicatorsseemgo have a clearbiological basis; but what? Whetheror not a DNA sequence
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is capableof beingpassedn ‘indefinitely’ dependn the developmentandreproductiorof the
organismthatit is partof.

Weismann(1904)believedthatonly germ-plasncontainedhe materialof inheritancewhich
wasthenirreversibly corvertedinto differentiatedsomaticcells. Accordingto this picture the
distinctionbetweengerm-lineand dead-endeplicationis explicit at the level of the individual
cell: germ-linecells containedthe materialof heredity but somaticcells did not. Weismanns
basicideaof a completeseparatiorof germ-plasnfrom its phenotypicexpressiorwasabsolutely
correctbut the mechanisnhe chosefor makingthis distinctionwasnot. We now know thatboth
germandsomaticcellscontainthematerialof heredity Moreover somesomaticcellsaretotipotent
— i.e. they retainthe capacityto produceboth gametesandsomaticcells. This is obviousin the
caseof plantswhich areableto grow from cuttingstakenfrom almostanywhereon the adult.
Indeedthedevelopmentf cloningtechniqguesneanghat,in asenseall cellsin all organismsare
(potentially) totipotent. The division betweengerm-lineand somaticcellsis not asclearcut as
Weismanns diagramimplies. Whetheror nota cell is destinedo be adead-endeplicator or has
the potentialto form partof the germ-lineof a new generationijs notanintrinsic propertyof that
cell.

Weismannpicturedthe relationshipbetweendevelopmentand evolution asinvolving a clear
differentiationbetweersomaticandgerm-linecells (figure 9.2).
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Figure9.2:

But we now know that, in generalthereis no suchsystematiaifferentiation. Whetheror not
a particularcell endsup asthe germ-linefor a new generatiordependson the peculiaritiesof
individual development(figure 9.3). Which cell endsup asthe germfor a newv generatioris not
fixedin advancé.

In somesituations— suchassexual reproduction— thereis a morefixed differentiationbe-
tweengerm-lineandsomaticcells,andsothe procesf reproductiorapproximatesnoreclosely

5Dennett(1994)compareshisto the‘veil of ignorancein Rawls theoryof justice.
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to figure9.2. Butin mary othercases— suchasvegetative reproduction— it will not. Of course
Dawkins is correctthatall mutationsmustbeinstantiatedn genesf they areto beinherited.But
it is not determinedvhich cells containthe geneghatmatter As Bussputsit ‘knowledgeof the
molecularmechanicof heredityis not equivalentto knowledgeof the unitsthat prove heritable
... Developmentcontrolsheritability’ (1987,p14).

It is interestingto notethatWeismanndid notinvokehis (mistaken)peliefsaboutgerm-plasm
to justify his assertionthat acquiredcharacteristicsvere not heritablé€. Insteadhe basedthis
argumenton empiricalfactsabout,for example,the pupsof micewhosetails have beencut off, or
the childrenof fatherswho acquiredduelling scars.Both of thesetraits were popularlybelieved
to beinheritable— indeedl canremembebeingtaughtthatManx catslosttheirtailsin the same
way — but Weismanrdemonstrateémpirically thatthey werenot. He alsoarguedthatit would
be inconcevablethat, for example,the well-developedfore-armsof a blacksmithcould produce
the appropriatechangesn his spermnecessaryo passon the trait to his children. It would be
akin to writing a telegramin English, sendingit to China, andfinding it arrived translatednto
Mandarin,asWeismanrputit.

Weismanns beliefsaboutgerm-plasnstemfrom a consideratiorof development,not evolu-
tion. He amuedthatthe developmentof large scalemorphologyin multicellularorganismscould
be controlledby geneticmaterialthroughonly two possiblemechanismsThe first would be by
having the entiregenomecopiedinto eachnewv somaticcell. But thenfactorsfrom outsidethe
cell would have to ‘switch on’ the appropriategenesin the cellsin all the variouspositionsin
the developingembryo: the ‘leg genes’in the cells at the bottom, ‘li ver genes’in thosein the
middle,andsoon. Weismanrcould notimaginehow sucha complex anddelicatechoreography
of switchescould be controlledso insteadhe plumpedfor the alternatve, which wasthat each
somaticcell wouldonly inheritthosegenesecessarfor their particulardevelopment Livercells
would only containliver genesandsoon. Onelook at a flower growing on a planttakenfrom a
cutting shouldhave persuadedVeismannthatthe former mechanismhowever improbable was
responsiblebut it is only relatively recentlythatwe have startedo scratchthe surfaceof how this
developmentathoreographys possible.

To putit crudely Weismanrbelievedthatgivena phial of germplasmandsomaticcellsthen
hewouldbeableto distinguishbetweerthem. Thisis nottruein general Germ-lineanddead-end
cellscontainthe sameDNA, andareonly distinguishedy therole they play in the development
andreproductionof an organism. In this sensegerm-linereplicatorsare similar to straws that
breakcamels’backs: both are only distinguisted by the role they play in the fate of a vehicle.
Whenwe look at afield of strav we cannotpick outthefatal ones.Similarly, we cannotook ata
collectionof cellsandpick outthegerm-linereplicators.The objectterm‘the straw thatbrokethe
camels back’ notonly picksouta strav but alsothe camelfor whichit provedfatal; andtheterm
‘germ-linereplicator’notonly picksoutasequencef DNA, butalsothelineageof vehiclesvhose
germ-lineit is partof. In somecasessuchasthe mycgenein atumourcell of a MMTV-infected
mouseasingleDNA sequencénstantiateswo differentgerm-linereplicators gachdefinedwith
respecto a differentlineageof vehicles. The mycmay bereplicatedeitherthroughpropagation
of the virus or throughthe spreadof the tumour andeachlineagewill definedifferentadaptve

6Thanksto JohnMaynardSmith, personatommunication.
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pressuresln somecaseghevehicleof agerm-linereplicatormaybe whatwe naively think of as
anindividual organism.In othercasessuchcoloniesof eusociainsectsjt will beahighergroup
of organismsIn caseof ‘moleculardrive’ (Crow, 1979)— in which geneamultiply outof phase
with the organismghey arein — the vehicleis lowerin the hierarchythanthatof the individual
organism.

Dawkins et al argue thatthe bookkeepingf evolution shouldbe donein units of germ-line
replicators.But in orderto pick out germ-linereplicatorsfrom dead-endeplicatorswe have to
identify thevehiclethatit is agerm-linereplicatorof”.

9.4 Fitness

In the last chapterl arguedthat the conceptof ‘inheritance’, when clarified, reveals a genetic
mechanismSimilarly theconcepbf ‘germ-linereplication’,whenclarified,revealsareproducing
vehicle. Therefore,althoughthe bookkeepingor evolution may be donein the units of DNA
sequencesthe thing being measureds the reproductionof vehicles. Fatteris not fitter, even
thoughit producesnorecopiesof agene.

This distinctionbetweerthe propertybeingmeasure@ndthe unitsin which we measurét is
explicit in the standardgopulationgeneticists definition of fitness:

The fitnessof a particulartype, A, is the expectednumberof offspring contributed
by an A individual to the next generation.Fitnessis estimatedrom one particular
stagein the life cycle — usually the zygote— to the correspondingstagein the
next. ...Fitnessis a property not of anindividual, but of a classof individuals—
for example,of individualshomozygoudor allele A at a particularlocus.. .. Usually
we ascribefitnessto a ‘genotype’,meaninga classof individualswith somegenetic
characteristién common.. .. Fitnessis a propertyof a classof individuals,and not
of genes(MaynardSmith,1989b,p36-7,emphasisdded)

Thereforewhenwe saythatatrait improvesthefitnessof (i.e. ‘is for thegoodof’) agenewe
areimplicitly sayingthatit increasesheability of avehicleto passt on. Giventhe presencef a
genein a populationthe questionsve mustaskarenotonly how it aidsfitness but whatvehicleit
aidsthefitnessof. And theanswerto this questionis notalwaysstraightforward:

Genesarenormallypassen by thereproductiorof their vehicles thereforefithessis usually
operationallydefinedasthe expectednumberof offspring of aindividual memberof a genotype.
This definition not only coversthe ‘usual’ casesf sexual or asexual reproductionof individual
organisms but alsothe caseof transposonand other mobile DNA in which the vehicle of the
geneis the DNA sequencéself: every actof replicationis thussimultaneousha caseof vehicle
reproductionBut for thegenef infectiousparasitedt is nottherateof reproductiorthatmatters
per se but the rate of transmissiorto new hosts. And parasiteshave evolved mary ingenious
mechanism$or achieving this, suchasthediarrhoeanducedby the cholerabacteriumor theopen
soresproducedby syphilis. Indeedin somecasedoo muchreproductioncanreducethe fitness
of the genesof the parasitesincethey may kill the hostbeforeit is capableof infecting others.
Thereforethereis an evolutionarypressurdo becomdessvirulent. For example,whensyphilis

“IndeedHull amguesthatwe shouldabandorthe terms‘organism’,‘'vehicle’, and‘individual’ in favour of onethat
makegheconcepbf reproductiorcentral. Thushedefinesselectiorin termsof ‘interactors’:i.e. anentity thatinteracts
asacohesvewholewith its ervironmentin sudh a waythat reproductionis differential (1980,p318).
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first reachedEuropeatthe endof thefifteenthcenturyit couldcover anentirebodywith pustules,
causefleshto fall off peoples faces,and causedeathwithin months. Now it hasevolvedinto a

muchlessvirulentform thatrarelykills thehost,evenif it is untreatedThereforeepidemiologists
measurehe fitnessof suchdiseasesn termsof the rate of transmissiorbetweenhostvehicles,
ratherthanthereplicationof the vectoror its genegWilliams & Nesse1991)(Ewald1994.

Recallthat

thewholepurposeof our searcHor a‘unit of selection’is to discovera suitableactor
to play the leadingrole in our metaphorsof purpose.We look at an adaptatiorand

wantto say ‘It is for the goodof ...". Our questis for the right way to complete

that sentence. It is widely admittedthat seriouserror follows from the uncritical
assumptiorthat adaptationsare for the good of the species. | hopeto be ableto
show thatyet othertheoreticadangersalbeitlesserones attendthe assumptionthat
adaptationsarefor the goodof the individual organism. | am suggestingherethat,
sincewe mustspeakof adaptationsasbeingfor the goodof somethingthe correct
somethings theactive germ-linereplicator (Dawkins, 1982,p91)

Dawkins is correctto warn againstthe assumptiorthat an adaptatioris goodfor the individual
organismthatcarriesit. However arguinginsteadthatthe adaptatioris for thegoodof ‘the germ-
line replicator’ doesnot yet answerthe question but just generalise#t: germ-linereplicatorsare
alwaysgerm-linereplicatorsof alineageof vehiclesandthesevehiclesmustbeidentifiedin order
to answelthe question.

In section9.11 arguedthat,althoughMayr et al werecorrectto arguethatindividual vehicles
play a causalrole in the processe®f selectionthat changethe frequeny of a gene,this was
equallytrue of the restof the extendedphenotype Thereforevehiclesarenot distinguisiedasan
essentiapart of the characterisationf naturalselectionby their causalrole per se Howeverin
section9.3| arguedthatvehiclesplay anineliminableconceptualole in picking outwhich DNA
sequencesountasgerm-linereplicatorsi.e. theunitsin whichthebookkeepingf evolutionmust
be measuredWhenthesawo aguments— the causakindthe conceptual— areputtogetherthe
conclusionis thatwhenwe describeatrait as‘goodfor agerm-linereplicator’'we implicitly mean
thatit contributesto the ability of a vehicleto passon moreof its genesto the next generation.
Beaver lakescanincreasehe frequenyg of beaver genesin two ways. Thefirst is by producing
morebeavers. Theseconds by producingfatterbeavers. Only thefirst constitutesvolution.

9.5 Conclusion

Lewontin et al arguethatnaturalselectionoccurswheneer we have the differentialreproduction
of individualsonthe basisof theirinheritedtraits. Thisis true,but whenwe ‘clarify’ thenotionof
inheritanceve find thatcorrelationshetweerparentsaandoffspringmustbe mediatedby agenetic
mechanism.This impliesthata changen genefrequenciess a necessargonditionfor natural
selection. Dawkins arguedthat a changein genefrequenciess also a suficient condition for
naturalselection.But theonly changesn genefrequencieshatmatterarethosethatmeasurehe

8This point will be importantwhenwe considerthe analogybetweeninfectiousdiseasesndinfectiousideasin
sectionl10.2.
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ability of a vehicleto passon its genesto others. In the next chapter will discusshow we can
transferthis generakharacterisationf naturalselectionfrom naturalhistoryto socialhistory.



