
Chapter 9

The Role of Vehicles in Natural Selection

Theorganismis just thegene’swayof makinganothergene.
— Dawkins,TheSelfishGene

I coinedthe term ‘vehicle’ not to praiseit but to bury it. . . .The question‘what is
thevehiclein this situation?’ maybeno morejustifiedthan‘what is thepurposeof
MountEverest?’.
— Dawkins,BuryingtheVehicle

Lewontinarguesthatselectioncanactatmany levels.But selectiononly resultsin adaptation

if it producesa changein genefrequencies.Genefrequenciesarethe bottomline of evolution.

Dawkins (1976), following Williams (1966), hasusedthis fact to argue that naturalselection

shouldbeunderstoodasa processthatonly actson genes,ratherthanotherlevels in thenatural

hierarchy. In this chapterI arguethat therole of organisms(andothergenetic‘vehicles’)cannot

besoeasilyeliminated.

Theargumentfor genicselectionismstartsfrom the fact thatacquiredcharacteristicsarenot

inherited. In its moderninterpretationthis hasbecometheCentralDogmaof molecularbiology

which statesthatinformationcannotpassfrom proteinto DNA, but only thereverse;i.e. changes

to thephenotypeincurredduringdevelopmentwill have no effect on theDNA passedon to sub-

sequentgenerationsthroughthegerm-line.Therefore,asDawkins putsit, anorganismis not the

objectof Darwinianevolutionbecause

to regardanorganismasareplicator. . . is tantamountto aviolationof the‘central
dogma’of thenon-inheritanceof acquiredcharacteristics.A stick insectlookslike a
replicator, in thatwe maylay out a sequenceconsistingof daughter, granddaughter,
great-granddaughter, etc, in which eachappearsto bea replicaof theprecedingone
in theseries.But supposea flaw or blemishappearssomewherein the chain,saya
stick insectis unfortunateenoughto losea leg. Theblemishmaylastfor thewholeof
herlifetime,but it is notpassedonto thenext link in thechain.Errorsthataffectstick
insectsbut nottheirgenesarenotperpetuated.Now lay outaparallelseriesconsisting
of adaughter’sgenome,granddaughter’sgenome,great-granddaughter’sgenome,etc.
If ablemishappearssomewherealongthisseriesit will bepassedonto all subsequent
links in thechain.It mayalsobereflectedin thebodiesof all subsequentlinks in the
chain,becausein eachgenerationtherearecausalarrowsleadingfrom genesto body.
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But thereis nocausalarrow leadingfrom bodyto genes.No partof thestick insect’s
phenotypeis a replicator. Nor is her bodyasa whole. It is wrong to saythat ‘just
as genescan passon their structurein genelineages,organismscan passon their
structurein organismlineages’.. . .

The specialstatusof geneticfactorsratherthannon-geneticfactorsis deserved
for onereasononly: geneticfactorsreplicatethemselves,blemishesandall, but non-
geneticfactorsdonot. (Dawkins,1982,p99)

This pictureof evolution is summedup in Weismann’s famousdiagram1 in which arrows

of causalinfluencerun solely from the genomeof onegenerationto that of the next, with the

expressedphenotypebeingno morethananepiphenomenaloffshootfrom the mainbranch:the

organismis just thegene’swayof makinganothergene(figure9).
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Figure9.1:

Genesproduceorganisms,but genesarealsopartsof organisms.And theorganismcanbite

backandaffectthegenesthatthey contain.Thisproducestwokindsof problemswith Weismann’s

diagram,dependingon how thoseeffectsareunderstood.Thefirst is thatthereplicationof genes

is causallydependenton organisms,andthis dependenceis the subjectof the next section.The

secondis that the replicationof genesis conceptuallydependenton organisms,and this is the

subjectof sections9.2and9.3. And in section9.4 I show how we needto understandbothkinds

of dependency in orderto understandevolution.

9.1 Burying Vehicles

Mayr (1963) describestwo ways in which phenotypescausallyeffect the genesthey contain.

The first is that ‘natural selectionfavours (or discriminatesagainst)phenotypes,not genesor

genotypes’[p184] (seealso(Gould,1978,p90)and(Brandon,1982)). Genefrequencieschange

becauseof the effectsthey have on the ability of organismsto reproduce.The moresuccessful

theorganism,thenthemoreits geneswill spread.Thesecondargumentis whatMayr calls ‘the

genetictheoryof relativity’, which is that‘no genehasa fixedselectivevalue;thesamegenemay

conferhighfitnessononegeneticbackgroundandbevirtually lethalonanother’[p296] (seealso

(Sober& Lewontin,1982)and(Gould,1978,p91)).Thefitnessof agene— i.e. therateatwhich

its frequency changes— dependson its context (includingtherestof thegenome,theorganism,

andits environment)andis nota fixedpropertyof thegene-in-itself.

Evolution, like all otherbiologicalprocesses,is a densewebof interactingcausesoperating

at, and between,different levels of organisation. Mayr’s argumentis that we shouldpick out

organismsasplaying a privilegedcausalrole in this process;but this argumentstandsor falls

1Thisdiagramhasoftenbeenattributedto Weismann,thoughI canfind norecordof him actuallyusingit.
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accordingto how onechoosesto definecause.Dawkins’ defenceof genicselectionismstartsfrom

thefollowing point:

Philosophers,possiblywith justification,makeheavy weatherof theconceptof cau-
sation,but to a workingbiologistcausationis a rathersimplestatisticalconcept.Op-
erationallywe can never demonstratethat a particularobserved event C causeda
particularresultR, althoughit will oftenbe judgedhighly likely. Whatbiologistsin
practiseusuallydo is to establishstatistically that eventsof classR reliably follow
eventsof classC . . .Statisticalmethodsaredesignedto helpusassess,to any speci-
fied level of probabilisticconfidence,whethertheresultswe obtainreally indicatea
causalrelationship.(Dawkins,1982,p12)

This Humeandefinitionof causedissolvesthecausalboundariesthatpick out vehiclesasinelim-

inableactorsin evolution. Accordingto this definitionnaturalselectionworks throughvehicles,

ratherthanon them.To seewhy this is considereachof Mayr’sobjectionsin turn.

Mayr’s first argumentwasthatphenotypicproperties,not genes,causedifferentialreproduc-

tion. Dawkins’ responsedependsoncausationbeingtransitive.Accordingto Dawkins’ definition,

if C causesE1 andE1 causesE2 thentheremustbea correlationbetweeneachpair. This fur-

therimpliesthatE2 will becorrelatedwith C, andhencethatC causesE2. Now Mayr arguesthat

phenotypicdifferences(E1) causedifferentialreproduction(E2),but thosephenotypicdifferences

(E1) arethemselvescausedby geneticdifferences(C). If causationis transitive thenit is equally

truethatgenes(C) causedifferentialreproduction(E2).

Mayr’ssecondobjectionwasthattheeffectsof genesarecontext dependent.Howevergivena

particularcontext thenallelicdifferenceswill becorrelatedwith phenotypicdifferences(andhence

with fitness).Thereforeaccordingto Dawkins’ definitionof causeit is still correctto saythata

particularallelehasa causaleffect on fitness.For example,Lewontin andSober(1982)discuss

thecaseof heterozygotesuperiorityin which a heterozygote(Aa) is fitter thaneitherhomozygote

(AA andaa). In thecaseof humansickle-cellanaemia,for example,homozygotesfor thenormal

allele have functionalhaemoglobinbut arevulnerableto malaria,homozygotesfor the mutant

allelesuffer anaemia,andheterozygotesareresistantto malariaandavoid anaemia.Theeffectsof

eachindividualallele(A or a) dependson thealleleit is pairedwith, andsoSoberandLewontin

concludethatthey cannotbeattributedwith a uniquecausalrole: ‘if a generaisestheprobability

of agivenphenotypein onecontext andlowersit another, thereis nosuchthingsasthecausalrole

thatthegenehasin general’(Sober, 1985,p313).HoweverSterelny andKitcher(1988)arguethat

evolution doesnot requirethata genehasa causalrole ‘in general’,but only in specificcontexts.

A genicselectionistcanperfectlywell arguethatanA alleleis fitter thana whenpairedwith ana,

but lesswhenpairedwith anA.

Bothof theseobjectionsto Mayr’sargumentsproveonly thatthegene-centristview is asvalid

asthevehicle-centristand,in his first book,Dawkins comparedthetwo pointsof view to thetwo

possibleviews of theNeckerCube:neitheris morecorrectthantheother, they arejust different

viewsof thesameprocess.HoweverDawkinslaterpresentedanadditionalargumentthatquestions

the validity of the vehicle-centristview per se. This is the conceptof the extendedphenotype

(1982,ch11–13).Considerthegenesthatcontributeto thebeaver’s habitof building dams.What

mattersfor thesuccessfulreplicationof thesegenesis not theparticularactionsof thebeaver —

the bitesit takesout of trees,thedriftwood it collects,andsoon — but the sizeof the artificial
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lake that it produces. The bigger the lake then the more protectedthe beaver will be against

land-basedpredatorsandthe easierit will find food. This turnsthe vehicle-centrist’s arguments

againstthemselvesin a kind of reductioof Mayr’s first objection: if what causallymattersfor

evolution is the phenotypiceffectsof genes,not the genesthemselves, then individualsdo not

haveaprivilegedpositionin theontologyof evolution. Thespreadof beavergenesdependsonthe

propertiesof beaver lakes,not thepropertiesof beaversthemselves.Causallyspeaking,individual

organismsarenomore,andnoless,thanonepartof theextendedphenotypicenvironmentthrough

which genesreplicatethemselves.Thevehicleis buried,in Dawkins’ phrase(1994).

If Dawkins (andHume)are right aboutthe natureof causation,thenMayr (andLewontin)

arewrong thatnaturalselectionactson vehicles.Therearetwo possibleresponsesto this. The

first is to arguethatDawkins is wrongaboutcause,asSoberdoes(1985). I believe thatSober’s

criticism is valid, but definingsufficientconditionsfor causationcapableof supportingthisclaim

wouldtakeustoofar from thedirectconcernsof this thesis2. Causationis aminefieldthatI would

ratheravoid if at all possible.However thereis anotherway in which individualorganismsplay

anineliminablerole in our understandingof naturalselection.This role is conceptual, ratherthan

causal,andis thesubjectof therestof thischapter.

9.2 Counting Genes

Whatis a gene?TheMendelianansweris thata geneis a unit of heredity, but thisdescribeswhat

a genedoes, not what it is. Thebiochemicalansweris thata geneis a sequenceof DNA, but not

all possibleDNA sequencesaregenes.Sowhatmakesaparticularsequencea gene?Theoriginal

answerto thisquestionwasgivenin theslogan‘onegene,oneprotein’,i.e. ageneis asequenceof

DNA thatcodesfor a protein,but it is now clearthatthesituationis morecomplicatedthanthat.

In prokaryotes,genesandtheproteinsthey codefor areco-linear;thatis thesequenceof amino

acidsin eachproteinis representedby acorrespondingunbrokensequenceof codonsin theDNA.

Thereforestartingfrom the slogan‘one gene,oneprotein’ we can clearly identify a geneasa

contiguoussequenceof codonsona DNA molecule.However since1977it hasbecomeapparent

that the situationin eukaryotesis rarely that simple. Insteadof forming a contiguoussequence

thegenemayberealisedin a ‘mosaic’ of partsspreadacrossthegenome.Theinitial pre-mRNA

transcriptof themosaicis then‘spliced’: a processin which sections,introns, areeditedout. The

dihydrofolatereductase(DHFR) gene,for example,canvary in lengthfrom 25–31kbdepending

on themammalit occursin. Mostof thisvariationlies in thesequence,position,andlengthof the

intronswhichplaynoactive role,howeversomeof theseintronsthemselvescodefor proteinsthat

functionindependentlyof thatcodedfor by theremainingexons.Moreover theexonsandintrons

in theoriginalDNA sequencemaybesplicedin many differentwaysdependingon theactionsof

otherregulatorygenes,or on thepresenceof ancillaryproteins.Thustwo or moremosaicsmay

intermingleacrossthesamestretchof DNA (Breathnach& Chambon,1981)(Wu, 1978).

Genescanalsooverlapon theDNA suchthatthesamesequenceof nucleotidescodefor more

thanoneprotein.Onefunctionalgeneis oftensimply a truncatedversionof another, but in other

casesthetwoexpressionprocessesmaybereadin differentframessuchthatthedivisionsbetween

2In chapter2 I only proposeda necessaryconditionon causalexplanation(i.e. that thecauseof A hasanidentity
independentof A), andavoidedtheproblemof sufficiency.
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thecodonsfor onegenedonot coincidewith thoseof theother. In suchsituationswe cannottell

whichaminoacid— letalonewhichprotein— abasepaircodesfor withoutobservingtheprocess

of expressionin action.

Genesdo not evenhave to be tied to a particularplaceon a chromosome.Transposablese-

quences,or transposons,arecapableof ‘jumping’ from onelocationto anothereitherby detaching

themselves from the main DNA sequenceor by inducing the replicationof copiesthat subse-

quentlyinsertthemselvesat a new location. Most transposonsarelikely to beentirely ‘selfish’,

with no furtherphenotypiceffects,but it is alsopossiblethat they area majorsourceof effective

mutations(Berg & Howe,1989).

Genesmay alsobe polymorphic; i.e. they may be encodedin a variety of differentDNA

sequences.We usuallydescribedifferentsequencesatasinglelocusasalternativealleles,but it is

alsopossibleto describethemasalternative formsof thesamegene.Again thecrucial factor is

the effect on phenotype.Thereis a continuumof typesof changeof DNA sequences,including

thosethat changeDNA sequencebut not proteinsequence,thosethat changeproteinsequence

without changingits secondarystructureand/orfunction,thosethatcreateproteinswith different

activities,andthosethatcreatemutantproteinsthatarenon-functional.Whereon this continuum

we draw the line betweenalternative forms of the samegeneandalternative allelesdependson

their role in theoverallmetabolismof theorganism(Gusella,1986).

In short,a geneis defined‘semantically’in termsof therole that it playsin the metabolism

anddevelopmentof anorganism,not ‘syntactically’ in termsof a DNA sequence.As Lewin puts

it

Genescanbeisolatedby workingbackfrom aprotein. . .Theconceptof thegene
itself, however, hasrecentlyevolved further. The questionof what’s in a nameis
especiallyappropriatefor thegene.We canno longersaythata geneis a sequence
of DNA that continuouslyanduniquelycodesfor a particularprotein. In situations
in which a stretchof DNA is responsiblefor productionof oneparticularprotein,
currentusageregardsthe entiresequenceof DNA, from the first point represented
in the messengerRNA to the last point correspondingto its end,ascomprisingthe
“gene”,exons,introns,andall.

When the sequencesrepresentingproteinsoverlapor have alternative forms of
expression,we mayreversetheusualdescriptionof thegene.Insteadof saying“one
gene— onepolypeptide”,we maydescribetherelationshipas“one polypeptide—
onegene”. Thuswe regardthe sequenceactuallyresponsiblefor productionof the
polypeptide(includingintronsaswell asexons)asconstitutingthegene,while recog-
nising that from the perspective of anotherprotein,part of this samesequencealso
belongsto its gene.(Lewin, 1997,p146)

Supposeacopyof theDHFRgeneis replicated,but in sodoingmutatesinto oneof its alternate

forms.Shouldwe describethisprocessasthesuccessfulreplicationof a singlegene,or thedeath

of an old geneand the creationof a new one? Has therebeena changein genefrequencies?

The answerdependson the effect of the new sequenceon the organism. The conceptof ‘gene

frequency’, like thatof ‘gene’ itself, is dependentonphenotypicproperties.

Genesdo not justdeterminethestructureof proteins.Theirothermainfunctionis to regulate

theproductionof proteins,andthisalsoraisesproblemsin individuatinggenes.Sometimesa reg-

ulatinggenewill directlycontrolthetranscriptionof a neighbour. In theabsenceof thisexpressor
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theregulatoris functionallyneutral,like a switchthatis not connectedto anything. In othercases

the regulationis moresubtleandlong-range,involving the productionof intermediateancillary

proteins. Generegulationcanalsobe affectedby environmentalfactorsthat induceexpression,

or affect theinitiation andterminationof transcription(Reznikoff et al., 1985)(Platt,1986).If the

sameDNA moleculeis put in anotherorganism,or in vitro, thendifferentgenesmaybeexpressed.

Regulationcanalsooccurat levelsabove thatof asinglegene.Eukaryoticgenesthatcodefor

proteinswhosefunctionsarerelatedareoftenorganisedinto clusters,suchasthethreelac genes

in E. coli which codefor enzymesthatdecompose,transport,andaid themetabolismof, lactose.

Thesethreegenesaregroupedtogetheron thegenomeandrespondto a singleregulator, forming

a functionallyunifiedoperon that respondsswiftly to thepresenceof lactosein theenvironment

(Jacob& Monod,1961).Thereforefrom thepointof view of Mendeliananalysisit is theoperon,

ratherthanits constituentgenes,thatis theunit of heredity.

The complexities of generegulation meanthat an apparentlysimple question,suchas the

numberof genesonagenome,doesnot necessarilyhave asimpleanswer:

The major questionabouteukaryoticDNA concernsthe numberand typesof
genesin a genome.We may identify the codingpotentialof a genomedirectly, by
identifyingregionsthathaveopenreadingframes.Largescalemappingof thisnature
is complicatedby the fact that genesare interruptedin highereukaryoticgenomes,
so thatmany separatedopenreadingframesmaybepart of a singlegene. . . .Since
wedonotnecessarilyhaveinformationaboutthefunctionsof theproteinproducts,or
indeedproof that they areexpressedat all, this approachis restrictedto definingthe
potentialof thegenome.. . .

Anotherapproachis to definethenumberof genesdirectly in termsof their ex-
pressionin RNA or protein. This givesanassurancethatwe aredealingwith bona
fide genesthat areexpressedunderknown circumstances.It is of coursethe only
approachthatallowsusto askhow many genesareexpressedin aparticulartissueor
cell type,whatvariationexists in therelative levelsof expression,andhow many of
thegenesexpressedin oneparticularcell areuniqueto thatcell or arealsoexpressed
elsewhere.(Lewin, 1997,p645)

Thefirst of theseapproachestells usthepotentialcapacityof thegenome,but maynot distin-

guishbetweenfunctionalgenes,pseudogenes3, and‘junk’ DNA. Thesecondof theseapproaches

cantell us morepreciselyhow many functionalgenesarepresent,but thenthis numberwill be

dependenton the cellular (andwider) environment: put the samegenomein a differentcell, or

in vitro, andthenumberof geneschanges.Genefrequenciesarenot determinedsolelyby DNA

sequence.

Genes,like mentalstates,arefunctionalentities,definedby therelationshipbetweenthesub-

stratein which they arerealised(DNA), andits environment(theliving organism).Genesarethe

rolethatDNA playsin thedevelopmentof anorganism,justasmentalstatesaretherolethatbrain

statesplay in behaviour. If you takea DNA moleculeout of its chromosomal,nuclear, cellular,

andorganismicenvironmentthenit doesnot containany genes,just asa sliceof brain tissueon

a slidedoesnot containbeliefs. Of coursein orderto beaccordeda well-definedcausalrole —

i.e. in orderto understandhow they do thejob they do — it is necessaryto understandhow these

functionalgenesarerealisedin DNA, just aswe hadto understandhow mentalrepresentations

3Sequencesof DNA thataresimilar to functionalgenesbut playno active role.
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wererealisedin brainstatesin orderto understandhow they playedacausalrole in ourbehaviour;

but this shouldnot temptus into forgettingthat it is the functionalrole that matters.Genesare

emergentpropertiesof theinteractionbetweenDNA andits environment.It is a truismthatgenes

cannotreplicate,or have any developmentaleffects,outsideof theappropriatecellularandorgan-

ismic environment. This is true,but is only half the story. Strictly speaking,genesdo not even

exist outsideof theappropriateenvironment.

9.3 Counting Replicators

Naturalselectionnecessarilyinvolvesachangein genefrequencies.But genefrequenciesdepend

on how DNA expressionis regulatedby theorganism.Soperhapswe shoulddo the ‘bookkeep-

ing’4 for evolution in the hardcurrency of nucleotidesequences,ratherthanthe fluid termsof

genes?But whatlengthof sequence?Is theunit of selectiona singlenucleotide,or is it theentire

genome?Dawkins arguesthatany sequencecanbea unit of selection— an‘active replicator’—

solongasit hassomeeffecton thephenotype,andsorespondsto selection(1982,p90–1).

Thereasonfor measuringevolutionin termsof arbitrarylengthsof DNA ratherthanorganism-

dependentgenesis thatonlychangesin theuniversalcurrency of DNA mattersfor theevolutionary

future. However not all DNA mattersequally. RecallDawkins’ argumentwhy we cannotunder-

standevolutionsolelyin termsof thereplicationof organisms;namelythat‘errorsthataffectstick

insectsbut not theirgenesarenot perpetuated’.This is true,but doesnot imply thatall errorsthat

affectstick insect’sgeneswill bepassedoneither. Unlessthoseaffectedgenesarepartof thestick

insect’s germ-linecells,andunlessthosecellsgo on to form a viablezygote,then,like thestick

insect’s lost leg, thosegeneticerrorswill notbepassedon. If stick insectsarenot replicatorsthen

neitheraretheir non-germ-linegenes.

The gene-centristview restson a principleddistinctionbetweena replicatorandthe vehicle

throughwhich thereplicatorsurvivesinto thenext generation.It is thefateof thereplicatorthat

matters,not thatof thevehicle.Thereforewehave to distinguishbetweenthereplicationinvolved

in vehicle-building andthereplicationinvolvedin lineage-building — whatDawkinsdescribesas

germ-line,ratherthandead-endreplication.

The samedistinctionunderliesthe problemof ‘head-counting’(Sober, 1985,p29). Suppose

two land-dwellingorganismslive on a rock surroundedby water. Onehascopiesof geneA and

getsfat, while theotherhascopiesonly of B andgetsthin. Theproportionof A-typecells in this

two-organismpopulationincreases,but this doesnot constituteadaptiveevolution: fatnessdoes

not constitutefitness.Thesamepoint alsoappliesto thereplicationof sterileworkersin groups

of eusocialinsects.Theproductionof moreworkersincreasesthetotal numberof thegenesthey

carry, andmay strengthenthe nest,but they areasmuchasan evolutionarydead-endasstick-

insectlegs. Theonly germ-linereplicationin this caseis that involvedin theproductionof new

swarmingqueens.In othercasestheremaybenopriorseparationbetweendead-endandgerm-line

cells.For exampletheapicalcell of astrawberryplantrunnermaydieafterfruiting, or therunner

maytakeroot andform anoffspringthatlivesonafterthedeathof theoriginal. Thedevelopment

of theplantthusturnsa dead-endcell into agerm-linereplicator.

4This termis dueto Wimsatt(1980).
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Consideranotherexample.Many canceroustumoursareinducedthroughtheactionsof proto-

oncogenesthatarepresentin the cells of the hostorganismandnormallyplay a role in healthy

development.Thecellularproto-oncogenec-myc, for example,codesfor aproteinthathelpsiniti-

ateRNA transcription.Theseoncogenescanbeimplicatedin thegrowth of canceroustumoursin

two ways.Thefirst involvesthehostbeinginfectedwith aretrovirus,suchasthemousemammary

tumourretrovirus(MMTV), whichchangesthewaythecellularoncogeneis regulated.Theresult-

ing tumourmaythenhelpthevirus propagate.Or a tumourmayform without viral infectiondue

to a mutationin theregulatorygenesof the mousecell (Bishop,1983)(Bishop,1985)(Varmus,

1984)(Heldin& Westermark,1984).

In bothof thesecasesachangein theregulationof c-myccausesatumourto grow. Thelineage

of theoriginalcancerouscell will grow explosively, butwill diewith thehost.But theevolutionary

storiesof eachof theseprocessesis very different. In the formercasethereplicationof mycis a

vital part of the reproductive cycle of the virus. In the latter casethe cancerousreplicationis

simply a by-productof having growth factorswhoseregulationis vulnerableto mutation. Thus

a singleact of DNA replicationcanbe a dead-endwith respectto onevehicle(the mouse)and

constitutethereplicationof thegerm-lineof another(thevirus).

Is canceranadaptationand,if so,who for? In thecaseof mousemammarytumoursboththe

healthyandtumourouscells,and thevirus, all containthesamemycgene.Thereforewe cannot

saythatthecanceris anadaptationfor mycgenessimpliciter, butonlywith respectto theparticular

lineageof reproducingvehiclesthatcarryit. It maybeanadaptationfor themycof MMTV, or for

themycof a tumourouscell, but it is certainlynotanadaptationfor themycof thehealthycellsof

themouse.Unlesswe identify thevehiclethroughwhichthegeneis transmittedthenwehavenot

yetansweredDawkins’ question.

Thepointof doingour evolutionarybookkeepingin termsof DNA sequencesis to determine

whetherevolution is occurring. But in order to do this we cannotjust count the total number

of copiesof a sequencein the ecosystem,sinceit is only germ-linereplicationthat mattersfor

evolution. But whatconstitutesgerm-linereplication?Dawkinsdefinesit asfollows:

A germ-linereplicatoris a replicatorthatis potentiallytheancestorof anindefinitely
long line of descendantreplicators. A genein a gameteis a germ-linereplicator.
So is a genein oneof the germ-linecells of a body, a direct mitotic ancestorof a
gamete.Sois any genein Amoebaproteus. Sois anRNA moleculein oneof Orgel’s
(1979)test-tubes.A dead-endreplicator is a replicatorwhich maybecopieda finite
numberof times,giving rise to a shortchainof descendents,but which is definitely
not the potentialancestorof an indefinitely long line of descendents.Most of the
DNA moleculesin our bodiesaredead-endreplicators.They maybeancestorsof a
few dozengeneratorsof mitotic replication,but they will definitelynot belong-term
ancestors.(Dawkins,1982,p83)

The problemherelies in the words ‘potential’ and ‘indefinite’. In onesenseall DNA has

thepotentialto replicateindefinitely, sincewe areableto extract thenucleicacidfrom theliving

organismandreplicateit in vitro. In anothersensenoDNA canhaveanindefinitechainof descen-

dentssincetheuniverseis bounded.Nonethelessthedistinctionbetweengerm-lineanddead-end

replicatorsseemsto have a clearbiological basis;but what? Whetheror not a DNA sequence
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is capableof beingpassedon ‘indefinitely’ dependson thedevelopmentandreproductionof the

organismthatit is partof.

Weismann(1904)believedthatonly germ-plasmcontainedthematerialof inheritancewhich

was then irreversibly convertedinto differentiatedsomaticcells. Accordingto this picture the

distinctionbetweengerm-lineanddead-endreplicationis explicit at the level of the individual

cell: germ-linecells containedthe materialof heredity, but somaticcells did not. Weismann’s

basicideaof a completeseparationof germ-plasmfrom its phenotypicexpressionwasabsolutely

correctbut themechanismhechosefor makingthis distinctionwasnot. We now know thatboth

germandsomaticcellscontainthematerialof heredity. Moreoversomesomaticcellsaretotipotent

— i.e. they retainthecapacityto producebothgametesandsomaticcells. This is obviousin the

caseof plantswhich areable to grow from cuttingstakenfrom almostanywhereon the adult.

Indeedthedevelopmentof cloningtechniquesmeansthat,in asense,all cellsin all organismsare

(potentially)totipotent. The division betweengerm-lineandsomaticcells is not asclear-cut as

Weismann’sdiagramimplies.Whetheror not a cell is destinedto beadead-endreplicator, or has

thepotentialto form partof thegerm-lineof a new generation,is not anintrinsic propertyof that

cell.

Weismannpicturedtherelationshipbetweendevelopmentandevolution asinvolving a clear

differentiationbetweensomaticandgerm-linecells(figure9.2).
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Figure9.2:

But we now know that, in general,thereis no suchsystematicdifferentiation. Whetheror not

a particularcell endsup as the germ-linefor a new generationdependson the peculiaritiesof

individual development(figure9.3). Which cell endsup asthegermfor a new generationis not

fixedin advance5.
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Figure9.3:

In somesituations— suchassexual reproduction— thereis a morefixeddifferentiationbe-

tweengerm-lineandsomaticcells,andsotheprocessof reproductionapproximatesmoreclosely

5Dennett(1994)comparesthis to the‘veil of ignorance’in Rawls theoryof justice.
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to figure9.2.But in many othercases— suchasvegetative reproduction— it will not. Of course

Dawkins is correctthatall mutationsmustbeinstantiatedin genesif they areto beinherited.But

it is not determinedwhich cellscontainthegenesthatmatter. As Bussputsit ‘knowledgeof the

molecularmechanicsof heredityis not equivalentto knowledgeof theunits thatprove heritable

. . .Developmentcontrolsheritability’ (1987,p14).

It is interestingto notethatWeismanndid not invokehis (mistaken)beliefsaboutgerm-plasm

to justify his assertionthat acquiredcharacteristicswerenot heritable6. Insteadhe basedthis

argumentonempiricalfactsabout,for example,thepupsof micewhosetailshavebeencutoff, or

thechildrenof fatherswho acquiredduellingscars.Both of thesetraitswerepopularlybelieved

to beinheritable— indeedI canrememberbeingtaughtthatManxcatslost their tails in thesame

way — but Weismanndemonstratedempiricallythatthey werenot. He alsoarguedthatit would

be inconceivablethat, for example,thewell-developedfore-armsof a blacksmithcouldproduce

the appropriatechangesin his spermnecessaryto passon the trait to his children. It would be

akin to writing a telegramin English,sendingit to China,andfinding it arrived translatedinto

Mandarin,asWeismannput it.

Weismann’s beliefsaboutgerm-plasmstemfrom a considerationof development,not evolu-

tion. He arguedthatthedevelopmentof largescalemorphologyin multicellularorganismscould

becontrolledby geneticmaterialthroughonly two possiblemechanisms.Thefirst would beby

having the entiregenomecopiedinto eachnew somaticcell. But thenfactorsfrom outsidethe

cell would have to ‘switch on’ the appropriategenesin the cells in all the variouspositionsin

the developingembryo: the ‘leg genes’in the cells at the bottom, ‘li ver genes’in thosein the

middle,andsoon. Weismanncouldnot imaginehow sucha complex anddelicatechoreography

of switchescould be controlledso insteadhe plumpedfor the alternative, which wasthat each

somaticcell wouldonly inherit thosegenesnecessaryfor theirparticulardevelopment.Livercells

would only containliver genes,andsoon. Onelook at a flower growing on a plant takenfrom a

cutting shouldhave persuadedWeismannthat the formermechanism,however improbable,was

responsible;but it is only relatively recentlythatwehavestartedto scratchthesurfaceof how this

developmentalchoreographyis possible.

To put it crudely, Weismannbelievedthatgivena phial of germplasmandsomaticcells then

hewouldbeableto distinguishbetweenthem.This is nottruein general.Germ-lineanddead-end

cellscontainthesameDNA, andareonly distinguishedby therole they play in thedevelopment

andreproductionof an organism. In this sensegerm-linereplicatorsaresimilar to straws that

breakcamels’backs: both areonly distinguishedby the role they play in the fate of a vehicle.

Whenwe look at afield of straw we cannotpick out thefatalones.Similarly, we cannotlook ata

collectionof cellsandpick out thegerm-linereplicators.Theobjectterm‘the straw thatbrokethe

camel’s back’notonly picksouta straw but alsothecamelfor which it provedfatal;andtheterm

‘germ-linereplicator’notonlypicksoutasequenceof DNA, butalsothelineageof vehicleswhose

germ-lineit is partof. In somecases,suchasthemycgenein a tumourcell of a MMTV-infected

mouse,a singleDNA sequenceinstantiatestwo differentgerm-linereplicators,eachdefinedwith

respectto a differentlineageof vehicles.Themycmaybereplicatedeitherthroughpropagation

of the virus or throughthe spreadof the tumour, andeachlineagewill definedifferentadaptive

6Thanksto JohnMaynardSmith,personalcommunication.
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pressures.In somecasesthevehicleof a germ-linereplicatormaybewhatwe naively think of as

anindividualorganism.In othercases,suchcoloniesof eusocialinsects,it will bea highergroup

of organisms.In casesof ‘moleculardrive’ (Crow, 1979)— in whichgenesmultiply outof phase

with theorganismsthey arein — thevehicleis lower in thehierarchythanthatof the individual

organism.

Dawkins et al arguethat the bookkeepingof evolution shouldbedonein units of germ-line

replicators.But in orderto pick out germ-linereplicatorsfrom dead-endreplicatorswe have to

identify thevehiclethatit is agerm-linereplicatorof7.

9.4 Fitness

In the last chapterI arguedthat the conceptof ‘inheritance’,when clarified, revealsa genetic

mechanism.Similarly theconceptof ‘germ-linereplication’,whenclarified,revealsareproducing

vehicle. Therefore,althoughthe bookkeepingfor evolution may be donein the units of DNA

sequences,the thing being measuredis the reproductionof vehicles. Fatter is not fitter, even

thoughit producesmorecopiesof agene.

This distinctionbetweenthepropertybeingmeasuredandtheunitsin which we measureit is

explicit in thestandardpopulationgeneticist’sdefinitionof fitness:

The fitnessof a particulartype, A, is the expectednumberof offspring contributed
by an A individual to the next generation.Fitnessis estimatedfrom oneparticular
stagein the life cycle — usually the zygote— to the correspondingstagein the
next. . . .Fitnessis a property, not of an individual, but of a classof individuals—
for example,of individualshomozygousfor alleleA at a particularlocus.. . .Usually
we ascribefitnessto a ‘genotype’,meaninga classof individualswith somegenetic
characteristicin common.. . .Fitnessis a propertyof a classof individuals,andnot
of genes.(MaynardSmith,1989b,p36-7,emphasisadded)

Thereforewhenwesaythata trait improvesthefitnessof (i.e. ‘is for thegoodof’) a gene,we

areimplicitly sayingthatit increasestheability of a vehicleto passit on. Giventhepresenceof a

genein a populationthequestionswemustaskarenotonly how it aidsfitness,but whatvehicleit

aidsthefitnessof. And theanswerto thisquestionis notalwaysstraightforward:

Genesarenormallypassedonby thereproductionof theirvehicles,thereforefitnessis usually

operationallydefinedastheexpectednumberof offspringof a individualmemberof a genotype.

This definitionnot only coversthe ‘usual’ casesof sexual or asexual reproductionof individual

organisms,but also the caseof transposonsandothermobile DNA in which the vehicleof the

geneis theDNA sequenceitself: every actof replicationis thussimultaneouslya caseof vehicle

reproduction.But for thegenesof infectiousparasitesit is nottherateof reproductionthatmatters

per se, but the rateof transmissionto new hosts. And parasiteshave evolved many ingenious

mechanismsfor achieving this,suchasthediarrhoeainducedby thecholerabacteriumor theopen

soresproducedby syphilis. Indeedin somecasestoo muchreproductioncanreducethe fitness

of the genesof the parasitesincethey may kill the hostbeforeit is capableof infecting others.

Thereforethereis anevolutionarypressureto becomelessvirulent. For example,whensyphilis

7IndeedHull arguesthatwe shouldabandontheterms‘organism’,‘vehicle’, and‘individual’ in favour of onethat
makestheconceptof reproductioncentral.Thushedefinesselectionin termsof ‘interactors’:i.e. anentitythatinteracts
asacohesivewholewith its environmentin such a waythat reproductionis differential (1980,p318).
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first reachedEuropeat theendof thefifteenthcenturyit couldcover anentirebodywith pustules,

causefleshto fall off people’s faces,andcausedeathwithin months.Now it hasevolved into a

muchlessvirulent form thatrarelykills thehost,evenif it is untreated.Thereforeepidemiologists

measurethe fitnessof suchdiseasesin termsof the rateof transmissionbetweenhostvehicles,

ratherthanthereplicationof thevectoror its genes(Williams & Nesse,1991)(Ewald,1994)8.

Recallthat

thewholepurposeof oursearchfor a ‘unit of selection’is to discoverasuitableactor
to play the leadingrole in our metaphorsof purpose.We look at anadaptationand
want to 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
assumptionthat adaptationsare for the good of the species. I hopeto be able to
show thatyet othertheoreticaldangers,albeit lesserones,attendtheassumptionthat
adaptationsarefor the goodof the individual organism. I am suggestingherethat,
sincewe mustspeakof adaptationsasbeingfor the goodof something,the correct
somethingis theactive germ-linereplicator. (Dawkins,1982,p91)

Dawkins is correctto warnagainstthe assumptionthat an adaptationis goodfor the individual

organismthatcarriesit. Howeverarguinginsteadthattheadaptationis for thegoodof ‘the germ-

line replicator’doesnot yet answerthequestion,but just generalisesit: germ-linereplicatorsare

alwaysgerm-linereplicatorsof alineageof vehicles,andthesevehiclesmustbeidentifiedin order

to answerthequestion.

In section9.1I arguedthat,althoughMayr etal werecorrectto arguethatindividualvehicles

play a causalrole in the processesof selectionthat changethe frequency of a gene,this was

equallytrueof therestof theextendedphenotype.Thereforevehiclesarenot distinguishedasan

essentialpartof the characterisationof naturalselectionby their causalrole per se. However in

section9.3I arguedthatvehiclesplayanineliminableconceptualrole in pickingoutwhich DNA

sequencescountasgerm-linereplicators:i.e. theunitsin whichthebookkeepingof evolutionmust

bemeasured.Whenthesetwo arguments— thecausalandtheconceptual— areput togetherthe

conclusionis thatwhenwedescribea trait as‘goodfor agerm-linereplicator’weimplicitly mean

that it contributesto the ability of a vehicleto passon moreof its genesto the next generation.

Beaver lakescanincreasethe frequency of beaver genesin two ways. The first is by producing

morebeavers.Thesecondis by producingfatterbeavers.Only thefirst constitutesevolution.

9.5 Conclusion

Lewontinet al arguethatnaturalselectionoccurswheneverwe have thedifferentialreproduction

of individualsonthebasisof their inheritedtraits.This is true,but whenwe ‘clarify’ thenotionof

inheritancewefind thatcorrelationsbetweenparentsandoffspringmustbemediatedby agenetic

mechanism.This implies that a changein genefrequenciesis a necessaryconditionfor natural

selection. Dawkins arguedthat a changein genefrequenciesis alsoa sufficient condition for

naturalselection.But theonly changesin genefrequenciesthatmatterarethosethatmeasurethe

8This point will be importantwhenwe considerthe analogybetweeninfectiousdiseasesand infectiousideasin
section10.2.
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ability of a vehicleto passon its genesto others. In thenext chapterI will discusshow we can

transferthisgeneralcharacterisationof naturalselectionfrom naturalhistoryto socialhistory.


