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Hist. Phil. Life Sci., 28 (2006), 549-566 

Is Epigenetic Inheritance a Counterexample to the 
Central Dogma? 

Alex Rosenberg 

Center for Philosophy of Biology 
Ouke University 

Durham, NC 27708, USA 

ABSTRACT - This paper argues that nothing that has been discovered in the increasing 

ly complex delails of gene regulation has provided any grounds to retract or qualify Crick's 

version of the central dogma. In particular it defends the role of the genes as the sole bear 

ers of information, and argues that the mechanism of epigenetic modification of the DNA 

is but another vindication of Crick's version of the central dogma. The paper shows that 

arguments of C.K. Waters for the distinctive causual role of the genes are equivalent in 

important respects to the present ones and concludes with a defense of the informational 

role of the genes against an argument from trans-acting genetic regulation due to Stotz. 

KEYWORDS - Central dogma; genetic program; epigenesis; trans-regulation 

The central dogma is a thesis advanced by Francis Crick in 1957 

(Crick 1958), and about which he produced an important clarificatory 
statement in 1970. Here I will consider the version of the central dogma 
advanced in the later paper. In that paper the thesis is stated as a nega 
tive one. Sequential information about protein primary, secondary, ter 

tiary, and higher structure cannot be transferred from protein to protein 
or from protein to nucleic acid. Crick claims to have stated the thesis in 

the negative in 1957 because no one could then exclude direct informa 

tion transfer from DNA sequences to protein sequence and structure or 

from RNA back to DNA. In allowing for the latter, he was of course pre 
scient. What Crick thought should be excluded were information trans 

fers from protein to protein, and from protein to RNA and to DNA. His 

argument was simple and straightforward: 

In brief it was most unlikely, for stereochemical reasons, that protein -> protein 
transfer could be done in the simple way that DNA -> DNA transfer was envisaged. 
The transfer protein -> RNA (and the analogous protein -> DNA) would have 

required (back) translation, that is the transfer from one alphabet to a structurally 
quite different one. It was realized that forward translation involved very complex 

machinery. Moreover, it seemed unlikely on general grounds that this machinery 
could easily work backwards. The only reasonable alternative was that the cell had 
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550 ALEX ROSENBERG 

evolved an entirely separate set of complicated machinery for back translation, and 

of this there was no trace, and no reason to believe that it might be needed. 

I decided, therefore, to play safe, and to state as the basic assumption of the new 

molecular biology the non-existence of transfers of class III. Because these were all 

the possible transfers from protein, the central dogma could be stated in the form 

'once (sequential) information has passed into protein it cannot get out again' 

[emphasis added (Crick 1970, 562)] 

Even as early as 1970, Crick was eager to admit that there was some 
evidence which in the long run might be problematical for the claim that 
once in a token protein molecule, information could not be transferred 
to another molecule. He was thinking of the phenomenon which even 

tually gave rise to the 'prion': 

Although the details of the classification proposed here are plausible, our knowl 
edge of molecular biology, even in one cell - let alone for all the organisms in nature 
- is still far too incomplete to allow us to assert dogmatically that it is correct. (There 

is, for example, the problem of the chemical nature of the agent of the disease 

scrapie... (Crick 1970,562) 

The central dogma is an important version of genocentrism, the the 
sis that the genes contribute something special to heredity and develop 
ment. Crick's genocentrism is of course the claim that nucleotide 

sequences carry semantic information as reflected in concepts like 

alphabet and translation. This thesis is denied by a variety of biologists 
and philosophers of biology who claim that there are many other factors 
whose role in heredity and development is on a par with the role of 

genes. Some of these writers identify epigenesis as an important exam 

ple of nongenetic information transmission. In this paper I consider 
whether epigenetic inheritance is a serious threat to genocentrism and 
whether it presents this threat by undermining the central dogma's 
denial that information can ever get out of one protein molecule and 
into another one, or out of one protein molecule and into a nucleic acid. 
I will extend my examination to a broader consideration of whether the 
action of other trans-acting molecules constitute counterexamples to the 
central dogma. 

Elsewhere (Rosenberg 2006) I have demurred from the central 

dogma owing to doubts about whether DNA sequences really do con 
tain information of the sort Crick and almost all subsequent molecular 

biologists suppose they do. This sort of real semantic information must 
be distinguished from the sense of information employed in Shannon 
Weaver mathematical information theory, a theory about the reliability 
of signal transmission under noisy circumstances. The sense of informa 
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tion relevant to the central dogma is of course the sort which requires 
'intentionality', 'aboutness', 'content', the representation of other states 
of affairs besides its own structure. The reason for so many alternative 

ways of describing intentionality and the reason for the scare quotation 
marks around some of them is that we have no entirely satisfactory 
account of intentionality and each of these metaphorical expressions 
indicates one or another facet of a philosophically vexed concept. 
Suffice it to say that we know intentionality when we see it! Now, on my 
view DNA sequences that code for proteins or anything else for that 

matter do not have 'original' intentionality any more than central pro 

cessing units of computers or for that matter ink-marks on paper have 

'original intentionality'. At most their intentionality is derived from our 

interpretation of them, our according them 'derived' intentionality. If 

the intentionality of DNA's informational content is at most derived, 
because we attribute it to them, then DNA molecules do not really con 

tain information independently of our thoughts about them. This con 

clusion would seriously undermine a positive version of the central 

dogma, for if the gene contains no information, then none can be trans 

ferred from it to RNA and/or to proteins. In doing so it would make the 

negative version otiose. So, perhaps we should understand Crick's neg 
ative central dogma as the stronger thesis that DNA does transfer infor 

mation and protein does not. We might then reserve the label positive 
central dogma - which is the thesis Watson articulated - for the claim 

that only DNA and RNA can transfer information. Be that as it may, for 

the purposes of the present paper, I am going to suppose that the attri 

bution of derived intentionality to the DNA is unproblematical and that 

the central dogma needs to be understood in these terms. The reason is 

that derived intentionality is all the genocentrist really needs to defend 

the unique role of DNA in programming the embryo, and it is this 

unique programming role that gives the central dogma its significance, 
not its alleged informational role. Hereafter in this paper, attributions of 

informational content should be understood as ones that attribute 

derived intentionality. 

Epigenetic inheritance is the transmission of hereditary information 

across generation that does not employ DNA (or RNA) sequences to 

store and copy the information faithfully. If there is such a thing, then 

the genes are not the sole vehicles of hereditary transmission and what 

is hereditarily transmitted is not always nucleic acid-encoded informa 

tion about proteins, enzymes, and complexes of them, and Crick's neg 
ative central dogma must be incorrect. Opponents of genocentrism cite 

alleged epigenetic systems of transmission among insects, birds, mam 

mals, and humans in which developmental and adult traits are transmit 
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552 ALEX ROSENBERG 

ted across generations without the need for genes to code for them. 
These opponents of genocentrism in effect reject the central dogma's 
core claim, the negative thesis that once in the protein molecule, infor 
mation cannot get out again. 

The most common example of epigenetic inheritance offered as an 
alternative to genetic inheritance solely by DNA-RNA-protein tran 

scription and translation, widely to be found in nature is 'host imprint 
ing.' The European cuckoo is a brood-parasite and acquires a relatively 
strong fixation on the species of bird in whose nests they are laid by 
their parents. They will preferentially lay their eggs in nests of birds 
whose appearance they imprinted on at an early age. In a more extreme 
case such as the African widowbird (Viduinae), which brood-para 
sitizes a finch species, the parasitizing nestlings of each different sub 

species of the widowbird learn and use the songs of the host sub 

species, and even have mouth markings similar to that of the host 

species nestlings, which encourages food regurgitation by host par 
ents. The mouth marking similarity is presumably a genetically coded 

adaptation but the vocalization and the imprinting are learned. The 
female widowbird will ovulate only when she detects reproductive 
behavior in her host-subspecies and male widowbirds will attract 
females of the same subspecies by the finch-song they learned as 

nestlings in the finch subspecies' nests. The result is a new generation 
of widowbirds with the right markings. Thus, the nongenetic environ 
ment of one generation of each widowbird subspecies transmits its 
environment's features - the appearance and vocalization of the sub 

species of finch it parasitizes, via the widowbird's imprinted egg-laying 
behavior, to the next generation of widowbirds. Even if the genes pro 
gram the widowbird, it is the finch subspecies' song and appearance 
that 'programs' the song, mating choice, and the egg-laying preference 
of every generation of widowbird subspecies that parasitizes it. 

('Programs' in quotation marks since the exponents of epigenetic 
transmission generally deny there are any programs, genetic or other 

wise, in heredity.) 
This sort of epigenetic inheritance certainly shows that information 

encoded in DNA sequences cannot be the whole story of heredity or 
of development either. If epigenetic inheritance is widespread, then a 
full account of evolution and development will have to reconnect with 
such processes. 

Does the biological actuality of a few or even a large number of 
cases of epigenetic inheritance undermine the claim that it is always 
the genes that program the organism's development by directing pro 
tein synthesis and that information never goes from token protein mol 

This content downloaded from 168.150.38.74 on Wed, 09 Sep 2015 18:13:10 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


IS EPIGENETIC INHERITANCE A COUNTEREXAMPLT TO THE CENTRAL DOGMA? 553 

ecules in the parent to protein molecules in the off-spring without 

passing through DNA molecules? Epigenetic transmission is offered 

as an alternative to genetic heredity, but do the epigenetic causes of 

inheritance have the informational role in building the organism that 

the genes have? If the answer is yes, then the central dogma's negative 
claim that information does not go from one protein molecule to 

another will have to be given up and the gene's claim to explanatory 
uniqueness and centrality in development may be threatened. And if 

the answer is no, proteins don't ever surrender their information, what 

are the consequences for the claim that epigenetic processes exist as 

alternatives to the genes as a vehicle of hereditary transmission and 

developmental control? 

Genocentrists like Crick would have found epigenetics a surprising 
source of skepticism about the privileged informational role of DNA 

and the consequent explanatory power of the genetic program. For 

epigenetic inheritance is something they are familiar with as a conse 

quence of genetic programming. As the term is employed among 
molecular biologists, epigenetic inheritance is accepted as heritable 

changes in gene function that occur without a change in the DNA 

sequence. But epigenetic changes are brought about by a direct and 

immediate modification of the DNA. Epigenetic inheritance is a DNA 

directed mechanism which occurs variously in prokaryotic and 

eukaryotic genomes and which does not convey information, except 

perhaps in the here irrelevant sense of Shannon-Weaver information. 

For present purposes it is best illustrated in the phenomenon of 

genomic imprinting. 
Normal embryos begin with one set of genes from each parent. 

Developmental abnormalities arise when both genes come from 

only one parent, even though the parent, with the same two sets - 

the same nucleotide sequences (bar single nucleotide polymor 

phism) - has experienced a perfectly normal development. In the 

mouse for example, an embryo developing from two paternal 

genomes, instead of one from mother and one from the father, 

develops poorly and then dies, but has a relatively well developed 

placenta, while an embryo with two maternal genomes experiences 

strong development while its placenta is poorly developed. The 

cause of course is some abnormality in gene expression: genes pro 
vided for the embryo-building program by the sperm are not func 

tioning to program the embryo correctly. Genes provided by the 

ovum for the placenta-program are not functioning to build the 

placenta normally. The cause of this failure must be something dif 

ferent that happens to the genomes in germ cell development in the 
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parents, a difference not in nucleotide sequence but in some other 
chemical modification of the genes that parents contribute to off 

spring, since the cause is preserved though meiosis, fertilization 
and early development of the next generation, i.e. inherited, and 
inherited without being coded in the gene sequence - i.e. is epige 
netically inherited. Of course epigenetic inheritance is required for 
normal mouse development, even when the two gene sequences 
contributed by the parents are nucleotide for nucleotide identical, 
there must be some chemical difference between the sequences in 

virtue of their maternal or paternal origin that make for normal pla 
cental and embryological development. This is the phenomenon of 

gene imprinting.1 
What is the chemical difference between identical nucleic acid 

sequences on which imprinting relies? Here is one such difference: One of 
the four nucleotide bases, cytosine, can be methylated, that is methyl 
groups (a carbon atom covalently bound to three hydrogen atoms) can be 
attached to the cytosine pointing outside away from its base-pair opposite 
guanine. A methyl group oriented away from the double helix backbone 
of the DNA blocks the operation of a promoter at that point and so pre 
vents the associated gene from being expressed. In fact between 2-7% of 

cytosine in mammalian cellular DNA is methylated and almost all of the 

cytosine followed immediately by guanine (CG pairs) is methylated. 
Maternal and paternal nucleotide sequences are methylated at different 

cytosine bases and so permit expression of different genes in their respec 
tive somatic cells, thus insuring normal development. For example, in 
mouse embryos, both the genome from the mother and the one from the 
father carry genes for IGF-2, one of two Insulin-like Growth Factors (IGF) 
that encourages growth of the placenta. Both also carry the H19 gene that 

expresses a product that controls the degradation of IGF-2. The Igf-2 gene 
from the mother is methylated so that it cannot be expressed and the H19 

gene from the father is methylated so it cannot be expressed. Regulation of 

the Igf-2 gene is required for normal development of the placenta. The 

paternal H19 gene does not do this, allowing for a large placenta taking 
nutrients from the mother to the embryo. The maternal genome in which 
the Igf-2 gene is switched off and the H19 gene is switched on, controls pla 
cental growth in the interests of the mother. 

The correct pattern of methylamine is maintained in mitosis by a et 

hylating enzyme present at DNA replication forks which 'recognizes' 

1 A formal treatment of the mathematical theory of epigenetic imprinting in genes is provided in 

Haig 1997, which advances an inclusive fitness-based account of the phenomenon, and concludes by 

exploring why epigenetic imprinting is so infrequently to be met with in nature. 
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the methyl group on the cytosine-guanine pair of molecules in the tem 

plate DNA sequence and adds a methyl group to the corresponding 

guanine-cytosine pair of the new DNA molecule. The question that will 
become important is whether this protein transfers information when it 

ethylated in the DNA sequence. There are two 'design problems' raised 

by this method of controlling and coordinating the expression of multi 

ple genes. The first is that copies of the gene sequence which figures in 

the meiotic development of germ cells need to be stripped of these 

methyl groups, because any of the chromosomes on which they reside 

may end up in male or female germ cells. The second problem is that 

shortly after fertilization each of the genomes must be remethylated in 

the same pattern as its source genes methylation patterns to assure nor 
mal development. It is these methylation patterns which are inherited 

epigenetically, i.e. without being expressed in nucleotide sequences. 
How are these two tasks discharged? The demethylation problem 

seems relatively easy to solve. A demethylating enzyme present and 

active after meiosis but early in the development of germ cells removes 
all methyl groups from cytosines in genomes whether they were synthe 
sized from maternal-origin DNA or paternal-origin DNA. Primordial 

germ cells develop into oocytes and sperm depending on whether the 

embryo in which they figure is male or female. Primordial sperm (pros 

permatognia) genomes are methylated at CG pairs by de novo methy 
lases prior to sperm formation, while methylation of oocyte gene 

sequences occurs after birth of the female. In oocyte development the 

methylation is controlled by the product of the Dnmt3L gene.('Dnmt' 
stands for DNA methyltransferase, of which at least four have been 

identified as active in embryological development. Though sequence 
similar to them, Dnmt3L is however not a meythtransferase, but proba 

bly regulates them.). 
Let's ask the ultimate or evolutionary question about epigenetic 

imprinting of the Igf-2 gene in the female and the H19 gene in the male. 

There is a widely recognized evolutionary explanation for these differ 

ences in the reproductive strategies of males and females or, alternative 

ly, the reproductive strategies of the genes with male parentage and 

those with female parentage. The products of one of these genes, Igf-2 
has effects which enhance the reproductive fitness of the parental genes 
and reduces that of the maternal genes. The other gene, H19, has effects 

which enhances the reproductive fitness of the maternal genes and 

reduces that of the male parent's genes. The former gene helps produce 
a strong placenta which advantages the fetus carrying the paternal genes 
at the expense of the mother since better nutrient transfer weakens her 

ability to survive into future breeding seasons. The latter gene limits 
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placental development with fitness- enhancing effects for the mother 

and her genes. This will be especially true in breeding systems such as 

the mouse, where a single litter may have mixed paternity and there is 

little likelihood that the mother's future off-spring will share paternity. 
Thus, paternal genes will be selected for securing maximal resources 
from the mother and maternal genes for retaining resources for the 
mother. One mechanism for accomplishing these goals is parental gene 
tic imprinting. The competition between these two genes is a classic case 

of genomic conflict, of an arms race at the level of the polynucleotide's 
with consequences for mouse embryological development and for mod 
ification of the genes that program it. Thus, in the 'first round' males 
switch off the genes advantageous to females by methylation and 

females do the reverse. There is substantial evidence of a 'second round' 
in which females reprogram genes advantageous to males. Paternal 

genes are particularly subject to remethylation during the period they 
spend in the maternal cytoplasm before their gene products reach effec 
tive concentrations. The result is a 'balance of power' in which normal 

placental/embryo development takes place. 
The epigenetic inheritance phenomenon just described is a thor 

oughly molecular affair. It is also a thoroughly DNA-directed affair. 
That is, although differential inheritance patterns here are not matters 

only of the order of nucleic acid bases, they very clearly are matters of 
the chemical modification of nucleic acids by the relatively direct action 
of other nucleic acids. That is, genes are methylated by regulators pro 
duced by other genes. Molecular biologists studying the program of 
microRNA processing and the genes which code for these enzymatical 
ly active microRNAs (especially 'sense-antisense transcriptional units') 
are daily adding details to explanation of epigenetic inheritance as the 
work of the nucleic acids (Herbert 2004). 

So, the causal pathway from one generation of methylated DNA 

sequence to another generation of such sequence is via the action of 

other DNA sequences which, by methylating, act as regulatory genes. 
Methylation patterns turn out to be garden variety genetically encoded 

genetically heritable phenotypes. Moreover, methylation is not a process 
whereby information of the sort the central dogma deals with is trans 
ferred from Dmnt3 - the methyltransferase protein, either to other DNA 

sequences or to other proteoins, still less to the methyl groups it attaches 
to the DNA molecule. There is nothing in this story to undermine the cen 
tral dogma's version of genocentrim. That this is so is if anything made 
clearer when imprinting by epigenetic methylation is viewed from the 

evolutionary point of view as the result of strategies realized by compet 
ing gene sequence lineages engaged in an evolutionary arms race. 
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Biological explanation and common sense views about heredity will 
both draw attention to the biomedical aspects of gene imprinting. There 
are a small number of medical syndromes that reflect non-Mendelian 

inheritance, and which medical researchers have traced to defects in 

imprinting via methylation. Pader-Willi and Angelman diseases are dis 
eases of males and females respectively and result in different sympto 
matology They can both result in a number of different genetic defects. 
In most cases of Pader-Willi and Angelman disease, the cause is the 

deletion of a 4,000 base-pair of DNA sequence on chromosome 15. But 
in 5% of the cases, the cause is a defect in the gene which controls 

remethylation and which is also located on chromosome 15. Either way, 
the diseases' etiologies begin with a change in the nucleotide sequence 
(most likely in a gene for sense-antisense transcription) and not with the 

epigenetic differences in proteins. The failure to methylate (or its suc 

cess) is not a matter of information transfer by proteins to genes, but a 

matter of genes failing to produce proteins needed to switch other genes 
on or off. I return to the question of whether gene regulation is infor 

mational below. 

With these considerations about what molecular biology treats as the 

paradigm case of epigenesis in mind, let's return to the sort of examples 
which are supposed to undermine genocentrism about heredity and the 

genetic programming explanation of development. About the first thing 
to notice is the longevity and the universality of DNA/RNA genetic 
inheritance by comparison to molecular epigenesis and the longevity of 

molecular epigenesis by comparison to the length of time host-imprint - 

ing epigenetic transmission has been around The first mechanism of 

inheritance has been around so long that it is now ubiquitous in the 

biosphere. It has been around so long that it has become the sole extant 

solution to the design-problem of high fidelity hereditary transmission. 

With the possible exception of the prion, every reproducing system 

employs nucleic acids for hereditary transmission. The inheritance of 

methylation by contrast is a much newer phenomenon, one which prob 

ably dates to no earlier than the emergence of sexual reproduction, if the 

arms-race theory of gene competition is to be credited. The genes which 

code for microRNAs apparently responsible for genetic imprinting are 

not to be found among prokaryotic genomes. The cases of host-imprint - 

ing which ethologists and others bring to our attention have been 

around only for a very short period. What can we infer from these dif 

ferences in longevity? One thing is certain, as in physics, so also in evo 

lution, for every action there is a reaction, though not always equal and 

opposite. Just as genomic-imprinting by methylation patterns are moves 

in a strategic game between genes, so also host-imprinting is a move in 

This content downloaded from 168.150.38.74 on Wed, 09 Sep 2015 18:13:10 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


558 ALEX ROSENBERG 

a strategic game between each widowbird subspecies lineage and each 

finch subspecies lineage it parasitizes. The theory of natural selection 

tells us that in the long run, the host-organism lineages will respond to 

this parasitizing strategy in a way that reduces its costs to the host 

species lineage. And on a geological time scale this will happen sooner 

rather than later. Even were cases of host-imprinting cases of symbiosis 
instead of parasitism, the equilibrium is never so stable that it will not 

eventually succumb to a new strategy. Once a new strategy triumphs, the 

epigenetic phenomenon vanishes. Each particular case of epigenesis is 

thus a temporarily successful solution to a local design problem. By con 

trast genetic inheritance is, so far at least, a permanently successful solu 

tion to a global design problem. 
Furthermore, as is particularly clear in the case of genomic imprint 

ing, epigenesis is a solution to a design problem faced by genomes and 

nucleic acid sequences in competition with one another. The detailed 

ultimate evolutionary explanation of genomic imprinting eventually 
ends at the gene sequence after all. Though the explanandum is non 

genetic (i.e. non-nucleic acid based-inheritance) the explanans in the 

end comes down to nucleic acid based genetic inheritance. In the par 
ticular case discussed above, selection for the Dnmt3L gene which con 

trols remethylation of the paternal genome in the fertilized embryo. Will 

the ultimate explanation be any different in the case of host-imprinting? 
The question is not rhetorical. Given the temporary character and the 

fragility of the transmission pattern from, say, a particular adult widow 

birds'(finch-subspecies-like) vocalizations to its offspring's similar 

vocalizations, the real work in explaining the hereditary pattern here is 

going to be done by an account of the genetically-encoded program for 

the neurology of singing by both finches and widowbirds, a suite of neu 

rological capacities that will be in play, and will continue to explain the 

traits of widowbird and finch species long after finch subspecies have 

found a strategy for reducing the parasitism that lowers their fitness. 

Consider, widowbirds in each generation of a subspecies sing the 

same tune. But the tune sung in generation 1 doesn't cause the tune 

sung in widowbird generation 2. The tune sung in widowbird genera 
tion 2 is caused by the tune sung by finches in generation 1. How can 

we tell? Because we can switch finch hosts and widowbird parasites to 

different subspecies and the latter will sing the song of the new host sub 

species. The finch tune causes widowbird tune. But, presumably, the 

finch tune is programmed by finch genes in standard (non-fitness 

reducing) environments. So, it would not be far-fetched to infer that 

widowbird tune is programmed by finch genes? It is in effect among the 

extended phenotypes of the finch gene and a deleterious one at that. 
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Certainly it is the stability of finch genes which explains stability of the 

widowbird tune. Now, in the competition between finch genes and wid 
owbird genes there is pressure on finch genes to change the finch-tune 

so that widowbird genes cannot enable them to mimic it. If such a vari 

ation in finch genes does not arise, finch fitness must fall. How is this 

nongenetic inheritance? Significant changes in either gene sequence will 

destroy the inheritance pattern of widowbird tunes. Significant changes 
in finch tunes will cause significant changes in widowbird tunes, will do 

so non-informationally and without changing widowbird genes. But if 

the finch tune changes lare caused by significant finch-gene changes, 
then it is gene changes after all that program widowbird's tunes. 

Another way to put it is that the widowbird tune is a maladaptive 
extended phenotype of the finch, resulting from the expression of a 

finch gene, one that will be selected against. Alternatively, the widow 
bird tune is an adaptation of the widowbird genes that won't last long. 
Does it make sense to talk of nongenetic inheritance except perhaps as 
a consequence of genetic inheritance? 

Epigenetic inheritance turns out to be one of a broad set of proces 
ses that evolutionary biology must accommodate in the theory of natu 

ral selection. Other processes that are similar to epigenetic transmission 

and await a canonical Darwinian account include niche construction, 

group selection, and cultural evolution. Once these processes, which 

involve blind variation and natural selection among traits that are not 

genetically encoded, become well understood from the perspective of 

evolutionary biology, the genocentrist faces the further challenge of 

showing how the central dogma can accommodate them. 

The genocentrist who endorses the central dogma will reject epig 
enetic transmission as a ground to deny explanatory uniqueness to the 

genome owning to the failure of epigenetic causes to bear information 

that programs their effects in anything like the way that nucleic acid 

sequences carry information that enables them to program the organ 
ism. However, that the genes do this themselves is just what is denied by 
those who appeal to epigenesis as a counterexample to genocentrism. 

It may be useful to contrast the view articulated here to one devel 

oped by Karola Stotz which argues for a deflationary picture of the gene 
as a structural unit ...and a massively increased role for regulatory 
mechanisms including its environmental signally pathways in providing 

sequence specificity (Stotz 2007, 2). She writes, 

The distributed control of genome expression, the extent to which it amplifies the lit 
eral coding sequences of the 'reactive genoine' by providing additional sequence speci 

ficity to an underspecificied DNA sequence, extends the range of 'constitutive epigen 
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esist' all the way down to the molecular level of sequence determination, (p. 2, 

emphasis in original) 

I am uncertain whether these statements express disagreements either 

with my view or the central dogma, but in what follows I will try to 

explain why I am inclined to think so and why I cannot accept Stotz's 

argument that trans-acting gene regulation counts as undermining the 

central dogma as articulated by Crick. 

Stotz's target is C. Kenneth Waters's (2004; 2006; 2007) argument for 

genocentrism from actual difference making and causal specificity. 
Waters's aim is to explain why biological attention has been centered on 

genes and DNA. He believes that genes and DNA have distinctive 
causal role(s) that biologists exploit to further their investigations of a 

variety of life processes. Waters's strategy is to analyze experimental 

knowledge in biology and see why that knowledge has led biologists to 

center their research on genes and DNA. The focus of Waters's 

approach is on local experimental knowledge, not general theorizing. 
But among his philosophical targets are those who argue for a meta 

physics of causal parity on the basis of simplistic conceptions of causa 
tion. 

Waters's argument goes roughly like this. Many different molecules 
and complexes are necessary for the synthesis of DNA, RNA, and 

polypeptides. But genes and DNA nevertheless have a distinctive role 
and this distinctive role is connected to why so much experimentation 
is centered on them. Their role involves two causal features, actual dif 
ference making and causal specificity. This family of causal concepts has 

escaped philosophical attention; philosophers have focused on potential 
difference making rather than actual difference making. The basic idea 
of actual difference making is that in an actual situation where a popu 
lation of entities actually differs, differences in some causal factors and 

not others can be the actual causes of these actual differences. In an 

actual cell, where a population of unprocessed RNA molecules differs 

with respect to linear sequence, the question arises: what causes these 

differences? It is the differences in genes and DNA in the cell that cause 

the actual differences in the linear sequences in the unprocessed RNA 

molecules and also in populations of RNA molecules and polypeptides. 
Of course, genes and DNA are not the only actual difference makers in 

the actual differences in sequences of these molecules. And this brings 
us to the second causal feature that makes the role of genes and DNA 

distinctive. 

The concept of causal specificity Waters has in mind has been ana 

lyzed by David Lewis. The basic idea is that a causal relationship 
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between two properties is specific when many different values in a 
causal property bring about many different and specifically different 
values of a resultant variable (the causal relationships instantiates some 

thing like a mathematical function). An on/off switch is not specific in 

this technical sense because the causal property has only two values (on 
and off). Genes and DNA can be a specific difference maker in the 

sense that many specific differences in the sequence of nucleotides in 

DNA result in specific differences in RNA molecules. This is not the 

case with many other actual difference makers, such as polymerases, 
which are more like on/off switches (with respect to differences in lin 

ear sequences). Biologists have learned, however, that there are other 

actual difference makers, besides genes and DNA, that are causally spe 
cific with respect to the linear sequences of processed RNA and 

polypeptides, to some degree at least. For example, in some cells, splic 

ing complexes called splicosomes actually differ in multiple ways that 

result in multiple, specific differences in the linear sequences of 

processed RNA molecules. 

Waters s account of why this specific difference making capacity of 

genes and DNA makes nucleotides the center of biological research sets 

his genocentrism apart from mine. Waters is against fundamental theoriz 

ing and metaphysics. He explicitly denies the ideas that genes carry infor 

mation or that the genome programs development. He argues that genes 
are the center of research because biologists can exploit their causal speci 

ficity to manipulate biological processes. He says, for example, that bio 

logists can learn about the functional role of a protein, such as a splicing 
agent, by manipulating a gene to knock out or modify the protein and 

then observe how the splicing process is affected. Under Waters's view, 

genes are not at the center of investigation because they provide all the 

information. Rather, they are at the center of investigation because they 
are useful investigative levers. Although Waters is not interested in grand 

biological theories or metaphysics, his ideas about actual difference mak 

ing, causal specificity, and the distinctive role of genes and DNA can be 

put to good use by those of us who are. 

Stotz concedes that 'Waters may have offered an accurate analysis of 

the role and status of the molecular gene concept during the classical 

period of molecular genetics from the 50s to the 70s...' But, she argues, 

[I]t no longer provides a fitting description of the major theoretical insights into 

genome structure or function revealed by contemporary molecular genetics and 

(post) genomics, including surprising ways how 'DNA' can perform its tradition 
al gene-like functions and new un-gene-like tasks. These revolutionary findings 
have propelled us into a new scientific era of postgenomic biology. Its 'postge 
nomic gene concept' embodies the continuing project of understanding how 
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genome structure supports genome function but with a deflationary picture of the 

gene as a structural unit and causal agent and a massively increased role for regu 

latory mechanisms including its environmental signaling pathways. Waters' asser 

tions concerning the causality of DNA stand in sharp contrast with the results of 

35 years of molecular research. (Stotz 2007, 7) 

Why is Waters's account of the gene's causal role relevant here? Stotz 

asserts, 'Waters is basically restating Crick's dogmatic sequence hypoth 
esis with a slight modification (namely of accepting splicing agents to 

share this specificity in certain cases)' (Stotz 2007, 7). 
What is Stotz's objection? It begins with the assertion that 'compar 

ing the human genome with its transcriptome reveals sequence infor 

mation not encoded by the literal DNA code alone. Intra- and intercel 

lular and even extra organismal environmental signals impose instruc 

tional specificity on regulatory RNAs and proteins, organized in expres 
sion mechanism of mind-numbing complexity' (Stotz 2007, 3-4, empha 
sis added). 

Since Waters's thesis of causal specificity of the gene is a restatement 

of Crick's negative version of the central dogma, Stotz identifies her task 
as 'giving examples of sequence modifying processes to understand 
which agents other than genes carry causal or sequence specificity' 
(Stotz 2007, 8). By modus tollens, her examples should provide exam 

ples in which agents other than genes carry information and so refute 
the central dogma. 

As Stotz notes, 'the regulation of gene expression works by means of 
the regulated recruitment of trans-acting factors (proteins, RNA and 

metabolites) into larger complexes and to cis-acting sequence mod 

ules, so that the specificity of an enzyme, a sequence, transcription or 

slicing factor comes to depend on its proper recruitment and combi 
natorial interaction'. The cis/trans distinction in genetic transcription 
al control is a fancy name for a simple difference: cis transcriptional 
elements are ones located on the chromosome as the sequences they 

regulate; -trans elements regulate gene sequences on chromosomes 

different from the ones on which the gene which codes for them is to 
be found. They can only do so of course by transcription into RNAs 
and/or translation into proteins which then bind with cis-acting DNA 

sequences. Accuracy and rate of DNA transcription is controlled by 
the interaction of cis-acting DNA elements with trans-acting factors - 

RNAs and proteins. Of course the specific sequence of the cz'i-acting 
DNA sequence determines which trans-acting factor(s) can bind. Stotz 

gives us a list of co- and post-transcriptional regulatory events in the reg 
ulation of eukaryotic gene expression: capping, alternative splicing, dif 
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ferential polyadenylation, RNA editing, nuclear transport, alternative 

decay and degradation pathways, as well as alternations in ribosomal 

loading or translation (Stotz 2007, 9). 
Waters's causal specificity thesis, equivalently Crick's central 

dogma, has it that the activated DNA molecule is the specific agent 
responsible for composition of RNAs in a cell. However, Stotz com 

plains this neglects first of all, the processes which activate or switch 
on the DNA and secondly, he overlooks the distinction between the 
DNA's role as a difference maker for particular sequence differences 
in RNAs and its role as a difference maker for particular amounts of 
RNA in different cells in an organism. But what is required, here, is to 
show either that activation or quantities of gene product count as 
information in anything more than the Shannon-Weaver sense of a 
reliable on/off signal. Information of the sort the central dogma and 
Waters's genetic specific thesis trade in, is far stronger and richer a 

concept than what will satisfy mathematical information theory. All 

parties to these disputes agree that proteins can transmit information 
in the Shannon-Weaver sense of 1/0, yes/no, high/low patterns. But 

this is far from the coded semantical information that a violation of the 

central dogma would require. Stotz's distributed causal specificity in 

which DNA shares the stage with RNA processing machineries of 

splicing, editing, modification, and translational recoding that further 

select, modify, and newly create DNA and RNA sequences, would 

work to undermine the central dogma, but only if they share the stage 
with proteins. These proteins convey information as opposed to mere 

ly serving as trans-acting gate keepers, switching cis-acting genes on 
and off. Stotz rightly emphasizes the importance of alternative splicing 
to the full expression of the genomes' informational specificity. Of 

course, alternative splicing is the result of site-splice specificity of a 

variety of transacting factors in the genome. RNAs and proteins which 

preferentially excise and splice together messenger RNA sequences 
make an indispensable contribution to the specificity of development. 
But they do not do so informationally! They cut things up, they sew 

things together, thus creating differential messages. But are they con 

veying information in the relevant sense required to undercut the cen 

tral dogma? I don't think so. And one way to see this is to notice that 

changes in their primary sequence will not change the message sent, 
but simply prevent the protein from functioning at all to effect the 

splice in question. 
Waters's account of why the specific difference making capacity of 

genes and DNA makes nucleotides the center of biological research sets 

his genocentrism apart from mine or Marcel Weber's, for instance. He 

This content downloaded from 168.150.38.74 on Wed, 09 Sep 2015 18:13:10 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


564 ALEX ROSENBERG 

is opposed to our claim that DNA programs the cell. Waters also rejects 

'developmental systems claims', such as those of Paul Griffiths or Lenny 
Moss, who deny DNA unique or preeminent causal specificity. On 
Waters s view, genes are not at the center of investigation because biol 

ogists know or are betting on the idea that genes and DNA provide all 
the information for development (or that they program the cell). Rather, 

genes and DNA are at the center of investigation because they are use 
ful investigative levers. 

One more word about Waters's view, by contrast to mine and others. 
It needs to be emphasized that the distinctive causal role Waters attri 
butes to genes and DNA is extremely modest. It says nothing about the 
'fundamental' or overall role of DNA in development, does not mention 
information or allege the existence of a program. Nevertheless this mod 
est role has proven to be tremendously significant for advancing inves 

tigative research on an incredibly wide variety of biological phenomena. 
Waters has argued (2006 and 2007) that genes are the center of research 
because biologists can exploit their causal specificity to manipulate bio 

logical processes. For example, biologists learn about the functional 
roles of proteins by manipulating DNA to eliminate or modify the pro 
teins and then observing how the processes under investigation are 

changed. Their observation is often enhanced by manipulating genes so 
the changes can be imaged as well. Hence, biologists investigate RNA 

splicing by manipulating DNA in order to modify the snRNAs and pro 
teins in splicosomes and observe how the splicing processes are affect 
ed. 

Although Waters is not interested in pursuing fundamental theoriz 

ing or metaphysics, his ideas about actual difference making, causal 

specificity, and the distinctive role of genes and DNA might be useful to 
those of us who are. In the context of this conference, it is worth point 
ing out that Waters believes that his thesis about DNA's distinctive dif 
ference making role provides a measure of support for Crick's negative 
expression of the central dogma. If one substitutes a causal notion for 
'information' and acknowledges the existence of some exceptions, then 
Crick basically had it right. Generally speaking, differences in proteins 
are not specific actual difference makers of linear sequences in other 

proteins, in RNA or in DNA. 

As Karola Stotz more than any one has made clear to philosophers of 

biology, the molecular biology of heredity and development is a fantas 

tically complicated affair in which only a few days away from the learned 

journal may render one's entire appreciation of the subject obsolete. 
And she has argued effectively that the taxonomic categories that vari 
ous subdisciplines adopt in their employment of the findings of mole 
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cular biology will not be much like the textbooks of any of them, may 
be difficult to reconcile one with another, and there may be no fact of 
the matter about which one is correct. 

But the central dogma is not about any of these matters, still less 

about the nature and meaning of the gene in the various subdisciplines 
of biology. It is a causal (i.e. a metaphysical) thesis about where infor 

mation can't flow. And nothing Stotz has said about these wonders of 

gene regulation really seems to touch on the informational thesis at all. 
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