Genes reading minutes 3 (Nov.20)

Evelyn Fox Keller: The Century of the Gene

We all agreed that the book is not as hostile towards the gene concept as the major reviews took it to be. It is a particularly well written and must function well as a work of popularization, but, conversely, better-informed audiences may feel a want of molecular detail (see below).

Keller’s message:

Book celebrates the disruption of our expectations about the gene by the HGP:
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All these properties are maintained by a self-organized, dynamical process.

Disruption of the gene as a structural unit:
Fogle made his case about the problem of the gene concept more effectively than Keller by means of a rich array of real bits of sequence that constitute counter examples. She has a whole section on regulatory elements of various kinds, but she can’t cite anybody classifying regulatory elements as genes (footnote 24, chapter 2). There are cases where non-translated and transcribed region are indeed counted as genes (see Fogle’s examples). We again discussed Ken Waters’ proposal that the CMG concept can be retained with some refinements, with the idea of a transcribed sequence as the core defining notion. Fogle shows more clearly than Keller the empirical problem with this approach.

Structure versus function 

(E.g. 66-8; 145) The basis of Keller’s case for the elimination of the gene: the gene has neither a univocal structural definition nor a univocal function.

( No univocal definition of a gene

We again discussed if Moss’ Gene D - Gene P distinction collapses into the structure – function dichotomy (‘D’= intrinsic causal power/template capacity and ‘P’= a statistical marker of some distal effect/predictor of phenotype). Thoughts from Lenny?

An important way to think about the trajectory of the gene concept is that biologists have tried to keep structure aligned with function, so that the gene is a well-defined physical unit which plays a significant theoretical role in either development or evolution or both.

Development versus evolution

Keller nicely shows why embryology/development didn’t make it into the synthesis: the conflict between the gene of transmission versus the gene for development, as is well-known.

Developmental versus genetic program

Her story of how the developmental program became the genetic program is very lucid. Keller has discussed this in other works, but here it is very well put: The transition in the Bonner paper is a Foucauldian moment!

Agency and Information: 

Information metaphor gets little elaboration besides the mentioning of the gap between genetic information and biological meaning, puzzling since Keller has written a lot about it in the past, and this book is recapitulating her big theme.

Sarkar argues that one cannot link genetic determinism to the information concept since the debate about genetic determinism goes back way before the introduction of the concept of information and cybernetics. He is emphasizing the debate around Lancelot Hogben’s 1933 Nature and Nurture, where the same debate is going on as in Lewontin’s 1974 paper. It is depressing to think how much these people knew in the 30s about analysis of variance and norm of reaction and how we still can’t get clear about it today!

Paul Griffiths suggested that the way Keller emphasizes the attribution of agency gives us a kind of ‘preadaptation’ for the information concept. If one already thinks of genes as causal agents, constant entities that bring about things, which –as Keller makes the case - was there right through from the early 30s, then it wasn’t such a big step toward the idea of a genetic program, which just validated what it was already thought genes can do. In other words: attributing agency to genes is a broader intellectual commitment of which localizing information in genes or the idea of a genetic program is just an instantiations.

Thus the way genetics built a substitute for embryology was by attributing agency to genes, which includes the ‘builder’ and ‘blue print’ metaphors, all indicating the process of getting from segregating transmitted entities to the development of an organism. In other words: first a theoretical role for the gene is created – teleological properties - and then the genetic program supplies the missing explanation of how genes could have such properties. 

Dynamic Process

The whole book could be understood as a push away from attributing too much causal power to a single unit, to the parts of a system, and towards understanding properties of living systems such as stability, identity, functional specificity, or agency as brought about by a dynamical process, by the interaction between the parts, by (self-) organization, or via a distributed program. These are issues that have been stressed by the early embryologist more than 100 years ago, and are focused on today by the field of situated and embodied learning, of interactive programming, and of amorphous computing.

Compare to one of Keller’s big theme in the past, namely that the central unit of biological organization is the cell. Perhaps in slight contrast to her earlier objections to DST, in this book she sees the whole life cycle as the unit of selection. Second big theme: distributed computing: the cell as a computer with a subsumption architecture with stable and independent computational subroutines in a multi-layered system. In this book the cell gives way to a broader organism-centered perspective (although extra-genetic inheritance is not stressed).

Kant and Teleology: There was a long but discussion of Keller’s interpretation of Kant, especially his understanding of self-organization, teleology and the argument by design.

Problems with the book:
Some concern was expressed that it was not always clear which of two targets was being attacked in the arguments against the adequacy of the gene concept as a substantive, central theoretical construct for contemporary biology. Sometimes the issue seemed to be whether genetic or non-genetic aspects of the cell fulfill the role ascribed to the gene. At other times the issue seemed to be whether the genetic unit can be clearly specified.

It seems that while the first chapter is completely focused on the question of the genetic unit, in the fourth chapter she moves the focus the distinction between genetic and non-genetic material, when she introduces her idea of a distributed program. 

You can talk about the function of the genome without taking position on the gene. A lot of discussion is about how genetics is been carved up, but it is not necessarily about the genetic material per se as an entity as a whole. Darlington (in 40s and 50s discussing the evolution of ‘genetic systems’) considers the genetic system as a unit, as a hierarchy, and not in terms of beanbag genetics. I would be possible to make some claims about the genetic material being central to heredity which would not be vulnerable to attack because of the indiscreetness of the units. 

2. Dynamical process: Explanation or explication of a dynamical process is missing. The book is missing a positive account and favors a deconstructive approach. One important aspect of the dynamical approach for Keller seems to be its rejection of the idea that the stability of form is to be explained by a cause that is itself stable. Instead, stability is a product, something that has to be achieved by means of a stabilizing process. The gene as Keller concieves it is not an invariant, but an actively stabilized process. 

In Keller’s 2002 Making Sense of Life there is a discussion of Eric Davidson’s computer model of cell metabolism that is meant to show that the developmental program is all in the genes after all, a suggestion Keller finds extremely challenging. Her reply is that the model neglects all the extra-nuclear proteins that have computational functions as well. 

Atlan’s suggestion of understanding genes both as data and program might give us a better grip on the idea of distributed programs.

Testable claims:

Are there testable claims in the book?

Problem is how to ask and test such complex issues: they would be time-consuming to read and think about in a questionnaire. 

Materials problem: options in a multiple choice questionnaire have to be roughly equally easy to understand (unlike in an examination, the participants in a SURVEY are not as concerned to get the answer RIGHT. If there is a good alternative that is much shorter and easier that allows them to get away faster they may choose it for that reason)

Possible explicit questions: 

1. What is it that makes the gene stable; chemical structure or interaction of regulators, proteins, short: other players involved

2. Where is agency located: gene, cell, organism, interaction and process

Possible implicit question:

Often implicit questions give a better grip on what people really think. Implicit questions reqire identifying a claim (e.g. scientists think like this), asking how would somebody who thinks like this behave, and providing the opportunity to behave like that (e.g. answering certain questions in certain ways)

Example: Set biologists the task of explaining to undergraduate how something occurs. Offer them four possible ways to put it in a textbook, each of which locates agency in a different places. Question: which of them comes closest to the real molecular complexity you are trying to explain?

 With several of those implicit questions you might identify where agency is located as a statistical variable. Problem: if someone believes in feedback loops and cybernetic causality he might locate agency differently at different times.

Gene concepts in Keller’s account:

Two roles of the gene:  heredity: which is attributed to the STABILITY of the gene, and gene action which is attributed to the AGENCY of the gene. Genes become elusive because there is no simple structural object that has agency. This leads to a pluralistic gene concept or instrumental gene concept

Question for Keller: In Stotz and Griffith’s Australian study the pluralistic and instrumental understanding of the gene was age related: the younger the more dogmatic, the older the more pluralistic. That is not the obvious first expectation if the history started with a rather clear and uncritical notion of the gene that becomes undermined by empirical discovery. How might we explain this?

Take home lesson: Multiple Gene concept?
Keller in her last chapter draws similar conclusion to Rheinberger about the multiplicity of gene concepts in different scientific areas and the use of ONE rather fuzzy concept for communication.

Question: 

1. Are multiple concepts useful or harmful, functional or dysfunctional within science?

2. Are multiple concepts or one fuzzy concept functional or harmful in the broader picture (science communication, policy issues, practical implications)?

Perhaps one of the points at issue between Moss and Waters is that Moss thinks the multiplicity of the gene concept is or can be dysfunctional whilst Waters stresses that it is highly functional?

Acknowledgment of vagueness is just beginning of the game

Rheinberger, Keller and other’s work on the gene suggest a whole new way to think about what philosophers of science do with concepts from the sciences. Multiple senses of terms lik ‘gene’,  ‘homology’, ‘species’, or ‘innateness’ lead us to engage in the investigation of these senses: identifying different senses (what are they?), explaining their existence (why are they there?), and pointing to their function in certain fields (what are they doing?) At the end of this investigation, issues of functionality/dysfuntionality may be able to be addressed. But merely finding ‘ambiguity’ is not enough to show something has gone wrong.

