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The argument from the good lot: 
Unconceived alternatives and 
20th century genetics
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The argument from the bad lot 
challenges scientific inferences
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Inference to the Best Explanation

hypotheses H1, H2, …, Hx , Hn

ranking

Hx > H2 > H1 > … > Hn

acceptance

Hx
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The argument from the 
bad lot

[IBE] is a rule that only selects the best 
among the historically given hypotheses. 
We can watch no contest of the theories 
we have so painfully struggled to 
formulate, with those no one has 
proposed. So our selection may well be 
the best of a bad lot.

Bas Van Fraassen, Laws and Symmetry (1989), p. 142–43.
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The argument from the bad lot

hypotheses H1, H2, …, Hx , Hn

ranking

space of considered 
hypotheses (bad lot?)

Hx > H2 > H1 > … > Hn

acceptance

Hx

Hp, … , Hq

space of possible 
hypotheses
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The problem of unconceived alternatives

In actual cases, any inference to the best (or 
only) explanation carries an implicit 
restriction: it is always an inference to the 
truth of the best (or only) explanation we 
have managed to come up with so far. […] 
I hope to show that the restriction is of great 
significance indeed in the scientific case, 
because we have abundant evidence that in 
past cases we have failed to canvas all of the 
likely, plausible, or well-confirmed 
theoretical explanations of the data before 
proceeding to eliminate alternatives.

Stanford, P. K. 2010. Exceeding our grasp: Science, history, and the 
problem of unconceived alternatives. Oxford University Press. P. 21.
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It is easy to find failures due to 
bad lots in the history of science
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Darwin’s linear model of inheritance

Effects of use 
and disuse

I II III

Reversal to 
ancestral state

Reproduction 
of limbs

Modes of 
reproduction

I: Pangenes from body 
parts 

II: Multiplication and 
accumulation in 
gametes 

III: Development of 
offspring

Causal model

IBE

Stage 3: Failure!
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…but we don’t have time, so here’s just the geneticist 
A.L. Hagedoorn:

Criticism is rampant…

The hypothesis […] certainly fits the facts. But we 
ask more of a theory of heredity and evolution. A 
working-hypothesis, to be of any use as an 
instrument of research, must explain the facts in 
terms of what is already known. It is inadmissible 
to try to explain the facts of evolution and 
inheritance by the behaviour of living particles 
which have been invented simply to admit of this 
explanation.

Hagedoorn, A.L. 1911. Autokatalytical Substances. The Determinants for the Inheritable Characters. 
A Biomechanical Theory of Inheritance and Evolution. Leipzig: Wilhelm Engelmann. p. 23. 
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Scientific practice is actually littered 
with experiments testing good lots
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The argument from the bad lot

hypotheses H1, H2, …, Hx , Hn

ranking

space of considered 
hypotheses (bad lot?)

Hx > H2 > H1 > … > Hn

acceptance

Hx

Hp, … , Hq

space of possible 
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The argument from the bad lot

hypotheses H1, H2, …, Hx , Hn Hp, … , Hq
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C [is a cause] ¬C [is not a cause]

The argument from the good lot

Experiment

C or ¬C

In experimental fields, scientists work hard to test hypotheses of the 
following type:
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The further history of genetics is the 
transition from bad to good lots
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Non-pathogenic R (left) and pathogenic S pneumococci (right). 

From: Avery, O.T., McCarty, M., and MacLeod, C.M. 1944, Studies on the 
Chemical Nature of the Substance Inducing Transformation of Pneumococcal 

Types. The Journal of Experimental Medicine, 79:2, 137–158.

S typeR type
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Daniel Mazia reviewed the evidence required to show the 
role of DNA in heredity:

Scientists articulate a standard

If we suspect that DNA or any other constituent of the 
chromosome is the vehicle of heredity, what questions may 
we ask of it? … [We] may set as the ultimate test the 
possibility of transferring it from one cell to another and 
obtaining the same results as when genes are introduced by 
genetic techniques.

Mazia, D. L. 1952. Physiology of the Cell Nucleus. In: Barron, E. S. G. (ed.), 
Modern Trends in Physiology and Biochemistry, New York, pp. 77–122.
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Bad lot!

DNA controlprotein

Experiment

DNA/protein or ¬(DNA/protein)
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McCarty, M. and Avery, O. T. 1946. Studies on the 
chemical nature of the substance inducing transformation 

of pneumococcal types. III. An improved method for the 
isolation of the transforming  substance and its application 

to pneumococcus types II, III and VI. The Journal for 
Experimental Medicine, 83:2, 89–96.
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McCarty, M. and Avery, O. T. 1946. Studies on the 
chemical nature of the substance inducing transformation 

of pneumococcal types. III. An improved method for the 
isolation of the transforming  substance and its application 

to pneumococcus types II, III and VI. The Journal for 
Experimental Medicine, 83:2, 89–96.

Although it is possible to inactivate the 
pneumococcal enzyme [that destroys 
DNA] by heating the bacterial suspension, 
extraction of the active material from 
heat-killed cells is difficult and 
incomplete. […] The finding that the 
enzyme in question is activated by 
magnesium and is effectively inhibited by 
citrate afforded a means of obtaining the 
transforming substance from autolyzed 
cells without the use of heat. (p. 103)
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2: Destroy the DNA

DNAse

(no effect)

McCarty, M. and Avery, O. T. 1946. Studies on the chemical nature of the 
substance inducing transformation of pneumococcal types. III. Effect of 

Desoxyribonuclease on the Biological Activity of the Transforming 
Substance. The Journal for Experimental Medicine, 83:2, 97–104.
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It has been shown that extremely 
minute amounts of purified 
preparations of desoxyribo-
nuclease are capable of bringing 
about the complete and 
irreversible inactivation of the 
transforming substance of 
Pneumococcus Type III. (p. 95)

McCarty, M. and Avery, O. T. 1946. Studies on the chemical nature of the 
substance inducing transformation of pneumococcal types. III. Effect of 

Desoxyribonuclease on the Biological Activity of the Transforming 
Substance. The Journal for Experimental Medicine, 83:2, 97–104.
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Kenneth Cooper, 1954, comments on a talk by Rollin 
Hotchkiss:

By the mid-1950s there are still skeptics

I wish to question the now widely accepted conclusion that 
DNA can be taken to be the genetic material. The conclusion 
that DNA, itself, is the transforming principle is based chiefly 
on the purity of Dr. Hotchkiss’ preparations of transforming 
principle. Yet Dr. Hotchkiss states that his preparations may 
contain as much as 0.02% protein. Regrettably, Avogadro’s 
number is a large one, and a conservative calculation 
suggests that Dr. Hotchkiss’ purest preparations could 
contain somewhere between 1 and 10 million protein 
molecules per microgram. (p. 18)

Hotchkiss, R. D. 1955. Bacterial Transformation. Journal of Cellular and 
Comparative Physiology, 45, Supp. 2, 1-22.
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Sol Silverman:

A biologist’s reply

I am rather convinced it is DNA. It must, however, be 
admitted that the possible involvement of a protein has not 
been eliminated. I should like to suggest an experiment 
which might be sufficiently sensitive to provide an almost 
definitive result. If cells were grown in reasonably active 35S, 
the efficiency of removal of protein from the transforming 
principle as it is purified could be followed to levels not 
assessable to other methods of analysis.

Hotchkiss, R. D. 1955. Bacterial Transformation. Journal of Cellular and 
Comparative Physiology, 45, Supp. 2, 1-22.
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Conclusion

DNA controlprotein

Experiment

DNA

“an almost definitive result” (Silverman)

“the ultimate test” (Mazia)
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