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A brief history of inheritance as 

particulate in nature



The earliest concepts of particulate “trait 

transmission”:

Buffon, Diderot, Maupertius; atomisme:

“Could one not explain by that means [mutation] how 

from two individuals alone the multiplication of the most 

dissimilar species could have followed? They could have 

owed their first origination only to certain fortuitous 

productions, in which the elementary particles failed to 

maintain the order they possessed in the father and 

mother animals; each degree of error would have 

produced a new species; and by reason of repeated 

deviations would have arrived the infinite diversity of 

animals we today.” Maupertius, Système de la Nature

1751



The earliest concepts of particulate “trait 

transmission”:

Physiological units: “The germ cells are essentially 

nothing more than vehicles in which are contained small 

groups of the physiological units in a fit state for obeying 

their proclivity towards the structural arrangement of the 

species they belong to.” Herbert Spencer, Principles of 

Biology, 1864

Gemmules: Cells “throw out minute granules which are 

dispersed throughout the whole system; that these 

supplied with proper nutriment, multiply by self-division

and are ultimately developed into units like those from 

which they were orginally derived. These granules may 

be called gemmules.”  Charles Darwin, Animals and 

Plants under Domestication, 1867



The earliest concepts of particulate “trait 

transmission”:

Ernst Haeckel, The 

Perigenesis of the 

Plastidule, or the 

Wave Generation of 

the Small Vital 

Particle: An Attempt 

at a Mechanical 

Explanation of the 

Elementary Processes 

of Development, 1876;

Nucleus as the source 

of traits, 1866



The earliest concepts of particulate “trait 

transmission”:

The “plastidule” could 

‘self-develop’, ‘self-

propagate’, and ‘self-

transform’ because it 

was endowed with an 

atom-soul said 

Haeckel; a 

materialistic-monistic 

soul



The earliest concepts of particulate “trait 

transmission”:

Carl v. Nägeli, Mechanischphysiologie Theorie der 

Abstammungslehre (Mechanical-Physiological Theory of 

the Doctrine of Descent), 1884:
•“Idioplasm” as inherited, material substance

Oskar Hertwig, 1884: Chromatin of a nucleus = “idioplasm”

Hugo de Vries, Intracelluläre Pangenesis, 1889:
•Basic discreteness of the hereditary particles

•“Independence and miscibility, these are the essential properties of 

the hereditary dispositions [erbliche Anlagen] of all organisms”

•“Pangenes” are endowed with the basic characteristics of life, that is 

the faculties of assimilation and multiplication and can undergo 

potentially unlimited variation



The earliest concepts of particulate “trait 

transmission”:

August Weismann, 

Das Keinplasm (The 

Germ Plasm), 1892: To 

explain the process of heredity 

and development, Weismann 

speculated that all the cells of 

the body, both germ and 

somatic, contained a 

hierarchical series of particulate 

elements, starting with what he 

called “idants,” the visible 

chromosomes in the nucleus.





“The most important concept in genetics is the 

view that the organization and activities of living 

matter rest on a system of self-replicating living

units. Living units (“physiological units,” 

“gemmules,” “micellae,” “pangenes”) appeared 

in biological thinking long before Johannsen 

introduced the term “gene” in 1909.” (L. C. 

Dunn, 1991)

“These various approaches were all a reflection of 

an underlying commitment to mechanistic 

materialism that, by 1900, characterized biology 

in general, and the study of heredity in 

particular.” (G. E. Allen 2014)



A brief history of inheritance as 

being “more than matter” in 

nature



Characters and their inheritance

Gregor Mendel, Versuche

über Pflanzen-Hybriden

(Experiments in plant 

hybridization), 1866: A 

formal law:

•Merkmal(e): 157x

•Anlage: 1x

•Elementen: 10x

•Beschaffenheit: 10x



Enter William Bateson (the man who 

coined the terms genetics, allelomorph, 

heterozygote, homozygote, …)

After an empirical and exhaustive survey of “trait 

transmission, he presented his findings in 

Materials for the Study of Variation, 1894, 

wherein he wrote:
“I have as far as possible avoided any use of the terms Heredity and 

Inheritance. These terms which have taken so firm a hold on science 

and on the popular fancy, have had a mischievous influence 

on…biological thought. They are of course metaphors from the 

descent of property, and were applied to organic descent in a time 

when the nature of the process of reproduction was wholly 

misunderstood. The metaphor from the descent of property is 

inadequate chiefly for two reasons.



Enter William Bateson (the man who 

coined the terms genetics, allelomorph, 

heterozygote, homozygote, …)

“First, by emphasizing the fact that the organization of the offspring 

depends on material transmitted to it by its parents, the metaphor of 

Heredity, through an almost inevitable confusion of thought, suggests 

the idea that the actual body and constitution of the parent are thus in 

some way handed on. No one perhaps would now state the facts this 

way, but something like this material view of Descent was indeed 

actually developed into Darwin’s Theory of Pangenesis. From this 

suggestion that the body of the parent is in some sort remodeled into 

that of the offspring, a whole series of errors is derived. …

“Secondly, the metaphor of Heredity misrepresents the essential 

phenomenon of reproduction. In the light of modern investigations, 

and especially those of Weismann on the continuity of the germ-cells, 

it is likely that the relation of parent to offspring, if it has any analogy 

with the succession of property, is rather that of trustee than of 

testator.”



The paper the introduced Mendel’s 

Principles to the Anglophone world

Bateson, W & Saunders E, The facts of heredity in 

the light of Mendel’s discovery, 1902: “We have 

no warrant for regarding any hereditary character 

as depending on a material substance for its 

transmission.” (Cf. Chladni figures)



Why say such? Well, we read in 

1896(!) in Edmund Wilson’s The Cell 

in Development and Heredity

“Now, chromatin is known to be closely similar 

to, if not identical with, a substance known as 

nuclein…composed of nucleic acid (a complex 

organic acid rich in phosphorus) and albumin 

[protein]. And thus we may reach the remarkable 

conclusion that inheritance may, perhaps, be 

effected by the physical transmission of a 

particular chemical compound from parent to 

offspring.” 



THEN in 1909/1991 the terms ‘gene’ and 

‘genotype’ were given by Wilhelm 

Johannsen



THEN in 1909/1991 the terms ‘gene’ and 

‘genotype’ were given by Wilhelm 

Johannsen

Elemente der exakten Erblichkeitslehre (Introduction to the 

Elements of an Exact Theory of Heredity), 1909; The 

genotype conception of heredity, 1911: An accurate concept of 

heredity could not have as either its axioms, or as it corollaries, the 

hypotheses “that ‘elements’ in the zygote correspond to special 

organs,” and that “discrete particles of the chromosomes are ‘bearers’ 

of special parts of the whole inheritance in question.” Indeed, for him 

as for William Bateson the idea that “discrete particles of the 

chromosomes are ‘bearers’ of special organizing functions 

in…ontogenesis, a chromatin-particle in the nucleus of a gamete being 

in some way the representative of an organ or a group of tissues,” was 

only speculation.



Why ‘gene’ and ‘genotype’ and 

‘phenotype’?

“Of all the Weismannian armory of notions and 

categories it [the concept of inheritance that is 

least speculative] may use nothing. It is a well-

established fact that language is not only our 

servant, when we wish to express—or even to 

conceal—our thoughts, but that it may also be our 

master, overpowering us by means of the notions 

attached to certain words. This fact is the reason 

why it is desirable to create a new terminology in 

all cases where new or revised conceptions are 

being developed.” 



Why ‘gene’ and ‘genotype’ and 

‘phenotype’?

A ‘gene’ is a hypothesis-less placeholder:

“By no means have we the right to define the gene as a morphological 

structure in the sense of Darwin’s gemmules or biophores or 

determinants or other speculative morphological concepts of that kind. 

Nor have we any right to conceive that each special gene (or a special 

kind of genes) corresponds to a particular phenotypic unit-

character…of the developed organism.” 

“The conception of a gene as an organoid, a little body with 

independent life and similar attributes, is no longer to be considered. 

Assumptions which would make such a conception necessary, fail 

utterly. Putting a horse in a locomotive as a cause of its motion—to use 

Lange’s classical example—is just as “scientific” an hypothesis as the 

organoid “explanation” of heredity.”



Why ‘gene’ and ‘genotype’ and 

‘phenotype’?

“The question of chromosomes as the presumed ‘bearers of hereditary 

qualities’ seems to be an idle one. I am not able to see any reason for 

localizing “the factors of heredity” (i.e., the genotypical constitution) to 

the nuclei. The organism is in its totality penetrated and stamped by its 

genotype-constitution.”

“The genotype-conception is…an ‘ahistoric’ view of the reactions of 

living beings—of course only as far as true heredity is concerned. This 

view is an analog to the chemical view; chemical compounds have no 

compromising ante-act, H2O is always H2O, and reacts always in the 

same manner, whatsoever may be the “history” of its formation or the 

earlier states of its elements. I suggest that it useful to emphasize this 

“radical” ahistoric genotype-conception of heredity in its strict 

antagonism to the transmission- or phenotype-view.”



So how did we end up with a Haeckelian-

Weismannian ‘gene’?

Short answer: Thomas Morgan, Alfred Sturtevant, Hans 

Muller, and Calvin Bridges, The Mechanism of Mendelian 

Heredity, 1915 and thereafter:

“Exception may perhaps be taken to the emphasis we have laid on the 

chromosomes as the material basis of heredity. … But it should not 

pass unnoticed that even if the chromosome theory be denied, there is 

no result dealt with in the following pages that may not treated 

independently of the chromosomes; for we have made no assumption 

concerning heredity that cannot also be made abstractly without the 

chromosomes as bearers of the postulated hereditary factors.”

“The factorial [Mendelian] theory as such deals with the behavior of its 

factors in an abstract way, quite apart from any material basis on 

which they may happen to be composed. In this way it may measure 

their constancy, segregation, linkage, etc.”



So how did we end up with a Haeckelian-

Weismannian ‘gene’?

The Mechanism of Mendelian Heredity, 1915:

“Why then, we are often asked, do you drag in the chromosomes? Our 

answer is that since the chromosomes furnish exactly the kind of 

mechanism that the Mendelian laws call for; and since there is an ever-

increasing body of information that points clearly to the chromosomes 

as the bearers of the Mendelian factors, it would be folly to close one’s 

eyes to so patent a relation. Moreover, as biologists, we are interested 

in heredity not primarily as a mathematical formulation but rather as a 

problem concerning the cell, the egg, and the sperm. .”

“Weismann’s ideas of heredity concerning the segregation in the 

reduction divisions of the egg and sperm of inherited materials present 

in the chromosomes, furnish the basis of our present attempt to explain 

heredity in terms of the cell.”



The ‘gene’ problem per

mathematicians:

• Erwin Schrödinger (1944): A ‘gene’ has to combine all four Aristotelian causes 

(material, efficient, formal, and final).

• John von Neumann (1950s-1950s): If you consider a ‘gene’ as being a program, 

then it is teleological.

• A. C. R. Dean, Sir Cyril Hinshelwood (1940s-1950s): The ‘gene’ of heredity is 

imbued with “mystical” properties. 

• Nicholas Rashevsky (1959): “[A] DNA molecule first splits in two parts which stand to each 

other in the relation of a pattern to its mold. Then each part rebuilds a full new DNA molecule by 

reconstructing the “opposite” part. In other words, before the DNA molecule multiplies, it simply ceases to 

exist as such. If a gene is a DNA molecule or a combination of DNA molecules, then although the identity 

and individuality of each gene may be preserved through generations, this preservation is not of a static 

but of a dynamic nature. The “mother gene” has actually ceased to exist before the two “daughter genes” 

are formed.1959; emphasis his (Cf. Max Delbrück in 1949.)

• Robert Rosen (1959-1998): ‘Gene’ ‘replication is dependent on a formal cause.



The ‘gene’ problem per

mathematicians:

• Robert Rosen (1958, 1962): From the standpoint of 

classical set theory, ‘gene’ ‘self-replication’ entails a 

logical paradox.

• Eugene Wigner (1961): The probability of evolving a 

replicator de novo is (nearly) zero; this is now known 

to be impossible; see the no-cloning and no-deletion

theorems of quantum information. (Strict 

conservation of information.)



The ‘gene’ problem per

mathematicians:

• Lars Löfgren (w.r.t. Rosen’s paradox) (1968): One can find a logically 

consistent scheme of a “gene-replicator” provided that one steps out of classical 

logic/set theory (von Neumann-Bernays-Gödel theory)—the very theory on 

which population genetics is based: “There is, however, one area of biology where self-

reproduction, in the complete sense of this paper, is of interest. This is the theory of biological evolution. 

If we ask not merely how a cell can reproduce in a suitable surrounding, but how this property has 

evolved, then we are faced with an explanation of reproduction in a complete sense. Our results show that 

such a theory of evolution cannot be derived with an ordinary logical-mathematical-biological reasoning, 

but that it instead will have to contain new and independent axioms. The question of how these should be 

formulated offers interesting problems. (…) Finally we want to emphasize that it is not a priori clear that a 

formal theory of biological evolution should exist. If such a theory could be formulated, however, it still 

remains to investigate whether it is recursively axiomatizable (that is, whether there are effective methods 

for the decision if a given well- formed expression is an axiom or not).”1968

• Ion Baianu (1970s): Extended the theorems of Löfgren to category theory

(where they fit quite nicely).



The ‘gene’ problem per

mathematicians:

• René Thom (1970s-1990s): An investigation of the “epigenetic landscape” of 

Conrad Waddington by way of differential geometry/topology: “[The] set of living 

local states is parameterized by a space U (a finite or infinite-dimensional function space); the figure F is 

embedded in U, but not canonically, encapsulated in some sense in a tubular neighborhood with reflecting 

walls Rj, and it is the collection of reflecting walls (which describe the mechanisms of epigenesis, 

regulation, homeostasis, and even morphogenetic regeneration) that forms, strictly speaking, the total 

geometric structure associated with the species. In the end the spatial form F is only a kind of necessary 

realization, a compulsory pathway…which develops in a space U of many more dimensions than space-

time R4.”Structural Stability and Morphogenesis, 1975, Pg. 154; emphasis mine

 



The ‘gene’ problem per

mathematicians:

• René Thom: The whatness and whereness of ontogenetic information is 

counter-intuitive: “It may seem difficult to accept the idea that a sequence of 

stable transformations of our space-time could be directed or programmed by 

an organizing center consisting of an algebraic structure outside space-time 

itself.”Structural Stability and Morphogenesis, 1975, Pg. 119

 



For a hereditary sequence is 

“directed or programmed by an 

organizing center consisting of an 

algebraic structure outside space-

time itself” per Thom. We are back 

to the eenntteelleecchheeiiaa of Aristotle, 

Goethe, and Driesch.



Now consider the “writing” of 

‘gene’ sequences using inputs that 

are “junk”



AGGAGAGGGGAGGCUUUCGGACCAAGGGAAGGAAGGGAGGUUAAGAAAAAGGAAAAACAAUUUGUGAGGGAGAAGGGUUUUUGGAGGG
GUUUUGGGAAGAGAGGGGUUUUGGGGAAACCAGAUGAGAGUUUUUGCAGAAACAAAGGGGUUUUUGGGCAAAGGGAAUACAAUUUGCU

GAGGGGGGAGAGCGGAAAGAGGGGGGAGAGCGGAAGGAGGAACACGGGAGGGAAGACAGGAUUUAGGAAGCGAGAGAGAGGAGAGGGG

AAAGGGUUUAGUUGGAAUGAAGAGGUAGUUUGUAGGAAGAAAAAAAAAAA

uuAuuuGGuuuAuGuuuAuuuuGuGuuGuGAGuuuGCUUUCGuuuuuuGuuuACCuuAuAuGuuuuGuuGuuuAuuAuGuGAuuAuGGuuuuGuuuuuuAuuGGUA

uuuuuuAGAuuuAuuuAuuuAAuuuGuuGAuAAAuACAuuuuAUUUGuuUGuuAGuGGuuuAuuuGuuAAuuuuuuuGuuuGuGUUUUUGGuuuAGGuuuuuuuG
uuGUUGuuGuuuuGuAuuAuGAuuGAGuuuGuuGuuuGGuuuuuuGuuuuuGuGAAACCAGuuAUGAGAGUUUGCAuuGuuAuuuAuuACAuuAAGuuGuGG

UGuuuuuGGuuCuAuuuuAuuuuuAuuGGAuuuAuUACAuuuuAUGCAuGuuuuuuuAGGuGuuuuGuuGuuGuuuAuuuGuuuuAuGCGuuuGuuuAAuuuAuGuuu

uuuuAGGuGuuuuGuuGuuGuuuAuuuGuuuuAuGCGuuuGuuuAAuuuuuuuGuGuAuGGAuACACGuuuuGuuuuuuuGuAuuGuGuuuGuuuAuAuuGACAuuuu

GuuGAUUUAGuuuGAuuuuuuuuAuuGCGAuuuGuuuAuuuuGAuGuuuuAuGuGuuAuGuAuuuGuGuGuGuAAuuuuAuuGGuGuuuuUUUAGUUGuuGAuuA
GuuAAuuuGuAuuGGUAGUUUGUAGGAAGuuuuuuuuAuAAAAAAAAAA

Trypanosoma brucei cytochrome c oxidase III

“written” by RNA editing:



uuAuuuGGuuuAuGuuuAuuuuGuGuuGuGAGuuuGCUUUCGuuuuuuGuuuACCuuAuAuGuuuuGuuGuuuAuuAuGuGAuuAuGGuuuuGuuuuuuAuuGG..UA

…A…..GG…..A..G…..A……G..G…G..GAG…..GCTTTCG……….G…..ACC…A..A..G……G…G…..A…A..G..GA…A..GG……G………A…GGTTA

uuuuuuAGAuuuAuuuAuuuAAuuuGuuGAuAAAuACAuuuuAUUUGuuUGuuAGuGGuuuAuuuGuuAAuuuuuuuGuuuGuGUUUUUGGuuuAGGuuuuuuuGuu

………AGA…..A…..A…..AA…..G…GA..AAA..ACA……ATTTG….TG…AG..GG…...A…..G…AA………..G…..G..GTTTTTGG..…..AGG………..G…

G....UUGuuGuuuuGuAuuAuGAuuGAGuuuGuuGuuuG…….GuuuuuuGuuuuuGuGAAACCAGuuAUGAGAG….UUUGCAuuGuuAuuuAuuACAuuAAGuu

GTTTTG...G……G..A…A..GA…GAG…..G…G…..GTTTTG…...….G……..G..GAAACCAG…ATGAGAGTTTTTGCA.…G…A…..A…ACA…AAG…

GuGG……..UGuuuuuGGuuCuAuuuuAuuuuuAuuGGAuuuAuUACAuuuuA….UGCAuGuuuuuuuAGGuGuuuuGuuGuuGuuuAuuuGuuuuAuGCGuuuGuuu

G..GGTTTTTG……..GG…C..A……A……..A…GGA…..A..TACA…….ATTTGCT..G…….…..AGG..G……G…G…G…..A….G…….A..GCG…..G….

AAuuuAuGuuuuuuuAGGuGuuuuGuuGuuGuuuAuuuGuuuuAuGCGuuuGuuuAAuuuuuuuGuGuAuGGAuACACGuuuuGuuuuuuuGuAuuGuGuuuGuuuAu

AA…..A..G………..AGG..G……G…G…G…..A….G…….A..GCG…..G….AA………...G..G..A..GGA..ACACG……G………..G..A….G..G…..G….A..

AuuGACAuuuuGuuGAUUUAGuuuGAuuuuuuuuAuuGCGAuuuGuuuAuuuuGAuGuuuuAuGuGuuAuGuAuuuGuGuGuGuAAuuuuAuuGGuGuuuuUUUAG

A…GACA……G…GATTTAG…..GA………….A….GCGA….G…..A……GA..G……A..G..G…A..G..A…..G..G..G..G..AA……A…GG..G……TTTAG

UUGuuGAuuA..GuuAAuuuGuAuuGGUAGUUUGUAGGAAGuuuuuuuuAuAAAAAAAAAA

TTG…GA…ATG…AA…..G..A…GGTAGTTTGTAGGAAG………..…A..AAAAAAAAAA

Trypanosome brucei cytochrome c oxidase III

mRNA “written” by RNA editing:

58% of the mRNA written by RNA editing

347 Uridines added to 121 sites; 16 Uridines deleted from 7 sites



The uridines have to be added or subtracted 

precisely, for 37/64 codons (including each of 

the stop codons) contain this nucleotide:

http://library thinkquest org/C0123260/basic%20knowledge/images/basic%20knowledge/RNA/genetic%20code jpg



Different mRNAs and therefore proteins 

can be generated from the same 

pseudogene transcript:

AGGAGAGGGGAGGCUUUCGGACCAAGGGAAGGAAGGGAGGUUAAGAAAAAGGAAAAACAAUUUGUGAGGGAGAAGGGUUUUUGGAGGG

GUUUUGGGAAGAGAGGGGUUUUGGGGAAACCAGAUGAGAGUUUUUGCAGAAACAAAGGGGUUUUUGGGCAAAGGGAAUACAAUUUGCU

GAGGGGGGAGAGCGGAAAGAGGGGGGAGAGCGGAAGGAGGAACACGGGAGGGAAGACAGGAUUUAGGAAGCGAGAGAGAGGAGAGGGG
AAAGGGUUUAGUUGGAAUGAAGAGGUAGUUUGUAGGAAGAAAAAAAAAAA



A set of RNA/protein products

is thus generated from

“pseudogene” transcripts



What can be observed, then, is a dramatic 

increase in “genetic information” in “real 

time” that does not entail the destruction of 

components. 

No Codons Start, Stop, and Amino Acid Codons

No ORF ORF

“Junk” RNA Cytochrome c oxidase III mRNA



Ribosomal and transfer RNAs must be 

highly edited in order to become 

functional in all known taxa



Ribosomal and transfer RNAs also must 

be highly edited in order to become 

operational in all known taxa



In a sense, each rRNA and tRNA

locus is a pseudogene! After all, 

none encode a fully operational 

product—the transcripts must be 

rewritten



Even more startling was discovery in 2004-2007 that 

making RNA copies often begins in one “gene” and 

ends in another, and occurs on both DNA strands 

and in “non-gene” regions 

“Gene” 1

“Gene” 2

“Gene” 3 “Gene” 5

“Gene” 4

transcripts



Beyond this, it is now clear that 

DNA can be extensively rewritten 

at the genotypic level



Unscrambling the aa-subunit gene of the 

telomere-binding protein in Oxytricha 

nova

1 23 45 67 89 1011 12 13 14

IESs

1 2 3 4 5

6

7 8 9
10

11
12

13 14

“Germline” 

micronuclear 

DNA

Engineered

macronuclear

gene



Based on such evidence, some of us are 

asking: What exactly is a ‘gene’?





A new ‘gene’ definition and what it 

implies…







Thesis. In order for a ‘gene’ to be a 

‘gene’, to be a “higher-order poly-

functional entity” that takes on 

different forms at different times,  

it has to be more than an

invariant particle. 






