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Key Questions: 

i) what is a gene? 
ii) where did the gene concept come from? 
iii) is there more than one gene concept in modern 

biology? 
iv) what is the relation between classical and molecular 

genetics? 
v) does the notion of ‘genetic information’ make sense?





Mendelian Genetics
-1860s: Gregor Mendel experimented with pea-plants 
-two states of a single character: round versus wrinkled seeds 
-pattern of transmission across generations 
-crossed true-breeding lineages and found: 

i) F1 hybrids all had round seeds 
ii) F2 hybrids had 3/4 round but 1/4 wrinkled  

-explanation? 

-trait is controlled by pairs of factors 
-each factor is one of two possible types 
-gametes of an organism (pollen or ova) contain just one of the factors 
-new organism inherits one factor from each parent 
-factor for round seeds dominates factor for wrinkled seeds  
-when an F1 hybrid forms gametes, 50% of them contain factor for wrinkled, 50% for 
round 

-perfectly explains patterns of inheritance observed 

-Mendel’s ‘factors’ are now called ‘genes’ or ‘alleles’ ‘allelomorphs’ 

-they are units of inheritance



Mendelian Genetics

Mendel’s Laws 

1)Laws of Independent Segregation of Alleles: 
for each individual, each of the two alleles at a locus segregates to a 
germ cell with equal probability 

2) Law of Independent Assortment (of Alleles at Different Loci): 
when the germ cells are formed, the allele pairs at different loci assort 
independently of each other 

-Mendel illustrated (2) by looking at two different traits 
simultaneously: 
seed shape (round/wrinkled) and flower colour (yellow/green) 
-key observation: if a gamete contains factor for wrinkled, that tells 
us nothing about whether it contains factor for yellow or green 

-> 1) is almost always true, 2) regularly violated 
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Classical Genetics

-Mendel’s work forgotten and ‘re-discovered’ around turn of the 
century  

-after a long struggle, eventually came to be accepted  
(-> opposition between Mendelians and biometricians) 

-research program of T. H. Morgan at Columbia University 
-two main aspects: 
i) segregation analysis 
ii) linkage analysis 

-segregation analysis extended Mendel’s own techniques 
-used to infer genetic origin of a trait



Classical Genetics
-linkage analysis based on recognition that Law of Independent Assortment is 
often violated  
-observed that some loci tend to be inherited together 
-such loci were in the same linkage group 
-why? Morgan (1910): because they are on the same chromosome 
-> genes on same chromosome violate Mende’s second law 

-complicated by crossing-over 
-> exchange of parts between homologous chromosomes during meiosis 
-means that alleles at loci on same chromosome may be separated, hence assort 
independently 
-this is called ‘recombination’ of genes 
-depends on degree of linkage 

-linkage analysis: start with a trait known to satisfy Mendel’s first law 
-then, look for a trait that is linked to it 
-then, try to estimate degree of linkage 

-led to linkage mapping: trying to map entire chromosomes  
-loci placed in different linkage groups with a distance assigned between each 
pair of loci
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Classical Genetics

Importance of Mendelian/Classical Genetics: 

-quite striking predictive and explanatory success 
-integrated with Darwinian principles in the Modern Synthesis (Fisher, Haldane, 
Wright) 

-particulate nature of inheritance critically important for natural selection  
-why? because it shows that variation can be maintained even with sexual 
reproduction 
-solved a major puzzle for Darwin’s theory  

-> How many traits are controlled by single Mendelian (or classical) genes? 
-Not many 
-in some ways, Mendel was lucky in his choice of traits  
-most traits are affected by many genes, and by environmental factors too 
-still, often convenient to speak of genes ‘for’ traits 

-central theoretical problem: how are genes replicated? 
-classical geneticists had no answer to this 

-> the ‘gene’ of classical genetic was posited to explain observed data 
-in a sense, the gene was a hypothetical entity



Μorgan:	
Suppose,	for	instance,	to	take	perhaps	an	extreme	case,	all	the	genes	are	
instrumental	in	producing	each	organ	of	the	body.	This	may	only	mean	that	
they	all	produce	chemical	substances	essential	for	the	normal	course	of	
development	

Morgan:	
If	now	one	gene	is	changed	so	that	it	produces	some	substance	different	from	
that	which	it	produced	before,	the	end-result	may	be	affected,	and	if	the	
change	affects	one	organ	predominatingly	it	may	appear	the	one	gene	alone	
has	produced	this	effect.	In	a	strictly	causal	sense	this	is	true,	but	the	effect	is	
produced	only	in	conjunction	with	all	the	other	genes.	In	other	words,	they	are	
all	still	contributing,	as	before,	to	the	end-result	which	is	different	in	so	far	as	
one	of	them	is	different.	

-Waters:	
Difference	principle:	differences	in	a	gene	cause	uniform	phenotypic	
differences	in	particular	genetic	and	environmental	contexts.

->	The	classical	gene	as	a	difference-maker



There	is	no	consensus	of	opinion	amongst	geneticists	as	to	what	the	
genes	are	-	whether	they	are	real	or	purely	fictitious	-	because	at	the	
level	at	which	the	genetic	experiments	lie,	it	does	not	make	the	slightest	
difference	whether	the	gene	is	a	hypothetical	unit,	or	whether	the	gene	
is	a	material	particle.	In	either	case	the	unit	is	associated	with	a	specific	
chromosome,	and	can	be	localized	there	by	purely	genetic	analysis.	Hence,	
if	the	gene	is	a	material	unit,	it	is	a	piece	of	a	chromosome;	if	it	is	a	
fictitious	unit,	it	must	be	referred	to	a	definite	location	in	a	chromosome	-	
the	same	place	as	on	the	other	hypothesis.	Therefore,	it	makes	no	
difference	in	the	actual	work	in	genetics	which	point	of	view	is	taken.	

														Thomas	Hunt	Morgan,	1934	(Nobel	lecture)
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->	the	molecular	gene	(1960s)	

->	Crick:	‘sequence	hypothesis’







Molecular Genetics

-often dated to Watson and Crick’s (1953) discovery of 
structure of DNA 

-1900-1953: investigation into cellular and molecular basis of 
heredity 

-molecular basis not resolved till mid-century (nucleic acid vs 
protein) 

-but known since 1903 that in meiosis, each gamete receives one 
of a pair of homologous chromosomes 

-relevance? 
-> explains Mendel’s first law



Molecular Genetics

-molecular genetics sheds much light on classical genetics: 

i) structure of DNA explains how it can be reliably replicated  
-> DNA composed of two complementary strands 
-each strand uniquely specifies the other 
-explains gene replication 

ii) DNA (indirectly) makes the proteins that make up structural and functional elements of 
cells 
-DNA is transcribed into mRNA, which itself is translated into protein 
-explains (in theory) how different genes can have different phenotypic effects 

iii) appears to tell us what a gene is in physical terms  
-> a gene is a length of DNA that makes a single protein 
-> genes are no longer hypothetical entities, but physical entities 

-no-one doubts that discoveries in molecular biology shed lots of light on classical genetics 
-but what exactly is the relation? 

-not entirely simple 
-> classical and molecular geneticists use ‘gene’ in somewhat different ways 

-not obvious that everything that is a classical gene is a molecular gene 
-nor vice-versa
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->	alternative	splicing
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• polygeny 

• pleiotropy 

• introns   exons 

• Griffiths Stotz  

• beanbag genetics 


