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BNF 5106 - Lecture 1 
Genetics, Genes, Genetic codes, and Mutations 

You are genetically unique 

 

 Since each parent has 23 pairs of 
chromosomes, the probability that 
each parent gives twice the same 
chromosomes to two different children 
is (1/2)23 x (1/2)23, or about 1 in 70 
000 billion. 
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Duplication of each 
chromosome to give 4 
chromatids. Each chromatid 
is a DNA molecule. 

Crossing-overs between 
non-sister chromatids (of 
different origin). They 
are necessary for each 
gametes to receive one, 
and only one, 
chromosome. 

A meiosis can thus 
produce up to 4 
gametes each 
having a 
recombinant 
chromosome. 
 
Non-recombined 
regions are called 
haplotypes; genes 
on a given 
haplotype are 
inherited together  

Recombination and haplotypes 

Grand parents 

Parents 

Child 
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Chromosomes 1              Chromosomes 2            Chromosomes 3 

Abnormally long 
haplotype 

Lactase gene 

Position -13 910 Position -14 010 

African 
haplotypes 
with a C 

Transcription factor 

~ 6 500 years ago           ~ 8 500 ans years ago  

African 
haplotypes 
with a G 

European 
haplotypes 
with a T 

European 
haplotypes 
with a C 

The origin of milk drinking mutants! 

A b C D E F  G   

A B C D E F  g 

1) No genetic disease 
(but carrying the recessive genes b and g as well as the lethal E gene) 

A b C D E F  G  

A b C D E F  g  

2) Person with the genetic disease associated with gene b 
(and carrying the recessive gene g as well as the lethal E gene) 

A b C D E F  G  

A B C D E F  g  

3) Lethal mutation due to defective E gene 

Genetic diseases 
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Recessive mutations  

Dominant mutations 

 A single copy of the mutant gene causes 
the disease 

 E. g., Hungtiton disease (see below) 
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Lethal genes 
Tailless Pembroke Welsh Corgi 

 Gene = stretch of DNA with a function 

Genes  

 Double helix 

 Anti-parallel 
strands 

 C pairs with G     
(3 hydrogen 
bonds) and          
A pairs with T      
(2 hydrogen 
bonds)  
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Replication (semi-conservative)  

 speed of replication:  

 ~ 500 bases/sec. in bacteria   

 ~ 50 bases/sec. in eukaryotes  

 Okazaki fragments 
 1000-2000 nucleotides in bacteria 

 - 100-200 nucleotides in eukaryotes 

 Origin of replication 
 1/genome (chromosome) in bacteria  

 1/30 000 - 300 000 bp in eukaryotes 

Transcription 

 Production of RNA on a DNA template 
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 Carried out by a single RNA polymerase in 
eubacteria 

 Carried out by three different RNA 
polymerases in eukaryotes 

 RNA polymerase I = ribosomal RNA (rRNA) 
genes 

 RNA polymerase II = protein-coding genes 

 RNA polymerase III = small cytoplasmic RNA 
genes  (e.g., 5S rRNA, tRNAs) 

Translation  

Cellular localization 
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Nucleotide sequences (DNA) 

Nucleotide = phosphate + 
sugar (deoxyribose) + base 

 Genome = the entire complement of 
genetic material carried by an individual 

 Transcriptome = the entire set of 
transcribed sequences produced by the 
genome 

 Proteome = the entire set of proteins 
encoded by the genome 

Genes and gene structure  

 Gene = A sequence of DNA (RNA in some 
viruses) that is essential for a specific 
function.  

 Performing the function may not require the 
gene to be translated or transcribed.  

 protein-coding, RNA-coding, untranscribed 
genes (replicator genes, recombinator genes, 
telomeric sequences, segregator genes, etc.) 
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Protein-coding genes 

 GC and CAAT = binding of RNA polymerase 

 TATA = start-point of transcription 

 Antisense strand = DNA strand from which the RNA is 
transcribed 

 Sense strand = untranscribed complementary strand 
(sequence identical to pre-mRNA) 

Introns  

 In vertebrates, intron sizes vary from ~ 100 bp to 100s of 
Kbs; in contrast, the average exon size is 150 bp 

 Human dystrophin gene -> 79 exons spanning over 2.3Mb, 
the mRNA is 12Kb long; exon/intron = 0.5% 

 In other eukaryotes (e.g., yeast, Drosophila, C. elegans, 
plants), introns are fewer and shorter 

Bacterial genes  
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Pseudogenes 

 Pseudogene = DNA segment that exhibits a 
high degree of similarity to a functional gene 
but which contains defects, such as nonsense 
and frameshift mutations, that prevent it to be 

expressed properly (most are not transcribed).  

 Composed of processed (originated from the 
reverse transcription of a mRNA molecule) and 
unprocessed pseudogenes (originated from 

duplication of chromosome (DNA) fragments).  

Processed pseudogenes 

 Characteristics of processed pseudogenes:  

 1) flanked by direct repeats  

 2) intronless 

 3) the downstream direct repeat is preceded by 

a poly-A tail 

Amino acids 
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Genetic codes  

 Three stop codons: UAA, UAG, and UGA 

 61 sense codons for 20 amino acids 

 Degenerate code: 18/20 amino acids are encoded by more 
than one codon 

 The different codons specifying the same amino acid are 
called synonymous codons 

 Some amino acids are encoded by a single codons (Met 
and Trp), by two codons (e.g., Phe), by three codons (Ile), 
by four codons (e.g., Val), by six codons (e.g., Leu) 

 Synonymous codons often differ by transition (purine to 
purine, pyrimidine to pyrimidine) and not transversions 
(purine to pyrimidine and vice-versa) 
 

The universal genetic code 

The vertebrate mitochondrial code 
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 4 stop codons 
 Two of the codons that specify serine in the 

universal genetic code are used as termination 
codons 

 Tryptophan and methionine are each encoded by 
two codons rather than one 

 Other exceptions to the "universal genetic code" 
(codon capture) 
 Mycoplasma uses UGA to code for tryptophan 
 Paramecium and Tetrahymena use UAA and UAG to 

code for glutamine 
 The yeast Candida cylindracea uses the codon CUG to 

code for serine 

Genetic codes 

Swire et al. (2005)  J. Mol. Evol. 60 : 128-139 

Mutations and Substitutions 

 Mostly due to errors of incorporation during 
either DNA replication or repair (low rate; 
maybe due to wrong tautomeric forms). 
Occur in both somatic and germline cells. 
Only germline mutations are considered in 
evolutionary studies. 
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 Can be classified by the type of change 
caused: 
 1) substitution, the replacement of one 

nucleotide by another 

 2) recombination, the exchange of a 
sequence by another 

 3) deletions, the lost of one or more 
nucleotide 

 4) insertions, the addition of one or more 
nucleotide 

 5) inversions, the 180o degree rotation of two 
or more nucleotides 

 Substitution = mutation that has not been 
eliminated by natural selection (or lost by 
random genetic drift) 

 Synonymous substitution = substitution that 
does not change the amino acid (at 3rd base of 
codons and 1st base of Arg and Leu codons) 

 Nonsynonymous subs. =  substitution that 
change the amino acid (at all 2nd base of 
codons and 96% of 1st  base of codons) 
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Relative frequencies of different types of 
substitutions 

 Each of the sense codons can mutate to nine 
other codons by means of a single nucleotide 
change. (e.g., CCC codon for Pro) 

 61 sense codon x 9 = 549 possible substitutions 

 If we assume that these substitutions occur 

with equal frequency, and that all codons are 
equally frequent in coding regions, we can 
compute the expected proportion of the 
different types of substitutions from the genetic 
code 

 Synonymous substitutions occur almost 
exclusively at third base of codons (there 
is some in first base of Leu and Arg 
codons, but none in second base of 
codons) 

 All substitutions at second base of codons 
are nonsynonymous 

 Most nonsynonymous substitutions are 
missense substitutions 
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Recombination 

 Two types of homologous recombination: 

 1) Crossingover (reciprocal recombination) 

 Even exchange of homologous sequences between 
homologous chromosomes 

 Both variants involved in the recombination events 
are retained but produces new combinations of 
adjacent sequences 

 2) Gene conversion (nonreciprocal 
recombination): 

 Uneven replacement of a sequence by another 

 Results in the loss of one of the variant sequence 
involved in the recombination event 

Vertical cut = crossingover; Horizontal cut = gene conversion 

Deletions and duplications 

 By unequal crossingover 
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 By intrastrand 
deletion 

 By replication slippage (splipped-strand mispairing) 
 In DNA sequences that contain contiguous short repeats  

Huntington disease, a domnant disease, is due to 
slippage mispairing (Cell 72 : 971-983, 1993)  
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Orr et coll. (1993) Nature Genetics 4: 221-226 

American Scientist 82: 157-163 

CAG 

Indels = insertion or deletions; may 
introduce frameshift mutations 
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Mutation rates 

 Average mutation rate in mammalian nuclear 
DNA = 3 to 5 x 10-9 substitutions/site/year 
 Human genome = 3 x 109 sites, therefore 1 to 

1.66 substitutions/year (in the germ line) 

 This rate varies depending on the genomic 
regions. E.g., the rate of indels of human 
microsatellites (tandemly repeated sequences 1 to 
8 bases long) is > 10-3 s/s/y 

 In mammals, regions rich in CG dinucleotides 
(where the C is often methylated) are more 
prone to substitutions 

 This rate is also different in different 
genomes 
 E.g., the rate of synonymous substitutions of 

the mammalian mitochondrial genome is at 
least 10 times greater than that of the 
mammalian nuclear DNA genome 

 This rate is also different in different 
species 
 E. coli = 1 x 10-10 s/s/y,  

 HIV = 1 x 10-3 s/s/y 

Patterns of mutation 

 The direction of substitutions is often not random.  

 If substitutions were random, we would expect to observe 
that 66% of the substitutions would be transversions and 
that 33% of the substitutions would be transitions (8 vrs 4) 
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 In animal nuclear DNA, transitions  have 
been found to account for 60-70% of all 
substitutions. Part of this excess is due to 
the genetics code (transitions are often 
synonymous substitutions) and to the 
deamination of methylated cytosines into 
thymine. 

 In animal mitochondrial genomes, the 
ratio of transitions to transversions varies 
from 15 to 20. 


