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Taxonomic Considerations
How are species classified?

I Morphometrics: Analysing and comparing the
morphological shape of fossils.

I Behavior: Analysing archaeological assemblages
(mostly stone tools).

I Genetics: Analyses of different parts of the (available)
DNA, applying phylogenetic methods from evolutionary
biology.
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Cranial Morphology
Typical features for distinction:

I Globularity (globular vs.
flat)

I Occipital torus (rounded
vs. angled)

I Supraorbital torus (robust
vs. less pronounced)

I Mandibular chin (vertical
vs. receding)

I Facial angle (orthognathic
vs. prognathic)

Note: Some anatomical variation due
to sexual dimorphism. Klein (2009).

5 — Language Evolution, WiSe 2023/2024, Bentz c© 2012 Universität Tübingen
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Acheulean industry
(c. 1.7 Mya - 130 Kya)

Assemblages are dominated
by bifacial handaxes of
different sizes. These were
produced by systematically
flaking off parts of the core
and retouching, until an
often symmetrical
“tear-drop” shaped tool is
achieved. Versatile tools of
different shapes and sizes
with many purposes
(including hunting).

Daura et al. (2013). A
400,000-year-old Acheulean
assemblage associated with the
Aroeira-3 human cranium.

Left: Handaxe from Europe; Middle: Handaxe from Bose, China;
Right: Handaxe from India.
https://humanorigins.si.edu/evidence/behavior/stone-tools
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Distribution

Key et al. (2023). Modelling the end of the Acheulean at global and continental levels
suggests widespread persistence into the Middle Palaeolithic.
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Some useful Resources
Glossary of Terms:
https://www.genome.gov/genetics-glossary

Human Genome Project:
https://www.genome.gov/human-genome-project

Genome Data Viewer:
https://www.ncbi.nlm.nih.gov/genome/gdv/

Videos and info:
https://www.yourgenome.org/
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The Cell
(Eukaryote)
The genetic information
resides in

I the nucleus (DNA),

I mitochondria
(mtDNA),

I chloroplasts
(cpDNA).

Note: Chloroplasts only exist
in plant cells for
photosynthesis, i.e. are not
relevant here.

Dediu (2015). An introduction to genetics for language scientists, p. 47.
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The Nucleus
From DNA to
Chromosomes
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DNA (DeoxyriboNucleic Acid)
Base pair
Consits of two nucleotides bound together.

Nucleotides
A base (Adenine, Guanine, Cytosine, Thymine) plus a sugar.
See also video: https://www.youtube.com/watch?v=o_-6JXLYS-k

https://www.genome.gov/genetics-glossary/Deoxyribonucleic-Acid
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Mitosis (DNA
Replication)
A cell can divide itself in
a process called
mitosis. This creates a
new cell with identical
DNA (bare any
mutations).

Dediu (2015). An introduction
to genetics for language
scientists, p. 52.

For a video on DNA
replication see:
https://www.youtube.com/

watch?v=TNKWgcFPHqw
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Genes
The term gene refers to regions on the DNA strand whose information is
transcribed and translated into amino acids which are the building
blocks of proteins. Humans have ca. 20,000 genes coding for proteins.
The regions relevant for transcription are called exons (expressed
regions), and are interspersed with introns (intragenic regions).

Dediu (2015). An introduction to genetics for language scientists, p. 68.
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Chromosomes
The DNA double helix is
folded and wrapped around
proteins (histones), and then
packaged into
chromosomes. The DNA
strand in a chromosome is
very long, one of the longest
measuring ca. 8.5 cm. In
comparison, the size of a
cell is ca. 10 µm, with a µm
being one millionth of a
metre.

Dediu (2015). An introduction to
genetics for language scientists, p.
53.
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Chromosomes
There are overall 46 human
chromosomes, coming in
23 pairs. The pairing of
chromosomes is the reason
why they are called diploid.
22 of these pairs are called
autosomes (numbered 1 to
22 in decreasing order of
size), and the last pairs is
are the sex chromosomes
(X, Y).

Dediu (2015). An introduction to
genetics for language scientists, p.
53. Storch et al. (2013). Evolutionsbiologie, p. 257.
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Exercise
Go the the Gene Data Viewer at
https://www.ncbi.nlm.nih.gov/genome/gdv/ and find the FOXP2
gene for the modern human, chimpanzee, and mouse reference
genomes. Try to answer the following questions: How many exons does
the FOXP2 gene have in each species? What is the length of the
FOXP2 gene in terms of nucleotides for these three species. What could
the differences stem from?
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Meiosis
Sexually adult individuals
built gametes, i.e. cells
specialized for reproduction,
in a process called meiosis.
In the case of females these
gametes are called ova, and
for males sperm. They
contain half the genetic
material of each individual,
that is, they contain 23
non-paired chromosomes,
which are randomly
allocated (aka Mendel’s First
Law of segregation). The
gametes are therefore called
haploid.

Note: This is a simplified depiction of
gametogenesis with just 2 out of 23
chromosomes. Hence, there are 4 possibilities
here. With all 23 chromosomes there are
223 = 8,388,608 possibilities.

Dediu (2015). An introduction to genetics for
language scientists, p. 56.
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Recombination
Besides random allocation of
the homologous chromosomes
of a diploid parent in meiosis
(gametogenesis), they are also
recombined. In a nutshell, this
means that the chromosomes
inherited from the parents of the
parent are crossed over to yield
a new mix of the DNA strands.
This gives rise to a huge number
of possible recombinations of
DNA substrands.

Dediu (2015). An introduction to
genetics for language scientists, p.
58-59.

Note: The differences in genetic loci, here
denoted as A, B, a, b, could correspond to
a point mutation of a single nucleotide, or
several nucleotides, whole genes, and
even observable effects such as “this locus
causes blue eyes in the phenotype”.
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Sexual
Reproduction
In the process of
fertilization a sperm and an
ova fuse and produce a
so-called zygote, which is
then again diploid. There
are 223 × 2 = 16,777,216
different possible unique
zygotes. One of these will
develop into offspring.

Dediu (2015). An introduction to
genetics for language scientists, p.
57.
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Gene Transcription
The expressed regions
(exons), i.e. genes, on a
DNA strand are firstly
transcribed into messenger
RNA (mRNA). This is very
similar to DNA replication,
except that Thymine (T) is
replaced by Uracil (U). The
mRNA travels from the
nucleus to the cytoplasm
and is there translated into
amino acids.

Dediu (2015). An introduction to
genetics for language scientists, p.
63.
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Gene Translation
The mRNA is translated (in
blocks of three bases) into
20 amino acids, the building
blocks of proteins. Proteins
then take on a multitude of
functions in the body:
transporting oxygen
(haemoglobin), shaping cells
and the body, movement of
muscle fibres, signalling
(neurotransmitters and
hormones).

Dediu (2015). An introduction to
genetics for language scientists, p.
64-67.

For a brief introduction to gene transcription and
translation see video at:
https://www.youtube.com/watch?v=gG7uCskUOrA
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Overview: Amino acids

Dediu (2015), p. 62.
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Overview: Codons and Amino Acids

Dediu (2015), p. 64.
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Types of Mutations
Mutations come in different types. Depending on the type and locus of
a mutation, the actual impact on gene expression and the phenotype of
an organism can be anything from negligible to fatal.

I Point mutations: a single nucleotide is replaced for another in an
exon on the DNA strand (e.g. A→ C).

I Frameshift mutation: A single nucleotide is deleted or inserted.

I Chromosomal mutation: Whole chromosomes or parts of
chromosomes can be deleted, duplicated, inverted or translocated.
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Section 1: Recap

Section 2: Basics
of Genetics

Section 3: Sexual
Reproduction

Section 4: Gene
Expression

Section 5:
Mutations

Summary

References

Point Mutation
In mitosis or meiosis,
one nucleotide might be
erroneously replaced by
another in a point
mutation (with very low
probability: ca. one per
one billion replicated
nucleotides).

Importantly: A point
mutation creates a new
alternative version of the
DNA sequence, called
an allele.

Dediu (2015). An introduction
to genetics for language
scientists, p. 53.

Note: A point mutation might have no effect at all on
gene expression. For example, if it changes a
codon from CUC→ CUA, then both will code for the
amino acid Leucine (L). In other cases, e.g. CUC→
GUC, it will code for a different amino acid Valine
(V), and hence have an effect on gene expression.
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Frameshift
Mutation
If nucleotides are deleted
or added in a frameshift
mutation, then the frame
for transcription and
translation changes. This
likely has a drastic effect
on gene expression, as
the original amino acid
coding will be seriously
altered.

Dediu (2015). An introduction
to genetics for language
scientists, p. 67.

Note: This type of mutation is involved in a series of
diseases, e.g. the Tay-Sachs disease (https:
//en.wikipedia.org/wiki/Tay-Sachs_disease)
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Chromosomal
Mutation
If whole chromosomes,
or larger parts of these,
are deleted, duplicated,
translocated, or inverted
in chromosomal
mutation, this has
invariably a strong
impact on gene
expression and the
phenotype of an
organism.

Dediu (2015). An introduction
to genetics for language
scientists, p. 67.

Figure: Chromosomes in the metaphase (part of mitosis) of a
person with Trisomy 21 (aka Down Syndrome).

Storch et al. (2013), p. 257.
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Exercise
Take the visualization of different versions of the FOXP2 gene below
(Krause et al., 2007). For these sequences of nucleotides built a
distance matrix of pairwise differences in nucleotides. Based on this
distance matrix, built a hierarchical tree according to the so-called
complete-linkage clustering. In other words, always merge the species
together with the smallest nucleotide difference. When you compare an
already existing cluster of species with another species (or cluster of
species) then the maximum distance between any of the species is
considered for clustering. You don’t need to give branch lengths.
https://en.wikipedia.org/wiki/Complete-linkage_clustering
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Solutions: Matrix

Hom Pan Gor Pon Mus Nea
Hom 0 4 2 2 11 0
Pan 0 2 2 9 4
Gor 0 0 9 2
Pon 0 9 2
Mus 0 11
Nea 0
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Solutions: Hierarchical Tree
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Summary

I Modern humans have c. 20k genes, i.e. regions on the
DNA strands which code for proteins and hence shape
the phenotype.

I These are packaged into 46 (23 pairs) of
chromosomes.

I Genetic diversity is ensured by random segregation
(splitting of chromatid sisters), and recombination of
homologous chromosomes in gametogenesis.

I Different types of mutations (pointwise, frameshift,
chromosomal) will yield new phenotypes under
selection (or neutral).
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Faculty of Philosophy
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Dr. Christian Bentz
SFS Keplerstraße 2, Room 168
chris@christianbentz.de
Office hours:
During term: Wednesdays 10-11am
Out of term: arrange via e-mail
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