
Modern Synthesis

Darwin’s problem- what is the source of 
variation?
Last week we looked at evolutionary theory
This week we look at genetics and 
inheritance patterns
The modern synthesis = evolutionary theory 
+ genetics 



Chromatin – a mass of uncoiled DNA and 
associated proteins called histonesin the 
nucleus of the cell.

During replication, the DNA assumes a 
visible form by wrapping around the 

Chromosomes

visible form by wrapping around the 
histones and forming chromosomes

Chromosomes – are one 
long, wrapped up DNA 
molecule.



Chromosomes

Homologous Chromosomes – each cell contains 2 similar copies of each 
chromosome (except for the sex chromosome). One of these copies is from 
mom and the other is from dad. Together, these are called a homologous pair 
and each alone is called a homologue.

Chromatid – exact replicas of each chromosome



Genes- pairs of alleles that code for a specific protein
Humans have roughly 60,000 genes in haploid and 30, 000 genes in diploid 
cells

Chromosomes and Genes



Chromosomes and Genes

Locus – a location or position 
on a chromosome occupied by a 
particular gene. 

Alleles - alternate forms of the Alleles - alternate forms of the 
same gene; for example, A and 
a, E and e, etc. Alleles are found 
at the same locus on different 
homologous chromosomes.



How does DNA Work?
DNA is composed of four types of nucleotides

Adenine
Thymine
Guanine
Cytosine

Genes and DNA

Cytosine

These nucleotides pair up in predictable base pairs (A-T, G-C)
The base pairs are linked together in a chain with a sugar-phosphate backbone



DNA

The DNA is double stranded because Hydrogen bonds hold two nucleotides together  
(A-T and G-C) and the two strands are then twisted into a double helix



DNA Replication

When DNA replicates, the double helix is untwisted and a copy is made of each strand 
(template), which is then paired with its complementary nucleotides to make base pairs
The result is two new paired strands, one “old” and one “new”



Mutation:any change in 
the DNA sequence during 
the replication process

rare events = 1 / 50 
million bases
Mutagens

Variation at the genetic level

Mutagens
Age

Different types of 
mutation: 
point mutations 
chromosomal mutations 



DNA codes for amino acids in 
sequences of three base pairs (codon)
Mutations usually the result of 
adding, losing, or substituting a base 
pair within the codons
Mutations can prevent the synthesis 
of the correct protein, change 

Variation at the genetic level

of the correct protein, change 
expression levels of the protein, or 
cause production of an incorrect 
protein. 

DNA repair system 
genetic disorders and diseases
Opportunity for natural selection



Somatic cells - all cells in the body except sex cells. Each has two paired sets 
of chromosomes and is referred to as diploid.
Gametes - sex cells (sperm and ova), having only one set of chromosomes, so 
there are no homologous pairs. These are referred to as haploid.
Diploid - the total number of chromosomes in a cell or having two pairs of 
chromosomes (in humans: 23 pairs, 46 total). All somatic cells are diploid.

DNA and Cells

Haploid - the total number of homologous pairs in a cell or having only one 
unpaired set of chromosomes (23 total in humans). Gametes are haploid.



Sexual Reproduction

Gametes are haploid until fertilization



Mitosis
somatic cells produced 
equal transfer of the same number of chromosomes (46) and the same 
genes to the 2 daughter cells. 

Meiosis 

Sexual Reproduction & Cell Division

Meiosis 
makes gametes (sex cells)
one copy of each homologous chromosome is segregated and goes into 
gametes. 
Meiosis reduces the number of sets of chromosomes by half (to 23), so that 
when fertilization occurs the offspring will only have 46 chromosomes.
Meiosis produces genetically unique gametes 
Primary source of genotypic variety







Meiosis

One chromosomal 
replication and two 
cell divisions

Replication into two Replication into two 
sister chromatids, 
paired in homologous 
partners

2 cell divisions yield 
4 sperm in males       
1 egg in females

Each gamete is 
genetically unique



Getting genes into the next generation

You’ve replicated your DNA and made some gametes, now you need to get your genes into 
the next generation. 

Your ability to do this is your evolutionary fitness (= reproductive success) 

Evolutionary fitness is 
NOT about exercising or 
“might makes right” or 
making lots of money

Evolutionary fitness IS 
about getting pregnant 
and having a successful 
delivery of a healthy baby

Evolutionary fitness IS about 
raising as many offspring as 
you can who’ll be successful 
at having their own kids too



Inclusive Fitness

Primary path to fitness is through producing offspring (individual reproductive success) 
but that’s not the only way
Inclusive fitness = individual reproductive success + kin selection

Bioaltruism = assisting a relative to survive and reproduce is 
another way to get genes into the next generation

50% of genes with parents, offspring, and full siblings
25% of genes with grandchildren, half siblings, nieces, nephews
12.5% of genes with cousins



Inheritance

How do alleles assort themselves into the 
next generation?
Do offspring look like a blend of their 
parents?parents?
Do offspring have some traits from one 
parent and some traits from the other? Traits 
from their grandparents?



• Phenotype- observable properties of an individual

• Genotype- description of the genetic constitution of an individual (dominant=Y, recessive=y)

• Heterozygous- different alleles of the same gene (Yy)

• Homozygous- same alleles of the same gene (YY or yy)

• Dominant allele- determines phenotype of an individual when heterozygous or homozygous

Genetics Terms

• Dominant allele- determines phenotype of an individual when heterozygous or homozygous

• Recessive allele- determines phenotype of an individual only when homozygous

Recessive Dominant
ww WW or Ww



Genetics 1865

Augustinian monk at the Monastery of Brünn, Moravia 
Experimented in the hybridization of plants 
Died in comparative obscurity



E
R

R
O

R
: stackunderflow

O
F

F
E

N
D

IN
G

 C
O

M
M

A
N

D
: ~

S
T

A
C

K
:


