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“Absence of evidence is not evidence of absence.” 

 

 

Genetika populasi (Population genetics) 

adalah studi vatriasi genetik dalam 

populasi yang melibatkan pengujian dan 

modeling dalam ruang dan waktu dari 

perubahan frekuensi gen dan allele 

dalam populasi.  Proses utama yang 

mempengaruhi frekuensi allele adalah 

seleksi alam, penyimapangan genetik, 

aliran gen, dan mutasi berulang. 

Kepentingan fundamental dari genetika 

populasi adalah wawasan dasar yang 

dihasilkan tentang mekanisme evolusi 

yang jauh dari nyata secara intuisi. 

Evolusi adalah perubahan sifat populasi 

biologi yang dapat diturunkan selama 

sejumlah generasi beruruta.  Proses 

evolusi menghasilkan keragaman biologi 

(biodiversity) pada setiap tingkat organi-

sasi biologi termasuk tingkat spesies, 

individu organisme, dan molekul. 

A man who dares to waste one hour  of time has not discovered the value of life-Charles 
Darwin  

 
Natural selection will only cause evolution if there is enough genetic 
variation in a population.  According to this principle, the frequencies 

of alleles (variations in a gene) will remain constant in the absence of 
selection, mutation, migration and genetic drift. 

 
 

TERMS 
 

 Population genetics: The study of the change of allele 
frequencies, genotype frequencies, and phenotype frequencies. 

 Gene pool: the complete set of genetic information in all 

individuals within a population. 
 Genotype frequency: proportion of individuals in a population 

with a specific genotype. 
 Gene frequencies: The term used in population genetics for allele 

frequencies. 

 Allele frequency: proportion of any specific allele in a population. 
Allele frequencies are estimated from genotype frequencies 
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 Evolution: is the gradual conversion of one species into one or, in some cases, 

several new species. 
 Gene diversity (expected heterozygosity): A measure of genetic variation in a 

population.  
 Gene flow: movement of genes from one population to another, causing them 

to become more similar.  Genetic migration is the primary agent of gene flow. 
 
 

LEARNING OUTCOME 
 
Students, after mastering materials of the present lecture, should be able 

1. to explain population genetics 
2. to explain rates of evolution 

3. to explain speciation 
4. to explain evolution and the origin of life 

5. to explain the role of of chlorophyll a and photosynthesis evolution in the 
presence of life  

 
 

LECTURE OUTLINE 
1. INTRODUCTION 

1. Population Genetics 

2. Evolution 

2. POPULATION GENETICS 
1. Definition 

2. Hardy-Weinberg Model 

3. RATES OF EVOLUTION 

1. Equation 
2. Cactus Case 
3. C4 Plant Evolution 

 

4. SPECIATION  
1. Definition 

2. Speciation Process 

5. EVOLUTION AND THE ORIGIN 
OF LIFE 

1. Initial Conditions 
2. Chemosynthetic Experiment 

3. Polymer Formation 
4. Speciation Process and 

Organization 

5. Early Metabolism 
6. Oxygen 

7. Presence of Life  
 

 
 

1. INTRODUCTION 
 
1. Population Genetics 

 Population genetics is the study of  
- properties of genes in populations. 

- genetic variation within and between populations.  
- the genetic composition of biological populations, and the changes 

in genetic composition that result from the operation of various 
factors, including natural selection. 

- Mendel’s laws, the Hardy-Weinberg principle and other genetic 
principles as they apply to entire populations of organisms. 

 Population genetics describes genetic variation in populations and 
determines how that variation changes over time and space by 

observation, experiment and theory. In other words,  
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- how much variation exists in natural populations, and  

- how can we explain variation in terms of origin, maintenance, and 

evolutionary importance? 
 Mathematical models are used to study populations or to investigate 

and predict the occurrence of  
- specific alleles or combinations of alleles in populations. 

 Population genetics arose from the need to reconcile Mendel with 
Darwin. 

 The full reconciliation was achieved in the 1920s and early 30s based 
on the mathematical work of Fisher, Haldane and Wright.  

 
2. Evolution 

 Population genetics is intimately bound up with the study of evolution 
and natural selection. 

 Evolution is 
- the gradual conversion of one species into one or, in some cases, 

several new species. 

- change in the heritable characteristics of biological populations over 
successive generations. 

 Evolution is an extremely slow process that may require thousands of 
generations and million of years to produce obvious changes in a 

species.  
 Because it is so slow compared with the length of a human lifetime 

that is too short to perceive changes in these processes. 
 It occurs for the most part by natural selection leading to the 

abundance of the new allele (Fig. 17.1). 
 

 
Fig. 17.1 The population originally consisted of 29 individuals, 20 of which carried 

allele 1 and 9 allele 2 (A). Allele 2 produces individuals that are more vigorous, so 

allele 2 has increased in the next generation from 9/29 = 31% to 30/38 = 78.9% 

(B).  Allele 2 produces a phenotype (triangle) distinct from allele 1 (round), so as the 

allele frequency of the population changes, so does the phenotype. 
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 The concept of the evolution of species became widespread as  

- careful observations of nature became common after the 
Renaissance (14th-17th century) and 

- the scientific method proved to be an accurate method for analysis, 
 Scientific method is characterized by observation, assumption, 

hypothesis & experiment/ survey 
 Scientists searched for an understanding of the mechanism by which it 

(evolution) occurred.  

 Finally, Alfred Russel Wallace and Charles Darwin independently 
discovered the basis—natural selection—in the mid-1800s, the critical 

explanation being given in Darwin's Origin of Species published in 
1859. 

 
 

2. POPULATION GENETICS 
 
1. Definition 

 Population genetics deals with 
- the abundance of different alleles within a population and  

- the manner in which the abundance of a particular allele 
increases, decreases, or remains the same with time.  

 The total number of alleles in all the sex cells of all individuals of a 
population constitutes the gene pool of the population.  

- Gene A, for instance, has four alleles (A1, A2, A3, & A4. 
- If the population consists of 106 individual plants, each with 100 

flowers and each flower producing on average 100 sex cells (sperm 
cells and egg cells), the gene pool contains  

106 x 100 x 100 = 10 billion haploid sex cells. 
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2. Hardy-Weinberg Model 

 The Hardy-Weinberg principle, discovered independently by G.H. 

Hardy and W. Weinberg in 1908, is one of the simplest and most 
important principles in population genetics. 

 The Hardy-Weinberg principle is a model that relates allele 
frequencies to genotype frequencies.  

 Hardy-Weinberg Model provides a framework for understanding how 
populations evolve. 

 The Hardy–Weinberg principle states that allele and genotype 
frequencies will remain constant in a population from generation to 

generation in the absence of other evolutionary influences. 
 The model has five basic assumptions:  

1. the population is large (i.e., there is no genetic drift); 
2. there is no gene flow between populations, from migration or 

transfer of gametes;  
3. mutations are negligible; 

4. individuals are mating randomly; and  

5. natural selection is not operating on the population.  
 The Genotype frequency is determined by the “square law”. For two 

alleles, the frequency of dominant A (p) and recessive a (q) allele is 
expressed as follows 

(p + q)2 = p2 + 2pq + q2 
 In other words, p equals all of the alleles in individuals who are 

homozygous dominant (AA) and half of the alleles in organism who are 
heterozygous (Aa) for this trait in a population. 

 In mathematical terms, this is 
p = AA + ½Aa 

 Likewise, q equals all of the alleles in individuals who are homozygous 
recessive (aa) and the other half of the alleles in orgaism who are 

heterozygous (Aa). 
q = aa + ½Aa 

 In this case (two alleles), the total frequency must equal 100% or 1 as 

shown below 
p + q = 1 p = 1-q 

 Hardy and Weinberg realized that the chances of all possible 
combinations of alleles occurring randomly is 

(p + q)² = 1 or p² + 2pq + q² = 1 
 

 

Using Hardy-Weinberg equation 
Example 1 

 Albinism is a rare genetically inherited trait that is only expressed in 
the phenotype of homozygous recessive individuals (aa). The most 

characteristic symptom is a marked deficiency in the skin and hair 
pigment melanin. This condition can occur among any human group 

(or animal species). The average human frequency of albinism is only 
about 1 in 20,000 in North America. 
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 Based on the Hardy-Weinberg Model (p² + 2pq + q² = 1), the 

frequency of homozygous recessive individuals (aa) in a population is 

q²: 
q² = 1/20,000 = 0.00005q = (0.00005)0.5 = 0.007071 

 In other words, the frequency of the recessive albinism allele (a) is 
0.00707 or about 1 in 140. It is easy to solve for p: 

p = 1-q  p = 1-0.007071 = 0.9929 

 The frequency of the dominant, normal allele (A) is, therefore, 0.9929 

or about 99 in 100. 
 The next step is to plug the frequencies of p and q into the Hardy-

Weinberg equation: 
p² + 2pq + q² = 1 

(0.993)² + 2 (0.993)(.007) + (0.007)² = 1 
0.986 + 0.014 + 0.00005 = 1 

 This gives us the frequencies for each of the three genotypes for this 
trait in the population: p2 = 98.6%, 2pg = 1.4% and q2 = 0.005%. 

 

 
 
 

Example 2 
Population: 100 cats = 84 black + 16 white 

How many of each genotype? 
 
Answers 

q2 (aa) = 16/100 = 0.16q (a) = √0.16 = 0.4 

p + q = 1 p (A): 1 - 0.4 = 0.6 p2 (AA) = 0.36 
2pq (Aa) = 2 x 0.6 x 0.4 = 0.48 
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3. Gene Pool Change 
 Gene pool – all of the alleles of all individuals in a 

population. 

 Although it is possible theoretically for a gene pool to remain 
constant, in reality, changing allele frequencies are the rule 

as populations are always affected by factors other than 
sexual reproduction such as:   
- Mutation 

- Accidents 
- Artificial Selection 

- Natural Selection 
 

3.1 Mutation 
 Mutation is a process that changes permanently 

the DNA sequence of the genome.  All genomes 

are subjected to mutagenic factors, and 
mutations occur continually. 

 Because of mutation, existing alleles decrease in 
frequency and new alleles increase. 
 

3.2 Accidents 
 Accidents are events that an organism cannot 

adapt to, such as the collision of a large meteorite 
with Earth.  

 Many phenomena qualify as accidents 

including (i) a volcanic eruption, producing 
poisonous gases, (ii) molten rock, destroying 

everything within a limited area, (iii) 
infrequent floods, (iv) hail storms, (v) 

droughts, and (vi) fire. 
 

3.3 Artificial Selection 

 Artificial selection is the process in which humans purposefully change 
the allele frequency of a gene pool.  

- The most obvious examples 
are the selective breeding of 

crop plants and domestic 

animals. 
- Plant breeders continually 

examine both wild populations 
and fields of cultivated plants, 

searching for individuals that 
have desirable qualities such 

as resistance to disease, 
increased protein content in 

seeds and ability to survive 
with less water or fertilizer.  

 

3.4 Natural Selection 

 Natural selection, which is the most significant factor causing gene 
pool changes, is usually described as survival of the fittest:  
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- Those individuals most adapted to an environment survive whereas 

those less adapted do not.  

 Two conditions must be met before natural selection can occur: 
1. The population must produce more offspring than can possibly 

grow and survive to maturity in that habitat. This condition is 
almost always valid for plants anywhere on Earth. Most plants 

produce hundreds of seeds, which often germinate near the parent 
plant. 

2. The progeny must differ from each other in their 
types of alleles (Fig. 17.8).  If they are all 

identical, all are affected by adversity in the same 
way and to some degree.  Under crowded 

conditions, probably all are stunted similarly, all 
grow poorly, and finally none reaches reproductive 

maturity. 
 

 
 
 

 

3. RATES OF EVOLUTION 
1. Equation 

 The rate of evolution is a measurement of the change in an evolutionary 

lineage over time and can be calculated with the following equation; 
 

x2 = x1er(t2-t1) 
ln x2 = lnx1 +r(t2-t1) 

r = [ln(x2)-ln(x1)]/(t2-t1) 
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where r is the rate of 

evolution (‘darwins’ unit), 
x1 and x2 is the average 

value of the character 
under consideration at 

time t1 and t2 (million 
years) respectively.  

 Although the allelic 

composition of a 
population could change 

rapidly, within a few 
generations, it is not 
typically the case.  

 Most populations are 
relatively well adapted to 

their habitat, or they would not exist.  
 
 

2. Cactus Case 
  Although the allelic composition of a 

population could change rapidly, within a few 
generations, it is not typically the case.  

  Most populations are relatively well adapted to 
their habitat, or they would not exist. 

 For example, the ancestors of cacti lived in a 
habitat that became progressively drier; large thin 

leaves were advantageous in term of 
photosynthesis but disadvantageous because too 
much water was lost by transpiration (Fig. 17.10). 

 Mutations that caused the complete absence 
of leaves could not be selectively 

advantageous until other mutations had 
occurred that permitted the stem to remain green and photosynthetic.  

- Cacti are believed to have evolved in the last 30 to 40 million years, 
and contain about 1 mg total chlorophyll/1 g stem pulpr = ???. 

 
Fig. 17.10  (a) The ancestors of the 

cactus family were large woody trees 

with rather ordinary dicot leaves. The 

cac-tus genus Pereskia still contains 

members quite similar to the 

ancestors, as shown here. Apparently 

few genes had been modified by the 

time Pereskia appeared. (b) This 

Gymnocalycium is also a cactus, but its 

phenotype is significantly different 

from the ancestral condition; apparently all critical genes involved in leaf production 

have mutated so much that they are nonfunctional or absent. Genes involved in stem 

elongation now produce short stems, and this species contains genes for succulence 

that were not present in the ancestral Pereskia-like species; these new genes 

probably are highly mutated forms of "extra" genes from a tetraploid ancestor or 

arose by other methods of gene duplication. 

 
 

 
http://i.ebayimg.com/images/ 
g/J5kAAOxyYYlRwRJc/s-l300.jpg 

http://i.ebayimg.com/images/
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4. SPECIATION 
1. Definition 

 Speciation is a process of natural selection that has caused a new species to 
evolve. 

 It is not, however, possible to give an exact definition of species that is 
always valid. 

 As natural selection operates on a 

population for many generations,  
- the frequencies of various alleles 

and consequently the phenotype of 
the population change.  

 At some point, so much change has 

occurred that the current population 
must be considered a new species, 

distinct from the species that existed 
at the beginning.  
 

 
 Speciation 

1. Formation of new species 
2. One species may split into 2 or more species 

3. A species may evolve into a new species 
4. Requires very long periods of time 

 

2. Speciation Process 
 Generally, two organisms are considered to be 

members of distinct species if they do not 
produce fertile offspring when crossed, but 
many exceptions exist.  

 Speciation can occur in two fundamental ways:  
- Phyletic speciation, in which one species 

gradually becomes so changed that it must 
be considered a new species (Fig. 17.11a & 

b), and  
- Divergent speciation, in which some 

populations of a species evolve into a new, 

second species while other populations either continue relatively 
unchanged as the original, parental species or evolve into a new, third 

species (Fig. 17.11c & d). 
 
Fig. 17.11 In phyletic speciation (a & b), 

all of a species gradually changes 

because one particular aspect of a 

character is advantageous for all 

individuals.  

Here, all leaves become larger; perhaps 

the climate is becoming more humid or 

herbivorous insects are less of a 

problem. In this scenario of divergent 

evolution, (c & d) both extremes of the 

condition are more advantageous than 

intermediate values; the climate may 

become drier in some areas, favoring the 

smaller leaves, but moister in other 

areas, favoring plants with larger leaves. 
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5. LIFE EVOLUTION 
 

1. Chemosynthetic Hypothesis 
 Life is believed to have originated on Earth by the process of 

chemosynthesis which is the most seriously considered hypothesis about 
the origin of life on Earth.  

 This hypothesis was first proposed by A. Oparin in 1924, a Russian scientist, 

and then by J. B. S. Haldane in England. 
- They postulates that reactions of inorganic compounds in Earth's early 

second atmosphere resulted in the formation of organic compounds that 
could have coalesced into simple aggregates with a rudimentary 
metabolism. 

- Once a system of heredity developed, evolution by natural selection 
made it possible for truly living cells to come into existence. 

 
EARLY HISTORY OF LIFE 

1. Solar system~ 12 billion years ago (bya = 109 years) 
2. Earth~ 4.5 bya 
3. Life~ 3.5 to 4.0 bya 
4. Prokaryotes~ 3.5 to 2.0 bya stromatolites 
5. Oxygen accumulation~ 2.7 bya  photosynthetic cyanobacteria 
6. Eukaryotic life~ 2.1 bya 
7. Muticelluar eukaryotes~ 1.2 bya 
8. Animal diversity~ 543 mya 
9. Land colonization~ 500 mya (106 years) 
 

 
 

 Over millions of years, reactions might produce all the molecules necessary 
for life that might aggregate into primitive protocells.  

 From the protocells, natural selection would guide the evolution of true, living 
cells. Four conditions would have been necessary for the chemosynthetic 
origin of life namely the primitive Earth would have to have had  

- the right inorganic chemicals,  
- appropriate energy sources,  

- a great deal of time, and  
- an absence of oxygen in its destructive molecular form, O2. 

 

2. Initial Conditions 
Chemicals Present in the Atmosphere 

 Earth, condensed from gases and dust about 4.6 billion (4.6*109) years ago, 
was initially hot and rocky and had an atmosphere composed mostly of 

hydrogen.   
 Most of this first atmosphere was lost into space as hydrogen is so light. 
 Second atmosphere was formed by release of gases from the rock matrix 

composing Earth and from heavy bombard-ment by meteorites.   
- Both sources would have provided gases such as hydrogen sulfide (H2S), 

ammonia (NH3), methane (CH4), and water.  All these are found in 
volcanic gases and in meteorites that still strike Earth.   

 Molecular oxygen was absent, and had already combined with other elements 

(e.g. water and silicates).  
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 The early second atmosphere was a reducing atmos-phere due to the lack 

of molecular oxygen and the presence of powerful reducing agents (Fig. 
17.18) 

 
FIG. 17.18 The outer planets, except for Pluto, are so 

massive that their gravity has retained their original 

hydrogen atmosphere. In addition, meteor bombardment 

and other activities have added ammonia, methane, and 

other components that make these atmospheres similar to 

Earth's early second atmosphere.  Reactions in the 

atmosphere may be producing organic compounds. 

(NASA/Peter Arnold, Inc.) 

 

 

Energy Sources 
 There must have been a complex chemistry in the early second atmosphere 

because it was exposed to powerful sources of energy. 
1. Foremost was intense UV and gamma radiation from the sun.  

2. Heat was another source of energy available to power reactions, and one 
heat source was the coalescence of gas and dust to form Earth. 

3. Electricity as a source of energy was abundant on a gigantic scale such as 
rainstorms lasting for thousands of years and generating tremendous 

amounts of lightning. 
4. Volcanoes also produce lightning around 

their throats as they erupt (Fig. 17.19).  

 
FIG. 17.19 Rapid movement of gases during a 

volcanic eruption generates the electrical 

potential necessary for lightning. Electrical 

discharges through the volcanic gases produce 

organic compounds. Mt. Kilauea, Hawaii. (E. R. 

Degginger) 

 
 

Time Available for the Origin of Life 
 The time available for the chemosynthetic origin of life basically had no 

limits, simply because of the lack of free molecular oxygen.  
 Without oxygen, no agent was present to cause the breakdown and 

decomposition of the chemicals being created.  
 The ocean of that time has been called a "dilute soup" or a 

“primordial” soup containing water, salts, and numerous organic 
compounds that become increasingly complex as time went on. 

 As much as 1.1 billion years may have elapsed between the time Earth 
solidified and life arose. 

 
 

3. Chemosynthetical Experiment 
 S. Miller, a graduate student at the University of Chicago, did the first 

experimental tests of the chemosynthetic hypothesis in 1953. 

- He constructed a container that had boiling water in the bottom and 

a reducing atmosphere in the top with electrodes that discharged 
sparks into the gases, simulating lightning. 
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- As the water boiled, steam rose, mixed with the atmos-phere and 

was reacted upon by the electrical sparks, then condensed and fell 

back into the water to be cycled again (Fig. 17.20). 
 

 
Fig 17.20 (a) Diagram and (b) photograph of apparatus used by Miller (Courtesy 

of Dr. Stanley Miller) 

 

 
 Miller let his first experiment cycle for a week and noticed that the solution 

had become dark from the accumulation of complex organic compounds that 
had formed. 

 When he analyzed their composition, he found that many different 

substances were present, including amino acids. 
 Virtually all the small molecules essential for life can be formed this way: 

amino acids, sugars, lipids, nitrogen bases, and so on. 
 The formation of small molecules essential for life must be followed by the 

formation of polymers, aggregation and organization for the presence of life 

that depends on oxygen. 
 

4. The Formation of Polymers 
 Monomers present in the early ocean had to polymerize if life were to 

arise, but polymerization required high concentrations of monomers. 
 An obvious method of concentration is the formation of seaside pools 

at high tide that evaporate after the tide goes out.   
 With intense sunlight the pools would have been warm, perhaps even 

hot, and polymerization reactions could occur.  
 With the return of high tide, the polymers would be washed into the 

sea and accumulate.  
 Monomers could also have accumulated when ponds and seaside pools 

froze  
5. Aggregation and Organization 

 The aggregation of chemical components into masses that had some 

organization and metabolism would have been the next step in the 
possible chemical evolution of life. 

 Fatty, hydrophobic material, would have accumulated automatically as 
oil slicks in quiet water or as droplets in agitated water (Fig. 17.21). 

 These first aggregates would have formed basically at random, 
controlled only by relative solubility. 
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 At present, attention is focusing on RNA as the first heritable 

information molecule. As the aggregate increased in size, perhaps 

largely by absorbing material from the ocean, its information molecule 
would replicate.  
 
Fig. 17.21 A possible way of aggregate formation.  If dry 

proteins are heated mildly, they form a substance called 

proteinoid; if water is added, small round bodies called 

proteinoid microspheres are formed. They are round 

because of surface tension, just like plant protoplasts. 

They have an outer membrane that is differentially 

permeable; and some inner regions are aqueous, others 

hydrophobic. These cannot be considered living at all, 

but their differential permeability and their internal 

heterogeneity make them good sites for a primitive 

metabolism. (SEM by Steven Brooke, color copy 

arranged by Richard Le Duc) 

 

 

6. Early Metabolism 
 The aggregates would have been complete heterotrophs, absorbing all 

material from the ocean and modifying only a few molecules. 

 However, as aggregates continued to consume certain nutrients, scarcity 
occurred; any aggregate that could produce an enzyme capable of 
synthesizing the scarce molecule from an abundant one still available in the 

ocean would  have had a strong selective advantage.  
 With this, there would have been a metabolic pathway two steps long 

involving two enzymes (Fig. 
17.22). 

 Energy metabolism must have 

been important also, and 
glycolysis must have evolved 

early because it is present in 
virtually all organisms.  
 

 
Fig. 17.22 Many metabolic 

pathways were considered to 

evolve backward as raw materials 

in the environment became 

scarce. At present, the pathway 

for photosynthesis has gone as far 

as can, requiring only water and 

CO2 

 

 

7. Oxygen 
 The evolution of chlorophyll a and photosynthesis that liberates O2 had two 

profound consequences:  

(1) it allowed the world to rust, and  
(2) it created conditions that selected for the evolution of aerobic respiration.  
Until that time, photosynthesis had involved the bacterial pigment 

bacteriochlorophyll which liberates sulfur from hydrogen sulfide rather than 
oxygen from water 
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 We know that this evolutionary step occurred 2.8 billion years ago because 

the oxygen rapidly combined with iron and formed ferric oxide—rust 
 The atmosphere present today was derived from the early second 

atmosphere by this addition of oxygen from photosynthesis. It is an 
oxidizing atmosphere 

 

8. The Presence of Life 
 The chemosynthetic theory postulates a long series of slow, gradual 

transitions from completely inorganic compounds to living bacteria.  Difficult 
questions are  

- At which stage can we say that life 
came into being?  

- Can the aggregates be considered alive?  

because the theory delineates no absolute 
demarcation between living and nonliving 

objects (Fig. 17.23).  
 
Fig. 17.23 The fossil remains of an early 

prokaryote that lived about 3.5 billion years 

ago. (Biological Photo Service) 

 

 The chemistry of living creatures is more complex than that of non-living 
objects, but it does not possess any unique properties. 

 


