
 
       

protecting our food

Evolution is an ongoing 
process that affects all 
biological organisms, 
including humans. 
 

The changes that characterize 

evolution, called mutations, are 

happening all the time! They may 

or may not be passed on to the next 

generation, and may or may not 

have an effect on the observable 

characteristics of the organism. 

Scientists sort mutations into two 

categories: neutral or functional. 

Much of an organism’s DNA sequence 

does not actually become part of 

its genetic makeup (and is called 

“non-coding”). If a mutation occurs 

in a non-coding region, it may not 

have any effect on the appearance 

or behavior of the organism—this is 

called a neutral mutation.

is genetic diversity essential?
EVOLUTION and MUTATIONS

Modern understanding of evolution 

began with the work of English naturalist 

Charles Darwin (1809-1882). In 1859, 

he published On the Origin of Species. 

In this book, Darwin proposed the 

concept of natural selection, now 

considered to be the most important 

mechanism by which evolution occurs. 

Natural selection is a simple idea,  

based on the following:

Observations: 

1. Individuals vary. Some variability 
is inherited. Variations may be 
advantageous, detrimental, or neutral. 

2. Individuals reproduce.

3. Not all offspring survive— 
resources may be limited, some 
may be eaten, etc.

Conclusions: 

1. Some parents leave more offspring 
because they produce more or because 
the offspring survive better.

2. Individuals with more advantageous 
variations tend to be the ones that leave 
more offspring.

3. A species will begin to look like 
those individuals that leave the most 
offspring.

If a mutation does cause some change 

in the organism, however, it is called a 

functional mutation. A mutation—

even a single nucleotide change—can 

cause a gene to no longer function 

or to have some new function. If the 

mutation is harmful, the organism 

most likely would not reproduce before 

dying—and therefore not pass on the 

altered gene to offspring. 

Genetic diversity is 
the difference among 
organisms at the gene or 
DNA level. 
 

Diversity is caused by mutations 
passing from one organism 
to its offspring creating new 
variations in DNA sequences. 
Diversity can also arise in the process 

of inheritance, when nucleotides 

(although not always whole genes) are 

shuffled and recombined to form new 

combinations that are different  

than the parents. Every individual  

is a unique combination of alleles 

from its parents.

Genetic diversity is important 

because it helps maintain the 

health of a population, by 

including alleles that may be 

valuable in resisting diseases, 

pests and other environmental 

stresses such as droughts. 

Maintaining diversity gives the 

population a buffer against change 

and provides the flexibility to 

adapt. If the environment changes, 

a population that has a higher 

variability of alleles will be better 

able to evolve to adapt to the new 

environment. In extreme situations 

diversity could be essential for the 

survival of the population. 

Unfortunately, the process of 

domestication tends to decrease the 

genetic diversity of selected crop 

species, due in part to the small genetic 

variation represented when only a few 

plants are selected and propagated. In 

addition, consumers prefer uniformity 

in their produce. In nature, this is 

not a healthy situation. If threatened, 

there might not be any plants in 

the population that carry genes for 

responding to this new challenge. 

The Great Irish Famine of 1845-

1850, that killed almost one million 

people, and forced another million 

to emigrate, was due to low genetic 

diversity and magnified by social 

and political conditions. The Late 

Blight was caused by the virulent 

Phytophthora infestans, a brown, 

algae-like pathogen, which rotted  

and destroyed all varieties of 

potatoes, the main staple of Ireland’s 

diet at that time.  Another example, 

The Southern Corn Leaf Blight of 

1970, was caused by a plant virus. 

At the time, the U.S. had 46 million 

acres planted with one variety of 

corn. Crop losses from this blight 

topped $1 billion in 1971.

Because of these agricultural disasters 

and the acceptance of the need for 

agricultural diversity, most maize 

varieties in the United States today are 

hybrids—varieties produced by crossing 

two inbred parents together.

In contrast to the 1970s, current 

varieties of maize are extremely 

diverse. There are over 700 different 

commercial hybrids of maize grown 

in the U.S. each year now. Compared 

to the genetic diversity found among 

all humans, maize contains 20 times 

the amount of diversity (as measured 

by nucleotide differences). This is 

comparable to the diversity found 

between humans and chimpanzees.  

So think of it: two maize lines may  

be as different genetically as  

a human and a chimpanzee! 

EffEcTS of LOw gENETIc dIVErSITy

Genetic diversity conservation 

is imperative if we are to protect 

the world’s food supply—

one seed at a time.

Scientists worldwide are concerned 

with the loss of crop diversity and 

the vulnerability of the world’s 

seed collections. These scientists 

are taking care to preserve genetic 

diversity by setting aside seeds (and 

in some cases DNA and/or whole 

plants) and storing them for future 

use. These are called germplasm 

banks or sometimes genebanks. 

Current Science: Plant Breeding        
Plant breeding is the purposeful 
selection, growth, and cross-pollination 
of particular plants. This differs from natural 
selection in that, in nature, plants that do better  
in a particular environment will set seed and  
pass on the genes that made them successful  
in that environment. 

Plant breeders, on the other hand, select those 
plants that have qualities that are desired by 
humans: bigger fruit, higher yield, particular 
flavors. Early farmers did this simply by saving 
seed from those plants they thought had  
good characteristics. 

SEEd cONSErVATION

United States Department of Agriculture 
(USDA): National Plant Germplasm 
System is a cooperative effort between state, 
federal, and private organizations to preserve the 
genetic diversity of plants. 

Consultative Group on International 
Agricultural Research (CGIAR) 
maintains projects globally that reduce poverty 
and hunger, improve human health and nutrition, 
and enhance ecosystem resilience through high-
quality international research, partnership  
and leadership.

Charles Darwin, naturalist

gENETIc dIVErSITy

Sometimes, however, a mutation 

can have effects that benefit the 

organism, just by chance. Suppose a 

change in a gene made an organism 

more resistant to a disease, or 

better able to tolerate drought. That 

organism would be more likely to 

survive and pass on the new genes to 

offspring. In this way, organisms are 

constantly changing and adapting 

to their environment. This is called 

natural selection, or evolution.

Evolution

Evolution is the idea that all 

living things are connected 

by genealogy and change 

through time. It is the process 

by which organisms developed 

and diversified from earlier 

forms as a result of inherited 

change through successive 

generations.

The collected germplasm includes 

any plants found in nature, wild 

or cultivated. Yet to be discovered 

cures for disease in humans or 

plants, or new eco-friendly products 

may lie in the seeds from wild 

relatives of our food crops, growing 

in the jungles of the Amazon or in 

between the cracks of the sidewalk

in front of your house.

Current Science: Preserving Diversity Through World Seed Banks        

what is evolution?

Britain’s Kew Millennium Seed Bank, 
(below) which saves seeds outside their natural 
habitat, is working with 50 global partners to 
save 25% of the world’s wild species by 2020.

Svalbard Global Seed Vault, (right) 
sanctioned by the United Nations and protected 
by international treaties, is a state-of-the art 
underground storage facility located on a  
remote island half way between Norway and  
the North Pole. It stores seed duplicates of all  
the world’s crops to protect our food supplies  
in case of a global disaster.

Modern plant breeders take this further by  
cross-pollinating plants (manually placing pollen 
from one plant on the stigma of another) that  
have desirable characteristics, harvesting the 
resulting seed, and selecting new individuals that 
have combined desirable traits from both parents.  
This process is continued until the resulting plants 
are ready to be sold as a new variety. 

Plant breeding, and therefore crop improvement, 
depends on genetic variation. Cross-pollinating 
plants that are similar cannot result in continued 
improvement.

“Germplasm diversity is our inheritance 

from millions of years of evolution and 

thousands of years of plant breeding.  

It is a planet-wide inheritance that should  

be preserved and used.” 
  

The International Rice Research Institute 
(IRRI) genebank in Los Banos, Philippines, 
working to ensure the long-term preservation of 
rice biodiversity, stores and provides samples for 
over 115,000 types of rice and wild relatives. 

International Maize and Wheat 
Improvement Center (CIMMYT)
Located outside of Mexico City, CIMMYT 
maintains the most complete collection of maize 
and wheat diversity in its genebank. Their mission 
is to protect food security and reduce poverty.

Ed Buckler, Ph.D.,  
USDA-ARS Research Geneticist
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