
 
       
 

masked genes maize genetics

Studying inheritance is complicated 

by the fact that most traits are not 

governed by just one gene but rather 

a combination of many genes. The 

appearance of a plant may not give 

the whole story of the genes behind 

it—some genes may be masked by the 

effects of other genes (for example, 

the brown-eye allele masks the 

existence of the blue-eye allele). 

Scientists have found that many 

plants have genes for traits that 

cannot be predicted by looking at 

the plant. For example, a very short 

plant may still possess some genes 

(alleles) for tall height and some for 

small height, but is short because it 

has many more alleles conferring 

shortness. This is one reason why 

studying genetics—and the actual 

sequence of DNA—is so important. 

Humans have two pairs of 23 unique 

chromosomes, for a total of 46. 

Maize has 10 unique chromosomes 

-one set of 10 from each parent,  

for a total of 20 chromosomes.  

As in all biological organisms, these 

chromosomes are strands of DNA 

that contain the genes that make the 

proteins that make up the organism. 

These chromosomes are passed down 

from generation to generation. 

DNA is a two-stranded string-like 

molecule composed of a backbone of 

pentose sugars and phosphate groups, 

with nucleotide bases attached. There 

are four possible nucleotides, referred to 

as A, T, G, and C : Adenine, Thymine, 

Guanine and Cytosine.

The specific order of these nucleotides 

(known as the “DNA sequence”) is unique 

to each biological organism, and is often 

referred to as the “blueprint of life,” as it 

contains all the instructions necessary to 

form and maintain the organism. 

A genome (a blend of the words ‘gene’ 

and ‘chromosome’) is the totality of an 

organism’s hereditary information that is 

coded in DNA. A popular misconception 

is that the complexity of an organism 

is related to the size of its genome. In 

reality, the number of genes and size of 

the genome is not related to its complexity. 

For example, maize and rice are very similar 

plants, and yet the genome size of maize 

 is much larger. This is because it has  

many repeated sequences that do not  

code for genes—scientists are not yet 

sure why this is!

anatomy & fertilization

described over a century ago, and has been 
exploited in crop breeding ever since, scientists 
still do not fully understand why it happens. The 
molecular basis of heterosis remains a hot topic 
of current research. 

Currently, scientists believe that heterosis is mainly 
caused by healthy alleles across numerous genes 
from one parent compensating for dysfunctional 
alleles at those genes from the other, distantly 
related parent (and vice versa for a second set 
of genes). You might think of heterosis as having 
“the best of both families” in a single plant!

Current Science: Heterosis       
Most of the maize varieties grown in the U.S. 
are hybrids between two parental inbred lines 
of contrasting pedigree. One of the reasons for 
using such “wide crosses” is to obtain heterosis. 
Heterosis, also known as hybrid vigor, is a 
phenomenon where an organism has greater 
vigor than its distantly related parents.
 
In maize, for example, the hybrid offspring of 
two inbred lines that descend from the two major 
ancestral pools of maize will usually be taller and 
have larger ears (cobs) than either of its parents. 
Although the phenomenon of heterosis was first 

Correns, and Erich von Tschermak. Still, 

many biologists of the day contested the 

findings and studies continued. In 1915, 

building on Mendel’s work, Thomas Hunt 

Morgan and his team discovered genes 

are carried on chromosomes and are 

the basis for heredity. This Nobel Prize 

winning work became the foundation  

of classical genetics, the predecessor  

of molecular biology.

creating better plants dna, genes & chromosomes

 
half-siblingsmale tasselsfemale silk

Barbara McClintock with maize genetics group 
at Cornell University, 1929

Because one silk leads to one egg, which only accepts one grain of pollen,  
each kernel is actually a separate individual with its own set of genes.  

This is why there can be ears of maize that have different colored kernels. { }
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Since only certain plants are 

being selected and propagated, 

domestication tends to decrease the 

genetic diversity of the cultivated 

varieties of crops. Because consumers 

prefer uniformity in the marketplace, 

they “select” for low genetic diversity. 

But low genetic diversity can be 

detrimental. Diversity usually 

remains in the wild relatives of the 

crop species, however, and can be 

reintroduced by intentional plant 

breeding. Domestication is the  

same process by which dogs, cats, 

livestock, and other animals and 

plants maintained by humans  

became genetically modified from 

their wild ancestors.

In the same way that we inherit traits 

from our parents, genes are passed 

from one generation to another 

in plants and other organisms. 

Maize, like humans and many 

other organisms, is diploid – each 

individual cell in the organism 

contains two sets of chromosomes, 

one from each parent (some plants, 

such as wheat, are polyploid, in 

which each cell has more than two 

sets of chromosomes). During the 

process of meiosis, the cells divide 

to form gametes-cells with just one 

set of chromosomes-in preparation 

for fertilization. During fertilization, 

a gamete from one parent combines 

with the gamete of the other parent, 

to form a new individual.

genetic diversity

what is inheritance?

Gregor Mendel, an Austrian monk, 

cultivated and studied 29,000 garden pea 

plants between 1856 and 1863. From 

these experiments with cross-pollinations, 

he began formulating his ideas on 

inheritance—which were published in 

1866 as Mendel’s Principles of Hereditity 

—almost a century before the discovery 

of the structure of DNA. Still missing 

crucial research, his work was dismissed 

until it was “rediscovered” in 1900 by 

European scientists Hugo de Vries, Carl 

In 1927 at Cornell University, Barbara 
McClintock received her Ph.D. degree in 
botany from the study of maize genetics, 
specifically the shape and function of 
chromosomes. Throughout her career, 
McClintock made many ground-breaking 
discoveries. 

She was the first to discover transposition—
a phenomenon where genes, or small pieces  
of DNA, move to different locations, sometimes  
causing mutations. Once called “jumping 
genes,” these mobile genetic elements can  
lead to genetic variation, diseases, and,  
in maize, changes in kernel color.

McClintock’s discovery was so unusual that 
many scientists did not believe her claims for 
many years. She finally won a Nobel Prize  
for her work—in 1983, when she was 81.

Current Science:
Domestication & Genes
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DNA sequencing is the process of 
determining the exact order of nucleotide 
bases (G, A, C, and T) for a particular 
organism. Each organism has a unique 
sequence that differs not only between 
species but also, though less so, between 
individuals. Individuals that are more 
closely related will have more similar 
sequences than individuals that are less 
related. With the exception of identical 
siblings and propagation by cloning, all 
plants and animals have unique DNA 
sequences. Studying DNA sequences can 
illuminate both how organisms are the 
same (for example, how genes function in a 
pathway) and how they are different. 

The technology used for DNA sequencing 
has accelerated at such a pace that we can 
now determine the sequence of millions of 
base pairs in one day. The advancement 
of DNA sequencing technology will 
soon make current molecular biology 
technologies obsolete. 

Gregor Mendel, Laws of Inheritance

Barbara McClintock, Nobel Prize for discovery of “jumping genes”

Hybrid

In general, a hybrid is the offspring 

of two different varieties, breeds, 

or species. In the context of 

plant breeding and crop variety 

development, a hybrid is the 

heterozygous offspring of two 

homozygous (inbred) individuals. 

It has two different alleles at most 

genes, which can result in heterosis 

or hybrid vigor. homozygous 
parent

homozygous 
parent

heterozygous 
hybrid

Current Science:  
DNA Sequencing

How does fertilization occur 

in maize? Each maize plant has 

separate female and male parts. 

The ear, or cob, is the female part of 

the plant; the silks near the top of the 

ear are really elongated stigmas, each 

growing from an egg on the cob. The 

tassels at the top of the plant are the 

male part of the plant that produces 

the pollen. The tiny pollen grains are 

carried by wind to the silks, either of 

the same plant or a different plant, 

where they travel down inside the silk 

to fertilize an egg, which will become 

a kernel. Because one silk leads to  

one egg, which only accepts one  

grain of pollen, each kernel is  

actually a separate individual  

with its own set of genes. This is  

why there can be ears of maize  

that have different colored kernels. 

Each ear of maize really contains 

a whole family – half-siblings that 

share the same mother (but may  

have been pollinated by pollen  

from different tassels).

male tassels

female silk

female cob
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Do you know the little pieces that get stuck  
in your teeth when you eat popcorn?  
That’s the glume.

Below are the teosinte and maize sequences 
for a 201 base pair portion of the gene, tga1. 
The 101st base (the only one in lower case) 
is THE mutation that results in kernels with 
reduced glumes in maize. 

Teosinte DNA Sequence

Maize DNA Sequence

Scientists are interested in learning 
more about the specific genes that 
control traits that have been involved in 
domestication. Understanding these genes 
can tell us a lot about the history of early 
humans and how agriculture started as 
well as about selection, gene function and 
genetic diversity. 

“Knowledge of past successes should help to 
intelligently guide future crop improvement,”  
said John Doebley, a leading scientist in this field. 
These traits are usually quantitative (controlled by 
more than one gene), so they can be complicated 
to study. 

An example of a domestication gene that has 
been quite thoroughly studied is teosinte glume 
architecture or tga1 (note that gene names are by 
convention italicized). Teosinte seeds are covered 
in a hard protective casing and look and feel like 
little stones. 

Because of the tga1 mutation, this casing has 
receded to form the cob, exposing the naked 
kernel making it easier to eat or to prepare for 
cooking. This was the most critical step in the 
domestication of maize. This one small change in 
just one gene made such a huge difference. The 
function of this gene has yet to be determined, but 
it may regulate organ identity. 

...It is also interesting to wonder how our ancestors 
discovered that teosinte was edible at all—perhaps 
they ate it when it was young and tender, or ground 
it into flour?—and knew that they had to save (not eat) 
some seeds for planting the next season.

inHeritance

 
Because whole 

genomes consist of very 
long DNA sequences, their 

lengths are often given in kilobases 
(Kb, thousands of bases) or megabases 
(Mb, millions of bases.) For example:

Rice:          400 Mb   
Wheat: 16,000 Mb  
Maize:    2,300 Mb 
Dog:       2,500 Mb  
Human:  2,900 Mb

Pollen from a tassel could fertilize 

the silk on the same plant (self-

pollination) but in maize this is less 

likely than cross-pollination between 

different plants. Self-pollination 

often leads to inbreeding and less 

healthy plants. Conversely, when two 

different (often deliberately inbred) 

parents of maize are cross-pollinated, 

the result is often offspring that are 

bigger and healthier than either of 

the parents. This phenomenon is one 

of the reasons that most commercial 

varieties of maize on the market  

are hybrids. 

this is the only difference!

“I tried to correlate chromosome behavior  
with the results of breeding experiments  
in corn.”
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