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BigIdea3Genetics and  
Information Transfer

Genetic information provides for continuity of life, and, in most cases, this 
information is passed from parent to offspring via DNA. In eukaryotic 
organisms, heritable information is packed into chromosomes that are passed 

to daughter cells by mitosis, a controlled mechanism that ensures that each daughter 
cell receives an identical and complete complement of chromosomes. Production of 
identical progeny allows organisms to grow, replace cells, and reproduce asexually. 
Sexual reproduction, however, involves the recombination of heritable information from 
both parents through the fusion of gametes during fertilization. Meiosis followed by 
fertilization provides a spectrum of possible phenotypes in offspring on which natural 
selection operates.  

Changes in genetic information are the ultimate source of variability. Without 
variability, adaptation to changing environments is not possible. Some phenotypes are 
products of action from single genes, and these traits provided the experimental system 
through which Mendel was able to describe a model of inheritance. However, scientists 
soon realized that the inheritance patterns of many traits could not be explained by 
classical Mendelian genetics, and that mutations in DNA could be valuable tools for 
investigating how genes are transmitted, or how genes work. One such mutation — a 
white-eyed male fruit fly (Drosophila melanogaster) found in a culture of red-eyed fruit 
flies — led to the discovery of the chromosomal basis of inheritance, the underlying 
explanation that eluded Mendel. Today, biotechnology makes it possible for humans to 
directly engineer heritable changes in cells to yield novel protein products. 

The suite of inquiry-based investigations in big idea 3 provides opportunities for 
students to ask questions, and explore answers, about the transmission of genetic 
information through mitosis and meiosis, the use of mutations to explore how genes 
work, and the techniques in biotechnology that allow us to manipulate DNA and create 
genetic profiles. 

■■ SynopSeS■of■The■InveSTIgaTIonS

In   Investigation 7: Cell Division: Mitosis and Meiosis,   students 
begin by thinking about how they developed from a single-celled zygote to an organism 
with trillions of cells. After students model mitosis and review chromosome duplication 
and movement, they set up an independent investigation using onion bulb squashes and 
lectins to explore what substances in the environment might increase or decrease the 
rate of mitosis, and then they statistically analyze their results by calculating chi-square 
values. This part of the investigation raises questions about mitosis, and students are 
asked to formulate hypotheses about how chromosomes of cancer cells, such as HeLa 
cells, might appear in comparison to normal cells, and how those differences are related 
to the mitotic behavior of the cancer cells. After modeling meiosis and crossing-over 
events to increase genetic variation, students mimic the phenomenon of nondisjunction 
and its relationship to genetic disorders. In a final experiment, students measure cross-
over frequencies and genetic outcomes in a fungus. 
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  Investigation 8: Biotechnology: Bacterial Transformation   is 
a revision of Laboratory 6A (Molecular Biology: Bacterial Transformation) in the 
2001 AP Biology Lab Manual. The investigation begins with a question guaranteed to 
provoke student interest: Are genetically modified foods safe? One current argument is 
whether corn grown to express the Bt toxin (a pesticide) is safe for human consumption. 
Although genetic information can be changed through mutations in DNA or RNA 
and errors in information transfer, biotechnology makes it possible to engineer 
heritable changes to yield novel protein products, such as the Bt toxin. One technology, 
bacterial plasmid-based genetic transformation, enables students to manipulate genetic 
information in a laboratory setting to understand more fully how DNA operates. In 
this investigation, students will first acquire the tools to transform E. coli bacteria to 
express new genetic information using a plasmid system, and apply mathematical 
routines to calculate transformation efficiency. Students then have the opportunity to 
design and conduct an investigation to study transformation in more depth; for example, 
students can investigate whether bacteria take up more plasmids in some environmental 
conditions, and less in others. The investigation also provides students with the 
opportunity to review concepts that they have studied previously, including interactions 
between organisms and their environment (big idea 4), structure and function of cell 
membranes (big idea 2), and evolution and natural selection (big idea 1). 

  Investigation 9: Biotechnology: Restriction Enzyme Analysis 
of DNA,   a revision of Laboratory 6B (Molecular Biology: Restriction Enzyme 
Cleavage of DNA and Electrophoresis) in the 2001 AP Biology Lab Manual, opens with 
two questions: Is that blood? and Are you sure that the hamburger you recently ate in the 
local fast-food restaurant was actually pure beef? Applications of DNA profiling extend 
beyond what we see on television crime shows; and in addition to confirming that often 
hamburger meat is a mixture of pork and other nonbeef products, DNA technology can 
be used to determine paternity and diagnose an inherited illness. To answer the question 
Whose blood is spattered on the floor? in the investigation’s crime scene scenario, students 
use restriction endonucleases and gel electrophoresis to create and analyze genetic 
“fingerprints.” By learning the fundamental skills involved in creating genetic profiles 
using gel electrophoresis, students acquire the tools to conduct more sophisticated 
biotechnology investigations. Because DNA testing makes it possible to profile ourselves 
genetically, the investigation raises questions about who owns our DNA and the 
information it carries. 




