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DISCUSSION QUESTIONS 

 
 

1. If you went to a different planet and had to provide evidence for the genetic 
code to an alien colony, what kind of experiment would you do first and why? 

LEARNING STANDARDS 
 
SEP7 
Patterns 
VC5 
 

2. In this paper, Crick brings up many questions. Many current research papers do 
not state the questions they investigate so explicitly. What is the effect of 
writing out questions as inquiries? How are questions similar to and different 
from hypotheses? 
 

RST.11-12.1 
RST.11-12.6 
NS3 

3. Crick concludes the paper with the open question of whether the genetic code 
is universal. He explains that genetic material from mammals can be read 
properly if placed in bacteria. In this case, the protein produced was 
hemoglobin, a protein not found in bacteria. Would this result be convincing 
for a universal code if the protein was common to both the bacterium and 
mammal? Why or why not? 
 

SEP7 
LS1.A  
Patterns 
SP6 
EK3.A.1 
 

4. Recently, there’s been heightened attention to the role Dr. Rosalind Franklin 
played in the discovery of the structure of DNA. (To learn more check out the 
“Related Content” tab in “Article Tools.”) What are some of the advantages of 
having a diverse team of scientists (including different academic and 
demographic backgrounds) working together in scientific inquiry? 

Cause and Effect 
VC5 
NS7 
 

5. O.W. Jones and M.W. Nirenberg (cited in Reference 10), came up with a 
tentative list of “code words.” The table below comes from their 1962 paper. 

 

O.W. Jones and M.W. Nirenberg, Proc. Natl. Acad. Sci. USA, 48, 12 (1962).  

 
The symbols next to some of the code words indicates a footnote including 
more information. What is the extra information? Why do you think it is 
included? Do you think it is good for scientists to share evidence before they 
have figured out all the answers? What are the benefits and drawbacks of 
presenting preliminary evidence? 

Cause and Effect 
RST.11-12.4 
EK1.A.1 
NS7 
 

https://www.pnas.org/content/48/12/2115


 
 

ACTIVITIES FOR INTERACTIVE ENGAGEMENT 

 
Writing an abstract 
 
Students write a new abstract for the article at a grade-appropriate reading level. 
 
 

LEARNING STANDARDS 
 
RST.9-10.2 
RST.11-12.2 
VC5 

Locating this study in the larger field 
 
Students use the annotated list of references to explain how this research builds on the 
published work of at least one other independent group of scientists. Students will 
evaluate whether data from this research supports or contradicts previous conclusions 
and reflect on the statement that scientific knowledge is a “community effort.” 
 
 

RST.9-10.8 
RST.11-12.8 
VC5 
NS3 

Science in the news 
 
Students explore news stories in the Related Resources tab and evaluate the stories for 
tone, accuracy, missing information, etc. They may then write their own news stories 
on the article.  
 

RST.9-10.5 
RST.11-12.5 
RST.9-10.6 
RST.11-12.6 
RST.9-10.8 
RST.11-12.8 

 
Mission: Codify 
 
Students invent their own code. Students should consider whether their code will be 
written in doublets (like nucleotide pairs), triplets (like the genetic code), or another 
form (like binary or Morse code). How many permutations of their code exists? The 
genetic code encodes 16 amino acids and four stop codons, which account for all 20 
permutations. What does each permutation of the students’ code mean? Ask students 
to write a “message” using their code, share the code and then the message with a 
classmate, and see if it can be successfully decoded. 
 

 
SEP5 
Patterns 
SP6 
VC2 

Results and conclusions 
 
Pick one experiment Crick describes in this paper. Then, have students draw a diagram 
or picture that details how they would perform the same experiment. Explain how the 
experiment supports the hypothesis it tests. What is one question that the experiment 
did not address, but that students are curious about? 
 

SEP5 
LS3.A  
Cause and Effect 
EK1.A.1 
VC2 

 
The next steps 
 
Students design a follow-on experiment to this study that either addresses flaws or 
unanswered questions in the research at hand, or builds on it to explore a new 
question. 

 
SEP7 
LS1.A  
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ARTICLE OVERVIEW 

Article summary (recommended for educator-use only) 

In this paper, one of the original discoverers of the helical structure of DNA, Francis Crick, examines the scientific 

evidence and logical deductions in support of a genetic code. He starts simply, explaining that DNA is composed of four 

variants called bases. Much like the 26 letters of the alphabet can be strung together to form more than 26 words, these 

four bases encode many more than four amino acids (20, to be precise). Like letters in words, the bases are clustered in 

chunks called “codons.” The rest of the paper is dedicated to unraveling the mysteries of codons, exploring the following 

questions: Do codons overlap with one another? How long are codons? Are the codons the same for animals and plants? 

Most importantly, is the genetic code universal? Is every living organism using the same genetic code? 

 

Importance of this research 

Francis Crick and his colleagues knew that the life sciences would make major progress if scientists understood the 

genetic code. With our modern-day understanding of the genetic code, entirely new fields of science have blossomed. 

Because we understand the genetic code, scientists can perform experiments that manipulate and change the 

underpinnings of an organism’s DNA. Scientists have since extended the research findings of the genetic code from the 

original work in the 1960s. These extensions reach everything from basic chemistry research to epigenetics to CRISPR to 

behavioral science. 

 

Experimental methods 

• Thought experiments: Scientists sometimes consider hypotheses abstractly (that is, not physically performing 

any experiments) to draw out logical consequences and contradictions. 

• Mutations: In this paper, a specific type of mutation, called a frameshift mutation, was used. Biochemists use 

the metaphor of a movie “frame” to discuss a sequence of DNA. Much like adding a trailer to the beginning of a 

film delays the start of a move, a sequence of bases can be offset by adding (or subtracting) a base prior to the 

sequence. When a sequence of bases is offset, the reading frame “shifts.” Scientists can induce frame shifts by 

inserting the molecule acridine into double-stranded DNA. This technique helped prove that codons (reading 

frames) consist of a triplet of bases. 

• Synthetic amino acid production: Scientists produced amino acids from lab-made RNA to help decipher the 

code. For instance, genetic material with only uracil bases codes for polyaniline. Genetic material with both 

uracil and cytosine in equal amounts codes for many more types of amino acids. 

 

 

 

 

 



 
 
Conclusions 

• The code is written and deciphered in triplets, called codons. Scientists gathered a lot of evidence to prove this, 

but one result is most telling. If you remove one base on the code, then the code creates an entirely different 

protein. But if you remove three bases on the code (or multiples of three, like six or nine), then the code creates 

a very similar protein with just one (or two or three) amino acids missing. 

• The code might be universal among all living things! This is a complex conclusion to draw and requires many 

pieces of supporting evidence. One promising experiment demonstrated that genetic material from a mammal 

was decoded by genetic material from a bacterium. Since the bacterial genetic information could decipher the 

code, the result suggests that the code is universal all the way from one of simple, single-celled organisms to 

some of the most complex. 

 

LEARNING STANDARDS ALIGNMENT 

The following tables provide an overview of the learning standards covered by this article, including the A Framework for 

K-12 Science Education (Framework), Common Core State Standards English Language Arts-Literacy (CCSS ELA), Common 

Core State Standards Statistics and Probability (CCSS HSS), AP Science Practices, and Vision and Change for 

Undergraduate Education. Where applicable, activities and information will be marked with specific standards to which 

they are linked. 

A Framework for K-12 Science Education  

Science and Engineering Practices Disciplinary Core Ideas Crosscutting Concepts 

Using Mathematics and 
Computational Thinking (SEP5) 
Use simple limit cases to test mathematical 
expressions, computer programs, algorithms, 
or simulations of a process or system to see if 
a model “makes sense” by comparing the 
outcomes with what is known about the real 
world. 
 

Engaging in Argument from Evidence 
(SEP7) 
Evaluate the claims, evidence, and/or 
reasoning behind currently accepted 
explanations or solutions to determine the 
merits of arguments. 

LS1.A: Structure and Function 
All cells contain genetic information in the 
form of DNA molecules. Genes are the 
regions in the DNA that contain the 
instructions that code for the formation of 
proteins. 
 

 LS3.A: Inheritance of Traits 
The instructions for forming species’ 
characteristics are carried in DNA. All cells in 
an organism have the same genetic content, 
but the genes used (expressed) by the cell 
may be regulated in different ways. Not all 
DNA codes for a protein; some segments of 
DNA are involved in regulatory or structural 
functions, and some have no as-yet known 
function. 

Patterns 
Different patterns may be observed at each 
of the scales at which a system is studied and 
can provide evidence for causality in 
explanations of phenomena. 
 

 Cause and Effect 
Empirical evidence is required to differentiate 
between cause and correlation and makes 
claims about specific causes and effects. 

 

 

 

 

  



 
 
 

Common Core State Standards English Language Arts-Literacy 

Key Ideas and Details Craft and Structure Integration of Knowledge and Ideas 

RST.9-10.1 
Cite specific textual evidence to support 
analysis of science and technical texts, 
attending to the precise details of 
explanations or descriptions. 

 
RST.9-10.2 
Determine the central ideas or conclusions of 
a text; trace the text’s explanation or 
depiction of a complex process, phenomenon, 
or concept; provide an accurate summary of 
the text. 

 
RST.11-12.1 
Cite specific textual evidence to support 
analysis of science and technical texts, 
attending to important distinctions the author 
makes and to any gaps or inconsistencies in 
the account. 

 
RST.11-12.2 
Determine the central ideas or conclusions of 
a text; summarize complex concepts, 
processes, or information presented in a text 
by paraphrasing them in simpler but still 
accurate terms. 
 

RST.9-10.4 
Determine the meaning of symbols, key terms, 
and other domain-specific words and phrases 
as they are used in a specific scientific or 
technical context relevant to grades 9-10 texts 
and topics. 

 
RST.9-10.5 
Analyze the structure of the relationships 
among concepts in a text, including 
relationships among key terms (e.g., force, 
friction, reaction force, energy). 

 
RST.9-10.6 
Analyze the author’s purpose in providing an 
explanation, describing a procedure, or 
discussing an experiment in a text, defining 
the question the author seeks to address. 
 
RST.11-12.4 
Determine the meaning of symbols, key terms, 
and other domain-specific words and phrases 
as they are used in a specific scientific or 
technical context relevant to grades 11-12 
texts and topics. 
 

RST.11-12.5 
Analyze how the text structures information or 
ideas into categories or hierarchies, 
demonstrating understanding of the 
information or ideas. 
 

RST.11-12.6 
Analyze the author’s purpose in providing an 
explanation, describing a procedure, or 
discussing an experiment in a text, identifying 
important issues that remain unresolved. 

RST.9-10.8 
Assess the extent to which the reasoning and 
evidence in a text support the author’s claim 
or a recommendation for solving a scientific 
or technical problem. 
 

RST.9-10.9 
Compare and contrast findings presented in 
a text to those from other sources (including 
their own experiments), noting when the 
findings support or contradict previous 
explanations or accounts. 

 
RST.11-12.8 
Evaluate the hypotheses, data, analyses, and 
conclusions in a science or technical text, 
verifying the data when possible and 
corroborating or challenging conclusions 
with other sources of information. 

 
RST.11-12.9 
Synthesize information from a range of 
sources (e.g., texts, experiments, 
simulations) into a coherent understanding 
of a process, phenomenon, or concept, 
resolving conflicting information when 
possible. 

 

 

  



 
 

 

AP Science Standards 

AP Science Practices AP Biology Content Standards 

Science Practice 6 (SP6) 
The student can work with scientific explanations and theories. 
 

 

Essential knowledge 3.A.1 (EK3.A.1) 
DNA, and in some cases RNA, are the primary source of heritable 
information. 

AP Chemistry Content Standards 

Essential knowledge 1.A.1 (EK1.A.1) 
Molecules are composed of specific combinations of atoms; different 
molecules are composed of combinations of different elements and of 
combinations of the same elements in different amounts and 
proportions. 

 

Connections to the Nature of Science 

Vision and Change for Undergraduate Biology Education 
Core Competencies and Disciplinary Practices 

A Framework for K-12 Science Education 
Understandings About the Nature of Science 

Ability to Use Quantitative Reasoning (VC2) 
Apply quantitative analysis to interpret biological data. 
 

Ability to Communicate and Collaborate with Other 
Disciplines (VC5) 
Develop skills to participate in diverse working communities, as well as 
the ability to take full advantage of collaborators’ multiple 
perspectives and skills. 

Scientific Knowledge is Open to Revision in Light of New 
Evidence (NS3) 
Scientific argumentation is a mode of logical discourse used to clarify 
the strength of relationships between ideas and evidence that may 
result in revision of an explanation. 
 

Science is a Human Endeavor (NS7) 
Scientific knowledge is a result of human endeavor, imagination, and 
creativity. Individuals and teams from many nations and cultures have 
contributed to science and to advances in engineering. 

 


