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Learning Performance: Students will consider a qualitative and quantitative investigation of the efficiency of a new 

technique for genome-wide screens and knockouts and how this technology can be applied at a larger scale and to other 

areas of biomedical research. 

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 

Planning and Carrying Out 
Investigations (SEP3) 
Plan and conduct an investigation to produce 
data to serve as the basis for evidence, and in 
the design: decide on types, how much, and 
accuracy of data needed to produce reliable 
measurements and consider limitation of the 
precision of the data (e.g., number of trials, 
cost, risk, time), and refine the design 
accordingly. 

 
Using Mathematics and 
Computational Thinking (SEP5) 
Use mathematical, computational, and/or 
algorithmic representations of phenomena or 
design solutions to describe and/or support 
claims and/or explanations. 

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

 
LS3.A: Inheritance of Traits 
Each chromosome consists of a single very 
long DNA molecule, and each gene on the 
chromosome is a particular segment of that 
DNA. 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. 
 

ETS1.B: Developing Possible 
Solutions 
When evaluating solutions it is important to 
take into account a range of constraints 
including cost, safety, reliability and 
aesthetics and to consider social, cultural and 
environmental impacts. 

 

Structure and Function 
Investigating or designing new systems or 
structures requires a detailed examination of 
the properties of different materials, the 
structures of different components, and 
connections of components to reveal its 
function and/or solve a problem 

 
Scale, Proportion, and Quantity 
In considering phenomena, it is critical to 
recognize what is relevant at different 
measures of size, time, and energy and to 
recognize how changes in scale, proportion, 
or quantity affect a system’s structure or 
performance. 

 

 

 

 

 

 



 
 

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 

Science Practice 2 (SP2) 
The student can use mathematics to appropriately represent and describe 
phenomena. 
 
Science Practice 4 (SP4) 
The student can plan and implement data collection strategies 
appropriate to a particular scientific question. 

Essential Knowledge 3.A.1 (EK3.A.1) 
DNA, and in some cases RNA, is the primary source of heritable 
information.  
 
Essential Knowledge 3.C.1 (EK3.C.1) 
Changes in genotype can result in changes in phenotype.  
 

Essential Knowledge 3.C.3 (EK3.C.3) 
Viral replication results in genetic variation, and viral infection can 
introduce genetic variation into the hosts.  



 
 

 

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 apply the process of science 
Understand the process of science and how scientists construct new 
knowledge by formulating hypotheses and then testing them against 
experimental and observational data 

 
Ability to use modeling and simulation 
Use mathematical modeling and simulation tools to describe complex 
living systems 
 

Ability to understand the relationship between science 
and society 
Evaluate the impact of scientific discoveries on society, as well as the 
ethical implications of research 

Science is a Human Endeavor 
Scientific knowledge is a result of human endeavor, imagination, and 
creativity. Scientists’ backgrounds, theoretical commitments, and 
fields of endeavor influence the nature of their findings. Science and 
engineering are influenced by society and society is influenced by 
science and engineering. 
 

Scientific Knowledge is Open to Revision in Light of New 
Evidence 
Scientific knowledge is subject to change based on new evidence 
and/or reinterpretation of existing evidence. 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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Article summary (recommended for educator use only) 

In recent years, gene silencing techniques have been used to modify genomes. These techniques include CRISPR and its 

associated Cas9 nuclease as well as older RNA-interference techniques. As we learn more about CRISPR, its power and 

efficiency open the door to new applications. In this study, the authors used a genome-scale CRISPR-Cas9 knockout 

(GeCKO) library containing genetic sequences that target more than 64,000 unique sequences and 18,080 genes. Using 

this vast number of sequences, the authors were able to perform positive and negative selection screens by depleting 

and enhancing single guide RNAs (sgRNA). The results of this study show CRISPR-Cas9’s promise as a tool for genome-

wide screening of gene function. 

Importance of this research 

This study explores the applications of a new technique that scientists can use to identify gene functions and the roles of 

the resulting proteins. The CRISPR-Cas9 system described here uses positive and negative selection of sgRNAs to target 

specific genes. They show that this new system is much more accurate and precise than older techniques, and that this 

new technique shows a lot of promise for advancing genetics research. 

Experimental methods 

• CRISPR-Cas9 gene knockout 

• shRNA knockout 

• Green fluorescent protein (GFP) screen 

• Western blot 

• Cell growth assays 

• Statistical analyses: 

o Gene set enrichment analysis 

o RNAi Gene Enrichment Ranking (RIGER) 

o Redundant siRNA Activity (RSA) 

 

 

 

 

 

 

 

 

 



 
 
Conclusions 

• CRISPR-Cas9 is effective at silencing gene expression, resulting in a nearly complete knockout with few off-target 

effects. 

• RNA-interference is an effective tool for partial knockdown of genes, but not as efficient or accurate as CRISPR. 

• sgRNA screens result in an enrichment of cells containing specific gene knockouts. Relevance of these genes to 

specific cellular processes can be ranked using a statistical tool such as RIGER (RNAi Gene Enrichment Ranking). 

RIGER ranks sgRNA that target the same gene based on desirable characteristics chosen by the researchers. 

• GeCKO screens provide consistency with lower off-target effects and high validation rates for the top hits. 

• The CRISPR-Cas9 system allows for genome-wide screening to identify gene functions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Learning Performance: Students will consider a qualitative and quantitative investigation of the efficiency of a new 

technique for genome-wide screens and knockouts and how this technology can be applied at a larger scale and to other 

areas of biomedical research. 

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

RST.9-10.2 
RST.11-12.2 

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 
Nature of Science 

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 
Nature of Science 

Results and conclusions 
 
Students diagram each of the experiments presented in the study (divided up by figure, 
if appropriate). They then consider the results depicted in each figure, and how these 
results support the conclusions of the study.  
 
 

 
 
SEP3 
ETS1.B  
SP4 
 

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. 

 
Scale, Proportion, and 
Quantity  
Nature of Science 

 

 

 

 

 

 



 
 

1. What are some of the benefits of using the CRISPR-Cas9 method for gene 
knockouts? In what situations is this method better than an older technique 
such as shRNA? In what situations would shRNA knockouts be better? 

LS1.A 
ETS1.B 
Structure and Function 
EK3.C.3 
 

2. Why are off-target effects a problem?  What are some features of the genome 
that can make this problem better or worse? 
 

SEP3 
LS1.A 
ETS1.B  
SP4 
EK3.C.1 
 

3. Based on the findings of this paper, what are some of the ways the CRISPR-
Cas9 system could transform genomics and our ability to edit genomes? Have 
you seen any of these predictions come true? 
 
 

Scale, Proportion, and 
Quantity  
Nature of Science 
 
 

4. Why is it important to conduct studies like this that investigate how effective 
new technologies are in relation to older ones?  

ETS1.B 
Nature of Science 
 
 

5. What are some of the challenges of developing, testing, and disseminating a 
new technique like this among researchers? In particular, consider the fact that 
genetics research has been advancing very rapidly in recent years, and that 
techniques like CRISPR are new to established researchers in the field. 
 

 

SEP3 
ETS1.B 
Scale, Proportion, and 
Quantity  
SP4 
Nature of Science 
 

6. What are some of the ethical implications of having the ability to easily and 
accurately screen and edit genomes using CRISPR-Cas9? 

LS1.A 
LS3.A 
Nature of Science 
 
 

 


