CRISPR GENE EDITING TUTORIAL

THe ULTIMATE CRISPR Gene EpiTING TuTORIAL: A Deep DIVE INTo PReCISION MOLECULAR BloLoGgY

CRISPR GENE EDITING TUTORIAL PROVIDES AN ACCESSIBLE YET COMPREHENSIVE GUIDE TO UNDERSTANDING AND POTENTIALLY
APPLYING ONE OF THE MOST REVOLUTIONARY TECHNOLOGIES IN MODERN BIOLOGY. THIS CUTTING-EDGE GENE EDITING TOOL,
OFTEN REFERRED TO AS CRISPR-CASP, HAS TRANSFORMED OUR ABILITY TO PRECISELY ALTER DNA SEQUENCES, OPENING
DOORS TO GROUNDBREAKING RESEARCH, THERAPEUTIC DEVELOPMENT, AND EVEN AGRICULTURAL INNOVATION. WHETHER YOU'RE
A STUDENT, A BUDDING RESEARCHER, OR SIMPLY A CURIOUS INDIVIDUAL EAGER TO GRASP THE INTRICACIES OF GENETIC
ENGINEERING, THIS TUTORIAL WILL WALK YOU THROUGH THE FUNDAMENTAL PRINCIPLES, THE CORE COMPONENTS OF THE CRISPR
SYSTEM, AND ITS DIVERSE APPLICATIONS. WE WILL EXPLORE HOW SCIENTISTS CAN TARGET SPECIFIC GENES, MAKE EDITS, AND
THE EXCITING POSSIBILITIES THAT LIE AHEAD. GET READY TO UNRAVEL THE SECRETS OF GENETIC MODIFICATION WITH THIS IN-
DEPTH EXPLORATION.
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UNDERSTANDING THE BASICs oF GENE EDITING

BEFORE WE DIVE HEADFIRST INTO THE SPECIFICS OF CR|SPRI IT'S CRUCIAL TO ESTABLISH A FOUNDATIONAL UNDERSTANDING OF
WHAT GENE EDITING ACTUALLY ENTAILS. AT ITS CORE, GENE EDITING REFERS TO A GROUP OF TECHNOLOGIES THAT GIVE
SCIENTISTS THE ABILITY TO CHANGE AN ORGANISM’'S DNA. THINk OF DNA AS THE BLUEPRINT OF LIFE, CONTAINING ALL THE
INSTRUCTIONS AN ORGANISM NEEDS TO DEVELOP, FUNCTION, AND REPRODUCE. SOMETIMESI THIS BLUEPRINT HAS ERRORS, MUCH
LIKE A TYPO IN A CRITICAL INSTRUCTION MANUAL, WHICH CAN LEAD TO DISEASES OR UNDESIRABLE TRAITS. GENE EDITING AIMS
TO CORRECT THESE ERRORS, ADD NEW BENEFICIAL INSTRUCTIONS, OR REMOVE FAULTY ONES.

HISTORICALLY, GENE EDITING WAS A FAR MORE CUMBERSOME AND LESS PRECISE PROCESS. EARLY METHODS INVOLVED MAKING
MORE GENERAL CHANGES TO DNA, OFTEN WITH UNPREDICTABLE OUTCOMES. THIS IS AKIN TO TRYING TO FIX A SPECIFIC
SENTENCE IN A BOOK BY TEARING OUT AN ENTIRE PAGE AND HOPING FOR THE BEST. T HE DEVELOPMENT OF MORE SOPHISTICATED
TOOLS HAS ALLOWED FOR TARGETED MODIFICATIONS, ENABLING SCIENTISTS TO BE MUCH MORE PRECISE AND EFFICIENT IN THEIR
GENETIC INTERVENTIONS. THIS PRECISION IS WHAT MAKES CRISPR-CAS9 SUCH A PARADIGM SHIFT IN THE FIELD OF MOLECULAR
BIOLOGY, OFFERING A LEVEL OF CONTROL PREVIOUSLY UNIMAGINABLE.

WHAT Is CRISPR-CAS9? THE REVOLUTIONARY GENE EDITING SYSTEM

CRISPR-CAS9 IS A POWERFUL AND VERSATILE GENE EDITING TECHNOLOGY THAT HAS RAPIDLY BECOME THE GO-TO TOOL FOR
RESEARCHERS WORLDWIDE. THE ACRONYM CRISPR sTANDS FOR CLUSTERED REGULARLY INTERSPACED SHORT PALINDROMIC
REPEATS, WHICH ARE NATURALLY OCCURRING SEGMENTS OF DNA FOUND IN BACTERIA. THESE BACTERIAL DNA SEQUENCES PLAY
A VITAL ROLE IN THEIR IMMUNE SYSTEM, ACTING AS A MEMORY BANK TO DETECT AND DESTROY INVADING VIRUSES. THE CAS9
ENZYME, OFTEN DESCRIBED AS MOLECULAR SCISSORS, IS A PROTEIN THAT WORKS IN CONJUNCTION WITH CRISPR SEQUENCES TO
cuT DNA.

THe MAGIC oF CRISPR-CAS9 LIES IN ITS ABILITY TO BE PROGRAMMED. SCIENTISTS CAN DESIGN A SPECIFIC RNA MOLECULE,
CALLED A GUIDE RNA (GRNA), THAT ACTS AS A GPS svsTeM For THE CAS9 ENzYMe. THIS GRNA pirecTs CAS9 To A
PRECISE LOCATION WITHIN THE GENOME — THE ORGANISM'S COMPLETE SET OF DNA. ONCE AT THE TARGET SITE, CASQ MAKES A
DOUBLE-STRAND BREAK IN THE DNA. THIS BREAK THEN TRIGGERS THE CELL'S NATURAL DNA REPAIR MECHANISMS, WHICH
SCIENTISTS CAN LEVERAGE TO INTRODUCE SPECIFIC GENETIC CHANGES. THIS PROGRAMMABLE NATURE MAKES CRISPR-CaAs9
INCREDIBLY ADAPTABLE FOR A VAST ARRAY OF APPLICATIONS, FROM CORRECTING GENETIC DEFECTS TO ENGINEERING CROPS



WITH IMPROVED RESILIENCE.

Key CoMPONENTS oF THE CRISPR-CAS9? SYSTEM

TO TRULY GRASP HOW THIS REVOLUTIONARY TECHNOLOGY \WORKS, IT'S ESSENTIAL TO UNDERSTAND ITS FUNDAMENTAL
BUILDING BLOCKS. THE CRISPR-CAs9 SYSTEM, INITS MOST COMMON FORM USED FOR GENE EDITING, COMPRISES TWO MAIN
COMPONENTS THAT WORK IN CONCERT TO ACHIEVE PRECISE DNA MODIFICATION.

THe CAS9 ENzYME

THe CAS9 ENZYME IS THE WORKHORSE OF THE CRISPR SYSTEM. IT'S A NUCLEASE, MEANING IT'S AN ENZYME THAT CAN CUT
NUCLEIC ACIDS, SPECIFICALLY DNA. THINk oF CAS9 AS THE HIGHLY SKILLED SURGEON WITH INCREDIBLY SHARP, PRECISE
SCISSORS. IN ITS NATURAL BACTERIAL CONTEXT, CASD IS RESPONSIBLE FOR CHOPPING UP THE DNA OF INVADING VIRUSES. IN
THE LAB, SCIENTISTS UTILIZE THIS ENZYMATIC ACTIVITY TO CREATE TARGETED BREAKS IN THE DNA OF ANY ORGANISM, FROM
MICROBES TO HUMANS. THE SPECIFIC TYPE OF CAS9 ENZYME MOST COMMONLY USED IS DERIVED FROM THE BACTERIUM
STREPTOCOCCUS PYOGENES, BUT OTHER CAS ENZYMES EXIST AND ARE BEING EXPLORED FOR DIFFERENT APPLICATIONS.

THe Guipe RNA (GRNA)

THe GUIDE RNA IS THE PROGRAMMABLE ELEMENT OF THE CRISPR-CASQ SYSTEM. IT'S A SHORT RNA MOLECULE THAT HAS
TWO CRITICAL PARTS. THE FIRST PART IS A SCAFFOLD THAT BINDS TO THE CASY ENZYME, ESSENTIALLY TETHERING IT. THE
SECOND, AND ARGUABLY MOST IMPORTANT, PART IS A SEQUENCE OF ABOUT 20 NUCLEOTIDES THAT IS COMPLEMENTARY TO
THE TARGET DNA SEQUENCE YOU WANT TO EDIT. THIS SEQUENCE ACTS LIKE A MOLECULAR HANDSHAKE, ENSURING THAT CAS9
ONLY BINDS TO AND CUTS THE DNA AT THE INTENDED LOCATION. SCIENTISTS CAN DESIGN AND SYNTHESIZE GRNAS WITH
VIRTUALLY ANY SEQUENCE, MAKING THE TARGETING OF SPECIFIC GENES INCREDIBLY FLEXIBLE AND POWERFUL. W ITHOUT THE
GRNA, CASY WOULD BE A BLUNT INSTRUMENT, CUTTING DNA INDISCRIMINATELY; THE GRNA PROVIDES THE INTELLIGENCE AND
SPECIFICITY.

How CRISPR-CAs9 WoRrks: A STEP-BY-STEP EXPLANATION

Now THAT WE UNDERSTAND THE PLAYERS INVOLVED, LET'S WALK THROUGH THE ACTUAL PROCESS oF CRISPR GENE EDITING.
[T’S A BEAUTIFULLY ORCHESTRATED MOLECULAR DANCE THAT RESULTS IN PRECISE CHANGES TO THE GENETIC CODE.

STEP 1: DESIGNING AND INTRODUCING THE CRISPR COMPONENTS

THE FIRST STEP IN ANY CRISPR EXPERIMENT INVOLVES DESIGNING THE GUIDE RNA (GRNA) To MATCH THE SPECIFIC DNA
SEQUENCE YOU WANT TO TARGET. THIS SEQUENCE IS USUALLY A GENE ASSOCIATED WITH A PARTICULAR TRAIT OR DISEASE.
SIMULTANEOUSLY, THE CAS9 ENZYME NEEDS TO BE INTRODUCED INTO THE CELL. BOTH THE GRNA AND THE CAS9 EnzyME (OR
THE GENETIC INSTRUCTIONS TO PRODUCE THEM) ARE DELIVERED INTO THE TARGET CELLS. THIS DELIVERY CAN BE ACHIEVED
THROUGH VARIOUS METHODS, INCLUDING VIRAL VECTORS, ELECTROPORATION, OR LIPID NANOPARTICLES, DEPENDING ON THE
CELL TYPE AND ORGANISM.

STEP 2: TARGET RECOGNITION AND BINDING

ONCE INSIDE THE CELL, THE GRNA AND CAS9 ENZYME FORM A COMPLEX. THE GRNA THEN SCANS THE CELL'S DNA FoR A
SEQUENCE THAT IS COMPLEMENTARY TO ITS OWN TARGETING SEQUENCE. FOrR CRISPR-CAS9 TO FUNCTION EFFECTIVELY, THE
TARGET DNA SEQUENCE MUST ALSO BE ADJACENT TO A SPECIFIC SHORT DNA SEQUENCE CALLED A PROTOSPACER ADJACENT
MoTiF (PAM). THis PAM SEQUENCE ACTS AS A MOLECULAR SIGNAL, INDICATING THAT CAS9 SHOULD BIND AND CUT. \W/HEN
THE GRNA FINDS ITS MATCHING DNA SEQUENCE AND THE PAM IS PRESENT, THE GRNA GUIDES THE CASD ENZYME TO THAT



EXACT SPOT ON THE DNA.

S1ep 3: DNA CLEAVAGE

W 1TH THE CASQ ENZYME PRECISELY POSITIONED BY THE GRNA, IT USES ITS NUCLEASE ACTIVITY TO CREATE A DOUBLE-STRAND
BREAK IN THE DNA AT THE TARGETED LOCATION. THIS BREAK IS THE CRITICAL EVENT THAT INITIATES THE EDITING PROCESS.
IMAGINE THE CAS9 ENZYME, GUIDED BY THE GRNA, PRECISELY SNIPPING THE DNA STRAND AT A PREDETERMINED POINT.

STep 4: DNA RepAIR AND GENE EDITING

AFTER THE DNA IS BROKEN, THE CELL'S NATURAL REPAIR MECHANISMS KICK IN TO FIX THE DAMAGE. SCIENTISTS CAN EXPLOIT
THESE REPAIR PATHWAYS TO ACHIEVE DIFFERENT TYPES OF EDITS.

o NonN-HoMoLoGous Enp JoINING (NHE)): THIS IS THE CELL'S MOST COMMON REPAIR PATHWAY. IT'S A QUICK BUT
ERROR-PRONE PROCESS THAT ESSENTIALLY LIGATES THE BROKEN ENDS BACK TOGETHER. OFTEN, SMALL INSERTIONS OR
DELETIONS (INDELS) OCCUR DURING THIS REPAIR, WHICH CAN LEAD TO THE INACTIVATION OF A GENE (A “GENE
KNOCKOUT”). THIS IS USEFUL FOR STUDYING GENE FUNCTION BY OBSERVING WHAT HAPPENS WHEN A GENE IS NO LONGER
ACTIVE.

o HoMoLoGY-DirecTeD RePAIR (HDR): IF A DNA TEMPLATE WITH SEQUENCES THAT ARE HOMOLOGOUS (SIMILAR) TO THE
REGIONS FLANKING THE BREAK IS PROVIDED ALONG WITH THE CRISPR COMPONENTS, THE CELL CAN USE THIS TEMPLATE
TO REPAIR THE BREAK. THIS HDR PATHWAY ALLOWS FOR PRECISE EDITS, SUCH AS CORRECTING A FAULTY GENE
SEQUENCE OR INSERTING A NEW GENETIC SEQUENCE. THIS IS AKIN TO PROVIDING A CORRECTED SENTENCE OR A NEW
PARAGRAPH FOR THE CELL TO SEAMLESSLY INTEGRATE INTO ITS DNA BLUEPRINT.

BY CONTROLLING WHICH REPAIR PATHWAY IS FAVORED, SCIENTISTS CAN EITHER DISABLE A GENE OR MAKE PRECISE
MODIFICATIONS TO IT, THEREBY ACHIEVING THE DESIRED GENE EDITING OUTCOME.

APPLICATIONS oF CRISPR Gene EDITING

THE IMPLICATIONS OF CRISPR GENE EDITING ARE VAST AND CONTINUE TO EXPAND ACROSS NUMEROUS SCIENTIFIC DISCIPLINES
AND INDUSTRIES. |TS PRECISION, AFFORDABILITY, AND EASE OF USE HAVE DEMOCRATIZED GENE EDITING, MAKING IT ACCESSIBLE
FOR A WIDE RANGE OF APPLICATIONS.

THerAPEUTIC DEVELOPMENT FOR GENETIC DISEASES

ONE OF THE MOST EXCITING FRONTIERS FOR CRISPR IS ITS POTENTIAL TO TREAT GENETIC DISEASES. CONDITIONS LIKE CYSTIC
FIBROSIS, SICKLE CELL ANEMIA, HUNTINGTON'S DISEASE, AND CERTAIN FORMS OF BLINDNESS ARE CAUSED BY SPECIFIC MUTATIONS
IN oUR DNA. CRISPR-BASED THERAPIES AIM TO DIRECTLY CORRECT THESE FAULTY GENES IN PATIENTS. FOR EXAMPLE,
RESEARCHERS ARE DEVELOPING STRATEGIES TO EDIT THE GENES RESPONSIBLE FOR SICKLE CELL DISEASE IN BLOOD STEM CELLS,
WITH THE GOAL OF PRODUCING HEALTHY RED BLOOD CELLS. WHILE STILL LARGELY IN CLINICAL TRIALS, THE PROMISE OF
CURATIVE TREATMENTS FOR PREVIOUSLY INTRACTABLE GENETIC DISORDERS IS IMMENSE.

CANCER RESEARCH AND TREATMENT

CRISPR IS ALSO REVOLUTIONIZING CANCER RESEARCH. SCIENTISTS ARE USING IT TO BETTER UNDERSTAND THE GENETIC
UNDERPINNINGS OF CANCER, IDENTIFYING GENES THAT DRIVE TUMOR GROWTH AND SPREAD. FURTHERMORE, CRISPR IS BEING
EXPLORED AS A THERAPEUTIC TOOL. ONE APPROACH INVOLVES ENGINEERING A PATIENT'S OWN IMMUNE CELLS (T-CELLS) TO
BETTER RECOGNIZE AND ATTACK CANCER CELLS. BY EDITING GENES WITHIN THESE T-CELLS, THEY CAN BE MADE MORE POTENT AND
RESISTANT TO THE TUMOR'S DEFENSES, OFFERING A NEW AVENUE FOR IMMUNOTHERAPY.



AGRICULTURAL ADVANCEMENTS

Beyond HUMAN HEALTH, CRISPR IS POISED TO TRANSFORM AGRICULTURE. |T CAN BE USED TO DEVELOP CROPS THAT ARE MORE
RESISTANT TO PESTS, DISEASES, AND HARSH ENVIRONMENTAL CONDITIONS LIKE DROUGHT OR SALINITY. THIS COULD LEAD TO
INCREASED CROP YIELDS, REDUCED RELIANCE ON PESTICIDES, AND IMPROVED FOOD SECURITY. FOR INSTANCE, RESEARCHERS HAVE
UseD CRISPR TO CREATE RICE VARIETIES THAT ARE MORE NUTRITIOUS OR WHEAT THAT IS LESS ALLERGENIC. THE ABILITY TO
PRECISELY EDIT PLANT GENOMES OFFERS A SUSTAINABLE WAY TO ADAPT OUR FOOD SUPPLY TO A CHANGING CLIMATE.

BAsic BioLoGICAL RESEARCH

AT 1TS HEART, CRISPR IS AN INDISPENSABLE TOOL FOR FUNDAMENTAL BIOLOGICAL RESEARCH. |T ALLOWS SCIENTISTS TO
EASILY CREATE CELL LINES OR ANIMAL MODELS WITH SPECIFIC GENE MODIFICATIONS. BY TURNING GENES ON OR OFF, OR ALTERING
THEIR SEQUENCES, RESEARCHERS CAN UNRAVEL THE COMPLEX FUNCTIONS OF GENES AND THE INTRICATE PATHWAYS THAT
GOVERN LIFE. THIS FOUNDATIONAL KNOWLEDGE IS CRUCIAL FOR UNDERSTANDING NORMAL BIOLOGICAL PROCESSES, AS WELL AS
DISEASE MECHANISMS, PAVING THE WAY FOR FUTURE DISCOVERIES AND INNOVATIONS.

ETHICAL CoNnsIDERATIONS AND THE FUTURE oF CRISPR

AS WITH ANY POWERFUL TECHNOLOGY, CRISPR GENE EDITING RAISES SIGNIFICANT ETHICAL QUESTIONS THAT REQUIRE CAREFUL
CONSIDERATION AND PUBLIC DISCOURSE. THE ABILITY TO ALTER THE HUMAN GENOME, PARTICULARLY IN WAYS THAT COULD BE
PASSED DOWN TO FUTURE GENERATIONS (GERMLINE EDITING), IS A SUBJECT OF INTENSE DEBATE.

ONE MAJOR CONCERN REVOLVES AROUND THE POTENTIAL FOR UNINTENDED CONSEQUENCES. W/HILE CRISPR IS PRECISE, OFF-
TARGET EDITS — CHANGES MADE AT LOCATIONS OTHER THAN THE INTENDED SITE = CAN OCCUR, ALTHOUGH ADVANCEMENTS ARE
CONTINUOUSLY REDUCING THIS RISK. THE LONG-TERM EFFECTS OF SUCH EDITS, ESPECIALLY IN HUMANS, ARE NOT YET FULLY
UNDERSTOOD. FURTHERMORE, THE QUESTION OF “DESIGNER BABIES” AND THE POTENTIAL FOR USING CRISPR FOR ENHANCEMENT
PURPOSES RATHER THAN THERAPEUTIC ONES RAISES CONCERNS ABOUT EQUITY, ACCESS, AND SOCIETAL VALUES.

THE SCIENTIFIC COMMUNITY IS LARGELY IN AGREEMENT THAT GERMLINE EDITING IN HUMANS SHOULD PROCEED WITH EXTREME
CAUTION, IF AT ALL, UNTIL SAFETY IS THOROUGHLY ESTABLISHED AND SOCIETAL CONSENSUS IS REACHED. SOMATIC GENE
EDITING, WHICH TARGETS NON-REPRODUCTIVE CELLS AND THEREFORE IS NOT HERITABLE, IS GENERALLY VIEWED AS MORE
ETHICALLY STRAIGHTFORWARD, WITH A FOCUS ON TREATING DISEASES. AS THE TECHNOLOGY MATURES AND OUR
UNDERSTANDING DEEPENS, ONGOING DIALOGUE AMONG SCIENTISTS, ETHICISTS, POLICYMAKERS, AND THE PUBLIC WILL BE
ESSENTIAL TO GUIDE THE RESPONSIBLE DEVELOPMENT AND APPLICATION OF CRISPR GENE EDITING.

LEARNING MORE: RESOURCES FOR YOUR CRISPR Gene EDITING TUTORIAL
JOURNEY

EMBARKING ON A JOURNEY TO UNDERSTAND CRISPR GENE EDITING IS A CONTINUOUS PROCESS, AND THERE ARE MANY AVENUES
TO EXPLORE FOR DEEPER LEARNING. FOR THOSE WHO WISH TO DELVE FURTHER INTO THE SCIENTIFIC LITERATURE, REPUT ABLE
SCIENTIFIC JOURNALS SUCH AS NATURE, SCIENCE, AND CELL FREQUENTLY PUBLISH GROUNDBREAKING RESEARCH ON CRISPR.
ONLINE RESOURCES FROM SCIENTIFIC ORGANIZATIONS, LIKE THE NATIONAL INSTITUTES OF HEALTH (NIH) OR UNIVERSITY
RESEARCH DEPARTMENTS, OFTEN PROVIDE EXCELLENT SUMMARIES AND EDUCATIONAL MATERIALS.

FOR A MORE HANDS-ON APPROACH OR A STRUCTURED LEARNING EXPERIENCE, CONSIDER EXPLORING ONLINE COURSES OFFERED BY
PLATFORMS LIKE COURSERA, EDX, OR UNIVERSITY EXTENSION PROGRAMS. THESE OFTEN PROVIDE DETAILED LECTURES,
INTERACTIVE MODULES, AND SOMETIMES EVEN VIRTUAL LAB SIMULATIONS THAT CAN BRING THE CONCEPTS TO LIFE. TEXTBOOKS
ON MOLECULAR BIOLOGY AND GENETIC ENGINEERING ARE ALSO INVALUABLE RESOURCES FOR BUILDING A ROBUST THEORETICAL
FOUNDATION. REMEMBER/ THE FIELD IS CONSTANTLY EVOLVING, SO STAYING UPDATED THROUGH REPUTABLE SOURCES IS KEY TO
MASTERING THIS COMPLEX AND EXCITING AREA OF SCIENCE.



FREQUENTLY AskeD QUESTIONS AsouT CRISPR GeNe EDITING TUTORIAL

Q: WHAT IS THE MOST COMMON TYPE OF CRISPR SYSTEM USED IN GENE EDITING
TUTORIALS?

A: THE MOST WIDELY DISCUSSED AND UTILIZED CRISPR SYSTEM IN GENE EDITING TUTORIALS IS THE CRISPR-CAS9 SYSTEM,
PARTICULARLY THE VERSION DERIVED FROM THE BACTERIUM STREPTOCOCCUS PYOGENES. THIS SYSTEM IS RENOWNED FOR ITS
EFFICACY AND RELATIVE EASE OF IMPLEMENTATION.

Q: CAN | PErRFORM CRISPR GENE EDITING AT HOME AFTER READING A TUTORIAL?

A: WHILE A CRISPR GENE EDITING TUTORIAL CAN PROVIDE COMPREHENSIVE THEORETICAL KNOWLEDGE, PERFORMING ACTUAL
GENE EDITING EXPERIMENTS REQUIRES SPECIALIZED LABORATORY EQUIPMENT, STERILE CONDITIONS, TRAINED PERSONNEL, AND
ACCESS TO CELL CULTURES OR ORGANISMS. |T IS NOT A PROCEDURE THAT CAN BE SAFELY OR EFFECTIVELY CONDUCTED IN A
HOME ENVIRONMENT.

Q: How poes CRISPR GENE EDITING DIFFER FROM TRADITIONAL GENETIC MODIFICATION
TECHNIQUES?

A: CRISPR GENE EDITING IS FAR MORE PRECISE AND EFFICIENT THAN TRADITIONAL GENETIC MODIFICATION METHODS.
TRADITIONAL METHODS OFTEN INVOLVED RANDOM INSERTIONS OF GENES, LEADING TO UNPREDICTABLE OUTCOMES. CR|SPR, ON
THE OTHER HAND, USES A GUIDE RNA T0 DIRECT THE CASD ENZYME TO A SPECIFIC DNA SEQUENCE, ALLOWING FOR TARGETED
EDITS LIKE DELETIONS, INSERTIONS, OR CORRECTIONS.

Q: WHAT ARE THE MAIN ETHICAL CONCERNS SURROUNDING CRISPR GENE EDITING?

A: KEY ETHICAL CONCERNS INCLUDE THE POTENTIAL FOR UNINTENDED OFF-TARGET EDITS, THE UNKNOWN LONG~TERM
CONSEQUENCES OF GENETIC MODIFICATIONS, AND THE DEBATE SURROUNDING GERMLINE EDITING (CHANGES THAT CAN BE INHERITED
BY FUTURE GENERATIONS). THERE ARE ALSO DISCUSSIONS ABOUT THE EQUITABLE ACCESS TO THESE TECHNOLOGIES AND THE
POTENTIAL FOR NON-THERAPEUTIC ENHANCEMENTS.

Q: WiLL CRISPR GENE EDITING TUTORIALS EXPLAIN HOW TO EDIT THE HUMAN
GERMLINE?

A: RepuTABLE CRISPR GENE EDITING TUTORIALS WILL EXPLAIN THE SCIENTIFIC PRINCIPLES BEHIND GERMLINE EDITING BUT WILL
ALSO EMPHASIZE THE SIGNIFICANT ETHICAL AND SAFETY CONCERNS THAT CURRENTLY LIMIT OR PROHIBIT ITS PRACTICE IN
HUMANS. THEY WILL HIGHLIGHT THE SCIENTIFIC CONSENSUS THAT SUCH APPLICATIONS REQUIRE EXTREME CAUTION AND
EXTENSIVE SOCIETAL DEBATE.

Q: WHAT ARE SOME OF THE PROMISING THERAPEUTIC APPLICATIONS OF CRISPR GENE
EDITING DISCUSSED IN TUTORIALS?

A: TUTORIALS OFTEN HIGHLIGHT PROMISING APPLICATIONS SUCH AS TREATING GENETIC DISEASES LIKE SICKLE CELL ANEMIA AND
CYSTIC FIBROSIS, DEVELOPING NEW CANCER THERAPIES (E.G./ THROUGH IMMUNE CELL ENGINEERING)/ AND CREATING MORE RESILIENT
AND NUTRITIOUS CROPS FOR AGRICULTURE.

Q: Is CRISPR GENE EDITING THE SAME AS GENE THERAPY?

A: CRISPR GENE EDITING IS A TECHNOLOGY THAT CAN BE USED WITHIN GENE THERAPY. GENE THERAPY REFERS TO THE BROADER
APPROACH OF TREATING DISEASES BY MODIFYING A PATIENT'S GENES. CRISPR IS A SPECIFIC TOOL THAT ENABLES PRECISE GENE



EDITING AS PART OF A GENE THERAPY STRATEGY.

Q: How QUICKLY CAN GENE EDITING BE PERFORMED USING THE CRISPR sysTeM?

A: IN A LABORATORY SETTING, THE PROCESS OF DESIGNING THE GRNA, DELIVERING THE CRISPR COMPONENTS, AND OBSERVING
EDITS CAN TAKE ANYWHERE FROM A FEW DAYS TO SEVERAL WEEKS, DEPENDING ON THE CELL TYPE, EXPERIMENTAL SETUP, AND
THE EFFICIENCY OF THE EDITING PROCESS. THE ACTUAL CUTTING BY CASQ IS VERY RAPID.
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