HARDY WEINBERG EQUATION POGIL ACTIVITY

HARDY WEINBERG EQUATION POGIL ACTIVITY IS AN EDUCATIONAL EXERCISE DESIGNED TO HELP STUDENTS UNDERSTAND AND
APPLY THE HARDY-W/EINBERG PRINCIPLE IN POPULATION GENETICS. THIS ACTIVITY TYPICALLY INVOLVES GUIDED INQUIRY AND
COLLABORATIVE LEARNING STRATEGIES THAT ENCOURAGE STUDENTS TO ANALYZE GENETIC DATA AND CALCULATE ALLELE AND
GENOTYPE FREQUENCIES USING THE HARDY-\W/EINBERG EQUATION. BY ENGAGING IN THIS POGIL (Process OrIENTED GUIDED
INQUIRY LEARNING) ACTIVITY, LEARNERS DEVELOP CRITICAL THINKING SKILLS AND GAIN A DEEPER COMPREHENSION OF HOW
GENETIC VARIATION IS MAINTAINED OR ALTERED IN POPULATIONS OVER TIME. THE ACTIVITY IS COMMONLY USED IN HIGH SCHOOL
AND COLLEGE BIOLOGY COURSES TO REINFORCE CONCEPTS RELATED TO EVOLUTIONARY BIOLOGY, GENE POOL STABILITY, AND
THE FACTORS THAT CAUSE DEVIATIONS FROM HARDY-\WEINBERG EQUILIBRIUM. THIS ARTICLE WILL EXPLORE THE STRUCTURE
AND OBJECTIVES OF THE HARDY WEINBERG EQUATION POGIL ACTIVITY, EXPLAIN THE MATHEMATICAL FOUNDATION OF THE
EQUATION, AND DISCUSS ITS EDUCATIONAL BENEFITS AND IMPLEMENTATION STRATEGIES. | HE FOLLOWING SECTIONS PROVIDE A
DETAILED OUTLINE OF KEY ASPECTS ASSOCIATED WITH THIS LEARNING TOOL.

o OVERVIEW OF THE HARDY-\WEINBERG PRINCIPLE
o STRUCTURE AND GOALS OF THE HARDY WEINBERG EQUATION POGIL ACTIVITY
o MATHEMATICAL COMPONENTS OF THE HARDY-\W/EINBERG EQUATION

CoMMON APPLICATIONS AND EXAMPLES IN THE ACTIVITY

e EDUCATIONAL BENEFITS AND LEARNING OUTCOMES

® |[MPLEMENTATION TIPS FOR EDUCATORS

OVERVIEW OF THE HARDY-\WEINBERG PRINCIPLE

THE HARDY-\W/EINBERG PRINCIPLE PROVIDES A FOUNDATIONAL MODEL IN POPULATION GENETICS THAT DESCRIBES HOW ALLELE
AND GENOTYPE FREQUENCIES REMAIN CONSTANT FROM GENERATION TO GENERATION IN AN IDEALIZED POPULATION. THIS PRINCIPLE
ASSUMES NO EVOLUTIONARY INFLUENCES SUCH AS MUTATION, MIGRATION, GENETIC DRIFT, NON"RANDOM MATING, OR NATURAL
SELECTION. UNDERSTANDING THIS EQUILIBRIUM CONCEPT IS ESSENTIAL FOR STUDYING HOW POPULATIONS EVOLVE AND HOW
GENETIC DIVERSITY IS MAINTAINED OR ALTERED.

FUNDAMENTAL ASSUMPTIONS

THE HARDY-\WEINBERG EQUILIBRIUM IS BASED ON SEVERAL KEY ASSUMPTIONS THAT MUST BE MET FOR ALLELE FREQUENCIES TO
REMAIN STABLE:

® | ARGE POPULATION SIZE TO PREVENT GENETIC DRIFT
® RANDOM MATING WITHIN THE POPULATION

e NO MUTATIONS AFFECTING THE GENE POOL

e NO MIGRATION INTO OR OUT OF THE POPULATION

e NO NATURAL SELECTION FAVORING SPECIFIC ALLELES

THESE ASSUMPTIONS CREATE A BASELINE MODEL AGAINST WHICH REAL POPULATION DATA CAN BE COMPARED TO DETECT



EVOLUTIONARY CHANGES.

SIGNIFICANCE IN GENETICS

THE PRINCIPLE SERVES AS A NULL HYPOTHESIS IN POPULATION GENETICS, ALLOWING RESEARCHERS AND STUDENTS TO ASSESS
WHETHER ALLELE FREQUENCIES IN A POPULATION ARE CHANGING. |F THE OBSERVED GENETIC FREQUENCIES DEVIATE SIGNIFICANTLY
FROM THE HARDY-\W/EINBERG EXPECTATIONS, IT MAY INDICATE THAT ONE OR MORE EVOLUTIONARY FORCES ARE ACTING ON THE
POPULATION.

STRUCTURE AND GOALS oF THE HARDY WEINBERG EQUATION POGIL
ACTIVITY

THE HARDY WEINBERG EQUATION POGIL ACTIVITY IS DESIGNED TO ACTIVELY ENGAGE STUDENTS THROUGH A SEQUENCE OF
GUIDED QUESTIONS AND DATA ANALYSIS TASKS. THIS METHOD EMPHASIZES STUDENT COLLABORATION AND CRITICAL THINKING,
PROMOTING A DEEPER UNDERSTANDING OF POPULATION GENETICS CONCEPTS. THE ACTIVITY TYPICALLY INCLUDES SECTIONS
THAT PROGRESSIVELY BUILD KNOWLEDGE AND SKILLS.

PHASES oF THE POGIL AcTiviTY

MOST HARDY WEINBERG EQUATION POGIL ACTIVITIES FOLLOW A STRUCTURED APPROACH TO LEARNING:

1. EXPLORATION: STUDENTS EXAMINE GENETIC DATA AND POPULATION SCENARIOS TO IDENTIFY PATTERNS AND GATHER
RELEVANT INFORMATION.

2. CONCEPT INVENTION: LEARNERS DERIVE OR REVIEW THE HARDY-\W/EINBERG EQUATION AND UNDERSTAND ITS
COMPONENTS.

3. APPLICATION: PARTICIPANTS APPLY THE EQUATION TO CALCULATE ALLELE AND GENOTYPE FREQUENCIES FROM GIVEN
DATA SETS.

4. ANALYSIS: STUDENTS INTERPRET RESULTS AND EVALUATE WHETHER POPULATIONS ARE IN HARDY-\WEINBERG
EQUILIBRIUM.

LEARNING OBJECTIVES

THE PRIMARY GOALS OF THE HARDY WEINBERG EQUATION POGIL ACTIVITY INCLUDE:

o [UNDERSTANDING THE BIOLOGICAL AND MATHEMATICAL BASIS OF THE HARDY-\WEINBERG PRINCIPLE

ACCURATELY CALCULATING ALLELE AND GENOTYPE FREQUENCIES USING THE EQUATION

RECOGNIZING FACTORS THAT CAUSE DEVIATIONS FROM EQUILIBRIUM
¢ DEVELOPING SKILLS IN DATA ANALYSIS AND SCIENTIFIC REASONING

® ENHANCING COLLABORATION THROUGH GROUP DISCUSSION AND PROBLEM-SOLVING



MATHEMATICAL COMPONENTS OF THE HARDY-\WEINBERG EQUATION

THE HARDY WEINBERG EQUATION POGIL ACTIVITY CENTERS AROUND THE FORMULA P2 + 2rQ + Q2 = ], WHICH REPRESENTS THE
EXPECTED GENOTYPE FREQUENCIES IN A POPULATION UNDER HARDY-\W/EINBERG EQUILIBRIUM. LUNDERSTANDING EACH TERM OF THIS
EQUATION IS CRUCIAL FOR SUCCESSFUL APPLICATION.

EXPLANATION OF V ARIABLES

IN THE EQUATION, THE VARIABLES DENOTE THE FOLLOWING:

® p: FREQUENCY OF THE DOMINANT ALLELE IN THE POPULATION
® Q: FREQUENCY OF THE RECESSIVE ALLELE IN THE POPULATION

e pZ FREQUENCY OF HOMOZYGOUS DOMINANT GENOTYPE (AA)

2PQ: FREQUENCY OF HETEROZYGOUS GENOTYPE (AA)

Q% FREQUENCY OF HOMOZYGOUS RECESSIVE GENOTYPE (AA)

SINCE P AND Q REPRESENT ALLELE FREQUENCIES, THEIR SUM MUST EQUAL 1 (P +Q= -|) THIS ALLOWS CALCULATION OF ONE
ALLELE FREQUENCY IF THE OTHER IS KNOWN.

CALCULATING ALLELE AND GENOTYPE FREQUENCIES

USING OBSERVED GENOTYPE COUNTS OR PHENOTYPE DATA, STUDENTS CALCULATE ALLELE FREQUENCIES AND THEN APPLY THE
HARDY-W/EINBERG EQUATION TO PREDICT GENOTYPE FREQUENCIES. T YPICAL STEPS INCLUDE:

1. COUNT THE NUMBER OF INDIVIDUALS WITH EACH GENOTYPE

2. CALCULATE ALLELE FREQUENCIES BY DIVIDING THE TOTAL ALLELES OF EACH TYPE BY THE TOTAL NUMBER OF ALLELES IN
THE POPULATION

3. USE THE ALLELE FREQUENCIES (P AND Q) IN THE EQUATION TO COMPUTE EXPECTED GENOTYPE FREQUENCIES

4. COMPARE OBSERVED AND EXPECTED FREQUENCIES TO ASSESS EQUILIBRIUM

CoMMON APPLICATIONS AND EXAMPLES IN THE ACTIVITY

THE HARDY WEINBERG EQUATION POGIL ACTIVITY OFTEN INCORPORATES REALISTIC EXAMPLES TO ILLUSTRATE HOW GENETIC
DATA CAN BE ANALYZED. THESE EXAMPLES MAY INVOLVE TRAITS WITH SIMPLE MENDELIAN INHERITANCE PATTERNS, SUCH AS
FLOWER COLOR OR BLOOD TYPE.

ExXAMPLE SCENARIO

ONE TYPICAL EXAMPLE PRESENTS A POPULATION WHERE THE NUMBER OF INDIVIDUALS EXPRESSING A RECESSIVE PHENOTYPE IS
KNOWN. STUDENTS USE THIS INFORMATION TO ESTIMATE Q2, FROM WHICH THEY DERIVE Q, THEN CALCULATE P AND DETERMINE
THE EXPECTED GENOTYPE FREQUENCIES USING THE HARDY-\W/EINBERG EQUATION.



INTERPRETING DEVIATIONS FROM EQUILIBRIUM

ACTIVITIES ALSO CHALLENGE STUDENTS TO INTERPRET RESULTS WHEN OBSERVED GENOTYPE FREQUENCIES DIFFER FROM
EXPECTED VALUES. THESE DEVIATIONS MAY INDICATE EVOLUTIONARY FORCES AT WORK, SUCH AS!:

e NATURAL SELECTION FAVORING CERTAIN ALLELES
o NON-RANDOM MATING OR INBREEDING
® MIGRATION INTRODUCING NEW ALLELES

e GENETIC DRIFT IN SMALL POPULATIONS

UNDERSTANDING THESE FACTORS HELPS STUDENTS CONNECT MATHEMATICAL CALCULATIONS TO BIOLOGICAL PROCESSES.

EDUCATIONAL BENEFITS AND LEARNING OUTCOMES

THE HARDY WEINBERG EQUATION POGIL ACTIVITY OFFERS MULTIPLE PEDAGOGICAL ADVANTAGES BY FOSTERING ACTIVE
LEARNING AND CONCEPTUAL MASTERY. |T SUPPORTS THE DEVELOPMENT OF QUANTITATIVE REASONING AND SCIENTIFIC LITERACY
IN GENETICS.

ENHANCEMENT OF CRITICAL THINKING

THE GUIDED INQUIRY FORMAT ENCOURAGES STUDENTS TO ANALYZE DATA METHODICALLY, INTERPRET RESULTS CRITICALLY, AND
JUSTIFY CONCLUSIONS USING EVIDENCE. THIS STRENGTHENS PROBLEM-SOLVING SKILLS APPLICABLE ACROSS SCIENTIFIC
DISCIPLINES.

CoLLABORATION AND COMMUNICATION SKILLS

W/ ORKING IN SMALL GROUPS, STUDENTS DISCUSS CONCEPTS, CLARIFY MISUNDERSTANDINGS, AND SHARE DIVERSE PERSPECTIVES.
THIS COLLABORATION PROMOTES EFFECTIVE COMMUNICATION AND TEAMWORK, ESSENTIAL SKILLS IN SCIENTIFIC RESEARCH.

IMPROVED RETENTION OF GENETIC CONCEPTS

ENGAGING ACTIVELY WITH THE HARDY-W/EINBERG PRINCIPLE THROUGH THIS POGIL ACTIVITY LEADS TO BETTER RETENTION AND
UNDERSTANDING COMPARED TO PASSIVE LECTURE-BASED LEARNING METHODS. STUDENTS GAIN CONFIDENCE IN APPLYING
THEORETICAL CONCEPTS TO PRACTICAL SCENARIOS.

IMPLEMENTATION TIPS FOR EDUCATORS

T o MAXIMIZE THE EFFECTIVENESS OF THE HARDY WEINBERG EQUATION POGIL ACTIVITY, INSTRUCTORS SHOULD CONSIDER
SEVERAL BEST PRACTICES FOR CLASSROOM INTEGRATION.

PREPARATION AND MATERIALS

EDUCATORS SHOULD ENSURE THAT STUDENTS HAVE FOUNDATIONAL KNOWLEDGE OF BASIC GENETICS BEFORE STARTING THE
ACTIVITY. PROVIDING CLEAR INSTRUCTIONS, WORKSHEETS, AND EXAMPLE DATA SETS FACILITATES SMOOTH PROGRESSION
THROUGH THE GUIDED PHASES.



FACILITATION STRATEGIES

INSTRUCTORS ARE ENCOURAGED TO MONITOR GROUP DISCUSSIONS, PROMPT DEEPER THINKING WITH TARGETED QUESTIONS, AND
CLARIFY MISCONCEPTIONS WITHOUT PROVIDING DIRECT ANSWERS PREMATURELY. THIS SCAFFOLDING SUPPORTS INDEPENDENT
LEARNING WHILE MAINTAINING FOCUS.

ASSESSMENT AND FEEDBACK

INCORPORATING FORMATIVE ASSESSMENTS SUCH AS QUIZZES OR REFLECTION PROMPTS HELPS GAUGE STUDENT UNDERSTANDING
OF THE HARDY-\WEINBERG EQUATION AND ITS APPLICATIONS. PROVIDING TIMELY FEEDBACK CAN REINFORCE LEARNING AND
ADDRESS AREAS NEEDING IMPROVEMENT.

FREQUENTLY ASkeD QUESTIONS

\WHAT IS THE HARDY-\WEINBERG EQUATION USED FOR IN A POGIL ACTIVITY?

THE HARDY-WEINBERG EQUATION IS USED IN POGIL ACTIVITIES TO HELP STUDENTS UNDERSTAND HOW ALLELE AND GENOTYPE
FREQUENCIES REMAIN CONSTANT IN A POPULATION UNDER IDEAL CONDITIONS, ILLUSTRATING THE CONCEPT OF GENETIC
EQUILIBRIUM.

\WHAT ARE THE MAIN ASSUMPTIONS OF THE HARDY-\W/EINBERG PRINCIPLE EXPLORED IN
THE POGIL ACTIVITY?

THE MAIN ASSUMPTIONS INCLUDE NO MUTATION, NO MIGRATION, RANDOM MATING, INFINITE POPULATION SIZE, AND NO NATURAL
SELECTION, ALL OF WHICH ARE TYPICALLY EXAMINED IN THE POGIL ACTIVITY TO UNDERSTAND WHEN THE EQUATION APPLIES.

How poes THE POGIL ACTIVITY HELP STUDENTS CALCULATE ALLELE FREQUENCIES
USING THE HARDY-\W/EINBERG EQUATION?

STUDENTS USE THE POGIL ACTIVITY TO PRACTICE CALCULATING ALLELE FREQUENCIES (P AND Q) FROM GIVEN GENOTYPE
FREQUENCIES (P2, 2PQ, Q%) BY APPLYING THE EQUATIONP + Q= 1 AND P2 + 2PQ + Q% = 1.

\WHAT LEARNING OUTCOMES ARE TARGETED BY THE HARDY-\WEINBERG EQUATION
POGIL AcTIVITY?

THE ACTIVITY TARGETS UNDERSTANDING POPULATION GENETICS CONCEPTS, APPLYING MATHEMATICAL MODELS TO BIOLOGICAL
DATA, AND DEVELOPING CRITICAL THINKING ABOUT EVOLUTIONARY FORCES AFFECTING GENETIC VARIATION.

How poes THE POGIL ACTIVITY DEMONSTRATE THE IMPACT OF EVOLUTIONARY
FORCES ON HARDY-\W/EINBERG EQUILIBRIUM?

THROUGH GUIDED QUESTIONS AND SCENARIOS, THE POGIL ACTIVITY ILLUSTRATES HOW FACTORS LIKE SELECTION, MUTATION,
GENE FLOW , AND GENETIC DRIFT CAN CAUSE DEVIATIONS FROM HARDY-\WEINBERG EQUILIBRIUM.

CAN THE HARDY-\WEINBERG EQUATION BE USED TO PREDICT GENOTYPE FREQUENCIES IN
FUTURE GENERATIONS DURING THE POGIL ACTIVITY?

Yes, THE POGIL ACTIVITY SHOWS THAT IF A POPULATION IS IN HARDY-\WEINBERG EQUILIBRIUM, GENOTYPE FREQUENCIES CAN

BE PREDICTED GENERATION AFTER GENERATION USING THE EQUATION, ASSUMING NO EVOLUTIONARY FORCES ACT ON THE
POPULATION.



\W/HAT ROLE DOES RANDOM MATING PLAY IN THE HARDY-WEINBERG POGIL ACTIVITY?

RANDOM MATING IS A KEY ASSUMPTION EXPLORED IN THE POGIL ACTIVITY, IT ENSURES THAT ALLELE COMBINATIONS OCCUR BY
CHANCE, MAINTAINING GENOTYPE FREQUENCIES PREDICTED BY THE HARDY-\W/EINBERG EQUATION.

How DO STUDENTS ASSESS WHETHER A POPULATION IS IN HARDY-\WEINBERG
EQUILIBRIUM USING DATA IN THE POGIL AcTIVITY?

STUDENTS COMPARE OBSERVED GENOTYPE FREQUENCIES WITH EXPECTED FREQUENCIES CALCULATED FROM ALLELE FREQUENCIES
USING THE HARDY-\W/EINBERG EQUATION TO DETERMINE IF THE POPULATION IS IN EQUILIBRIUM.

ADDITIONAL RESOURCES

1. UNDERSTANDING HARDY - WEINBERG: A POGIL APPROACH

THIS BOOK OFFERS A COMPREHENSIVE INTRODUCTION TO THE HARDY-W/EINBERG EQUILIBRIUM THROUGH PROCESS ORIENTED
GuIDED INQUIRY LEARNING (POGIL) ACTIVITIES. |T BREAKS DOWN COMPLEX GENETIC CONCEPTS INTO MANAGEABLE,
INTERACTIVE EXERCISES THAT PROMOTE CRITICAL THINKING. STUDENTS CAN LEARN HOW ALLELE FREQUENCIES CHANGE IN
POPULATIONS AND UNDERSTAND EVOLUTIONARY PRINCIPLES IN A HANDS-ON MANNER.

2. PoPULATION GENETICS AND HARDY - WEINBERG EQUILIBRIUM

FOCUSING ON THE FUNDAMENTALS OF POPULATION GENETICS, THIS TEXT EXPLAINS THE HARDY-\WEINBERG EQUATION WITH
CLEAR EXAMPLES AND PROBLEM-SOLVING ACTIVITIES. [T INCLUDES POGIL-STYLE WORKSHEETS DESIGNED TO ENGAGE STUDENTS
IN ACTIVE LEARNING. THE BOOK IS IDEAL FOR HIGH SCHOOL AND COLLEGE STUDENTS TRYING TO GRASP GENETIC VARIATION AND
EVOLUTIONARY MECHANISMS.

3. POGIL ACTIVITIES FOR INTRODUCTORY BioLoGY: GENETICS AND EVOLUTION

THIS coLLECTION oF POGIL ACTIVITIES COVERS KEY TOPICS IN GENETICS, INCLUDING THE HARDY-\X/EINBERG EQUATION. T
ENCOURAGES COLLABORATIVE LEARNING AND INQUIRY-BASED EXPLORATION OF GENETIC PRINCIPLES. THE ACTIVITIES ARE
STRUCTURED TO HELP STUDENTS DEVELOP A DEEP UNDERSTANDING OF HOW POPULATIONS EVOLVE AND MAINTAIN GENETIC
EQUILIBRIUM.

4. Harpy-WEINBERG EQUILIBRIUM: CONCEPTS AND CALCULATIONS

A PRACTICAL GUIDE THAT EXPLAINS THE MATHEMATICAL FOUNDATIONS OF THE HARDY-\WEINBERG PRINCIPLE, PAIRED W/ITH
POGIL EXERCISES TO REINFORCE LEARNING. READERS CAN PRACTICE CALCULATING ALLELE AND GENOTYPE FREQUENCIES AND
EXPLORE FACTORS THAT CAUSE DEVIATION FROM EQUILIBRIUM. THE BOOK IS SUITABLE FOR BIOLOGY TEACHERS AND STUDENTS
SEEKING HANDS-ON LEARNING TOOLS.

5. ExPLORING EvoLUTION THROUGH HARDY - WEINBERG POGIL ACTIVITIES

THIS Book Uses POGIL METHODS TO HELP STUDENTS INVESTIGATE EVOLUTIONARY CONCEPTS VIA THE HARDY-\W/EINBERG
EQUATION. |T OFFERS REAL-WORLD EXAMPLES AND DATA ANALYSIS EXERCISES THAT MAKE ABSTRACT CONCEPTS TANGIBLE.
IDEAL FOR CLASSROOM USE, IT SUPPORTS INQUIRY-BASED LEARNING AND SCIENTIFIC REASONING.

6. GeneTics MADe SimpLe: POGIL AcTiviTIES oN HARDY - WEINBERG

DESIGNED FOR BEGINNERS, THIS BOOK SIMPLIFIES GENETICS TOPICS WITH GUIDED INQUIRY ACTIVITIES FOCUSED ON HARDY-
\W/EINBERG EQUILIBRIUM. |T EMPHASIZES UNDERSTANDING THE ASSUMPTIONS OF THE MODEL AND HOW TO APPLY THE EQUATION IN
POPULATION STUDIES. THE APPROACHABLE FORMAT IS PERFECT FOR HIGH SCHOOL STUDENTS OR INTRODUCTORY COLLEGE
COURSES.

7. INTERACTIVE LEARNING IN GENETICS: HARDY - WEINBERG POGIL W orkBOOK

FEATURING INTERACTIVE WORKSHEETS AND GROUP ACTIVITIES, THIS WORKBOOK PROMOTES ACTIVE ENGAGEMENT WITH THE
HARDY-WEINBERG EQUATION. |T INCLUDES STEP-BY-STEP INSTRUCTIONS TO WORK THROUGH GENETIC PROBLEMS AND EXPLORE
POPULATION GENETICS CONCEPTS. THE WORKBOOK IS A VALUABLE RESOURCE FOR EDUCATORS AIMING TO INCORPORATE
ACTIVE LEARNING STRATEGIES.

8. EvoLuTion AND GENETIC VARIATION: A POGIL PerspPecTIVE
THIS TEXT INTEGRATES POGIL ACTIVITIES THAT FOCUS ON GENETIC VARIATION AND EVOLUTIONARY PROCESSES, HIGHLIGHTING
THE ROLE OF HARDY-\WEINBERG EQUILIBRIUM. |T ENCOURAGES STUDENTS TO ANALYZE DATA AND QUESTION EVOLUTIONARY



ASSUMPTIONS CRITICALLY. THE BOOK IS SUITABLE FOR BOTH HIGH SCHOOL AND UNDERGRADUATE BIOLOGY COURSES.

9. MASTERING PorPULATION GENETICS WiITH POGIL: HARDY - WEINBERG AND BEYOND

A DETAILED RESOURCE THAT EXTENDS BEYOND HARDY-\WEINBERG TO COVER BROADER POPULATION GENETICS TOPICS THROUGH
POGIL ACTIVITIES. IT CHALLENGES STUDENTS TO APPLY CONCEPTS TO COMPLEX SCENARIOS AND UNDERSTAND THE DYNAMICS
OF ALLELE FREQUENCY CHANGES. THE BOOK IS DESIGNED FOR ADVANCED LEARNERS SEEKING A DEEPER UNDERSTANDING OF
EVOLUTIONARY GENETICS.
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