CHI SQUARE GENETICS PRACTICE PROBLEMS

CHI SQUARE GENETICS PRACTICE PROBLEMS ARE AN ESSENTIAL PART OF UNDERSTANDING GENETIC INHERITANCE AND VARIATION IN
POPULATIONS. THE CHI"SQUARE TEST IS A STATISTICAL METHOD USED TO DETERMINE WHETHER THERE IS A SIGNIFICANT
DIFFERENCE BETWEEN OBSERVED AND EXPECTED FREQUENCIES IN CATEGORICAL DATA. IN GENETICS, THIS CAN BE PARTICULARLY
USEFUL FOR ANALYZING INHERITANCE PATTERNS IN TRAITS GOVERNED BY MENDELIAN GENETICS, SUCH AS DOMINANT AND
RECESSIVE ALLELES. THIS ARTICLE WILL DELVE INTO THE PRINCIPLES OF THE CHI-SQUARE TEST, WALK THROUGH PRACTICE
PROBLEMS, AND PROVIDE INSIGHTS INTO HOW TO INTERPRET THE RESULTS.

UNDERSTANDING CHI-SQUARE TEST IN GENETICS

THE CHI-SQUARE TEST EVALUATES HOW WELL OBSERVED DATA FIT THE EXPECTED DATA BASED ON A SPECIFIC HYPOTHESIS. IN
GENETICS, THIS OFTEN RELATES TO MENDELIAN RATIOS, WHERE WE PREDICT THE DISTRIBUTION OF PHENOTYPES OR GENOTYPES
BASED ON THE INHERITANCE PATTERNS OF ALLELES.

Basic ConcerTs oF CHI-SQUARE TEST

1. OBSERVED FREQUENCIESI THESE ARE THE ACTUAL COUNTS OF INDIVIDUALS WITH EACH PHENOTYPE OR GENOTYPE IN YOUR
SAMPLE.

2. EXPECTED FREQUENCIES: THESE ARE THE COUNTS THAT YOU WOULD EXPECT BASED ON A SPECIFIC GENETIC HYPOTHESIS,
SUCH AS A 3:1 RATIO FOR A MONOHYBRID CROSS.

3. CHI"SQUARE FORMULA: THE CHI"SQUARE STATISTIC IS CALCULATED USING THE FORMULA:

\[
\cHI"2 = \sum \rrac{(O - E)"2}E}
\]

WHERE:
- \(O\) = OBSERVED FREQUENCY
- \(E\) = EXPECTED FREQUENCY

4. DEGREES OF FREEDOM: THE DEGREES OF FREEDOM (DF) FOR A CHI-SQUARE TEST IN GENETICS IS TYPICALLY CALCULATED AS:
DF=N- ]

wHERE \(N\) IS THE NUMBER OF CATEGORIES.

5. CRITICAL VALUE: THE CHI"SQUARE STATISTIC IS COMPARED TO A CRITICAL VALUE FROM THE CHI-SQUARE DISTRIBUTION
TABLE TO DETERMINE IF THE DIFFERENCE BETWEEN OBSERVED AND EXPECTED FREQUENCIES IS STATISTICALLY SIGNIFICANT.

PrACTICE PROBLEMS

T O ENHANCE UNDERSTANDING OF THE CHI"SQUARE TEST IN GENETICS, LET’S WORK THROUGH SOME PRACTICE PROBLEMS.

ProBLEM 1: MoNoOHYBRID CROSS

IN A MONOHYBRID CROSS BETWEEN TWO HETEROZYGOUS PEA PLANTS (TT), WHERE T IS THE DOMINANT ALLELE FOR TALL
PLANTS AND T IS THE RECESSIVE ALLELE FOR SHORT PLANTS, YOU PERFORM AN EXPERIMENT AND OBSERVE THE FOLLOWING
OFFSPRING PHENOTYPES:



-Ta (T ) =70
- SHorT (T7) = 30

STEPS TO SOLVE:

1. DETERMINE EXPECTED RATIOS: ACCORDING TO MENDELIAN GENETICS, A MONOHYBRID CROSS SHOULD YIELD A 3:1 RATIO FOR
DOMINANT TO RECESSIVE TRAITS.

2. CALCULATE EXPECTED FREQUENCIES:

- ToTAL ofFrsprING = 70 + 30 = 100

- ExpecTep TaLL = \( \rrac{33}{4} \TiMes 100 =75)
- ExpecTeD SHORT = \( \rrac{13}{4} \TiMes 100 = 25 )

3. AppLY CHI-SQUARE FORMULA:

\[

\cHI"2 = \rrac{(70 - 75)"23}{753} + \rrac{(30 - 25)"2}{25}

sa

\cHI"2 = \rrac{(-5)"2}{753} + \rrac{(5)"23{25} = \rrac{253}{75} + \rrac{253}{253} =0.33 + 1= 1.33
\]

4. CALCULATE DEGREES OF FREEDOM:

\[
DF=2-1=1
\]

5. DETERMINE CRITICAL VALUE: FOR DF = 1 AND A SIGNIFICANCE LEVEL OF 0.05, THE CRITICAL VALUE FROM THE CHI-SQUARE
TABLE IS APPROXIMATELY 3.84.

6. INTERPRET THE RESULT: SINCE \(1.33 < 3.84)\), WE FAIL TO REJECT THE NULL HYPOTHESIS, SUGGESTING THAT THE
OBSERVED DATA FIT THE EXPECTED MENDELIAN RATIO.

ProBLEM 2: DIHYBRID CROSS

CONSIDER A DIHYBRID CROSS INVOLVING TWO TRAITS IN PEA PLANTS: SEED SHAPE (ROUND = R, \WRINKLED = R) AND SEED
coLor (YeLLow =Y, GREEN = ). YOU PERFORM A CROSS BETWEEN TWO DOUBLE HETEROZYGOTES (RRY'Y) AND OBSERVE
THE FOLLOWING PHENOTYPES IN THE OFFSPRING:

- Rounp Yettow (R_Y ) =160
- Rounp Green (R_vy) = 40

- WrINkLED YELLOW (RRY ) = 50
- \WriNkLED GRreeN (RRYY) = 10

STEPS TO SOLVE:
1. DETERMINE EXPECTED RATIOS: THE EXPECTED PHENOTYPIC RATIO FOR A DIHYBRID CROSS IS 9:3:3: 1.

2. CALCULATE ToTAL OFFSPRING:
-ToTAL=160+40+ 50+ 10= 260

3. CALCULATE EXPECTED FREQUENCIES:

- ExpecTed Rounp YeLLow = \( \rrac{93{ 163} \TiMes 260 = 146.25\)
- ExpecTep Rouno Green = \( \rrac{3}{ 163} \TiMes 260 = 48.75\)

- ExpecTep WriNkLED YELLOW = \( \FRAC{3}{ 16} \TiMes 260 = 48.75\)
- ExpecTep WriNkLED GReeN = \( \Frac{13{ 163} \TiMes 260 = 16.25\)

4. AppLY CHI-SQUARE FORMULA:



\[

\cHI*2 = \rRAC{(160 - 146.25)"23{146.25} + \rrac{(40 - 48.75)"2}{48.75} + \rrac{(50 -
48.75)"23{48.753} + \rrac{(10 - 16.25)"23{16.253

\

\cHi™*2 = \rrac{(13.75)"23{146.25} + \rrac{(-8.75)"23{48.753} + \rrac{(1.25)"23{48.75} +
\rrAC{(-6.25)"23{16.253

\

\cHI"2 = \rrAc{189.06253{146.25} + \rrac{76.56253}{48.75} + \rrac{1.56253}{48.75} +
\FrrAC{39.06253}{16.25}

\]

\[

\cHI"2 \apProx 1.29 + 1.57 + 0.032 + 2.4 \approXx 5.29

\]

5. CALCULATE DEGREES OF FREEDOM:

\[
oF=4-1=3
\]

6. DETERMINE CRITICAL VALUE: FOR DF = 3 AND A SIGNIFICANCE LEVEL OF 0.05, THE CRITICAL VALUE IS APPROXIMATELY
7.815.

7. INTERPRET THE RESULT: SINCE \(5.29 < 7.8 15\), WE FAIL TO REJECT THE NULL HYPOTHESIS, INDICATING THAT THE
OBSERVED RATIOS ARE CONSISTENT WITH THE EXPECTED RATIOS.

CONCLUSION

IN SUMMARY, CHI SQUARE GENETICS PRACTICE PROBLEMS ARE A POWERFUL TOOL FOR ANALYZING GENETIC DATA AND
UNDERSTANDING INHERITANCE PATTERNS. BY APPLYING THE CHI-SQUARE TEST, WE CAN STATISTICALLY VALIDATE WHETHER THE
OBSERVED DATA DEVIATE SIGNIFICANTLY FROM EXPECTED RATIOS DERIVED FROM GENETIC HYPOTHESES.

THROUGH THE PRACTICE PROBLEMS OUTLINED IN THIS ARTICLE, IT BECOMES CLEAR HOW TO SET UP A CHI"SQUARE TEST,
CALCULATE EXPECTED FREQUENCIES BASED ON MENDELIAN RATIOS, AND INTERPRET THE RESULTS EFFECTIVELY. MASTERY OF
THESE CONCEPTS IS CRUCIAL FOR ANYONE STUDYING GENETICS, AS IT PROVIDES INSIGHTS INTO POPULATION GENETICS, BREEDING
EXPERIMENTS, AND EVOLUTIONARY BIOLOGY. AS YOU ENCOUNTER MORE COMPLEX SCENARIOS, REMEMBER THAT THE PRINCIPLES
REMAIN THE SAME, MAKING THE CHI"SQUARE TEST A VERSATILE METHOD IN THE GENETIC ANALYSIS TOOLKIT.

FREQUENTLY ASkeD QUESTIONS

WHAT IS A CHI"SQUARE TEST USED FOR IN GENETICS?

A CHI-SQUARE TEST IS USED TO DETERMINE IF THERE IS A SIGNIFICANT DIFFERENCE BETWEEN THE OBSERVED AND EXPECTED
FREQUENCIES OF GENOTYPES OR PHENOTYPES IN A GENETIC CROSS.

How DO YOU CALCULATE THE EXPECTED FREQUENCIES FOR A CHI"SQUARE TEST IN
GENETICS?

ToO CALCULATE EXPECTED FREQUENCIES, YOU FIRST DETERMINE THE TOTAL NUMBER OF INDIVIDUALS AND THEN APPLY THE

EXPECTED RATIOS FROM THE GENETIC HYPOTHESIS (E.G., MENDELIAN RATIOS) TO FIND THE EXPECTED COUNTS OF EACH GENOTYPE
OR PHENOTYPE.



\WHAT IS THE FORMULA FOR THE CHI"SQUARE STATISTIC?

THE CHI"SQUARE STATISTIC IS CALCULATED USING THE FORMULA x2 = ¥((O - E)? / E), wHere O IS THE OBSERVED
FREQUENCY AND E IS THE EXPECTED FREQUENCY FOR EACH CATEGORY.

How DO YOU INTERPRET THE RESULTS OF A CHI"SQUARE TEST IN GENETICS?

AFTER CALCULATING THE CHI-SQUARE STATISTIC, YOU COMPARE IT TO A CRITICAL VALUE FROM THE CHI"SQUARE
DISTRIBUTION TABLE BASED ON THE DEGREES OF FREEDOM AND SIGNIFICANCE LEVEL. |F THE CALCULATED VALUE EXCEEDS THE
CRITICAL VALUE, THE NULL HYPOTHESIS IS REJECTED.

\WHAT ARE THE DEGREES OF FREEDOM IN A CHI-SQUARE TEST FOR A GENETIC CROSS?

THE DEGREES OF FREEDOM FOR A CHI-SQUARE TEST IN GENETICS IS CALCULATED AS THE NUMBER OF CATEGORIES MINUS ONE,
WHICH OFTEN CORRESPONDS TO THE NUMBER OF DIFFERENT GENOTYPES OR PHENOTYPES MINUS ONE.

CAN A CHI"SQUARE TEST BE APPLIED TO MORE THAN TWO PHENOTYPES IN GENETICS?

YES/ A CHI"SQUARE TEST CAN BE APPLIED TO ANY NUMBER OF PHENOTYPES OR GENOTYPES AS LONG AS THE EXPECTED
FREQUENCY FOR EACH CATEGORY IS SUFFICIENTLY LARGE (TYPICALLY AT LEAST 5)

\WHAT ARE COMMON MISTAKES TO AVOID WHEN PERFORMING CHI-SQUARE TESTS IN
GENETICS?

COMMON MISTAKES INCLUDE USING SMALL SAMPLE SIZES, FAILING TO CHECK THE EXPECTED FREQUENCIES, MISCALCULATING THE
DEGREES OF FREEDOM, AND NOT PROPERLY STATING THE NULL AND ALTERNATIVE HYPOTHESES.
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