
HERITABILITY

A phenotype is any characteristic or trait expressed by an individual (e.g., eye color, hair color, blood type, intelligence). Phenotype is determined by the interaction of three factors: (1) genotype, (2) environmental and social influences, and (3) random developmental events.


[image: image2.png]Genotype

Environmental Factors

Phenotype

Random Developmental Events





Genotype is the set of genes or DNA that contributes to the phenotype and is heritable (i.e., passed from parents to offspring). Human height is thought to be 86% (or less) heritable (i.e., gene variability accounts for 86% of the height differences in a population). Environmental factors, however, also play a role. Children who grow up with plenty of calcium and protein are much more likely to reach their maximum height; whereas children who grow up malnourished may be short, despite having genes for tallness. Blood type (e.g., type A, type B, type O) is 100% heritable. Environmental factors and random developmental events play no role in blood type.

Random developmental events occur during an organism’s growth and development, regardless of genes and env[image: image1]ironment. During early development, a zygote (fertilized egg) divides into 2 cells, which divide into 4 cells, which divide into 8 cells, etc. Eventually the cells differentiate into specific tissues (e.g., nervous tissue, skin, muscles, etc) and migrate to the appropriate part of the body. During migration, cells that are genetic clones may be exposed to slight differences in their environment (e.g., heat, pressure), causing their ultimate phenotypes to differ. An example of this can be seen in fingerprints. Identical twins do NOT necessarily have identical finger prints. 

Table 1

Heritability = H2 =   Genetic Variation in a population






Total Variation in a population


Genetic variation = the various genotypes





Total variation = genotype + environment +





    random developmental events

A trait that has no environmental or developmental






         influences should have a heritability of 1.00, whereas 





     a trait that has no genetic influence should have a 




            heritability of 0.00.


Sources: 

*H2DB: A Heritability Database across Multiple Species by Annotating Trait-Associated Genomic Loci, (in review. Nucleic Acids Research 2013 Database issue)

**Bouchard, Thomas J., “Genetic Influence on Human Psychological Traits,” Current Directions in Psychological Science, American Psychological Society, 2004, Vol. 13, #4

Questions

1. Assume that a very tall couple had twin girls and then suddenly died. One girl was adopted by a middle class family with plenty of nutritious food, while the other girl was placed with a very poor family where she did not get very much milk or protein. Predict how these twins might develop. Would they look similar in every respect? How might they differ? Why?

__________________________________________________________________________


__________________________________________________________________________

2. Make a generalization (based on the data in table 1) about which types of traits (e.g., mental/social vs. physical) are most heritable and which types are least heritable. Explain why.



____________________________________________________________________



__________________________________________________________________________


__________________________________________________________________________

3. By some measures, body weight can have a heritability of 0.14. What does this tell us about the genetic influence on body weight? 






__________________________________________________

Which factors most likely influence body weight (genotype, random events, or environmental/social influences)?






       ______________________________________________

4.
Children seem to have similar intelligences to their parents, yet the heritability of intelligence can be as low as 0.22. Why? List some environmental/social factors that might influence intelligence.

__________________________________________________________________________


__________________________________________________________________________

5. Neuroticism includes things like nervousness, anxiety, panic attacks, phobias.  Neuroticism also seems to “run in families,” (many neurotic people have neurotic mothers or fathers). Yet the heritability of this trait is extremely low, 0.48. If DNA and germs are not the primary cause, propose some other reason why this condition tends to affect more than one person in the same family.


__________________________________________________________________________


__________________________________________________________________________

Estimated Heritability of Some Traits





Trait			     H2_    ___


*Hearing acuity	0.80


*Height		0.66-0.86


*Migraines		0.53


**Neuroticism		0.48


*Hip bone size		0.45-0.69


*Drug Use		0.45


**Intelligence		0.22-0.88


*Body Weight		0.14-0.94


**Choice of religion	0.00












