Chapter 3: Genetics
Mechanisms of Inheritance
3.1 Identify and describe the mechanisms and processes by which physical and behavioural characteristics are inherited
Cell Division
· Cells have 3 major subdivisions: the nucleus, the cytoplasm which surrounds the nucleus, and the cell membrane which encases the cell
· Chromosomes: chemical strands in the cell nucleus that contain the genes. The nucleus of each human cell has 46 chromosomes, with the exception of the gametes, which have 23
· Autosomes: the 22 pairs of human chromosomes, other than the sex chromosomes
· Sex chromosomes: the pair of human chromosomes that determines one’s sex. Females have two X chromosomes; males have an X and a Y
· X chromosome is larger and contains many genes, Y is smaller and contains less
· Mitosis: the process by which body cells reproduce, resulting in two identical cells
-First phase: each 46 chromosomes duplicate themselves
-Second phase: these joined strands line up at cell’s midline
-Third phase: each X splits into two identical chromosomal strands and move to opposite sides of the cell, where a nucleus forms around each set of chromosomes and the cell divides itself into two
· The final product of mitosis is two new cells, each with 46 chromosomes and are genetically identical to the parent cell
· Meiosis: the process by which germ cells produce four gametes (sperm or ova), each with half the number of chromosomes of the parent cell
-First phase: the 46 chromosomes of the cell similarly duplicate into two identical strands that remain attached like an X
-Second phase: the X shaped chromosomes pair up with a partner and exchange pieces in a process called crossing over
-Third phase: the X’s line up at the midline of the cell, and a nucleus forms around each half
-Fourth phase: the process is repeated 
· The final product of meiosis is four gametes that possess 23 chromosomes each and are genetically unique
· Crossing over: the exchange of genetic material between pairs of chromosomes during meiosis
Inside the Chromosome
· Gene: a segment of DNA on the chromosome that codes for the production of proteins. The basic unit of inheritance
· DNA (deoxyribonucleic acid): a stair-like, double-helix molecule that carries genetic information on chromosomes
-has the structure of a double helix
-composed of 4 bases: Adenine, Thymine, Guanine, Cytosine
-a nucleotide consists of a pair of these bases (A-T/C-G)
· Discovered by James Watson and Francis Crick
· Base pairs: the unit of length of the double-stranded DNA molecule, determines the coded information carried by the gene
· Alleles: genes for the same trait located in the same place on a pair of chromosomes
· Structural genes guide the production of proteins whereas regulator genes control the activities of the structural genes
The Human Genome Project
· The main purpose of the project is to determine the sequence of the 3 billion base pairs that make up human DNA and to identify human genes
· 18 countries participated
Mendel’s Studies
· Studied the principle of hereditary transmission through pea plants
· Deduced that each observable trait requires two elements, which we now know are a pair of genes (alleles), one inherited from each parent
· Phenotype: the characteristic of a trait that is expressed or observable. The phenotype results from an interaction of genotype and environment
· Genotype: the arrangement of genes underlying a trait
· Mendel’s theory involved an important principle called the principle of dominance: the alleles of a trait are not equal, and one usually dominates the other
· Dominant gene: a relatively powerful allele whose characteristics are expressed in the phenotype, regardless of the allele with which it is paired
· Recessive gene: a relatively weak allele whose characteristics are expressed in the phenotype only when it is paired with another recessive gene
· The principle of segregation states that each inheritable trait is passed on to the offspring as a separate unit
· The principle of assortment asserts that traits are passed on independently of one another
· Polygenetic inheritance: the case in which a trait is determined by a number of genes
· Most behavioral traits of interest such as temperament and intelligence are also affected by multiple genes
· Incomplete dominance: the case in which a dominant gene does not completely suppress the effect of a recessive gene, which is then somewhat expressed in the phenotype
· Codominance: the case in which both alleles are dominant and each is expressed in the phenotype
· Genomic imprinting: the case in which the allele from one parent is biochemically silenced and only the allele from the other parent affects the phenotype
· Environment also plays an important role in the expression of genes, such as a foxes fur coat changes with temperature
Genetic and Chromosomal Disorders
3.2 Describe different types of genetic disorders and their impact on child development
· Mutations are the driving force behind evolution
· Some genetic disorders may result from errors during cell division in meiosis
· Can also be made abnormal by radiation, drugs, viruses, chemicals, and perhaps even the aging process
Hereditary Disorders
· If a defective gene inherited from one parent is recessive, the dominant (and usually normal) allele from the other parent can prevent the problem
· The gene still exists and may be passed on to half the person’s offspring
· Those who receive the defective gene form both parents will develop the disorder
	Disorder
	Cause 
	Description

	Huntington’s disease
	Dominant gene 
	Deterioration of the nervous system, uncontrollable muscular movements, disordered brain function, death

	Neurofibromatosis 
	Dominant gene
	Discoloration and tumors of the skin, heightened probability of learning difficulties, and mild intellectual disability

	Phenylketonuria
	Recessive gene
	If untreated, severe intellectual disability, hyperactivity, convulsions

	Sickle-cell anemia
	Recessive gene 
	Oxygen deprivation, severe pain, tissue damage, early death

	Cystic fibrosis
	Recessive gene
	Breathing and digestive problems, infection of lungs, early death

	Down syndrome
	Extra chromosome at pair 21
	Moderate to severe intellectual disability, distinctive physical features, immune deficiencies, heart defects

	Fragile X syndrome
	Gene on X chromosome
	Intellectual disability, language difficulties, distinctive physical features

	Turner’s syndrome
	Absence of one of the X chromosomes
	Short stature, incomplete development of sex characteristics, below-average spatial intelligence

	Klinefelter’s syndrome
	Extra X chromosome
	Somewhat feminine appearance, incomplete development of sex characteristics, below-average verbal intelligence


· Intellectual disability: a disorder characterized by limited intellectual and adaptive functioning
· PKU occurs when the body fails to produce an enzyme that breaks done phenylalanine, an amino acid, and results in an abnormal amount of the substance accumulated in the blood and harms the developing brain cells
· Special diets can prevent its accumulation in the bloodstream
· X-linked disorders: disorders that result from recessive genes located on the X chromosome, leaving males more vulnerable to them
Structural Defects in the Chromosome
· Down syndrome is one of the most frequent structural abnormality due to the 21st pair of chromosomes having a third member
· Many chromosomal abnormalities that occur do not allow the zygote to develop and never reach conception
Studying the Effects of Genes on Behaviour
3.3 Describe the influence that genes have on the development and psychological abilities and traits
Family Studies
· The family study approach asks whether the phenotypic similarity on some trait follow from the genotypic similarity among the people being compared
· Distinguishing between hereditary and environmental influences is a major limitation of the family-study method
· Family studies have shown the children of mother’s who have schizophrenia are 13 times more likely to develop the disorder and those with siblings with schizophrenia are 9 times more likely than children in general
Adoption Studies
· Children who are living in adoptive homes are compared with their biological parents and with their adoptive parents
· If the correlation with one set of parents is stronger we have a good idea of which factor (shared environment vs. shared gene) is a greater contributor
· Sometimes the method includes siblings

· [bookmark: _GoBack]In a study where hostile adopted adolescents were studied, the researchers speculated:
1. The children initially inherited their behavior problems from their biological parents
2. These problems then evoked responses (harsh discipline) from their adoptive parents
3. The adoptive parents’ disciplinary practices then served to maintain the children’s problem behaviours
Twin Studies
· Identical (monozygotic) twins: twins who develop from a single fertilized ovum and thus inherit identical genetic material
· Fraternal (dizygotic) twins: twins who develop from separately fertilized ova and who thus are no more genetically similar than are other siblings
· Comparing how similar identical twins are allows researchers to see the contribution of heredity to a variety of traits or behaviours
· Intelligence and its heritability have been specifically targeted
· Heritability: estimate of percentage of variance in a trait that is attributable to genetic differences; infant activity level, temperament, reading disabilities, antisocial behavior
· MZ twins always show a larger correlation than DZ twins
· If one identical twin experience divorce, the others chances at 6 times are great, whereas the chances are only 2 times as great in fraternal twins
· Identical twins are more similar in the first 3 years of life in attention, activity, and involvement
· Behaviour geneticists have used twins to examine whether genetic influences underlie certain changes we see in children’s development and behaviour
· Developmental pacing: the rate at which spurts and plateaus occur in an individual’s physical and mental development
· Genes direct the pacing of these abilities
Combined Twin-Study and Adoption-Study Approaches
· Studies twins that were raised apart in adoptive families
· Difficult to use because so few twins are raised apart
· Identical twins who have been reared apart are similar on a variety of personality characteristics, such as extroversion and neuroticism
Models of Gene-Environment Interaction
3.4 Understand four models of how genes and environment interact to influence the development of behaviour
· Behaviour genetics: the field of study that explores the role of genes in producing individual differences in behaviour and development
· The main question at hand is by what processes do genes and environment operate and how do they interact with one another?
Gottesman’s Limit-Setting Model
· Suggests that genes interact with the environment by setting the upper and lower limits of our development
· Reaction range: In Gottesman’s model, the term for the range of ability or skill that is set by the genes. The value achieved within this range is determined by the environment
· Genes set limits on potential skills, such as short children will not become proficient basketball players and tall kids will because they benefit from a more supportive environment
· Either poor environment or poor genes can be overcome by strength in the other because the reaction ranges overlap
Scarr’s Niche-Picking Model
· Scarr believed that the child’s genes operate to produce a correlation between the child’s genotype and the child’s environment; this is, they ensure that both genes are environment push development in the same direction
· Passive gene-environment correlation: situation in which genes and environment affect development similarly because the genes the child receives from the parents are compatible with the environment the parents provide
· Evocative gene-environment correlation: situation in which genes and environment affect development similarly because genetically set predispositions of the child elicit compatible experiences from the environment
· Active gene-environment correlation:  situation in which genes and environment affect development similarly because children seek out experiences that are compatible with their genetic predispositions, or niches
· Scarr’s model views the environment less as a direct cause of the child’s development and more as a vehicle that enables the genes to guide the child along a particular developmental path
· Contends that genetic influences actually grow stronger with age, as children become better able to actively recruit the environments their genes bias them toward
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