Anthropology 7 Problem Set

Incest and Inbreeding depression

This series of problems will help you prepare for the examinations, by making certain principles that are important for the course clear.  Problem sets are to be turned in to your teaching fellow, and are graded on a satisfactory / unsatisfactory basis.  In general, the questions are designed to be easily answerable, and examination questions will be as hard as the easier questions but not so hard as the most challenging questions.  These problem sets will be worked on in section.  If you are having difficulty, see your TA for help.

Consider an allele that is harmful only when the individual receives two copies of it—one from the mother, and one from the father.  That is, it is only harmful when the individual is homozygous for it.  This is a common situation: If some mutation scrambles a gene so that it no longer produces its protein intact, usually the individual can get all of the protein she needs from her intact gene from the other parent.  But when she has no intact gene from either parent, it causes developmental and health problems.  These are called deleterious recessives.  Entropy is always operating, introducing damaged genes into the population.  These increase in frequency, from this process of addition.  They only cause harm when both gametes carry the same deleterious recessive, and the newly conceived offspring therefore is homozygous for the defective gene.  If the damage from being homozygous lowers the rate of reproduction of the new individual (e.g., by death causing a failure to reproduce), then this event removes a pair of the damaged alleles from the population.  This removal is natural selection in action.  So mutation adds such alleles, and they are subtracted by the damage they do to individuals unlikely enough to get two of them.  When the mutation rate matches the rate of subtraction, this is called the mutation-selection equilibrium.  All organisms are mixtures of healthy genes and damaged genes, because mutations are always entering the species, and it takes some time before any particular cross-generational series of defective gene copies is terminated by selection.  For example, if the population contains 500,000 individuals, then there are 1,000,000 genes at a given locus in the population (2 per individual).  If the mutation rate is 1 in 1 million at the locus (a common rate), then on average 1 copy of the defective allele will be added every generation.  The frequency of the negative mutation will build up until its rate in the population is 1 in 1,000.  This is because, at that frequency, it will meet itself 1 in 1,000,000 times.  The defective allele has a 1 in 1,000 chance in being in a sperm, and a 1 in 1,000 chance of being in an egg.  Therefore, they meet up with each other in a zygote on average every 1/1000 x 1/1000 times, which is 1 in 1,000,000.  At this point, the rate of entry balances the rate of exit, and there is an equilibrium.
So, at a locus like this, the chance of having a homozygous genetic defect is only 1 in 1,000,000.  This is a very low rate.  Of course, that is the risk at only one locus.  Each individual has many tens of thousands of loci across 23 pairs of chromosomes.  Each locus might be defective.  Indeed, genomes are full of deleterious recessives that do little harm because they are masked by being paired with healthy homologues.  To appreciate the total number of genetic defects that will normally express themselves, one must add up the risk at all loci: risk at locus 1 + locus 2 + locus 3….locus 30,000 (the number of loci in the human is not precisely known).  A little less than 1% of humans express major genetic defects that are detectible at birth.  However, negative effects may express themselves throughout the lifespan, so the total is greater than this.  For example, schizophrenia does not develop until adolescence.  Genetically caused cancers develop throughout the lifespan.  Still, most individuals are healthy, and suffer only minor problems from defective genes.
However, this >1% rate assumes that individuals are not mating with close genetic relatives, but rather with unrelated individuals (r=0).  What happens when close relatives do mate?  
With inbreeding, deleterious recessives are paired up with each other at a much higher rate, and so express themselves at far higher rates than would be expected under outbreeding (breeding with non-relatives).  This increased expression of genetic defects in inbred individuals is called inbreeding depression.   These are known to include: lowered fertility, lower sperm viability, higher infant mortality, slower growth rate, smaller adult size, lower IQ, loss of immune function, and a higher expression of all kinds of genetic disorders (cleft palate, abnormal heart function, Tay-Sachs diseases, haemophilia, etc.).

So, let’s analyze how much worse is it to produce an inbred child than an outbred child.
Suppose at a given locus one grandparent carries a deleterious recessive (frequency in the population 1 in 1,000).  The grandparent has two children, a son and a daughter.  These two mate with each other, and produce a child.  
1.  What is the probability that the grandparent passes on the defective allele to the son?  
2. What is the probability that the grandparent passes on the defective allele to the daughter?  
3. What is the probability that the son passes on the defective gene into a sperm cell?  
4. What is the probability that the daughter passes on the defective gene into an egg?

5.  What is the total probability that the sperm and egg united in a child of the brother-sister parental pair is homozygous for the defective gene?
6.  Because the background rate of the defective gene is 1 in 1000, if the mother mates with a nonrelative, what is the probability that a noninbred child of hers will be homozygous for the genetic defect?  (Hint: it will be her probability of having the defective allele, times her probability of passing it on to her egg, times the probability that a random sperm from the population will carry the defective gene.)
7.  How much more likely is the inbred child than the outbred child to be homozygous for the defective gene?  (Calculate the probability the inbred child is homozygous and divide it by the probability that the outbred child is homozygous).  
Given one specific genetic defect in the grandparent (common ancestor), the inbred child is far more at risk of expressing it than an outbred child.  Remember, however, that the genome has many (usually) unexpressed defective genes.  Inbreeding increases the risk of expressing all the genetic defects that are scattered throughout the genome.  The actual increase in expressed genetic defects in an offspring produced by incest has to be calculated by adding together all the individual effects taking place at the fraction of these loci that have been rendered homozygous by inbreeding.  So, if there are, in the inbred offspring, 20 additional loci with defective alleles that have been made homozygous by incest, then the estimated injury to the offspring is calculated by summing all of their effects together.  Because a haploid genome never meets a perfect copy of itself, even under close inbreeding only some of the genetic defects will be expressed.
8.  So, if there are 64 defective alleles at 64 different loci in the grandparent, how many do you expect to be expressed in a grandchild produced by brother-sister incest?

9.  If there are 64 defective alleles at 64 different loci in the grandparent, how many of these do you expect to be expressed in a grandchild produced by outbreeding (parents degree of relatedness = 0)?  We are assuming the background rate for each of these genes in the population is 1/1000.  
Recall that r is the notation used for “degree of relatedness.”  The degree of relatedness is the probability that a specific gene found in one individual will be found in another because they were copied and transmitted during reproduction from the same common ancestor—i.e., that they are “identical by descent.”
10.  If two parents are related by .5 (father-daughter, full-brother-sister, mother-son), what is the chance that, in forming the offspring, a specific defective gene existing in one parent will be matched with its copy?
The general rule is: r/2 = the probability that a specific defective gene existing in one parent will be matched with its copy.  This is the same as the proportion of the offspring’s genome that has been rendered homozygous by being inbred.
11.  What is the proportion of the child’s genome would be rendered homozygous if her parents were full brother and sister?_____  What is the proportion of the child’s genome that would be rendered homozygous if her two parents were mother and son?_____  What is the proportion of the child’s genome that would be rendered homozygous if her two parents were father and daughter?_____ What is the proportion of the child’s genome that would be rendered homozygous if her two parents were half-brother and sister?____  What is the proportion of the child’s genome that would be rendered homozygous if her two parents were uncle and niece?____  What is the proportion of the child’s genome that would be rendered homozygous if her two parents were full cousins?____  What is the proportion of the child’s genome that would be rendered homozygous if her two parents were second cousins (r = 1/32 for second cousins)?_____
12.  So, how many times worse is it (in negatively affecting the offspring produced) for a person to mate with a parent than with a second cousin?  
The unit for measuring the potential negative effects of the defective recessive genes in the genome is the “lethal equivalent.”  A single gene made homozygous can lead to the death the individual before she could reproduce.  The allele responsible for terminating a life before reproducing is called a lethal.  Many genetic defects are less serious than that.  So, if two different defects at two different loci would together be lethal, then they add up to one lethal equivalent.  A single lethal equivalent may be one gene, 10 that reduce fitness by 10%, 20 that reduce fitness by 5%, and so.  An organism with a fitness of zero contributes no genes to the next generation—death before reproducing and a lifetime of nonreproduction are the same thing from a Darwinian point of view.  The number of lethal equivalents in humans is not known exactly, but is estimated to be between 2 and 4.  The minimum cost of incest in the nuclear family is believed to be in excess of 1/3 (that is, a child of incest is likely to produce less than two thirds of the offspring that an outbred child would produce).  This is considered to be a large underestimate, since it is based on deaths only, and deaths after birth but before reproductive maturity.  It would not count lack of success in reproducing, or deaths later in life, such as in adolescence or early adulthood. 
13.  Now, imagine a gene that caused a mating psychology that differentially found close relatives more sexually attractive than non-relatives.  What kinds of bodies would it be more likely to find itself in?

14.  Imagine a gene that caused a mating psychology that was averse to mating with close genetic relatives.  Would it find itself in healthy bodies more often than the gene for incestuous desires?  Would it increase or decrease in frequency, compared to the design that favors

15.  Discussion Question:  What do you think of Freud’s claim that family remembers, including parents and their children, and brothers and their sisters, find each other the primary objects of sexual desire?
