
LECTURE 9 
 
Types of sexuality (evolution of sex) 
 
A. There are essentially four types:    Asexuality, Hermaproditism, Unisexuality, and Bisexuality 

 
1. Asexuality  --  mitotic division, where mutation is the prime source of variation 

 
a) some plants (mostly to escape polyploidy) 
b) primarily microbes (although microbes do have mechanisms of gene exchange) 
c) bdelloid rotifers 

 
2. Hermaphroditism  --  male and female; capable of self-fertilization 

 
a) plants, some invertebrates, a few lower vertebrates 
 
b) there can be intense inbreeding with self-fertilization, meaning that despite genetic and 

chromosomal recombination, genetic variation can be severely reduced as few “new” 
genotypes (alleles) are brought in from outside lineages 

 
c) generally found in organisms of limited dispersal ability or where the probability of 

finding a like mate is low 
 

3. Unisexuality  --  generally all female; offspring are “clones” of the maternal parent 
 

a) common in lower animals (e.g., nematodes) and found not infrequently in lower 
vertebrates (several fish groups) 

 
b) known mechanisms include parthenogenesis, gynogenesis, and hybridogenesis 

 
(i) meiotic mechanisms include (i) premeiotic doubling but no cell division, or (ii) 

fusion to egg of a (haploid) polar body nucleus – in both cases the diploid state 
is effectively restored 

 
c) typically found in species that inhabit extremely ephemeral (transitory) environments, 

where the probability of finding a conspecific mate can be very low 
 

4. Bisexuality (separate sexes)  --  most higher eukaryotes 
 

a) obligate meiosis allows genetic and chromosomal recombination 
 

(i) for genetic recombination, number of genotypes released by recombination is 
[r(r+1)/2]n,   where  r = # alleles and n = number of genes 

 
(ii) try 2 alleles at each of 10 genes:   # genotypes = [2(2+1)/2]10  =  >59,000 
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B. Type of sexuality basically a function of the generation and maintenance of genetic variation: 
 

1. Related to generation time, colonization potential, and vagility (dispersal capability) 
 

a)  asexuals: generally have very rapid generation times such that mutation is fairly 
effective in producing ‘new’ genetic variants 

 
b) hermaphrodites, generally in species with low vagility (e.g., sessile plants) or where 

unisexuals  there is a high chance of isolation and subsequent colonization of a 
new habitat by one or a few individuals 

 
c) bisexuals: obvious advantage is having meiosis; invariably in organisms where finding 

a mate is not impossible 
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Introduction to Population Genetics 
 
Population genetics is the study of the statistical consequences of Mendelism at the population 
level, i.e., the study of the genetic composition (frequencies of alleles and genotypes at any given 
locus) of a population from generation to generation. 
 
Of primary interest to population geneticists is the understanding of the processes or “forces” that 
promote and/or retard genetic change.  The former implies a change in frequencies of alleles 
and/or genotypes over time, whereas the latter implies stabilization of frequencies of alleles and/or 
genotypes over time. 
 
 Processes or forces of interest to the population geneticist include: 
 

Natural selection (directed change and/or stabilization) 
  Genetic drift (chance or random change) 
  Migration 
  Mutation 
  Inbreeding 
  Meiotic drive 
 
 
A. The basics 

 
1. Mendelian population:    a temporal-spatial community of interbreeding individuals 

 
a) Note emphases on coexistence in space and time and on interbreeding 
b) Note relationship to the “metapopulation” concept 

 
2. Calculation of gene (allele) and genotype frequencies 

 
a) Gene (allele) frequency is the frequency of alleles at a given locus in a population 
 

Genotype frequency is the frequency of genotypes at a given locus in a population 
 

b) The simplest case is an autosomal locus with two alleles (A, a) in a population with N 
individuals 

 
(i) the number of A alleles in the population divided by the total number of alleles 

(A + a) is the frequency of the A allele 
 

#A/2N = p, where p is the frequency of the A allele 
 

(ii) similarly, the number of a alleles in the population divided by the total number 
of alleles (A + a) is the frequency of the a allele 

 
#a/2N = q, where q is the frequency of the a allele 
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(iii)  Because there are only two alleles in the population, the frequency of p plus q 
should equal unity, i.e.   p + q = 1 (unity) 

 
Note that p and q also are the gamete frequencies, i.e., the frequency of gametes 
carrying A (p) or a (q) alleles 

 
c) If p(A) and q(a) gametes are produced and recombined at random (regardless of their 

frequencies), then after random mating… 
 
    p2   =    frequency of AA individuals 
  2pq  =     frequency of Aa individuals 
    q2   =     frequency of aa individuals 
 

(i) p2, 2pq, and q2 are the genotype frequencies, and [p2 + 2pq q2] should equal 
unity, i.e., 

p2 + 2pq + q2 = 1 
 

(ii) Note that p does not necessarily have to equal q 
 
 
B. Estimating alleles frequencies 

 
 

1. Straightforward for codominant systems where heterozygotes can be identified 
unequivocally from either homozygote, i.e., “allele counts” are direct 

 
  MN blood group:    type M = 270  (aMaM) 
     type MN = 529  (aMaN) 
        type N = 201  (aNaN) 
          1,000 
 

a) Frequency of aM allele  =  p  =  [270 (2) + 529 (1)] / 2N           (2N = 2,000) 
 

p  =  0.53 
 
b) Frequency of aN allele  =  q  =  [201 (2) + 529 (1)] / 2,000 
 

q  =  0.47 [or as q = 1-p] 
 

 
2. Estimating allele frequencies for simple recessives is also fairly straightforward, although 

there is the problem that allele counts are not direct, i.e., the phenotype of heterozygotes 
is the same as one of the homozygotes 

 
 b+−  =  normal 

  b b   =  affected 
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a) Can estimate frequency of b allele from the incidence of individuals with the recessive 
trait in the population 

 
(i) suppose incidence (observed frequency) of bb hmozygotes is 1/10,000 

 
 q2  =  1/10,000 (incidence of affected) 

 
   Solve for q: q = (1/10,000)1/2 

 
q = 0.01 

 
(ii) from this, estimate frequency of b+b+ homozygotes: (0.99)2  =   0.9801 
 

      and frequency of b+b heterozygotes: (2)(0.99)(0.01)  =  0.0198 
 

 
(iii) so, for population of 10,000 individuals, expect… 

 
9,801 b+b+ homozygotes 
   198 b+b   heterozygotes 
       1 bb     homozygote 

 
(iv) the problem here is that one has assumed the population is in Hardy-Weinberg 

Equilibrium (which it may not be - reasons later) – the practical consequence is 
that this is all one can do but one should realize that at best one has only 
estimated the frequency of the recessive allele 
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