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EEB 210
Spring 2008
Lecture # 13:   Genetic evidence for human migrations; hunting and gathering
1)   How genetically variable are humans and how is this variation distributed?

2)   How much of the phenotypic variation among humans can be attributed to genetic differences and how much to environmental effects (especially environmental effects on development)?

Francis Galton, who was a cousin of Darwin, coined the term “eugenics” and believed that humans could be improved by selective breeding.  Galton produced a “beauty map” of England to show where the most beautiful women could be found.  Later, eugenecists had some role in popularizing IQ tests.  Some U.S. presidents (for example, Theodore Roosevelt) were adherents to eugenic concepts.

A woman named Carrie Buck was sterilized by the State of Virginia in the 1920s against her will.  Carrie was sterilized on the basis that she, as well as her parents and grandparents were mentally deficient.  This decision was upheld by U.S. Supreme Court, with Oliver Wendell Holmes writing the decision and indicating that “three generations of imbeciles is enough”.  A number of such sterilizations had been carried out in the U.S., but this is the only one that went to the U.S. Supreme Court to test whether the procedure was constitutional.
How can we assess what proportion of the variation in a given trait is attributable to genetic variation (heritable) as compared to other (non-heritable) factors?

a. twin studies in which monozygotic twins (identical twins) raised in the same family are compared to dizygotic twins (fraternal twins) raised in the same family---note that this comparison yields meaningfully interpretable results only if we assume that the proportion of variance attributable to environment is similar for the two test groups---i.e., if monozygotic twins more similar to each other than dizygotic twins, we then assume this portion of the similarity is the result of identical genes as compared to sharing only 50% of genes

b. compare monozygotic twins raised together vs. monozygotic twins raised apart---this comparison gives an estimate of the influence of different environments of rearing on specific traits
Heritability: measures the proportion of variation due to genetic differences 

Race:  the concept of race is that a species can be subdivided into discrete groups based on genetic differences between groups and similarities within groups; for modern day humans, the data suggest that this definition of separate races is not met because:
a. for H. sapiens, classification schemes based on different characters or sets of characters lead to different groupings

b. more genetic variation within groups than between groups

Some gene frequencies change as a result of environmental selection.  This leads to differences in a few genes between dark-skinned people (who live in, or recently originated from, regions of much sun exposure) and light-skinned people.  The genes that are so selected tend to be those that affect external features, and so are more noticeable.  But if we chose the distribution of the sickle-cell gene as our indicator for race, we would be forced to conclude that peoples who live in regions where malaria is prevalent form a different race from those living in malaria-free regions
What does 1.4% base sequence difference between human and chimp signify?

a. how much difference would one expect?---not enough known to make a firm prediction
b. many AA sequence differences are probably unimportant in accounting for differences between species---for example, most of the individual protein hormones of mammals show small differences in AA from species-to-species, reflecting corresponding differences in the genetic code; yet, hormones taken from one species are usually effective when administered to another species, so these AA differences between species may have little biological significance---but in some cases a single AA substitution can have major consequence (for example, in the mutation that leads to sickle-cell anemia)
Gene effects on phenotype are influenced by environment:

a. temperature-dependent melanism in extremities of Siamese cat

b. phenylketonuria---first discovered genetic disease in humans---inability to metabolize phenylalanine---symptoms can be avoided by using a phenylalanine-free diet

Mitochondrial DNA and the “mitochondrial Eve hypothesis”:

a. does not imply only one mother in the ancestral population---any mother that

has only sons may still contribute to future pool of nuclear DNA, but not to mitochondrial DNA (mtDNA)

b. original paper of Cann et al. published in 1987; now considerable dispute as to its proper interpretation

c. one cannot conclude that “mitochondrial Eve” was the mother of all our genetic material---only of our mitochondrial DNA

Y-chromosome DNA and evolution through the male line; the Y-chromosome Adam hypothesis:
a. Y-chromosome genealogy was used to generate data supporting the notion that Thomas Jefferson fathered the children of his slave, Sally Hemings---by comparing the Y-chromosome of male descendents of Hemings and Jefferson, respectively

b. marker genes on Y-chromosome used to trace human migrations

c. as with mitochondrial Eve, Y-chromosome Adam was the last common ancestor for all present day Y chromosomes, but there is no reason to suspect that he was also the last common ancestor for genes on other chromosomes

Recent studies involving DNA analysis to date human origins suggest that:

(1) The most recent common ancestor of 53 individual living humans selected from various parts of the world lived 120,000-220,000 years ago, indicating that  the most recent common ancestor of all living humans lived in that time period.  (Note that this is not necessarily the same as the date for the origin of the species, H. sapiens.)  This finding is consistent with the “Out of Africa” hypothesis; keep in mind that this hypothesis postulates that a subset of the ancestors of all present day humans migrated from Africa to populate Europe and Asia about 50,000 ya.  However, it is plausible that this particular population of H. sapiens had origins that traced to a common African ancestor that lived more than 120,000 ya.
(2) The last common ancestor of modern day humans and Neanderthals lived 357,000-690,000 years ago, indicating that the lineages leading to these two groups split off long ago---before the appearance of the last common ancestor of all present day humans.
Cavalli-Sforza and colleagues carried out extensive studies of human genetics to trace migrations of H. sapiens.  They also traced the spread and evolution of languages and found a close correspondence to the genetic evidence for human migrations.
Recent genetic evidence, obtained from both mitochondrial DNA and Y-chromosome DNA studies, suggests that there were at least two separate migrations from an African population that, taken together, account for the ancestry of all surviving human populations outside of Africa.  The first of these migrations occurred about 50,000 years ago and populated southern Asia and Australia.  The second wave, slightly later, exited Africa via the Middle East and led to the population of most of Asia, Europe, and ultimately of the Americas.  

Alan Templeton recently (2002) published data supporting his concept of repeated migrations of H. sapiens out of Africa and interbreeding with populations derived from previous migrations.  Templeton’s evidence suggests at least 3 major migrations out of Africa.  The first of these migrations occurred about 1.7-1.8 million years ago and the evidence for this is from the fossil record alone (no genetic evidence).  This was the migration of H. erectus to southern Asia (evidence form the site at Dmanasi).  Evidence for the other two major migrations is based mainly on genetic evidence.  One of these is estimated to have somewhere between 840,000 and  420,000 years ago and would presumably have been H. heidelbergensis, which existed at that time. The third migration is estimated to have taken place between 150,000 and 80,000 years ago and presumably represented movement of H. sapiens.  Templeton emphasizes that when one analyzes data for any single genetic factor---i.e., mitochondrial DNA or Y-chromosome DNA, each of which is essentially transmitted as a unit, or data for a single allele---then one is really tracing the evolutionary history of that unit.  He argues that in order to obtain a more accurate view of the history of the species one should examine a wider variety of heritable units.  Therefore, Templeton’s study included an analysis of 25 human haplotypes (see below).

Perhaps the most interesting conclusion by Templeton is that the successive migrations did not result in simple replacement of populations in Asia and Europe by later migrants of African origin.  Rather, the data suggest some interbreeding between new migrant populations and the populations established by earlier migrations.  

Haplotype:  A haplotye is a region of DNA on a given chromosome that includes ‘markers’---an array of single nucleotide polymorphisms (SNPs) that characterize that region and which are frequently found in association with each other in the breeding population.  The term “single nucleotide polymorphism” refers to the situation where, at a single specific nucleotide site on the chromosome, two or more different nucleotides are found in different members of the population---or even on the two homologous chromosomes present in each (diploid) individual.  When two chromosomes from random people are compared, they differ in about 1 of every 1,000 nucleotide sites on corresponding (homologous) DNA strings.
Mutations:

a. one advantage of sexual reproduction is that a mutant (bad) gene is less likely to be devastating to an individual’s reproductive fitness, since potential negative consequences will likely be counteracted by a dominant allele

b. why are new mutations so often recessive?---probably because most changes in a functional gene are likely to render the gene (or, more specifically, the protein coded by the mutant gene) non-functional
c. estimated that, on average, each individual human carries 2-5 deleterious mutations, but these generally are recessive and carried in heterozygous state

Incest avoidance in animals and humans:

a. inbreeding is likely to result in the production of inferior phenotypes because inbreeding increases the likelihood of production of offspring carrying 2 recessive deleterious alleles

b. organisms have evolved two types of mechanisms to avoid inbreeding---I.e., incest avoidance

1. based on genetic relationship---must have some mechanism of

determining genetic similarity---MHC antigens and odor preferences in humans

2. based on familiarity---avoid mating with individuals with

which one was familiar during juvenile life---for example, studies showed that children who grew up on kibbutz in Israel usually married outside their kibbutz

c. cultural taboos against incest are widespread

Hunting and gathering in apes:

Gorillas live in groups of 10-11 individuals:

a. often (about 60% of all groups) a group includes only one

 male (silverback), but sometimes more than one

b.   some males live alone, some in small all-male groups

c.   much intergroup aggression in mountain gorillas, but not in lowland gorillas,

      where neighboring groups often contain closely related individuals

d.   gorillas have a vegetarian diet

Both chimpanzees and bonobos live in fission-fusion societies:

a. males roam from one group to another within a society (even on a daily basis) so number of males in a particular group varies considerably

b. female groupings are more stable

c. a chimp community (society) may include 20-150 individuals, but chimps spend most of their time traveling in smaller parties of a few individuals

d. males tend to be dominant in behavioral interactions among chimps, but females dominant in bonobos

e. both chimps and bonobos sometimes eat meat

Wild chimpanzees eat mostly plant material, but they also hunt animals---especially red colobus monkeys:

a. hunts conducted by several male chimps

b. hunts conducted 4-10 times/month on average

c. success rates typically >50%

d. hunts sometimes seem to occur spontaneously when monkeys are sighted; other time hunts appear to be far more organize with a group of males ‘on patrol’

e. some males are particularly skillful; one particular male eliminated about 10% of the red colobus population in his hunting area during one 4-year period

f. chimps a significant predator on red colobus and may reduce the overall population by around 50%

g. chimps show little interest in scavenging on kills made by other animals; much debate whether early hominins were primarily scavengers or whether they were hunters 

Three hypotheses to explain why chimps hunt meat:

a. nutritional shortfall---but some groups of chimps hunt primarily during seasons when other foods ore most abundant---hunting in chimps at Ngogo most frequent when large fruit crops are available

b. males hunt to obtain meat that they exchange for matings---but presence of estrous females did not affect hunting frequency

c. hunting and sharing of meat as a social tool to develop and maintain alliances between males-this hypothesis supported by results of a study by David Watts (Yale Univ.)
Hunting and gathering in humans:

Is hunting an ancestral or a derived trait in humans relative to chimpanzees?  This depends on whether the most recent common ancestor of chimps and humans also hunted, and this is not known.

Hunting and gathering was probably the earliest mode of social subsistence by relatively large groups of humans:

a. gathering of vegetable material, nuts, fruits

b. hunting of game and use of tools (weapons) to kill game

c. transporting of food back to a ‘home base’ for processing and sharing

d. some food gathering and hunting activities require considerable skill and individuals in present day hunting and gathering cultures may not reach peak skills until 20-30 years of age

