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Abstract

In a series of two papers (Part 1 and 2) we explore what can be said about human history from the DNA variation we observe
among us today. Population genetics has been used to infer that we share a common ancestry with apes, that most of our
human ancestors emigrated from Africa 50 000 years ago, that they possibly had some mixing with Neanderthals, Deniso-
vans and other archaic populations, and that the early Homo population was never smaller than a few thousand individ-

uals.

Population genetics uses mathematical principles for how the genetic composition of a population develops over

time through various forces of change, such as mutation, natural selection, genetic drift, recombinations and migration. In
this article (Part 1) we investigate the assumptions about this theory and conclude that it is full of gaps and weaknesses.
We argue that a unique origin model where humanity arose from one single couple with created diversity seems to explain
data at least as well, if not better. We finally propose an alternative simulation approach that could be used in order to val-
idate such a model. The mathematical principles of this model are described in more detail in our second paper (Part 2).
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INTRODUCTION

We all have a genetic fingerprint. The more closely related
we are the more similar our fingerprints are. Genetic data can
be used for a number of purposes: to find out whether we carry
a risk gene of an inheritable disease, to ascertain that a young
man is the father of a newborn child, to find evidence against a
suspect of a crime, or to retrieve our ethnic mix at ancestry.com.
In this paper and a subsequent one we will investigate what
human genetic data has to say about common ancestry. In aca-
demia it has more or less been taken for granted that humans
have a common ancestor with chimps. The prevailing view of
this common descent scenario is that the first steps to humanity
arose from ape-like ancestors, whose number were never less
than a few thousand individuals at any time in history. But
there are virtually no attempts to check the results of a scenario
by which humanity descends from a single first couple. We will
call this second scenario the unique origin model.

From a scientific point of view it is important to compare and
test both scenarios. In this first article (Part 1) we will describe
the results of comparing and testing them against each other.
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The conclusion of our qualitative argument is that a unique
origin scenario is in fact more plausible. We end by suggest-
ing a quantitative model by which such scenarios can be tested
more formally. The mathematics of this quantitative model is
described in more detail in our second article (Part 2).

In more detail, this paper (Part 1) is organized as follows: In
Section 1 we introduce some basic concepts from population
genetics. Although the content is well known to many readers,
it makes the article more self contained and easier to follow.
Then in Section 2 we describe in more detail different versions
of the two competing common descent and unique origin mod-
els. They are compared and evaluated in Section 3, using several
different criteria. Finally, in Section 4 we briefly discuss how the
hypotheses of the unique origin model can be tested with data,
as a preparation for our accompanying paper (Part 2).

1. POPULATION GENETICS

Population genetics is a discipline that describes how the
genetic makeup of a group of people changes over time [1]. It
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has numerous applications, but here we will use it as a tool for
comparing different scenarios of human history.

Before that, we will first review some basic principles of
genetics [2].

1A. Human DNA and Its Inheritance

Each one of us has genetic information stored in our cells in
terms of DNA. Most of this information is contained in the cell
nucleus as 46 chromosomes, 23 of which are inherited from our
father and 23 from our mother. Forty-four of these are non-
sex (autosomal) chromosomes and come in almost identical
(homologous) pairs. The remaining two chromosomes deter-
mine our sex. Females have two copies of an X-chromosome,
one from each parent, whereas males have one Y-chromosome
from the father, and one X-chromosome from the mother.
There is also some DNA in the mitochondria.

The chromosomes of the cell nucleus and the mitochondria
of the cell cytoplasm are DNA molecules, whose structure is a
double-stranded helix. Both strands are written in an alphabet
that consists of the four letters adenine (A), guanine (G), cyto-
sine (C) and thymine (T). Each such letter is usually referred
to as a nucleotide or base, and they are connected along each
strand by strong chemical covalent bonds. Between the two
strands, the nucleotides pair up by weaker hydrogen bonds, A
connecting to T, and G to C. Each pair, A-T or G-C, is referred
to as a base pair, and our genome can be thought of as a book
with three billion base pairs of nuclear DNA along with sixteen
thousand base pairs of mitochondrial DNA (Fig. 1).

The human genome is estimated to contain about 20,000
25,000 genes. These genes comprise only a small part of DNA,
and each one of them carries information about various types of
proteins through the genetic code. The mechanism of this code
is that triplets (codons) of nucleotides are translated into one of
twenty possible amino acids, the building blocks of all proteins.
There is some redundancy in the genetic code. Since most of
the 4° = 64 possible nucleotide triplets code for amino acids,
some codons will correspond to the same amino acid. Non-cod-
ing DNA exists both between and within genes. It has several
important functions, one of which is to regulate tissue-specific
gene activity. This is achieved through epigenetic changes, for
instance, or when various transcription factors attach to the
DNA molecule and either activate or suppress expression of a
gene in order to control how much of its protein is produced.

Base pairs

Non-coding Strand

Coding Strand

Figure 1. A small part of a double-stranded DNA-molecule with 14
base pairs. Since A always connects to T, and C to G, both strands carry
the same information. For population geneticists one strand is treated as
the coding strand, because it carries the information for the majority of
genes; thus the nucleotide of the coding strand specifies the identity of
the base pair. doi:10.5048/BI0-C.2016.3.f1
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Figure 2. A small part of a DNA molecule, with 14 base pairs, exists
in two copies in the worldwide human population. The upper copy is
the same as in Figure 1, whereas the lower differs in that the 10" base pair
is C-G rather than T-A. This position is a single nucleotide polymorphism
(SNP), with two possible alleles T and C at the coding strand.
doi:10.5048/BI0-C.2016.3.f2

1B. DNA Variation Among Individuals

We don’t all look the same, and a major reason for this is the
fact that our genomes are not identical. There are small differ-
ences that make each one of us genetically unique. Most parts of
DNA are the same for all humans, but those that vary are called
polymorphisms. A Single Nucleotide Polymorphism (SNP) is
the most common kind of variation.! For each base pair of the
DNA molecule, the convention is to refer to only one of its
two nucleotides, the one located on the coding strand.* This
nucleotide usually exists in two variants at a SND, for instance C
or T, also referred to as the two alleles of the SNP (Fig. 2). There
are several million bi-allelic SNPs along the human genome,
and for those located on one of the 22 autosomes, each person
will have two copies of it, one on the chromosome inherited
from the father and the other from the chromosome that the
mother passed on. For a SNP with alleles C and T, there are
three possible pairs of alleles, C on both chromosomes (CC), C
on one chromosome and T on the other (CT), and T on both
chromosomes (T'T). They are referred to as the three genotypes.
(Since the two alleles of a genotype sit on different but homolo-
gous chromosomes they are not the same thing as a base pair!)

1C. Origin, Purpose and Limitations of Population
Genetics

Since our genomes are not identical, genetics can tell us some-
thing about human variation and history. It is possible to study
how big the genetic differences in the worldwide human popu-
lation are, and indirectly how these differences have changed in
the past. One may also compare the genetic makeup of indi-
viduals from different regions like Europe, Africa, Middle East
or East Asia, or study smaller groups of people, like the inhabit-
ants of Sardinia, Iceland or Polynesia. Population genetics is
a discipline that uses mathematical methods to quantify how
genetic differences vary among individuals, between geographic

Other types of polymorphisms include, for instance, indels, short tandem repeats,
copy number variation of larger genomic regions, and Alu insertions. Reference [3]
contains statistics for their relative occurrence in human DNA.

This is the strand involved in protein coding. Less than 2% of the coding strand of
human DNA actually codes for proteins. This coding part consists of a number of
exons that are first transcribed into mRNA and then translated into proteins.

~
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regions and over time. Starting in the 1920s, much of its theory
was built by prominent mathematicians and geneticists like
Ronald Fisher, Sewell Wright, John Haldane, Motoo Kimura
and Samuel Karlin. A very comprehensive summary of the first
50 years of work can be found in the book by Crow and Kimura
[4]. The mathematical theory was quickly picked up by biolo-
gists, and it had a major role to play in the neo-Darwinian (or
Modern) Synthesis that took place between 1930 and 1950
[5,6]. Darwinian theory was before that very speculative, since
a quantitative method for analyzing the spread of genetic dif-
ferences via natural selection was lacking. Population genetics
seemed to fill this gap by giving the tools for describing genetic
variation in populations, which was thought would eventually
explain how humans and all other species came to share a com-
mon ancestry. Researchers assumed that such evolution was
only guided by genetic changes in germ cells, effectively making
us vessels of our genomes.

But population genetics was founded at a time when very
lictle was known about the complexity of the cell and its
hereditary mechanisms. The knowledge of molecular biology
has expanded enormously since then. As we will see below,
the mathematics is built upon the principle of small stepwise
changes, and as such is a good tool for describing microevo-
lution within species, and some limited degree of speciation.
This has found many applications, for instance animal breeding
and plant breeding, and wildlife management and conservation
biology, where the viability of species is studied and their adap-
tation to environmental changes and inbreeding is quantified
and estimated over time [7].

Although population genetics does not require common
ancestry per se, it was largely founded in order to support
macroevolution and common descent, based on the idea that
macroevolution was merely microevolution writ large. But
today it is possible to use it for the opposite purpose: to show
how unlikely macroevolution is (at least when it is based on the
population genetics of neo-Darwinism). Indeed, macroevolu-
tion requires formation of new kinds of genes, new proteins,
new organs and other irreducibly complex structures.® Although
the mathematical theory of population genetics has continued
to develop until this day [9,10], it has so far not been able to
deal with macroevolution in a convincing way. An increasing
number of biologists have realized the severe limitations of neo-
Darwinism [11,12].

1D. Mechanisms of Genetic Change

Human DNA contains information about our history,
because our genomes are scrambled images of our ancestors’
genomes. In order to understand how history has scrambled
ancestral DNA, we first need to describe the mechanisms that
population geneticists use to explain how the genetic composi-
tion of a population changes over time. These five mechanisms
reflect demography as well as genetic inheritance, and thus can

* A biological structure or activity that is irreducibly complex is composed of sev-
eral parts well-suited for each other and designed for a particular function, where
removal of any of the parts causes the biological structure or activity to cease. For
more discussion and description of such biological processes or structures, see [8].
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tell us something about a population’s history. They can be
summarized as follows:

I. Mutations are changes of DNA. Germline mutations are
the ones of most interest to population genetics, since they
are the ones that are inherited. These mutations are typically
copying errors. Suppose for instance that a single nucleotide
is changed from an A to a T in a sperm cell that later unites
with an ovum during fertilization. Because of ordinary cell divi-
sion, all the cells of the child will carry the mutated allele T
(apart from occasional somatic back-mutations). It is obvious
that mutations increase genetic diversity, and the molecular
clock gives the speed at which this happens. There is a sophisti-
cated DNA copying repair mechanism, and for this reason the
probability is very small, of the order 10" per nucleotide per
generation for mutations in nuclear DNA to occur, whereas it
is several orders of magnitude larger for mitochondrial DNA.*

II. Genetic drift. Whereas mutations are changes of DNA,
already existing polymorphisms will change in their frequency
from one generation to the next for at least two reasons. First,
reproductive success of parents varies. For instance, for a SNP
with alleles A and T it may happen strictly by chance that par-
ents with genotypes AA on average have more children than
those with genotype TT. Second, Mendel’s law of inheritance
implies that a parent with genotype AT is equally likely to pass
the A and T when a sperm or ova cell is formed. Due to chance,
though, more A sperm or eggs may be passed on. The overall
effect in both cases is that the frequency of allele A increases
in the next generation, a phenomenon known as genetic drift.

This random change of allele frequency is more rapid in
small populations than in large ones (for the same reason as
when we toss a fair coin a few times, the frequencies of heads
and tails will deviate more from 50%, compared to when we
toss it many times). In a bottleneck, when the size of a popula-
tion is radically reduced for some time before it recovers, many
rare alleles will be lost during the near extinction phase, because
of an increased amount of genetic drift.

III. Natural selection is similar to genetic drift. The varying
reproductive success of parents causes allele frequencies to change
in the next generation. The difference is that these changes are
not only caused by chance, but to some extent expected to hap-
pen. Several types of selection exist, and we will only mention
some of them here. To this end, consider again a single nucleo-
tide polymorphism with two alleles. For directional selection,
one allele (say A) will have a reproductive advantage over the
other (T). The reason could either be that parents with an AA
genotype will have a higher reproductive fitness (be expected to
have more children) than those that carry an AT, and the par-
ents with an AT will have a higher fitness than those with a TT
genotype. Another possibility is that fertilized eggs with an AA
genotype have the highest survival probability, and those with
a TT genotype have the lowest survival probability. Directional
selection tends to decrease the amount of variation, since it is
likely that the frequency of A will increase over time, so that A

# Mutations of mtDNA are more complicated than for nuclear DNA. There are 100
to 10,000 mitochondria per cell, and some mutations only affect a subset of them,
see for instance [13].
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eventually becomes fixed in the whole population (becomes the
only version of nucleotide at that position). In the early days of
evolutionary theory, directional selection was considered to be a
very important mechanism of genetic change. But its power to
alter the genetic composition of a population is limited [14,15],
since most alleles are selectively neutral or slightly deleterious.
And the remaining small number of beneficial mutations often
have a fitness that is only marginally higher than for neutral
alleles, since selection does not operate on genes, but on pheno-
types like body strength or speed. Explaining the origin of new
organs by these sorts of processes is therefore a stretch, because a
large number of mutations are required to increase in frequency
in a coordinated manner.

There is a closely related form of natural selection called
purifying selection, by which deleterious alleles are removed in
the population, since their carriers either die or have fewer off-
spring. Like directional selection it tends to reduce diversity. But
since most alleles are selectively neutral or slightly deleterious,
purifying selection is unable to counterbalance mutations and
remove all new slightly deleterious alleles in a coordinated way.
The effect of this is that the entropy of the genome increases
over time.’

A third type of selection has the opposite effect of increasing
diversity. It is called balancing selection, and it happens when
AT has a selective advantage over AA and TT. This selective
force, which maintains many individuals with an AT genotype,
automatically creates a balance between the frequencies of A
and T. Balancing selection may be important for explaining
the high diversity in some parts of the human genome, like the
HLA system on Chromosome 6. Several of the genes in this
region are crucial for the immune system, and a high genetic
variability could increase the ability of a population to recog-
nize harmful intruders and thereby survive an epidemic better,
see for instance Chapter 5 of [18] and references therein.

IV. Recombination is another way of generating more diver-
sity for non-sex chromosomes and X-chromosomes. No novel
DNA is produced, but existing DNA is combined in new ways.

When DNA is inherited from one generation to the next,
the number of chromosomes is halved from 46 to 23 in the
sperm cell from the father and the ovum from the mother. This
process, called meiosis, is necessary so that when the sperm and
egg come together a full complement of 46 is restored. During
meiosis, recombination between homologous chromosomes
takes place (see Fig. 3). After recombination, each chromosome
of a sperm or ovum (a germ cell) is a mosaic of the homolo-
gous grandmaternal and grandpaternal chromosomes. The only
parts of the genome that are inherited without recombination
are DNA from mitochondria, the non-recombining parts of
Y-chromosomes and X-chromosomes from a father.

Recombinations make variation at different parts of the chro-
mosome more independent. In order to illustrate this, suppose
a new mutation T— A occurs in a chromosome that has a pre-
existing G at another SNP on the same chromosome. (Other
chromosomes carry a C at that position.) Since there is initially

> This is usually referred to as Haldane’s dilemma, see for instance Chapters 7-9 of

[16] and [17].
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Figure 3. Recombination between two homologous chromosomes
results in shuffling of alleles. The two recombined chromosomes below
the arrow end up in separate germ cells. doi:10.5048/BI0O-C.2016.3.f3

only one chromosome copy with A at the first SNP, an A will
always coexist with a G at the other SNP at the time when the
mutation first arrives. There are no AC versions in the popu-
lation, and therefore the two SNPs are completely associated,
meaning that an A has always been inherited together with a
G. Population geneticists use a concept called linkage disequi-
librium (LD) in order to quantify how much association there
is between alleles of two SNPs (this will be explained in more
detail in Section 1E). When the mutation arrives, so that A and
G are always linked together, the amount of LD between the
two SNDPs is maximal. Recombinations between them will later
on appear in descendants of the first mutated individual, so that
some germ cell chromosomes get an A from the grandparent
with a mutation at the first SN, and a C from the other grand-
parent at the second SNP. These recombinations will gradually
break up the association between A at the first SNP with G at
the second (reducing LD), and since they happen more often
between remote parts of a chromosome, the number of recom-
binations between a distant SNP pair will tend to be greater,
and the LD therefore gets smaller.

There are also closely located double recombinations called
gene conversions. They will only affect the LD pattern for SNP
pairs if only one of them is between the two points of recombi-
nation. The implication of this is that gene conversions affect
the LD pattern of very nearby SNPs, but not those that are
further apart.

V. Colonization, isolation and migration. Especially in the
past, humans have been more or less isolated by distance, with
mating couples living nearby. Sometimes new subpopulations
are formed (colonization), and occasionally men or women
migrate over longer distances to find their mates. It is evident
that migration will decrease subpopulation differentiation,
whereas isolation will increase it. Colonization will also increase
local geographic differences, especially if the founding popula-
tion is small, and then quickly expands after it has settled.

Neo-Darwinism accounts for the above-mentioned mecha-
nisms I-V, and among them germline mutations are essentially
the only way by which novel DNA can arise. The theory does
not allow for large amounts of new and suddenly appearing
diversity. The reason is that neo-Darwinism is framed within
methodological naturalism. This prevailing approach to science
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only allows for natural hypotheses. But if an intelligent designer
is invoked as a possible explanation, and if humanity originates
from one single couple, it is possible that their chromosomes
were created with considerable diversity from the beginning
[19,20]. This gives us a sixth mechanism of genetic change:

V1. Created founder diversity is biologically plausible for
DNA of non-sex chromosomes. Since there are four copies of
each non-sex chromosome in two individuals, we may think
of one of the founding male’s two copies as a reference or tem-
plate for the other three. All differences between his reference
chromosome and the other three founder chromosomes can be
thought of as a very large number of mutations, all of which
occurred in one generation. Since the founding pair had three
copies of the X-chromosome (one in the man and two in the
woman), for the same reason they may also have been different.
Some founder diversity is possible for mitochondrial DNA as
well. Since the founding female carried hundreds of mitochon-
dria that could have been diverse, it is possible that she passed
on some of that diversity on to her daughters.

1E. Summary Measures of DNA

In order to describe how population genetics theory works,
we need to introduce some concepts. This material, though
abstruse, is important because it is in part by these measure-
ments that population geneticists determine the past history of
populations, in our case, the past history of humanity back to
the time of the first founding couple.

Since the size of our genome is huge, it is helpful to first
summarize the genetic composition of all individuals in a popu-
lation in some convenient way. To make it simple we assume
here that all polymorphisms are SNPs with two alleles. This
is by far the most common type of variation, and data from
bi-allelic SNPs provide the following four summary measures:

i. Nucleotide diversity. A typical genome differs from the
human reference sequence (which has the most common
SNP at all positions) at about four to five million nucleo-
tides, slightly more than 0.1% of the human genome [3]. A
more commonly used measure of diversity is the total number
of SNPs adjusted for the size of the population (since a large
population will have more polymorphic variants). Another
measure of variation, which is easier to interpret, is the nucle-
otide diversity. It is defined as the fraction of nucleotides at
which the genomes of two randomly chosen individuals differ.
For the worldwide human population it has been estimated to
0.08% for the whole genome, although it is highest for non-sex
chromosomes, smaller for X-chromosomes, and even lower for
Y-chromosomes [21,22]. The nucleotide diversity of mitochon-
drial DNA is higher, about 0.25% [23].

ii. Allele frequency spectrum. Consider a single SNP with
two alleles A and T in a population of size 500. If this SNP is
located on one of the 22 autosomes, there will be 500x2=1000
copies of it in the population. Suppose 400 of these copies have
allele A and the remaining 600 ones have the other allele T.
Then A has a minor allele frequency (MAF) 400/1000=40%.
In other words, 40% of the population carries an A at that
position, and it is called the minor allele frequency, since it is
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Figure 4: Schematic illustration of the allele frequency spectrum
of a population. The height of each bar gives the fraction of SNP with
a minor allele frequency within the interval that the base of the bar
extends over. The fraction of rare variants (MAF between 0 and 5%) of the
human population is much larger than the 22% that the figure indicates
though. doi:10.5048/BIO-C.2016.3.f4

less than the frequency 60% of T. The MAF will always be a
number between 0% and 50%. The allele frequency spectrum
is a histogram of MAFs for all known SNPs (almost 100 mil-
lion for the worldwide human population), where the height of
each bar corresponds to the fraction of variants within a certain
range of the minor allele frequency. Suppose 0-50% is divided
into 10 equally large intervals. Then the leftmost bar shows the
number of all rare variants, those with a MAF between 0% and
5%, the next bar consists of all SNPs with a MAF between 5%
and 10% and so on. For instance, if there are 10 million SNPs
in a population, and 2.2 million have a rare variant, the height
of the leftmost bar is 2,200,000/10,000,000=22% (see Fig. 4).
But for the worldwide human population, the fraction of rare
SNPs is much larger than this [24], and consequently the frac-
tion of common variants (MAF between 5% and 50%) is much
smaller than 100-22=78%.

iii. LD plots. In Section 1D we introduced linkage disequi-
librium (LD), a word geneticists use to describe how tightly
associated alleles of two SNPs are, that is, how often different
combinations of them are found together. In order to illustrate
this concept, consider a pair of SNPs on the same non-sex chro-
mosome, of which the first has alleles A and T with frequencies
40% and 60% (as in the example of 1I), and the second one
has alleles C and G, with frequencies 30% and 70%. In a
population of size 500, there are 2x500=1000 copies of this
chromosome. The alleles from the two SNPs form a haplotype,
which can have four possible variants AC, AG, TC or TG. If the
two SNPs vary independently in the population, the frequency
of AC is 0.4x0.3=12%. This number is obtained by multiply-
ing the frequency of A at the first SNP with the frequency of
C at the second. The frequencies of the other three haplotypes
are found similarly as 0.4x0.7=28% for AG, 0.6x0.3=18% for
TC and 0.6x0.7=42% for TG. Since alleles at the two SNPs
vary independently in the population, geneticists refer to such
a scenario as absence of linkage disequilibrium (LD=0). But it
may also happen that a chromosome with an A at the first SNP
is more likely to have a G at the second SNP, compared to a
chromosome with a T at the first SNP. Then there is linkage
disequilibrium between the two SNPs. The maximal amount
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Nolb. Max LD
SNP2 SNP2
SNPL C G sum SNP1 C G sum
A |0.12]0.28| 04 A 0 04 | 04
T 0.18( 0.42| 0.6 T 03] 03]0.6
Sum | 0.3 | 0.7 1 Sum | 0.3 | 0.7 | 1

Figure 5: Two possible scenarios of allelic association (linkage
disequilibrium, LD) between two SNPs. The first one has alleles Aand T
with frequencies 40% and 60%, and the second one alleles C and G, with
frequencies 30% and 70%. In the left table there is no association (LD=0)
and in the right table the amount of association is maximal (LD=1), since
one haplotype (AC) is absent. doi:10.5048/BIO-C.2016.3.f5

of linkage disequilibrium (LD=1) occurs when one of the four
haplotypes is completely absent from the population.® This
happens for instance if there are no AC and the other three hap-
lotypes have frequencies 40% for AG, 30% for TC and 30% for
TG (see Fig. 5). Another example of complete LD was found
in Section 1D, when a mutation occurs that defines a new SNP.

An LD plot gives the average amount of LD for SNP pairs
at various distances (Fig. 6). This average LD will in general
decrease with distance, since nearby SNPs tend to be inher-
ited together, and ones farther apart tend to be inherited
independently of one another. It turns out that LD will both
depend on when the mutations at the two SNPs first arrived
and the amount of recombination between them after that.”
The main question is over how long distances LD exists, since
this provides information about past demography (population
behavior). The longer the two SNPs have been around, and the
more distant they are, the more likely they will have been sepa-
rated by recombination—the more shuffled the chromosomal
region between them will be.

iv. Subpopulation differentiation. There is no rationale for
the concept of human races, since genetic differences within
subpopulations (like Africa, Europe, Middle East, East Asia and

SNP distance (kb)

80

Figure 6: Schematic illustration of an LD plot of a population.
Each x corresponds to a SNP pair, whose distance is given in units of
1000 nucleotides or kilobase pairs (kb). The smoothed curve gives the
average amount of LD for SNP pairs at various distances. If a least one of
the two SNPs has a very recent mutation, its x will be above this curve.
doi:10.5048/BI0-C.2016.3.f6

¢ Here we tacitly assume that LD is measured in terms of Lewontin’s D', see for
instance Chapter 8 of [25] for an exact definition.
7 See Section 1D.
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Figure 7: The left plot shows clustering of four subpopulations
(white, light blue, black, red) based on their pairwise F; distances
and two-dimensional scaling. All individuals have self-reported their
subpopulation membership. The first cluster contains the white, light
blue and black population, and the second one consists of the red
population. The right plot shows the estimated fractions of ancestral
DNA for six individuals, without requiring their self-reported ethnicity.
doi:10.5048/BIO-C.2016.3.f7

native Americans) are much larger then differences between
them. It is still the case that subpopulations whose inhabitants
have lived isolated for a long time will on average have different
genetic profiles. The most straightforward way to check this is
to compare nucleotide diversities, allele frequency spectra and
LD plots for the subpopulations. A more quantitative approach
is to compute a so-called fixation index Fj, for each pair of
subpopulations. This is a kind of distance measure, a number
that ranges between 0 and 1. The smaller it is, the more similar
the two subpopulations are. The fixation indices for all pairs of
subpopulations can be translated into a two-dimensional scat-
terplot, in which each subpopulation is drawn as a dot, and
those from the same continent tend to cluster (left part of Fig.
7). There are other even more sophisticated methods that don’t
require individuals to self-report their ethnicity or subpopula-
tion membership. They automatically infer, for each individual
what mixture of proportions from different ancestral groups the
individual has (right part of Fig. 7).°

In the next two sections we will use the mechanisms of
genetic change (Section 1D) and the summary measures of
DNA (Section 1E) in order to address the question that was
asked in the beginning of this article: In view of genetic data,
is the common descent or the unique origin model of human
history most plausible?

2. HUMAN HISTORY MODELS AND HOWTO
RECONSTRUCT THE PAST

In this section we will juxtapose two models of human his-
tory: the standard model that assumes common descent, and
another model that assumes we came from two first parents
(unique origin). As shown in Figure 8, the two models have
different starting assumptions, but follow the same rules of
inheritance and population genetics in their working out. The
standard model assumes we came from an initial population of
about 10,000 at our separation from chimps, an estimate based

8 This can be done in a variety of ways, for instance through principal component
analysis, see [26].
? 'This includes for instance the STRUCTURE program [27].
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Figure 8: lllustration of the two competing models of human
history; common descent and unique origin. The figure shows how
the different mechanisms of genetic change (Section 1D) affect DNA of
humans and chimps. These are condensed into summary measures of
DNA (Section 1E). The challenge is to find the best fitting genealogy of
each scenario, in order to see which one fits the summary statistics the
best. doi:10.5048/BI0-C.2016.3.f8

on matching current genetic diversity with population histo-
ries without any created diversity. Our unique origin model
assumes we started from two first parents with initial created
diversity in our chromosomes, in other words a starting array of
SNPs scattered throughout. Our model is a forward projection
in time of the outworking of that diversity.

2A. Reconstruction of History

When population geneticists try to reconstruct human his-
tory from genetic data, they compare different demographic
scenarios in order to see how well mutations, recombinations,
genetic drift and selection are able to reconstruct the genetic
variation we see today in terms of nucleotide diversity (i), allele
frequency spectra (ii), LD plots (iii) and subpopulation dif-
ferentiation (iv). There are highly sophisticated mathematical
methods for doing this, but it is still very difficult to reconstruct
history. The main reason for this is lack of data from the past. It
is indeed possible to sequence DNA from some of our ancient
relatives, and in recent years this line or research has exploded
[28]. In spite of these advances, ancient DNA is still so sparse
that to a large extent, future genetic analyses of human history
will continue to rely on DNA samples from the most recent
generations. With lictle historical data, any reconstructed gene-
alogy is an estimate only with assumptions embedded in it.

What kind of history is it that genetic data provides estimates
of? It is not a usual type of pedigree, where each individual has
two parents. It is rather a genealogy showing which ancestors
passed on DNA to persons alive today. The form of this geneal-
ogy will vary along with the DNA being studied. For example,
since mitochondrial DNA is inherited almost always only from
the mother, its genealogy will be a tree of females, where each
individual has the mother as the only parent.!® For the world-
wide human population, the root of this tree is usually referred

10 See http://www.phylotree.org/ for the latest update of the worldwide female gene
tree.
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to as mitochondrial Eve. She is the female ancestor of all people
alive today, usually called our most recent common ancestor.
Mitochondrial Eve exists whether our common descent from
ape-like ancestors is true or not.

This is because genealogies tend to coalesce over time. Not
every woman alive at the time of mitochondrial Eve passed on
her genes to daughters, and the same was true in every gen-
eration. Generation by generation the number of lineages
remaining was whittled down. Eventually only one female’s
descendants remain (Fig. 9). Therefore mitochondrial Eve is
not necessarily a proof of a unique female origin of humanity,
since other women may have lived at the same time. But on the
other hand, she may be, it is only that this data alone cannot
tell us that.

The ancestry of Y-chromosomal DNA is similarly a tree of
males in which each individual has a single parent, his father."
The root of this tree, Y-chromosome Adam, is not a proof of a
unique origin either, for the same reasons.

The genealogy of autosomal and X-chromosome DNA is
more complicated, since shuffling between homologous chro-
mosomes (recombination) will divide the autosomes and the
X-chromosome into blocks with different ancestral trees, each
one with a different root. The lineages of all autosomal and
X-chromosome ancestral trees may be followed further back
in time until a “grand most recent common ancestral chromo-
some” is found (with huge error bars, we might add).

In order to explain how the standard population genetics
model and genetic data is used to generate information about
the ancestral size of the human population, let us first consider
nucleotide diversity (i). If humanity is very old (for instance if

I{’%\
A

Figure 9: A hypothetical genealogy (for instance a mitochondrial
DNA tree). There are 11 individuals in each generation, with the fifth
individual in generation 1 (G1) the eventual progenitor of every one in
G8, due to genetic drift and/or natural selection. The root of the tree, or
the most recent common ancestor (MRCA) of the individuals in G8, is the
fifth individual of G2. If there are no mutations among the descendants
of the MRCA, there is no genetic diversity in G8. The reason is that all (mt
DNA) variants of the MRCA have been fixed, whereas the variants that
existed in other G2 individuals have been lost. For a larger population,
it typically takes a lot more than seven generations to reach the MRCA
when tracing ancestry backwards in time. doi:10.5048/BIO-C.2016.3.f9

o

" See http://www.phylotree.org/Y/ for the latest update of the worldwide male gene
tree.
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Figure 10. lllustration of allele frequency spectra and LD plots of an old population without created diversity (upper), and a young population
founded by a single couple with created diversity (lower). The height of each bar of the allele frequency spectra gives the fraction of SNPs with a
minor allele frequency within the interval that the base of the bar extends over. If the population expanded recently, the fraction of rare variants (MAF
between 0 and 5%) is much larger for both allele frequency spectra. Each x of the LD plots corresponds to a SNP pair, whose distance is given in units
of 1000 nucleotides or kilobase pairs (kb). The comparison of the two rows is only schematic. The younger the population of the lower subplots is, the
more its allele frequency spectrum and LD plots differ from the upper population. doi:10.5048/BI0-C.2016.3.f10

we share ancestry with chimps) the diversity we see today is
mainly produced by a balance among mutations in germ cells,
genetic drift, and to some extent selection. A population with
little diversity may have had a small mutation rate, so that few
new variants arose in the past. But a low diversity can also be
due to a small ancestral population with a young most recent
common ancestor, since many variants that existed in the past
have then been lost or fixed due to genetic drift (see Figure
8). Alternatively, a population with a large amount of diver-
sity either had a large mutation rate or a large ancestral size/
old most recent common ancestor. Consequently, if the esti-
mated mutation rate is chosen too high, the ancestral size will
be underestimated and the root of the tree will be dated too
recently. On the other hand, if the mutation rate chosen is too
small, the most recent common ancestor will be pushed too far
back in time. It is therefore crucial to have a reliable molecular
clock in order to estimate the age of humans correctly by this
method. Since the mutation rates are so small, it is only recently
that researchers have been able estimate them de novo, by com-
paring the DNA of children with their parents” and counting
the fraction of nucleotides that differ [29]. Before that, the
molecular clock was often calibrated under an assumption that
we shared common ancestry with chimps. A typical estimate
of the mutation rate was based on the postulated divergence
time between humans and chimps, and the observed amount of
divergence between parts of the two species’ DNA.

However, if humanity was founded recently by a single couple,
then the age of the founding generation and its amount of
created genetic variation will also impact the diversity we see
today. Y-chromosome DNA should then have much less diver-
sity, since all Y-chromosomes descend from one singly copy,
and few germline mutations have occurred since the founding
generation. But this is not necessarily the case for autosomal
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and X-chromosome DNA, if the founding couple was created
with diversity, or for mtDNA, if the first woman’s mitochondria
were diverse. That is, a high amount of nucleotide diversity in
DNA other than Y-chromosomes, does not necessarily indicate
an old population.

Second, the allele frequency spectrum (ii) gives additional
information about the past. If the population has many rare
variants, there are many possible explanations, for instance a
rapidly expanding population (since most individuals lived
recently, and therefore most mutations happened in the near
past), a highly subdivided population with many more or less
isolated tribes (since different alleles get fixed in different sub-
populations, and each such locally fixed allele tends to have a
small frequency in the whole population), or an excess of delete-
rious alleles that have not been removed by purifying selection.
A flatter allele frequency spectrum with more common variants
may indicate a recent bottleneck, a small and recent founding
population or balancing selection, where the two SNP variants
will tend to stabilize.

Considering the unique origin, created diversity model, if the
founders lived recently and with genetic diversity, most of this
diversity would remain today, unless the population has experi-
enced an extreme bottleneck. The number of common variants
would then be high, in particular if the founding population is
young (Fig. 10).

Third, the LD plots (iii) provide further knowledge, but they
are affected by several factors. Mutations, genetic drift, subpop-
ulation division and certain types of directional selection will
all generate linkage disequilibrium. It is still possible to observe
some general patterns, for instance that LD extends over larger
SNP distances for a small population, or one that is fragmented
into a number of subpopulations (Fig. 10).
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Fourth, subpopulation differentiation (iv) indicates partial
isolation between different people groups. But it is difficult
to reconstruct exactly how this division came about [30]. If,
for instance, two subpopulations are related but yet genetically
distinct, it is hard to distinguish a scenario where one smaller
population was first colonized by members of another larger
one, and then kept in isolation, from another scenario where
this exchange was more gradual, with migration to the smaller
group extending over a longer period of time.

2B. Common Descent

The common descent theory of humanity currently holds
that our ancestors diverged from chimps about six million years
ago. Then a hominid species Homo erectus evolved in Africa. It
spread to Europe and Asia about 2 million years ago. Various
archaic species are believed to have evolved from Homo erec-
tus the last 500,000-800,000 years, including Neanderthals in
Europe and Denisovans in Asia. There are two main variants
within this framework for how Homo sapiens, our species, came
about:

1. Out of Africa replacement model: According to this
theory [31], modern humans evolved from Homo
erectus in Africa more than 100,000 years ago. Then
they went through a severe bottleneck that reduced
the population size to an order of 10,000 individuals
or smaller. A large part of this group emigrated from
Africa about 50,000 years ago to the Middle East,
Europe, East Asia and America, gradually replacing
existing archaic species. After leaving Africa, all non-
African populations have experienced much more
recent and severe bottlenecks before they started to
grow."?

2. Multiregional evolution posits that our ancestors
evolved in parallel from archaic species in several
parts of the world, possibly with an African domi-
nance [32]. As a consequence, we have to trace hu-
man lineages up to 2 million years before they all end
up in Africa.

The replacement model has been the most popular common
descent model of human history for several decades, but there
is no distinct boundary between it and multiregional evolu-
tion. An Out of Africa scenario with some interbreeding with
archaic populations is not too different from a multiregional
model with an African dominance. The last few years, ancient
DNA (aDNA) has been retrieved from Neanderthal and Den-
isovan bones in different parts of the world” and compared
with that of present day humans. These studies reveal that all
human populations except sub-Saharan Africans’ have about
1-2% of Neanderthal DNA. In fact, it seems that as much as
40% of Neanderthal DNA is found in at least some individuals
alive today [37]. Lower levels (fractions of 1%) of Denisovan
ancestry can be found mainly in South East Asia, Oceania and

12 According to [3], these bottlenecks reduced effective population sizes to less than
1,500 individuals, lasted at least ten thousand years, and may have ended as re-
cemly as 15,000-20,000 years ago.

13 Four of the first papers on sequencing of archaic DNA are references [33]-[36].
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among Native Americans. This has caused many researchers to
adopt a hybrid of the replacement and multiregional models,
according to which our ancestors originated from Africa, but
still had some interbreeding with archaic populations [25].

2C. Unique Origin

A unique origin model does not exclude per se the possibility
that humans arose from more than two individuals. A designer
could choose to start the human race with a larger number
of people than one single pair. But we will argue below that
from a scientific point of view it is not even necessary to start
with a larger group of individuals. By a unique origin model
we therefore mean one in which humanity originates from a
single couple. We also have to address when the first man and
woman lived and their geographic origin. It turns out that these
two questions are intermixed. There are at least two versions
of the unique origin model, with different age and geographic
ancestry of the first couple:

1. African ancestry. This is a scenario by which the first
couple lived in Africa. It has many similarities with
the Out of Africa model, except for the unique ori-
gin assumption. The subsequent migration scenario
out of Africa could be similar for both models. In the
next section we will argue that unique origin with an
African ancestry typically gives old estimates for the
age of humanity.

2. Middle East ancestry posits that the most recent
common ancestors (MRCA) of all humans lived in
the Middle East. The subsequent migration from
Middle East to Europe, Asia, America and Oceania
could be similar to that of the Out of Africa and the
African unique origin models. The crucial differ-
ence is that Africa was colonized from the Middle
East rather than the opposite. In the next section we
will argue that in light of genetics this gives a much
younger age of humanity.

3. COMPARISON AND EVALUATION

The crucial question is which of the common descent or
unique origin scenarios actual genetic data supports the most.
Since there are many types of evidence, we will divide the argu-
ment into several parts.

3A. Differences with Other Species

As briefly mentioned in Section 1C, a major drawback of
the common descent models is their difficulty with handling
larger genetic differences between humans and other species.
There are indeed research papers that try to estimate a common
genealogy of humans, chimps and gorillas, using those parts
of their genomes that show more similarity, with gene trees
within species trees and so called trans-species polymorphisms
[38,39]. But comparisons of this kind have limited scope, since
they focus too little on the regions where the species differ [40].
Models that compare human DNA with that of other spe-
cies should incorporate the difficulty for mutations and other
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genome arrangements to build up such genomic interspecies
divergence, as well as anatomical and physiological differences.
Other studies that take this into account typically reveal that
the time it takes for these mutations to appear is much longer
than what macroevolution requires [41].

3B. Variability in Human Genetic Data

The main argument against a unique origin is that the
nucleotide diversity of human DNA data seems too high in
order make a single founding couple possible. Genetic data also
indicates that all non-African populations (and some north-
African ones) are quite closely related. According to the Out of
Africa-model, this is explained by a severe and very recent and
long-lasting bottleneck of a few thousand individuals (some-
where in the time period 10,000 to 50,000 years ago) that all
non-Africans ancestors supposedly experienced after they left
Africa [3]. At some time, after the departure out of Africa, these
ancestors started to expand, diverge and spread to the rest of the
world, possibly with some migration back to northern Africa
[42]. This is perhaps the main reason why this model is more
popular today than multiregional evolution. The evidence for
such a recent ancestry between non-Africans includes nucleo-
tide diversity estimates between their people groups, their allele
frequency spectra and LD plots. Sub-Saharan African popula-
tions, on the other hand, look older, at least at first sight. Their
nucleotide diversity is higher, their allele frequency spectra have
a larger fraction of rare variants, and there is more variation
along their chromosomes (a shorter range of LD). There are
also considerable genetic differences between African groups,
indicating that their ancestors lived in small and relatively iso-
lated tribes [43,44].

In order to trace the roots of the non-African and African
branches, one uses diversity estimates between these groups.
For autosomal and X-chromosome DNA, this leads to a com-
mon ancestry of all humans of the order one million years
ago, but the uncertainty of these estimates is large. Analysis of
Y-chromosome and mitochondrial DNA leads to a male and
female tree whose roots (Y-chromosome Adam and mitochon-
drial Eve) are dated between 100,000 to 200,000 years ago, see
[45—48] and references therein.

These arguments for the Out of Africa model seem convinc-
ing at first. But they could also be used for a unique origin
model with an old African ancestry. The only difference is that
the ancestral population of all people alive today (supposed to
have lived in Africa no later than the roots of the mitochon-
drial and Y-chromosome trees) is only a single couple. From
a common descent point of view one may argue that such a
founding couple is impossible, since the ancestral population
at this time should have a certain amount of diversity in order
to explain the diversity we see today. But this is indeed possible
if they were created with genetic diversity in their autosomal
and X-chromosome DNA. Although the first male had no cre-
ated diversity in his Y-chromosome, this may not contradict the
diversity among Y-chromosomes that we see today, since it is
actually smaller than previously believed [49].
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But what about a founding couple from the Middle East?
Is this unique origin version incompatible with data? Not
necessarily. This model requires that the age of humanity is
much more recent. The reason is that the first unique couple
replaces the long-lasting bottleneck that supposedly occurred
after immigration to the Middle East from Africa [3]. And the
genetic diversity that remains after this bottleneck population is
replaced by created diversity in this founding pair. This would
explain the relatively large genetic variability we find among
humans of today for non-sex and X-chromosome DNA (recall
that the diversity of Y-chromosomes is much smaller).

The main challenge of the unique origin Middle East ances-
try model is to explain why African populations look older than
the non-Africans ones, and how the variation of Y-chromosome
DNA came about without any founder diversity.'* There are
some tentative explanations, and future research will tell which
of them are most credible. First, recent studies indicate that the
nucleotide diversity of African autosomal, X- and mitochondrial
DNA is only moderately larger (less than twice) than for non-
African DNA [49]. This relatively small difference need not
only be explained by an older African population. Since Africans
lived in small, more or less isolated tribes, this would increase
nucleotide diversity among them, and the fraction of rare vari-
ants in the allele frequency spectrum, both in the whole African
population as well as for African regions. Even though there will
be less diversity in each small tribe (because of a high amount
of genetic drift in a small population), different alleles tend to
be fixed in different tribes, creating an overall larger variability
in African regions as well as in the whole African population.
The consequence of this is that African populations may look
older than they are, as long as they are not analyzed at the tribe
level. Second, it has recently been found that for Y-chromsomes
it is the other way around. The diversity of Y-DNA is actu-
ally slightly smaller among Africans that among non-Africans
[49]. This is more in line what one would expect if the African
population is not older. Third, as mentioned above, nucleotide
diversity of Y-chromosomes seems to be an order of magnitude
smaller than for other types of DNA, across different people
groups around the world [49]. Various explanations have been
given, for instance that the male populations experienced much
more severe bottlenecks that the female ones [42]. But these
findings also fit a unique origin explanation whereby autosomal
and X-DNA were created with diversity among the founding
couple, whereas Y-DNA had no such created diversity. Mito-
chondrial DNA may or may not have had created diversity, but
its higher mutation rate may in any case explain part of its larger
diversity. Fourth, since African non-sex and X-chromosomes
look more scrambled (shorter LD range), a possible explanation
is that recombination rates among many Africans are higher
due to different alleles of the PRDMY gene, as a recent study
indicates [50]. Fifth, the dating of the Y-chromosome male tree
and the mitochondrial female tree depends crucially on where
the roots of these trees are put. While the topologies of the two
trees are unambiguous, whether one uses a common descent

'* As mentioned in Section 1D, the first female carried multiple mitochondria, possi-
bly with different DNA, and she may have passed that diversity on to her daughters.
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or unique origin approach, their roots may be chosen in many
ways. A Middle East ancestry of humanity is consistent with a
root along the branch that unites all non-African lineages. One
may argue that this is not reasonable. There are more mutations
along the African branches, and this seems to indicate an older
common ancestry of African groups. Therefore, the roots of the
Y-chromosome [46,47] and mitochondrial [48] trees should be
placed between those African branches that look oldest. While
this is a legitimate objection, it is still too early to rule out a
recent African and worldwide human ancestry. It is only the
last few years that mutation rates are being estimated de novo
with a fairly high precision for nuclear [29,51], mitochondrial
[13,52] and Y-DNA [53-55], and we still have an incomplete
knowledge of how it varies between chromosomal regions
and people groups. These improved estimates suggest that the
mtDNA mutation rate is much higher than previously believed
[56,57], and since Y-chromosomes are male-specific, previous
predictions that its mutation rate is higher than for autosomes
[58] have recently been confirmed [54]. This makes a younger
dating of its root at least more reasonable. The tribe isolation
of African ancestors may additionally complicate the dating of
the mitochondrial and Y-chromosome trees, and some African
subpopulations may have had shorter generation times [59].

3C. Block Structure of DNA

There is another very interesting feature of human genetic
data, discovered more than fifteen years ago [60,61]. It was seen
from LD plots that a large part of our non-sex and X-chro-
mosomes can be divided into blocks. Early studies [62,63]
predicted that block lengths vary a lot, and that most of them
are between 5,000 to 200,000 nucleotides. With larger amounts
of genetic data it is possible to make more accurate predictions.
A recent paper suggests that the block lengths are smaller, with
an average size of about 5,000 nucleotides [64]. In any case, the
blocks are several thousand nucleotides long, and in spite of this
there is very little variation within them. Each block comes in
a few variants, four for many parts of the genome. The non-sex
and X-chromosomes of human sperm or ova cells are different
mosaics of these block variants.

This DNA block structure is remarkably consistent with a
unique origin hypothesis. If the first human couple was created
with DNA diversity, there are four different copies of each non-
sex chromosome; two in the male founder and two in the female
one. Their four chromosomes have since then been scrambled
by ancestral recombinations, and today each of us has inherited
one mosaic of the four founder chromosomes from our father,
and another one from our mother.

The DNA blocks can be seen in all human populations, but
they tend to be longer for non-Africans than for Africans. This
may indicate that African populations are older, but it is also
possible that recombinations happen more often among Afri-
cans, as some recent research indicates [50].

The existence of these blocks could be problematic from a
common descent point of view, or for a unique origin approach
that dates humanity far back in time. If recombinations hap-
pen randomly throughout the chromosomes, and if our most
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recent common ancestor lived a long time ago, we should see
many of them in DNA. This would require much shorter
blocks than ten or hundred thousand nucleotides. The solution
to this problem is to assume that recombination doesnt hap-
pen randomly along the chromosomes, but at certain hotspots.
If so, many recombinations of the past happened at the same
hotspot. And if we cannot distinguish them, the number of
ancestral recombinations could have been much larger than the
number of blocks. Then the argument goes that we cannot rule
out an old age of humanity from the DNA blocks.

It seems too early to say to which extent there are recom-
bination hotspots. There are first of all biological reasons for
some recombination rate variation. It has been known for
many decades that female recombination rates are higher than
for males [65], and that the rates for both sexes vary along the
chromosomes on a course scale of several million nucleotides
[66]. It is also reasonable to assume that recombination rates
vary between coding DNA, non-coding DNA within genes,
and intergenic DNA. Since there are so many potential recom-
bination hotspots, and the recombination probability is very
small (on average about 10°® per nucleotide of each germ cell,
corresponding to a recombination probability of the order 10
or smaller per block), large amounts of data are required to test
whether they exist or not. Still, observed de novo recombina-
tions (for instance through sperm typing in males) reveal that
some hotspots do exist [50]. It may be the case that some of the
blocks we see are caused by hotspots with many recombinations,
whereas others are caused by single ancestral recombination
events.

3D. Inbreeding Depression and Genetic Entropy

It is well known that many alleles will be lost due to genetic
drift when a population experiences a severe bottleneck. The
long term consequence is a decreased ability for long term
adjustment to environmental changes, but there is also a more
acute risk of inbreeding depression when the frequency of reces-
sive disorders increases, as more offspring receive from both of
their parents the harmful variant of the disease-causing gene.
The smaller the population is during the bottleneck, and the
longer time it takes before its size starts to increase, the more
severe are the consequences for the population’s viability, so
that ultimately it may die out [67]. Conservation biologists
have devised rules for minimal population sizes in order to
ensure short and long term protection of animal species [68].
For humans there are several well known examples of the dras-
tic effects of continued inbreeding, such as the extinction of
the Spanish Habsburg dynasty around 1700 [69] and the high
occurrence of severe form of color blindness on the Microne-
sian atoll of Pingelap, after a typhoon hit the island in 1775,
and 90% of the inhabitants died. All present-day inhabitants
can trace their ancestry to one of the survivors that carried the
harmful variant of the gene that codes of this type of color
blindness [70].

Inbreeding depression is potentially a difficulty for the Out
of Africa model. Recent calculations reveal that the model pre-
dicts a very small bottleneck of the non-African ancestors after
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they left Africa, of the order a few thousand individuals, and
that it lasted for at least 1,000 generations [3]. In spite of this,
the survivors of the bottleneck are believed to have conquered
the rest of the world. A unique origin model with an old age
of humanity faces a similar challenge of inbreeding depres-
sion, since some kind of bottleneck seems necessary in order
to explain the relatively small diversity we see among humans
today. But this problem is still smaller than for the common
descent scenario, if the created diversity of the first pair had
only neutral variants, whereas the harmful ones occurred later
through germline mutations.

But what about a more recent unique origin model that starts
with two people? Isn't such a bottleneck much more severe than
a few thousand individuals, especially if sons and daughters of
the first man and woman had children together? Not necessar-
ily. Again, if the founding couple was created with diversity,
with no harmful alleles, and had many children and grandchil-
dren, the population would have expanded quickly without any
risk of inbreeding depression. Such a short-lasting bottleneck
is not associated with any appreciable loss of genetic variants.
The same is true if there was a subsequent very short bottleneck
followed by a rapid expansion.®

A model with a young age of humanity has another advan-
tage. It can handle the problem of increased genetic entropy.' If
all present-day harmful variants arrived through germline muta-
tions in descendants of the first pair, there has not been enough
time to accumulate them into large numbers [71]. In contrast,
any model with an old age of humanity faces a problem, since
either the number of slightly deleterious or deleterious alleles
increases, or a bottleneck occurred that removed some of these
harmful variants, but at the cost of spreading others so that
inbreeding depression might occur.”

3E. Archaic Populations, Humans or Not?

Recall that significant fragments of Neanderthal and Deniso-
van DNA have been found among present day humans. This
made researchers suggest that some interbreeding took place
between archaic populations and the ancient humans that sup-
posedly emigrated out of Africa.’® This admixture is believed
to have happened at least 50,000 years ago, and probably later
on as well. It is in fact well known that gene flow between
closely related populations is helpful in order to increase
genetic variability and to avoid inbreeding, and indeed, the
archaic introgression is believed to have had positive effects, like
helping the Tibetans to adapt to high altitudes, and the non-
Africans in general to adapt to colder temperature [28,72] and
to ward off infections [73,74]. But Out of Africa replacement
adherents also use various common descent assumptions (such
as the divergence time of humans and chimps) and genetic
diversity estimates between humans and archaic hominins, to

15 This includes, for instance, a very severe bottleneck, with only eight persons surviv-
ing. But it can actually be shown that if the population prior to this bottleneck
was fairly large, and after that quickly expanded, then eight persons are enough to
retain most of the created genetic variants of the first couple.

16 See Section 2D.

17 See [17], and references therein, for estimates of the fractions of mutations that are
neutral, slightly deleterious or deleterious. If the total number of slightly deleteri-
ous alleles is large, their cumulative effect may be large as well.

18 See Section 2B.
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predict a split between them about 500,000 years ago or earlier
[28,75,76,77]. If this is true, it is remarkable that two popula-
tions, after such a long time of separation, were still able to
get fertile offspring [78]. But even if this would be possible,
because of the long separation, it is reasonable to believe that
the offspring had low fitness, since our archaic ancestors had,
most likely, accumulated many alleles which are deleterious for
humans, before the admixture took place.

The large fraction of archaic DNA among present-day
humans seems in view of this more reconcilable with a unique
origin model in which Neanderthals and Denisovans are
descendants of the first founding couple, and hence our fully
human ancestors. Indeed, sequencing of mitochondrial DNA
suggests that the diversity among Neanderthals is much smaller
than among humans [79]. As a possible explanation, they could
have been quite early descendants of the first man and woman.
And the close genetic resemblance between Neanderthals, Den-
isovans and people of today suggests that the morphological
differences are mostly explained by changed gene expression
due either to mutations of regulatory DNA or to epigenetic
changes [80].

3F. Conclusions

It is now time to summarize and answer the question that
was posed in the introduction, whether a unique origin or
common descent scenario for humanity is most consistent with
DNA of humans, chimps and other apes. We have argued that
a unique origin model with created diversity and an old African
ancestry or a more recent Middle East ancestry should have at
least the same explanatory power for human genetic data as the
most popular common descent scenario of today, a variant of
the Out of Africa replacement model with some interbreeding
with archaic populations. Any common descent model faces
a challenge to explain the genetic differences rather than the
similarities with other species, the consequences of inbreeding
depression and increased genetic entropy, human DNA mix-
ture with archaic populations, and that our DNA resembles a
mosaic of about four founder genomes. The provisional conclu-
sion is that a unique origin model seems more plausible.

Among the unique origin scenarios, the one with Middle East
ancestry and a young dating of humanity has on one hand some
advantages over an African ancestry model, at least if the latter
has its founding couple far back in time. If humanity is young,
inbreeding depression is not a problem, and the block-like
DNA structure could possibly be explained as a combination
of single historical recombination events and recombination
hotspots. On the other hand, the Middle East ancestry model
faces some challenges, in particular to explain why African
DNA looks older than non-African DNA. Future research will
tell which of the two unique origin models fits data the best.
Such a comparison should not only involve genetics, but the
interpretation of fossils data is crucial as well.

In principle, it is possible to combine common descent with
a single man and woman that are the ancestors of all humans.
This couple would represent an extreme bottleneck of two
individuals in the lineage that connects humans and chimps.
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However, we argue that such a scenario is less likely than a
unique origin model, since the bottlenecked couple would
have inherited many deleterious mutations from their ances-
tors, so that inbreeding depression is a major issue.

4.IMPLEMENTATION AND VALIDATION OF
UNIQUE ORIGIN MODELS

The qualitative arguments of Section 3 lead us to conclude
that a unique origin scenario of human history seems plau-
sible. It is of interest to follow up this with a more formal
way of testing the unique origin scenario. The basic idea is to
simulate genetic data from each proposed model many times,
and then compare how well the simulated output fits real data.
This comparison should include autosomal, sex chromosome
and mitochondrial DNA, using nucleotide diversity, allele fre-
quency spectra, LD plots and other statistics. There are at least
two different ways to proceed with these simulations.

4A. Forward simulation

The most straightforward way of simulating genetic data is
to start at the founder generation and then proceed forward in
time [81]. For each simulation round one first assigns genomes
to the founding couple. Demographic and genetic data are then
simulated one generation at a time, using all mechanisms I-VI
of change. This includes rules for how couples mate, how their
number of children varies between families, how often new
geographic areas are colonized, and how often people move
between regions. The hereditary principles of Section 1A are
used to pass on DNA from one generation to the next, with
Mendelian principles of inheritance and randomly located
recombinations. Selection is included by allowing the survival
probability of a fertilized egg to depend on its genome, accord-
ing to some fitness function.

The main advantage of forward simulation is its great flex-
ibility. Virtually any type of model for human history can be
simulated and validated with real data. But the method requires
that DNA of all humans is simulated. In view of the size of the
worldwide human population, this is very time consuming.

4B. Backward simulation

There is another much faster simulation algorithm. A more
detailed description of it can be found in our accompanying
paper (Part 2) [82]. In each simulation round only a small sub-
set of genetic data is generated. The main idea is to first select a
small sample of humans alive today (for instance a few thousand
individuals), then simulate their genealogy backwards in time
(using a method called coalescence theory, see for instance [10])
until the founder generation is reached. When the genealogy
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Figure 11: A three generation population with males and females
shown as boxes and circles, respectively. The pedigree is drawn with
solid lines and the gene tree at one autosomal nucleotide with dashed
lines. (Other parts of the genome will have different gene trees due to
recombinations.) Spouses are connected by horizontal lines, with their
children vertically below them. If only the leftmost sibling pair of the
last generation is sampled, and its gene tree is built backwards in time,
only the shaded (light blue) part of the gene tree is needed. The nodes
of the gene tree are variants (A,C,G,T) of the nucleotide. There is diversity
of the founder generation, since the male and female both have an AT
genotype. Then a germline mutation T— C occurs in the leftmost male
of the third generation. doi:10.5048/BI0-C.2016.3.11

has been generated, DNA is assigned, first to the founding cou-
ple, and then spread forwards in time to all their descendants
along the branches of the simulated genealogy. The genealogy
will only be a small subset of the ancestral human population.
It only includes those individuals that passed on DNA to at
least one of the individuals of today that were included in the
sample (see Fig. 11).

We refer to this method as backward simulation, since the
genealogy is simulated backwards in time. While it is a lot
faster than forward simulation, it is not as general. In order to
build the genealogy, it is necessary to use a neutral model with-
out natural selection. Although this is a limitation, we argued
above' that selection has a limited role to play in order to
explain most microevolutionary changes. It may be important
for certain chromosomal regions, but a neutral model is likely
to be accurate when genome-wide measures like nucleotide
diversity, allele frequency spectra and LD plots are generated.

We are currently working on implementing a model based
on backward simulation. The intent is to validate it with real
data. This is a long-term project, whose outcome we hope to
publish later.?® Using this approach, it may be possible to dem-
onstrate that a unique origin model is able to replicate current
human diversity as well or better than the common descent
model. That is the purpose of the model—to test this possibil-
ity. Therefore, if more than one plausible account of human
origins can explain the data, the common descent model of our
origin from ape-like ancestors can no longer be claimed as con-
clusive proof that there could not have been a single first pair.

1 See Section 1D.
2 Updates on the project can be found at the website uniqueoriginresearch.org.
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