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Patriarchal drive in the early post-Flood 
population
Robert W. Carter

The book of Genesis gives us a clear picture of human 
history. Specifically, Genesis 9:18–19 claims that all 

people alive today descend from Noah’s family. In the Table 
of Nations (Genesis 10), we see a genealogical description of 
multiple people groups who lived within a few hundred miles 
of the author. And in Genesis 11 we have a chronogenealogy 
that gives us not just the names but also the lifespans and 
the age of each Patriarch when the next generation is born.1 
This is invaluable information, and we can use it to shape our 
expectations of the size and mutation burden of the modern 
world population.2,3

Yet, mutation rate studies have not yielded the ‘true’ 
mutation rate, even though it is of critical interest. Modern 
sequencing projects (e.g. 1,000 Genomes) use high-
throughput techniques that create vast amounts of short 
sequence reads that then need to be run through sophisticated 
algorithms to produce an alignment. With a high enough 
coverage, sequencing errors can be averaged out. But very 
often low coverage data is instead compared to a standard 
(e.g. the already-assembled human genome). This provides 
great information for large-scale genomic features like 
inversions and large indels, but, due to the inherent error 
rate of the DNA polymerases used to generate the short reads, 
it is impossible to infer the real mutation rate from the data. 
Some authors have gone so far as to use a ‘fixed’ date in 
secular archaeology (e.g. the peopling of the Americas) and 
then call it a ‘sanity check’ for any mutation rate calibrations.4

For these and other reasons, the Y chromosome mutation 
rate has had various estimates.5,6 Helgason et al.6 reported a 
rate of 8.71x10-10 per nucleotide site, per person, per year for 

It has already been established that the number of mutations passed to children scales with the age of the father. Yet, the 
oldest fathers in modern world history lived immediately after the Flood. Thus, a large mutation burden should have been 
added to the human population in the early years post-Flood, when the population was still relatively small and while the 
Patriarchs were still alive and fathering children. The genetic effects of long-lived men having children in a rapidly growing 
population is called patriarchal drive. Here, an attempt at quantifying the effects of patriarchal drive was performed using 
a computer model of human population growth. Since there are multiple unknowns, three different mutation models and 
several different growth models were applied and analyzed. The results indicate that patriarchal drive is a real effect and 
that the ‘molecular clock’ would have ticked much faster in the first few centuries after the Flood than it does today. This 
could potentially explain multiple confounding aspects of the human Y chromosome phylogenetic tree. Specifically, the 
inner-most branches are not necessarily the result of a slow accumulation of mutations over long periods of time but a 
high early mutation rate. In other words, we would expect long branches to form quickly during this one critical period in 
human history. In fact, the biblical model would predict the shape of the tree in many significant ways.

the Y chromosomes of a selection of Icelandic males. This 
translates to 3.14 x 10 -8 per site, per person, per generation, 
using a 36-year generation time.7 Given a sequenced portion 
of the Y chromosome of approximately 30 million bases, 
this amounts to just under 1 mutation (0.942) per person per 
generation, in modern Icelandic males. This is probably not a 
good proxy for the mutation rate of all men, across the world, 
throughout all human history, but it is all we have to go on 
at present. In biblical history there have been only a few 
hundred generations. At this assumed mutation rate, it might 
be possible to explain the history of the majority of extant Y 
chromosome lineages (figure 1). However, specific lineages 
(e.g. some rare lineages found in Africa) have accumulated 
enough mutations to make them difficult to explain with the 
modern mutation rate alone, so further analysis is required. 
Denisovans and Neandertals (see Discussion), which are 
expected to be as different in their Y chromosomes as they 
are in the rest of their genomes, are a separate case that will 
require additional modelling and brainstorming. They could 
be the result of an extreme form of what is being discussed 
in this paper, or the data could be spurious (less likely over 
time as more ancient genomes are sequenced), or some not-
yet-discovered factor could be at play.

Can we estimate the Y chromosome mutation rate in 
long-lived ancient men? During human development, 
spermatogonia undergo more cellular division then eggs. 
But eggs also remain in an undivided state until fertilization 
several decades later. In men, however, the germ cells start 
dividing rapidly at puberty and continue to divide until the 
man’s death. This simple difference between sperm and egg 
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production produces different mutation patterns from the 
maternal and paternal sides.8 It also means more mutations 
are expected to come from the father than the mother.9 
But this rate should also scale with paternal age. This is of 
singular importance for biblical models of human history, 
where great ages of the early generations are inherent.

The paternal age effect is well known.10,11 Not only do 
sperm display increased genomic decay with age on the gross 
architectural level,12 but sequencing reveals that the mutation 
burden increases with the age of the father. The effect also 
appears non-linear.13 Yet, we have zero opportunity to test it 
in men with ‘biblical’ ages of several centuries, meaning we 
can only speculate about the mutational burden given to us 
from Noah and his children and grandchildren. From studies 
of modern men, we have learned that differences can arise 
in different spermatogonial lineages within a single man, 
meaning one parent can produce greatly differing offspring,14 
depending on which spermatogonial lineage contributed to 
each child. In fact, some spermatogonial lineages can ‘take 
over’ in an almost cancer-like or selection-like scenario.15 
This might have an analog in the mutator strain hypothesis 
and the non-clocklike mutation accumulation at essentially 
every scale in the Y chromosome phylogenetic tree.16,17 It 
also means that Shem, Ham, and Japheth could have received 
very dissimilar Y chromosomes from Noah, or that one of the 
brothers could have been quite different from the other two. 
There is no reason to expect every male to receive the same 

number of mutations, but there is every 
reason to expect centuries-old men to 
pass on many times more mutations 
than the modern average.

Yet, nearly all mutations that occur 
today are lost to random drift.18 The 
probability of any man giving rise to 
a brand-new major branch of the Y 
chromosome family tree is exceedingly 
remote. But the potential ‘impact’ of 
any new mutation is the inverse of 
the population size. That is, in an 
exponentially growing population, the 
percentage of individuals expected to 
carry an allele at time t + 1 is about 
the same as the percentage carrying it 
at time t. This is of utmost importance 
when discussing the post-Flood world. 
The probability of a new lineage 
forming is greater when the population 
is small, but this is also the time when 
the Patriarchs are alive and fathering 
children.

Carter, Lee, and Sanford14 intro-
duced the term ‘patriarchal drive’ 
in their study of modern human Y 

chromosomes and mitochondrial DNA. This is defined as 
the genetic effects of long-lived people in a small population 
who become parents at great ages. But what effect might 
they have? That would depend on the immediate post-Flood 
mutation rate and how it scales with the father’s age, the 
rate of early population growth, and how evenly distributed 
the children were within the population. In other words, 
if a ruling class developed early, they could easily have 
suppressed reproductive output among the lower classes. We 
see evidence for this even late in history. For example, about 
one in five men from Northern Ireland (including this author) 
share a Y chromosome lineage that is associated with the Uí 
Néill clan, which may or may not trace their ancestry to a 6th 
century Irish chieftain named Niall of the Nine Hostages.19 
Another example is that of Genghis Khan, who lived in the 
13th century but is ancestor of perhaps 0.5% of the modern 
world population.20 Over time, even a slightly favourable 
reproductive advantage among one group would have been 
profound, effectively reducing the male population size to 
much less than the real size. In fact, it might be assumed 
that the longest-lived men in the population, those with the 
fewest number of generations from Noah, would more often 
become princes and rulers, and thus have an advantage over 
the majority of other males.

We also know that there are statistically significant 
differences in branch lengths among multiple Y chromosome 
groups that had a clear common ancestor.14 Thus, throughout 

Figure 1. An unrooted neighbour-joining phylogenetic tree of the Y chromosomes, based on the 
Simons Genome Diversity Project (SGDP) data (from Carter, Lee, and Sanford 2018). SGDP attempted 
to sample from a wide range of peoples. The result is a tree that is a good representation of total 
worldwide Y chromosome diversity. Note the clear central ‘starburst’, and the irregular branches that 
display more mutations than close kin. In this ‘unrooted’ tree, branches are allowed to spread out 
naturally. The evolutionary root would be located midway along the ‘A1’ branch. Forcing a root at that 
point would produce the squared-off ‘stairstep’ tree perhaps more familiar to the majority of readers, 
with long spidery branches leading to a few rare African lineages. But this unrooted representation 
allows for a more natural reading of the data.
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human history the ‘molecular clock’ 
has not ticked at the same rate across 
time and geography. How much 
of the discrepancy could be due to 
paternal drive? Some, but certainly 
not all. Figure 1 shows multiple 
individuals that have longer branch 
lengths (i.e. more mutations) than 
closely related contemporaries (going 
counterclockwise, examples can be 
seen in groups C, G, I, O, T, M, and 
K). These differences have arisen in 
recent history, well after the Patriarchs 
were deceased. And yet, the results 
of the current study predict that long 
branches can form quickly and early. 
Putting these two things together tells 
us that the molecular clock simply 
cannot be trusted.

But there are numerous unknowns in this discussion. In 
fact, we know nothing about most of the important variables. 
Thus, we need a flexible model if we are going to test the 
effects of patriarchal drive in the early post-Flood world. 
Yet, several biblical population models have already been 
developed.2, 21–23 These have been shown to be both useful and 
realistic. The only thing required would be to add a model 
of mutation accumulation and track the ancestry of each 
individual. There is no need to force the model to generate 
evidence of patriarchal drive. If the effect is real, it should 
appear naturally, once the proper factors are being measured, 
within the models already in existence.

Methods

Working from the models of Carter and Hardy 21 and Carter 
and Powell,2 a new model, written in Perl, was developed 
that allowed for the tracking of mutations in a post-Flood-
like population. Other than the ages of paternity and total 
lifespan of a few individuals, almost nothing is known about 
the life history parameters of the early post-Flood population. 
Thus, three contrasting mutation models were developed to 
bracket the most likely possibilities (figure 2). All models 
assume that at least one mutation will be passed from father 
to son each generation. Model 1 is a simple linear model 
where the number of Y chromosome mutations equals the 
father’s age, less 20 years to allow for a prepubescent period 
of dormancy [y = 1 + age – 20]. This creates unrealistically 
high mutation rates at young ages. Model 2 is another linear 
model using the factor of ‘2 extra mutations per extra year of 
father’s paternity’ from Kong et al.,24 but also assumes that 
only 1% of all mutations will occur on the Y chromosome [y 
= 1 + (age – 20) x 0.02]. This fixes the problem with Model 
1 at young ages, but almost certainly under-represents the 

mutation rate at high ages. Model 3 is a polynomial model 
developed as a best guess of the expected mutation curve [y = 
1 + (age – 20)/10 + ((age – 20)/100)3]. This produces normal 
values in the known age ranges (paternal ages of 20 through 
50 produce from one to four Y chromosome mutations in 
the son) and exponentially increasing mutation counts in the 
‘biblical’ age categories.

Starting parameters

The model started with three reproducing couples. Each 
founding individual was already 100 years old and lived 
for another 500 years, approximating the age of Shem 
at the Flood and his total lifespan.25 The starting number 
of mutations depended on the mutation model and the 
simplifying assumption that Noah was 500 when the three 
sons were born. Basic parameters are given in table 1.

An age of maturity started the mutation clock. People 
could get married after this. Children could be born the 
next year. Minimum spacing between children was set to 15 
years. This sounds extreme, but population growth had to 
be slowed to better simulate real-world expectations (i.e. the 

Figure 2. The three contrasting mutation models used in this paper

Table 1. Basic population parameters. All model runs discussed in this 
paper use these numbers unless specifically noted otherwise.

Max N 10,000

Years 2,000

Max lifespan 600

Min lifespan 80

Maturity 20

Min spacing 15
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world population did not reach multiple billions of people 
until modern times), even though this meant each couple had 
fewer children. To reduce ‘cohort’ effects where all people 
of a certain age are having children simultaneously, the 
probability of a child being born after the minimum spacing 
was exceeded was set to ⅓ per year.

Lifespan reduction

Each subsequent generation lived 85% as long as the 
previous generation (average of mother’s and father’s 
maximum lifespan × 0.85), with a minimum lifespan of 80 
years. This reduction rate was chosen to reflect the rate of 
lifespan reduction after the Flood: from Shem to Joseph, 
each subsequent generation had an average lifespan of 88% 
(+/– 23% SD) of the previous one. There is a high variance 
to these numbers, with three generations living longer than 
the generation prior to it. Attempts were made to develop a 
lifespan reduction model based on year of birth, cumulative 
age of paternity at birth, etc., but the 85% approximation 
was chosen because it is both simple and intuitive. Even 
though modern people often live longer than 80 years, and 
many ancient people did as well, men tend to not have many 
children at high ages, so a maximum lifespan of 80 seemed 
like a reasonable compromise. The age of menopause for 
females was set at 80% of total lifespan, for simplicity. One 
final assumption of the model was that menopausal women 
did not get remarried after the death of their husband, but 
widowers could get remarried and continue to have children 
up to the year of their death.

Mutation accumulation

Mutations were assigned to each child when it was born 
based on the age of the father only and according to the 
formulas for the chosen mutation model (figure 2).

Generational penalties

To mimic an assumed reproductive advantage for men 
fewer generations removed from Noah, a generational penalty 
was assigned to each birth. A list of children to be born 
each year was generated. For each child, a random number 
was assigned based on the paternal generation count of the 
father from Noah—e.g. ‘rand (paternal_generations)’. This 
provided a 15-digit floating-point number between 0 and the 
generation count. Men with fewer generations had a higher 
chance of obtaining a smaller number than men of later 
generations. After sorting, a preset percentage of the children 
were allowed to be born. A 50% cut-off generally drove the 
population extinct. The model runs reported in this paper 
allowed for 75% of all slated births to go through. Allowing 
for 100% removed the generational penalty entirely.

Birth replacement

Since this project was performed on a personal laptop, 
computer processing needs had to be kept to a minimum. 
The CPU clock rate (2.7 GHz) was not a critical requirement, 
as long as the models did not take many hours to finish, but 
available RAM (12.0 GB) was. Thus, the most important 
factor was the number of individuals being tracked. Carter 
and Hardy (2015) and Carter and Powell (2016) showed 
that populations of 5,000 or more individuals were a good 
approximation of any larger population size. A maximum 
population size was assigned for each model run, equal to 
10,000 individuals for the results presented in this paper. 
When the population reached this size, a random individual 
was chosen to be overwritten each time a baby was born. 
High replacement levels increased the likelihood that 
Patriarchs could be lost, but this was held in check by the 
rapidly reducing lifespans (natural deaths made room for 
babies) and slower population growth rates (figure 3). The 
presence of replacement added a random component and 
meant there was no need to follow a life history table for the 
calculation of random deaths (cf. Carter and Hardy 2015). 
A model that did not end prematurely due to population 
extinction always had some replacement. If birth spacing 
was too large (e.g. a minimum of 20 years between births) 
the population would begin to decline after the long-lived 
Patriarchs died off. Thus, the goal was to always have a 
net excess of births in order to model a robust, growing 
population.

Artificial chromosomes

Since the paternity of each male in the model was known, 
it was possible to create artificial chromosomes that tracked 
the entire population history. For each model run, an array 
with n rows and 100,000 columns was created and all values 
were initialized to zero. A position counter incremented 
for each new mutation in the population. If at any time the 
total number of mutations exceeded the width of the array, 
an extra 1,000 bits were added to each row and initialized 
to zero. When a boy was born, his father’s row was copied 
to his. He then received X new mutations, so X bits were 
set to 1, starting at the last position + 1. In this way, every 
column in the array contained a unique mutation inherited 
from a specific ancestor. At the end of the run, the array was 
translated into a pseudoDNA sequence (each 0 was translated 
into an A and each 1 was translated into a G), and the data 
were saved in FASTA format. The three founding male 
ancestors were assigned a tag, depending on the number of 
mutations called for by the mutation model, either 000000…, 
111111…, or 010101… This translated into AAAAAA…, 
GGGGGG…, or AGAGAG… and appeared at the beginning 
of any chromosome in the model when it finished running. 
But because many mutations drifted out of the population 
(i.e. some men had no living descendants) any column with 
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no variation was skipped. The FASTA file was imported 
into the phylogenetics modelling software MEGA (version 
7.0.26),26 from which several standard phylogenetic trees 
could be created. The neighbour-joining method was chosen 
for this paper due to its simplicity (sequences are grouped 
into closest pairs, then pairs of pairs are grouped, etc.) and 
the fact that it makes no evolutionary assumptions within 
internal branches (as in the case of several other tree building 
methods). However, alternate tree-building algorithms 
produced essentially the same results (data not shown).

Results

Figures 3 to 10 were generated 
from the Model 3 results, but since all 
three mutation models had identical 
population parameters, they produced 
essentially identical results for these 
basic statistics. In fact, subsequent 
model runs were highly reproducible.

Due to the nature of exponential 
growth, even with an age of maturity 
of 20 years and a 15-year minimum 
spacing between children, the 
population still grew rapidly, taking 
approximately 470 years to reach the 
pre-determined maximum of 10,000 
individuals (figure 3). Increasing the 
maximum population size did little (it 
took only 575 years to reach 100,000 
individuals). In this model, there is no 
‘soft landing’. When the maxi mum 
pop ulation size is reached, newly born 
children simply replace existing indi-
vid uals. This ‘replacement’ model is 
valid as long as only a small fraction 
of individuals are replaced each 
year. Too much replacement and the 
effects of Patriarchal drive would be 
masked by the removal of too many 
older people from the population. 
Since we know the Patriarchs lived 
to great ages, obviously they were 
not ‘replaced’ prior to their recorded 
age at death. Thus, keeping re place-
ment to a minimum was a necessary 
compromise between the requirements 
of the biblical model and available 
computer processing power.

The number of births, marriages, 
deaths due to old age, and losses due 
to re place ment in the model over time 
are given in figure 4. As the average 

lifespan drops, more people die each year. This creates more 
space for new children and necessitates fewer replacements 
of living individuals over time. The average (+/– 1 SD), 
minimum, and maximum lifespans per model year are 
shown in figure 5. The timing was chosen as a compromise, 
essentially delaying the time it took to reach maximum 
population size for as long as possible.

The gradual reduction in lifespan is shown in figure 5. 
The average number of generations and the average number 
of paternal generations are shown in figures 6 and 7, 
respectively, and a histogram showing the range of paternal 
generations at various model years is given in figure 8.

Figures 9–11 show the most significant results of this 
project. Figure 9 displays the average number of new 

Figure 3. Population size (thick line) and future impact of mutations (thin dotted line) vs time. In 
all model runs, the population size (n) increased rapidly. At the same time, the potential impact of 
any new mutation (defined as 1/n) decreased. Since there are only three men at the beginning of 
the run, any new Y chromosome mutation in a child born in the first year would make up 25% of 
the total male population and would be expected to be found in approximately 25% of the future 
population, regardless of the population size.

Figure 4. The number of births, marriages, deaths due to old age, and losses due to replacement 
in the model over time. Replacement first kicks in when the population reaches maximum size, but 
quickly wanes as the average lifespan declines and the number of deaths due to old age increases.
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mutations entering the population per 
model year. The total range is much greater 
than shown. One individual received 210 
mutations in year 558 alone, but since the 
population was so large by then, he had 
little effect on the average. The stochasticity 
is caused by the nature of sampling in 
small pop ula tions. In other words, when 
the pop ula tion is very small, the average 
is strongly deter mined by whether or not a 
Patriarch has a child that year. But note that 
the average num ber of muta tions directly 
translates to average branch length on the 
phylo genetic tree. These results indicate 
a strong potential for faster-than-modern 
mutation accumula tion rates in the early 
post-Flood pop ulation. They also tell us to 
expect variable branch lengths, even among 
branches rising contemporaneously.

This is more clearly shown in figure 
10, where the branch length for every new 
individual is shown. The data are grouped 
into irregular time intervals and the point 
styles adjusted for maximum distinc tion. 
The initial generation (Noah to Shem, Ham, 
and Japheth), would have created three 
massive new branches 160 mutations long 
(using mutation model 3). Since the model 
starts with only three men, 100% of the men 
carry branches that long at year zero. After 
that, long branches were continually added, 
but at extremely low frequencies after year 
300. This shows us that long branches can 
form instantaneously early in the biblical 
model and then be carried to a sig nificant 
proportion of the modern population.

However, these results are strongly 
dependent on the mutation model 
(figure 11). In fact, since we know nothing 
about the mutation rates among the long-
lived, early post-Flood Patriarchs, we can 
only draw cautious conclusions.

Figure 12 displays a phylogenetic tree 
from a small model population. We can 
see early and deep branching, the result of 
strong genetic drift, and multiple features 
that appear similar to figure 1, such as the 
‘tufts’ of closely related individuals at the 
end of long, straight branches. This is a very 
interesting line of research, but as of now 
the ability to do this is more of a ‘proof 
of concept’. It is memory-intensive and 
generating a tree for 5,000 men that tracks 
100,000 or more mutations is near the limit 

Figure 5. Reduction in lifespan vs time. The average lifespan of all living individuals at each 
year increment is represented by the thick central line. Bracketing that are +/– 1 standard 
deviations (solid lines) and the longest- and shortest-living individual alive each year (dashed 
lines). The 100-year delay represents the time between the birth of Shem, Ham, and Japheth 
and the onset of the Flood.

Figure 6. Average number of generations from Noah vs time (thick line), +/– 1 standard 
deviations (solid lines), and the greatest and least number of generations (dashed lines) of 
all living individuals each year. The number of generations is calculated by incrementing and 
then averaging the number of maternal and paternal generations.

Figure 7. Average number of paternal generations from Noah. Note that the variance at the 
end of the model run is much greater for the Y chromosome (and, by association, the mtDNA) 
than for the number of generations overall (figure 6).
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Figure 8. Histogram of the number of generations from Noah at model years 1,000, 2,000, 
3,000, and 4,000. Note how the variance is increasing over time. Interestingly, there are a few 
men at year 3,000 that are as many generations removed from Noah as a very few men at 
year 4,000. We have both ancient and modern examples of this. Consider that Abraham had 
visited Egypt 200 years before his grandson, Jacob. Meanwhile, since kings are generally 
a succession of oldest sons, on the order of 10 generations had passed in the ‘pharaonic’ 
lineage while only two had passed in the ‘patriarchal’ lineage. Consider also that two 
grandsons of US President John Tyler (born in 1790) are still alive (cf. Wikipedia.org). Most 
families have experienced approximately seven generations in that same amount of time.

Figure 9. Average number of new mutations per model year

Figure 10. New branch lengths and the expected proportion of the future population 
expected to carry that branch (using mutation model 3). The data are grouped into 
arbitrary year ranges.   

of most desktop computers. Much more work 
needs to be done. 

Discussion

Mutation accumulation is a real-world 
problem that must be cracked if we are to 
develop a working biblical model of human 
history. Multiple factors contribute to it, but 
most of the parameters are unknown. The 
best we can do, then, is to model different 
possibilities and see how they comport to 
expectations. Here, patriarchal drive has been 
shown to be a real possibility and should be 
incorporated into any basic model of biblical 
genetics developed in the future. Very old men 
father ing children in a small but grow ing pop-
ulation should have a profound effect on the 
early branching patterns in the Y chro mo some 
family tree. Long branches can and should have 
form ed early in human history, in depen dent ly 
of any molecular clock. Yet, the results depend 
strongly on the mutation model, the rate of 
population growth, and multiple demographic 
trends we know nearly nothing about.

The three dissimilar models were chosen for 
two main reasons. First, they bracket real-world 
expectations. Second, they show that much 
more work needs to be done. There is much 
we simply do not know. However, the results 
presented here naturally derive from already 
established population models. No ‘tweaking’ 
of any parameters was required, other than the 
develop ment of the dis similar muta tion models. 
One might be con cerned that Model 3 under-
estimates Model 1 (the uppermost linear model 
in figure 1) at the maximum model age (600 
years). However, the real problem is that Model 
1 is not realistic at normal, modern maximum 
ages (i.e. <100 years). Since we cannot know 
how many muta tions were passed down by the 
biblical Patriarchs, all we can do is create a 
range of estimates and hope to improve these 
estimates with further experimentation.

DNA polymerases make mistakes and 
mistakes are expected to accumulate over the life 
of an individual, as the number of cell divisions 
since fertilization increases. The mutator strain 
hypothesis,14 however, is an additional factor 
that may come into play, but it only partially 
overlaps the expec ta tions of pa triar chal drive. 
If a small popula tion con tains in dividuals with 
a de fective DNA repair system, for example, the 
entire popu la tion might accumulate many more 
mutations than expected over a certain time 
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span. Sperm lack DNA repair mechanisms, but DNA repair is 
active in spermatogonia.27 Thus, damage to Y chromosomes 
through defects in DNA repair systems can occur at any 
life stage. Can this explain the discordant lineages found 
among the click-speaking people groups of Africa (e.g. the 
Pygmies of the Central African forest and the Khoi-San 
bushmen of Southern Africa)? It might well explain the 
presence of haplogroup A00 in Cameroon. When geneticists 
discovered the Y chromosome of a descendant of Albert 
Perry (an African slave who lived in South Carolina, US) in a 
commercial genealogy database, they were surprised. He had 

a brand-new branch, never seen before. 
Searching revealed that very few 
men in Central Africa carried related 
lineages which were dubbed A00, the 
“basal-most” branch among all living 
men.28 But there is a major problem 
with this: extremely rare lines should 
drift out of a pop u la tion quickly. How 
could the ‘oldest’ line have maintained 
itself in a rare state for ap prox imately 
200,000 years?29 Math e mat i cally, this 
makes no sense. Rupe and Sanford 
showed that nearly all new mu ta tions 
quickly drift out of a population.16 The 
more rare a variant, the more likely it 
is to be lost due to ran dom chance. 
All new mutations, by de fini tion, start 
off in a sin gle individual and are thus 
maximally rare. In stan dard population 

genetics, the probability of any hemizygous variant becoming 
fixed is equal to 1/n. The probability of a variant becoming 
lost is the converse of this, 1 – 1/n. Extremely rare lineages, 
therefore, are not expected to persist for any length of time, 
yet the A00 line is both extremely rare and extremely old? 
Instead, it is more likely this is a new line that has simply 
experienced an elevated muta tion rate in recent times. This 
would produce a dis cordant branch more quickly.

There are other important factors not considered in this 
paper, but they all should play a part in the global story of 
mankind. Selective sweeps were not discussed, neither were 
population surges,15 but these two factors will dramatically 
affect what we see. Consider figure 1. There are multiple 
‘tufts’ sitting at the end of long branches (e.g. the two E1 
and R1 clusters). The beginning of each tuft represents a 
historical male who had a surprisingly large number of male 
descendants. Rare but important, or simply lucky, males 
have produced most of the extant lines. All other lines are 
extinct. Thus, population surges are a strong driver of the 
final shape of the tree. Drift and selection are often difficult 
to tell apart, but in figure 12 strong drift is evident. Nearly all 
early side branches have gone extinct, leading to two main 
‘tufts’ on long, slender branches. Almost all of the remaining 
individuals are closely related to other individuals and a great 
mutational distance separated the groups from each other.

Neandertals and Denisovans are also not yet part of this 
model. There are several reasons for this. First, there is but 
one partial Neandertal Y chromosome available to date.30 
Also, its quality is questionable. Consider figure S11 in 
the much-discussed paper on ancient Canaanite DNA by 
Haber et al.31 Since mutations accumulate in all lineages 
over time, modern people should have more mutations than 
ancient people. The most ancient samples should be on the 
shortest branches. Yet the opposite is true here. This casts a 
suspicious light on all ancient DNA studies. For example, 
the long branches we see for the Neandertals and Denisovans 

Figure 11. Branch length comparison of the three mutation models over the first 300 model years. 
This illustrates the strong dependency of branch length on the mutation model.

Figure 12. Neighbour-joining phylogenetic tree of modelled Y chromosome 
data (mutation model 3; n = 1,000; max lifespan = 500 years; duration = 
1,000 years). This is an extreme example of how genetic drift drives the 
shape of a phylogenetic tree. There were 503 men alive at the end of the 
run. Even though 42,138 mutations had occurred, all but 3,334 had drifted 
out of the population by the end of the run. Noah is located almost exactly 
in the centre of the longest branch, meaning one of the three starting 
branches was missing. In the end, the sequences were divided into two 
main families, each populated by many closely-related individuals. The 
scale bar represents approximately 333 mutations.
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might be artifactual. Second, we need to learn a lot more 
about inbreeding effects in small populations (Neandertals 
and Denisovans are the most inbred populations we have 
ever seen).32 Third, we need to formulate a theory of how 
they drifted from the root of mankind so quickly.

In the end, we expect a chaotic early history of man. 
That is, even if the events are fixed in history, it will be 
very difficult to predict the exact pattern that should result 
from the starting conditions. The combination of rapid 
early population growth, patriarchal drive, fragmentation 
of the population after Babel with the subsequent long-term 
isolation of some groups and extreme inbreeding in some, 
population surges and collapses, and selective sweeps (either 
naturally or through war and conquest) creates a recipe for 
exactly the type of tree we see, even if the specific tree 
cannot be predicted. In figure 1 there are deep branches that 
separate all major lineages, yet there are only a handful of 
these lineages. The paucity of major lineages indicates that 
we came from a small population that expanded rapidly. The 
distance between the lineages suggests patriarchal drive was 
in effect during the early years of that expansion. How much 
of an effect this had depends on many factors that have yet 
to be fleshed out, but patriarchal drive should be considered 
an important part of the discussion.
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