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The high spontaneous mutation rate: Is it a health risk?*

James F. Crow

Genetics Laboratory, University of Wisconsin, Madison, WI 33706

ABSTRACT The human mutation rate for base substitu-
tions is much higher in males than in females and increases with
paternal age. This effect is mainly, if not entirely, due to the large
number of cell divisions in the male germ line. The mutation-rate
increase is considerably greater than expected if the mutation
rate were simply proportional to the number of cell divisions. In
contrast, those mutations that are small deletions or rearrange-
ments do not show the paternal age effect. The observed increase
with the age of the father in the incidence of children with
different dominant mutations is variable, presumably the result
of different mixtures of base substitutions and deletions. In
Drosophila, the rate of mutations causing minor deleterious
effects is estimated to be about one new mutation per zygote.
Because of a larger number of genes and a much larger amount
of DNA, the human rate is presumably higher. Recently, the
Drosophila data have been reanalyzed and the mutation-rate
estimate questioned, but I believe that the totality of evidence
supports the original conclusion. The most reasonable way in
which a species can cope with a high mutation rate is by
quasi-truncation selection, whereby a number of mutant genes
are eliminated by one “genetic death.”

surely have extended his crusade to environmental chemicals.
Curiously, although Muller emphasized the high rate of spon-
taneous mutation, he did not include it in his crusade, mainly,
I think, because he saw no feasible way to reduce it (3).

The Nature of Mutations

It is convenient to divide mutations into three main groups: (i)
gain or loss of one or more chromosomes: (i) rearrangement,
gain, or loss of parts of chromosomes as a result of chromosome
breakage: (i) changes in individual genes or small regions of
DNA. The first two are customarily called chromosome muta-
tions, the third, gene mutations. Of course the categories overlap,
and there are other kinds of changes that I have omitted. My
concern today is with the third group, gene mutation. The
mutational change can be, and often is, an individual nucleotide
substitution. It may also be the gain, loss, or rearrangement of a
group of nucleotides within or close to a gene. Classical genetics
could not distinguish among these, but molecular techniques can,
and, as I shall show later, the distinction is important.

The most important properties of gene mutations, for the
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this graph illustrates the theoretical decline of fithess over generations.
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a0 IBGiven the relatively high human mutation rate and the fact that a relaxation

of natural selection typically leads to 0.1% to 1.5% decline in fitness per generation}
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will almost certainly sum to several additional events per gamete (9), SRS HICIVATElE1

verage newborn acquires a total of 50 to 100 new mutations at the diploid levelfE¥3nEll ‘

q

fitness effects averaging approximately 4% or less according to these results. Thus, with a

complete relaxation of natural selection, the expected decline in fitness associated with
mutations in coding DNA alone appears to be on the order of [RGRGEEL N2 d=(o = a o],

Michael lynch, Rate, molecular spectrum, and consequences of human mutation, Proceedings of the
National Academy of Sciences 107(3):961-968, 2010.
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curacy), and identify very rare single-nucleotide polymorphisms. We also directly es-
Fx¥ihe®0e timated a human intergeneration mutation rate of ~1.1 = 1072 per position per hap-
g’e‘:::':: gfe;s:::c‘:z;"hema"“ in a Family Quartet by Whole- loid genome. Both offspring in this family have two recessive disorders: Miller syn-

Roach JC, Glusman G, Smit AF, Huff CD, Hubley R, Shannon PT, et al. (April 2010). "Analysis of
genetic inheritance in a family quartet by whole-genome sequencing'. Science. 328 (5978): 636—639.
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Contamination of the Genome by Very Slightly Deleterious Mutations: Contamination of the genome by very
Why Have We Not Died 100 Times Over? slightly deleterious mutations: why have we
ALEXEY S. KONDRASHOV not dled 100 [in]es ovel‘?
xey S. Kondroshov "

Section of Ecology and Systematics, Cornell University, Ithaca, NY 14853, U.S.A.

Kondrashov, A., Contamination of the genome by very slightly
deleterious mutations: why have we not died 100 times over? Journal
of Theoretical Biology 175(4):583-594.
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In summary, the spectrum of protein-coding variation is considerably different today

compared to what existed even as recently as 200 - 400 generations ago. 86.4% of

Fu, W. et al. 2013. Analysis of 6,515 exomes reveals the recent origin of most human protein—coding variants.
Nature. 493 (7431): 216-220.
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nature > letters > article variants (SNVs). We estimate that approximately 73% of all protein-coding SNVs and
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Wengqging Fu, Timothy D. O’Connor, Goo Jun, Hyun Min Kang, Goncalo Abecasis, Suzanne M. Leal, Stacey Gabriel, Mark J.
Rieder, David Altshuler, Jay Shendure, Deborah A. Nickerson, Michael J. Bamshad, NHLBI Exome Sequencing Project & Joshua
M. Akey, Analysis of 6,515 exomes reveals the recent origin of most human protein—coding variants Nature, 28 November 2012.
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Next-generationsequencing provides the most accurate estimate to date. w H

Every time human DNA is passed from one generation to the next it accumulates 100-200 new mutations, ”» » ¢
according to a DNA-sequencing analysis of the Y chromosome. ° uh °
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https: //www.nature.com/news/2009/090827 /full/news.2009.864.html
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Here we analyze 11,020 de novo mutations from the whole genomes of 250 families. We show
that de novo mutations in the offspring of older fathers are not only more numerous®21 byt

also occur more frequently in early-replicating, genic regions. Functional regions exhibit

https: //www.nature.com/articles/ng.3292?utm_source=chatgpt.com
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MEWS RELEASE 28-NOV-2012

Most of the harmful mutations in people
arose in the past 5,000 to 10,000 years

Spectrum of human genetic diversity today is vastly different from only 200 to 400
generations ago

Peer-Reviewed Publication
UNIVERSITY OF WASHINGTON



If our genome

was 80 percent
functional - the
figure batted around
when the ENCODE
project results first
came out — then we
should be extinct.”

http://phenomena.nationalgeographic.com/2014/05/09/

the-case-for-junk-dna/
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“Most ofithe mutations that we found
arose in the:last 200 generations or so.”
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Biblical Creation
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Figure 1. Human genetic population data confirm recent human diversification, shown in blue. The

same data confront human evolution’s imagined history, shown in red.









