Decades of misanalysis in genetic distance
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Abstract
Hardly a week seems to go by without encountering a new genetics study that contains a diagram
of specimen genetic similarities or dissimilarities. For these diagrams, biologists have long relied
on university-based and/or commercial computational packages which are not only prone to pilot
errors but also contain “analysis” methods which should never be used for genetic distance. Not
that all the software is poor – it appears there is a mixture of good and bad in each package. The
troublesome methods however have enjoyed acceptable use for so long that serious errors are
published on a frequent basis. What follows is a list of concerns that will hopefully be useful to
authors and reviewers alike. The report concludes with a graph-theoretical alternative to the
current status quo in genomics.
Main Text
Items of concern
Use of pseudo-metrics
A portion of the genomic literature utilizes pseudo-metrics to compute similarity or dissimilarity
among genetic profiles. But to be used as a distance, the values are not valid for comparison
unless the measure is a qualified metric (Hunter and Nachtergaele, 2001). This matter was
contested 38 years ago by Felsenstein (Felsenstein, 1984) who insisted biologists were only
making adjacency comparisons in nodes of topological ancestry trees. However, the construction
of those trees involves all-to-all comparisons of dissimilarities and the trees Felsenstein describes
are questionable due to documented occurrences of re-entrant breeding at both species and
cultivar levels (De Vries and Dubois, 1995; Glatzel and Königshoff, 2005).
The well-known 1979 coefficient of Nei & Li (Nei and Li, 1979) (eqns. 8 and 26) is an example of
a pseudo-metric:
∑(𝑥𝑖 ∙ 𝑦𝑖 )
𝑁𝑒𝑖1979(𝑥, 𝑦) ≡ − log

√∑(𝑥𝑖 ∙ 𝑥𝑖 ) ∙ ∑(𝑦𝑖 ∙ 𝑦𝑖 )
Consider the 8 specimens with 8 random 0,1 markers listed in Table 1. In the spatial domain Nei
& Li's 1979 coefficient produces 2 infinite distances due to zero denominators. Ignoring these, the
remaining subset violates the metric triangle axiom 16 times out of 270. In the marker frequency
domain (Nei's intended use) the results are equally poor with the 𝑁𝑒𝑖1979 measure producing 49
triangle axiom errors out of 336 tests plus 1 zero distance value. As of this writing Google Scholar
reports over 2,000 published articles not authored by M. Nei from 1984 through 2021 in a wide
range of journals using Nei’s 1979 coefficient as a distance (Google, 2022d). A list of non-metric
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