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Reply to “Humans as second orangutans:
sense or nonsense?”’
DOI 10.1002/bies.200900012

We reply to Stoneking’s'" criticisms of our article® via science.

1. “The authors. . .carried out phylogenetic analyses of
selected morphological and fossil characters.”

This is a common misunderstanding. For our analyses of
extant taxa we reviewed all features in any publication
proposing a human-ape relationship (finding that studies
supporting a human-chimp relationship repeated the same
features) and also included features we uncovered in the
literature and through our own investigations. We sought to
verify each feature and its presence in stated taxa, contacting
(extant) authors for explication. We truncated published lists
significantly when features were not verifiable and out-group
comparison slim. For systematic rigor, we included only
verified features in taxonomically broad outgroups. Following
cladistic procedure, through broad outgroup comparison, we
distinguished primitive from derived states; the latter informed
hypotheses of hierarchically nested clades. Stoneking mis-
represents this as “selecting” features. Widely used phylo-
genetic software repeatedly generated highly correlated
relationships of and between human-orangutan and chim-
panzee-gorilla sister groups. Although fossils limited compar-
ison to preserved morphology, computer-generated cladistic
analyses demonstrated significant correlation of a hominid
(= humans + fossil relatives)-orangutan-clade sister group.

2. “l...note that previous analyses of fossil characters
have followed the genetic evidence in grouping humans with
chimpanzees.”

This neither validates “genetic evidence” or any claim of
phylogenetic relatedness, nor tests any molecularly or
morphologically based hypothesis. Morphology is interpreted
in the context of a presumed human-chimpanzee relationship,
thereby undermining any claim of phylogenetic reliability. Yet
theories of relationship between fossil taxa, which also inform
“molecular clocks,” are only possible through morphological
comparison.

3. “How do the authors reconcile this...with molecular
genetic evidence, going back 40 years. . .that unequivocally
indicate that African apes (specifically, chimpanzees) are our
nearest living relatives?”

Although often conflated, “evidence/data” and “interpreta-
tion” are different. Thus, while Zuckerkandl and Pauling®
demonstrated decreasing similarity in hemoglobin between
human, gorilla, horse, chicken, and fish, they acknowledged
inference of phylogenetic propinquity upon assuming that if
lineages continually change, more recently divergent taxa
should be more similar molecularly than distantly divergent
taxa as a function of the amount of change accumulated since
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time of divergence. They then sought corroboration of their
“molecular assumption” (MA)® from the accepted, morpho-
logically based theory of decreasing relatedness among
these taxa. Thereafter, the MA (also®®) morphed into fact. Yet,
if the assumption is incorrect, 40 years of embracing it is
irrelevant.

We do not deny demonstration of molecular similarity, but
question its phylogenetic significance, since comparison of
overall similarity is phenetic, not cladistic (e.g.®"). Systema-
tists know well that shared similarity often reflects primitive
retention, not phylogenetic propinquity (e.g.®°=""). Ironically,
vis-a-vis the philosophy of science, since Zuckerkandl and
Pauling sought support of their MA in a morphologically based
theory of relatedness, morphology should falsify a molecular
alternative. If the validity of scientific theories derives from
potential falsification (e.g.'®379), the application of the MA
to different molecules or protein or DNA sequences cannot
validate it because internal consistency resists falsification.

The elevation of a hypothetical human-chimpanzee
relationship to fact led to data interpreted in its context being
taken as evidence of corroboration. For instance, while Yunis
and Prakash!'” stated clearly that their interpretation of
chromosome banding patterns was based on first accepting
an assumed ((((human-chimpanzee)-gorilla))-orangutan)))-
Old World monkey)))) relationship, they are cited as
demonstrating this relationship (e.g.'®). The Chimpanzee
Consortium’s''® human-chimpanzee genome comparison
and Patterson et al.’s®® speculation on human-chimpanzee
hybridization continue the practice of interpreting data both in
the context of a relationship and as verification of it. This is not
hypothesis testing.

Not widely appreciated is the confinement of DNA sequence
analyses primarily to the region coding for metabolically active
proteins, enzymes, etc (reflecting adaptation, not organismal
change),(“) which constitutes only c. 2-3% of the metazoan
genome;®" since mtDNA is metabolically functional it can be
treated similarly.“” Thus, while assertions such as demonstrat-
ing c. 99% similarity between humans and chimpanzees in a
~90 kb stretch of coding DNA®? are generalized to “humans
and chimpanzees are c. 99% similar in their DNA”,®2 this
extrapolation derives from a minimal fraction of the genome.
Similarly, although The Chimpanzee Consortium® claimed c.
98% identity between human and chimpanzee genomes, they
were less focused on “gene expression patterns and promoter
regions,” than “on protein-coding sequences” (p. 83). Never-
theless, studies of gene expression in organs (e.9.%®) only
characterize activity in the adult — the typical focus of molecular
“systematists” — not pathways underlying organ development.

It is therefore crucially significant that ca. 97-98% of the
metazoan genome is noncoding, largely comprising promo-
ter/control regions and developmentally regulated genes as
well as introns (which may have regulatory function at least
early in development). Although one can identify start-stop
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sequences, linearity of DNA bases does not, as in the coding
region, constitute a gene. Rather, since in a noncoding region
“gene” introns separate exons, it is only through RNA-
mediated intron splicing and transcription (sense, antisense,
or some combination thereof) that a “gene” and its “product”
are specified.(z“) Furthermore, local three-dimensional DNA
topographies determine functional noncoding elements.®®
Thus, even if noncoding region DNA sequences were
verifiable as in coding regions (a difficulty because of lack
of colinearity with specific proteins), noncoding DNA
sequence alone without consideration of three-dimensional
topography and alternative splicing is meaningless.

What cannot be ignored is the role of the metazoan non-
coding region in development of structure, which is highly
constrained (e.g.2%273") especially with regard to homeo-
box genes and meristic structures. If molecular change was
real and random, it should mostly impact the vast non-coding
region, causing failure of developmental processes, organis-
mal death, and/or wanton emergence of novel features.® Yet,
as Darwin recognized,®? like tends to beget like.

Underlying this consistency are classes of “housekeeping”
molecules, particularly heat shock proteins, which function to
prevent molecular change (review®®). The non-coding region,
regulation of development, and the interrelation of DNA, RNA,
and transcription factors, can thus be appreciated as a
hierarchy of instructional information from gene regulatory
networks (GRNs) underlying basic body plans to differentiation
gene batteries (DGBs) involved in the terminal differentiation of
tissues and structures.®” Thus, instead of a fictional chasm
between the “molecular” and “morphological” (begging the
question, “If true, from whence does structure arise?”), there is
a continuum from molecular interaction to the emergence of
structure. Consequently, comparative study of such continua
(including signaling pathways and the recruitment of regulatory
molecules), not sequence similarity, should inform the
reconstruction of phylogenetic relationships. %3¢

The existence of a molecular-development-structure
continuum underscores the relevance of morphology in
phylogenetic analysis especially because, untii GRNs and
DGBs are understood in detail, morphology is their proximate
realization. Witness experiments on bird beaks. Altered
expression of regulatory molecules led to change in not only
beak size, but also in all attendant structures (soft and hard
tissue, including vascularization and innervation) simulta-
neously.®”749 Hence, we consider features, largely asso-
ciated with knuckle walking, that, for most of the 20" century,
were embraced as synapomorphic of chimpanzees and
gorillas (e.g.#"*2%%)) as compelling evidence of their
relatedness, as we also do derived features shared uniquely
by humans and orangutans.@#4-49

4. “The authors. . .claim that homoplasy. ..and alignment
problems. . .render phylogenetic analyses of DNA sequence
data inaccurate. But no specific examples are given...”
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Homoplasy cannot be demonstrated; it is hypothesized
when one of two or more competing theories of relatedness
becomes preferred, which by default “makes” the shared
features supporting alternatives “non-phylogenetic”, e.g.
homoplastic (e.g.*”). Accepting chimpanzee-gorilla and
human-orangutan theories of relatedness renders molecular
similarities, if not primitive retentions, homoplastic. But
since the MA presumes that change is cumulative, homoplasy
is conveniently ruled out. As for alignment, see Marks“®) and
The Chimpanzee Consortium'® regarding assumptions of
deletion, addition, or both, and sequence-length difference.

5. “The authors criticize molecular genetic analyses of
human-chimpanzee relationships for having “extremely
limited” outgroup sampling. . .[but] the studies cited. . .would
be regarded by most as...more than adequate.”

Perhaps by molecular anthropologists, but not most
systematists (e.g.©'9).

6. “The authors cannot point to any molecular genetic
study which has suggested anything other than a human-
African ape relationship, regardless of which species were
included as outgroups.”

Molecular analyses assume that the taxon in which they
are rooted is entirely primitive, so using orangutan, gibbon, or
monkey is irrelevant. And it is in the context of this assumption
that humans, chimpanzees, and gorillas are sorted on the
basis of overall similarity. Nevertheless, interpretation of
retroviral sequences yielded various relationships.“® In a few
instances, (185951 when the “correct” phylogeny of primates
was not achieved, the molecules/genes concerned were
discarded as unreliable. How many “incorrect” phylogenies
have not been published?

7. “One can frame [the] question as a four-taxon problem,
without any outgroup.”

This is phenetic distance analysis, not phylogenetic
reconstruction, and not informative.

8. “The failure of most recent molecular genetic studies to
address a human-orangutan alternative to the accepted
human-chimpanzee relationship indicates that this question is
considered fully answered and hence not worthy of further
attention.”

Certitude in evolutionary science is unsustainabl

9. “Even more egregious. . .is the. . .failure of the authors to
realize. . .short interspersed elements (SINEs)...which are
expected to behave as perfect phylogenetic characters.”

Nikaido et al.®® first used SINEs (and LINEs) in
phylogenetic reconstruction. From (using) a small sample
of (cet)artiodactyls they focused on hippopotami, which they
united with cetaceans on assumptions that Stoneking
reiterates: “independent insertion events would occur
between exactly the same two base pairs”; “parallel changes
involving SINEs should be extremely rare”; “deletions of
inserted elements hardly ever occur”; and “reversals involving
SINEs should also be extremely rare.” Yet, since retroviruses

o.(14.52)
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mirror the “stochastic” insertion behavior of SINEs and are
subject to deletion and homoplasy*® one wonders why
SINEs are exempt from these common phenomena.

Driving Nikaido et al’s analysis was phenetic similarity only
between camel, pig, peccary, chevrotain, deer, giraffe, sheep,
cow, hippo, humpback, and beaked, with no outgroup
comparison. The inferred relationship was ((((camel)-(pig-
peccary))-(chevrotain-pecoran)))-(hippo-whale)))). But ana-
lysis of morphology (e.g., number of stomach chambers and a
multitude of dental, cranial, and postcranial features) strongly
corroborates the hypothesis that hippopotami (whale-related
or not) constitute the sister of a ((((suid-camelid)-((chevro-
tain)))-(((pecoran)))) clade (e.g., Refs®*%57) In terms of
the molecular development of structure continuum, this
hypothesis is difficult to ignore.

Hillis’®® commentary on Nikaido et al’ s article is significant:
“almost every new molecular approach to phylogenetic
inference has been ballyhooed as capable of “revolutionizing”
the field...[but] no one technique is a perfect solution for all
phylogenetic problems” (p. 9979); “even if convergence and
reversal are extremely rare for SINE/LINE insertion events, the
characters are not immune from problems of lineage sorting of
ancestral polymorphisms” (p. 9980); “examples of...conver-
convergence have been demonstrated in experimental...
studies” (p. 9980); “although SINE/LINE insertion studies
provide a welcome. . .source of phylogenetic data, they are not
magic bullets” (p. 9981).

We agree. There is no phylogenetic magic bullet,
molecular or morphological, but the desire to find one
persists. Although rejecting much of her data as unreliable
Ruvolo!"® proclaimed demonstration of a human-chimpanzee
relationship. Yet Salem et al.®" claimed a human-chimpan-
zee-gorilla trichotomy remained unresolved until their SINE
(Alu repeat) analysis. Since, as with the MA, the internal
consistency of SINE assumptions resists testing with other
molecular data, the undeniable molecular-structural con-
tinuum makes morphologically and developmentally based
phylogenies not only powerful alternative hypotheses, but
sources for testing these assumptions.

10a. “What is classified as the same morphological
character in two different species may easily reflect different
genetic changes. . .Enamel thickness is cited as a trait linking
orangutans with humans (both having thick enamel) and
chimpanzees with gorillas (both having thin enamel).”

The latter, as with other claims about our article, is false.
Thin enamel, being common amongst mammals, is the
primitive condition.

10b. “More detailed 3-dimensional studies of molar
enamel. . [demonstrates] that...not.. .all [is] captured in a
simple thin versus thick enamel classification.”

Stoneking again reveals systematic misunderstanding.
“Thick molar enamel” is derived relative to “thin molar
enamel”. Amongst taxa with thick enamel, some have thicker
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enamel overall or in certain areas, while others have differing
degrees of dentine horn extension, etc.

11. “In sum, there is no reason to expect that morphological
characters are necessarily good phylogenetic characters.”

Only if one ignores the regulation of development.

12. “Sometimes the conventional wisdom is overturned,
and alternative views do deserve to be heard — but if
publication in a peer-reviewed journal is to have any meaning
at all, editors and reviewers have a responsibility to ensure
that well-established contributory evidence is not dismissed in
a superficial way.”

Science may benefit. Thanks to Stoneking, molecular
assumptions and overgeneralizations are bared, as is the lack
of understanding of coding versus non-coding regions,
constraints on molecular change, the developmental con-
tinuum from the molecular through the morphological,
systematics, and hypothesis testing.

In most sciences, one would never state that one “knows”
anything for certain — that only one source of information
trumps all others. Hopefully, some scientifically committed will
rise to the challenge of treating evolutionary science as a
science.
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