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A GENETIC MODEL FOR THE ORIGIN  
OF HOMINID BIPEDALITY 

EVELYN J. BOWERS,  
DEPARTMENT OF ANTHROPOLOGY, BALL STATE UNIVERSITY, 

MUNCIE, INDIANA, USA 
 
 
 

Abstract: Bipedality defines the hominids. Most models of its origin assume a 
gradual shift from quadruped to biped, based on changes in selection pressures, 
but there are no intermediate fossils. This paper offers an evolutionary 
developmental approach to the origin of bipedality. In it I review what is known 
about the form and location of the lumbar-sacral junction in mammals, in 
particular the functioning of the functioning of the posterior Hox D genes (Hox D 
10–13). These are found on chromosome two in humans, which results from a 
terminal fusion of panid/ pongid chromosomes 12 and 13. I have hypothesized 
that that fusion altered the control of the onset of the posterior Hox D genes, 
shifting the number of lumbar vertebrae from the four usual in panids/pongids, to 
the six reported in Australopithecenes. The concentration rise in Hox D 10 
protein signals where a developing embryo puts its posterior limbs. The posterior 
Hox D proteins also locate the genetalia, and are later reused to direct the 
anterior-posterior structure of the limbs and chela. Alteration in their control 
would also account for the shift in the proportions of the proximal and distil parts 
of the chela, thus accounting for the majority of differences between Pongids and 
what is seen or inferred for Australopithecenes, Ardapithecenes, Orrorin, and 
Sihelanthropus. The single – male, multiple female social organization in which 
offspring disperse, seen in both gorillas and orangutans, is precisely that which 
would allow the rapid spread of a chromosomal fusion. Change in the control of 
Hox D 10–13 with the formation of chromosome two provides a concise 
mechanism for the sudden origin of bipedality and could constitute the cladistic 
event separating the Hominids from the Panids. This paper shows that the timing 
of the changes in anatomy of the chela as well as the differences in the chela and 
genetalia between ourselves and Panids is consistent with this model of the origin 
of our line.  
Key words: bipedality, genetics, Hox genes, Hominid origins 
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Introduction 

 Bipedality defines the hominids (Hilton and Meldrum 2004). Our paleonto-
logical colleagues argue which fossil is the first hominid, that is, the first biped, 
(Wolpof et al. 2006, Brunet et al. 2002, Senut et al. 2001, Haile-Silassie 2001, 
White et al. 1994). They currently put the date somewhere between seven and 
five million years ago. How did this happen? Did some ancestor stand up, and 
the utility of that posture gradually select for genetic changes to facilitate it as 
scholars had long thought? Or was it a sudden genetic change? Systems Theory 
indicates that a change can originate anywhere in a system, and in this instance 
there are no intermediate fossils known. Recent work in molecular genetics and 
genomics suggests a mechanism for sudden origins in the form of changes in up 
stream transcription factors or their control (Bowers in press, Davidson 2001, 
O’Higgins and Cohn 2000, Lovejoy et al. 2000, 1999, Schwartz 1999a, 1999b). 
This would be in keeping with the suggestion of Alan Wilson and his students 
long ago that control genes were likely to be very important in the separation of 
hominids and pongids (Sarich and Wilson 1967, Wilson and Sarich 1969, King 
and Wilson 1975). In 1997, Edwin McConkey and Morris Goodman wrote “The 
possibility that chromosomal rearrangements might have altered the regulation 
of one or more genes, which then had a significant impact on the evolution of 
our species, deserves investigation,” (p. 351). The sequencing of the human 
genome (International Human Genome Sequencing Consortium 2001, Ventner 
et al. 2001) and now the chimpanzee genome (The Chimpanzee Sequencing and 
Analysis Consortium 2005) make a direct examination of this matter 
approachable. In the human genome issue of Nature Molecular anthropologist 
Mark Stoneking wrote “[An] area of increasing interest is the identification of 
the molecular basis of “normal” phenotypic variation … – that is, variation of 
the old-fashioned morphological kind, which is the traditional concern of 
anthropology. …With the event of the human genome sequence and the S[ingle] 
N[ucleotide] P[olymorphism] data base, …, we are ironically now posed to 
focus on phenotypes and what their diversity tells us about human evolution – 
thereby bringing the anthropology back into molecular anthropology,” 
(Stoneking 2001:822). This work is a contribution to that exploration.  
 I have previously proposed that the origin of our lineage and the origin of 
bipedality coincide and are the consequence of the chromosomal fusion which 
produced our second chromosome from what are the 12th and 13th 
chromosomes in chimpanzees, gorillas, and orangutans (Bowers in press 2004). 
Some years ago Mary-Clare King and colleagues proposed a highly plausible 
mechanism for rapid speciation based on chromosomal fusion (King and Wilson 
1975, Wilson, Bush, Case and King 1975). If a chromosomal fusion occurs in 
the male in an inbreeding single-male-multiple-female social group in which the 
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young disperse, the stage is set for an abrupt speciation event. Only a third of 
gametes formed by an individual with a fusion carry a normal chromosome 
compliment (Stine 1989). Zygotes formed by the other two thirds will be 
inviable. Of the viable third, half the offspring by a non-fusion individual will 
be expected to carry the fusion. Figure 1-1 shows what happens in the next 
generation, when both the male and some of the females carries the fusion. Of 
36 possible chromosome combinations in their zygotes, eight can be expected to 
be viable where both parents carry the fusion. Of these, seven will have at least 
one copy of the fusion chromosome. This looks to be a prescription for abrupt 
speciation. I think this kind chromosomal fusion is what produced our line. 
There is a concentration of genes involved in development on chromosome two. 
These include DLX 1 and 2, involved in forming jaws, and the Hox D sequence. 
The Hox genes are a phylogeneticly old set of developmental control genes, 
originating prior to the separation of Bilaterans into Arthropods and Chordates 
(Carroll et al. 2001). Among vertebrates they have duplicated themselves into 
four sets of up to 13 genes, each found on different chromosomes. They specify 
the anterior-posterior polarity in all vertebrates and are reused to specify limb 
segmentation in tetrapods, including ourselves (Gilbert 2006). Their positions 
on the chromosomes, their cephalo-caudal sites of activity in the body, and their 
times of activity are all co-linear. These are some of the regulatory genes to 
which Wilson and colleagues called attention long ago (Sarich and Wilson 
1967, Wilson and Sarich 1969, King and Wilson 1975) as being likely to be 
important in regard to the differences between humans and pongids. Lovejoy, 
Cohn and White (1999, 2000) have described the significance they are apt to 
have for our morphology. The products of these genes contribute to the identity 
taken by vertebrae, and tell a developing embryo where to put its limbs. The 
Hox D sequence is found on our chromosome two. The shift from Hox D9 to 
Hox D10 is the signal for making a sacrum. The decrease from high to low level 
of Hox D9 protein is the signal for where to make a hind limb (Burke et al. 
1995, Carroll 1995). 

Chromosomal variation is associated with changes in morphology, for 
example in both Down’s Syndrome, and Turners Syndrome (Stone 1989). 
Alteration in chromosomes alters genetic regulation of development altering 
morphology. Eric Davidson has pioneered the understanding of the behavior of 
genetic regulatory networks in development and evolution (2001, 2006). I have 
previously pointed out that while there is an obvious difference in the pelves 
between panines and hominines, there are also differences in the usual number 
of lumbar vertebrae, so in the position of the sacrum. Chimpanzees usually have 
only three lumbar vertebrae, and a long, narrow sacrum. Modern humans 
usually have five, and a shorter, broader sacrum; while Australopithecenes 
appear to have generally had six lumbar vertebrae, as seen in Figure 1-2. Since 
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gorillas also have short lumbar spines, it suggests that the last common ancestor 
of humans and chimps also had a short lumbar spine. These differences are the 
consequences of differences in the extent and timing of gene reading, 
particularly of the posterior Hox D sequence. 
 

 
 Non-viable zygotes 

Figure 1-1: Possible chromosome combinations in the zygotes resulting from matings of 
two individuals, both carrying a chromosomal fusion. Only eight of the 36 possibilities 

has a complete chromosome set and so would be viable. Of these, seven carry at least one 
copy of the fusion.  

Material and Methods 

This work utilizes comparative method. Since experimentation is not 
possible, hypothesis testing is conducted by examining additional sets of 
observations in new data sets. The hypothesis being tested here was formulated 
based on the structure of the vertebral column. It states that there was an abrupt 
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change in anatomy at the time of the fusion forming hominine chromosome 2 
due to a change in the control of the posterior Hox D genes. If this is so, then 
anatomical systems other than the vertebral column, which are subject to control 
by these loci should also change at the same time. The material presented here 
compares the structure of the hands and feet, in modern humans, 
Australopithecenes and chimpanzees, since the formation of these structures is 
known to be under the direction of the Hox genes and reflects their co-linearity 
(Gilbert 2006). I also consider the differences in the reproductive tract between 
chimpanzees and modern humans, since the formation of the sections of those, 
too, are under the direction of the Hox genes (Gilbert 2006). Diagrams of human 
and chimpanzee hands and feet are shown in Figures 1-3 and 1-4. The link 
between the chela and the reproductive tract is seen in the occurrence of the 
hand-foot-genital syndrome in both mice and humans, based on the same 
alteration in Hox A-13 (Mortlock and Innis 1997). Alteration in Hox D-13 
produces synpolydactyly (Sarfarazi et al. 1995, Muragaki et al. 1996). Since 
mutations in the Hox genes themselves produce extensive malformations, it 
indicates that it is the regulation of these genes, which is altered in our 
evolution, and not the genes themselves (Davidson 2001).  
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Figure 1-2: Skeletons of the central skeletons of the bodies of chimpanzee, 
Australopithecene, and modern human alined on the end of the sacrum to illustrate the 

differences in the identities of the vertebrae as well as in the shapes of the pelves. 
















