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T. rex (Sue)
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• Synapamorphy: A shared derived 
characteristic

• Homoplasy: A character that evolves more 
than once on a tree

13

• Ornithodira: Advanced mesotarsal ankle

• Dinosauria: three or more sacral vertebrate, perforate acetabulum, reduced 
fibulaa, three or few phalanges in the fourth digit of the hand

• Ornithischia: at least five sacral vertebrae, predentary bone

• Sauropodomorpha: at least 10 cervical vertebrae, femur longer than tibia

• Theoropoda: metatarsal 1 reduced, hollow bones

• Tetanurae: furcula (fused clavicles)

• Maniraptora: semilunate carpal bone, pubis turned posterior (as in 
ornithischians)

• Aviale: presence of feathers

• Aves: loss of teeth

Synapamorphies
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Endosymbiosis 
hypothesis for the origin 

of organelles

• Organelles originated in symbiotic union of 
ancestral prokaryotes

17

Evidence
• Mitochondria and chloroplasts are superficially like bacteria

• Circular DNA molecules with no associated histones (similar to 
those of bacteria)

• Chloroplasts and mitochondria both have their own replication 
machinery, which more closely resembles that of prokaryotes

• first aa of transcripts is fMet (not Met as in eukaryotes; the amino 
group of the Met tRNA is modified by the addition of a formyl 
group)

• antiobiotics, such as streptomycin, block protein synthesis in 
mitochondria, just as they do in bacteria

• inhibitors of protein synthesis in eukaryotes (e.g., diphtheria 
toxin) don’t block synthesis in mitochondria

• rifampicin, which inhibits RNA polymerase in bacteria also inhibits 
RNA polymerase in mitochondria (does not affect eukaryotic 
nucleus)

18
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G. trichopi

G. cherriei

G. chapini

G. nadleri

G. ewingi

G. oklahomensis

G. setzeri

G. panamensis

G. costaricensis

G. perotensis

G. expansus

G. texanus

G. geomydis

O. underwoodi

O. cavator

O. cherrieii

O. heterodus

O. hispidus

P. bulleri

Z. trichopus

C. merriami

C. castanops

G. personatus

G. breviceps

G. majusculus

G. halli

Gophers
Lice
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Genetic Tree

25

Language Tree

26

Cognates

English is

German ist

French est

Latin est

Greek esti

Sanskrit asti

Persian ast 27

Fit language tree to gene tree

28

29

the last 2,500,000 generations of the MCMC analysis) to compute
posterior probabilities for the relationship between the victim and
patient sequences.

Results
Sequences Examined. The gp120 gene was initially characterized by
DNA sequence analysis because of its high genetic variability and
its important role in governing antibody neutralization, cellular
tropism, and cytopathogenicity. Direct DNA sequencing data re-
vealed highly heterogeneous viral sequences for both the patient
and the victim samples, particularly within the V4 and V5 domains
(Fig. 3, which is published as supporting information on the PNAS
web site, www.pnas.org). The ranges of intrahost divergence among
the 50 molecular clones for the patient and victim were 0.00–5.57%
and 0.13–2.77%, respectively. The ranges of intrahost divergence
for the two molecular clone sequences characterized by the Mich-
igan group compared with the BCM set were 0.13–5.18% and
0.64–2.14%, respectively, which were obtained from separate blood
draws each for the patient and victim !18 months after the BCM

draw. Despite the large number of viral strains present in blood and
the advanced progression of disease for the latter blood draw,
sampling of viral isolates by the different laboratories revealed
highly similar results with the highest identity between the BCM
and MIC sequences being 99.87% and 99.36% for the patient and
victim samples, respectively. These data confirmed and validated
the identities of the suspected transmission pair, because they fall
within the range of variation of the BCM data sets.

We investigated a second genetic locus by direct DNA sequenc-
ing (BCM) and cloning and sequencing (MIC) analyses of the
amino-terminal half of the RT gene (Fig. 4, which is published as
supporting information on the PNAS web site). The range of
intrahost divergence was 0.00–2.03% and 0.58–2.32% for the
patient BCM and MIC sequences, respectively, and they differed
from each other by 0.15–2.47%. The victim RT samples also showed
less diversity between sequences: 0.07% (BCM), 0.15% (MIC), and
0.07–0.65% (intergroup divergence). Analyses of the patient se-
quences revealed two distinct populations, with one group showing
amino acid mutations known to confer resistance to AZT (39–41).

Fig. 1. Phylogenetic analysis of the gp120 re-
gion using a minimum evolution criterion and
maximum likelihood distances assuming an
HKY"# model of evolution. Nucleotide align-
ment was based on the protein alignment in Fig.
3. P.ENV and V.ENV are DNA sequences for pro-
virus PCR products from the patient and victim,
respectively. Sequence names beginning with LA
denote viral sequences from control HIV-1 in-
fected individuals from the Lafayette, LA, met-
ropolitan area. The same pattern of relationships
(monophyly of all patient and victim sequences)
was obtained with all phylogenetic methods
(parsimony, minimum evolution, and Bayesian)
and all models of evolution examined. In addi-
tion to the 100% bootstrap support of this rela-
tionship for the minimum evolution analyses,
the parsimony bootstrap support and the Bayes-
ian posterior support were also 100%.

Metzker et al. PNAS ! October 29, 2002 ! vol. 99 ! no. 22 ! 14295
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