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We describe a partial skeleton with facial cranium of Pierolapithecus catalaunicus
gen. et sp. nov., a new Middle Miocene (12.5 to 13 million years ago) ape from
Barranc de Can Vila 1 (Barcelona, Spain). It is the first known individual of this
age that combines well-preserved cranial, dental, and postcranial material. The
thorax, lumbar region, and wrist provide evidence of modern ape–like ortho-
grade body design, and the facial morphology includes the basic derived great
ape features. The new skeleton reveals that early great apes retained primitive
monkeylike characters associated with a derived body structure that permits
upright postures of the trunk. Pierolapithecus, hence, does not fit the theoretical
model that predicts that all characters shared by extant great apes were present
in their last common ancestor, but instead points to a large amount of
homoplasy in ape evolution. The overall pattern suggests that Pierolapithecus is
probably close to the last common ancestor of great apes and humans.

Anatomical and molecular data indicate that

extant great apes (orangutans, bonobos, com-

mon chimpanzees, and gorillas) and hum-

ans form a monophyletic group of primates

sharing a common ancestor (1). Present avail-

able evidence based on molecular informa-

tion suggests that the divergence between

great apes and gibbons occurred at the end

of the Early Miocene or during the Middle

Miocene, depending on the calibration point

selected (1–3). In spite of important recent

discoveries and interpretations of a number

of Early and Middle Miocene taxa such as

Kenyapithecus (4), Morotopithecus (5), Equa-

torius (6), and Nacholapithecus (7), the na-

ture of the last common ancestor of extant

great apes and humans is in doubt, and

the relationships between most Miocene

hominoids and extant forms are a matter

of ongoing debate (1). Here we report the

discovery of a Middle Miocene E12.5 to 13

million years ago (Ma)^ partial hominoid

skeleton at a new locality, Barranc de Can

Vila 1 (BCV1) (Hostalets de Pierola, Barce-

lona, Spain). It is the first known hominoid

individual of this stratigraphic age asso-

ciating well-preserved cranial, dental, and

postcranial material. It thus promises to con-

tribute substantially to our understanding of

the origin of extant great apes and humans.

Systematics. Order Primates Linnaeus,

1758. Suborder Anthropoidea Mivart, 1864.

Superfamily Hominoidea Gray, 1825. Fam-

ily Hominidae Gray, 1825. Pierolapithecus

gen. nov. Type species: P. catalaunicus gen.

et sp. nov. Etymology: Refers to the village

close to the site, Els Hostalets de Pierola.

Generic diagnosis: As for the type species. P.

catalaunicus gen. et sp. nov. Holotype: A

partial skeleton of a single adult male

individual composed of 83 bones or iden-

tifiable fragments [specimen number IPS-

21350, housed in the Institut de Paleontologia

M. Crusafont (Fig. 1)] with splanchnocra-

nium; left and right maxillae, all cheek teeth,

maxillae with both canines and right central

incisor, nasals, both zygomatics, lacrimals,

and a partial frontal bone; carpals, metacar-

pals, and several manual phalanges of both

hands, tarsals, metatarsals and pedal phalan-

ges, the distal epiphysis of the right patella,

the left radius, several long bone diaphyses,

two pelvic fragments, three vertebrae, two

complete ribs, and 12 other large rib frag-

ments (8). Etymology: catalaunicus refers to

Catalunya (Catalonia). Type locality: BCV1

(Els Hostalets de Pierola, Barcelona, Spain).

Geological age and stratigraphic position:

The lowermost part of the MN 7/8 bioestrati-

graphic unit (Middle Miocene, between 12.5

and 13 Ma) (9).

Species diagnosis. Face with the frontal

processes of the maxillae, the nasals, and the

orbits on the same plane. Flat nasals, projecting

anteriorly beneath the level of the lower orbital

rim. Low face with glabella situated posteriorly

(10). Thin superciliary arches. Rhinion above

P4/ (10). High zygomatic root situated anteri-

orly at the level of M1/ (10). High nasoalveo-

lar clivus. Posterior border of the incisive

foramen located at the level of P3/. Short,

wide, and deep palate. Wide nasal aperture,

widest close to the base. Wide interorbital

distance. Laterally expanded zygomatics. P3/

of similar size to P4/, with reduced cusp

heteromophy. Elongated molars, except for

M3/. Upper molars and premolars without

cingula. Peripheral position of lingual cusps

in upper molars. Large M2/ and small M3/.

Large, low-crowned, and compressed upper

canine. Low-crowned and procumbent I1/.

Strong rib curvature forming a wide and

anteroposteriorly compressed thorax. Large

and robust clavicle. Mid-lumbar vertebra

lacks ventral keel; robust, wide, and short

pedicles of the neural arch; spinous pro-

cesses oriented slightly caudally; transverse

processes insert at the junction between

pedicle and body. Transverse process of the

last lumbar vertebra arises from the pedicle

and is oriented dorsally. Short metacarpals

and phalanges. Unfused os centrale. Small

triquetrum that does not articulate with ulnar

styloid, with crevice for meniscus attach-

ment and pisiform facet shifted distally.

Differential diagnosis. Pierolapithecus

differs from all known Late Miocene Eur-

asian hominoids by having a less orthogna-

tous face with a low and posteriorly situated

glabella, by the position of the zygomatic

root over M1/, by the relative proportions of

the upper molars, and by the procumbent I1/.

Pierolapithecus differs from Griphopithecus

by the complete lack of cingula, by the

long and narrow upper molars, and by the

marginal position of lingual cusps on molars.

Pierolapithecus differs from all known Early

and Middle Miocene African hominoids by

high zygomatic roots, a wide nasal aperture,

a deep palate, flat nasals, the relative pro-

portions of the teeth, and the lack of cin-

gula; and from afropithecids by reduced cusp

heteromophy in the upper premolars.

Description and comparisons: The
skull. Considering the stratigraphic age and

the geographic location of the new finding, it

is of great interest to compare Pierolapithecus

with the genus Dryopithecus, present in the

latest Middle and in the Late Miocene of

Europe (11, 12). Pierolapithecus differs from

all species currently included in the genus

Dryopithecus by the relative size of the upper

molars (M2/ 9 M1/ 9 M; not known for D.

fontani), in particular the association of a

large M2/ with a small M3/, by the larger,

low-crowned, and laterally compressed ca-

nines, and the larger, low-crowned, spatulate,

and more procumbent central incisor (Table

1). The facial anatomy is completely different
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from that of Dryopithecus. In lateral view, the

face of Pierolapithecus (Fig. 2) is low

dorsoventrally, with the glabella situated

posteriorly at the level of M3/, contrasting

with the more orthognathous face of Dryo-

pithecus, in which the glabella is situated

higher and more anteriorly with respect to

the level of the teeth rows (12, 13). Pierola-

pithecus has a relatively shorter and wider

palate than Dryopithecus, and the zygomatic

roots are situated more anteriorly (above M1/)

than in Dryopithecus (above M2/).

In spite of the important differences in fa-

cial anatomy, both taxa share a set of derived

features such as the frontal processes of the

maxillae, the nasals, and the orbits on a same

plane; flat nasals that project anteriorly be-

neath the level of the lower orbital rims, a high

zygomatic root, a high nasoalveolar clivus, a

deep palate, and a broad nasal aperture widest

close to the base. This facial anatomy charac-

terizes extant great apes and must be consid-

ered to be shared derived. In the fossil

record, these characters are known only in

Pierolapithecus, Dryopithecus (11, 12), Siva-

pithecus (14), Ankarapithecus (15), and

Ouranopithecus (16), but are absent in the

known Early and Middle Miocene forms and

in gibbons. Thus, Proconsul (17), Afropithe-

cus (18), and Morotopithecus (19) retain a

longer muzzle with convex nasals projecting

above the lower orbital rim, a primitive cat-

arrhine condition (20). Also the known facial

specimen of the Middle Miocene hominoid

Nacholapithecus (7, 21) shows a primitive,

Proconsul-like, narrow nasal aperture, low

zygomatic roots, and a shallow palate.

Although the overall facial structure of

Pierolapithecus is great ape–like, it still re-

tains a primitive hominoid sagittal profile.

The low face with a posteriorly situated gla-

bella and the frontal squama forming an

open angle with the orbital plane provide a

primitive sagittal profile in which the nasals

form an acute angle with the palate (Fig. 2).

This contrasts with the more orthognathous

profile observed in Late Miocene hominoids

and in extant great apes and resembles that

of primitive extant hominoids, the hylobatids,

or primitive fossil taxa such as Afropithecus.

This unexpected association of cranial great

ape features with a primitive hominoid facial

profile is of considerable importance, as it

suggests that the facial anatomy of Pierola-

pithecus could make a good prototype for

early great apes.

The postcranial skeleton. The partial

skeleton of Pierolapithecus provides evidence

of the morphology of the thorax, the vertebrae,

and the carpal-antebrachial complex, key

anatomical parts in any diagnostics of the

habitual positional and locomotor behaviors

that characterize extant hominoids, and thus

sources of important phylogenetic information.

Thoracic shape. Differences in thoracic

shape between apes and monkeys are signifi-

cant, with monkeys having a narrow, deep

thorax, whereas apes have a broad, shallow

thorax, related to an increase in the range of

movement of the upper limbs and a shift of the

center of gravity in vertical climbing (22).

Fig. 1. Complete spec-
imens and large bone
fragments of the skele-
ton of P. catalaunicus
gen. et sp. nov. (speci-
men IPS-21350). More
fragmentary specimens
such as smaller rib frag-
ments, isolated joint
facets of vertebrae,
and other small speci-
mens are not included.

Fig. 2. The face of
Pierolapithecus cata-
launicus (specimen
IPS-21350.1). (A) Fron-
tal view (the palate is
oriented horizontally).
(B) Palatal view. (C)
Lateral view. (D) Sche-
matic sections of the
skulls of P. catalaunicus
(green), Afropithecus
turkanensis (orange)
from Kalodirr (Ken-
ya) (KNM-WT 16999),
Ouranopithecus mace-
doniensis (dark violet)
(XIR-1) from Ravin de
la Pluie (Greece), and
Sivapithecus indicus
(light blue) (GSP 15000)
from the Siwaliks (Paki-
stan). The sections of
the skulls are super-
imposed and oriented
on the base of the
cheek teeth drawn to
the same length. The
primitive profile of
Pierolapithecus is more
similar to Afropithecus
than to the Eurasian Late Miocene hominoids (here exemplified by Ouranopithecus and Sivapithecus,
two of the best-preserved skulls from the Eurasian Late Miocene), which are characterized by having
more orthognathous faces. N, nasospinal; R, rhinion; G, glabella.
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Associated with a broad and shallow thorax in

extant hominoids is an increase in rib curvature

and angulation. Rib fragments of Proconsul

heseloni (specimen KNM–RU 2036) (23), in

particular specimen N-CI, as well as the first

rib of Equatorius africanus (6), suggest a

narrow and deep monkeylike thorax for these

taxa. The hitherto oldest fossil evidence of

apelike thoracic morphology comes from Late

Miocene genera [ribs of Oreopithecus (24, 25)

and thoracic vertebrae of Dryopithecus (26)].

Pierolapithecus now yields the first evidence

of a broad and shallow apelike thorax in the

Middle Miocene. All complete ribs or rib

fragments of Pierolapithecus [left rib VIII or

IX (specimen IPS 21350-58), proximal right

rib III or IV (IPS 21350-66), and proximal

left rib XII (IPS 21350-67) (Fig. 3)] show a

higher degree of curvature and an increased

angulation (Fig. 3) in comparison to the

corresponding ribs of monkeys, suggesting

a more ventral position of the spinal column

in the chest cavity. This constitutes direct

evidence that the thorax of Pierolapithecus

was broader mediolaterally than in monkeys

and in known African Miocene hominoids

and was close to the pattern of extant apes.

This is consistent with a dorsal position of

the scapulae on the rib cage inferred from

the large size and the chimplike shape of

the clavicle (Fig. 1).

The lumbar vertebrae morphology. The

morphology of the lumbar vertebrae of ex-

tant apes differs considerably from that of

monkeys, most noticeably in the shape of the

vertebral body, the shape of the pedicle, and

in the insertion and orientation of the trans-

verse processes, characters related to a de-

crease in mobility in the lumbar region of

apes (27). A nearly complete mid-lumbar

vertebra (IPS 21350-64) (Fig. 3) of Pierola-

pithecus resembles the ape pattern in the ro-

bustness of the wide and short pedicles, the

somewhat caudally oriented spinous pro-

cess, the reduced wedging, and the lack of

the distinct ventral keel and the associated

concave shape of the ventrolateral sides found

in monkeys and in primitive hominoids such

as Proconsul. The transverse processes do not

arise from the wider part of the vertebral body

as in monkeys, Proconsul (27), and Nachola-

pithecus (7), or from the pedicle as in extant

great apes, but instead they insert at an in-

termediate position at the junction between

pedicle and body as in extant Hylobates and

Ateles. The position of the transverse process-

es of the Early Miocene lumbar vertebra of

Morotopithecus (27, 28) is described by some

(29) as similar to the pattern of Pongo. How-

ever, when orienting the specimen with the

dorsal surface of the vertebral body (the floor

of the neural channel) perpendicular to the

lens of the camera, it clearly fits the inter-

mediate pattern of Hylobates (27) and Ateles.

In Pierolapithecus, the transverse processes of

the mid-lumbar vertebrae insert somewhat

lower than in Morotopithecus (Fig. 4). Among

fossil apes, only a mid-lumbar vertebra of

Dryopithecus unambiguously shows the pat-

tern of Pongo, siamangs, and African apes, in

which the transverse processes arise directly

from the pedicle (Fig. 4). The last lumbar

vertebra of Pierolapithecus (IPS 21350-65) is

most interesting, as the transverse processes

are confluent with the pedicle and oriented

upwardly, approaching the modern pattern of

extant apes (Fig. 3).

The wrist-antebrachial joint. The

wrist-antebrachial character complex of ex-

tant hominoids is unique among primates

and is characterized by a nonarticular ulnar

styloid process associated with a semilunar

meniscus (30, 31). Functionally, this increases

the capacity of adduction (ulnar deviation)

and supination at the wrist during climbing

and suspension (30, 31). Early Miocene

Proconsul (32) and Middle Miocene Equa-

torius (6) are described as having a long

styloid process of the ulna in contact with the

proximal carpal row as in monkeys, permit-

ting weight transfer in quadrupedal locomo-

tion through both the radius and the ulna.

The 11 carpal bones found in Can Vila com-

Fig. 3. Ribs and verte-
brae of P. catalaunicus
gen. et sp. nov. (A) Mid-
lumbar vertebra of Pan
(top), P. catalaunicus
(IPS-21350.64) (mid-
dle), and Papio (bot-
tom). (B) Last lumbar
vertebra of Pan (top),
P. catalaunicus (IPS-
21350.65) (middle),
and Papio (bottom);
scale bar, 4 cm. (C)
III-IV rib of Pan (left),
P. catalaunicus (IPS-
21350.59) (middle),
and Papio (right). (D)
VIII-IX rib of Pan (left),
P. catalaunicus (IPS-
21350.58) (middle),
and Papio (right). (E)
VIII-IX rib of Pan (left),
P. catalaunicus (IPS-
21350.67) (middle),
and Papio (right). The
ribs are oriented with
the axis of the costal
neck parallel to the
horizontal white lines.

Table 1. Dental and selected cranial measurements of the face of P. catalaunicus (IPS-21350.1).

Right maxilla Left maxilla

Length (mm) Breadth (mm) Length (mm) Breadth (mm)

M3/ 7.65 10.8 8.4 11.7
M2/ 11.25 11.9 10.8 12.2
M1/ 10.23 11 10 11.3
P4/ 7.10 11.8 7.3 11.7
P3/ 7.45 11.7 7.64 11.8
C1/ 15.6 11.4 16.2 10.9
I1/ 7.6 9
Length from P3/ to M3/ 43.8 44

Cranial measurements (mm)
Maximal interorbital distance 20
External biorbital breadth (estimated) 110
Height of glabela from alveolar margin 65
Breadth of the palate at the level of P3/ 29.9
Breadth of the palate at the level of M2/ 27.4
Height of the zygomatic root 19
Height of the nasoalveolar clivus 13.7

R E S E A R C H A R T I C L E S

www.sciencemag.org SCIENCE VOL 306 19 NOVEMBER 2004 1341



prise all carpal elements except for the pisi-

form. Capitate, hamate, lunate, and triquetrum

from the left side articulate perfectly (Fig. 5).

In comparison with the other carpals, the

compact triquetrum is smaller than in mon-

keys, Proconsul (32), and Hylobates, but

slightly larger than in great apes. It is elongated

proximodistally and proximally it has a large,

convex, nonarticular summit without any trace

of a facet for the styloid process of the ulna. On

the distolateral surface, the bone shows a

depressed area with small pits and porosity for

fibrous attachments homologous to the semi-

lunar crevice of the chimpanzee triquetrum for

the attachment of the fibrous capsule of the

meniscus. The morphology of Pierolapithecus

differs, however, from that of Pan by its wider

and more extended crevice (Fig. 5). The facet

for the pisiform is large and flat and is shifted

distally in comparison with that of monkeys

and Proconsul (31, 32). The pisiform facet of

Pierolpithecus makes an angle of 90- with the

lateral surface as typically found in apes,

contrasting with the obtuse-angled orientation

that occurs in monkeys and Proconsul (32).

The loss of ulnocarpal contact that character-

izes extant apes is not known from the fossil

record. Pierolapithecus thus provides the first

evidence that the apelike wrist pattern

appeared early in the evolution of apes, dating

at least as far back as 13 Ma.

Although Pierolapithecus shares the de-

rived wrist-antebrachial morphology with ex-

tant hominoids, the hand shows a series of

primitive hominoid characters. Some features

of the proximal phalanges, such as the proxi-

mal articular facet tilted proximodorsally,

extending slightly onto the dorsal surface of

the shaft; the large and widely separated

plantar tubercles that enclose a deep central

depression; and a wide and flat proximal ar-

ticular surface, indicate the use of the hand in

palmigrady, a posture rarely adopted by extant

apes. The Pierolapithecus phalanges (proxi-

mal and middle) are less curved and shorter

than those of extant apes and Late Miocene

Dryopithecus species [D. laietanus (26) and

D. brancoi (33)] (Fig. 4). Taking into account

that the body mass of the Pierolapithecus

specimen is comparable with that of the D.

laietanus CLl-18800 specimen from Can

Llobateres (34), and that the hand length/body

mass ratio of Dryopithecus CLl-18800 fits

the pattern of long hands that is typical of

extant apes adapted for suspensory behavior

(35), the considerably shorter phalanges of

Pierolapithecus rather suggest similarities with

the short hand pattern of monkeys (Fig. 4).

Discussion and phylogenetic conclu-
sions. The postcranial skeleton of Pierola-

pithecus preserves key morphological regions

that provide evidence for an overall mechan-

ically and functionally congruent modern

body structure. Thus, the increased capacity

of adduction and supination at the wrist,

associated with a wide and anteroposteriorly

shallow thorax, the shift of the scapulae onto

the back (inferred from the long and chimp-

like clavicle), and the stiff lumbar region

suggest an emphasis on orthograde loco-

motor and positional behavior. This body

structure is diagnostic for extant apes and

humans, and little fossil evidence has been

documented. The only relatively complete

material suggesting this pattern belongs to

Oreopithecus (24, 25) and, though less com-

plete, to Dryopithecus (26), both of which

are Late Miocene genera. Early and Middle

Miocene taxa such as Proconsul, Afropithecus,

Equatorius, or Nacholapithecus, however,

still retain the primitive pronograde monkey-

like pattern. Hitherto, the only hint of ortho-

grade skeletal structure in the Early/Middle

Miocene comes from a few remains of the

axial skeleton of Early Miocene Moroto-

pithecus (5, 36). However, the facial skeleton

of this genus (19) exhibits an overall primitive

hominoid pattern, suggesting Morotopithecus

to be a sister taxon of all extant apes (6).

Fig. 5. Comparisons of the carpus of P.
catalaunicus with that of Papio and Pan. A dorsal
view of the articulated right capitate, hamate,
lunate, and triquetrum complex of (A) Papio sp.,
(B) Pan troglodytes, and (C) P. catalaunicus is
shown. Observe the relative large size of the tri-
quetrum and the proximal orientation of the
ulnar facet in Papio, in comparison with the
smaller size and lateral orientation of the tri-
quetrum in Pan and Pierolapithecus. (D to F)
Lateral view of triquetrum in (D) Papio sp., (E)
P. troglodytes, and (F) P. catalaunicus. Note
the large articular facet for the ulnar styloid
process in Papio and its absence in Pan and in
Pierolapithecus, where the homologous surface
is nonarticular and shows a crevice for the
attachment of a meniscus.

Fig. 4. Comparisons of mid-lumbar vertebrae and medial and proximal phalanges of the third digit.
(A to E) Cranial view of mid-lumbar vertebrae. (A) Cast of Proconsul nyanzae (specimen KNM-MW
13142-J) from Mfangano Island (Kenya). (B) P. catalaunicus (IPS-21350.59). (C) Cast of
Morotopithecus bishopi (UPM 67.28) from Moroto (Uganda). (D) D. laietanus (IPS-18000) from
Can Llobateres (Spain). (E) Pongo pygmaeus. Specimens are oriented with the dorsal surface of the
vertebral body (the floor of the neural channel) perpendicular to the lens of the camera. The
arrows show the origin of the transverse processes. In Proconsul (A), the transverse processes arise
from the wider part of the vertebral body as in monkeys but do not contact the pedicle. In both
Pierolapithecus (B) and Morotopithecus (C), the transverse processes root partially on the
uppermost part of the body and partially on the pedicle. Only in Dryopithecus (D) do the
transverse processes arise from the pedicle as they do in the extant Pongo (E). The white
horizontal line represents the dorsal limit of the cranial articular surfaces. (F to I) Middle and
proximal phalanges of the third digit of Pierolapithecus compared with those of D. laietanus (IPS-
18800). (F) and (H) Lateral view. (G) and (I) Palmar view.
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Pierolapithecus, on the contrary, shows the

basic derived facial pattern of extant great

apes. This facial morphology, combined with

the large set of modern ape–like postcranial

features, strongly suggests that this taxon is

an early member of the great ape and hu-

mans clade. The overall pattern suggests that

Pierolapithecus is close to the last common

ancestor of great apes and humans (Fig. 6).

Recent molecular results coincide with our

interpretation, suggesting that the split be-

tween hylobatids and great apes took place

about 14.9 T 2 Ma (2) or 14.6 T 2.6 Ma (3).

Nevertheless, the overall postcranial mor-

phology of Pierolapithecus is not completely

extant ape–like. Although derived features

of the chest, lumbar region, and wrist are

clearly modern ape–like, Pierolapithecus also

retains primitive monkeylike skeletal fea-

tures (such as short phalanges with palmi-

grade morphological characters) not present

in extant apes. This association of primitive

and derived features bears important impli-

cations for the reconstruction of modern ape

evolution. Thus, Pierolapithecus provides

evidence that the basic orthograde adapta-

tions are not unequivocally and functional-

ly linked to all features commonly shared

by extant apes and claimed to be synapo-

morphies present in the last common an-

cestor of the group (1, 37). The primitive

morphology of the Pierolapithecus hand,

indicating little (if any) suspensory behavior,

strongly suggests that the two basic compo-

nents of extant ape locomotion—vertical

climbing and suspension—appeared indepen-

dently. Thus, modern ape–like below-branch

suspensory locomotion is likely to have been

acquired later and independently by the ex-

tant members of this clade. Hence, adapta-

tions for below-branch suspensory behaviors

might have evolved in parallel and repeatedly,

leading to a large amount of homoplasy in

ape evolution. This premise suggests that ver-

tical climbing with a basic orthograde body

design is the original modern ape adaptation,

confirming the hypothesis previously sug-

gested by other authors (31, 38).

The incompleteness of the fossil material

of Miocene hominoids, which yields little

evidence of the axial skeleton (1), and the

significant occurrence of homoplasy have

combined to obscure the early evolution of

great apes, leading to the formulation of dif-

ferent, even contradictory, phylogenetic and

taxonomic hypotheses. Our finding provides

evidence that the association of a basic or-

thograde postcranial pattern with a great ape–

like facial morphology can be traced back to

the Middle Miocene. Under the premise that

this association identifies a member of the

great ape and humans clade, early great apes

are recognizable in the fossil record at least

as early as the late Middle Miocene. This

new perspective sheds light on two important

aspects of hominoid evolution. First, it shows

that the known Middle Miocene African taxa

are too primitive to be regarded as stem great

apes, as has been suggested by some (39).

Instead, the new information provided by

Pierolapithecus lends strong support to recent

phylogenetic hypotheses (40) that exclude

the Early/Middle Miocene African taxa with

pronograde postcranial pattern and primitive

facial anatomy (Afropithecus, Kenyapithecus,

Equatorius, and Nacholapithecus) from the

great ape and humans clade, and classifies

them as stem hominoids. Second, our finding

provides evidence that early great apes are

more primitive than inferred from neonto-

logical data (1, 37), because it associates

primitive hominoid and derived great ape

features. This mosaic of characteristics may

explain why most of the known Late Miocene

taxa apparently fail to show some of the

shared derived features that characterize

extant members of the great apes, a percep-

tion that has led to ongoing debates (1, 12,

26, 39–41) about the high-level phylogenetic

relationships between Late Miocene fossil

hominoids and extant taxa.
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The 1.2-Megabase Genome
Sequence of Mimivirus
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We recently reported the discovery and preliminary characterization of
Mimivirus, the largest known virus, with a 400-nanometer particle size
comparable to mycoplasma. Mimivirus is a double-stranded DNA virus
growing in amoebae. We now present its 1,181,404–base pair genome
sequence, consisting of 1262 putative open reading frames, 10% of which
exhibit a similarity to proteins of known functions. In addition to exceptional
genome size, Mimivirus exhibits many features that distinguish it from other
nucleocytoplasmic large DNA viruses. The most unexpected is the presence of
numerous genes encoding central protein-translation components, including
four amino-acyl transfer RNA synthetases, peptide release factor 1, trans-
lation elongation factor EF-TU, and translation initiation factor 1. The
genome also exhibits six tRNAs. Other notable features include the pres-
ence of both type I and type II topoisomerases, components of all DNA
repair pathways, many polysaccharide synthesis enzymes, and one intein-
containing gene. The size and complexity of the Mimivirus genome
challenge the established frontier between viruses and parasitic cellular or-
ganisms. This new sequence data might help shed a new light on the
origin of DNA viruses and their role in the early evolution of eukaryotes.

Mimivirus, the sole member of the newly

proposed Mimiviridae family of nucleocyto-

plasmic large DNA viruses (NCLDVs) was

recently isolated from amoebae growing in

the water of a cooling tower of a hospital in

Bradford, England, in the context of pneu-

monia outbreak (1). The study of Mimivirus

grown in Acanthamoeba polyphaga revealed

a mature particle with the characteristic

morphology of an icosahedral capsid with a

diameter of at least 400 nm. Such a virion

size comparable to that of a mycoplasma cell

makes Mimivirus the largest virus identified

so far. A phylogenetic study with preliminary

sequence data from a handful of conserved

viral genes tentatively classified Mimivirus in

a new independent branch of NCLDVs (1).

The sequencing of the genome of Mimivirus

was undertaken to determine its complete

gene content, to predict some of its physiol-

ogy, to confirm its phylogenetic position

among known viruses, and to gain insight

on the origin of NCLDVs.

Overall Genome Structure
The Mimivirus genome (Fig. 1) was assem-

bled (2) into a contiguous linear sequence of

1,181,404 base pairs (bp), significantly larger

than our initial conservative estimate of 800

kbp (1). The size and linear structure of the

genome were confirmed by restriction digests

and pulsed-field gel electrophoresis. Two in-

verted repeats of about 900 nucleotides are
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