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A Hominoid Genus from the Early 
Miocene of Uganda 

Daniel L. Gebo," Laura MacLatchy, Robert Kityo, Alan Deino, 
John Kingston, David Pilbeam 

Fossils from a large-bodied hominoid from early Miocene sediments of Uganda, along 
with material recovered in the 1960s, show features of the shoulder and vertebral column 
that are significantly similar to those of living apes and humans. The large-bodied 
hominoid from Uganda dates to at least 20.6 million years ago and thus represents the 
oldest known hominoid sharing these derived characters with living apes and humans. 

Between 1961 and 1965, W. Bishop and 
colleagues recovered facial, dental, and ver- 
tebral reinains of a large-bodied hoin~noid 
froin the Moroto I1 locality in Uganda ( I ,  
2). .Although the dental and facial reinains 
have been interpreted as being priinitive 
[ ( I ,  3-7) but see (8, 9)], the lumbar verte- 
brae have been considered to be morpho- 
logically derived and similar to those of 
l~ving hominoids, suggesting stiff-backed, 
orthograde positional behavior like that of 
living apes and hu~rlans (2, 10-1 2). Thus, 
the Moroto fossils have rernained rather 
enigmatic, and researcl~ers have been reluc- 
tant to associate the prnnitive teeth and 
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face of the ivloroto palate with the derived 
luinbars, even though all of the elements 
indicate that the body sizes are similar. In 
1994 and 1995, we revisited the East .Afri- 
can foss~l localities known as ivloroto I and 
I1 in northeastern Uoanda and recovered 

0 

ilea homino~d postcrail~al fossils. These 
wrovide add~t~onal ~~lformation about the 
taxonomy, phylogeny, and f~~nctional inor- 
phology of the Moroto hominoid. 

The fossil-bearing sedimentary rocks at 
Moroto I and I1 consist of fluvial and 
lacustrine sedimentary rocks lving uncon- 
forinably on Precambr~an metamomh~c 
gneisses and capped bv a basalt flon. At  
ivloroto 11, ~ntercalated coarse- to f~ne-  
gra~ned sandstone, conglomerate, s~ltstone, 
and inudstone indicate that the devosition- 
a1 environment alternated between fluvial 
and ponding conditions. Fossils have been 
fo~111d at a number of horizons and are typ- 
ically associated nit11 medium-grained - 
sandstone and s~ltstone. Poorlv developed 
paleosols In the sequence suggest that sed- 
imentation was interin~ttently ~nterrupted. 
The seauence at Moroto I1 is UD to 38 In 
thick and is overlain by a fine-grained ba- 
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salt that presumably flowed down an an- 
cient channel. The sedimentary section at 
ivloroto I 1s less extensive and conslsts of a 
2.5-111 th~ck  section deposited directly on 
basement and overlain by a basalt. '4 con- 
glomerate at the base of the exposed section 
grades up lilt0 fine-grained clay, reflecting 
lacustrine conditions. A paleosol 1s evident 
near the top. Fossils are found in both the 
coarse- and fine-grained deposits. 

.Assuming that the contact between the 
basalt and underlying sediments at the two 
localities defines the same plane, analogous 
stratigraph~c relationsh~ps, and similar pe- 
trography, it is likely that the basalts repre- 
sent the same flon. The capping basaltic 
lavas at Moroto I and I1 have conventional 
K/.Ar ages of 12.5 2 0.4 and 14.3 2 0.3 
 nill lion years ago (Ma), respectively (13). 
Using faunal correlations, Pickford estimat- 
ed that the age of Moroto I and I1 was 14.5 
to 16.5 ivla (14) and later revised this esti- 
inate to older than 17.5 Ma (15). To pro- 
vide f~riner dates, we used the 
incremental heating technique (1 6). Ages 
were determined with the use of Fish Can- 
yon Tuff sanidine as the neutron flux mon- 
itor (age of 27.84 ivla) ( 1  7, 18). The lava 
from Moroto I gave an internally defined 
isocl~ron age of 20.61 t- 0.05 Ma (the mean 
of two experiments). The step-heating spec- 
tra for the lava from Moroto 11, although 
demonstrating isotopic disturbance, indi- 
cate an emplace~nent age of more than 20 
Ma (Fig. I ) .  

The fossils from ivloroto I1 [ivlUZM 80 
(MUZM, ivlakerere University Zoology Mu- 
seum) (Fig. 2 and Table I ) ]  consist of sev- 
eral pieces of the right and left femurs of a 
single large hoininoid. We estimate that the 
length of the femur was 270 mm (19, 2C). 
Several primitive features are present. The 
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A 40ArPgAr step-heatlng spectrum for sample MO-74714b B 4 0 ~ r P 9 ~ r  stepheating spectrum for sample MO-7Ma 
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Fig. 1. 40ArP9Ar step-heating spectra for lavas from Moroto I (A) (sample and stable Ca/K and CI/Ca compositional parameters. The Moroto I I  lava 
MO-747/4b, intergrown plagioclase-pyroxene microphenocrysts) and has undergone more extensive weathering and reveals disturbed argon 
Moroto I I  (6) (sample MO-744/la, plagioclase concentrate). The Moroto I systematics in the initial steps but settles to a plateau-like release with 
lava is characterized by a single apparent age plateau across the entire gas an age of about 20 Ma in the second half of the incremental heating 
release, with a high percentage of radiogenic 40Ar relative to total argon experiment. 40Ar*, radiogenic argon. 

femoral head is small relative to those of 
living apes and is more similar to those of 
other Miocene hominoids (21 ). The artic- 
ular surface of the femoral head is asymmet- 
rical and has greater anterior extension like 
that of monkeys rather than a more evenly 
distributed articular surface like that of 
chimpanzees (22). Posteriorly, a large tro- 
chanteric crest is prominent, as is a large 
and open greater trochanteric fossa. These 
last two features are common among other 
Miocene hominoids but are rare in living 
apes and humans. Overall, proximal femo- 
ral anatomy is primitive and unlike that of 
all extant hominoids. 

The shaft is extremely robust, and the 

ratio of cortical area to periosteal area is 
similar to that of bipedal hominids (23). 
Large cortical areas have also been reported 
for orangutans and lorises (24,25), primates 
that engage in cautious climbing, a function- 
al pattern that we therefore infer for this 
hominoid. The intercondyloid notch is well 
buttressed, particularly the lateral wall of the 
medial condyle (inferior view), a condition 
similar to that in great apes; and distally, the 
knee is broad, as is the patellar region. These 
two features are similar to those in a variety 
of living and extinct hominoids and atelines 
but unlike those in cercopithecines. MUZM 
80 also shares a deep popliteal groove and a 
buttressed intercondylar notch with the 
great apes, as well as a large body size (the 
weight for this specimen is estimated to have 
been approximately 40 to 50 kg) (26-28). 
These femoral features are not shared with 
Procmul or hylobatids. 

We also found the glenoid region of a 
scapula at the Moroto I site (MUZM 60) 
(Fig. 3 and Table 1). The widened superior 
half of the glenoid articular surface, as well 
as its smooth craniocaudal curvature (29), 
are similar to those of living apes, hominids, 
and some atelines, in contrast to those of 
other primates. This morphology indicates 
enhanced shoulder mobility (29) and is 
found in primates that brachiate or arm- 
hang, a functional interpretation we postu- 
late for MUZM 60. A locomotor repertoire 
with a significant forelimb component is 
compatible with the locomotion inferred 
from the lumbar vertebrae, which imply a 
shorter and stiffer back (2, 10-12) and 
(probably) a mediolaterally broader torso 
than in pronograde catarrhines (I 1 ). Thus, 
we interpret the Moroto hominoid material 
to represent an arboreal primate that moved 
using climbing, a slow to moderate speed of 
brachiation, and quadrupedalism, and uti- 
lized an arm-hanging posture. 

We suggest that the new and old mate- 

Fig. 3. The glenoid region (MUZM 60, left) of a left Fig. 4. A cladogram showing the two most likely 
Fig. 2. Moroto I I  femurs (MUZM 80, right and left scapula (recovered from Moroto I) compared to phylogenetic positionsfor Morotopithecus. OWM, 
partial femurs). that of a chimpanzee (right). Old World monkey. 
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rial should be allocated to the saine species. 
First, although Miocene sites in Kenya have 
produced a number of hominoid taxa of 
varying slzes at a slilgle site, remains of only 
two nrimates have ever been recovered at 
the Moroto I1 site, representing a large- 
bodied hominoid (1-3) and a small galagine 
(14). Size estimates for the large-bodied 
hominoid range from 62 kg [for M2 UMP 
62-11 (30)] and 61 kg [for M1 UMP 62-10 
(31)], to 38 kg [from the vertebra (12)], to 
51 to 54 kg (using only femoral cortical area 
or epicondylar breadth). In view of the 
variation in within-species estimates made 
froin teeth and body parts (32, 33), these 
numbers are close. When we compare the 
Moroto palate and postcranial elements 
with those of living apes, we find no reason 
to exclude one from the other on the basis 
of size. Furthermore, none of the East Afri- 
can sites (Buluk, Koru, Rusinga, or Song- 
hor) possess inore than a single hominoid in 
this size ranee, and no evidence exists 

u 

among the dental remains to suggest that 
there is more than one large-bodied horni- 
noid at Moroto. We believe it unlikely that 

Table 1. Femur and glenoid measurements. ML, 
medioateral: AP, anteroposterior. 

Femur 
Right femoral head height 25.9 mm 

Anteroposteror width 27.0 mm 
Depth 22.6 mm 

(approximate) 
Left femoral head he~ght 25.8 mm 

Anteroposteror wdth 27.0 mm 
Depth 23.3 mm 

Femoral head and neck length 41.0 mm 
Femoral neck length 22.0 mm 
Greater trochanter width 26.8 mm 
Greater trochanter height 43.3 mm 
Lesser trochanter width 14.8 mm 
Lesser trochanter height 21.2 mm 
Proxmal shaft breadth 23.4 mm 

Anteroposteror depth 18 4 mm 
Short shaft piece 

Length 28.2 mm 
Width (ML) 21.1 mm 
Depth (AP) 18.8 mm 

Long shaft piece 
Length 32.8 mm 
Width (ML) 22.6 mm 
Depth (AP) 19.6 mm 

Distai shaft 
Width (ML) 30.9 mm 
Depth (AP) 20.2 mm 
Distal femur width 54.2 mm 
Bicondyar width 48.1 mm 
Distal femur height 35.8 mm 
Patellar width (max.) 30.1 mm 
Patellar length (max.) 26.0 mm 
Medial condyle width 18.5 mm 
Lateral condyle wldth 14.4 mm 
Angle of femoral head and neck 45" 
Angle of lesser trochanter 30" 

Gienoid 
Maximum height 32.2 mm 
Max~mum width 24.7 mm 

two large-bodied hominoids are represent- 
ed-one represented only by teeth and the 
other by the postcranium. 

Previous taxonomic assessments of the 
large-bodied hominoid material froin Mo- 
roto link it with primitive Miocene homi- 
noids (such as Proconsul or Afropithecus sp.) 
(1, 3-5) on the basis of dental and facial 
anatomy. In view of the important new 
postcranial material available for Proconsul 
and '4fropithecus (5, 11, 34-37) and the 
derived scapular and lumbar anatomy of the 
Moroto specimens as compared with the 
more primitive postcranial remains now at- 
tributed to these other species, we propose a 
new genus and species name for the Moroto 
hominoid (38): Morotopithecus bishopi. 

The body design of Morotopithecus is 
unlike that of other peneconteinporary 
Miocene hominoids (such as Proconsul), 
which share very few derived ~ostcranial  
characters with ;he living apeLclade (1 1, 
34-36, 39, 48). Only late Miocene Oreo- 
pithecus [8 to 1 1  Ma (41)] and Dryopithecus 
[9.5 Ma (42)] are postcranially more de- 
rived (43, 44). However, several dental, 
facial, and proximal femoral features are 
primitive compared to those of living hy- 
lohatids. These features, such as inolar 
cinguluin, a less expanded maxillary sinus, 
small femoral head size, and the open tro- 
chanteric fossa. raise auestions about the 
phylogenetic position of Morotopithecus 
(Fig. 4). Morotopithecus may be a primitive 
great ape (8, 9, 12) ,  in which case the 
facial, dental, and proximal femoral simi- 
larities of hylobatids and large extant 
hominoids are homoplasies. W e  believe 
rather that it is the sister taxon of all 
living hominoids. Given the age of Moro- 
topithecus, a position after the split of hy- 
lobatids would raise oroblelns for the over- 
all timing of the primate radiations (45) .  

In either case, Morotopithecus repre- 
sents the earliest evidence for a signifi- 
cantly apelike body plan in the primate 
fossil record. If Morotopithecus represents a 
lineage that is sister to all living homi- 
noids, its body size raises cluestions about 
the view that the ancestors of all living 
apes were gibbon-sized (45-47). Rather, a 
body size of 20 to 40 kg, intermediate 
between small and large hominoids, may 
be the ancestral condition for all 1 4 5 4 7 ) .  
This also raises issues concerning the phy- 
letic relationships of Graecopithec~ts (48) ,  
Otavipithec~ts (49) ,  Af~opi thecus ,  and Ken-  
yapithecus (9) .  These species possess either 
poorly known or primitive postcrania, and 
their purported proximity to the living 
hoininoids has rested almost entirely on 
dental and facial characters 145, 50). A t  
present, we believe these species to be less 
closely related to extant hominoids than is 
Morotopithecus. 
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~ i t i w c u s  n possessng a shorter premaxla, a hgher 
face, a broader nasal aperture ( 5 )  a P3 that IS much 
broader buccaly and n whch ;he paracone IS SI~LI- 
ated closer to the pro;ocone, buccal?vr~nkl~ng on the 
s~de  of ;he molars, and a larger M3. Judglng from 
worn occusa surfaces, ihe enamel ,.vas 1ntermeda;e 
t hn  as n P, malor (57!. Furt::er, cotnp~tied toniogra- 
phy scans on ;he skull of Afropiiiiecus re\& a thck  
palate w8th a small ncslve canal ,521, an anatonical 
condltlon that s d;st~nctly dlfferen: from the large 
canal of the Moro;o palate (53). The genod  s round- 
er n shape and more lke that of extant apes and 
atenes ;han can be Inferred for ivllocene homnods 
other than Oreopitheius and possibly Dtyo,oitiiec:~s 
(42,. Lumbar morphology dffers froin ;hat of Procon- 
si;/ and resembles that of Oreocithecus, poss~bly 
Dryo,oitheius. and extant large apes and samangs n 
transverse orocess ooslt~on. Proxlma femoral mor- 
phology resembles that of cercopihecnes and orlt7- 
t v e  ,;om8nolds such as Proconsul, dfferng ft-om that 
of ex;an; apes. D~stal femoral anatomy resembles ;hat 
of pro cons:^/, Kenyaci;hec:~s, and extant apes In me- 
dolateral breadth but d~ffers from hyloba;ds, Procon- 
s:11, a~:d Ke;lya,citheci;s n the buttressng of ihe nter- 
condylar notch In 1962, L S. B. Leakey referred the 
Moroto paa;e ;o Pseudogor~lla (54) but d d  so v~thou; 
any speces d~agnoss. Pse:~dogor~lla was created by 
E o ;  n 191 2 for ape specimens from ;he ' Upoer Con- 
go '  i55), nov~' referred i o  Gorilla. Regardless of the 
vald~ty of Pseudogorilla, the Moroto fossl s clearly 
d~fferent from any extant ape Type species: !.4oro- 
topithecus Sis/~opi sp, no\'. Etymology: Moroto. after 
Uoroto to,.fi!nsh~p n Karamoja Dlstrct In Uganda, and 
pithekos from the Greek 'or ape, and after the late W. 
W. B8shop. Type specimen: UMP 62-1 1 (LIMP. 
Ugandan Museum of Paleontologyl, a palatofac~al 
specmen v ~ t ?  a teeth Type locality: Moroio ii. Dis- 
tribution: Early Mocene, Karamoja Dstrct. NE Ugan- 
da Hypodigm: Tyoe and UMP 62-1 0 and UMP 66- 
01, whch are urobaby assocated mandbuar frag- 
menis; UivlP 62-12. ~e f i  upper canne, UMP 67-28. 
m a d e  lumbar beriebra: UMP 68-05, m d d e  I~tinbar 
vertebral body: UMP 68-06, a las; ;horaclc vertebra: 
UivlP 68-07, the lam~na and base of a sulne of a 
lumbar venebra. MUZM 80, r8ght and left femoral 
pleces ial from the Moro;o I local~ty); and MUZM 60. 
scapular fragment ' N I ! ~  glenold jMoroio I local~tf 
Specific diagnosis: As +or genus. 
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Endocrine Neoplasia-Type 1 

Settara C. Chandrasekharappa, Siradanahalli C. Guru, 
Pachiappan Manickam, Shodimu-Emmanuel Olufemi, 

Francis S. Collins* Michael R. Emmet-t-Buck, 
Larisa V. Debelenko, Zhengping Zhuang, lrina A. Lubensky, 

Lance A. Liotta Judy S. Crabtree, Yingping Wang, 
Bruce A. Roe, Jane Weisemann and Mark S. Boguski 

Sunita K. Agarwal, Mary Beth Kester, Young S. Kim, 
Christina Heppner, Qihan Dong,WIlen M. Spiegel, 

A. Lee Burns, Stephen J. Marx 

Multiple endocrine neoplasia-type 1 (MENI) is an autosomal dominant familial cancer 
syndrome characterized by tumors in parathyroids, enteropancreatic endocrine tissues, 
and the anterior pituitary. DNA sequencing from a previously identified minimal interval 
on chromosome 11q13 identified several candidate genes, one of which contained 12 
different frameshift, nonsense, missense, and in-frame deletion mutations in 14 pro- 
bands from 15 families. The M E N l  gene contains 10 exons and encodes a ubiquitously 
expressed 2.8-kilobase transcript. The predicted 610-amino acid protein product, 
termed menin, exhibits no apparent similarities to any previously known proteins. The 
identification of M E N l  will enable improved understanding of the mechanism of endo- 
crine tumorigenesis and should facilitate early diagnosis. 

Familial cancer syildrolnes have attracted 
\videspread interest over the past decade, in 
part because of their potential to shed light 
on the general il~echanis~ns of carcinogen- 
esis. Positional cloning methods have led to 
the precise identification of the responsihle 
gene for more than a dosen such disorders 
(1 ). In lteeping ~ v i t h  the hypothesis origi- 
nally articulated by Knudson for retinoblas- 
torna ( 2 ) ,  most of the responsible genes are 
of the tiunor suppressor type. I11 such a 
circumstance, affected individuals have in- 
herited one altered copy of the responsihle 
gene frorn an affected parent, but the tulnors 
have lost the remaining copy (the wild-type 
allele) as a somatic event. Thus, the inheri- 
tance pattern is dominant, hut the mecha- 
nisln of tumorigenesis is recessive. The im- 
portance of gene discovery often extends 

beyond affected pedigrees, as the same tumor 
suppressor gene is often found to play a role 
(hy lnutation of both alleles) i11 sporadic 
cases of the saille neoplasm. 

A,lultiple endocrine neoplasia-type 1 
(bIEN1) (O;L/lIM "'131 100) appears to be a 
compelling example of this paradigm, ~v i th  
prevalence estimates ranging from 1 in 
10,000 to 1 in 100,000 (3 ,  4) .  Affected 
individuals develop varying co~nbinatioils 
of tumors of parathyroids, pancreatic islets, 
duodenal endocrine cells, and the anterior 
pituitary, with 94'10 penetrance by age 50 
(4 ) .  Less coinlnonly associated tu~llors in- 
clude foregut carcinoids, lipornas, angiofi- 
bromas, thyroid adenomas, adrenocortical 
adenomas, angiomyolipomas, and spinal 
cord ependymomas. Except for gastrinomas. 
nlost of the tulnors are nonmetastasising, 
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