(~80° rim was seen collapsing into the
pool while plumes of fine sediment were
¢jected by vigorous bubble discharges. De-
spite apparent concentrations of methane,
neither feature had been colonized by mus-
sels. Either the unstable substrata on the
rims impeded settlement of mussels, or the
features were so recent that colonization had
not yet occurred.

Doming of the sea floor under pressure
from upwardly migrating gas, followed by
eruption, will excavate a pockmark with
raised rims (1, 2). If hypersaline pore fluids
are present, as they are in the vicinity of
brine pool NR-1 (10), lateral seepage
through the pockmark walls will fill the
depression with brine. Sediments suspended
at the bottom of the pool may continue to
be excavated by bubble discharge after the
initial eruption. Anoxic conditions may also
inhibit microbial oxidation of methane and
prevent the formation of authigenic carbon-
ates, which are common at North Sea pock-
marks (5) and Gulf of Mexico gas seeps (10,
11). Although these features may be rela-
tively small, a careful examination of seismic
records should reveal additional brine-filled
pockmarks on the continental slope of the
northern Gulf of Mexico. Their potential as
habitats for chemosynthetic communities is
evident.
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Upper Eocene Gilled Mushroom from the

Dominican Republic

GEORGE O. POINAR, JR., AND ROLF SINGER

Coprinites dominicana gen.nov., spec.nov. (Coprinaceae) found in amber from the
Dominican Republic is the earliest known gilled mushroom, the first fossil fleshy
agaric determinable; and the only known fossil “mushroom” (Agaricales) from the
tropics. This find is of significance with respect to the evolutionary development of the
Basidiomycetes. Because the appearance of this fossil is quite modern, it suggests that
mushrooms as a group probably arose much earlier than the early to mid-Tertiary.

HE RELATIVELY RECENT EXTRAC-

tion of fossiliferous amber in the

Dominican Republic has led to the
discovery of many new taxa of invertebrates
as well as vertebrates (1). Up to the present,
however, there has been no report on the
occurrence of higher fungi in Dominican
amber. In fact, fossil Agaricales (Polypora-
ceae, Paxillaceae, Gomphidiaceae, Boleta-
ceae, and “Agaricaceae”) in general are ex-
tremely rare.

A nearly complete fossil representative of
the “Agaricaceae” recently found in amber
from the Dominican Republic consisted of a
complete pileus (cap) containing spore-
bearing lamellae and the top portion of the
stipe. Part of the broken bottom portion of
the stipe lay adjacent to the pileus.

The fossil specimen originated from the
La Toca mine, located between Santiago
and Puerto Plata in the Cordillera Septentri-

G. O. Poinar, Jr., Department of Entomological Sci-
ences, University of California, Berkeley, CA 94720.

R. Singer, Department of Botany, Field Museum of
Natural History, Chicago, IL 60605.

onal of the northern portion of the Domini-
can Republic. The mine is in the Altimira
facies of the El Mamey Formation (upper
Eocene), which is shale-sandstone inter-
spersed with a conglomerate of well-round-
ed pebbles (2). Differences in the magni-
tudes of absorption peaks in nuclear mag-
netic resonance spectra of the exo-methylene
group of amber (3) from different mines in
the Dominican Republic were used to cali-
brate the ages of the various minés, with the
age (20 million to 23 million years) (based
on foraminifera counts) of the Palo Alto
mine used as a standard (4). The ages of
various specimens of Dominican amber
ranged from 15 million to 40 million years;
that from the La Toca mine was the oldest,
some 35 million to 40 million years old
(lower Oligocene to upper Eocene).

The amber containing the fossil has all the
visual characteristics of natural Dominican
amber. A series of chemical and physical
tests (5) performed on a small portion of the
amber piece verified that it was authentic.
The piece of yellow transparent amber con-
taining the mushroom weighed 0.5 g and
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was elliptical in shape, 9 mm long and 6 mm
wide.

A microscopical examination of the fossil
mushroom indicates that it has affinities
with the present-day genus Coprinus. The
presence of relatively small spores, the ab-
sence of clamp connections and the absence
of autodeliquescence, together with the
tropical habitat, suggest that the fossil is

related to an assemblage of species originally
placed in the subgenus Conioagaricus of the
genus Agaricus (6). Because we could not
place our fossil species with assurance into
any of the existing genera of Agaricales (7),
we describe it as Coprinites dominicana gen.
nov., spec.nov. in the family Coprinaceae
(Figs. 1 through 5). The brownish-pink
pileus is 3.5 mm in largest diameter, and its

Fig. 1 (left). Dorsal view of the pileus of Coprinites dominicana.

pileus of C. dominicana showing the lamellae (gills).

Fig. 2 (right). Ventral view of the

Fig. 3. Mycelium (showing simple septa) from
the stipe of C. dominicana.

1100

Fig. 4. Uppermost layer of the pileus of C.

dominicana.

shape is convex with a small depression in
the middle. The margin is grooved to pleat-
ed and incurved. The pileus is thin-fleshed
with a squamulose-pectinate surface. The
lamellae are distinct and 28 are visible, only
15 of which extend from the margin to the
stipe. The lamellae are nondecurrent and the
hymenium bears basidia with spores. The
light brown spores are smooth, ellipsoid to
oblong, 6 to 7 pm long, and have what
appears to be a germ pore. The pileus
hyphae are thin-walled, lack clamp connec-
tions and sclerified elements, and are broad
and elongated at the pileus surface. The stipe
diameter is 0.4 mm. The habitat was appar-
ently on wood (some present-day members
of this family do grow on wood and it is
unlikely that ground-dwelling forms would
have been preserved in amber).

The relatively small spores, the absence of
clamp connections, the absence of autodeli-
quescence, the tropical habitat, and the
above described characteristics separate this
fossil species from present-day forms. We
were unable to section the lamellae to ob-
serve their shape or to determine the solubil-
ity of the spore wall pigment or the dimor-
phism of the basidia, characters that would
help scparate the fossil from Coprinus and
related genera. The specimen (AF-9-11) is
now in the Poinar collection of Dominican
amber maintained at the University of Cali-
fornia, Berkeley. Coprinites dominicana is the
carliest known gilled “mushroom™ (Agari-
cales), the first fossil fleshy agaric determin-

Fig. 5. Basidia and spores (arrows) on portions of
the hymenium of C. dominicana. (Inset shows two
spores in detail.)
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able, and the only known fossil “mushroom”
from the tropics. The record of plants and
animals in Dominican amber, as well as the
type of tree that produced the amber, clearly
indicates that, during the resin production
period, the environment was a tropical one
(8). The present find does not detract from
that conclusion. Other fungi that have been
described as “Agaricaceae” are either clearly
not members of the Agaricales (the four
species of Archagaricon) or are much more
recent (Pleistocene to Miocene) (9).
Considering the rarity of fossil agarics,
explainable by the difficulties involved in
conserving a soft fruiting body composed of
thin-walled hyphal cells, the discovery of C.
dominica is of importance with respect to the
evolutionary development of the Basidiomy-
cetes. It has been shown that Palaeosclerotium
from the Pennsylvanian (10) is probably an
ascomycete with clamp connections (171).
However, other Pennsylvanian wood fungi
with clamp connections may represent early
Basidiomycetes. The oldest confirmed ba-
sidiomycete is the Jurassic pore fungus Phel-
linites, a member of the Polyporaceae associ-
ated with Araucaria trunks in Patagonia (12).

Considering the “normal” appearance of the
fossil mushroom described here, it is likely
that the “Agaricaceae” arose much earlier
than the early to mid-Tertiary.
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Activation of ras Oncogenes Preceding the

Onset of Neoplasia

RAMESH KUMAR, SARASWATI SUKUMAR, MARIANO BARBACID

The. identification of ras oncogenes in human and animal cancers including pre-
cancerous lesions indicates that these genes participate in the early stages of neoplastic
development. Yet, these observations do not define the timing of ras oncogene
activation in the multistep process of carcinogenesis. To ascertain the timing of ras
oncogene activation, an animal model system was devised that involves the induction
of mammary carcinomas in rats exposed at birth to the carcinogen nitrosomethylurea.
High-resolution restriction fragment length polymorphism analysis of polymerase
chain reaction—amplified ras sequences revealed the presence of both H-ras and K-ras
oncogenes in normal mammary glands 2 weeks after carcinogen treatment and at least
2 months before the onset of neoplasia. These ras oncogenes can remain latent within
the mammary gland until exposure to estrogens, demonstrating that activation of ras
oncogenes can precede the onset of neoplasia and suggesting that normal physiological
proliferative processes such as estrogen-induced mammary gland development may
lead to neoplasia if the targeted cells harbor latent ras oncogenes.

CTIVATED fas ONCOGENES HAVE
been identified in some common
forms of human cancer including
carcinomas of the lung, colon, and pancreas
(1). In many instances, these oncogenes are
already present in well-defined precancerous

R. Kumar and M. Barbacid, Department of Molecular
Biology, The Squibb Institute for Medical Research,
P.O. Box 4000, Princeton, NJ 08543.
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lesions (for example, adenomas and myelo-
dysplasias), indicating that they play a role
in the early stages of carcinogenesis (1).
Progression into the more malignant stages
of the disease requires additional events
often involving either activation of other
oncogenes or deletion of growth suppressor
genes (2).

Animal model systems have been used to
elucidate the role of ras oncogenes in carci-
nogenesis (3, 4). Indeed, the first indication

that ras oncogene activation was involved in
the early stages of carcinogenesis was pro-
vided by study of premalignant mouse skin
papillomas (5). Moreover, ras oncogenes
present in tumors induced by carcinogens of
known mutagenic specificity often exhibit
the type of mutation induced by the initiat-
ing carcinogen (3, 4). These results have
been interpreted as evidence for a direct
interaction between the initiating carcino-
gen and critical ras DNA sequences, a pro-
posal that implies that ras oncogene activa-
tion must be at least concomitant with initi-
ation of neoplasia (6). However, since can-
cer does not develop immediately after
carcinogenic exposure, fas ONCOgENes remain
latent and require the cooperation of addi-
tional factors to trigger neoplastic develop-
ment. We have investigated the validity of
these hypotheses by determining the timing
of ras oncogene activation and the nature of
some of the additional events required for
the onset of carcinogenesis.

Carcinogenic exposure during sexual de-
velopment leads to mammary carcinogenesis
in female rats (7). Molecular analysis of
these tumors has revealed the presence of
activated H-ras oncogenes, particularly in
those mammary carcinomas induced by the
direct-acting carcinogen nitrosomethylurea
(NMU) (8-10). In order to address the
temporal relationship between ras oncogene
activation and the onset of neoplasia, we
separated the timing of the carcinogenic
insult from sexual development. For this
purpose, neonatal (2-day-old) Sprague-
Dawley rats were administered a single sub-
cutaneous injection of NMU (50 mg/kg of
body weight). These animals developed
mammary tumors with an incidence of 80%
(35 animals out of 44 treated) and a mean
latency of 3.7 months, about 2 months after
reaching sexual maturity (Table 1). Most of
these tumors were diagnosed as carcinomas
(80%), although some benign fibroadeno-
mas (20%) were also observed. Next, we
investigated whether these neonatally in-
duced tumors harbored ras oncogenes by
utilizing a combination of polymerase chain
reaction (PCR) amplification (11) and al-
lele-specific  oligonucleotide hybridization
techniques (12, 13) to detect ras oncogenes
activated by G to A transitions, the mutation
previously found in all ras oncogenes of
NMU-induced mammary tumors of rats (8-
10). Fifteen of the 28 mammary carcinomas
(54%) contained G to A mutated H-ras
oncogenes (Table 1). A similar incidence
(three activated oncogenes in seven tumors)
was observed in the benign fibroadenomas.
In addition to H-ras oncogenes, G to A
mutated K-ras oncogenes were observed in
five carcinomas and one fibroadenoma
(17% overall incidence). These results indi-
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