units prior to their first birthdays. That
recruitment into new harems and re-
placements in existing ones do draw ran-
domly on the full pool of new offspring is
evidenced by the lack of genetic dif-
ferences between social units.

Our results suggest two lessons which
may have general significance. (i) Even
when two of the social features promot-
ing local genetic homogeneity are pres-
ent (in our case, stable adult composition
of groups and a strong skew in male mat-
ing success), dissonant values for the
third can completely dilute out the ef-
fects of the first two features. It is pos-
sible that other combinations of two fea-
tures can equally be opposed by the
third. Hence, to understand genetic ef-
fects of social structure, it is clearly man-
datory to know the nature of all three
features in the system studied. (ii) Even
though these bats form very stable and
cohesive groups of females (the males
being primarily appendages and unre-
lated to the determination of group com-
position or stability), they need not be
more closely related to each other than
they are to females in the population as a
whole. This suggests that kin selection is
not a necessary condition, although in
other species it may be a sufficient one,
for the evolution of stable social units.
The current tendency to explain all com-
plicated social behavior as the outcome
of kin selection should perhaps be tem-
pered with more caution.

GaRry F. MCCRACKEN
Jack W. BRADBURY
Department of Biology, C-016,
University of California at San Diego,
La Jolla 92093
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Regeneration of Douglas Fir Plantlets Through Tissue Culture

Abstract. Douglas fir plantlets were produced in tissue culture under defined con-
ditions from cotyledon explants obtained from 2- to 4-week-old seedlings. Tissue
pieces were cultured on the surface of a fabric tissue support (100 percent polyester)
saturated with liquid nutrient medium; this facilitated periodic changes of the medi-
um to meet the requirements at successive developmental stages without transfer of
cultured tissues. Plant growth regulators were needed to stimulate adventitious bud
formation. Plantlets were regenerated by rooting excised shoots at 19°C on agar-
solidified medium containing sucrose and the auxin naphthalene-2-acetic acid. After
root initiation, plant growth regulators were removed; this resulted in stimulation of
root elongation and the subsequent development of plantlets, which were then estab-

lished in soil.

Adventitious buds have been pro-
duced in vitro from cotyledons of Doug-
las fir [Pseudotsuga menziesii (Mirb.)
Franco] (/). We now report adventitious
root formation on shoots derived from
these buds and describe methods for
high-frequency regeneration of plantlets
from the cotyledons. A tissue culture
system showing potential for use in mass
clonal propagation is also described.

Douglas fir cotyledons, derived from 2-
to 4-week-old seedlings, were the source
of material for plantlet regeneration.
Open pollinated seeds were sown direct-
ly in a soil mixture consisting of 60 per-
cent sorghum peat moss and 40 percent
vermiculite (Meca-Peat, Langley Ltd.,
Fort Langley, British Columbia, Cana-
da), germinated, and subsequently
grown in a growth chamber maintained
at 25°C during an 18-hour photoperiod at
a light intensity of 1000 footcandles
(~ 11,000 lu/m?) followed by 19°C during
a 6-hour dark period. When the seedlings
were 2 to 4 weeks old, they were excised
at the upper region of the hypocotyl and
sterilized as follows. Plant materials
were submerged with slight agitation in 6
percent Clorox (5.25 percent NaOCl) for
8 minutes and then rinsed three times

with sterile distilled water until they
were free of NaOCl. Before the estab-
lishment of cotyledons in culture, the
NaOCl-treated plant tissue was placed
for 3 to 6 days on an agar-solidified nutri-
ent medium containing the plant growth
regulators Ng-benzylaminopurine (BAP)
and naphthelene-2-acetic acid (NAA) at
concentrations of 5 uM and 5 nM, re-
spectively. At the end of this treatment,
contaminated and injured tissues were
eliminated; only vigorously growing cot-
yledons were used for in vitro experi-
ments.

The tissue culture system consists of a
culture vessel and a fabric tissue support
made of 100 percent polyester fleece 3
mm thick (Pellon Corp., Lowell, Massa-
chusetts). A plastic petri dish (either 60
by 15 mm or 100 by 20 mm), layered with
a circular disk of polyester fleece, was
filled with liquid nutrient medium to such
a level that the fabric tissue support was
well moistened and served as a bridge
between tissue explants and nutrient.
Aseptic cotyledons were sliced cross-
sectionally at approximately 3-mm inter-
vals, and these explants (14 for the small
petri dish and 25 for the large one) were
then cultured on the surface of the fabric

Fig. 1. Regeneration of plantlets in culture from cotyledons of Douglas fir. (a) Adventitious buds
produced from cotyledon explants cultured for approximately 4 weeks on the surface of a fabric
tissue support saturated with liquid medium containing 5 uM BAP plus 5 nM NAA, and subse-
quently cultured for 2 weeks on a new medium containing no plant growth regulators. Plantlets
were regenerated by rooting shoots excised from the shoot cluster (a) on an agar-solidified
medium containing 0.25 uM NAA at incubation temperatures of 24°C (b) and 19°C (c).
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tissue support. To change the nutrient
medium, the old medium was siphoned
off and the new medium was added to the
same petri dish. The composition of the
basal medium, the plant growth regulator
supplements optimal for initiation of ad-
ventitious bud formation and subsequent
bud growth, and the culture environment
have been described (/). The plant
growth regulators used included auxins
[NAA, indole-3-acetic acid (IAA), and
indole-3-butyric acid (IBA)] and a cy-
tokinin (BAP). To secure the production
of adventitious buds on cotyledon cul-
tures, combined cytokinin and auxin (5
uM BAP plus 0.5 to 5.0 nM NAA, or 5
uM BAP plus 2.5 to 5 uM each of IBA
and IAA) was added to the basal nutrient
medium. To obtain sufficient numbers of
adventitious buds, a cultivation period of
4 to 6 weeks was necessary. Subse-
quently, bud growth was stimulated by
replacing the medium containing plant
growth regulators with basal medium.
The continued presence of the growth
regulators (especially auxin) resulted in
inhibition of bud development because
of competition by callus growth on tissue
in direct contact with the nutrient. Re-
moval of the growth regulators stopped
callus growth and resulted in stem elon-
gation and needle expansion of adven-
titious buds (Fig. 1a). Shoots large
enough to be easily excised were sepa-
rated from the callus mass and grown on
basal medium.

To produce Douglas fir plantlets, the
excised shoots (approximately 2 cm
long) were placed in individual culture
tubes (2.5 by 15 cm) containing 20 ml of
agar-solidified nutrient medium and in-
cubated at 19°C. The basal medium was
identical to that used for bud formation
except for the concentration of sucrose.
Studies performed with varying concen-
trations of sucrose and NAA in the nutri-
ent medium showed that the optimal
concentrations of these two compounds
for promotion of root formation were 0.5
percent sucrose and 0.25 uM NAA. With
this medium, a high frequency (~ 80 per-
cent) of plantlet production was obtained
(Table 1). Failure to produce plantlets
occurred when a higher concentration of
either NAA or sucrose was used; high
levels of NAA caused prolific callus
growth at the basal end of the stem and
excess sucrose reduced the vitality of the
shoots. Approximately 4 weeks after the
excised shoots were subjected to the
rooting conditions, root primordia start-
ed to emerge from the cut surface; sub-
sequent withdrawal of NAA from the
medium resulted in rapid root elongation
(Fig. 1c) and plantlet growth. When simi-
lar experiments were performed at an in-
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Table 1. Effect of various concentrations of
NAA and sucrose on regeneration of Douglas
fir plantlets in culture. The basal nutrient me-
dium (minus sucrose) was supplemented with
NAA and sucrose at the concentrations in-
dicated. The growth chamber was maintained
at 19°C with a 16-hour photoperiod (200 foot-
candles) followed by an 8-hour dark period.

Shoots
NAA Sucrose Shoots .
producing
(uM) (%) cultured roots
2.50 0.5 10 0
0.50 0.5 10 0
0.25 0.5 10 8
0.25 1.0 10 4
0.25 3.0 10 1
0.25 5.0 10 0
0.25 8.0 10 0

cubation temperature of 24°C, relatively
few plantlets (~ 30 percent) were pro-
duced; furthermore, those produced
were abnormal, exhibiting a discontinui-
ty in their anatomical structure caused
by a proliferation of friable callus at the
transition region between stem and root
(Fig. 1b). In contrast, the plantlets pro-
duced at 19°C had a normal morphologi-
cal appearance (Fig. 1¢) and were subse-
quently established in soil with > 90 per-
cent survival.

These experimental results demon-
strate that the mode of action of auxin (in
this case, NAA) is influenced by changes
in incubation temperature. Since cells
cultured at the higher temperature (24°C)
are expected to be metabolically more
active than those cultured at the lower
temperature (19°C), we conclude that
auxin affects two different cell types.
Thus, the hormonal effect of auxin

(NAA) on cultured cells is expressed ei-
ther as (i) stimulation of adventitious
root formation at the lower temperature,
or (ii) stimulation of unorganized cell
proliferation at the elevated temper-
ature.

Regeneration of plantlets in vitro has
been reported for only two economically
important conifer species, longleaf pine
(Pinus palustris Mill.), for which no
quantitative data were presented (2), and
western hemlock (Tsuga heterophylla),
for which an undefined rooting medium
(soil) was used (3). In the work reported
here, we used chemically defined media
and achieved high-frequency regenera-
tion of plantlets from tissues of Douglas
fir. The reproducibility we obtained
should encourage application of this
method in tree improvement programs.
We believe that this is an important step
in developing tissue culture as a tool for
use in the domestication of wild tree spe-
cies.

Tsal-YING CHENG*
THANH H. Voqui
Department of Chemistry and
Biochemical Sciences, Oregon
Graduate Center, Beaverton 97005
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Diazepam Maintenance of Alcohol Preference

During Alcohol Withdrawal

Abstract. After forced intragastric intubation of alcohol, rats will show a greatly
increased tendency to self-administer alcohol in a free-choice situation. Diazepam
(Valium) dosage (5 milligrams per kilogram of body weight) during the period of with-
drawal serves to maintain undiminished such alcohol self-administration. Without
such diazepam dosage the tendency to self-administer alcohol returns to control lev-

els.

Although there is at present little evi-
dence that most pharmacological treat-
ment is of benefit in the treatment of al-
coholism (/), some success has been
claimed with the use of benzodiazepines
2). In an effort to investigate the use
of such drugs, we administered diaze-
pam (Valium, injectable, Hoffmann—
La Roche) to rats in which elevated in-
takes of alcohol had been produced (3-5)
by forced intragastric intubation of eth-

anol through implanted gastric fistulas.
Once the period of forced intubation was
over, the rats were given a choice be-
tween two neutral flavors. The choice of
one of the flavors was paired with direct
intragastric intubation of an equal vol-
ume of 20 percent alcohol (3, 4). Where-
as rats not pretreated with alcohol tend
to avoid the flavor paired with it, rats
pretreated with alcohol will drink 70 to
80 percent of the fluid paired with alco-
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