
mature (6); in an outbreeding system, 
archegonia might be expected to de- 

velop first. The necks of the archegonia 
of most of the Polypodiaceae (s.l.) 
are curved inward, away from the api- 
cal notch of the gametophyte (6), 
thereby pointing their mouths toward 
the antheridia and rhizoids. This ap- 
pears to be an adaptation to self-fertili- 
zation. If this were a cross-fertilizing 
system, selection should favor arche- 
gonial necks curved in the opposite 
direction. 

Thus, homosporous vascular plants 
are apparently characterized by degrees 
of homozygosity that would be unat- 
tainable in a heterosporous plant in 
many generations of selfing. The main- 
tenance of heterozygosity at individual 
gene loci is unlikely in these homo- 
sporous plants because of continuing 
exposure of sporophytes to selection in 
the homozygous condition. The obvi- 
ous evolutionary diversity and success- 
ful adaptation to diverse environments 
of these plants, however, raise the ques- 
tion of the means by which genetic 
variability (evolutionary potential) is 
maintained and realized. 

On the average, the Pteridophyta 
have much higher chromosome num- 
bers than the seed plants. The mean 
gametic chromosome number of those 
angiosperms whose numbers had been 
counted before 1963 is 15.99 (7). The 
mean gametic chromosome number of 
the Pteridophyta as a whole is calcu- 
lated to be 55.27, based upon lists 
compiled by Chiarugi (8) and Fabbri 
(9). The mean gametic chromosome 
numbers of the heterosporous and ho- 
mosporous Pteridophyta are 13.62 and 
57.05, respectively. The magnitude of 
the chromosome number seems to be 
correlated with the occurrence of 
homospory or heterospory. In this con- 
nection, the close agreement of the 
mean gametic chromosome number for 
the angiosperms (which are hetero- 
sporous) and the heterosporous Pteri- 

dophyta (n = 15.99 and n = 13.62, 
respectively) in contrast to the homo- 
sporous plants (n = 57.05) is notable. 

Figure 1 depicts the distribution of 
the known gametic chromosome num- 
bers of 50 heterosporous and 1166 

homosporous species of Pteridophyta. 
For comparative purposes the percent- 
age of the total sample falling in each 
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percent of the heterosporous ones have 
a gametic chromosome number less 
than 28. Unlike the homosporous spe- 
cies, complete homozygote formation 
in the heterosporous plants is highly 
unlikely, and the lower incidence of 
polyploidy in the latter may be re- 
lated to this. 

Polyploidy increases gene redun- 

dancy and, if dominant alleles are pres- 
ent, any recessive alleles of the same 
genes elsewhere in the genotype are 
kept from immediate exposure to selec- 
tion even when the plants are homozy- 
gous at each locus. Because polyploidy 
increases the dosage of genes beyond 
the disomic condition, genes can mu- 
tate and take on new functions without 

depriving the organism of essential 
processes which are maintained by 
their former homologs. 

This potential for genetic variation 
could gradually become expressed in 
the phenotype of the polyploid or could 
be released for recombination by oc- 
casional hybridization of gametophytes 
which possess duplicated genes that 
have mutated in different ways. The 

resulting sporophytes would be hetero- 

zygous and give rise to recombinant 
progeny, some of which might be adap- 
tive. Intergenomic crossing-over is an- 
other possible mechanism for release 
of this kind of genetic variation. 

Polyploidization may provide further 
selective advantages in the homospor- 
ous Pteridophyta by the production of 
immediate genotypic changes (espe- 
cially where allopolyploids are pro- 
duced). These new genotypes may be 

advantageous by reason of heterotic 
effects produced by intergenomic het- 

erozygosity or the genetic change may 
directly result in a specific adaptation. 

Thus polyploidization is a means by 
which homosporous Pteridophyta may 
maintain, create, and release genetic 
variability in spite of the production of 

homozygous sporophytes. 
EDWARD J. KLEKOWSKI, JR. 

HERBERT G. BAKER 

Botany Department, 
University of California, Berkeley 
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Fungicide Selective for 

Basidiomycetes 

Abstract. Concentrations of 2,3-di- 
hydro-5-carboxanilido-6-methyl- 1,4-ox- 
athiin lower than 8 parts per million pre- 
vented mycelial growth of a number of 
Basidiomycetes. By contrast, mycelial 
growth of various other fungi-Phyco- 
mycetes, Ascomycetes, and Deuteromy- 
cetes-was 50 percent inhibited only 
by concentrations of 32 ppm or higher. 
Two exceptions to this pattern of se- 
lective fungitoxicity were found: an iso- 
late of Rhizoctonia solani was not as 
sensitive as other Basidiomycetes, and 
the deuteromycete Verticillium albo- 
atrum was inhibited by lower concen- 
trations than affected other fungi in this 
group. Spore germination of two Ba- 
sidiomycetes, Uromyces phaseoli and 
Ustilago nuda, was inhibited 95 percent 
or more at 10 ppm. 

The compound 2,3-dihydro-5-car- 
boxanilido-6-methyl-1,4-oxathiin (oxa- 
thiin) has recently proved effective in 
chemotherapy of bean rust and of 
loose smut of barley (1). Tests in this 
laboratory, however, indicated that the 
compound is relatively nontoxic to 
three ascomycetous fungi. This differ- 
ence suggested selective toxicity to Ba- 
sidiomycetes. To explore this apparent 
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Fig. 1. Inhibition of growth of five fungi 
by 2,3-dihydro-5-carboxanilido-6-methyl- 
1,4-oxathiin (735) and two of its isomers: 
2,3-dihydro-5-(N-m--tolyl) carboxanilido-6- 
methyl-1,4-oxathiin (306) and 2,3-dihydro- 
5-carboxanilido- 6- methyl- 1,4-oxathiin-4,4- 
dioxide (461). 

307 

PPM 

Fig. 1. Inhibition of growth of five fungi 
by 2,3-dihydro-5-carboxanilido-6-methyl- 
1,4-oxathiin (735) and two of its isomers: 
2,3-dihydro-5-(N-m--tolyl) carboxanilido-6- 
methyl-1,4-oxathiin (306) and 2,3-dihydro- 
5-carboxanilido- 6- methyl- 1,4-oxathiin-4,4- 
dioxide (461). 

307 

CYTOSPORA RHIZOCTONIA 

. 
735 

3...06 
/? *..~~ 461 

FUSARIUM CERATOCYSTIS VERTICILLIUM 

CYTOSPORA RHIZOCTONIA 

. 
735 

3...06 
/? *..~~ 461 

FUSARIUM CERATOCYSTIS VERTICILLIUM 



selectivity, the toxicities of this com- 

pound and two of its analogs-2,3-di- 
hydro-5-carboxanilido-6- methyl- 1,4-ox- 
athiin-4,4-dioxide (dioxide analog) and 
2,3-dihydro-5 (N-m-tolyl) carboxanilido- 
6-methyl-l,4-oxathiin (tolyl analog)- 
to fungi of the four taxonomic classes 
were determined. 

A dilution series of the test com- 

pound was prepared in acetone, and 
0.1 ml of such a solution was added to 
10 ml of molten potato dextrose-agar 
in each growth tube to give concentra- 
tions of 0, 8, 32, 125, or 500 ppm; 
the agar was buffered at pH 5.3 with 
0.1M potassium acid phthalate. For Cy- 
tospora kunzei, the medium described 
by French and Helton was used (2). 
Growth tubes were inoculated by trans- 
fer of 4-day-old mycelial discs of the 
test fungi to the sterile agar surface. 

Mycelium was allowed to grow for 2 
to 14 days at room temperature, de- 

pending on the growth rate of the par- 
ticular fungus. Each treatment was rep- 
licated three times. 

Figure 1 shows that oxathiin and its 

tolyl analog have very similar patterns 
of fungitoxicity, which is greater in 
vitro than that of the dioxide analog. 
Being the most fungitoxic of the three, 
oxathiin alone was used in the remain- 
ing experiments. Figure 2 shows the 
lower fungitoxicity of oxathiin to Phy- 
comycetes, Ascomycetes, and Deutero- 
mycetes than to Basidiomycetes; the 
only exceptions were the deuteromy- 
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Fig. 2. Concentrations (ppm) of 2,3-dihy- 
dro- 5-carboxanilido-6-methyl- 1,4-oxathiin 
required for 50-percent inhibition of 
growth of various fungi. PB, Pythium sp. 
isolated from bean; Pa, Pythium sp. iso- 
lated from geranium; CK, Cytospora kun- 
zii; CU, Ceratocystis ulni; MF, Monilinia 
fructicola; NC, Nectria coccinia; TB, 
Thielaviopsis basicola; RS,, Rhizoctonia 
solani isolated from potato; RSA, Rhizoc- 
tonia solani isolated from aster; PG, Poly- 
porus gigantea; FA, Fomes annosus; CL, 
Coprinus lagopus; UM, Ustilago maydis; 
VA, Verticillium albo-atrum; FOL, Fusar- 
ium oxysporum f. lycopersici; AS, Alter- 
naria solani; and SS, Stem phylium sar- 
cinaeforme. 
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cete Verticillium albo-atrum and the 
basidiomycete Rhizoctonia solani (iso- 
lated from Baster). Both isolates of R. 
solani (one from aster, one from po- 
tato), under phase microscopy, proved 
to have similar dolipore septa (3). 

Inhibition of spore germination was 
determined by use of spores of two 
other Basidiomycetes: Uromyces phase- 
oli and Ustilago nuda (both obligate 
parasites). Spores of each fungus were 
exposed to oxathiin at concentrations 
of 10, 100, 1000, and 10,000 ppm. 
Only 22 percent of the bean-rust spores 
and 52 percent of the loose-smut spores 
germinated on the control slides. With 
both fungi all concentrations of ox- 
athiin reduced the percentage of ger- 
mination to from 1 to 4 percent; a 
few spores germinated even in satur- 
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Parenterally administered tritiated 
norepinephrine (H3-NE) has been local- 
ized in peripheral sympathetic axons 
of the rat pineal body by electron- 

microscopic autoradiography (1). Auto- 

radiographic grains were located in or 
near unmyelinated axons containing 
granular ("dense-core") synaptic vesi- 
cles 400 to 500 A in diameter. The 
dense vesicles have been correlated 
with the subcellular binding sites of 

peripheral norepinephrine (NE) as 

judged by morphological (2, 3), phar- 
macological (4), and fluorescent histo- 
chemical (5) experiments. Thus, there 
is good though not universal (6) agree- 
ment that NE-containing peripheral 
axons exhibit dense granular vesicles, 
which contain releasable NE (4). 

We have used autoradiography to 
identify the structural correlate of 
norepinephrine binding sites within the 
brain. Evidence relating brain NE to 
the central dense granular vesicles has 
been mainly circumstantial. The dense 
granular vesicles of the central nervous 
system are generally 1.5 to 2.0 times 
as large as those described in the 
periphery (7, 8). Furthermore, the 
electron density of the dense "cores" 
is quite variable. Some investigators 
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ated solutions containing many float- 
ing crystals of oxathiin. 

Thus oxathiin is fungitoxic in vitro 
to Basidiomycetes and may be useful 
for controlling plant diseases caused 
by them. 
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(9) have questioned the correlation be- 
tween mono-amine fluorescence and the 
distribution of the dense vesicles in the 
central nervous system. Certainly, other 
biogenic amines present in nerve end- 
ings [obtained from density gradient 
fractionation of brain homogenates 
(10)] might interfere with either fluo- 
rescent or electron-microscopic histo- 
chemical methods (11). 

Investigation of central NE binding 
sites is difficult because parenterally 
administered amine enters the brain 

poorly. It has been shown that tracer 
doses of H3-NE injected into the lateral 
ventricle of the rat brain is readily 
taken up by the brain cells and metabo- 
lized similarly to endogenous NE (half- 
life of 3 to 4 hours) (12). The 
H'-NE (but not the labeled catabolites) 
is found predominantly in the nerve 

ending fraction of brain homogenates. 
The labeled norepinephrine is, in addi- 
tion, appropriately responsive to phar- 
macological agents affecting the stores 
of the endogenous amine. These results 
indicate that autoradiography following 
intraventricularly injected H3-NE might 
provide direct evidence on the sites of 

uptake and binding of exogenous NE 
in the brain. 
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Electron-Microscopic Autoradiography of Rat 

Hypothalamus after Intraventricular H3-Norepinephrine 

Abstract. Tritiated norepinephrine was injected into the lateral ventricles of 
rats, and its localization in the hypothalamus was determined by light and 
electron-microscopic autoradiography. Eighty percent of the autoradiographic 
grains were located over nerve endings and unmyelinated axons. Large, dense 
synaptic vesicles were present in most of the endings and axons with activity. 
Grains were rarely seen over myelinated axons, glia, or blood vessels. 
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