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cnces to the problcn~s oU aqricallure. Although it 
would not seen1 adaptable under lnost clrciilllstances, 
this scheme recognizes the key to the loroblem. Agm-
eiiltural rcsenrcl~ In tllc col~~lllorlly acccpleil sense 1s 
not enough. I t  l l~ust be cxpanclccl to inelude Car nlore 
biological r c ~ e a l c l ~ .  I n  tlie casr ol' plants and thelr 
prodiicts, we must direct Illajor rather than incldental 
efforts toward iinravel~ng the facts ol' g ro~vt l~ ,  devcl-
opment, and rclorodiiction, slid thc interrelations ol' 
thcse with soil and clix~latc. When enough s1ic.h baeli- 
ground has been accumulated, then agrlciilture's prac- 
flcal problelns nlnst be rcviewcd against ~ t .  

To gain this critleal knowledge we need to n~ake  
certain changes. Our l'ederal rcscarch agcncies nlust 
be relievcd oU the rcq~liretllcnt to concentlate their el'- 
I'orts on sure-fire, ilrllrlediatcly solvablc problel~~s, while 
their sclcntists defend Co~~gressioilalrrlandates for  
liinda~nental research. They inust expand their re-
searcli to clrtrr~rllne lrow the grecn plant conlblnes 
carhon dioxide ;>lid watcr to p~.otll~cecarbohyd~.atc 

and then transUorlns the carbohydrate to thousands 
of iiscf111 sabstanccs, and to attack a selectccl group 
of other fiinda~nental problenls. Thls calls Uor a re-
vlslon of the sctup, a ncw deal fro111 civll service, new 
types of Congressional autllorizatlon and wpport- 
all rnatters of federal governnlent concern. Riit i t  
calls for  other thngs,  too. There ll~ilst be lcaclers who 
can lcad, lncn who can appraise trends 111 a11 the 
sciences and interpret their signlficancc for  agricul 
tiire, who can recognize the gaps that stop progress, 
and furnish the individual scicntlsts wlth charts fo r  
actlon. Such nlen arc likely to come only after a 
renalssancc in teaching and training has cllreclcd stu- 
dents in basic. biology, chemistry, and phyilcs toward 
agricu1tur:il problerlls. This calls l'or reorientation by 
the collcgrs and unlvcrsitics with dlrect or Indirect 
~nterest  in the ficlcl, closer cooperation between pure 
and applied sclcrlcc groiips, and the dcvelopnlent of 
prograllis which wlll t ram n1uc.h Inore highly and cdu- 
c , i t ~  lllorc b?oadly a t  tlic sanle Illlie 
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TWENTY YEARS A[+() I lans I<niep ( 7 )  dc-
scribed in the water ~riold Allomyccs a life cycle 
ancl a type of scxiiality whic2r were previously 

iinknown in the Sungi. The cycle, which now serves 
to clistingnisli tlie subgmiis l+?t~allon~yces ( 3 ) ,  is out- 

lined in Fig. I. Sexual reprocluction is accaolrlplishe(i 
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by fusion of a small, n~otlle, lplgmcntrd nlale gamete 
witli a so~rle~vhatlarger, rnolilr, unpign~cntcd felnale 
garnete. A year later, having discovered that the 
nuclei in sporophytic hylohac had about twice the 
volutlle of those In gan~etophytic hyphar, ICnirp (a) ,  
postulakcl that nleiosis occurs in tlie rrslstant spor- 
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:ingia of l ~ ~ / , ~ a l l o ~ n ~ ~ ~ / c e s  there is all alternation arrd $at 
ol' haploid ganlctolohytcs and isoluorphic, diploid 
sporophytes. Si~riilar studies si~bscquently led Sorgcl 
(1.2, 13) to accept this concept, and 1Srnerson (3)  
l~resentcd genetic evidence, obtained from interspecific 

c2rosscs, whicli gave strong indirect mppor t  fo r  
I<nlepJs ~ntrrpretat lon of the llfe cycle. Although 
Ilatch (1)had nlade a dctallcd cytological stiidy of 
dlvldlng nnclcl In zygotes of E~~t r l lo~ t~yces  con-and 
eludecl that n~ciosis occaurrrd a t  zygote gernlination, 
he later (5, 6) dcnlrd the valldity of hls own inter- 
pretations and ac.crptecl Kniep's hypothesis. 

lcniep hinlsrlf was qiiick to recognize the iiniisnal 
1~0ssibilltlrs which Allonr!jces presents fo r  rxloeri-
tilcrltal investigations of sesiiality and reproductive 
hchavlor, and snbseyurnt studies by otlicrs arrlply 
trst1f.y to the keenness of his insight. A variety of 
basic researches uslng this pl~ycoxllycctc to investigate 
plirrlonlena of aloolllixis, s r s  cletcrrnlnation, irradia-
tion action, nntritlon, ~ i ~ ~ t a h o l i s l r ~ ,  and the physiology 
ol spore-n~aturation, -dormancy, and -gerrnlnatlon are 
uridrr way In a mirnbcr of laboratories in the Unltrd 
Stales a t  thc present tirne. Nearly all of this work 
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is directly or inclireotly ),elated to chromosorlie be- 
havior, arid the urgent need Sor exact knowledge of 
the meiotic divisions has bccoltic increasingly ap-
parent. By using tlie well-lmown aeeto-orcein siriear 
technique, t l ~ e  writers have recently succeeded in com- 
pleting a critical cytological study of nleiosis in 
Allor~zyces. It is the purpose ol' the present note, 
therefore, to give a brief report of the observations 
which have been made and to en~phasiee the bearing 
of these findings on the f u t l ~ r c  use of Allornyces in 
varions phases of biological research and teaching. 

Resistant sporangia Sorlned by sporophytic thalli 
grown on slants of yeast-starch agar (.?) orcliriarily 
bccol~le ca1)able of gerrliinatiori three to six weeks 
after their forlnation. A t  this time each spor:ingiurrl 
contains about a dozen expanded, diploid nuclei in an 
advanced propllase stage. These sporangia are fully 
inature antl, if air dried, they will remain viable and 
their nuclei will rerriain in prophasc without any fur-  
ther detectable change for  periods u p  to a t  least ten 
years. Wheri 111:iture resistant sporangia are taken 
directly frorrl aroist agay cultures arid placed in watcr 
a t  20° to 2.5' C, they forni and release spores i n  
100 to 130 rrlinutes. During this s l~or t  interval the 
t v o  nieiotic nuclear divisioris occur and are  irnnle-
dietely followed by cleavage of tlre cytop1:rsln and 
organization of the zoospores. Eneh of these zoo-
spores is haploid and nornially uninuclcatc, arid it  
has. been dekrnrincd that there are four tirnes the 
nun~ber  of zoospores pcr resistant sporangiuni as 
tlrerc wcrc diploid nuclei a t  the start. Hence no hap- 
loid initoscs occur in the resistant sporzmgia. All of 
the riuelei in a given sporangiuni undergo nieiosis 
a ln~ost  sirrlultarieously, and i t  has been possible to 
exalt~irie rrlanp preparations of each of tlie critical 
st:rges in both divisions. Careful an:rlysis of rrieta-
phase and early anaphase figures of rrieiosis I has 
shown that the haploid chro~llosorllc number is prob- 
ably 7 in A .  arbuscm~1,rs and 14 in A. javanicus var. 
narroogynus. Preliminary observations of rrieiosis in 
thc F, resistarit sporangia froni crosses between these 
two species have revealed pairing of sorrle of the 21 
cl~rornosorrics and random distribution of the re-
mainder. 

The life cycle of Allon~,!yccs c!ystogc+zus, which is in 
tlrc subgenus C~ystoger~es (3),differs strikingly from 
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that of E~~allowbyccs. As is shown in Fig. 2, there is 
no multicellular sexual plant, the zoospores frorii re- 
sistant sporangi ;~ beconling transfornled directly into 
ga~i~etarlgialcysts, which release isogarnetes ( I d ) .  
Althongh various possibilities had beell suggested, 
nothing was known about the place of n!eiosis in this 
cycle until i t  was discovered in the present study. 
Aceto-oroein srllears of resistant slporangia of this 
species revealed a seqncnce of events exactly s in~i lar  
to thosc just described. There arc two itleiotic nuclear 
tlivisions which just preoetlc spore Sornlation. I n  the 
entire life cycle, therefore, there is but one ntitotic 
division ol' haploid nuclei, and this occurs during 
ga~lretogcnesis in the cysts. Thc haploid cl~rorrlosolr~e 
riulnber of A. c!ystogcnus appears to be 7. 

l!lie w ~ i t e r s  wish to focus attention on the relation 
of the foregoing observations to certain nlatters of 
general significance. First, it has been tacitly ac-
cepted f o r  niore than twenty years that lr~eiosis i n  
the corrlnlon aquatic phycomycetes such as Saprolcynia 
occurs in the later stages of developrrlent of the ferti- 
lized egg, that is to say oospore. An examination of 
the literature, however, shows that virtually all of the 
evidcricc is negative, depending on studies which 
demonstrate that the n1xcle:rr divisions which precede 
garrletogenesis are riot nieiotic. Indeed, although 
rrleiotic nuclei have beer1 seen in several genera (1, 2, 
9, l o ) , the present investigation appears to be the first 
critical step-by-step study of ri~eiosisin an aquatic 
phyconlycete. The successful application of the :rceto- 
orcein technique to Allov~ayces indicates that renewed 
efforts to exarriine the rrleiotic processes of other 
phyeo~l~yceksshould be revealing, despite the gen- 
erally srriall size of the nuclei in  these fungi. 

Second, it sl~ould be understood that the conclnsive 
derrionstration of rrieiosis in  the resistant sporangia 
of Allomyccs places it, as  Kniep (8) has already 
indicated, in the unique category of a filanlentous 
fungus in  which there are true diploid nuclei in  the 
vegetative hyphae. The picture becorries even rriore 
striking when i t  is realized that mitoses are diploid 
throughout the entire cycle of A. cystogenmw, with 
the exception of the single haploid division involved 
in gainetogeriesis. This nearly corrlplete suppression 
of the haplophase is renlarkably sirriilar to that which 
occurs in  sorne of the siphonaceous greeri algae. I t  is 
also interesting to note the close parallelism between 
preserit concepts of haploidy in the water rriolds arid 
the situation which existed about twenty years ago, 
when Schussnig (11) and others were demonstrating 
the fallacy in the belief, generally held a t  that time, 
that :rll green algae are haplonts. 

Third, it  is obvious that knowledge of rrieiosis arid 
specific chrorriosorrie nunibers in Allomyces is going 
to fzrcilitate greatly t h e  planning and interpretation 
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of genetic studies with this fungus. The feasibility 
of bringing large nurrlbers of riuclei into nieiosis a t  
will on a definite time schedule will be of significance 
in future irradiation work. Self-fertility of the her- 
maphroditic sexual plants of Euallomyces makes pos- 
sil~le in  a single karyogamy the production of horno- 
zygosity in  diploids, while notmal doiriiriance relations 
can be studied in heterozygous diploids. 

Fourth, with 7 and 14 as  basic haploid nunibers, 
and with a considerable degree of interspecific coni- 
patibility, there is a very pron~ising outlook f o r  cyto- 
taxononiic research, a field in  which fungi have played 
little or no par t  hitherto. 

Fifth, establishing tlie place of rrleiosis in Ph~allo-
myces has firially put this water tr~oldIn a n  excep-
tional position as  a lal~oratory orgariis~ii with which 
to deri~onstra.te with diagrammatic sinlplicity each of 
the I~asic structures and processes involved in a gen-
eralized, sexual reproductive cycle. Sexual and asex- 
ual plants car1 be grown separately on ordinary lab- 
oratory ruedia (3) and will produce their respective 
reproductive structures in profusiori without special 
treatment. The release of gametes, haploid zoospores, 

o r  diploid zoospores can be induced a t  will in a given 
tirrie simply by placing ganletangia or sporangia in  
water. Arranged in tenninal pairs, the male and 
female gan1et:rngia are  distinguished by a striking 
color difference, the females being unplgmented, the 
rriales brightly colorcd with carotene. The differerice 
in size and pigirlentation of the gametes theniselres 
makes i t  possible to identify them after their eliier- 
gence, and the actual process of syngamy can be fol- 
lowed urider the ordinary compourid rriicroscopes pro- 
vided in an elementary laboratory. Surely few other 
organisms corribine so fully and vividly those precise 
features required for  a n  introduction to concepts and 
ptrtterns of reproductive i~lrclianisrrls in  living things. 

With its ready growth of either diploid or haploid 
phase in pure culture, its uninucleate rriotile galnetes 
and zoospores, its colorfully differentiated garrietangia, 
its herniaphroditism and self-fertility, its distinctive 
resistant sporangia which can so coriveriiently be used 
to perpetuate stock strains, and its uniform rapid 
response to transfer from nutrient agar  to water, 
A7lomyces is a n  orgariisrrl with outstandirig possibili- 
tics in tlie fields of biological research arid teaching. 
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AAAS Recommendation on Atomic Energy Act Amendments 

The following n~enloranduin, adopted 11y the AAAS I~~secutive Committee at 
i ts  meeting July  7, 1949, was sent to the McMahon Committee of the Senate: 

The Execlltive Cominittee of the American Associatiorl for  the Advancement 
of Science urges upon your Cominittee and the Congress the exercisc of searching 
scrutiny and objective consideration of any amendments to or revisions of the 
Atomic Energy Act which lvould affect seriously if not disastrously the nation's 
progress in research. Such progress has resulted in the past less from great ex-
penditures of inoney than from freedom of pnlllication and of coininunicatiorl among 
scientists. Eesearch has little potential value until its results are pul:lic property. 

This Cornmittee views with gravc misgivings l.lle proposal reported in the press 
that  the export of radioisotopes for  rescarch by scientists in other countries be pro- 
hibited by statute, on the ground tha t  sllcll researe11 inight be applicable to military 
clevelo~~ments,and its publication might be detrimental to our national intrrest. 

Any basic research has potential applicability to developments of all kinds, 
including military. l'his inust 11e regarded as  a small "calculated risk." The 
radioisotopes availallle to foreign scientists are of a kind not used in weapons, and 
tlreir utility is  prel~onderantly in tracer studies and medical research. The likeli- 
hood of their kjeing crnployed detrimentally to our interests is practically nones-
istent, whereas the potential benefits to rnanlrind are great. 

I f  tllere is hazard to us in the publication of results obtained allroad with 
r:~dioisotopes, there is also l~iczard in publication of results of similar research done 
ill this country with radioisotopes; and the same kind of logic wollld lead to pro- 
hibition of such publication here as  of shipments abroad. Prohibition of publica- 
tion would be highly detrimental to our interests, for  research can thrive only in 
a.n at1nosl)here of free interchange ainong scientists. Without i t  there is no re-
search. I n  view of the indisputal~le fac t  tha t  research is essential to our Ieader- 
ship, it wollld be a serious matter indeed to  prohillit esport of radioisotopes (except 
tllose fissionable materials usable in weapons), as i t  would also to prohibit freedom 
of publication of reslllts of research in this country, in which radioisotopes are used. 


