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In ihe producti-on of a nonosomic series in coinmon oafs, progress

has been impeded by a lack of a highiy productive sou¡'ce of bhese

aneupl-oids. ConsequentlJr a m¡nber of met,hods l.,rere -r,esied for their

efficiency in inducing aneuploidy" Physical and chemical treatments

trere applied io whol-e par:-icles before anlhesis so that the aberrations

induced in the gameì;es rvould be directly incorporated inlo ihe pro-

genyo The i;rea'r,ments included u-l-trasonic vj-brationi Z chemicals, B-

etho:rycaffeine (noc) and l'{yleran; and x-iryadia'r,ion. The chernical and

soiric trea'r,rnents were not successful, ind-ucing an average of on]:y O"Jll

and 2"1aft aneuploid¡,' respec-bive]y, X-írradiation ind.uced a 'uotat- of

6l irLonosontics, 15 doubl-e monosorn*ics and 21 ptanis r¡ith Af-r-f r'¿hich

are poten-r.ial monosorulcs " The averate percent monosoinics inducecl by

X-rays was L2"37",

Tetraploid and diploid species of Avena rn¡ere observed afi;er sinìIar

radiation ireairnent, Percent fertility, percent germi-nation, seed'ling

letharitJ., lack oí vigour and other phenotypj-c abnormarities v¡ere

observed 'bo be inversel¡- relaì;ed to ùhe ploidy l_evel The Írequency of

chromosomal- aberra-bions induced l'ras direci;ly related to the ploidy level-"
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I}ITRODUCTIO}I

common oats, Avena saiiva L", ranks fourlh arirong cereal-s in

world produciion exceeded only by urneat, ri ce and corno The world area

devoted to oats j-s esijmated at i30r0001000 acres" considering iis
importance as a major cereal, this crop has received comparativeþ litì:le
altention from geneticists and cytogeneiicists, This tack of effort
to obiain such informaiion is probably due primarily to the nature of

the inflorescence and sensitivity of the plant to ninor environmental

changes. The oat pani-cIe lacks the order and, symmetry of a spike, the

flor¡ers are difficult to emasculate r.rithout injury and the pollen is
highty sensitive to changes in temperature and humidiLy. seed sei

from hybridj-zation is usually low.

Avena sativa j-s an alJ-ohe.xaploid species similar to Triticu¡n

aestivlgn in that it has 42 chromosomes and j-s comprised of ihree d.if-

ferent genomes (4, c and D). since a monosomic serj-es has been pro-

duced iir !. aestivum, it is reasonabre to e:qpeci; a sir¡-il-ar serj-es

could be produced i-n A. sativa" A'b present no monosomic series exists

in A. stq, but the production of such a series in¡ould. greatly aid in

cyfological and genetic i-nvestigaì:ions. Linkage associations, associaûion

of genes -r,rith specific chromosomes and homoeologous relai;ionships, urhich

have been studied in oùher polyploids by the use of monosonics, could

also be studied in oats" In addition inonosonlcs may be of practical

use in plani breeding particularly in a program of l,¡hol-e chrornosome

subs'bitution,
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The rnajor difficultJ' in the ;oroduci:ion o.f a monosom-ic series

in oats has been t,he lack of a suiùabr-e star-t ing rnaterial. The

chief source of ¡nonosorn-ics in wheai was a haploid pollinai;ed with

normal pollen, white addii;ional monoso¡r-ics i¡rere derived from a nul-U--

sonic l"¡Lrich rvas partially asynapiic (3e¡. To date no haploids have

been reported i-n A, sativa and. al-though asynaptic nulli-somics have

been reported they have been sterile. Another possible source of

rnonosornlcs rroul-d be from interspecific hybridization. such hybrids,

however, are difficult io make and do not produce many seed.s" Furiher-

rnore, since the À genome is common io all species of .i{vena, oniy

fourl,een different monosomics, those in i;he c and D genomes, courd. be

produced"

A few monosonies and nul-lisomics have been found in naiural-

popuJ-ai;ions of .4. rative ì;hrough screening of large samples. This is
a long and tedious prlocesso rì; is obvious therefore, ,chat a sÍmple

and effi-cient method of producing aneuploids in oats is required,. The

present study was conducted to determine i,he effi-ciency of chemicals,

sonic vibration, and x-irradiation as agen|s for inducing aneuploidy"



LITEII.ATU'P.E REVTEI..I

I"Íonosonlcs r4rere repori:ed in wheai; as interesiing phenomenon by

íiihara ín L924 (14) and Thompson ín Ig28 UrAT , long beforê ê.r¡1r prac-

tical apprication v,ras nade of -r,hein. since then sears (3gruor4r) has

produced aLr 2L possible monosorn-ics and nul_l_isom-ics in Trii,icuni

aestj-vum, and cl-ausen and his assocj-aies (3rù have obiained a].l- 24

inonosorn-i-cs in ltli-cotiana tabacum, itfonosorri-cs have been reported by

Endrizzi and Brown in !,o_s¡ypium (Zr8).

The first nonosonics reported in Avena rn¡ere faiuoid 41 chrorno-

sorne p]-ants described by l-lusl<ins in L92? (r2) and. Ni_shiyarna in l_93r

(3r¡. rn L935 Phirp found. a rnonosom-ic which segregated producing

4l chronosone green prants and do chromosome al-binos (32) " rn l-93s

Philp reported a i;hird monosonic r.rfnich b¡as concerned wiih leaf wid.th

Ú3)" I'TcGinnis and. associates (z3rz|rz5) have recently l-ocaied

genes for chlorophyl produc-r,ion on the shori arm of chromoso;nes I/¡

and 2l- (nol'r desi.gna'bed chronosomes 2r and 5 respeci;ively according 1,o

ihe si;andard Ì<aryotype of Rajhailry (34) ) by means of aneuploid anal¡.-

^-i ^ÐIÐ o

Tne rnajority of monosonlics in A" sa'i;iva reported. to clale have

been fo'¿nd spontaneously occurring in nai,ural populaiions" Riley and

Ki'rnber in 196l reporLed f rnonosomics fron 623 seedlings examined. i_n

i,he variety sun fi G7), rn L96z l¡cçtrrnis analysed {1023 seedÌings

fro¡::. Foundation l-i,nes of the variety Garry and reporl,eci 2 nuilisonì-cs,
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lf nonoso¡nics and 5 triso¡n-ics (ZZ). Iri L963 Hactrer and Riiey reporleo

6 nullisomics, {0 nonosorcics and 4 irj-sonÉcs fror.n 3rl+53 seecilings of

ì;he varieiy Sun Ii (l1), Al-though the frequency of naturall¡' q.rurr-

ing rnonosomics was l-ow in these cases, both agreed tha1, a monosomic

series coul-d be obì;ained. in this vray, I'lcGi-nriis (22) pointed ou'r, 'bhat

the :najor advaniage of selecting spontaneousþ occurring aneuploids is

that the stoclcs should- be highly homogeneouso Holrever, the screening

method is exLrenely long and tedious"

Cosia Rodrigues in Lg5l+ (7) irradiated panicles of A. Sgli"a

i'rith 300 r of X-rays, His objective lrras i;o produce a break in ì;he

Nwo chrornatids of a chromosoÌne u-i'uh consequent formation of a dicen-

tric v¡hich rvoul-d be involved in a breakage-fusion-breakage cyc1e,

Such chromosomes i¡¡ould be losi and the plant would beconre monosomic

for the affected chromosorne, In 279 plants resulting from irradiaied

ganretes, he obi;ained 20 nonosonics (7"2%). Such a high frequency of

monosorci-cs suggesis that this method may prove practicable for produc-

ing a series in polyploids i.¡here they cannol be readily obi;ained by

other means" Sears (4f) o¡tained 3 monosomics in T. gçSt¡fyi by

fertilizing a norr.Ìai disonic '¡ith irradiateci polIen. Except forbhe

tv¡o laùler cases, no o1,her ari;ificial- neihods have been ati;enpied triì;h

ì;he rnain purpose of obt,ainlng monosoriLics,

There are very fevr repor'r,s of ryhole chromosome deficiencies

resuJting from chemical 'breatnents (tg rZtr35) " The general pr"oced.ure

in i,hese cases r,.¡as to ireai; the root tips or 'r,he fl-oruer buds, al--l-oir' a



shori recovery period and ihen e;eniine i;he effeci on ihe chromosorLes.

Cirromaì;id and chroraosorûe breakage and reuni on hrere scored and frag-

men'bation, st,i ckiness and rirui,a'i;ion as welJ- as other aberuations l{ere

observed" These studies dealt more specifically with an analysis

of the mechanism and localizal,ion of '¿he breakage and Lhe effeci of

the ireailnent at a biochenrical l-evel.

Auerbach (t) r,ras the firsi; to discover ihat ninute doses of

nitrogen mustard inducecÌ gene nruiaiion, Subsequenily Koller (f8)

studied its effecLs on'i:he chromosones" These invesi;iga'r,ions pre-

cipi'r,ated an exbensive study of chenical nutagens. Such muiagens

can be cl-assified in bhe general ca'r,egories of :

]- some inorganic salts

2. o,-idizing ageni;s

3 " alþlating agenis

4" substituted pürines

The first tv¡o act mainly as gene rnuiators and sel-doin cause chrorno-

somal aberrati-ons" Alkylating agenì;s and sorne purines, however, show

direct action on the chromai;in material" They possess the abil-ity

to break chronatids and chromosomes producing deleiions, iranslocations,

inversions and other aberrations ensuing fron breakage (36). They

therefore should have ì;he poten',,ial of producirrg monosorcics.

I'fyleran (1-4 A:¡rethanesulphonylorq¡but,ane) was found by von

liettstein, Gustaffson and Eherenberg (49) to have strong inui;agenic

activity in plants" The frequency of chromosome breaks and i;heir J-ocal-



ization have been Íol-lor.¡ed during the develop:neni of rool t,ips i-n

several plant species (30) . i'loutschen (za rzg) and i,,Ioutschen-Dahrnen

(30r3i) described the peculiar properties of bhis compound. t,o break

chroraosom.es l¡ithout, giving rise to much reunion" Tn l4çåa faba the

breaks induced rrrith I',íyleran Ïrere strictJ-y local-ized in or near ihe

hei;erochromal,ic regions of the genome, rt also produced a large

nunber of l-ocalized breaks in acrocentric chro¡nosomes with anoiher

maxi.inum of breaks in the zone of the nucleolar organizer, Fahmy and

FahnÐr (9) stuclied the genetic and cybogenetic action of rnesylo>g/esters

in Drosophil-a. i'rly1eran r^¡as found to have a rel-atively lol.r mutation

rate r,rith respect 'Lo recessive feì:halu (3 "r7T[) and a high perceni; of

major chromosome rearrangements (16.9 to l+I,|1).

Iühlnian (r5rró) stud.ied the activity of a puri-ne derivative,

8-ethorq.saffej¡e (noc) during vari-ous stages of ihe rútoi;ic cycì-e.

EOC produces chronaiid breaks, chromatid exchanges and isochromatid

breaks r,¡hich result in dicentric chromatids prus an acenlric frag-

rnent o In ]4j:+i1 fqbA roots the chromaùid aberrations l.rere randoml ¡¡

distributed aunong the chromosoroes (rZ). i(ihl-man states that the

effec'¿ of l\I-methylated o:qrpr:rines l-ike EOc is si¡dl_ar to radiaiion,

and the efÍec'bs are non-delayed. unl_ike alkylat,ing agents.

Conger (J) sùudied the cy-r,ogenetic effects of sonic energ/

applied simultaneously r,ri-th X-rays. He found sonication at 91OC cycles

per second increased the frequency of aberrations prod.uced by irradia-
tion, but there t'ras no eff eci of ihe sonic treatment alone " I,'/aILace



and his associates (4S) ireated root t-jps luith ultra sonic vibra-bion

ai d00r000 cycles per seconci. They repor'r,ed cir::omoso¡ne breakage,

holtever, onJ-y i;he treated tissue was affec'Led and the plants recovered

on nafuring, Johnson and Obolensk;' (13) studied -bhe effeci of ul-ira-

sonic vibral,ion on i,he developieent of bariey seedlings. The effeci:s

of sonication ral'¿icl<ed those of radiation buL nuch l-ess ini,enseþ"

The¡' ss¿"d inhibi'r,ion of gerrninati-on, lateness of maiurity and in a

fer.,i cases e,çlreme l-u-:<ur'ìance in grorri;h. There r¡as no cybological

e-xaminai:ion of this ma-berial, hor.Iever"
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A i;obal of five oai species lüere subjecùed to a nurnber of

treaiinenis io induce aneuploidy" The species and t¡pe of treai,ments

are l-isted in Tabl-e I.

IABLE I

Treatmeni Used bo Tnduce Aneuploidy in
Species of Avena

Species
Chromosome Treaimeni;

lùo Cheni-ical Sorr-ic X-ray

Á.vena sativa L,
vaz'. Garuy

var. Rodney

.A.vena barbata L.

Avena brevis L"

Avena wi-estii L"

;iv.Æ stli,ßosa L.

t,)

l+2

L4

u
Ll+

I

-¡-++
-f

-{-

I. CHH'trC¡,L TREÀTÌ],trJNT

The i;r,ro chemicals, EOC and l,lyleran Ïrere chosen because of their

repori;ed effects on chromosornes in o-i;her plani species (L5,Zg), In

orderbo deterrúne whetherthey u¡oul-d al-so effect the chromosomes of

l" sa'r,iva a prelj-rl-inary e,-qlerj-inent i¡¡as conducì;ed on roo'b tip cel_ls,

EOC is soluble in r^rater, ¡utr irlvlerân is noL and j-t was necessarJr -Lo

íirst dissolve it in 2,4 acef,one and nake dilutions io ihe reo¡rired. conc-

entraiions (15). The roois oí -å,. å+Ëiva seedlings were treared by the

f olloi,ring pro cedure :



Seeds i'rere gernúnaied ai roon ternperaùure

irhich ij-rne the roots lrere J to 4 cm, long, The

in 'i,esi lubes con'r,aining J cc. of

t) t.6'leran 1o-3 i,i, pH 4.0

2) doc 1o-3 t.I. pH 4"0

iov 72 hours afi,er

seedlings vrere pJ-aced

3) 2:/" acetone

4) oistitled ruaier

for 2 hours, I seedling per tube, 10 seedl-ings peli,reaineni " They

i'¡ere ihen re:noved, i,¡ashed in running wa'ber for J0 ¡rúnu't es and divid.ed

into tr,vo equal groups c

In one group Ì;he rooi tips were exeì sed i¡rurediately, pretreated

in ice i,¡ater ior 2t+ hours ai;lo0 (26rt*n and fi-;..ed in t"ar¡nerts fi:<a-

i:ive (J:l- alcohol-acetj-c acid). rlfter 48 hours ihe root tips were

siained r.¡ith Feulgen and examined by tÌre ace-Lo-cannine squash 'l,echnique

ai; netaphase and anaphase"

In the second grouj: 1,he seedlings i'.iere allol^¡ed Lo reco-¡er a-u roorrl

't,empei'ai;ure in ihe dark for 5 hor.irs " The roo-u tips l,vere 'bhen excised.,

fíxed, siained and e¡-a¡ained as described above, Pi-{Cs from boih groups

r.rere col-l-ected and examined at rneiosis, Since both cheinicals induced

chro¡nosome aberrabions in the rooi: i;ip cells (described under Rssulis),

ihe¡r h¡s¡s subsequeni:ly used on pre-Ílor,iering panicles to cÌeterraine

their effectiveness in producing aneuploids,

The chemicais uere applied to hex,apÌoid plani;s at post rneiosis but

J:eÍore anl,hesis in an attempt 'Lo induce chromosorne aberraiions in the

ganeies. In this lray aberuaiions produced would be incorporated inio
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',,he zygobes" Soluùions of EOC and i.tyleran lrere used in concenirai;ions

- { -J, _\ -t¡of I0 -, 10 -, 10 ' and l0 " i.i. These concentrations have ind.uced

chronosome aberrations in oiher species (L5r2g). Four plants r^,rere

Nrea'r,ed at each conceniraiion, The chemical- trea'r,raenis r.¡ere acimini-

sLered as follor^¡s:

1, l1j_ggtion. (a) O,I cc" of cheiaical solution i,¡as injected by

means of a O"5 cc" s¡rringe and a nr¡,nber 26GI/Z needl_e into

ì;he fl-oreb, taking care not to injure ihe anthers or the

ovar.J¡, (U) O"f cc. of cheinical- sol-u'¿i-on v.ras injected ini;o

the siem. of ì;he plani above the flora_L node,

Cut:Legf._gglhoq. The fifth leaf (last leaf before the fJ_ag

l-eaf) r',¡as cui diagonaily abou'L B crno from the i;ip" The cut

end in¡as i¡nmerseci in a vial containing 3 ec" of ihe chenical

solul,ion wirich was taped to a supporiing sta},,e. parafilnr

and masking tape were used to seal the mou.bh of the viat to

prevenÌ; evapora'uion, The treaiment i",¡as conbÍnued for ó

days, the tip of bhe l-eaf being trimmed once in this period"

Ei- _gg!hoq, The niethod. of Kreizinger (ZO), r,uho studied

chenical rrutagens in corn, was used i^¡ii;h some modifications

due to reduced uptake in a smaller plani;, I,iricks v¡ere made

fron 10 cn" str"ips of { layers of gauze rolled and co''¡ered

near one end i.rith L¡, c'm. of masking Lape, The I ong end of

the -¡rick i.¿as nois'r,ened ¡rith distil-l-ed r'¡a'¿er in the case of

EOC and r'¿i'Lh ,002fi acet one in the case of l.[y'l eran to prevent

2.
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absorpi;ion of ihe solution in Ì;he viai, vial_s r.¡iilr 2 cc"

of solution Ì,rere t,aped to siakes ancl the long end of the

r,rick placed inio the vial" l,,iasking tape l.,ras used. i;o seal_

ihe top oÍ the vi al. A snalr- hore '¡¡as punci,ured i n the

stal:l< of ihe plani jusi above ihe l_as.L node ancÌ the shorL

end of the rdcl< inseried." This r¡as also covered i,¡i'r,h tape"

The r,¡icl<s were lefi in ihis posii;ion for 6 days.

II. ULTiI.A SOI{IC VIBR.4,TIOT\T

Panj-cles of I plani;s of Avena sativa jusb previous -uo anthesis

r'¡ere Nreaied in a Raybheon Sonic Oscil_lator, model DF l0I. The plan,r,s

t+ere inveried and supported on a ring stand vriih ',,he influorescence

i-nmersed in 25 cc" of disi;il-led lrra'Ler in Ì;he "/,raùer cooled chanber"

Pl-ants irere subjected to a sonic level of l_O kilocJrcles peï, second.

for periods of 5, LO, 20 and l¡O ,n_inu,ces"

The cherni cal and sonicati on 'Lreaùrnents tuere a;oplied firs'b to ì:he

They l.rere discontinueC. for

lor+ frequency of aneu-

ploids indu-ced in A, .qqÞiva by these meihod.s,

IIT " X-IRR.4,DIATIOI\T

A Lo'r,al of 72 prants of dipl-oid, letrapl-oici and hexaploid oats

ÌÌere exposed -bo X-irradj-ation at a pre-anthesis stage i"¡hen ¡rost ílorebs

haci conpleted mei osis " The nunber of emerged florets at the i;ine of

ireatmeni; oí l!' gqlrvq was varied from 5 Lo J) to determrne the effect

her,aploid species ancÌ the results anaþsed,

the teiraploid and diploid species due io the
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!liåI]jj-" ltJumber o.f emerged florei;s and the s|age of develop-
neni of the pollen a'¿ i;ime of X-irradiation"

Figure 1. 5 flore'r,s emerged" Poflen is ai; early
p::ophase in Ì;he youngest flot"rer.

ni mrra !o 13 fl-orei;s emerged. Pollen 1s binu-cl-eai:e¡¿os 
in the youngest flov¿er,

Figure 3" 20 florets energed.
itiatøa 14ø 33 iJ-ore'vs emerged. Pollen is trinuclea'r,e¡¿o.- 

in boih 3 and. 4 in i;he younges'c floi,rei'.
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of a slighi; difference of age on bhe frequency oí aneuploids prod.uced

(elate l), Pol-ren frora planbs corresnoncin3 t,o 'i;he different ages

in X-ray 't reai;nent Inlas aiso e,xa,rined i;o show corresponding d.ifferences

in ii;s developrneni 
"

Radiation r'¡as admin-lstered l,¡ith a iherapeutic x-ray machine,

3 i[a, unfiriered at a dose rate of 180 r per minui;e at a distance

of 30 crno from the x-ray tube. The doses used. r',¡ere 75 rr llo r, JOO r,
and 600 r" Four plants of each of i;he he:,;aploid and.r,etraploid speci_es

and ir^¡o of eacl'l diploid species i"¡ere treated at each dose l_evel"

The piants at each ploidy l-evel i.rêre grol{ï1. ab l,he sa¡ne Liine and

u-nder the con-trolled condiiions of a gror,..rbh cabinet, Afber i;reatment

i;he pJ-anbs r^rere transferred back to the groi.rbh cabine.r, aL zzo Lo zt+oc

l¡iÌ;h l8 hours of lighi until matr.iri-r,y.

The seed frorn l,hese prants r,¡as trea'r,ed l,i-ith a fungicide and

ger:linated. at roorn tenperaùure in the ctark in moisi verin-iculiie. lf
the seed had been freshry harvested., i'u r.ias subjected to 48 hours cold

shock at 4oC in moisi; verrn-iculi'Le to break the d.orinancy. Iltren the

roots rnrere J io 4 cm. long the roo'u tips r,,.ere excj-sed, pretreated for

24 hours at l-oC in ice r,.iaier, fi:led in Farmerss sol-uiion and stained

r,ri'bh Feulgen"

Plants -'^¡ii;h abnorrnal somatic chrornosome cou¡rts l,¡ere transplanted

inlp $tt clay pots i-n gror,rth cabinets, I¡,naùure panicles Ì.rere col-lec-r,ed

froin ihese plants io study the meiotic configurations, The panicles

ruere fixed in carnoy (6:J:1 aicohol--acei:ic acid-chioroform) for a
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nLini'num or 24 hours" lì.::ihers r,rere selected l.dth polten noiher cel_ls

undergoing rneiosis, squashed in a drop of aceto-carnine and the

chromosomes examined., i4eiosis l¡as siudied ai rneiaphase I, anaphase I
and felophase r, and in ihe sone cases anaphase rr and telophase rr
as r'rel-l as the ciiad and tei;rad stages of nicrospore division"
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IìdSULTS

There i'¡ere i"¡icie varia'ì.íons Ín '¿he effec'i;iveness oÍ 'Lhe diÍ'íereni;

nel;hods a'bternpLed t,o induce aneuploids" The frequenc;r ¿¡¿ i;'pes of

aneupJ-oicls resuliing fron ihese -urea1,inenis ai'e presentecl i n Tab.t-es 2¡

3 and 4"

I. CHH'trCAI TREATI'ßI'ITS

The in-ltial- investigation of the effects of t'Íyleron and EOC on

root 't ip chromosolnes indicated i;hat these compounds t^rere capabl-e of

inducing chromosomal aberraiions in ì;hose cell-s r.rith v¡hich they corne

in coniact" The i;ypes of abnormali'Lies observed. were: pol¡ploi_cÌy, aneu-

pJ-oidy (chronoso¡re m.l,nbers from 27'lo ó/¡), s'tickiness in ihe case of

l'þ-Ieron, fragmentation, chromai;id breaks, interchanges, interference

r.¡ith ceni;rcmere division and reiardation of rn|tosis (Piate II, Figs.

I to ó), Three plants of the EOC and i.þ-leran 'r,reatrnents, and of each

of the conirol-s rvere exaqü-ned ar metaphase I of meiosis, In all cases

there appeared to be compleie recovery fron ihe chenicals, all Pl.f0s having

the nornal 2l bivalents.

Äs can be seen in Table 2r-t;he che:nical ireaträent of preflot+ering

panicles did noi; appear io give a significantly higher yield of aneu-

ploids than the con'brol-. I)ue i;o bhe struc'bure of tire oai; infiorescence,

direc-r, application of the chernica-l soluti ons v,¡as difficuli; " Äitenipts

to gei 'uhe plant to take up tÌre chemical sysì;ernically also apparen-Lly

failed-" In a1l cases of cìrenical 'creatment, ihe 'bissue irnreediai;e]¡'
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PL{IIS_J!. Rooì; iip chromosomes of 4fæ Etiva after
chemical treatrneni,
Fig'ure i" I'le'baphase cell- r.¡i'bh 3OI (iiyferan),
Figure 2. Earl;r anaphase w:bh 62 daughÌ;er

chrornosomes (i'fyl-eran),

Figr:re 3, Anaphase r.rith 4II and I fragrnenì; at each
pole (ooc).

Figure !, Parl of a netaphase cel-l r.\'ith a Íragmeni
and shor,ring early division of ì;he ceniromere
(roc).

Figure J " ParÌ; of a rnetaphase cell v¡iÌ,h siickiness
(far left) and. chromal,id breaks (teft ana
bop centre) (i'iyleran) 

"

Figure 6, Portion of figure 5 :nagnified J ti.nres,
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around ihe poinL of apoli ca'Li on di ed and 't here i.ras no ind-j-caiion 'r,hat

the corçou¡d- r'eached the reproductive cel-l s "

IL SOÌ,JIC TRäA'II'IHIJT

Ultrasonic viJ:raiion increased the Írequency oí aneu,ploid-s only

slight]-y above the sponÌ:aneous freo;uency. Three monosonúcs and. one

40 chromosome -ol-ant i,,¡ere obtained froirr l-62 seedlings resurì;ing frorn

i;his treaimeni;" It is nost probable i;hat the ieng-i;h of treatrnent and/

or the ini;ensity of the son-ication l.ras noi sufficient io i nd.uce a high

rate of aberrations"

II.l-. X-IRR¡.DI:ITI0N TREÄTi':i,ENT

x-irradi-at'i on prod.uced. a high frequency of aneuploids in i,he

hexaploid and tel,raploicl species, the nrxrbers increasing r,ri'i;h i;he dose

(Tables 2 and. 3), There appearecl 'bo be a varietal difference in the

frequency of aneuploids in i:he he,xaploicl oats, a higrrer frequ-ency

occuring in the varietJ'Rodney than in Gamy (tlate IIr)" The cause of

this difference lrâs rIo'L deternj-ned and may have been forùuitous, As is

shov¡n in Plate r, the polìen rangeci from pre-meiotic prophase in the

J'oungest floret on the younges'b panicle 'ureaied,, to full¡. developed

tri-nucl-eate pollen in i;he youngest fl-orets on l,he truo olclesi panicles

treated, The data indicaies bhat a slight; variation in the age of the

panicle ai bi:ne of 'breatmeni does not result in a significanb difference

in aneupfoid induction (Plai:e IV).

The highest dose tested (ó00 r) produced nore transl_ocations and
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other aberratj-ons than the lo.'¡er doses, bui did not produce more i¡ronosonics

ihan ihe 300 r l-evel of j-r'radia-bion" For i:his reason 1;l'ìe ó00 r ievel is

no| ioo efficienì: forbire product,ion of immediately useable nonosornics,

si:rce many vrou-J-d require back-crossing to reconstiiuie i;he origi p¿l

karyotype. The majori-r,y of monosomics produced by 300 r appeared

nreioticall-y nornal .

Table 5 indicates 'bhe phenotypic abnor:nalities resulting from

,{-iruadia-bion of Avena species " fn ÀvSnA pa¡j¡fA there hras solîe seedli ng

lei;hal-ity at the higher l-eveis of radia'bion. The fertility varied

closel¡r arou.nd. the norrnaf- (S0ø). Oui of L33 seed.lings of A, þarbata

three died. and. seven l,Iere very lueak, There ,,,ras a great red.uciion j-n

fertility at the 300 r a,nd. ó00 r level-s of radiai;ion. This reduction

was probably caused b¡' ¿ period of I hours, shortly afi,er treaiment,

during v¡hi-ch the i:emperature in the grol^rbh cabinet rose to 55oC. The

high te.'nperaiu¡e rna¡' also have had i;he ejlfect of increasing chronosome

aberrations resulting froin radiaLiono Tn the diploÍd rnaterial -bhere

Iùas a relativel¡z high frequency of seedJ-ing lethality and weak plan'bs 
"

It is inberes't,ing to note that the percen'r,age of aneuploids produced

is j-nverseþ proporiionai i;o seedling letirality" The fert,ility in

the dipJ-oids, alì:hough low, varied ]iÌ;-i;le frorn the conbrol.

There r,ras a w-ide range of aneuploids produced by 'bhe various

'r,reatmenLs, These are described bel-oi^¡:

Avena ecr_rva (raute e)

Zþt:rt-,:l!;C!-" planL, of each of ihese chromosome numbers

one r.¡iih 38 chronosolnes survived past the

0ne

i;ìrewas prod-uced, bui; only
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seedl-ing stage, This plani; producecl onJ.y one pani_cle i.{hich }¡as

coll-ected for anaþsis at'i;he Pi'ÍC si;age. lTo counts could be obi;ained

since ihe anthers of all flor^¡ers ','.rere rudi¡¡ent,ary and empi:¡r ancl the

pistils also appeared poorl;r developed,

T;t'
39-. 39-+1r_39-l-2f. Five plants i¡ere obiained in this caiegoryo

Only ihe tr.ro planis ¡,¡ith 39\+ Z fragments survived. beyond the seedling

slage, Counis ol l-9II + fI i- 2f were obtained on both a'L rneiaphase L

The chrornosornes of one plant shor^¡ed stickiness producing bridge-iike

struciures a'b anaphase I and 0 i;o l- ¡nicronuclei per tetrad" The

second plant irad 2 i;o J laggJ-ng univafents and fragments aì, anaphase I

a.nd II r.¡ibh 5 to I nicronucl-ei- in Lhe l,ebrad stage (el-aUe i/, Figs l ancl

2) " Boì,h rv-ere incluced Uy 6OO r li-irradi-ation.

l-
40-. Sixi,een plants r,¡ith 40 chroroosomes were íound. One l.¡as

¿i""oJ¿ in bhe progeqy of a plan-t, Lreated lrri'¿h uli;ra sonic vibra-

lion, 'i;-wo resul-ied fron J00 r -breabnent and ihirteen fron t,he 600 r

treatnent. The majorii;y of these shor^¡ed rne'r,aphase I conïiguratj-o,ns of

tgII + 2i lrii;h a few ceLl-s v,¡ith 2OII. There r.¡as sorle siickiness and

the occasional laggard. In'bhe iéLrad siage -r,here were O to l- mj-cronuclei

lvith a preponderance of 'Letrads rrilh none "

,^I , ¡4\', -i- Ic Eighi planis r¡ith 4OI rr l- acentri c fragpent and one r"rii;h
,^]-40t l- I cen'l,ri c fragrnen'r, r.¡ere induced at 300 r and ó00 r levels of

radia'bion" Anoiher: '.¡iih 4or -r- 2 fragments r"¡as induced in Rodney a,c

ó00 r, died as a seeclÌi-ng, Of the forirLer nine pJ-an-t,s, om€ shor,.¡ed inurti-

val-eni associations ai metaphase but exact counis coulci not be obtaj-ned.
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because of bhe siiclliness of '¿he chrornoso¡res (Plate Vr, Fig.d) " This

plant had 0 to 2 iaicronucleì per 'r,etrad, T\.¡o obhers coul_d noi; be

counied at me'i;aphase I due to ihe chromosolne stickiness but I to 3

unival-enis and 1:ossibl;z a chain of lhree coul-d be del,ernined" ,{t ana-

phase I, -Li^ro univalents and a fragnent r.rere laggards (Plate V, Fig"4).

A fourth plant in this groì.tp shov,'ed fragmenbs and laggards (Plate V,

Fig"3) and. stickiness (ftate VI, Fig,2), ai anaphase ancL ie'braphase I

lyii;h O to 4 rnicronucl-ei per te'brad, The remaining five 1:l-ants had

ineiaphase counLs of 2OII and- 2OII * í r,riih no, or very fer,.r, srnatl

in:icronuclei. The plant rrith 4OI and a centric fr.aginent had i,he sarne

rnetaphase configura'bion and had a single large bridge at anaphase i

(etate v-t, Fig,l).

l-Ì+L*. A t,oial- of seventy-ihree plani;s had 41 chrornosoines in

i;heir root tip cell-s (ftate VII, Fig.2). Three of .i:hese planis l,rere

derived frorn conirols, ihree froin sonic and- -bhree from cheär-ical -¿reaù-

nen'us. A'b rnetaphase I these had the expeci;ed ZOIÏ -i l-I (el-ate vtt,

Fig"l-). The three monosonics produced. aL 75 r X-irradiat,ion, ancl ihe

eighi; at l-50 r al-so had nornal :'oeiosis, 0f tlne 27 monoso¡n-ics from

42i seedlings induced ab the 300 r l-evel only four shorved nieiobi"c aber-

rations" A-l-1 others had the nor¡nai zoII r- tr çllau" V.r-I, Fig.l). The

abei'ran'i; plants l{ere as fol-loivs: one 2OII l- l long dicentric (eiate VIII,

Fig,l) and a fer^¡ cetls r.¡-ith 2orr + tr; tgrl -l- 3r, rgrr -- crrr (rtate vlii,
Fis,3) and 2OII -l- tI; 2OII-itI wiih a ferr ce'ìls i¡i-i;h rgII -i FIII (rtate

VIrI, ¡-ig.2) and 19II -t- cIII; 2oII -l- l-I in urhj-ch Lhe univaJent chromosorne
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roJ-.gE__VJ. Pol-Ien nother celi analysis of aneuploid pJ-anis.

Sigure 1" -ânaphase i of a plant v¡ith 4OI * centric
fragraent sholring a large bridge,

Ei mtrø f n Anaphase I of a plant r^¡ith 4Ol * f shor,;ingr¿.'." 
siickiness prod.ucing bridge-like structr.¡re.

I'irrrrre J. ì,le'i,aphase I of a plani; wiL,h 18IÏ + CV"¡¿os¿v /o

Figure 4, l''letaphase I of a planì; l'¡i'bh 4Or -l- f shovring
muliir¡alent associations, fragmenis and
stickiness "
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varied in size from one Pi'íC'uo another. The chroinosomes of aneu-

pioids induced ai; 300 r d.id not show any stickiness aL anaphase 1 but

there i"rere Ìaggards and occasional bridges i^;-ith O bo 4 núcronuclei pe.r

teirad" One p-l¿1¿ aiso irad. a fely i;etrads irith nicrocyies"

At ó00 r 2ó monosonics were founcl frorn 453 seedrings analysed.

only five of ihese had i;he normar metaphase pairing or 2orr -j- li. The

remaining 2I sholued abnornal divisions" Tirese consisted of inei;aphase I
configurations oi tgrr + crrr and lgrr -, Rrrr; zorr + heteronorpiricrr;

zorr +- univa.leni: of unusuar size; aircl oae plant i¿th l-grr -t- cv (trate
vr, Fig"3) and l-Brr i- 5r. The a,,nount of si;icl<iness was greatÌy increased

over Í;he 300 r i"reatment and aLl 2l shol,¡ed lagging, bridges ancl bridge-

like formaiions due to stick-iness ai anaphase and ielophase I and. Ir.
i.ficronuciei were preseni in boilr ì;ire ctiaci and iei;rad stages"

[-1-].l' Tr''ren'ty plants r,rii;h 4]-I * an acen'r,ric fragrnent were j-nduced

b;. all ranges of radiatíon d.osage. Again, those induced by.bhe loi,,r

doses (75 r, l-50 r and 3OO r) behavecl as r.¡ould. be expeci;ed meiotically,
-l-t- T

i.e', 20" + 1' + f ai me-faphase I wi-th iire normal- accompanying laggarcls

and nLic¡'onucl-ei. rn the 600 r group i,he metaphase r plates also had

2orr + 1r + r or 2orr + rr. These crisplayed stickiness, iaggards,

bridges ancl inicronucl-ei, One pian'i; haci pollen moiher cel-ls i.¡ith 2OII -r

2T -i- r, zorr -i- 2r , rgrr -' crrr -F f and, tgrr + crrl -- 2f and r,.rith a nurnber

of micronucl-ei (2 to 6) per i,e-r.rad-, The pianL rdi;h dJ-r + cf had a :ne.r,a-

phase I configurabion of 20II -i lI -i isochronosorîeo At anai:hase I i;jrere

l'ras a tgr , 2oi chrorirosorne segrega'i;ion wiilr a rarge briclge"
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A.!*l- t-" Three p.- anis were produced nit,h 4ZI + an acen'lric

fragment. The two induced ab óOO r l(-irradiai;ion diecì as seedlings.

The i;hird one had Z1II + a srnal-l Íragmenì; ',"¡hich lvas usual-iy associ a.bed

r.¡ibh anoiher i:ival_eni" There l¡¿s t¿cging at anaphase f and I-L and the

-r,eirads had 0 i;o 4 micronuclei each.

.^ï43'. Tr.¡o trisonj-cs l¡ere obì;ained, one a,u f50 r and one ai ó00 r"
Boi;h'crisonúcs shor¡¡ a meior,ic configuration of etII + lI ab ntetaphase I.

,^r
42- " Plan'bs -u¡hich had l+2 chromosoines on root tip analysis r.,rere

e>iamined at rneiosis t,o deterrni-ne if abnormaliiies '"rere present, Three

planl,s ai; each level of rad-iat:-on r¡¡ere siudied. Those disonics ar 75,

f50 and 3oo r al-l- shor,¡ed nornal meiosis rrith 2rrr, no raggards, r iti;l-e

stickiness and no ;ricronucl-ei, One planb frorn óOO r also disptayed

tire sane pai,tern, The reiaaining tl^ro ho',uever had univalents, laggards

a-i; anaphase I, stickiness a'r, l,elophase I and a f ev¡ ini-cronuclei ab 't he

tel,rad siage"

{vetu barbata (Ta¡te 3).

El-even aneuploids r.,¡ere ob'r,ained fron x-irradia-,,ion of Avena barbata

panicles" 0f ihese, -bhree hrad 27 chromosones a'r, nii;oi;ic inet,aphase

(ttate IJ{, Fig.l). One of i:hese plan'r,s (ttrat from óOO r) fraa multivalenì;

associaiions at diakinesis and rneLaphase I (ltate rx, Fig,2), lagging,

bridges, and stickiness (rtate rJ{, Fig"J) aì; anaphase and, ie}ophase r
and II, and 0 io I nü-cronuclei per tebrad (Ptate IX, Fig.ó)(ttre rinajority

of 'cei,rads had 2r3 or l+) 
"

Three plants had rooi iip counts oi 27I * an acentric fragmen.L
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PLéTE I-a\" Aneuploids in A-'¡ena Species, Av__elìC ÞgqÞg_tg.

Figure J-" Root tip metaphase vrír,h 27I "
Figure 2. Diakinesis rriNh tzII+ a fragneni;.d CIV,

Figure J. .Anaphase Ir with stickiness"
. --r-r ^VIl'l-gure 4. l'lefapnase J 1',1-l-in JI + U o

Fißu-re 5 " Anaphase I r,¡j-th lat,e ciivisi on of 2 uni-
valenùs.

Figure ó, Tetrad. stage shor.ring rnicronucl-ei,
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(nlate X, Frg.l)" One iras induced. ai 300 r aird t'¡ro ai óOO r, These

pianbs had neiotic configura'¿ions of 11Ir -, CVI, (etaue IX, Fig.d),

tzII -l- OIV and. t3II -i a heteronorphic bivareni, There',uere laggards

a-b anaphase l- and i;he univaleni disjunction l¡as l3:f5 in i;he rnajoriì;y

of cases, Laggards and bridges 1^¡ere present ai; anaphase 1I, and

i;here were micronucl-ei present in both diads and tetrads.

One plan-u i+lLr- 27T -i- a cen'Lric fragment (Plate X, t¡ig.4)

induced by 3OO r ,'(-irradiai;ion. It had HrÍCs r,¿ith t4IÏ, 13II .-

. - ^IT ^IVand r2-* + C*' a'i; rneiaphase I" fn sone raeiaphase plai;es 1,here

io 'oe a f ei^,' very snall univalenis or iragments present. There

nicronuclei in the t,e-brads,

óOO r gave rise io one piani w:ith 27I * a dicentric ch::oinosone

(eiate X, Fig.6), /it me.Laphase I ii; had cells r.rith l3rr -' CÍII, t3II -r-

Ti- -l- i e,xtrerrtely long L 11, had a bridge a'b anaphase I and ri-i-cronuciei

in te'r,rads" The renaining 'bhree planis l,¡ith abnornal m-itotic chrorrro*

soïûe coun-Us consisbed. of iwo chùneras; 27I i dicen'r,ric sateli'Le chromo-
TT.T-fr'

sone - 27' - 2B', and 26' -r Íls - 27' - 28' and one plant l,rith 2ejr ¡- a

very s:nall satel-i'i;e chromosome,

$ero_+È (ta¡re 4)

Pl-ants of gv_e¡Lg ].2¡19_ti", 4v_g& Ugas'r,3å and !¡._eg -elriåqsa yielded. a

1;o*ual of fi-ve aneuploids fro¡n X-ray irealnient. The resul-is from all

'r"hree of ihese species i"¡ere buiked because of Lhe smatl nulbers of

seed sei in each species and a lacic oÍ a signiíicant dii'ference bei,i^¡een

i;he species r,ri.bh resl:ect io bhe daia col-Iec-,,eC" The aneuploids consisted.

I.¡as

2T

appeared

l¡ere also
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ro4itr_å" Root fip chronosomes of Ave4a species.

Figure 1" 
iï!"i-^3::"ilr3 iHåiå*r:pecies 

r'riì;h

rr; ð1ìÞ^ 2 o I'fe'baphase of a diploid species ruiì:hr ¿.'." v ¿o 
il"i;ä*;nie¿ chromosomeso

Figure J " Anaphase of a diploid species i.rii;h a
chroma'bid break.

Fi-gure d" Þletaphase of A" -q?l!a!a, 27r + centric frag-
rnenL " 

icinrna Jo l:,Íetaphase of A.l2slbata, 27- * acentric frag-t +.'.* 
rûent n

Figure 6. Porì;ion_of a metaphase plaie of .4.. þlrÞlg
tt.aLh 2?L * a dicentrj-c chromosorne ø
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- ,^Ioi' one fJ- derived froin 600 r and ivhich diecl aù Uhe seedling stage,

one 13r rL a ceniric fraginen'l, frorn 3oo r, one i^riih l4r+ an aceniric

fragrneni; (etate x, Fig.l), and two i.¡-ith l/e fragmenied chrornosomes

(erate x, Fig.2). These are presented in Tabre 4 v,r-ith iheir fre-
quencies. The Lt*r -', f and both fragrnented li+rs died as seedrirgs. The

plant i,,rith llr * cf had pi,icrs r,ri¿h 5rr * crv, 5rr * crrr + j-r, 5rr , ftv
and a fewwith óII + 2I and ?II ^t netaphase I. Occasionally bridge-l-jke

siructures ruere present at anaphase I and rni-cronuclei r,¡ere ;oresent a'b

both the diad and ietrad s'bages. One planb on root t,ip exarnination had

a chromatid break (rtaue x, Fig"J)u However, aL metaphase r in pi.fc¡s

. -IIl-*u lfâ.O. / .
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DISCUSSION rrÀD COI{CLUSIOI{S

The value of nonosoni-ics in genetic and cybogenet,ic analysis of

polyploid species has been r¡elI establisheci part,icularly in corïìrnon

i'¡heat and tobacco where cornplete series erist, ri is obvious .,,hat

si¡ril-ar sÙudi-es could be conduc-r,ed on oais rr¡hen such a series has been

completed" Conseo,uently, bhe 2I different monoso¡rics must be produced

as soon as possible' The results of the present study ind.icate that

large nurnbers of nonosorr-ics can be induced artificial1y. Although

chenical treatment and sonication did not prove to be efficient inducers

of aneuploidy, ro'¡¡ doses (3oo r) of x-irradiation r,rere highJ_y produc-

tive. The effects of each of ihe treatrnents applied luill be discussed

bel-orr¡.

I. CH]tr1.{ICAL TREÀTÌ'TË]NT

The at'L,empt io produce aneuploids, specifica[y rnonosorir_ics, by

ihe use of chemical mutagens r\ras noL successful . irfany ùheories have

been postul-ated concern-ing the node of action of chemical mutagens.

Ii has been generally accepted that chromosoroe aberrations induced by

chenical agents are due to chrornatid breakage and. to inactivation of

Lhe centromere or tdynalri-ic centres of ì;he chromosomef, Reverr (ló)

reportedin vitro studies with DNÀ, RNri and polynucleotides. He states

that in some cases ihe chemical r,rouJ_d, affect all three co;nponents.

Oiher rru'r,agens hor^¡ever affected only one or iwo of the ihree,

The inost r'ridely accepted theor.y concerning alkyrating agents is
Ì;hat the reagent reacts by cross-linkage between different Dlil¿ molecul-es
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and iheir phospha'Le grou'os ilrereby inactj-va1,ing them (10144), Experi_

inents have indicaied tÌra-r, compound.s containing energy-rich phosphate

bonds are invol-ved in ihe production of chromosome aberrat,ions by

8-etho>qycaffeine (L6'L7), The exact mode of aciion of either ldyleran,

an alk¡'Ìa'r,ing agent, or EOC is not knov¡n.

The resufts of the prelininary experimenis on sonatic cells gave

good reason to expecì; that chromosomal aberraiions could be induced in
ihe reproductive cetl-s" Treatment of seeds or seedrings presenis

cert,ain difficuliies " There r¡oul-d probably be a chimeral_ effect, of
mutai;ed sectors, a rapid. loss of cyiogenetic changes d.urj-ng subsequent

ni-itosis of the treated plant and ùhe overgrovrbh of nuLaied cells by

nonmutaied cell-s (36¡ " Il is possible that ¡ne-r,hod.s of applicaiion other

ihan those attempt,ed, such as an aerosol spray or a vacuum rneì;hod v¡ould.

be more successful" The yield of aneuploids in such a case l,rould have

to justify the labour invol-ved in such a treatment,

iT. ULTRil, SONTC VIBRATTON

Sonic vibration is a known and efficient, method used to disrupi
the cell i'¡alls of r¿icroorganisnns " This treatrnent requires only shorb

periods a',, a fai-rly low frequency, Ii was considered that sonic Lreat-
ment of Þreflo'¡¡ering panicl-es woulcl l"¡eaken ihe chemical bonds in Lhe

chrornosomes producing breakage such as was reported by l.Íatlace (49).

This may in fact have been the case in tire few rnonosorn-ics found írom

bhis treatinent" sonlcation increased. ì;he frequency of aneuploids onry

slightly above ihe control.
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III. X_IRÊ]IDIÁÎIOIV

x-irradiat,ion of preflor^rering panicres of À.s+l¿va i-s an effic_
ient nethod for bhe induction of monosom-ics" As was menbi-oned before

Ùhe ùreatment of seecis or seed.lings -r,rouìd be i-mpractical" Greaier

efficiency wourcÌ be obtained. by irradj-aion of gametes or zygotes. Tn

1930 Stadler (45) explored the advantages of using zygotes or pro-embryos

for inducing mutation' He found several difficul-r,ies inherent in these

roaterials and no further studies v,rere cond.ucted. The garnetes i.rere

considered to be the best, cells to ireat in this study as a greater

range oÍ aneuploidy could resul-t here ihan froin treated zygotes. Trea.L-

nent of i;he pollen or egg as separate units presents a problem" This

lr¡oul-d inVol-ve artificial pollination and securing a large nulnber of

seeds from this method is exbremely difficuJ-i;. It seerned necessary

-r,herefore to i;reat the r'¡hol-e fl-ower" The resul_ts obt,ained i,¡ould be

a cornbina'r,ion of egg and pol1en treaiments.

rt is corirmonþ accepted ihat radiation produces its effec-r, on

i;he interphase nucr-eus or at early prophase (ssr43',, Ai this ti,ne

the chromosomes are long, very fine threads, and therefore more sus-

cepiible to breakage by a radiation hit than in the more cond.ensed

stages" cos'ba Rodrigues (Z) 
"uss"sts that monosomics are produced b;r

radiaiion when a break occurs in the tv¡o chronatids of a chromosone

l'rith consequent formai,ion of a dicentric and. an acentric fragment, The

fragmeni; rtrill- be I os'b and the dicentric becomes involved in a breakage-

fusion-breakage cycle during the earry di_visions of the ernbryo and.
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is l-ost too. A second mechanism concerns the produc'bion of doubl-e

monosonúcs " A chrona'cid of each of ir"ro non-homoJ-ogous chrornosomes j-n

a rn-tcrospore or a megaspore are broken by radiatíon r¡ith subsequent

rejoining forrcing a dicentric. This r,¡ould. undergo the same fate as the

dicentric described above forrrring an n-2 daughter cell" upon union

r.¡iih a nornal garnete, 40 chrornosome zygol,æ are Íormed. deficient for
the two nonholnologous chrornosolnes" A third rnechani-sm whereby a mono-

sonr-ic is produced could be by radiai;ion inac|ivation or di sturbance

of the centromere, .4. chromosone thus affeci;ed r,¡ould suffer non-

disjunction or divide late so that n-l and n*l gametes coul-d be formed,

Such action could account for i;he low frequency of ',,risonics observed 
"

There is a fouri;h possibility as r,rell, that of extreine fragrnen'i;ation

due to radia',,ion r,rhich rnight cause the ross of a chrorílosomeo

Fron Tairl-e II we see the Írequency of l-ow chroi:nosone nuirLber

plants is very low and ihal, alJ- of these resulted fro¡n 'uhe higher d.oses

oí radiai;ion. rn these cases 'uhe a:uount of chromosome damage l.,ras

probably verlr high and all- four of the above had occurred." The aciual

frequency of such aberrations is probably higher than observed due to

ihe sel-f-eh-mina'¿ion of highl¡' aberrant garneies invol-vecl in zygole

formation.

0n the basis of chance, ì;he production of nulriso:rúcs is highty

i-rnprobable since this i¡¡ou-ld require the u-nion of two n-l gametes bo-L,h

deficienb for the sarne chromosome" The fìfteen l¡O chrornosorne plants

found in the progeny of radiated pareni;s and Ì;he one produced bJ' sonic
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i,reatnenl were :nost liJ<ely double monosoi'nics o l',leiotic e,xa¡rinatlon

did in fact indicaie ihis " The f ew cases of coinple-r,e pairing could

be due to hornoeclog¡,. ¡s¡oreen i;he urr-ivaleni chroärosomes,

The fragnen'bs in 1,he sornaiic cel-ls of a nuinber of plants resul ted

from fragrneniaiion induced by radiation and iheir subsequent persisi-

ance ihrough iútosis.

Älthough polyploids are phenoiypically more resis'r,ant to radia-

tion effects i;han the lower level-s of ploidy, 'uhis is an expression

of gene dupJ-ica'bion ratherbhan one of actual resistance. The sensitivity

of individual chromosomes io radiabion does not change in pol¡rploids"

Conger and Johnsi"on ( 6) found in diploid microspores o.f tfg{i-qs_çgnt¿a

(ii,rice the i;argel size) i¡rice the m:-nber of chroinosomal aberrations

than are induced in haploid cells" Thus although irradiabed polypioids

show fei.¡er inui:ai;ions than diploids, the polyploids shoi.v higher

frequenci-es of chromoso¡ne aberraiions (42), This inverse relationship

is evi-dent from the data on phenoi;ypic abnormalibies presenÌ;ecÌ in

Table 5"

The percentage of aneuploids produced is noL proportional to the

l-evel of ploidy, hor,rever. AEç.na ¡qfÞlg yie]-ded a high frequency of

chromosome aberrations. This roay have been due 'ì;o the temperature

shock the plants received as r.¡as poinled out earlier, The nunbers of

aneuploids found in the hexaploiC and teiraploid species increased v¡ith

the dose. In the diploids there þJas an inverse ratio.- This effect is

probably due io i;he replicai;ion of geneLJ-c maierial- in the higher ploicÌy
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I evels ihereby relieving pari of the l-ethal effect the aberrations ma;'

have, The di-ploids horvever v¡ould suffer i,he íull- consequences of any

radiaij-on darnage,

The aneuploids induced by radiai;ion in 'bhe iei,raploid and diploid

species of .A,vena, arose through the sa¡re mechan-isms proposed earl-ier.

The monosomic plants indicate ihe forma'r,ion of n-l- gameì:es. Those

with centric fragrnents could have arisen througir chromosome fragmenta-

iion and persistance of the centric fragrnent and those vrith an acentric

fragnrent through continuation of i;he fragment during cell division"

In tl.¡o cases a dicentric chromosome r.ras found in root tip ce]ls.

Tìris chromosoine, i-nsteaC o.í becoming involved in a breakage-fusion-

breakage cycle, probabl¡r divided longi'uudi-na1l5' and persis'r,ed 't hrough

subsequeni divisions"

Ii can be concluded from Lhese sludies that chernical and ul-tra

son-i-c Lreatmen'b of preflowering panicles of Á.vena qqt-iva do no'r, appear

'oo be eÍ'fecient me'uhods for the induciion of monosornics in tha''r; species"

On the oiher hand, X-irradiation of the panicle proved i;o be a highly

efficient and. simple raet,hod" The ¡nonosorrics induced at 'r,he 300 r level- of

X-iruadiatj-on are for 1,he rnost part meiotically nonnal and 'bherefore

this treaiment can be recoinmended for produci-ng the cornpleÌ:e series in

oal,s.
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