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INTRODUCTIONR

Honmoploid individusls have been cbeerved to ocour in several species
of plants st varying, though ueusally low, frequensies. Sponteneous or
artifieinlly induced doubling of the shromosome complement of eells im
sectors of the pistillate end steminate meristems of the monoploid plants
grestly inereases the chantea for suseessful self-fertilization. The
homogygous diploid lines so produced are the genetic equivelents of
advranoed pensration inbred lines.

This procedure has certaln adventages over the customery preotice
of salf~pollination for e number of generatioms t0 produce inbred lines.
The frequensy of ocourrence of zygotes, homozygous for sertain desirable
genes, in the progemy of an inmdividusl heterozygous for the gemes in
question, will be the square of the frequensy of ccourrence of the
gemetea carrying the desired genes. The monoploid method fixes the
genetic aystens of individual gesmetes in testable, reproducible form.
The resultant sporophytes are sompletely homozygous and should prove
advantageous for the study of certain breeding probliems.

These homozygotes would offer an opportunity for the study of
heterosis {n a new light resulting in a clesrsr explsnation of hybrid
vigor from the gemetical point of view., The comparison of releted
populations of lines derived by the doubling of momoploids and lipes
obtained by inbreeding sad selection would be expected to yield in-
formation 28 to the effeativenssas of breeling msthods in excluding
deleteriocus genes.

The diploids derived by this methad oould aiso be utilized for
the atudy of expsrimental Jdesigns in the fleld and for detormining

the residual variability due to enviropmental faelors.



Testing of tho momoploids themaelwves for certain agronomis chareg
teriastics, such aa disense resistense, followed by bhaokerossing the
plents so teasted to the aource stook should permit the development of
heterozygous atoeks with high frequencies of desired ganesn.

The development of a practical method of breeding ocorm through
the utilization of homogygous lines odtained from the doubling of
monoploids will depend upon the obteining of a ressonsbdly high rate
of monoploids from any particular stock, represeating desirasble gemetes
for oorn produation, and on the successful doudbling of such monoploids.

This atuly is an investigation of various sapects of these problems,



REVIEW OF THY LITEBATURE

The literature on perthencgenssis, haploidy, snd colchicine tech-
niques is rather extsnaive snd a complete review is beyond the scope of
the present study. Thersfore, only that portion of the literature ocon-
gerned with the more pertinent saepects of the problem which have been
investigated in the higher plapnte has been sslected for review, Also,
little of the literature dealing with the oytogenetic aspecta of the
problem hea been included herein.

The torminclogy of the partiocular author hes, in sll ocusea, dbeen
retained. Jertein portions of the review dezling with allonolyplodd
species, such es those of the gerus Nicotisna, will present data and
obasrvations oomseraing haploid plants whish are not monoploids.  These
mapers heve bson included for review besauss of the similerity of the
basic processea and problems %o those of apocies whore the hanloid
plants ere $rue monoploids,

Haploidy wea first cytoleogioslly proved and reported hy Blakeslee,
Belling, Yerphem end Bergner (1) in the gemus Daturs. With incrensing
knowledgoe and refinsment of techniques in the fields of genetics esnd
plant broeding, numerous instepees of the coourrence of haploids in the
higher plants have beem reported, | Their oeourrence has boon noted in
the following genere, smong others: Capsioum, Crepis, Dature, Frageris,
Gossypium, Hordeum, Lilium, lLycopersicum, Nicotiana, Uenothera, Solenum,

Jorghum, Triticum, and Zea,

In all genorz, the detestion of the parthencgenotic haploidas is
posaible in hybrid progenies of intyrs. or interspecific and intergenerie
orosses primerily by thelir ressmbdlance to the meterasl $ype in contrast

to the pasernsl type where dominapoe is involved. The opposite situation



exists where eadrogenetic haploids ere diatinguished by thelr resemblancge
to the paternal type in contrzat to the maternal type.

4ith feow exeeptions the frenwency of ocourrencs of haploids has been
very low. Botween 1951 and 1937, Samtine, Blekesles, and fvery (40) {so-
lated 73 Deture haploids from 8 population of 410,000 individuels, a
frequency of about 1:5,800, Jobansen (28) reported sn unusual frequency
of 1:100 from one commercial lot of barley. Harland (28) found a rate of
1 heplold among 3,000 to 4,000 plentas of sva-island cotton. Jomes and
Longley (26} discovered 11 haploid plents emong approximetely 300,000
rise plants. Xatayama (27) has observed them %0 ocour at & frequensy of
0«48 per cent in Tritioum monoccocewn. Smith (41), however, worked with
the seme speoies bdut found & frequeney of 0.1 per cent or 1:1,000,

Ubservetions by Rendolph (39) have indiceted thet the freguensy of
the parthemogenetic development of the egg mucleus in meize under the
stimuli of pollinstion and normal endoapers development ie of the order
of a#e in two thousand, or 0.08 per cent.

¥More recent inveatigetions, however, have shown that perhaps the
frequency may more oloseiy approximste one in one thousand, Chase (4)
reported obtaining 43 moncploids from 358,684 seedlings, e frequency of
1:900, Zinset {(12) found that progenies fyom trisomic maize plants
pollinated by normel diploids geve a frequemay of monoploids of 1:9958,
¥requenaies have varied, however, from 1:100 in & diploid multiple re~
ocessive teater used dy 3tedler (unpublished) end reported by Chese (4)
to 0:14,648 obtained by Fortuno (18) mmong progenies of five open-
pollinnted mnize wurieties.

The euploid reduction of shromosoms pumbers thot produces haploid

sporophytes hza been cbservsd to be asocompanied by certain changes in



morphology that ere gharacteristic of the monoploid eondition. These
effegte, as would be expested, sre a reversal of those which have been
widely observed to occour os & result of euploid inoressea of ehromosome
nuzbers. The addition of & complete penome hag besen noted %o hring

about an increase in size of muclei, cells, and some organs, as well as
prolonged vegetative growth periods snd eertain physioclogicel slterations.
These effects have been reported by Elmsweller and Ruttle {13), Kostoff
(28), Nogzle (36), and others.

The most direct changs resulting from the initiation of the mono-
ploid condition is that of a redustion in the size of cells and nuclei.
Kostorf (28) studied the ratio of both linear snd volume dimensions of
cells of heploid snd diploid forms of three species of Nicotians end
Crepis sepillaris. Root oells, stomatal eells, end pollen mother cells
were mpasured during the ocourse of the study. The least smount of change
occurred in the linear dimsnsion of pollen mother cells of X. sylvestris
where the oslls of the diploid form were 131 per cent larger than the
sells of the heploid form. The date on the three apecies of Nicotiens
were further substantiated dy the seme muthor in a latter paper (29).

Gates and Goodwin (18) noted that the eells of a haploid Cenothers
rubricalyx wore amaller than those of the 4iploid fomm. Similarly, Geainas
end Aese (17) found that haploid pollen mother cells of Triticum sompsgtum

humboldtil were smaller than those of the diploid plants. Dwerson (14)
reported that the mesan diemeters of nuclei of pollen mother cells in the
diploid and haploid forms of Cenothers frrmngisecsne were 12.9 and 9.8
miorons, regpestively.

Naveshin (34}, who worked with & polyploid series of Crepis
capillaris, found a stromg pusitive correlntion betwspn the chrometin

nmess as mesgured by the length of the chrvmosomes in the meristen cells



af root $ips ss they appeered in metaphase amd the cell volumes. T
noted that the oell areas and eell volumes of the haploid fomm of this
species wera not quite half ss large ag those of the diploid form,

The work of Yettsteinm (45) and Kostoff (29) has demonstreted that
the morphologienl alteratioms of haploids and sxporimsntsal sutopolyploids
are ultimetely due to alteretioms in vell sime., Haploids usually appear
as more delicates pane-forms of the diploids with & reduction in size of
various orgens end plant parts.

3mith (41) observed that the lsaves of haploid Tritisum monososoum
plante woers narvowsny snd ghorter then were lesves of the diploid plante.
Heploid Crepis oepillaris plants were shown to ressmble reduced diploids
by Hollingshead (25) but they differed scmewhat in leaf shape.

Chase (8) noted that e morphologionl charsgteristic of maize mono-
ploids oould be used to Alastinguish them from diploid plents.e The first
asedling leef of mopoploids was found to be leas than one-half ns long 88
the oomparsble leef of diploid seedlings of the source stock im almost
8l instances. PFortuno (16) has also noted an altered leaf appesrence
in haploid msize plents,

Effects similer to these have desn reported in verfous species by
Blakeslee, Belling, Mernham snd Bergner (1), Brown (2), Christensen end
Bomford (6), Emerson (14}, Gates end Goodwin (18), Lemm (30), Lindetyom
end Koos (31), MoCrey (32), Hordenakiold (37), end Tometorp (43).

A greet meny of the heploids obessrved in plants hsve srisen among
hybrid progeniea of interspecific or intergeasric crosses. Por this
reason, it hes been held by verious workers, as for exmmple, Kostoff (28),
that hybridizetion is one of the more effeotive methods for the production
of haploids.



By orossing Risotiane rustice by Solanum miprum, Petunis violsceas,
Lycopersioum egoulentium, Atropa Belladoms, snd Daturs stramomium, Ivapov
(74) attempted to study the effectiveness of hybridizetion in the pro-

duotion of haploids. Only one vighle seed was obtuined smd it wes &
parthenogenetic dipleoid Lyscperaicum esculentum,

In Triticum monogoccum, 3mith (41) obmerved 49 haploide smomg
2,478 hybrids (2 per cent) after orossimg with T. segilopoides end 7
emong 8,700 individumle (0.08 per cent) from nsturelly selfed progemies.

Haploidy wes obgserved in Cenothere by Davig end Kulkerni (9) withe
out employing eroesing, while Umerson (14), Getes and Goodwin (18), and
Catohesids (3) foumd heploids in the seme genus efter interspecifie
hybridization, Davis (8) feiled to induce the development of haploids
in Qepothera Lamargkiene by pollinatioms involving wide erosses.

Similerly, 3atine, Blakeslee, and Avery (40) have reported that
the frequency of haploids in Dature from gselfed progmies does not differ
from that ip progenies from intere- and intraspeeifis orogses.

The firet two Datura heploide obtained by Biskeslee, Belling,
Farnhem, spd Bergner (1) were from & group of ahnormally sppesring indi-
viduals secured in an attempt ¢o induce ¢hromosomel irregnlarities dy
the applieation of oold as a stimulus.

Rendolph {38) found & baploid im Zes in meterial treated by heat
during the gcourse of an experiment designed primerily to teal the
affects of hest treatments on the fertilisation procesa,

Aooording to Kostoff (29), the experiments with temperature led
Heberlandt (21) to believe thet necrohormones from dying cella in the
peighborhood of the egs served %o etimilate {ts parthenogemetie
development. However, CGustaefsson (20) rejected the idez of the stimulus



of the necrchormone. He believed thaet the development of thes egg-cell
wes, in moet orses, sutonomic and was not determined by any stimmletion
from dying oells in alome proximity to s,

Mpchanier) stimulation of cells snd nuolei in the ovules without
fortilization wos attempied by Davis {8) in an effort to induce parthe-

nogenesis. Some 200 ovaries of Cenocthers lLemarckiena were pricked and

sleshed without sucoess.

Chemical tiwatments to induce parthenogenesis vers attempted by
VYen Overbesk, Conklin, =nd Blakeslees (44). A non-visble pseudoembryo
consisting of several hundred eslls derived from the inner layer of the
integumemt wap produced by the injection of mephthaleneacetic asid into
overiss of Deturs stremoniume. Several other substances injected in oom-
Mination with suxin failed to induge the formation of viable seeds.

Smith (41) found that by delaying pollination in Triticum momocoogum

the per osnt of haploids in the progeniesn wes increcsed merkedly. By per-
nitting 3, 6, =nd 9 days to lapse detween the opening of the rirst florets
and emnsoulntion, he obtained heploid frequencies of 1.1, 5.4, 2nd 20.6
per oent, respsotively.

According to Smith (41), Stadler (unpublished) had mot increnged the
frequency of haploids in meize by delaying pollimetion.

Fortuno (16) found that the fregqusney of the oseurrence of haploids
in maize wes pot inereased by delayed pollinstions for periods of efght
or twslve days,.

Chass (4,8) obdtained similar evidence that delayed pollinetion of
itself 1s not a pufficiont explanstion for the wide wvoriestions of fre-
quensy of haploidy recorded in maize.

The frequency of monoploid development in maize waa found by Chase

(4,8) to bs largely derendent unon the ased stoak emd pollen parent used.,



Certain atocks when used as soed parents temded to produce significantly
higher frequencies of monoploids then other stocks, irrespective of the
pollen perent used, end similarly certein stocks when useéd ng pollen
parents tended to produce higher frequencies of monmoploids than others,
irrespective of the meed parents involved., Thus, the setus) incidence
of mopoploida cbteined in the propeny of any particulsr eross was found
to be infinensed by both parents in spite of the 80t that the pollen
parent contribduted nome of 1ta psnes to the monoplcid plamt, Diploids
derived from monoplolds wore found to be particulsrly favoredle parthe-
nogenstic stocks.

The artificiel production of haploids by Y-rey trestment of the
femnle orgens or poller cells has bYeen preacticed rether extensively,
hut the results obtained by the various workers do not eppecr to be
uniforn nor conclusive.

The T4 rst heploids derived br Yersy trestment of pollen were Obe
teined by Stedlor (42) in corn (Zes meys).

Katayeme {27) loceted 2 haploids smopg 38 individuslse (5.26 per

cent) produced by spikes of Tritioum mopococcum X-reyed during meiosis.

When mature pollem wes irradisted and epplied to nowmal pistile many
more haploide (17.58 per cent) were derived. Wher irrediated pistile
were pollinated with mormel pollen, po haploide were obteined. Katayams
conoluded that the sperm nuclei from irrsdisted pollen mother oells
sometimee degonerated after gntering the ovule, without fusing vi th the
egg, but thelir presence stimulated the egg to develop parthenogenetioally.
Kostoff (29) interpreted Metayeme's observetions ee definite proof
thet pollinmtions with X~reyed pollen greatly inoresses the frequency of
haploids but sssumed s$hat the frequency would vary with the strain of the

species used.
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Agcording to Portuno (18} Yefeiken and Vesiljev (47) also studied
the effsats of Xeray treatment of pollem on hapleid frequemey in & Tri-
ticum species and verieties. They found 2 haploids amomg 35 seeds
obtained (5.7 per domt), one a T, porsioum ver. fuliginosum, end the
other & 7. digoooum var. rufum,.

in endrogenis haploid exhibiting all the recessive gharacters of
the mnle parent was obtained by Geressimova (19) from the progenies of
Crepis tegtorum flowers treated with X-reys and pollineted with normel

pollsn,

Pollowing Xeray trentment of pollen, Ivamov (24) loosted four
Hicotiena rustice haploids. The variety humilis when orossed with the
variety texsna, its pollen subjested to a dose of 17,000 r., produced
one haplcoid emomg 17 plemts (1. o., & frequenoy of 5.0 per cent). Three
othsrs were obtained among 21 plents (i. g., = frequenoy of 14 per cent)
following the resiprocel cross with the humilis pollen subjested to a
dose of 26,000 r,

Smith (41) found thet Xersy trestment of Triticum mopocoscum did
not ineresse the frequency of haploidy under the eomditiona of his
exporiment.

Heploids have been obaerved to oceour in rﬁlati:m with polyembryony
in various species. One of the more extensive &udies of twin embdryos
was conducted by Herland (22) using Sea Islsnd snd Upland types of
sotton and the hybrid Cossypium hirsutum x G. berbedense. He found 20
twin-embryo oeeds smong several thoussnd sseds of the Jun Island atrain
V. 138 in which one of the embryos wms ususlly much smoller than the
other, From thess ho was sble to raise 14 haplo-diploid pairs %
maturity. He slao obtained & haplo-diploid twin from the Uplend sottom
{G. hirsutum) and cbmerved cases of twin smbryocs in streins of mixed
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8. hirsutum - G. berbadengs sncestry, st leest one of whish wea 8 haploe
diploid twin pair, Me provisionally eomeluded that not only a geneties

" busins exiatsd that comtrollied the Irequency of ogourrence of haploids in
difforent strains, but thut the degree of fortility of the haploids wss

alao & function of gemnstic gonatitution.

Sooper (7) studied the finsilence end relative developwent of twin
embryos, ome diploid smd ome haploid, in seven apecles of 1illum at
sarly stages of ambhryogenesis. The seven species ineluded the following:
Lilium pertagom, L. regale, L. superbum, L. elegems, L. Hemcyl, L. Hansont,
snd L. longdiflorum. He observed 108 instences of developing haplo-diploid
twin pairs from 9,500 ovules studied. Ume haplow-iriploid twin pair wes
alasc obtained by him from the oross, Nigotisme glutiposa x N. tobscum,
4s & result of his study, Cooper copmcluded that the ambryo arising from
the synergid develops slowly and ususlly disintegrates zt an enrly stoge
of development.

In Deturn, Setine, Blakeales, snd Avery (40) found 5 twin peirs, one
of which wes & heplo-diploid pair. Christensen end Bemford (6) obtainped
7 haploids from mearly 200 twin seedlings of Capsicum anmuym ver. %orld
Beater, Similayr twin pairs have been found inm the following speclea:
Solemun chaughe x 3. tuberogum (Lemm, 30), Hopdeum distichum (Tomstorp,
43), Seoule sp. (Kordemsikiold, 37), @nd Zea mays (Chnse, 4).

Instenges in whigh both meubdars of the twin pair wsre haploids have
also heen reported. Twin seedlings, bdoth of which were haploids, were
obtained by ilintaing (33) from the sutotetreploid Daotylis glomsreta, A

set of moize momoploid twins wma diseovered end reported by Ford (15).
Thus 1t woy be seem that four types of twin puirs have been reported:
double haploid, heplo-dipleid, heplo-triploid, and doudbls diploid,
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3tudies have boen copduoted on the origin of polyembryony., The work
by Cooper (7) hes previcusly been menticped. After en imvestigation of
polysmbryony im Almus rugoss, which reproduces by epomixis, oodworth
(46) believed that embryos may erise from a diploid egg, formed following
onigsion of the reduction 4division and by nuceller budding, or develop-
ment of the amtipodals, aynergids, or the endosperm.

Hislsen (38) concluded thet multiple embryos of Poe pratensis mey
asrise from: (1) the egg mnd & aynergid of ean exdryo sne carrying the
reduged chromosoms ausber, one member of the egg apparatus developing
parthenogeneticelly heosuse of the stimilative effect of fertilization
of the other; (2) two embryc sacs in whioh the eggs (or the egg of one
and the synergid of the other) carrying the gometophytic shromosome
punber had besn fertilised; (3) the unfertilized eggs, or from an egg
and amama”érmbm sage that aross by gomstic apospory; (4) from
egrs (or the agg end & smergld) of enbryv sses dsveloped through somstio
BPOIPOTY, m forming & diploid embryo and the other a telreploid by
somatic doubling of the dividing mygote; (8) two egg cells or from sn
egg and a synergid that arcse by somatie apospory one of vhich wos forw
tilized, the othor developing parthenogametiocally; end {6) from the
fortilized ofg derived from a reduced mesorvepore end from an egg of an
aponporous embryc sac, These studies are of interest se possidbly indi-
cating the mode of origin of single haploid embryvs.

Honoplolds sre frequently sterile due to the absense of homologous
chromosomes end the resultapt failure of synupsis. The degree of aterile
ity i3 usunlly quite high but has bBeen found %0 vary with the speties.
Blakealoe, st. al. {1) found thet haploid Dature stremopium plents were
80 per cent pollen sterile, A haploid wheat plent obtained by orvssing
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Triticun compactum humboldtil by Asgilops oylindrica wes reported to be
99.8 per sent selfl aterile by Uains and Asse (17). OSimiler data have

baen reported by Herlend (22), Kostoff (29), and others.

Spontanecus somatic chromosome doudling of gectors of the florel
parts end the production of diploid proganies fullowing selfing hus
been reported, Beosuse of this phesomenon, Lindstrom apd Koos (%)
were sicoessful in selfing heploid Solepum 1Lygopersioum plants.
Hollingshead (23) was quite wuocessful in selfing a haploid Cyepis
plant for the gome reumon.

Spontsnecus sometie diploidizmation in monoploid meize plants
osourred frequently m&k to psrmit Chame (85) %o obtain progeniss from
10 per cent of untreated monoploids frollowing self-fertilization.

3ince it is highly desiradle that monoploids produts selfed pro-
gonies, oolahicine technigues heve been employed &n an attempt to
inorease the frequensy of somatic doubling of the ohromosome number,

s review of the development, eotion, snd methods of the colohieine
tochnigque is not regerded as macessary asince this egent has Lesome
rather widely used for this purpose. An excellent review of the liter-
ature of the subjest has bdeen publiashed by Dermen (10) eand e listing of
the literature hes been oompiled by Rigsti {11).

Chese (5) indieated thet the injectiom of 0.05 per ecent colehdoine
snd 10 per ount giyoerine in an equeous solution into the soutellar node
of young monoploid maize seedlings appesred promising 8 a method for
inorensing the rate of doubling and redusing the degree of gelf-aterility.

Chromosome doubling has beem found t0 ooctur quite frequently in the
roots of haploids of some speties. Thus, Hostoff (29) listed the per
sent of 4iploid and chimeral roots of the haploid plamt of Eicotiema

Lengsdorffil, M. triplex, ¥, glutincse, M. tabaooum, eni Crepis capillaris
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es being 2 per cent, 23 per cent, 24.4 per cent, 36.8 per cent, and 63.6
per oant, respectively. Therefore, it is apparent thet eérrore in ssti-
mating the frequency of the occurrence of haploids mey be incurred shere
chromoscme oounts of root tip ¢slls are used for positive identifiestion
of putative beploids.

The verious studies on haploid plonts ey be sumsardized ss follows:

(1) heploids heve heen observed to coour in meny species of plants
but usually et & very low frequensy;

{2) heploid plents sre usuelly amellor and have a mors delioante
sppearance then comperable diploid nlents;

{3) Xwreys, hybridisation, and abpormslly low or high temperaturses
have been sugmsted as inorecaing the rate of the sppearante
of haploidas;

{4} mechenienl stimulstion, chemien] Sreatmenta, apd delayed
pollinstion heve mot been found 4o inorecee the rote of the
sppearspnoes of heploids in most instandes:

(8) heploids have dson found to cecur in polyembryonice aeeds; and

{8) haploids sre usuelly highly sterils but some doudlisg of ehro-
mosomes in both reproductive and vegatetive tissue ocours apd
this mey be increased hy oclebicine treatments.
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The pollen perenta currying unususl dominant marier gene systems
aslected for use in this study were an elite inbred line, B8l
(& Puy Pug), & brown lioe (a B Pl R}, and & single oross hybrid, browa
x purple (A B Pl R).

The metemel atocks used as monoploid source material wers of
varied origin. Four elite indbred lines that have been developed by
sonventional breeding methods and four imbred lines developed Ly the
wopoploid metihod were utilized in an attempt to gcompare the monoploid
frequenelies in progenies of indbred lines developed By the two methodn.

The four stendard inbred lines used were 38«11, ¥, W2E, and X6€.
The inbred lines developed by the monoploid method were H73, HRELE,
Held, and HEpS., Two single oross hybrids involving three of the letter
lines wers also used,

An open-pollinated wariety, Shoup's Krug, snd the fiyst snd second
cycle synthetios devaloped fram it by recurrent selection proceduves
ware used as meternal perents to study the effest of delaysed pollinstion
upon the frequensy of monopleid cecurmnce. Thease maternnl soures vaAr-
{etie s wore zlac used to study the offeot of the recurrent seledtion
wrasding method upon monoploid frequendy.

lerked seed obteined from Dr. 3. 5. Chese, lowse tate College, wes
elso tested during the sourse of the study. This material wasg Early
Gynthetie x N; mixed dents, moatly of 38i1ff 3talk Synthetic origin, x V;
mixed three and four way oyoseses, all of Jtiff Gtalk Synthesie origin,
x Vi snd {HR214 x Bl4) x Q~-aB,

The stzndard method of sontrolled oross-pollipstion wos uysed in
moking source x marker ¢roases. Deloyed pollinations, designated aa
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lete in the summarized results, were mede by pollinnting the seed parent

after the tips of the extruded portion of the silks were ocompletely
desiocated. Theee ears were checked &t the time of harveat and any
beering ketnels in a position Other than om the proximel half of the
ecb wers discarded.

The marked kernels were germinated in en unlighted germinator at
26° ¢. end examined each day for the appearansce Of the markesr phenotype
on the seedling roots. All seedlings exhiditing the mmrker charactore
istiec were dimosrded at eoch examimation. Classificetion was completed,
with most of the material, within geven days after the materisl entered
tha gerainstor.

A% the time of the rirst classificstion, & check wes slev nede for
kernels resulting from escidental self- or cross-pollinatioms. Sinos the
pollen stocks most frequently used earried the genea for purple slourone
{A; Ag Ay C R 4 Pr) og wll =a the plant merker genss, kermels not show-
ing the aleurone marker phanotyne were discsrded.

Root tips for oytological study were taken from each putetive mono-
nloid seedling after the gereening prooess was completed and killed in
Formel Aeetic Alochol or 3:1 Aleohol-isatic soid solution., Chromosoms
counts vere made aftaer the Mot %ips were aqueshed end stained with
soato~garmine or propino-carmine, Colohioine trestment was carried out
before the seelilings were poim by injeotion into the ascuteller nods of
en aguesous solutiom of colehdeine plus 10 per cent glyverins. Concentre~
tione of 0,08, 0,10, and 0.18 per ocent eolchioins were used,

The putative monoploid seallings wers tramsferred to the greenhouse
after treztment for morphologicel observeation. The length end wldth of
the firat scedling lesf was mecsured after the leaf was fully extended,
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The upper surfece of this leaf was furtbsr used for microvscopie detere
mination of the gize and nuwber of stommta. Stommtal size weg messured
by the use 0of sp ogoular micromster at & magnifioation of 440X, Stomate
counts were mede by determining the mumber of stommta i{n a row parallel
to the direction of veination of the leaf across the maxi:mm dismoter
of the mioroscopic field st 440X,



RESULTS
Frequenoy of Megoploide

koroplold plants were found to oceour st relztively low frequenciss
in 811 of the mederiel tested. The mean frequency of monoploidy, as
shown in Table 1, wes 0.82 per thousspd plants teated. The mixed three
and fHur way orvases, all of Stiff S%alk Symthetic origiam, two of the
inbred lines developed by the monoploid method, H?3 and HE228, and the
four inbred lines developed by longetime selfing, ¥i9, 38«11, W22, end
X8, gave frequencies oonsiderebly higher than the mean fregquency for
all matericl tested when umsed as seed stocks. The frequency of 2.43
monoploids per thousand plepts of the progeny of the sross H73 x
{Browm x Purple) is signiffcant &t the one per cent level as measured
by the Chi-square teat for goodoess of fit to the meamn frequency for
all materisl tested. The frequency of 1.23 monoploids per thousand
plants of the progeny of the oross involving the mixed three and four
way crossea, 81l of 3%1fP Jtelk Synthetio origin, X V ia aignificant
8t the five por ocent level as metgured by the seme teat.

The data were further elagsified inte four groups according to
origin of the good parenta, The four groups wers: (1) inbred lines
devsloped by long-time selfing, (2) inbred lines developed by the mumo-
ploid method amd crosses iluvolving these 1imes, (3] meterisl origin-
ating from 354ff Stalk Synthetic, spd (4) meterisl originating from
the open-pollinated variety, Shoup's Xrug. The last group memtioned
preduced monoploids st e frequency considerably lower than the mean
frequency for all material tested. This d17forence is aignificent at
the one per oent level of probability es measured by the Chi-sguare
taat for goodness of fit,
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Table £ pressnts tho frecuency data for the open-pollinated Xrug
variety and the first sad seoond oyocle aynthetic varisties developed
from it by recurrment selection prucedures. The monoploids sre glassi-
fied as originating in progenies resulting from eerly or lete pollinge
tions. The differenoes in frequencies of monoploidy ere pot significant
at the five par cent level of probebility.

A portion of the matericl, that tnvolving 3B-11 as the pollen
parvent, was discarded bLefore the study was comploted beosuse of the
lack of axpression of the marker charsoteristiec. & relatively large
proportion of the progeay 4id mot exhibit the purple plumile sharage
teristic of 38«11 at any time before germination or after seven days of
germination, Both of the meternal parents for which data on the pro-
gonies were recovied, Table 35, ure yellow dent strains. Noth orosses
differed aignificently (P less than 0.01) in the number of progeay not
exhibiting the purple plumle charseter at any time. The frequency of
monoploidy wes not datermined for these groveses.

Twin embryos wars not found to0 be reliadle sources of monoploids.
Pifteen twin embryos were noted during the gourss of this study. Both
individuales of the twin pair wore proven to be diploid in fourteem of
these. The remeining twin embryo was of the dowble monoploid type.
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Teble 3 . 4 test of the expression of the 38-11 merker cheracteristic
when embryos were ¢lessifled through the perieerp ani after
soven days of germination.

T fotal ¢t %um;o color spparemt
Sead Parents : Progeny @ 1 After t Ko expression
H H P&;i&am 3 Qorminntion :
t st Per Lt : Per vent : Pepr Cent
H 3 3 H
Grlb=l H H H H
x 1 3,088 : B1.9 H 42.0 H 6.
i3 H H H H
’ 3 H 3 3
3 : 3 1
1 1,174 : 81.2 : 8.4 H 20.4
H : 3 3

Kmug 3yne I




Mortality Rateg

Seedling mortality rates were quits high in all of the meterial
studied. Tadle 4 presents the mordality retes for putetive monoplodd
St1¢f Stelk Synthetic sesdlings wdith and without colohicine treatment.
Chromoscie gounts wers not made on this aaterial until the plants were
moved from the greenhouse to the fisld, Therefore, the chromosome
number of the plants dying prior to this time &rve not known. Differ-
ences between the mortality rotes due to treatments are not signifioant
st the five per cent lavel of probability &8s messursd by the Chi-aguare
tost of goodmess of £it to the mean froguency over all treatments,.
Likewise, the difference between the mortality rétea of the planta thet
wore not injected s the Injseted group is not significant se measured
by the ssme test, All probabiiity velues obdtained were 0.1 Or leorger.

The mean mortality rates of monoploid seedlings from the eleven
seed parenta listed in Teble § for the three levels of consentretion
of solohiaine used are not aignificant at the five por cent level of
probability.
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Table 4 , Mortality rates of Putative monoploid seedlings from mixed
three and four way crossea, &ll of 3Jtiff Stelk Synthetie

origin x V parentoge.

: Total : Yumber :
Trestoent $ number of : of sesdlings : lortality
: _geedlings : mot surviving : % of totel
: 3 :
Rone : 178 : 2 :  18.1
3 i 3
1 : : ) 1
Colehicine 3/ : 0.008: 12 : ‘ 1 35,8
injected into : 0,058% : 20 : 6 1 30.0
scutellar node : 0,10% ¢ 10 s 1 : 10,0
1 0,184 : 10 : 1 : 10,0
s : 3 :
1 : :
Totals H 181 H 33 H

1/ Colehicins et the ooncemtratioms indiceted and 10 per cent

glycerine in an aqueous sclution.



injestion of colehicine at the indiented concentrations

Mortality of momoplolds from some dent stocks following
into the ascutellsar nodes of the young seodlings.
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Fert1lity of Monoplojds

The mejority of the monoploid plamts obtained throughout the course
of this study were completsly sterile. Some plante had snthers extruded
from within the glumes, Wt in no euse were there more than f{fteem
pollen eontaining enthers prodused on a plant &nd iz most instances
whers pollea wes produced it wns from one to three anthers. There was
e marked tendenoy for the monoploids, regaxdless of their origin, to de
protandrous.

™The dets on the fertility of a group of monoploids of like origin
are presented in Teble 6. Colchicine treatmant appeared to inoresse
the peremmtags of plants produeing selfed seed, but She differcnce be~
tween the colehicine trested group end the plants receiving no treatment
is not aignificant &t the five per cent leval of probadility as meesured
by the Chi-aquere test. Mo gonsistent trend wes found for the different
levels of copeentration of eolohicine.

The mean number of kevnels developed per fertile plant wes higher
in the nm~injected group than in the group which received injections.
An average of less than e kernsl of aelfed seed per plant wes obe
tained over all trestments, while for the fartile plants the mesn number
of sseds ranged from O to 7 per plant.



Table 6 ., Fertility of selfed mopopleids of mixed three and four way
srosasee, 2ll of 3t4ff Stalk Syathetic origin x ¥V parentege.

Troatmant

= K wE

Colehieine 1/

: 3
: s
$ H 0.00 3 Eﬂ% 3 ‘1(5 H 09&5
3 ? H 1 :
Number of plents : 2 2 4 5 : 2 2
3 H : 3 :
Fartile plents % t 1leB 3 28,0 : 40,0 : 0.0 : 8500
3 4 s 3 :
$ H 1 : :
Hesn pumber of kernels H H : ? 3
per fertile plent ;70 : 4.0 g 0, 0.0, 2.0
3 H H H H
3 s 3 ; :
Hean sumber of kernels H H H $ H
per plant treated s 08 ., 10, 0.4, 0.0, 1.0
3 H t 3

£
&

1/ Colehieine at the congemtrations indieated md 10 per ocent gly-
cerine in sn aguecus solution injecisd into the soutellar mode,



4n attempt wes made to determines morphologiosl gharssters of the
firnst seedling leaves that eould be used as & repid method of distin.
guishing between monoplodd snd diploid seedlings. The dete obtazined
for the charagters studied are presented in Tables 7, S, snd 9 and in
Pigures 1, 2, 3, 4, snd 5. The maternel and paternfl purent seedlings
were not injected with occlahicine vhereas the progeny were imjested.
The parentel sesdling leaf ehsracters, therefore, are not directly
comparable to those of the progeny dbut are inclulded ¢o point cut the
dirferences which woere found when the injection treeatment wes imposed
upon the progeny.

The leaf dste for progeny 8nd psrental seedlings of the orceses
igvolving thes Xrug sources &s the seed pevents are presented in Teble 7.
In general, the injected progeny, doth momoploid end diploid, hed
shorter and perrowsr lesves then the non-injested perents. The leaves
of the progeny were brosder with respect to thelr length than were the
leavas of the geedlings of the parsntal atooks. Thoe stomata of the
first seedling leaves of the paremtal plants were largar snd farthey
spart than were those of the lesves of the progeny. The date on the
erosses involving the four elite inbred lines, Table 8, amd the inbred
lines developed by the monoploid method, Teble 9, follow the trenis
illustrated by the Krag material.

The frequency distributions of the seedling leaf gharscters of
the progeny which did not exhibit the marker characteristics are coms
psred in Figares 1, 2, 3, 4, snd 5. The monoploid distridutions sre
bagsed upon data from thirty-rive geedlings and the diploid distridu-
tions upon data from twonty~four seedlings. The seedlings originsted



from the exwsees liated in Tadbles 7, 8, smd 9. The leaf charsoters
studied were gquite veriable i{n both populetions, There was 1little
difference in the ranges of the two types of progeny and the modal
elasses ure not widely separated in any of the five distributions.
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DISCUSSICE AND CONCIUSICHS

The frequeney of the oetwrrence of monoploids, slthough quite low
doces not appear to be the main fastor limiting the utilizetion of this
mthod for the estadlislment of inbred lines for use in & breeding pro-
gram, It 48 unfortunate that of the source material inoliwled in this
study, that from which a plant Dreeder would be more interestsd in
obtaining inbred lines produosd monoploids at a significently lower
frequency than the other sourdes. Any technique wheredy the frequenoy
of wmoploidy in the open-pollinetsd varisties could be incressed would
greatly eshance the value of the method for applisation in & breeding
progrem. Heither delayed pollination nor the sgromomic sslection prac-
ticed in the developmmt of the first and second oyoles Krug aynthetics
increassd the freguency of monoploidy over thet of the original veriety
pollinated when the pletillate inflorescences were fully developed.

The low frequency of oscurrencs of monoploids in the open-pollinated
varieties meay pavhaps be oiroumvented by backorossing lines vhiech are
known to have a high fregquency to the varisty and recovering ronoploids
from the backeross progenies. This would, however, ifmpose the neocssasity
of growing at lesst two additional generetions to provide source matere
{8l and would correspondingly deoreoase the desirebility of the method.

It appears that any seedling progexy not axhibiting the merker
characteristioa should be detained until mature for positive identifi.
eation of ell monoploida, TFour of the first fifty.one shromosome
detorminations mnde on monoploid sesdlings during the oourse of this
study were 4in srror as judged by the morphology mnd fertility of the
mature plants, All of the errors were in clessifying plants as
diploids wiwn they were in reality monoploids. This way be sn indi-
eation of the frequemcy &t whigh doubling of she shromosomes mumber



ogours in somatie $issue of monoploid oorn seedlings.

The high mortelity rete of the monoploid seedlings apd their low
foertility are the mejor problewms inherent in the mwopoploid method eos
used in this study. The low frequency at which monoploids wers found
to ogscur would not prohibit extensive use of the method {n a breeding
progran it {t were poasidle to obtain selfed seed on 811 or neerly all
monoploids detectod.

It i evident that 0.085, 0.10, end 0.18 per cent cclohicine ine
jsctions are not adequate ohromosome doubling treatments. Copcentrae
tions other than these, different methods of application, or other
chemicrls moy prove more satisfuctory. The injection method of
application severly injured some of the seedlings gubjected to it,
Although this injury w=es not reflected by o significant inoresse in
the mortality rate, it would seem desireble to use & method of
applisation whioh would result in less demage to the geedlings.

While 4t 18 quite eusy to distinguish momoploid from dfploid
planta on the besis of the morphology and fertility of the mature
plents, it wes not possible to distingish between them in the seed~-
ling stege under the gonditiona of this experiment, If & morphologie
exl ghareeteristis can bs found whish would permit repid eand positive
identification of monoploid seedlings, 1t would e extremely wveluadle.
The elimination of the time emsuming and exneting tesk of making
ohromosome gounts of the putative monoploid seedlings would permit
the seresning of mush larger populstions: I1If it were t© be of sny
marked bdenefit, such & morphologienl eharastaristiec would necessarily
have to be evident before trestments t0 inoresse the fertility of momo-
riloids were spplied., 3uch 2 charsoteristic may not exiast neturelly,

however, it may be peasible to induce its development by the differentisl



reagtion of monoploids and diplolds to some type OF treatment.

At leest three geperations are wrequired for the establishment of
inbred lines by the monoploid method. These gemeraticons are the followw
ing: (1) the gemeration mecessary o jwodusce the merked ¥y seed,

{2) the gemeretion in which the monoploids are dstected, growm %o
meturity and selfed, snd (3) & diploid gemeration to Rssure an ample
supply of selfed seed. Tonta of the eombining abilities of the lines
established by the monopioid method csanot begin until et leset ome
generstion of homozygous diploids haove been produced. The net assving
in time in the production of tested purs hreeding lines from untested
meterisl wiil not, therefore, be o5 great aa may Seenm apparent upon
superficial exsmination of the method.

The monoploid method, in its present stoge of development, does
not appear to be an effieient subatitute for long-time selling in mny
extennive ssarch for inbred lines ¢o replege those pregently used in
hybrid condinations. The lines developed by the monoploid method mey,
however, bde valucble in ¢eriein specisl gemetic and breeding studies,
If the frequensy of She ooourrsnce of monoploids omn be greutly igw
oreased or the fertility level ineressed or 1f the inbred lines
estnblished from monoploids prove to be greatly superior sgronomieslly
then those sstablished by long-tims selfing, the method will undoudtedly

sssums intressing luportence as a bhreeding technique.



SNSIRY

Approximately one humdred Yweaty thousand individusl plesnts repre-
sonting the progenies of eightesn crosses of corn wers examined for
monoploid sporophytes. lmoplolids were found to occour at a mean fre~
queney of 0,82 per thousand sesdlings soresmed, Jignificent differ-
snoes in the frequency of the cgourrence of monoploids were found.
Dalayed pollinetion aad limited sgronoiic selsdtion 41d not ineresse
the frequency of mopoploidy in the open~pollinsted wariety, Krug, sad
its dexivetives.

The high mortelity rate and low self-fertility level of monoploids
were found to be the muin fauctors limitiag the use of the momoploid
method for extemsive use in establishing inbred lines of eorn. Injeo~
tiona of 0,08, 0,10, and 0,18 per cent oolohioine molutions into the
scutellar nodes of the young monoploid seedlings 4i4 not significsntly
inorecge their self-fertility.

Length of the first seedling leaf, leaf width, the ratio of leaf
length to laaf width, stomata aize, and stomate frequency were not
found to elearly 4ifferentiete monoploid from diploid seedlings.

The monoplodd method, as umed in this study, was not foumd to be
superior to the long~tinme selfing method now in wes for the eatablishe-
ment of large numbers of inbyed lipas from previcusly untested metorial.
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