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It is rather surorising, in view of the large number of tetranloids
that have been reported, especially aince 1937 when the advent of colchie
cine rendered the srtificial induction of nolyploidy a simple matier, that
g little hus been renorted on the genstics of tetra loide, For the paszt
six years, the vast unjority of papers on tetrsnloldy have dealt with their
cytology, morphology, snatomy and economic lmporisnce. All of the importe
snt parers on the thesretical aspecis of tetrajnlold genstles aopsmared be-
fore 1937. Tince that yeayr the asount of tetraploid plant aaterisl availe
able for study hes increased muny-fold, yst the publizhed dsuts on inherite
ance in this imnortsnt group of plunte are vary uesger.

"he genetice of sutotetraploids is complicated by various factors
which are not encounterzd im the genetics of Aiploids. The o8t lmrertant
of these coanlicating factors lies in the fact that one of the funiaental
concepts underlying 4i loid genetics, that of "purlity of gaxetes¥, in meane
ingless in the 'iscusalon of tetrinloid genetics. In & tetrapleid, the
ganetes may be hybrid 2z well ss "puret. This lsads to a further conplica-
tion in the zygotes, nuwrely, that instead of having only ons type of heter-
szygote ss in the 1i:leid, we have thyree, which along with the two honoe
zygotes, give five possible genotypes Invelving sny one pelr of genetic fact-
ors. These Yive genotymes are knmown as Jusirinlex, trinlex, duplex, simplex
and mallirlex, zecording to whether thers are four, thrse, two, one or no
dominant genes present.

snother coaslicating factor in sthe a2tudy of tetraploid segregetion
iz the relation betwszen certain cyitolorsical phenonena sznd the genetic ratios

obtaingd., DNinleid rutios invelving & single gene sre affected little or not
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at all by sueh variable factors sz sairing, smltivalent formation, none
disjunciion, chissmata, and the nporliion of the gene on the chromosome
in relation %o the centromere, ye! sll of ibhmse factors have & profound
influence upon tetrapleld retlics. These pointes will be discussed in more
detail later, but 4t shoul? be pointed out here thot while it is well ree
cogniced that variationz in oytologlical behavior insroduce variables in
tetraploid segregation which make & precies mathematleal asalysis of the
ratios d4lfiflicult or sven lmpossible, 8till 1t i felt that cartaln advante
ages are to be gained in & stady of such ratios. The mere fact that tetrae
nloid ratios are affacted by ayiolozieal behsviour ensnz up the soewibil-
ity of studying the relntionahipns betweosa certeia cytologionl snd genetic
vhenomene, which sennat bs ssadied in dislolds where genetic ratios are,
in generzl, more stable. Pome cae has said of plantaz, thet "thelr vare
iavility is at once the hope and despalr of a plant breeder®. It can like
wize Do sald of setraplold segrepgation, that lts varlability is ot once the
hone and despair of the cytoe~geneilcist.

¥ven data which cannot b interpreted intelligontly in the light
of our present kmowledge of eytology, unsy prove valuable at some later time
am our cytological mnd genstic knowledge increzses. I iz certainly true
that the data published by Blakeslee, Belling snd Farnhan (1923) are much
wore tntelligible and hence aere valuable today thwa al the %ine they were
rublished. It is therefors hoped that the dute presentel hersin may add
to the graduslly ascwmlating mess of dats on tetrapleid ratios which may
someday be pleced together %o bring about an intelllgent understunding of

the genetics of tetraplolide,



AT IRG OF RITEHLT

The litersture on $the segregation of genetic charadters in auto-
tetraploide falls into two main categorisw, those paners dealing with the
thesretical ssnects of the oroblez, and thogse in which actusl ex-erizentsl
dsta are presented and interpreted, While some of the »ublished work desls
with both sepects, it has ssexed =ost convenient to discusw these two catew
gories sepsrately, first treating the devslopuent of the theories concern=
ing sutoteiraploid sezregntion, then reviswing the published 4ata in the
light of these thecories,

Thesretical. The first report on segregution in sutoteirarloids apreare
ed when uregory (1914) presented data on the tetraploid Prils sinensia. He
atte wted to explain the ratios obtsined on the basis of Juplicate factor
ratios comaonly found in diploids., Thus, he assumed thuat the ratios he
obtained on selfing & tetrapleid hybrid corresponded to the 18:1 ratles
found in diploids snd that the buckeross ratlos revrssentad 211, Hies cone
clusions were based on the falsze sssunption that chromosome pairing «lways
taes place between u chromosomne derived from the meternal parent and ons
from the paternal parent (alleosyndesis). !uller {1514) pointed out this
fallacy, and assuned that palying took place between any two of the four
homologous chromosones st random, independent of their origin., Om this
basis, he concluded that the ratio obtained from zelfing & durler hetero-
gyzote should be 2511 and that backcereszing r»uch 2 hybrid to 2 bhomomygous
recessive tetravloid sbhould give a 031 retio. ‘orsover, he atteupted to
chow that Grepory’'s dste it these ratipe Detter than the ones Sregory
himeelf hod assuoed.

%o further theoreticsl trestrent of the problen srpeared until



Faldane (1270) published generalized forsmlse covering all types of auto-
nelyplodds, and showed specificslly that if one sszewsed random asssortment
of chromatids rather than of chrounosomes, & tetraploid carrying two Aome
inants snd two recessives would give a ratio of 18719 {eor approximately
#1t1) on selfing, and 11:3 on backerossing to 2 homozygous recessive.
These ratios have sttracted considerable sttention by subsequent suthors,
and date which sees to it then are ususlly referred to wue diepnlaying
"chromatid segregation™. Along with this term, the ternm "chromosome
segregution® hus cowme into general use, referring to ratios which seen to
fit more clossly those glven earlier by #uiler. The unsoundness of cone
sidering thess two types of segrezation as separate und distinet fixed
ratios, and of ausuigning obssrved dats to one or the other, was brought
out by dather (1336), but the practice has persisted to the preseat tinme.
This point will be discussed later in more detail.

Yather published three papers {(1936e, 1925b, and 1936) dealing in
part with segregation in satotetraslolids. These papers discuesed the sube
Ject in the light of cytologlesl fucts, muny of which were not well under-
stood at the time the previocus pavers were published. In referring to the
terne "random chrometid segregmtion” wund "rendom chromosoms segressation®,
Hather (1936) astatess

It has besn recognized by 21l later workers thet these segree-

gation. . .expectancies are in the naturs of limiting types, and
that the true segregstions to be expected from sutotetrinlold organe
isme will sotually lie somovhere bBetween thenm....

Purther on in the saue paper, he made this somewvhat contrsdice
tory but probably sounder stutementt

A new segregution wes eetablighed (1935a) for the cese of come

pletely esusntional separation, and random ¢hrosatic segregatlion wue

shown to be the result of & coubination of the two types in ithe rane
dom proportions of 1/7 reductional and 6/7 ecuationsl sensaration.



e the first statemnent refers to random chrometid segregzation
as &« limiting type, while the second statenent represents it &s an intere
mediate tyve, 7The second stste ent brings out an interesting contrast
between the phenomenon of linksge of gmnes in diploids and linkage with
the centromere in tetr-plolls, which haz never been euphasized. In diploids,
the upcer limit of crossing over between two linked gones ig 507, =nd this
limit is the eguivalent of independent secuortuent or random segrezation.
in tetraploids, the upuvsr limit of cros=ing over betwesn & gene and the
centromere is likewise 507, but this 1s not equivalent to random chromatid
segresation. Instesd, the ratios calculated on the basis of randonm c¢hrome
atid segregation are eguivalent to thoss which wounld be obtained if the
amount of crossing over between the gene and centromere were aprroximately
4375,

One of Mather's :most laportant contributions was the formulation
of methods for calculating paramneters which could be used to characterize
an observed rutio in terms of cytological behavior. These parameters are
based on the preducts of the anount of genetical non-digjunciion in &
muadrivalent {(2) times the a ount of ejuational sevaration of chromatide
(e). The latter variable is in turn dependent upon the frequency of
chiazasts, wn? hence the wercent of crossing over, between the centramers
and the gene 1n question. He pointed out that the vealues for these vare
iables should be the samne in triplex =znd simplex hybrids, but would be
different in dunlex hybrids where change of pairing pariners may alter
their valus. Therefore the parsmeter calculated from simplex snd triplex
dota was designated us X, while the one based on duplex data was called
@ Theoratically the limits of both these parmseters should be sero (when

there is no crossing over beiween the gene ond the centromere) snd 1/3 {when



there ie 507 croesing over belwsen the gene and the centromere and random
digjunction of chromosomes),

The exuected retios bused on the four hypothesaes of Gregory,
duller, #Haldane, sad “Yether are sunwarized in Table I, the last ecolumn
ﬁiving the ratios expected on the baeis of Hather's hypotheele when the
parmmeters Xand (3 have their limiting values of 1/3. It will be noticed
that there are nine types of crosses in tetraploids capable of glving segree
gpting rrogenies, in contrust to diploids where there are only twe such crosse
es, neamly, the heterozygote times itself and the heterozypote times the hono-
zygous recescive.

The literature on »olysloid genetiscs in genersl w.s reviewsd briefly
by Lindastron (1536},

The Pirst experizental data om tetraploid segregation were

published b Gregory (1914), reporting on work with Priaule sipensis. One

of the pairs of factors upon which he reported was the Thrus (short styled)
versus Pir (long styled) nalr, designstaed by him as Atz but referred to in
the later literature == Si1a. Tsable 11 shows the duts he obtalned with dif-
ferent mating combinations in compurizon with the exvectanciesz based on hise
own hypothesis ond on those propounded by tuller (1914) and Haldene (1230).
The valuss of % obtained with each of these expectancies show that, due to
the saall nopulations involved, the datsa did not d1ffer significantly from
any of the three thesretical ratlios. Thue, mmeh of the disenssion oo to which
ratios these duts represented was statistically mesningless. 7The other pair
of factors studled by Cregory wos green vervrsas red stimmaes, desisnnted by G-z,
Tt can 2leo be shown that the dats on this charnctsr 414 not deviate signie-
fleantly fram any of the throe thesoretical ratios.

rther dats on Frisuls sinensis apseared in an extensive report
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by 3omae (19.20). This paper reportad on the inheritance of seven palr: of
factors, including the two discussed by Gregory. The conclusion was reached
thist none of the ratlos obtained differed significuntly from those postulated
by ttuller.

Deiinton and Faldane (1931) pudlished results on three palrs of

factors in Prizuls, including the § and § fuetors dlacussed by the two esrle

ier suthors snd the J-b factor palyr for magento vs red flower color. They
paid particular attention to linkage swmong these factors, since it had been
ghown in 4irloids that 8ll threes are located on the same chromosoms. They
cencluded that 511 of these factors were located near the centromere, so that
doubls reduction wos disregarded. While there ws a rather comsistent excess of
recessives in their dats, they stte pted to explain pary of these excesses by
asswoalng that some of the parents were pentasonie for the chromosowe invelved.
liowaver, in & luter renort (1925) on linkage in diploids, they used date froa
tetranlolid segrezation to locate the position of the centromere on the linkage
map of this chrouwosoma. They stuted that the date indicated that the centroe
mere wan close to the loci of the 3 and B factors dut further distant from the
& locus., Teble 111 swmmarises the data from the three reports on segregution in
tetraploid Primala, including only the mating combinations found in all thrse
DARTATS.

Blakeslee, Belling and Farnbam (1923) published a paper on segre=
gation of two faetor pairs in Jatura. The valus of these date, which lies
in the arxtreuely large vpopulations involved, has apnurently never bdeesn fully
apnraecisted. Since no one hae ever publishsed a statistical unalyeis of the
dats, a table is includsd herse (Table IV) in which the obasrved ratlios are
compared with the expectancies accordin: to the tuller hypothesie (which the

zuthors acceoted), the Haldsne runden chromntid retios, and the Yather ratios
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obtained by caleulsting the parmmeters Xand (3. The velues of i are given
for ecch set of ezpectancies, and it will be noted that two degrees of frec-
dom are lost in the ¥ather ratior as o result of caleuwlating K end @. Data
from croszes iavolving triplex plants ere exclulded Irou the calculstion of
¥ beceuze ths ratiocs sare too small, aad the mere ccoarrence of recessives
gives en infinite value %o %< when a-;lied te the uller ratiocs. Arplica-
tion of the 72 test brings out the fact that the segresations of both the
factor pairs show deviations from both the ialler and Haldzne ratios which
ara highly significant.

in recent years, the avidence indlcsting that the culiivated
potato ie an autotetrapleld hes created considerable interest in thes genetics
of this plant. Black (1925) reporting on the inheritence of resistance to
wart disesse in potstoes, conclude? that inheritsnce wus dlaomic, but condi-
tioned by duplicsete foctore. ITunden {1337) reporting on numerocus fsctors,
concluded that neny of them displey sutotetraploid inheritance, while zome
show disomie¢ inheritance. This would zeen to indicate that thers ia a
difference anong $the chromosomes in regard to thelir degree of differentiation
20 that in some csses thers are {four homologouna chrosmosomes, while ather
chromozomes are found behaving as two nelrs Alfferentisted from each other,
Fromts, Becker and Finsaan (19392), explained the inkeritance of pollen sterile
ity on sn sutotetraploid basis. “tevenzon, Jchulér and Clark (1939) explzined
the inbsrit:nce of Lumnaity of Virus ¥ on the sume basis. Iranbzy and Vide
(1941) in connsction with studies on resistance to connon scab, rhowed that
the plants fell into five classes as regards breeding bshavier, corresnonde-

ing to the five possible genotynas ln an sutotetraploid. Cadman /1942)

thoroughly reviewed the subject of eatotetraploid inheritonce in potaitoes



znd oresentsd Parther evidence based on segresstion of differences in ree
sction of virus inoculation.

The first artificially induced tetrsyploid to be studied genetically
wug the tonato. Sunsoma {1933) investigated the inheritance of seven charascters
and concluded that three of thex dleplayed “chromutid segregation’, one dise
vlayed "chromosoue segregation®, one wmas "intsraediate’, and in the other two
the sepulations wers not large enough to decide. Az a matter of fact, the
dute Indicotes that probably with all the factors, gsegremation was Yintere
wmediate” as rhould be the casze. At that tine, dather had ot yet published
his paper: giving sethoda for calemlating the amount of double reduction.
ihen these oacers were published, he drew on sose unrmublished dwtun of
Jansome's Tor use in 1llustrative szamples.” (See Table V)

ipeott (1935) mede a cytologicul study of tetrszlold tomatoes and
stated that the waount of uedrivalent formatios wos clearly compatibvle with
the gensitic results obtalned by fznsoms.

Iindstrom (1335} wade o new anorozch to the study of quantitative
geuss by atudylug their inheritonce in setraploid ae cousarsd with diploid
bosntloes.

Tytologiosl and genetlic studies on the gurdsn Dahliz have been
made bty lowrence (1922 sand 1971) who arrived st the conclusion that Jahlie

variabilis is sn allo-octoplold resuliing from doubling of the ehromosons

*unther waed the swuze anpublished Anta in two Aiffsrent narerz {1975b)
{1936 but cbtained different indices of doudble reduction. On one case he
solved for & saraseter z sand in another caae &, The relation batwesn these
two Lst o=fHzwd, But even when this substitution is made, the results 4o
not agree. Thers sre two remsonsg for this discrepancy. In the ssoond paper,
one of the clusses was given 40 containins oneg more nlunt than in the firet
naper. Thisg made a difference of C0E2 in the value of . Also, in the
firat vaper two of the clss es were luJsped while they were kept separate in
the sscond. This mafle o still farther 4ifference of 0204 in the vdlae of o.



PTABLYE ¥

Jansone’s data on the § factor in tetraploid tomatoes
{¥rom Hather 13386)

13

scalculiited on the basig of:

*ilpha evauls L 1B36, beta emuals 544

Chrouosons Chromatid Hather's
Segreguation segregution Parameters®
Ub. n a7 fm o) 4~ fm m a7 /m
rr zalfed 585 926 B3 1.86 Q0. 24 LBE BRG,Q0 .33
£8 26 .47 &5.18 &3,%6 | 13.42 62,10 8
A%ryr ¥ rrrer 88 9000 b 84,88 i ¥ B8G.21 Rd
b 18.00 ol 2,14 43 27.79 Z.18
Rrrr selfed 606 619.50 .24 588,95 .44 o99.46 05
Rrry » rriy 48 BB, OO 1.72 62,86 <B4 BE.25 « B
68 58,00 1.72 62.14 55 60,75 .87
Chi souare 72.08 17.35 5.36
af 4 4 2
¥ <01 <01 VB




14

munber in & hybrid between twoe tetraploid species. He found that soue of the
genetic factors display tetrsaomie ilaheritance, whils with others the ine
herltence i disemic., The ¥ fuctor for flavone formaiion was of the former
type, whils I, slszo w flavone factor, was of the latter iype. This difference
was erpisined by asswning thet the Y factor was located on s ¢chromomome that
had net becose differentiated, so thst the four homeloge could pair at ran-
dom, while the [ Tactor wos located on & chromosome which had Vecone did-
ferentisted into two dilesimilar palrs. 1§ was in lLawrence'w {irst nacer on
this subject (1929) that double reduction was [irat suggested.

fetranloid segregation in Subus waz ztudied by Urame and Varlington
(1953 ond 1932) in connection with the factor for presence or abasnce of
pricicles, They found zn excess of recessivee over those expected sccording to
saulliert's hypotheslis, snd they ewxnlained this in their first psper on she
agwusption that thers was o tendency toward "allosyndesis®. Later they exe
rlained their ratios on e bosls of rondos chromatid segrepation, but the
porutations were too msull to pernit aay stutisticsl coneluzions other than thet
the devistion from Yuller'e ratios wan significant.

Randelsh (1935) published a paper on the cytogenetics of tetraplold
Les Uays. Ye stutes that segresntion asoproxizwting 3831 ratle wers noted for
seversl charscters, but thst the'dats are insdenuste o deternine whather or
nat there are zignificant deviations from the expected ratios?®,

An interesting cose of tetraplold segrezation in [otus gornicmlatus L.
wsg repoerted by Dawson (1941). This species is tetraploid and two genetic tyres
are found in naturcl populations, Aiffering only in that one produces hydrogen
cyanide and the other does not. Jawson found that this cyspogenetic character
gave retios which £it very clogely those of Yullerts Ychromosone segreguation®

and concluded that the species is wutoteiraploid, The cytological observations
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would give no svidence of its autotetraploid nature, since forswmiion of
quasdrivalents is very rare, 2 condiilon which iy ~susliy sssueed o ine
diente allststraploidy. The fallure of susdrivaelent rormsdion would

ageount for the lask of double reduction found in the onserved rojios,
SATEN TALS AND NFPHODS

Plant Materisl. The preseant study was bogun in the sorang of 1941 on
tatraploid lines of Antirrhinmus kindly furnished by lMra, uabel Ruitlie iebel.
These lines had been produced by her through the use of coichicine, and were
first descridbed by her (Xebel and Zuttle 1937). They consisted of tutraploids
of conmercial varietien, hybrids batween tetrasloids, and soue segra:miing
progenies. Thess plunts were grown at the U. 2, Hortiemiturai @tation,
Beltavillie, Hd, 1in addition to plantings of some of besy standsrd varietiee.
In 1942, & more complete collection of ztandard varietiss wus aoquired ia
order to Daralish ze asany genetlie factors as woesible for use in breeding and
inheritance studles. Sy treatuent with cslichicine, 1t was gasaib;@ ta aroduce
tetrapgloids of many nore varleties., These wers produced oo recently to have
yieldasd any datu on megrezution by this time, 9o that mesi ol the daits orisented
in this paper woere obtained from the mﬁterigl farnizned origlasily by ira.
Babsl.

The first dats on segregedlon in tetraploids were secured from ¥
sopulations 4n 1841, These sormlations were too wasll) to be of uoach value

w

for the stedy of ssgregation, but szlected sspyregatez wore zelfed and ¥,

H
et

nraceaies of larger size wers prowa in the wintor of 124142, The segregation
of factors in the 7. sopulation was noted, and further selections were selfed

from whick large Fgq progenies wers grown in the winter of 194243,

The ¥y bybrids grown in 1941 were noted for color - ad selfed, and
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s populations were grown in the winter of 194142, Plunts were selscted
smong these (o furanlsh Marther dats, snd large P poralntions grown in
the winter of 194Z«47,

Jmeong the intervarletal tetrapleids grown in 1541, four ty €3 were
selecied eceh neasessing o 4iflerent coubinantion o5f thres swsily clasaifled
soanetic faeotore, B, O and 4 (Maurts syubola). Ths colore of these types were
“hite, Pink, Orange ond Crissom. Pour diplold linesz wers sslsctad haviang the
azus oolors excent that pursle was uered instexd of crimson. A1l of thw possidle
srogres invelving these sight lines were made, 8 total of 56 conbinntions, ine
cluding recipraaslia., The parent olants wors sles 3s41lfad in order o check
thotr bresding bohavior and to farnish material with which o conmars the Fy's
and Fols . The Ty pomilstions were grown in the winter of 1541-42, their color
was noted und selfed seed obtalnzd from reprssenisntive plants in each popules
tion excert im sterils trinlolds. Large ¥ populations wers ihen grown in
tha winter o7 1943«43 ghon comunlete notes on secdling charactars were obtained
and ss ey olinte as possible growa to waturity for nobes on flower characters.

dethodz.  The sesd pluated duriag the Tirst two seasons woasz sown oy hand
in Jeinch a2sed wang of sterilized sell. In plasting the seed for the seuson
of 194041, a aathosd of sowing with & vadwwa planter wos used which sousaénsed
meay sdvantsges.  Chia slaniey spaced 100 seeds 1/2 inch spars in a smare
matyarn al ten mows and columns. The sven spusing of the seeds is very sflege
tiva in outting down losses from dumping off, and “iven there i lesr compete
1iom maons seadlinge, the effect of dlfferentlel visbility is reduced. Purthere
mora, this method o7 slanting enables one to sen socourste records of the seede
lings, dgaimating thely —ozition in the nan by row and eslum Tor later
roaferonce.  In talkine aoctex 57 geedlings srown in this way, 16 wons Tound Cone

venisnt %o use cards with linss aarking off ten rows and ten columms. Une of
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these curds was used for noting ewch seed »an and the note for eath seed-
ling was written on the card in the position corresgonding to that of the
slant in the pan.

The germinstion of tetreploid seede wae considerably lower than
that of diploids, €600 geeds of tetraploids geraineting £1.8% (in soil)
sand GO0 seede of Aiploids, planted under the seme comditions, gersineling
Th.at,

Daring the {irst two sessoneg, all plunte were grown in six inch
=nots, but in the winter of 1945-43, 14 waz compidered advisable to swcrifice
optiaas growing conditions in order o obtain the largest populaitions poezible
in the availsble spuce. Conseguontly, swny of the noies on seedliing charscters
were taxen in the seed nans znd the seedlings then discarded. Hor growing
nlants to mefarity, sose o0f the szeedlings were f{ransplanted into thoee inch
pots while the uajority were transplanted into flats, pilselng the nlunis
about thres inches apart. in this way, it was possible vo grow abous 20,000
plants in a relatively small scags,.

Selfing of flowers wus accouplished merely by plaching sach lower
to bring the snthersz in contact with the plaetil and allowing the eead to set
in the open without the protection of & bag. In the spring of 1941, several
white and yellow varietlies surrounded by plzunts with downinant color fagtors,
wore allowed to develop seed in the open, and this szeed wns planted ithe followe
ing full to deteraine whether auny crossing hed taken place. Out of szevaral
mundred plants, no hybrids wers found, so that thie was considered s safe
procedure. The greemhouses in which the plants were grown are well sureened
so that the entrance of large insectis 13 prevented.

Gegetic fuctors. The genstle factors which were studlsd were mostly
ones which are easily clessified und whoss diploid inmheritance iz well

known., ‘‘oreover, non® of the fuctors are linked wlth each other.
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The first cbservations on inheritance in Antirrhimum sonenred
in . series of reports by irs. Onslow {(then Miss Wheldslae) {1907, 1909 and
1910).  Baur (1910)published the results of extensive studles and described
many genetic factorz in adiition to thoss deserided by Onslow. Bsur (1924)
published o monograph on 8ll the genetic studles in Antirrhinum made up to
thut time., Turther revisws of ¥the subject sapneared In a saries of papars by
Euckuakr »nd Schick (1920}, sad Schick snd Stubbe (1972 and 1934). In these
reviews, =ll of the kmown genetic factors were described and o new set of
gyrbols oronosed to replace those ziven by Baur. The first chromosomse mans
spmasred {n B rsmar by Saur and otheres (1929), snd these were snended snd correcte
ed by 2 nke (1520).  Purther linkase studles were rasoried in s series of eight
naners hy Schick (1970, 1937, and 1835), Hackbarth {1932}, HKaciouek (193%, 1925 and
1338} and Futachey (10355),

In #3sguesing gonstic foctors, it was decided to use Buuria symbols
in thie venort, aince thay zre much simnler than the reavised eymbols nronosed
by Fuckuck and Sehick (1930), esnecially in writing zenoiyres of tatraploids,

“he has lo geme For flower soler was desigasted by Baur (31910) as
B, b Omelow (I907) 2z Y, and by Xucknok snd Tehick {1920) as Hiv (an obbreve
intion of sivesn}., A =lant homozygons resassive for this gene can croduae
naithar flavones ner cnthoeynning in the flowerse nor the olant, 20 tha flowers
s omre white and the ~Llant gresn. Boas of the esher calor genee hava any
effect unon such & »lant., 7The variety s#hite Yonder had the constlitution bd,
#hile 4l other varisties were Hi.

In the sreacsace of 3, flavones sre slways present, znd the factor
¥ determines the oresence of anthocyanin, {(Onslowts factor j and iunokuck und

¥

Sohiakts Tag)., Thas 8% o1anis hove hoth snthacyanin and flovone in the flowers,

and the seedlings have anthogyanin, whils AL plante have only lsvons in the

flowars, wnd the sesdlinge are green snd indistinguishable from bb ~lants,
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The kind of flaveone cccurring in plante possessing the factor 3
in deternined by a gene C. {Onslow's I and Fuckuck and Schick's Sulf.)
Plants of the constitution BY have ivory colorsd flowers dues to ths prae
soace of the flavone, apigealin, which ls slwmost coloriess. On the other
hend Jo oluats have yellow flowars due to the {lavome luteclin. According

{1912), the only difference betwean those btwe ploments

cnly ons QF groun oa the zide benzene riag of the fla-
vona aslesuls, shile luteslin has two OH groups on thiz ring., Thas, ova
Gaoti-liontriaff {1938) has cointad sut, the matation from dominant te recsie
zive has invelved oxldotion rexulting in the adiltion of anm O group. Host
ivory colored flowersz mave o watoh of yellsw in the mouth and 2% the basze of
the tuabe.  Tha sine asd dntensity of thls yallow vaich 1v generzlly greanier
in Zg »lants shan in QU »lants, and 16 42 further alisred by the presence of
mynsrous modifying fuotors. Zome varisties, such as Plerre Sohneider, huve
alaast no gellew in the sacuth and can scarcely Be distingulshed frosm bh vlante
vy ardinary ovgervation. Jince the amapniws sxlis of aplgenin are hright

%

vallow {Onaelow, 1913} the genetlic conatitution of white Flowered plunts can

]

ne deterained by niaclag the flowers in o bottle with a few drops of awwon-
fam hydraxtide,  flowers with the coastisation bb willi remain whivs, while 3C
Pilovars will tarn o brillisat yellow, 'Fhis sathed haes wroves very halafal
in diatinalshiag cuaree whizte Pros ivory-rxhize flowsrs.

The tyme of unthocysnin in 3F plants is letarmined by & gene i.

{oaslow's 3, Jaciuck sad dehick's £98). Tlents with she consiltuvion 3i

cuntaln tha anthooyanias, antirrhinin, which gives the Tlowers o magenta color
in she prezance o7 lvory flevonz or a oriason color in the preseace of yellow
flavoss.  Tlants with the sonstisution Jf contalin o differens sathooyanin,

selareonin, end {lowers wilth lvery flavoae are then pink, while with yellow
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cs are BYoana. Onelew aad Soesest (29140 and Jcotd-Montcriel?

ravons

L1230 bave shown that antirrhinia contuine two UH groups on $he side
penzene ring of t1e anthooysnin molecule while peluargonin contuains only
gue UH groan on bnis riag. herefore, op Jeobiesonboriefi {3938) Lo
phLabed suh, Yhe ohesge fron the domiasnt to the roosssive fopm dovolvoes
w weadshioa resulting o the dess of wn JU groan, o asitastlon Justy $ae
appusise Crom thad found in the c.ie of the fluvona jiguonts wodlings
Wi wihe zoastisalion HFA cpntuln pursia zathoeyuaia, espesially nstlose-
aste oo na oandsr 3ide of the louves sad the region wrouad the srowing

sint, whlie i

fw e

slante the coiov is light ved. The tyse of flavones

pes ao effest on the Solor of the seelilings.

These four géimee ¥, 2, ¥ end & sre the sace used wost extenzively

in the resent study., “Yhelr Interaction may bs swmaarized briefly se followas

chvesn whitte flovers axd greqn resdlings regardiess of o0 othor jeuss ,roe

.
—-— G

sent, Icfs or A vlente heve yellow flewers sud green sssdiings, S48z opr

“rosdirie neve dwery flowars spd green zeedlings, slante kave Broase

«Slipes tirsed with 1ight red, GL-a plontes have pims flcwers

favae ] (Y
Lyt Sing readilngs, Bect clants hows orlwsen flewers snd purpie ssudlinge,

%1 .

Gt owlintye noves aegmnte Plowers and gurole secdlings. Table VI ochorz ia
mors Jetoil the Loteraolion onG tyseding bebsvior of verisus genoty,ev ine

5

voL¥ian whwne Laar senrs, 1 h w1l Le noticed et there are cevean pozsible

P

shwerclnes shick LLn segresste dn A3 different ways.  Simee, in a tetropledd

Arfvereny tinds of heterciygotes Yor Ay gene, vhere syre A2l

wing o ai wodeL seurvLolotds may sogregsss for theze Tour gesnes.

PR o

LhOAE LmuoreTaat te hknow whesher differsntisad vlability his any

(%3

ek an Lltesing tho 20a0id verlos obtclined wilh any of these Duolaors,

whaws fulh wosondition would have s prouncunced affect om the leiranlold
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TABLE V]

Ratio erpected upon selfing = plunt heterozygous for the factors i3, £, ¥ znd A,
in Antirrhinus, and the bresding behavigur of the nrogeny.

Abdbreviations of phenotyses: ! = magenta; O - Crimson; P - Pinlh; i = ErO?ijI -
Ivory; Y -« Yellow; ¥ = #hite,

Phenotypes Genotypes Breeding behavior upon selfing
81 a2C¥a  (Yagents) 1 BACIPRAL A1l magenta
2 Bagu¥eis T ¥ 1P
2 HBCCRfAs 243111
2 BB0eFPas 3¥:1¢
2 BbCCRIAL T 1l ¥
4 BACOWSAa SuHy 2P a4l
4 BaleFPAa gy 3P TCs 1B
4 BbUOFPAx B e 3P 4
4 BACePfAs G 31 B3O Y
4 BLOCEELA 9y 2l 49
4 Bblevwvan G e BC 1 4 W
2 Bbhlerfan P? e 8T £ 880 2Y: 169
8 Bblo¥fas 2?78y 9T 901 37T 16 ¥
B 2biCPTAB 27 ¥ ¢ %P 2121 116 W
8 38CePTin MY 2P F0 TRy 12T s 4Y
16 BbGcFfia Jame as narent.
27 $C%a (Pink) 1 HBEOCFFaa all pink
2 BROOYSun 2e g 11
2 BalePPan AP+ 1B
2 BBOUPPas 2r gy 1w
4 BbleF¥aa P 3B 4w
4 BboCFfaa 9P s 31 4%
4 BACeTfau I F T I 281 1Y
B Bbleifun 27T P 19198y 2Y: 165
27 BeRa (Crimson) 1 SBccFras 411 Orisson
Z Bige¥ria 3C:13B
2 BBocRLAN A0 1Y
2 BbeaFPAs 3¢ ¢ 1 ¥
4 BBecPfaa 92 2B 4%Y
4 BbooRPia L1 321 &8
4 BbeoFflArn 9 s BY Al
B Ahocilia 27 ¢ ¢ 8 B 12 Y 2 18
9 Be¥a (Bronze) 1 BHec¥ mn A1l Broame
2 Bheo®os T3 1Y
® BbhooiPTas 3B 1w
4 Bbecifan @B 2Y ¢ 4%
%6 BCE = (Ivory) 4 BIN0f e 411 Tworv
8 A90ef e 211 ¥
8 Bt CCLfw- 31 ¢ 1 ¥
18 bieffe- 91 ¢+ 2Y 2244



TABLE IV (continued)

Phenotypes Gonotypes Breeding bebavior upon selfing
\
12 Bef - (Yellow) 4 BBcoffe~ All Yellow
8 Bbecffe- Y 1w

64 Hwws (m‘.) 64 Dhewmean- All white
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retios. Table VII shows the ratios of colored %o green seedlings in all
fanilies segregating for the factor oair Beh. The value of X° hased on
the sxpectancy of 311 ls 0.1986. The probability that deviations greater
than this would occur by chaace iz 679, so that the observed deviation
can not be considered sigmificunt.

Table VIIY gives the ratice of purcls to tinged assedlings for
all diploid populations segregating for the f-a factor pair. Here the X
valune of 5,361 would be exceedsd by chance only about 3¢ of the time, so
if we adopt the 57 level of significence, these &at% nust be considersd
to deviate significantly from a 3:1l. Hince soane of these data are from
progenies which were slso segrezating For green, glving expected ratios
of nine purple: thres tingedp f{our green, the gquestion arises whether the
deficiency of tinged plants ig due to a weak linkage between J and A. Such
s linkage, in the coupling phose*, would tend to incresse the nroportion of
purplies and decrease the tinged. PFPor this reasson, the nmilies in Table
VIII are divided into two groups, the first of whlch gsegregated only for
purnle und tinged, while the gzecond group segregated for purple, tinged
aad gresm, The deflclency of tinged nlanis ia sonewhsat grester in the firet
group than in the second. Therefore, we mast conclude that linkage is not
the factor responsible, but that & slight weount of differentinl viebility
(about 84) reduces the proportion of tingsd plants,

Pable I¥ gives dats on the ratios of ivory (or ivory ground} te
yvellow (or yellow ground) flowers in dipleid progenies segregating for the

Ceg fuctor palr. Since such Zebs cun be obtained only from flowering plants

*These Antse would be coupling deta, since the white pasrents Iwd the
conetitution bboe.



Segregation of colored and grsen seedlings in nrogenies fro

TABLE VI

heterosygous for the § fuctor.

+ iiploid nlants

Crous Pedigrea Ubeserved Lrpected
5 b :;fe b e
Rose aeen = 43297 prsrd 85 234,00 78.06G L8328
“hite Wonder A3 3506 113 46 119.26 S9.75 1.310
ihite Wonder x A3=300 561 160 LA0.7H 180,256 2O
Uhristuas Cheer|43-35% 445 1oz 432,758 144,25 1.3587
#hite Honder ¥ 43=30% 1586 £l 1, 25 62,75 365
Velvet Beasuty 439500 275 82 TR0 g91.25 L08
43=361 205 82 22R.06 76.00 «631
AR B 144 43 140G.25 48.75 » A0
XY vl 265 Gz 268.50 59,50 <186
4l 562 261 134 i.2H 123,76 1.132
Yelvet Beuuty x 43w 303 56 i8 BH.EQ 18.560 .01a
Pink Tetruploid*|4l-364 2EE 74 Y RS 79.00 LA2Z
Afterglow x
¥hite vondey £ 5w 300 191 65 192.00 64, 0 e ) §
Velvet Beauty x |43-108 185 56 130,75 B0, 55 » 400
“hite Wonder
Total 2aTHs 1141 3,862
Erpected 31l 34623 1154 P 77
Shi scuare « 185
p JB7

*The pink tetraploid male parent wns hsterozygous for 3.

Tince the ¥

wag diploid

pink, it perhaps srose by androgensis from s hybrid dinloid male gonste.



degregation of

L L g vl
b aéwgu e

purale snd tinged seedlings
heterozyious for

YIil

g

in orepenien froo iilpleid plante
the &4 fuctor.

Lross

Fadigrees

Thserved

Erxpected®

Hose “ueen x
Orimson Diploid

Urimson Dinloid x
Christans Cheer

Velvet Beauty x
Aftergzlow

Afterzlow x
Tetraploid Orims
sone®

42298
4w I5T

43304
43308
43267
43=700

431l

12=358

B

b

<3
Shi™

133

544
Ky £
A5
A 5
134

117

ok

56
80

120
g2
78
653

2B

1a

E57 .7

SPGB
2487 .1
145,00

Tio.4
41.4

<100
- ?’:}é‘

B.182
o 27

2583

»213
1.187

ubetotal 1734 612
ihite Wonder x 43201 132 5B 145.6 24,4

Yelvel Beauty AT ZED 212 (234 203,11 635.%9
4261 175 47 170.1 Fl.G
JERIL 243 iih.3 23,7
198 87 203,00 652.0
G B3 nea B3 AL i .4
Velvet Beuuly x AT 308 112 4% 141.7 4B 5 ST
shite donder .
tubetotal 1745 397
Grond totnl Plsrdrd an9 Total Shi” 18,3385
AN oAt S G7L.5 by » 0

Expeacted
Chi souare
§}

*Buped on the syooortions in the totual,

“s3ince the ¥y

5.407

e

of & heploid gumetes from the tetrs:loid mule narent,

was dinlotd erimson, it presuaably arose through the functioming
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TabLE IX

degregation of flower color with ivory and yellow flavone in progenies from
diploid plants heterozygous for the £ factor.

Crose Pedigree c c
Rase ‘meen » ¥hite Wonder 43=297 17 10
Rose ‘jueen x (rimson Diploid 43-298 20 6
Pinkie z ifterglow 43299 11 4
White Wonder x Christmas Cheer 4.5=300 44 5
White Wonder x Velvet Beanty 43701 10 3
43w 302 25 2
Velvet Besuty x Pink Tetrapleids 43-303 22 9
Crimsen Diplold x Christmas Cheer 43304 5 1l
Velvet Heuuty x Afterglow 43= 706 20 3
432-309 11 6
Velvet Beauty x white Wonder 4B 307 2 1
43308 2 1
Lfterglow x Christmas Cheer 43-312 4 8
Total 216 56
Exp, 204 68
chi®, 2.824
P .11

*3ee note in Table VII.
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ment in the flowers to occur in rlesks jastzad of evenly distributed,
sppesred in the segreguting tetrapsloids. This gene oroverd to be very une
atable, mibtating fregusnily %o ihe self color condition. 7Tts expression
2lgo zppeared to vary considaradbly asccording to the dosage of each zllele
in the genotyve. Hwar (1924} and ruckue: snd tehicik {1930) described
seversl such genes, but it 1: impozzidble to suy whethayr the one in the
vresent cultures gariesnonds o way of thelirs. Jue to 1ts lrregular hee
havior, it was not poseible to make any socurate analywis of its inherite
LNee.
BESULYS

ihe basic celor fuctor. <vable Y. showe the ratlos of colored to green
secdlings obtained in 211 tetraploid progenies segregmting fr+ the l-b factor
pair. Tinge this factor was involved eonly in the 1341 crossse, =11 of the dats
zrz frou progenleu of duplex hybrids. The deviztion of the sbserved ruiilo
from a 3511 s highly significant as shown by tha Eg value of 50,08, Thieg is
zleo bought oul by the value o @ ,which dsvistes from zerc by more than six timesm
ite standard error. The vilue of @ , 7804, i greater than the theoretical
pazinme of L2333, bui the standnrd error of 06595 indicnted thet tha true value
may lie ip the vieinity of this latter figure. The homogenelty of the dats
is texted vy adding the valoe of 7% for each inrdividual nprogeny, csleulsted
from the expectancies based on the nercentezes of the two classes in the totsl.
Tre totsl ¢ thus obtained cleprly indicutes thot the dats are homogensous. Ia
fact, 1ts value lg 20 low that 1t nmigsht cast sone suzsiclon on the validity of
the data. It gsn only be spid ln thie regurd, that in noting these, sns well
as all other orogenies, an sttemnt wes msde to svolild sny subconscions blas in
the classificstion of the nlants. 7o seecoanslish thisg, esch nlant was noted on

a cwrd in & spmee Indicsting ite swesition in th nlasatlng, wnd no totals gere

computed until the notes were coupleted,



Begregation of colored and green seedlings in progenies frmm tetranloid
plants with the constitution 33bb.

TABLE X

Cross Fedigres | Cbearved Expected
B b B b ¢hi®
Tat, Pink = Dip. Thite¥ 42285 |145H (5} 145.0 8.0 » 528
43345 78 5 783.6 4.4 <86
4%«286 |1G3 5 102.3 5,7 .08
Tet. White »
Pet. Crimson 43-387 a2 1 21.8 1.2 « O35
Tet. Crimson x
Tet. Thite A3=290 | 147 8 146.8 B, <05
43348 192 11 192.2 10.8 004
43=-3249 |8519 =27 517.0 29 .0 <146
43250 {480 29 482.0 27.0 . 156
Tet. Bronze x 43-292 82 2 6.1 .9 « 85
Pat. #hlte HRm 351 18 1 8.0 1.0 o MY
47=352 141 12 144.9 8.1 1.983
4B 293 74 3 729 4.1 Y ¥4
: 3 | 27 2 27.5 1.5 2176
Total 1698 112 X.817
Gxpected 3B:1 ~0L1l.4 58.6 af 12
Ohi~ 50.056 24 385

*Tha tetraploid pink ™ evidently resulted from the Manetioning of an unreduced

Beta: 3824 % 0636

guaete in the male parent.




The conclusion that can be drawn from the data on the Beh factor
pair ig that itz loous 1s srobably st a considerables distance from the cente
romere, s¢ that the zoomnt of croszingeover between the locus and centronsre
is close o the usper limit of 5O,

Nate on the ratiocs of purple to tinge

ed eseedlings in all progenies from duplex hybrids with the constitution jdne
are shown in Table *I. Jomparison with the 35:1 and Z1:1 ratios shows that
the obggrved‘r&tia differs oignificantly from both of thege. The total ¥
indicates that the dats sre homogeneous. In considering the value of 3,

it nmet be reomsmbered that in diploids, there wie evidence that & 2mnll sroe
portion of gg nlants were 2liminated due to differential viability. If this
likewiee holds true in the tetranloids, it is highly srobuble that the true
value of (3 is somewhat higher than .14724 ne caleulated here. It can there-
fore be conocluded that the j foctor 1s locatsd somewhat more than 20 cross-
over units fras the centrozmere, but that an accurate sstimation is Lupos=idle,
due to the evistance of differential viability.

Dats on propgeniss from simplex hybrids with the constitution jaes
appear in Table TII. “The ratie of the totsl does not Aiffer zignific.ntly
from & 311 ratio, but upon spplying the ¥ test to such rrogeny wnd obtalne
ing the totul *2, 1t is found that the data are decidedly heterogensous.
Upon szanining the deviastions from expected with reapect o =zigm, it iz ceem
that the first gight sreogenies, which are descended from Afterglow, all cone
tain an excess of recessiveg. OFf the ressining eighteen -wrogenies, dezcendsd
from the varieties Orange hades, Pinkie, znd Golden Hod, fourteen show &
deficiency of receszives znd only four show an excess. Therefore if these
two groups sare snalyssd separstely, 1t ig found thet each one is homogencous

and that the values ofX ' iffor widely. There mre two possible sxnlunations
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TaBLE 71 {contimed)

o8

¢ross oy redigres Ubhuerved Expected
Jiybrid sncestor —
it & A & chi=
Tat. Yellow x 43=161 154 7 1565,1 5.9 .212
Tet. Crimson {(¥Fz) 437321 109 5 109.8 4.2 158
43e 722 £6 1 54,9 2.1 L£98
ABeF24E 108 B 18,9 4.1 205
43=-15686 55 1 54.0 2.0 «518
43167 100 2 98,2 3.7 .810
43170 75 2 74,2 2.8 227
43=171 45 1 44,3 1.7 +ZBD8N
Total 5718 217 20,632
Lxpected Jbsl 5770.14 154,88 .99
Chi square 18,9615
P <.01
Txpected 21:1 5665.53 269.77
Chi squsre 10,813
P <.01
Betn L14724 4+ 02822

*The tetraplold purple ¥y evidently aro-e through the

reduced gamete in the diploid femsle parent,

fertilization of an une
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for thie behavior. One ia the rossibility that there are two diflerent genes
involved for the modification of anthocyanin. This is largely ruled out by
the fact that crosses in the dipleide, involving the usncestors of both

these groups, failed to show any evidence of Auplicate or complenentary
factors for anthocyunin modification. The other poesibility s {hat the
differential viability, neted in the diploides, functions more efsctively in
one grour than in the other. It apre rs nlausible thut the detrimental affect
of a recessive gene should vary according to its genetic ss well zs its phy-
sicxl environment. The negutive value of X obtained in the second groun
indicated that somes factor, other than the fallure of chimsma formation bee
tween the gene and ceniromere, was functioning to reduce the proportion of
receasives,

The busic znthocyanin fector. ats on progeniss from duplex hybrids
with the constitution FFPff are presented in Table ¥III. The total ratio obe
tsined corresponds almoest erxactly to the 2111 ratio caloulated by lHaldane
(1830) on the basis of “random chromatid segregstion®. Towever, sz Uather
(1938e ) ha® rointed out, such a ratio should be interpreted ss resulting from
an anoant of erossingeover betwsen the centromere ond the gene such that
67 of the first uzelotic divisions will be e uational and 1/7 will be reduce
tionsl at the leocus im mestion. The total ¥° cnleulated from the last
colum, indlcates that the d:ts are homogensous.

Table TIV shows data from prorenizg of zlanley hybrids with the
constitution FLff. The total ratlo obtalned containg only o slight excsas
of recessives, snd does not deviate significantly from a 231 rotlo. The
vazlue of X is slso considerably lower than the value of G derived from Aunley
dats,

%hen the nlantes from these progenies cunss into bloom, an atterpt
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TABLE 711X

Segragation of colored and green ssedlings in progenles from tetrspleild plante
with the conetitutlien FFf£f.

Cross or Hybrid Ancestor ‘ Pedigres (begerved Expected
¥ £ 7 g chi”
Light Purnle Tet. from 4%e 98 Ve 9 DB E 10.5 ead
Afterslow 43w 99 45 1 42,9 2.1 604
43=106 108 7 109.8 5.2 653
A3=107 1986 12 198.6 9.4 «T5E
A47=108 44 1 42,0 2.0 JHIE
47111 287 13 286.4 13.6 JOES
Unknown LRI R 11 4 109.8 5.5 « 380
LAGE R vl 2 43 .0 IR 4] « 0
Tat, Yellow » Tet. Crimson A=l 65 A6 4 57.2% Pa g 15%4)
47166 34 = 34.4 1.6 » 165
43167 102 6 031 4.9 258
L2268 a3 1 71.1 G 8 « TO
4z-33) | yaz | 7 | 14220 6.8] .006
Potal 1472 70 5.069
Betas LETREY? £.07484 ? .85
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was wade to classify the dominant § oslaanty into quadrinlex or trinlex, due
plex, «nd skaplex. Umly plants &lso carryins the Joninant 4 could be classe
ified, so that the pink and brongze flowered plants which are phenotynicslly
Jia appsar in the table as unclascified dominants. The observed proportions
of thesa threec classes of Aowiinant J -lunte agrees falrly well with the values
caleculatsd. The clagsification wae based upon the intensity of purple or
crimson color, A similar classification waiz atteuspted in 1942, and the sence
types of various nplants tested by progeny tests, It was found thet aost of
the clussifications ware correctly made, but eaven s =nall asount of error in
data of this type, interferes seriously with any stabtistical wnelysis.

A few progenies apneared which ap arently came from triplex hybrids
>with the consiitution FFFf. While only one family segregated a nulliplex
vlant, the aseuwnption that these progenies sonrang from triplex hybrids wan
based upon the fact that some of the plants had flowers whose color wis less
intense then norsal cusdriplex nlants anl judged to be davlex or simnlex.

The populatlion iz too amall to allew for & very accurate estinste of &, but
its value agrees rather well with the value of (@ obtmined from duplex dsta.
A swmary of these dsats sunears in Table YV,

ihe flavone modifyving fagtor. The Zeg Tactor pair differs frow the others
studied in that plants cannot be classzifisd in the seedling stuge, but muet
te grown to flowering. Conseguently, the population size is somewhut more
1is4ted. The data for all progenies from dupler hydrids with the comstitution
Lgee is presented in table *VI. “he deviation from & 20i1l ratio 1s significens
and the dats sre shown to be homogensous. The value of @, 16474 indientes
that this gene is locuted beitwesn twenty asnd thirty crogss-over units {roz ihe

cenlromars.



TARLIL WV

Segrecation of colored amd green 2¢¥dlings in progenies from tetrsnlold plants
with the conrtitution JF¥S,

Padigres P e
47106 R 68 o
43182 64 o
43-163% 12 0
4%-164 119 2
4Im119 146 i
Totxls 41 1
Alphat 39461 £ 19707

TABLE ¢

Segrogation of {lower color witk ivory and yellow floavonees in progenies from
tetraploid plastes with the constitution fCgg.

Srose or Hybrid iLncestor Pedigres Ubaerved GZxnected

c @ ¢ ¢ oni
Light purple tet. from Afterglow| 42131 18 1 19.2 .8 007
43-130 11 1 11.58 B S22
43- 98 17 5 168.4 6.8 LADZR
A2a133 18 2 19.2 LB 1.878
42-134 L8 1 18.7 .7 I
A3 10E 74 4 7EY ) 2. Y14
43X=107 1) G 171.8 | 5.2 1728
4109 48 3 48.3 1.2 e ¢
A 117 6 1 61.6 | 2.4 <348
43110 113 2 110.7 | 4.7 1.598
Uniruown L% Ty perts P E2.7 1.7 . 392
43142 5z @ Eu gy 2.0 000
EAC Bohc 20 i 20.2 . L0
43=121 4 1 41.4| 1.8 st 1
42174 89 b 87,6 | 2.4 . 599
Tet. Flok ¥ Tet. Crlmaocn Giim 162 42 3 4503 .7 1.033
- 43=282 108 S 5, 4.1 20
Total 1047 41 8,319

- A7 16
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DIRCUTIION
Londitions pecezsary for the genetic snalysis of tetrenleolide, In spite

of the fact that a large pumber of ftetrsnloids have been llscovered or proe
dnced artificislly, aany of these are hot smenwuble $o genetic analyeis, due
chieily tc¢ three difficulties commonly encountered. The {irst¢ and conmonest
of these difficulties is the high degree of eterility often foundi in sutoe
tetrazploida. The very nature of tetraploid cegresstion resuires that very
large porulations muet be srown and analymed in order to obtuin dste that
will have any steilstical simificince. In genersl, lerger gopulations are
required in order to draw valid conclusions in tetraploid materizl than in
dtplotds. 7The high sterility of many tetraploids makes it impossible or at
least extremely A1fficult %o secure such larpge populntions.

Ths second diffieulty, curiously encugh, is most often found when
the first 4ifficuléy is «basnt. It conalsts ¢f the amphidinleid-like behavior
found in some tetraploids. It iz now generally recognized that autotetraploidy
and aaphidipleoidy are rather arbltrery tercs sad thsat many tetraploids are
intermedinte in their behavior as thet the disiinction is noet slways clesrecut.
Amphidiploidy 13 not confined to speclies hydbrids, but moy arise from autoe
tetranloida through atrn@tuf&l changes in the chronosoues or some other form
of clromosone differentiation. Ingressed fertility :nd decreased eepreszation
are slmltaneous effects of & change from autotetraplolidy to amphidirleldy,

20 that many of the mo:=t fertile Aiploids display little or no genetic sege
ragetion.

The third 4difficulty is the lack, in nuny sopecles, of clearecut
gonetlic charscters which lend themselver readily to classification snd anale
yoie. A prominent exa ple of this is found in the species of Lilium., Neare

1y all of the genetle characters which 4distinguiszh sarieties within a soacles



such =8 L. longiflorun, are cumntitative in nelure, and a study of their
inheritance would be axtreszely Ufficult even in disloids. Another exe
an:le is that of ascad resizitance in (he potato, reported on by Hrantes ond
#1de {1941), a genesic character very difficult teo classify with any high
degrsa of rrecision.

Tetraplolds of Antivrhinum mafus orovide exceptlonally fuvorable
naterial for the atudy of =sgregation, fue to tho fact that none of these
comeon A1fTiculties present theueslves %o say serious extent. Fhile zome
of the plante disnlay considerabls cterility, there is & great deal of vare
jation in thiz regerd, and fartile lines can he selected which will sst ssed
nearly ag abundsndly ss the diploids. 4 zingle cepsule will often contain
two or threc hundred aceds, and 5 single flower spike muy nroduce frowm ten
to thirty cepsules.

It hae beon suggested by futile (Ymewsller and Futtle 1841) that
these tetrapleoids dismlay a corstaln asount of amphidiploidelike behavior,
and the stutes that varietal dybrids are more fertile than non-hydbrid
tetraploida. Whils fporrow, Muttle and ¥Webel (1942) make the suggestion
thet this ghenomenon may be dus ip hetsrozygosity per ss, there is another
explanation which seems %0 be more in accord with the Tollewing obrervations,
in the rres=ant materisl {(much of vhich wae kindly furnishsd by the second
rothor of the above cited naner, und closely ralated to the material dise
cusssd therein) the nojority of hydrid tetranloids were more fertile than
the homorzygous tetraploids, Howevsr, there wers exceptional cures of
hybrid tetrasloids beingz elmost complsiely sterile and also 81 intruvare
1281 totranlolds deing hishly fertile. Muarthersore, it wcs found that
solection for several gensraiions was effective in  roducing lines of either

high or low fertility, independent of the homoryzoslty of the linea. For
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example, lines of tetraploid “Fhite YWonder" rssulting from two yeurs!

of inbreeding and divergent selection for hisgh snd low fertility show
marked differences in fertility, slthough all lines are exirenely homoe
zygous and indistinguishadle from sach other in morphological characters.
The lines selected for high fertility set an average of 32.76 cupsules per
plant and 1.92 per spike, while those szelected for low fertility set an
average of .44 capsules per plant, and .24 per spike.

4 fuarther observation which conflicts with the idea that hetero-
zygosity psr g€ is responsible for high fertility, has besn made in connection
with progenies segregnting for genetic characters. In ome such progeny 96
gregating for color, where the heterozygous individuale could be distinguished
from those which were horxozygous, there were alse clear cut differences in
fertility. The plants were classifled according to both color and fertility,
and the results are shown in Pable X¥II. It ie clear that in this case at
least, there is no relation betwesn fortility and heterozygosity of the
character involved. 3y growing progenies from many of these plants, their
heterozygoslty was checked and in all cases the classification was confirmed.
Yany other segregating progenies have been observed in which the average fert-
ility of the homosygous receseives was as high 28 that of the doninant plante
which, of course, included s large proportion of heterozygotes. It nlght be
argued with jJustification that heterczygosity for only one or two genetic
factors may not be sufficient to affect fertility so that these last stated
observations would not comstitute a valid argusent. However, the arzu-ent
that most strongly refutes the idea of smphidiploid=like behavior lies iv
the very faect that they segregate according to the exneciations for a true
autotetraploid. Any amount of selective pairing between genetically similar
chronosomnes in 2 hybrid should have the efiect of reducing the proportion of

recessives below the expected, and such a reduction has never been observed.



TABLE XVII
Comparison betwoen heterosygosity aad'fortllity in segregating
1ine 42-334
Genetic Constitution Fertile Plante Sterile Plaate Total
IPEP 2 G 2
PR & 3 g
s ¢ 4 13 ] 18
mMee 7 2 b
(224 —n _— —
Total 33 10 43
TABLE XVIIX

Types of dihybrid ratlios found inm dipleids zpd the correspopding ratlos
expected in tetraploide, disregarding dombls reduction.

Diploid ixamnlea Tetraplolid
in

Antire Both factors dupley Ume Pagtor duplex

rhinuwn the other aslaplex
9 3 31 1 AsPfce 1225 ¢ 36 3 36 ¢ 1+ 108 3 35 : 33 )*
913 4 Hb¥FCao 13286 ¢ 35 3 36 106 s 35 3 4r or

B¢ 13 =
9 &6 1 1238 ; 731 1 105 ¢ 33 3 1
9¢ 7 B E e 1226 1 71 35 s 13
0 : 6 613 3 a5 53 : 19
12 : 2 BhEL0e 1261 ¢ 25 141 3 3 or
108 ¢ 256

15 3 - 1296 1 1 143 3 1

*Types of ratios that have besn observed in Antirrhisum.
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in view of these osbservetions, it ssems loglesl o suprose that the ine
creaged fertility freauently obeerved in the tetraploid hybride way simply
be due to the covering up of complesentary recessive factors for sterility,
Thie 48, of course, uerely n special case of the genersl explanation of
hybrid vigoer in plante, and recms to be compatible with the observed facts.

The abundence of clsar-cut genetic factors iz very helpful in
carrying out an analysis of inheritance in tetraploid Antirrhinum. ilany of
these characters have been the subject of extended studies by Baur (1310)
&nd others, and thelr inheritence is well understood. The most convenient
fagtors are those involving the fornmtion of anthocyenin pigrents, since
these factors are not only expressed in the flowers, but are also expressed
in the colors of the younys seedlinga. This makes it paaﬁiﬁla to grow very
large poyulations in & linited space and secure date on segregation without
growing the nlants to flowering.

Another useful type of factor is that in which the three typesz of
heterocygotes onn be distinguished from each other ani from the homozygotes.
This is %rue of the anthocyanin factor found in our cultures which produces
a different shenotysle effect for each of {ive different genotynes.
eytological behavior has & more pronounced sffect on genetic segregzztion in

is ststed rreoviously,

tetraploids than in &iploids. There are three main verisbles in cyteloglioal
behavior which may affect the croportion of recoesivee found in & segregut-
ing srogeny. These will be Aimcussed in the following order: firsi, wode of
valiring; second, quadrivalent formation; snd third, chiasma freguency.
Pairing in & tetraploid wmuy be classified as random or selective
with referance to any glven group of four homologous chronosomes. Yven

within the same tetrsploid, some zembsrs of & genom may undergo random paire
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ing while others nsy dlsslay verying degrses of selective pairing. In

randoa pairing, say one of the four houologous caromosomes may malr with

any ong of the other three with #iusl probability. The hypotheses of

#uller, Haldone and “ather sll assume random pairing, but Gregoryls hypothesis
egowaas & spacial tyre of zelectlive pairing.

Salaciive nalring cccurs when ths four homologs sre not equally
hoaologous at tead to £311 into two groups such that the two chromosomes
within a srous dienlay more affinity than two chromosones from different
zrouns. In ather words, they have differential affinity. Honology ig a
ralative term and can vary from "absolute identity?, such as ie found in
donbled hanlaids, to the very wesk homology found in secondary palring. As
s result, the pairing in tetraploids can vary frox completely random where
the four chromosomes are equally homologous, to completely selective, where
the »lant behaves fanctionally as a diploid. All degrees of selectivs palre
ing between these two extremes may exist. Yo 1llusirazie how selective paire
ing way eflect segregatlion in autotetruploids, let us ssswse thet we have a
duplex hybrid with the comatitution Adss. Turthermore, leot us designuate the
twe similar pairs of chromoszomes carrgying their genes with subscripts 1 and 2.
Then in o plent with the constitution Aydiares, i selective pairing is cowe
nlete there will be no segregsaiion, since only gemetes with the comstitution
dng. con be formed and these will vaite to form progeny with the constitution
fydysops. 1 selesctive pairing ie not complete zo that jy cccasionslly pairs
with w, then ganetes con be produced with the constitution Ayshy or &-av, the
latier type ony unite o give s houozygous recessive segregate., Thie is kmown
to oecur in Prizuls kewensis where a limited amount of segregetion tskes ~lace.
Chromoseus doubling in s diploid hybrid Aya- or crossing of twoe autotetraploids

1415381 »0d foporon. will glve rise to msphidiploids with the constitution
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Ay soEs Just discussed.  fowover, under some oonditlons, we may buve tetrne
ploide with the constitution LyajiAse.. In thie case, complete selsciive
gedring will produce gametss with the constlitations fydo. dysn. Byun. and
1% in equal proportions, ani the phonotypie ratlos on seliing will De

15 A3la.  Noreover, under these conditions, two types of duplex hybride will
be produced, those like the parent A3g1acie and nonesepresating types Miyzos
or @@ihsfin. This type of segregution iz found in diplolde when duplicate
factors are involved, and its occurrences is sonetives considered 4n indiostion
of sawuhldiploid sncestry. Ve bave alveady pointed out that aswly arisen
tetraploid hybrids are almost ceriain t0 have tie coastitution igdngcds. The
originr of the sepond Lype, éqﬁaﬁgﬁg is protably secondary, resulilng from

the occasional peiring and comsejuent groscing-over betwsea jy wnd 3 chromo-
some? in such & way thal thers is an exchunge of alleles § wnd & without
consolouously altering the original Alffersntiation of ths chromosonss. Thie
iz borne out by the fact that vracticslly all cases of dupliceis faetor ratios
are found in plonds which, on other grounds, siww evidence ol beiug old polyw
ploide. Gregory’s hyrothesis was based on the asswapiien thet thele wue Comwe
piate selective »airing vetwesn clrowczomes {1om oppoaite paXents. Yhie

type of polring war later referred to as “allosyndesie’, and Orone and
Darlinzton (1928) upoke of devistions from the 3532 rutic in Hubue &s due

e ‘s tendency towmard zllosyndse i e®, so explanation which they luier retracte
ed (1931). The Sorms autosyndesis and allosyndesis have been purposely avolde
ed in the foregoing discussion to avoid the confusieon thai is comwon in their
usags. astosyndesis is generally defined as peiring bebweon chwonosonss de
rived from the stne parent, and ailosyndesis ss palring between curouwaones
from oppozite serenis. However, 1t mekes 4 Jifference whether we refler to

the sriginel parente or te the inwdiate parsnts. Darlingten (1937 5.700)
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In fuct, his ratios can be obtnired in the comrlete abuence of ~usdrie
valent foprmation. Thle apresars (0 be the caze in Lotus as reportel Dy
Dawson (1341). Haldwune's ratics can only be obisined if the chromcno-ow
iavolved form quedrivaleats regulerly. In ¥ather’s fovsulac, the quontity
&, representing the wnount of genstiexl nondisjonction, i dependent wpon
the amcunt of sumdrivalent forsutien, attsining 1ts renjom value of 1/3
only if guedrivalents are regularly formed,

Sperrow, Puttle and Hebel (1242) have presenssd date on the free
quency of suadrivalent formation in intirrbizum,. They obuerved {reuencies
renging from two to seven with on aversge of five per cell, There is no way
of knowing whether theze cuadrivalentes tend to involve the wanms clrorusomes
esch time or 1f all of the chromosomes form cuadrivelents at gbout the -pme
freguency.

e third cytelogicel verinble is the freqmency and position of
coiamaats foraation. Since separation at first dlvision i nlvays reducte
ional @t the cantromere, e-uational separstion at & given locus dspands
upon the Fogmasion & chissme beiween thei looms and centrouore. In Hather's
forrmiae, the amcunt of enationnl senarsiion is designuited s e. I7 one
entumu. is wlways forssd between the centrosere and the locus in rassiion,
seporation nt that locues iz alwayz egquationsl snd ¢ has the viiue of L.
Ytabed in toran of crogs-over sarcenbage, this would ba squivilent to BOE
eroaning over, and in genersl terss, e isn $wice the crops-over percentage.

Geblkers (1340} hes veviewsd the subject of eaviroment .l effects
on chlasie foruction, and “rnsé (1938} bes shown specificslly that sudden
chungae in tempersturs redoe the ahissme freouency and hence the amount of
Therafore, since the segrogation in o teire=

croocing-~over in satirraimes,

rlold varise with the smouat of chinsma formation, :nd this is in turn ine

fluenced by snvironmental factors, tetraplold ratios shonld be expected to
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vary agcording to the eavironmentul conditions which prevalled when the
=2rant alant wes andergoing meioeis.

In o Yatranleoid, when the tan ohromocomen in o prmste are darived
from 3ister chromatids, double reduction is esid to have ocourred. Hince
double reduction tends to incresse the vronortlon of homopygous gemabes
(both recescive and domin-nt), 1t affects the genetic ratics by increasing
the pronorticon of recessive ~henotyrnes above thet exnected on the wssumption
that tre ohromezones heheve ss unitz ond do not wndsrgo doulblse redfuciion,
Henoe, sny eytologicsl behavior thst favors double reduction tends £o ine
arense the proporiion of racessives in o ratle. In order for doubles reduce
tion %o foke vlsee, o special uet of conditions mmst be astisfled. First,
palre? chromvenuss bearing eoposite slleles must wase to the ssme ools nd
thr firsd divisien. 7This iz termed genetlc non-disjunciion and i{tr {resuency
wow Jeslipgnated by Yether withk the oymebol ¥8%.  Jenetic non-disjunction iz in
turn depsndent noon the formetion of trivalentes or gusdrivelents, since with
Bivelsnte, Sho two 2ombers of the nsir slmoest luveriably nass o ormoulite
roles.  Tre seedénd eondition whieh maet be fulfillsd iz that at lesst one
evivesn syet Be forned Betweon the centrosere wnd the locua of the rene in
cuession, resulting in equetionel esparation at the first division. ¥hen
both of these conditions sre Mulfilled, two chromasomes pase to the esame
vele ot the First divislion, each consisting of twn chrewstide bearing
opvonite wlleles, 4t the second Addvision, when the centromeres divide and

pase %0 vooesite polee, the twe chromatids bezring the same sllele may puse

te the sazue mole, thus reasmltisg i» double reduction. Inzsomer 2s domble
refastion depends wren these two conditions, 1te freqguency may be expressed

Lo the oroluct of the frecuensy of ganstie nonedisjunciion (a) #nd the free



yaeney ecustional separation (e). This -roduct, z€, is desisauted hy
Usnther ag K in slmrler and trislex, @ in duplex hybrids.

The paraneters X sad (3 ., #lve us the croducts of the wiount of
genetical nonedisjuction,  and the arount of squatlonal separation, s,
bus tell wue nothing about the ralative purt that anch of theae vorisbles
nlare 1a sffecting segresntlion. Tha value of 3 wlll vury froa zers, when
no guzdrivalente ars forsed, 3o 1/3, the random valne obtained whan the
chromosames aleweys ssseciate in yaedrivalents, Tie valus g, 51 the osther
hand, cxn vary from sero 4o one sg the cross-avey rorcentags bedwaen the
gene nnd the scentronere varies from zero to 5, s the valas a7 U nnd
@ shoumld vary from zero o .33. I we observe oytologleslly, that the
Traonency of quadrivalents le very bigh, we osa sssame that the walus of 8
amprosches it upper 1izit of 1/2 and =s » result, 7:in am s~ roriaailon of
& irom the value 3%,

%e have sesn what relationshis exists batwesn teotranlsid assare-
rution snd several spacific sanents of cytologiesl behavicr., T4 should
also be pointed out that sesrsgation in tetraplolds has an Luwsordisnt besre
ing on severnl general cytologicenl concsnts. One of thess s in re,srd to
the time of arossing-over. Deviations frem the fuller ratios firalsh us
with genetic oroof that crossing-over falies oloce in the four stroad atage
betwesn two of the atrandas, The firet demanetration of this fael wis furnishe
#d by anderson (1925) in connsction with attached Y~chroaesoues in Drososhila.
It was further Aengnatrated by #ridges znd indernon (1923) in the Techronosones
af trislold farnles of Dresorhila. It is an Intercating foet that the date
on tetrsplold segregation published crevicusly by Blakoslas, ¥alling and
rarnham (1927) . can now de interpretsa’ to orove the azie fact. The snynosre

snce of recessive -rogeny fraw tripley hrbrifes could not have teven Hlace
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differential viability will reduce the value of X to u grester extent

than the value of 3 . Hather (1538) has unoted Just such differences in

the values of X and (3, but has explalned theu on cytologlcal grounds.

The cytological conditions which he postulates for causing the excess of
over O are extrensly restricted. A change of pairing partner must

oceur which involves & change la pairing relationshin with respect to the
hetsrozygous factor. Murthermore, two chiagmata sust be formed between

the centroaere and the locus of the gene involved, und one of these nust
occur on eilthsr side of %'s rartner exchange. It hardly sesme possible that
such » restrictad set of conditions could sccount for all the differencss that
have been found between the two parameters. On the other hand, if we exnlain
such dAifferences on the bagis of differentizl viability, we are desling with
& very cowson phenomesnon. 1t is well inown that & sreat -any, if not ost
recassive genes have a detrimental effect uron the well=being of the plant.

In regurd to the phenotyric results produced by gones, several
unique chenomens sre found in tetraploids., vheress in diploids thers are
only thre: voesible gzenotypes involving a »noir of alleles, in tetraploids
there sre five. In two of these genotyres, the slupler and trinlex, the
sronortion of dominant to recessive genes 2iffers frow the # unzl crocortions
slwaye found in Aiploid hybrids. Often when two allsles are present in sgqual
proportions, ovne is completely dominant over the other, but it may not be capable
of completely uasking the efect of those recessive genes In o asbaplex hybrid.
for this reuson, incomplete dominance iz more comnon in tetrapleids than in
divleids. Ia Primuls, for exwsple, 9omne (1530) has shown that in diploids
the factor § for green stigas is completely doninant over the factor g for
red stigan, effecting not oaly stigoa color but a2lso supressing color in the

flowers. In tetraploids, on the other hand, plints with the constitautisa

= have green stizmss, but %the flowers have o dorker shade, in sone cases
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Ztatistical snalysis of tsirazleld segrapution. The unfixed nature
of tetranloid ratios latrodiaess probloms in stotisticsl analysis uot
enagantered In lexling with the fized A4pInid ratios. It 1e rathsr cownon
i1 the literature for geneticists to refer %o "chromozgme® and "chromatid
segregotisn® as though thess wers twe fixed ratios between whick ona must
ehgoes in fitting o g2t of dnds,  da = matiar of Tpt, thoze two twmas of
segragition are in reallisy, onlr 1des)l limiiting rtiss abich sre seldon
attainsd, and probebllity fuvors the ccourrence of ratios which are inter~
medists batween there two lLimizs.* The froortaat stetizticzl prosiem 1¢ there-
fore, not to detasrnine zhich ratio the Azt fit nmore olosely, but to find
out %o ahal rxteat the tws ovwosias Feree:r of equarionsl wmd reductional
vsaparnbion have affected the dain. Mother's paranebers ™ and © convenitently
craracsterirze & ged of dste in thiz reserd., It bhes bBeen vhMown bhet the dala
Fnlished By Flikeslze, Tellings and Tarakan (19270 A1fer significantly {rom

Loth o #2511 ond 5t retico,

v

Dm ke otrher Yand, 1t hae beet ohowsn thut Gragorvte dats An nant

¥,

heee two exmsnlen bring oar the

Alffer signifionatly from elsther ratio.
waiat that lergs pomalation: sre nsgesgrary in order fo dysw ¢:11d conclasions
in reg.rd 4o fetrasinoid potine,  Per #=rxrm-le, 14 iv nacepaary 9 huvea o none
wlatdion of st Tewwt 1727 2Yepte in ordar to be gertoin that sny rotio obtalined
cun be orover Lo Tevizve slgaificsmtly Trom elther m 3Bl or s 141 vetlo,

The wethod of caleclsiing erpected rotios vhen the values of &

end @ -re glven s nerely uum of subotltuting thece welnen in the formlae

in Table I, ¢clumm H. e oonverse croblem of esleulating the vilues of &

cointed out, roadom chromatid segregution is
roglly not the uwopeyr Yinl! crasortion of rogessives is concvrned.
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& locus will croduce and even % f%@r nrovoertion of race cives,

*ne Yather (1338527 T




and @ from observed dats ts discussed {ully by Usther (1972, 1435b, esnd 1878),
driefly the method consiste of setting ur 2 log likelitood sousiion ian whieh
tre likelihood iz expressed aa tho sum of the profuets ol iue obnerved musber
in each claxs and the log of the expeclancy in teras of Aor G. This exs
vression ie then differentisted witk respect to K or B and the derbwtive sgusted
to zero. The solution of this equotion 1e then the vulue of X or @ wiving the
*maximum likelihood®. The vuriunce 12 then obtauined by taring the zecond
derivative of the originsl egastion, suvsiituting the value of X »r @, =nd
taking the negotive raéiﬁrmaml of the result. <hen date ars avallable on
several tyves of matings, the maximum likelihood ecustions will he rather
complex xnd mast be solved by successive soproxismetions., . hen we hove only
data on nrogeny from zelfsd olants, aa iay@ftam the guse, the equstions rae
duce to uite simple forms. Thus to ernleulate A from a srogeny of # gelfed
simelex plant, we can use the equation: A = 2f¢ - 4, where z represents the
wercentage of recessives found iw the porulation. e standard error sill

be: 4 V{l-z}/n. Por data from selfed triplex dats the ejuation LsiX= 3¢z,

L1

and the stindard error is the swue w8 in the last case. The narameter (O
derived from a -rogeny of 5 selfed du-lex ~lent con be cualeoulated from the
formmlay € Yz - 1, and the stanlsrd error will be: 7 V{laz}fa.

Practicsl simificunce of tetraploid

nauturally ariees in the diccusslon of sny scientific -roblenm Lo whether that

4 ocuasation thet

orobles hes any practical significsnce. I[nasmuch ae thare asre severasl hort-
ienltural crops which are sutotesraploid or behave parily =8 eutotetre . loids,
the probles of auntotetrssloid gemetics in of convidersole im oriunce to the
plant breeder. 4s an exaonle, let us consider the comaon srobles in ol oy
zraeding of obtaining a true-braeding line. In Aicloids this ls relatively

glmnle, for when o selectlon ie made in an ¥ or later generation which rroe
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duces » uniferm progeny, <11 of the plents in such o progeny wre concluded to
be homezygous »nd we feel safe in bulking the sesd qnd using it to obtuin

znd inaresse. “uch & procedure would be unsafe in dealings with sutesetrunloide,
for the plant selected may be trislex. In this case, its ovogeny wonll be
phenntynieslly uniform, but genotyplierxlly it would still be segregating,
profucing some dupler and even simplex olants shich weuld segrearzate in the
following generation. Just such s problem huz been pointed out by Csdumen
{1943) in connection with obtrnining a straln of otatoes homosysous for roe-
aigtance to virus. Another problem which urisee is the 41ffiemlty in ab-
talning multivle recessive tyres from a corvss. #For examnle, let us surpose

a cross 1% made between two parents which differ by thrse senstic f.ctors

in an endeavor to obtain s plint recessive for =11 three. In a 4iploid, the
probability of obtaining suech o trinle recessive is 1 in €4. In an sutotesirn-
»loid, on the other hand, the yrobsbility ronges from 1 in 8,70 to 1 in
44,668, depending uron the smount 5f double reduction o erating to incrsaze
ihe nrosortion of receseives., {Obvicusly, one muat either grow very large
rorulations or devise some methed of obtainine the desired ty-e in several
LG,

Sreiden being of cractical simificance to the plant breasder, the
study of sutotetraploid genetice hos another more indirect vxlus shish cone
sists of furnishing an aneproach to the siudy of ounuentitetive inheritence.

Tris problem has been one of the most baffling snd comcolex encountered in the
fleld of genetice, =nd 4t is 2till Fur from being soelved. Yet it {2 of the
wtwoszt economie imnortancs, since a grsat mejorlty of the genes which cone
tribute to the value of cultlivated nlunts are guantiteiive in character, and

& thorough understandiang of their heredlitsry behsvior iz greatly to be dew
zired, Lindstrom (1%35) statee that “Comparison of ~umiitative inheritance in

¥n and 4n affords snother asproach to the problem of wantitative inheritance”,

snd be has teken the first ster in thie direction through s study of Mmunte
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itative genes in tetraploid tomatoes.
f?‘fl?ﬁﬁ*?ﬁx Y

The segregiaticn of four geneile charvacters 'was :tudied in cole
chigine induced tetrsploids of Antirrhimos majus. 1% war found tbal these
plants behave as true :mbotetraploide. Segresntion for sach factor was
fifferent, dependins o0 the smount ¢f double reduction due to erasaing-
o¥er Joiween the gene and the centromere. The mwuount of doubls reduciion
was grectest in the busic color facter, L, leust lu the A fector, and
tetyeen these two cxtromers in the ¥ ond § frotors. In all ewses, lurge
enough populations wers grown Lo dexomnsirite 2 significsat differonce bee
twoen the observed raitleo and 38:1 & gle. In the case of the j faster, i
was peusivle sleso to vhow a sismificsnt Zdeviation fros & 2111 ratio. Nif-
Usrenblel viehilitly voe dizsonesed and it woes pointed out thet this phence
manon ulght accoont for the {reauntly observed apparent difierences in
double reduction beiweon dupler and simpler plaants. Tetraploid a2¢gregation
iz dependrnt wpon such verlables ws type «f puiring, swasrivelsn: formation,
mesber and position of chiaszate, and d4illerentisl visbility. Since the last
three of these vari.bles are in turn inflvenced by environment, it wses pointed
out that segregation is indirsctly dependent urorn {the external cuniltions
exizting a2t the tilae of melotis and during the e¢srly stages of wevadling

developreat.
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