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It is rather surprising# in view of the large number of tetraplold* 
t'imt have been reported, especially since 1937 when the advent of colchi­
cine rendered the artificial induction of polyploidy a simple matter, that 
so little has been reported on the genetics of tetra-doids. For the past 
6ix years, the vast majority of papers on tetrsrploidy have dealt with their 
cytology, morphology, anatomy and economic importance• 411 of the import­
ant papers on the theoretical aspects of tetraplold genetics appeared be­
fore 1937. Since that year the amount of tetraplold plant •material avail­
able for study has increased many-fold, yet the published data on inherit­
ance in this important group of plant* are very meager*

she genetics of autotetraplold* 1* complicated by various factors 
which ere not encountered in the genetic* of diploid*• The most important 
of these complicating factors lies in the fact that one of the fundamental 
concepts underlying di»-loid genetics, that of *purity of gametes*, i» mean­
ingless la the discussion of tetraplold genetics. In a tetraplold, the 
gametes may be hybrid as well as *pur©*. Thi* leads to a further explica­
tion in the sygotes, namely, that instead of having only on© type of hefcer- 
osygote a* in the diploid, we have throe, which along with the two homo- 
sygotes, give five possible genotypes involving *»ny one pair of genetic fact­
ors. These five genotypes are known as vpxadripler, triplex, duplex, simplex 
and nulllplex, according to whether there are four, three, two, one or no 
dominant genes present.

Mother complicating factor in the study of tetraplold segregation 
is the relation between certain cytological phenomena &ad the genetic ratios 
obtained. Diploid ratio* involving a single gen# are affected little or not
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mb ail by such ?wrlri>U factors as pairing, 'smXfciw&lomt formation* non* 
disjunction* chiasmata, and the position of the gene on the c^oaotois 
In relation to the oeatroiaore, yst ail of these f&eton lawrt a profound 
influence upon tetr&pleift ratios« These points will be discussed in a»ro 
detail later* bat it stolid be pointed out here that while it is well re* 
cognissad that variations in oytologid&l behavior introduce v&rishles in 
tetraplold segregation trhieh stake a precis# oathsm&tieal analysis of the 
ratios difficult or even Impossible* still it is felt that certain advant­
ages are to be gained in a study of such ratios. The tsere fact that to fern* 
ploid ratios nre affoeted by ontological behaviour opens up the possibil­
ity of studying the relationships between cert®in cyi ©logical and genetic 
phenomena, which cannot bo studied In diploids where genetic ratios are* 
in general* iaore stable. Bmm ©ae has said of plants* that *th*.lr var­
iability is at one® the hope and despair of a plant breeder1*• It can like* 
wise be said of tetraplold segregation* that its variability lb at once the 
hope and despair of the cy i©* g©a ® 11 © i s i»

Sven data which aaimot be Interpreted intelligently in the light 
of our present knowledge of cytology* may prove valuable at some later time 
as our cytologle&l and genetic knowledge increases* It if. certainly true 
that the data published by Blakeslee* Bolling and Fatmtoa (1933) are much 
mar® intelligible end hence more valuable today then at the time they were 
published* It is therefore hoped thr-t the data present#i herein may add 
to the gradually accumulating mass of data on tetraplold ratio# which may 
so&eday be pieced together to bring about an intelligent understanding of 
the genetics of tetraplold®.



The literature on the segregation of gone tie characters in onto* 
tetraplolds fall© into two main categories, those paper© dealing with the 
theoretical aspects of the -problem, ami those is which actual onperidental 
data are presented and interpreted* oh 11© some of the published work deal* 
with both aspects. It has seemed :soet convenient to discuss these two cate­
gories separately, first treating the development of the theories concern­
ing onto tetraplold segregation, 'thou reviewing the published data la the 
light of these theories*

Theoretical. The first report on segregation in autotetraplolds appear­
ed when Gregory (1914) presented data on the tetraplold Primula sinensis* He 
atte .*?ted to explain the ratios obtained on the basis of duplicate factor 
ratio® cotaotonly found in diploids* 11ms, he assumed that the ratios he 
obtained on selflag a tetraplold hybrid corresponded to the 15s1 ratios 
found in diploids and that the b&ckeross ratios represented 3s1* His con­
clusions were based on the false assumption that chromosome pairing always 
takes place between a chromosome derived from the maternal parent and on© 
from the paternal 'parent (allosyadesls)* Huller (1914) pointed out this 
fallacy, and assumed that pairing took place between any two of the four 
hosologou© chromosotses at random, independent ©f their origin* On this 
basis, h© concluded that the ratio obtained from selfing a duplex hetero- 
sygote should be 35s 1 and that backcrossifig suett a hybrid to a bomosygotis 
recessive tetraplold should give a 5:1 r?tio, i'-foreover, he attempted to 
show that $regory*s data fit these ratios better than the ones Oregery 
himself had assumed*

So further theoretical treatment of the problem appeared until
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Bel&exie (1930) -published generalised formulae covering all types of auto* 
polyploids* sad showed specifically that If cm# assumed rsadcra assortment
of chromatids? rather than of chromosomes* a tetraplold carrying too Aon* 
in&ats and two recessive® would give a ratio of 18?*9 (or Approximately 
Sl*l) on sclfing, and 11*3 on backerosslag to a feoasosygea# recessive.
These ratio# have attraotod considerable attention by subsejpieiit authors * 
and data which seem to fit thorn.are usually referred to as displaying 
"chromatid segregation*1. Along with, this tens* the tens *chrmmntmm 
segregation* ha® com® into general ms®, referring to ratio® which seem to 
fit more closely those given earlier by Muller. Tbs UBsoauadusss of con­
sidering these two types of segregation as separate and distinct fixed 
ratios, and of assigning observed data to one or the other, was brought 
out by Mather (1936), but the practice has persisted to the present time, 
fhi® point will be discussed later in tmrm detail.

Mather published three papers (1936a, 1936b, and 1936) dealing la 
part with segregation in satetetraplold*. These papers discussed the sub* 
jeot ia the light of cytologies! facts, many of whieh were act well under* 
stood at the time the previous paper© were published. Ia referring to the 
term# * random chromatid segregation* and "random chromosome segregation”, 
Mather (1936) eta-tee*

It has beep recognised by all later workers that these segre­
gation.. ..expectancies are ia the nature of 11mltime types, end 
that the true segregations to b® expected from eutetetreplold organ­
isms will actually lie somewhere between them.*..

further on in the same paper, he .made this somewhat contradic­
tory 'but probably sounder statement*

A new segregation w»s established (1935a) for the case of com­
pletely equatienal separation, and random chroma116 segregation was 
shown to be the result of a combination of the two types in the ran­
dom pro-portions of 1/7 reductions! and 6/7 epu&tional separation.



5

Tha» the first statement refers to r&adoa chromatid segregation 
as a limiting type, while the second statement represent® it as at*. inter­
mediate type. The second statement brings out aa interesting contrast 
between the phenomenon of linkage of gnaws in diploids and linkage with 
the centromere in tetr-plolls, which has never been emphasised* In diploids, 
the upper limit of crossing over between two linked genes is S0£» and this 
limit is the equivalent of independent a* sortmeat or random segregation* 
in tetraploids, the upper limit of crossing over between a gene and the 
centromere Is likewise 50€, but this Is not equivalent to random chromatid 
segregation* Instead, the ratios calculated on the basis of random chrom­
atid segregation are equivalent to those which would be obtained if the 
amount of crossing over between the gene and centromere were approximately 
43;&*

One of Mather1 s most important contributions was the formulation 
of methods for calculating parameters which could be used to characterise 
an observed ratio in terms of cytological behavior* These parameters are 
based on the products of the amount of geaeticul non-disjunct ion in a 
quadrivalent (a) times the amount of equntion&l separation of chromatids 
(e). The latter variable is in turn dependent upon the frequency of 
chlassaata, and hence the percent of crossing over, between the centromere 
and the gene in question. He pointed out that the values for these var­
iables should be the sasae in triplex and simplex hybrids, but would be 
different In duplex hybrids where change of pairing partners may alter 
their value. Therefore the parameter calculated from simplex and triplex 
data was designated as (X, while the on® based on duplex data was called 
(3. Theoretically the limits of both these p&reoeters should be sero (when 
there is no crossing over between the gen® and the centromere) and 1/3 (when
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there is SO’i crossing over between the gene and the centromere and random 
disjunction of chrosaosemee)'

fhm expected ratios based on tbs four hypotheses of Gregory* 
duller* Haldane* and Mather are euauiarlned in fable I * tbs last column 
giving the ratios expected on the basis of Heather's hypo thee Is when the 
parameters a and (3 have their limiting- values of 1/3. It will he noticed 
that there are nine types of crosses in tetraplold* capable of giving segre­
gating progenies* in contrast to diploids where there are only two such cross­
es* namely* the heterosygote times itself and the heteresygete timet the homo­
zygous recessive.

The literature on polyploid genetics in general w.̂ s reviewed briefly 
by Lindstrom (1936)*

Experimental. The first experimental data on tetraplold segregation were 
published by Oragory (1914)* reporting on work with Primula sinensis. One 
of the paij- s of factors upon which he reported was the Thrum (short styled) 
versus Pin (long styled) pair* designated bp hi® as but referred to in 
the later literature a* JiSjg,* Table II shows the data he obtained with dif­
ferent mating combinations in comparison with the expectancies based on his 
•own hypothesis and on those propounded by Ifuller (1914) and B&ldane (1930).
The values of obtained with each of these expectancies shew that* due to 
the small populations involved* the data did not differ sign!fleetly from 
any of the three theoretical ratios. Thus, much of the discussion to which 
ratios these data represented was statistically meaningless*. The other pair 
of factors studied by Gregory w&s green versus red stlfleae* designated by 0-g. 
Tt can also be shown that the data on this character did not deviate signi­
ficantly frxn any of the three theoretical ratios.

’Airther data on Primula si nuns Is appeared in an extensive report
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?ABL& I

AntotetraplQ id ratio* expected on the basis o f various hypotheses.

Hating Oregory duller Haldane Mather Mather* s ratios
when & i b - 1/3

4AAa eel fed Inf. Inf. 783 64*a? 575
0 0 1 a2 1

AAda x inf.
0

Inf.
0

389
3

48~®*»ab
a+&b

X07
1

AAAa x Aaao Inf.
0

laf.
0

769
15

64*»4a*»e£
4a+a2

563
13

aaam x aaaa Inf. Inf.
0 0

Man eel fed 15 35
1 1

AAaa x Aaaa 7 11
1 1

AAaa x aa&a 3 5
1 1

Aa*a eelfed 3 3
I  1

Aaaim x 1 1
1 1

37 8~a 23
1 a 1

187* 35-3b-ba 77
9 l+2b+b2 4

347 44**4b"»a»"*ab 96
45 4Mb+a+ab 13
11 5~b 7
3 1+b 2

559 48-8a-a2 407
22S 16*Ss>+«'' 169
13 4-a 11
15 4+a 13

•Iforê uently called a 31s 1 ratio*
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by Scmm (1930). fMs paper reported oa the inheritance of seven pair-? of 
factor®* including the two discussed by Gregory. The conclusion was reached 
that m m  of the ratios oh tallied differed significantly from those postulated 
by duller.

Bnfflatcn sad Haldane (1931) published results on three pairs ©£ 
factors in Primula* including the £  and ]| factors discussed by the two earl­
ier authors and tbs factor pair for magea,ta vs red flower color* They 
paid particular attention to linkage ftnaeng these factors, slue# It had been 
shown in diploids that all three are located on the seas* chromosome. They 
concluded that all of these factors were located nm&r the centromere» so that 
double reduction was disregarded* While there **••• a rather consistent excess ©f 
recessive® in their data, they attempted to explain part of these excesses by 
assuming that some of the parents were pentasomic for the chromosome involved* 
However, in & later report (1935) on linkage in diploids, they used data from 
tetraplold segregation to locate the position of the centromere on the linkage 
map of this chro:no»eme* They stated that the data indicated that the centro­
mere was cl09# to the loci of the j*, and j| factors but further distant from the 
j| locus* Table I I I  summarises the data from the three reports on segregation in 
tetraplold fir it sale* including only the mating combinations found in all three 
papers•

Blekeelee, Belling and Tamhm (1933) published & paper on segre­
gation of two factor pair® in Batura* The value of these data, which lie® 
in the extremely large populations Involved, has apparently never been fully 
appreciated. Sine® no one has ever published a statistical analysis of the 
data, a table is included here (fable IT) in which the observed ratios are 
compared with the expectancies according to the Haller hypothesis (which the 
author® accepted), the Haldane random chromatid ratios, and the Mather ratio®
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aaiparieon of Gregory1 s data on the j|-j, factor pair with expectancies* baaed on
vnrlou* hypothese*•

Opting Obaerred S*JtQected
Gregory d̂ /ta filler 5.4 /xa Haldane 2 rd / m

33 •» 44 8 43.12© .01775 44.722 .01166 45,888 .00029
selfed 3 » 2,875 .26630 1.-78 .40790 3.112 .00594

■SSss x 67 3 63.750 .16569 70.833 ,80742 66.786 .00060sees 18 e 21,250 .49706 14.167 1.02706 18.214 .00251
®««e 357 0 270.760 .69839 370.750 .69829 257.396 •00061selfed 104 a 90.250 2.09488 90.350 2.09488 103.604 .00161
Sum x 292 3 278.000 .70594 278.000 ,70604 - ’58 .142 4.44083

SISf. 2*64 a 878. .70504 278.009 .70504 97.858 3,84889

"hi square — • 
T' «»„«

5.15005
.2?

5.86728
.01

8 • *30107 
.0®

T.fiBL.i III
; coperleon of data from Oregory* Somiae, and Oe>v triton and Haldane on tetraplold

segregation in Prlnmla .glnmal.s

Suss selfed
Ssss X 8SSS

00g$ eel fed
OOgg x g.ggg

Gregory
2b7t104
i m s M.003 ±.133
75:

53.182 ±.171

Soane
1000:342

.005 ±.070
1659? 52

-^006 ±.046

DeHinton and Zidane
1282:395
i m a m ,-.054 ±.062
1204:44
64311,25 
.052 ±.059

selfed 
 npHET

*

•045 ± » 299
*2» 51 

.043 ±.£27 • 045± *183
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from blukiml&o, 0eX1,X»g -..nd Famluvi (1003) tjo’̂ -sxad wltfc. tacre- iO-.aoretle.:.!
ratios»

Qbu'&rw£•>1 ' •iXilcul&ted oa llw h-̂ ntn oft

salfed
fOXp x p m ' 
T'r5;pp a el fed 
;'02p •& fO'O1
Oppp x p,-p 
op;.p sal fed
!p>0p x ppup

1380
0

160
1

9820 
331 
394 
42 

1420 
: .21 
9400' 
61 
533 
5 >41

“Charr >. u . *' ‘bvo saOid 
*e» Top ..tlon*

2 , i* * 2 
>.r . lettl*' *

ulmf̂p * d:;7i£ 0,x. 5 / *5 %x. d: /as
lOOlOOXi 

0*00 
ica.oo 
0.00 
i ' •' >
I., 7
, i .67
* c • -

1 ’ *.17
'c*e4 12. 3 

',17 .7o
14/:. 1 

> • v ’

.2935
8.50:55
.0304
.3849
.1300
.7030
.R132

,5 • 4^?.41 o-O
» * i: .&,. "W 2'

1377537 
1,60 

155.26 
3,75 

9634.88 
965,13 
0-85.95 
30* 03 

1252.31 
'268.79 

5098,01 
3642.15 
,893.86 
1037*14

1 • OtOiX 
09.1000 

, 1679 
1.0497
5. :.\f. : >
14 .*301': 
10. 20,= 
0C;, "'09. ’ 
8.840 * 
7.6614

1279.97
.04 

160* 1,6 
.85 

9024.64 
:ox,40 
3895 50 
39.61 

Vr-.~7
5 *■. 68

id . 13 003-0.17
957.04
970MG

.O0-1 
«2=5:23. 
.10157
.12,76
.0-113
.1888
* 1,439 
.9499 
.92 2.24

/X 14. 
df 3 
F

673G
015

100.8007
5
< 4.1

O.fWO
3
.475

A;w«i *01fed 1105 UCWX) 1103.59 1100.60< >'-*■ * - 1.91 5.51
,,:■ -V. JC 04’ V . 439 xy-. 050.64 450.89

0 * • . 0.00 3,80
■ >. :•'•*' Sr.* jt ?̂..X' ;•,., 68= v 587.0 : 673,06 669«36

7 '’O • 13«19 17.15
3C CŜi-USi 307 06- *’v. oo.o j .61 ,4.3.9?

0 3, 5.09 18.03
.pas a ealfed 22405 ,-v406 .73 • 1:5 60 ’ ’ = ~. , ’' ' .t . a470 4 075.52.: . 1?;.

113 <97. 3., d. : 7*. 160.76 11.3700 1:45.63
43J2*S. X 019 031,75 * .310.71 *5'‘12 014.71 . 2,23 60

O/-. 59.35 * x 4000) 2 • 74 2H> ■' ’o . .,'.'9
sJku- ŵa-i.; ■'■■ 019 540.5.13 l. ’1 , 014.62 * o op 40. 00 . 1

157 14)5,17 7,5945 ISrO « f- >2> . 0814 |- ,t .19 I.
3d 11, ? 14210,545 6. < o 1,0:0.71 .2465 1,34 . .00:41

079 476.70 8.24X3 2>47*. 9 . 861.9 ,67. 7 . 2 75
6,5,5a jf 5,5.55 104 143«DC-’ « '■ ■ 100.71 , 7919 1- -'5 . 0,5 1» >608

144 7. 03 +> .* ■-. V 4 0, 1045 5 . 20X00:: 157.17 x.r.2;e
*:>" 10, c:.«?u 30
Of 0 5 24
r (. -i <. I  ,15

*;!,or factor n| o( *. d. 43# ■ (3̂ .-"76 ±*0"o
-Or factor Ai C\~ . '• • ±. 0 (3 ■- .107 ±.044
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obtained by calculating the parameter* <X and (3 , ffee values of are given 
for each set of expectancies, and it will be noted that two degrees of free­
dom are lost in the father ratios as a remit of calculating <X and (3. Data 
from crosses involving triplex plants are excluded from the calculation of 
J4 because the ratios are too small, and the mere occurrence of recessIves 
gives an infinite value to Jp when applied to the Muller ratios. Applica­
tion of the Jp test bring* out the fact that the segregation* of both the 
factor pairs show deviations from both the Chiller and Hal&sne ratios which 
are highly sign!ftcent.

In recent year®, thm evidence indicating that the cultivated 
potato is an autotetraplold has created considerable interest in the genetics 
of this plant. Black (1935) reporting on the inheritance o f resistance to 
wart disease in potatoes, concluded that inheritance was disomic, but condi­
tioned by duplicate factors. Xamden (193?) reporting on numerous factors, 
concluded that many of the® display autotetraplold inheritance, while #ome 
show disomic inheritance. ’Phia would seem to indicate that there 1# a 
difference among the chromosomes In regard to their degree of differentiation 
so that is some cases there are four homologous chromosome*, while other 
chromosomes are found behaving as two pairs differentiated frost each other.
KrnutsBecker and. .Finerma (1939)» explained the inheritance of pollen steril­
ity ©a an autotetraplold basis. Stevenson, 9©h«lfc* and Clark (1939) explained 
the inheritance of iunniaity of Virus X on the same basis. Kraut* and Kid# 
(1941) in connection with studies on resistance to courton «c&b, showed that 
the plants fell into five classes as regards breeding behavior, correspond­
ing to the five possible genotypes in an autotetraplold. Cadman (1942) 
thoroughly reviewed the subject of &u to t etraploid inheritance In potatoes
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and presented farther evidence 'based on aggregation of differences in re­
action of virus inoculation.

The first artificially induced tetraplold to he studied genetically 
'xm the tomato. S&nso©* (1933) lave a tinted tb® inheritance of seven characters 
and concluded that three of th@m displayed *chromatid segregation*** one dis­
played *chromosome segregation*» one was "Intermediate*» and in that other two 
the populations were not large ©nough to decide* As a matter of fact* the 
dal&i Indicate that probably with all the factors* segregation was * Inter­
mediate* as should he the case* At that tiiae* slather had not yet published 
his papers giving: methods for calculating the amount of double reduction, 
when these papers were published* he drew on eoae unpublished data of 
Saasaae’s for use in Illustrative examples«* (See Table V)

Tfpcott (1935) made a eytological study of tetraplold tomatoes and 
stated that the amount of quadrivalent formation was clearly compatible with 
the genetic remits obtained by Saasome*

Lindstrom. (193&) made a new approach to the study of quantitative 
genes by studying their inheritance is tetraplold as compared with diploid 
tomatoes*

Cy to logical and genetic studies on the garden Befell®, have been 
mad® by Lawrence (1939 and 1931) who arrived at the conclusion that 'dahlia 
mrtabills is an allo-octoploid resulting from doubling of the eferosiosoiae

♦father used the same unpublished data in two different papers (19?bb) 
(1936) but obtained different indices of double reduction* On on® case he 
solved for a parameter x and la another case ae.„ The relation between these 
two 1st <x*8x-4* But even when this substitution is .ml#, the results do 
not agree* There are two reasons for this discrepancy* In the second paper* 
on© of the classes was given as containing one more plant than in the first 
paper. This made m difference of .0032 in the value of <X. Also* in the 
first paper two of the cl&s ©s were lumped while they were kept separate in 
the second* This umA© a still further difference of .0304 in the whine of ec*
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3aa*Q&ef» data on the j| faster la tetraplold tometee*
(From Blather 1936)

oh.

Calculated on the basic oft
Qhroimmo:m
Segregation

Chrofa&tld
Segregation

Mather*8 
Parameter**

m ta 4~ fm m d -/a
KSSrr sal fed 885 926.53 1.86 909.24 .66 889.90 .03

68 26.47 86 • 1$ 43.76 13.43 as. 10 .88
HOrr x rrrr 88 90*00 .04 84.86 .12 80.21 .78

20 18.00 a 4.V4.> 23.14 .43 27.79 2.18
B rrr eelfed 606 619.50 . r.4- 588.95 .44 o99,46 .  06221 206.50 1 • 02 237.06 1.09 226.54 .  14
Hrrr x rrrr 48 58.00 1.72 53.86 .64 65.35 .95

ea 58.00 1.72 62.14 .66 60,76 .87
Chi square 72.08 17.35 5.36
df 4 4 2
P <.01 <.01 .075

•Alpha emails .1896, beta, equal* .544
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number ia a hybrid befrw@«m two tetraplold specie#. II# found that «om« of the 
genetic factors display tetraces!e inheritance* while with other® the in- 
heritage# it disomie. Uh# T factor for flovone formation was of the former 
typo, while I, &l*o a flavone factor* ms# of the latter type* fhie difference 
was explained by assuming that the T factor was located os ■& chromosome that 
had not become differentiated* so that the four homologs could pair at ra*k» 
deai, while the I factor was located on a chromosome which bed become dif­
ferentiated into two dissimilar pairs. It was in bawreace1* first paper on 
this subject (1939) that double reduction was first «ru^#gt#d.

?etraploid segregation in Bubus was studied by Crane and Darlington 
(1938 and 1932) ia connection with the factor for presence or absence of 
prickle#. They found an excess of recessive* over those espected according to 
Muller1* hypothesis* and they explained this in their first paper on the 
assumption that there was a tendency toward “alloeyndesls* • hater they ex­
plained their ratios on the basis of random chromatid segregation* but the 
poph? atlons were too email to permit any statistical conclusions other than that 
the deviation from *Juller * % ratios was signifioicit.

Randolph (1938) published a paper on the cytogenetics of tetraplold 
£.*a Mars. Re states that segregation approximating 35s 1 ratio were noted for 
several, characters, but that the*data are inadequate to detevraine whether or 
not1 there are significant deviations from the expected ratios0.

An Interesting case of tetraplold segregation %n l*ofeus coral cnlatu* I*, 
w&s reported by Dawson (1941). fhis species ie tetraplold and two genetic types 
are found in natural populations* differing only in that on# produces hydrogen 
cyanide and the other doe® not. Dawson found that this cyanogens tie character 
gave ratios which fit very closely those of yuller1* ^chromosome segregation11 
and concluded that the species Is autotetraplold. The cytological observations
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would give m evidence of Its imtotetraplold nature* nine© formation of 
quadrivalents is v«ry rare* & condition which is usually aimi§d to in­
dicate aliotetrnpleidy• The failure of quadrivalent formation would 
account for the lack of double reduction found in the observed ratios,

m m uiAW  .mo methods

ziaal 'te isT iB i. -fba present study wu* begun in the npr^nf- ox 1941 on 
tetraplold linos of.AntlrrMnun kindly furnished by Mrs, Mabel futile Hebei. 
These linos bad boon produced by bar through the use of colchicine* ŝ nd were 
first described by her (Webel and ̂ hittls 193 if) • "they c*on»si §£%»©?! ox tot^aploids 
of emmmrctmX varieties* hybrids between tetraplold** and son segregating 
progenies. These plants were grown at the IT. S, Ifbrtieuitnr&i station* 
Bsltsvllle* Met, in addition to plan tings of some of best standard varieties.
In 1942* a store complete collection of standard varieties m»s acquired la 
order to furnish as many genetic factors *a possible for use in breeding and 
inheritance studies. By treatment with colchicine* it iias p©*«ible to produce 
tetr&ploids of many more varieties* These were produced too recently to have 
yielded any data on segregation by this time, so th&t eaô t of the data pr seen ted 
in this paper were obtained from the saaterlal furnished originally by Mrs.
Bebel.

The first data on segregation In tetraplold* were scoured from 
populations in 1941. Hues® populations were too vjsall to be of aaaeh value 
for the study of segregation* but selected segregates were selfea and %  

progenies of larger slse were grown la the winter of 1941-42, The segregation 
of factors in the fg population was noted* and further selections were selfed 
from which large V4 progenia© were grown la the winter of 1942-43.

The ?q hybrids grown in 1941 were noted for color =,ad eel fed* and
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IS population® were grown in the winter of 1941-42. Plants were selected 
moii® these to furnish further data, -and large Fg population® grown in

the winter of 1942-43*
Ass-eng the interv&rieial tetr&pleids grown In 1941, four ty e* were 

select*'! cnch pes-essing a different comb ins t ion of three easily classified 
genetic factor®, 3, 0 end 4 (B&ur*# symbols)» The color® of these type# were 
‘fhite, Pink, Orange end Crimson. Four diploid lima® were selected 'haring the 
n&zti colors except that purple m s  used lasie&d of crimson* 411 of the possible 
crosses involving these eight line# were mad®* a total of 56 combinations, In­
cluding reciprocals* -The parent planto were nlso selfed in order to check 
their breeding behavior M d  to furnish material with which to coianare the Fj(* 
and Fp*# * The Ft population* were grown In the winter of 1941-43, their color 
was noted and selfed seed obtained from representative plant® in each popula­
tion except in ettrile triploids* Large Fg population® were then grown in 
the winter of 1943-43 when complete notes on seodllng- characters were obtained 
and as plants a# possible grown to maturity for note® on flower character®* 

alethodq* The seed pitted during the first two seasons was sown by head 
is 3-inch seed pans of sterilised soil. la planting the seed for the season 
of 1943-43, a method of cowing with & pi mater was used which possessed
many advantages. CMa planter spaced 100 seeds l/2 inch apart in a square 
-.̂ ttera of san rows and column®• The even spacing of the seeds is very effec­
tive in cutting down losses from damping off, end tisoo there 1# lee® compel- 
1 Hon wnoag seedlings, the affect of differential viability is reduced.* Further­
more, this method of pleating enables one to keep accurate records of the seed- 
3lugs, designating their position in the -pan by row and column for later 
reference * In. toeing notes of osedl lag® grown in this way* it was found con­
venient to use cards with lines ■■i&Tking off ten rows and tea columns. One of
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these cards was used for noting each eeed -pan and the not® for each seed*
Xing was written on ill® card in the petition corresponding to that of the 
plant in tli® pan*

gemination of tetreploid seeds was considerably k w r  than 
that of diploids, 6600 seeds of tetraploi&s germinating 4l*8£ (in ©oil) 
sad 6300 seed® of diploids, planted under the some conditions, geminating 
73,43*

Baring the first two seasons, all plants wmrm grown in six inch 
pots, but in. the winter of 1943--43, it was considered advise 1# to sacrifice 
optiaKna growing condition® ia order to obtain the largest populations possible 
ia the available space. Consoq'mntXy, many of the not#® &m seedling characters 
were taken in the seed pan# and the seedlings then discarded* For growing 
plants to maturity* to*® of the seedlings were transplanted into three inch 
pots while the ’majority were transplanted into flats, placing the plants 
about three inches apart, ia this way, it was possible to grow about 30,000 
tjlant# in a relatively small space*

Selfing of flowers wise accompli shed merely by pinching each flower 
to bring the anthers in contact with the pistil and allowing the seed to set 
in the open without the protection of a bag* Tn the spring of 1941, several 
white and yellow varieties surrounded by plausts with dominant color factors, 
were allowed to develop seed in the open, and this seed was planted the follow* 
lag fall to determine whether any crossing had taken place* Out of several 
hundred plants, no hybrids were found, so that this was considered a safe 
procedure* The greenhouses in which the plants were grown are well screened 
so that the entrance of large insect© is prevented.

Genetic factors. The genetic factors which were studied were mostly 
ones which are easily classified and whoso diploid inheritance is well 
known. Moreover, non# of the factor# are linked with each other*
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Tii© first observations on inheritance in Antirrhinum appeared 
in u m rlm  of report© by Mr®. Onslow {then Mias Wheld&le) (1907, 1909 and 
1910). Baur (1910)publlsh*d the result© of extensive studies and described
many factors in addition to those described by Onslow, 3@ur (1934)
pntli*h»d * monograph on mil the genetic studies in Antirrhinum made up to 
that time, Fortier reviews of tbs subject appeared in a series of papers by
Kuckuek mnA Schick. (1930), and Schick and Stubbs (1932 and 1934). in thee®
reviews, all of the known genetic factors were described and a new set of 
symbol* proposed to replace those given by Bmur, The first ehrasosoma maps 
appeared in & nmwsr by Baur and others (1939), and those ware amended and correct­
ed by it -hke (1930). Further linkage studies were reported in a. earies of eight 
paper® by Schick (1930, 1933, and 1936), H&dkbnrth (1933), Kuckuck (1933, 1935 mud 
1938) and Ku inches* (1935).

In *isenseing genetic factors, it was decided to use Boor** symbols 
in thl * report, ®lue® they are much simpler then the revised symbols proposed 
by Xuofcaefc and Schick (1930), especially In writing genotypes of tetraplold®.

The has-slo gene for flower color was designated by Baur (191.0) as 
B, by Onslow (1907) a a J[, and by Kudcnck and Ochick (1930) aa ll'iv (an abbrev­
iation of aivea). d plant homosygou* recessive for this gen® can produce 
neither flavones nor mthoeyanina in the flowers nor the plant, so the flowers 
are pure white and the pi.-mi green. Hone of the other color genes have -any 
effect upon such a plant* The variety White ’Sender had the constitution bb,
■̂ hiln all. other varieties were BB.

In the nr«sc«nee of B, fl&voaes are always present, and the factor 
? determine® the presence of antbocy&nln* (Onslow* a factor Jj and Euckncfcr and 
Schick* si I no). Thus 32 plants h^ve both ..mihocgranin and flaw cm© in the f lowers, 
and the seedlings have anbhoeyunin, while BJT plants have only t’lavono in the 
flowers, and the seedlings ere green and lad 1stinyaisTmble from J& blant*«
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fh© kind of flavone occurring in plants possessing the factor Js 
is determined fey a gea© C. (Oaalow1 a I and Kudttiek hnd Schick's gulf,}
Fl&afcs of the coast i tut ion j§£ have ivory colored flowers due to the pro-* 
a&aes of the Haveae* .aplgeraia* which is' aliens t colorless* On the other 
hoad Ja plants have yellow flowers due to the fl&wene lufceolia. According 
to 3nslow and Bassoit {1&13)# the only difference between these two pift£sa«at# 
is that apigenin k a  only one OH group on the side bensena ring of the fla*» 
rono a ole cat Is, while luteolin ha® two OH group* on this riag» ^hus, us 
;.;cotfc-Mantrtsff (193C) has pointed mat, the mut&tion frosi dominant to races- 
siva has involved onidaiion r«.malting In the addition of an 0-1 group. Most 
ivory colored flowers 'have a -patch of yellow in the mouth and at the ha®© of 
the tube* ‘the sice and intensity of this yellow patch is generally greater 
iu.dc ol&nis than In jJC ol&nts, and It la further altered by the presence of 
numerous edifying factors, dome varieties, wash aw Merre Schneider, have 
almost no yellow la the mouth and can scarcely he distinguished front plant® 
'ey ordinary obi&rv&ttcm» Since the waaoatum sa-lts of epijgenin arc bright 
yellow {Onslow, 1913) the genetic constitution of white flowered plants can 
fee determined "fey placing the flowers in a bottle with a few drop® o f &^«©a- 
ium hydroxide, flowers urith the constitution Mb will ramin white, while jj£
in r«.rs wIII turn a brilliant yellow, 'fhls method has pronrea very helpful
la itstinifeiiohi:ay purs white from Ivory** *hil» flowers*

The type o f sathocy&nia in j|? plants is let arsalaed by a ' gene £• 

(Onslow*a j>* Ouekuak and 3cbick*s 60s)» floats with the constitution 3ff& 

contain the uathocyanin, natirrfclnlik* which give# the ■flower© a magenta color 

In the presence of ivory flevone or a crimson color In the presoac© of yellow 

flavone* ri&ats wi tb the con-Jtituticn M m  contain a different aathooyanta, 

pel&rgotiln, And flower# with Ivory flavome nr© then pink, while with yellow
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f l& v o n e  t&vt&se* C£nsl%»v **»& ba®$o%i {19X4) and. $co t i -M o a te r  I s f f

{1030; myu sham tket mtlrrhiala aoat&ine two OH groups on the si do 
benseste ring of the *mth®oy&nin molecule *Mi* pelargenia contains only 
oaa uii group on b a i®  ring* therefore, &g ^mtwsoaterleff (l$&£; U s  

po\atcd  out, this oUange from the dominant to the reaemeiTe xurn involve a 

-- reduction resulting in the loss of mi 311 group, a sltmtioa Just tha 

oppotit® frsii chat fo*m& ia the c~mo of the ftm row  ptgaiiais. rseo&liag# 
ait a tho constitution bff/l contain purple anthooyna in* ^sposimlly* aotloa* 
juier uc she unity si is of the 1 eaves n-nd the region ^rmmA the growing 
a: i,nt, hhlla ia ilra- plants the color it light red. ?h* typo of flavone 

as.* no effect- oa the color of t'm see&liags*
These four £*ne« 2., C,, f  and 4  &re the ones used x&oet extensively 

to tfcr present study, Vhelr hiUrMtioa may be suasaarised briefly at followsi 
£ i;-;%vs.s chit# flcrsrs ard gre^n seedlings regardless of tab other &®ass pro* 

r-®r,fc, ULijA or -̂cfA pltnti hw-vr yellow flovers and green seedlings, &€f» or 
- .:f/ plpy.ts h«-ve ivory flowers asm! ^re«a seedlings* Sefa» plants kave hrease 
Hov*:r: ^.4 %lai.-ed *'tih ll^kt rod, 3C,hfe plants bare pink flowers
.vr„.r: t in sp̂ 3 tead linc*^  U lU :. p-laats krcre er tween flo s s y * end purple seedlings, 

i :, : r !A hiive <u«{:®ntft flowers, and purple seed lags* table VI -she*®- in
::v;-rf. the lu*r erect ion ana breeding behavior/of furious genotypes la*
volvLrp; Uaac lour ^wt>, It, will be m.tiufcS tlmi there mro seven. possible 
Xf^rw types* .vhick c«a 3GF;ye£&.t« in 43 different says, 3imc&, in a tr triple id 
th,erri .-re tbi'ae different kind9 of h«tterosy#*bes for any gene, there are 431 

*«Vjs iu ;3,hc.h v®"lYi-loids ;my for fhete fm*r ge*M&s*

it is rhpiort^ast to itnot? %'mr diffor^nti^I iria^illty any 

•v-ff̂ofc in ,..lterln;t tha li?3io®d r-^ioe obt^iuod with ajay of tl*ew« frotors,
^ r f u o h  a condition would have a. proaotmoed e ffe c t  on the to ira u lo id
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•TABLB VI
Ratio erpeoted upon selfing a plant heterozygous for the factors 3* £* £ and A,
in Antirrhinum* and the breeding behaviour of the progeny.

Pheootypo* 
3CFA (Magenta)

27 ®q.fa (Pink)

27 BeFA (Crimson)

9 Bc?a (Broa*©)

6 BCf - (Ivory)

~MWt M -* &ag«at&; 0 - Crimson; P - P ink; 8 • Br©7
Ivory; T - Yellow; » - #hii©.
Genotype* Breeding behavior ttpon

1 3B0CFFAA All magenta
3 btocm* 3 M 5 1 P
2 ^BCCffAA 3 A : 1 1
2 BBCcFFAA 3 M ! 1 C
2 BbCCPFM 3 r? s 1 W
4 BBCCVfJLa 9 M * 3 P 3 4 I
4 BHOcFFAa 9 a 1 3 P s 3 0 : 1 8
4 BbCCm* 9 ?,f * 3 P : 4 M
4 BBColf AA. 9 M * 3 1 : 3 C •* 1 Y
4 BbCCFfM 9 M ; » I 8 4 w
4 SbGcFPAA 9 *< * 3 C ; 4 g
8 BbCoFfAA 27 II * 9 1 : 9 G : 3 Y
8 BbCcFPA© 27 II 8 9 1 * 9 0 3 3 Y
8 BbCCFfAa 27 m S 9 F *13 1 e*16 W
8 BBOoPfAa 27 M * 9 P s 9 0 * % 8
16 BbOeFfAa Same as parent.
1 BBCCflW All Pink
3 BBCCFfaa 3 P * 1 X
2 BBCem* 3 p s 1 1
2 BbOePPaa 3 F * 1 i
4 BbCcFB&a 9 P * 3 B I 4
4 BbCCffaa 9 P * 3 1 : 4 y
4 BBCoFfna 9 P * 3 X * 3 B * I Y
8 BbCeFfaa 27 P : 9 X : 9 B * Z Y
1 BBcePPAA All Crimson
2 BBccPFAa 3 C * 1 B
2 BBccFfAA 3 C t I Y
2 BbooFFAA 3 C : 1 $
4 BBOeFfAa 9 0 * 3 B * 4 Y
4 BbeoFFAa 9 C * 3 3 * 4 s
4 3bcePfA£ 9 C : 3 ? : 4 iV
B BbccFfAa 27 C * 9 B *12 Y : 16
1 BBccFFujs. All Broaoe
2 BBccFfaa 3 a ? 1 Y
2 BbccFF&a 3 8 * 1 I
4 BbccPf&a 9 8 I 3 T * 4 I
4 B'JCCff— All IVDTP8 3-'Ccff— 3 I S 1 Y
8 BbCCff— 3 1 S i w
1© Bbceff— 9 I * 3 T 1 4 W

♦;1 -

16 S
16 W
12 I 8 4 T

l 16 ,1
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TABI*! IT (continued)

Phenotype* Oenotype* Breeding behavior upon aelflng
\

12 Bof . (T*U<nr) 4 BBecf f— All fellow
8 Bfeccff— 3 T i  i f

64 b--- (Ihltl) $4 b W --- All ffhlte

*
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ratio** Table ¥11 shows the ratios of colored to green seedlings la all 
families segregating for the factor pair ;£*&, Hi# rain# of JP* based oa 
the expectancy of 3:1 i# 0*190. Hi# probability that deviations greater 
than this would oecor by change is 6?̂ >, so that the observed deviation 
can not b@ considered significant*

‘fable VIIX gives the ratios of purple to tinged seedlings for 
all diploid populations s#gr«ip,ti«g for th# £•& factor pair. Here the #  

value of 5.361 would be exceeded by chan©# only about 3« of the tine* so 
If we adopt the level of significance, these data issust be considered 
to deviate significantly from a 3:1. dine# soene of these data are fro® 
progenies which were also segregating for green, giving expected ratios 
of nine purple: three tinged: four green, the Question arises whether the 
deficiency of tinged plants is dm® to m week linkage between j| and j|* Such 
a linkage, in the coupling phase*, would tend to Increase the proportion of 
purples and decrease the tinged, for this reason, the families in fable 
V in are divided into two group*, the first of which segregated only for 
purple and tinged, while the second group segregated for -purple, tinged 
-and green, The deficiency of tinged plants Is sotaewhat greater in the first 
group than in the second, therefore, we met conclude that linkage Is not 
the factor responsible, bat that a slight iseonat of differential viability 
(about 8$) reduces the proportion of tinged plants.

Table IX gives data on the ratios of ivory (or ivory ground) to 
yellow (or yellow ground) flowers In diploid progenies segregating for the 

factor pair. Since such data can be obtained only from flowering plants

♦These data would be couollag data, since the whit# parents had the
const1tution bbcc.
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7 A BIS ¥11
Segregation of colored and green savings in progenies fro-, diploid plants

heterozygous for the B factor*

Cross Pedigree yteserved Expected
B b B b PChi

«o@e "tueea x 43-29? 22? 85 ,334.00 78.00 .838
White tender 43-356 113 46 119.25 39.75 1.310

white Wonder x 43-300 581 160 540.75 180.25 ** n*zn%-ii «
Chris time Cheer 43-359 4-15 m 432.75 144.26 1.387

White bonder X 43-301 190 61 188.38 62.75 .065
Velvet Beauty 43*380 '373 92 273.75 91.26 .008

43-361 **■% 1 82 238.00 76.00 .631
43-302 144 43 140.25 46.75 . 401
43—362 265 93 368.50 89.50 .186
43-363 361 134 371.35 123.75 1.132

Velvet Beauty x 43-303 56 18 55*50 18.50 .018
Fink Tetraplold* 43-364 A ̂ 74 237.00 79.00 ,422

Afterglow x
White Wonder 43-306 191 65 192.00 64.00 .021

Velvet Beauty x 
WMte Wonder

43-308 185 66 180.76 60*26 .400

Total 3476s1141 9*852
£*pected 3s 1 3402s 1154 P .77
Chi square .196
P .67

•The pink tetr&ploid male parent was heterozygous for j|. Since the was diploid 
pink* it perhaps arose by androgensis frmu a hybrid diploid male gamete.
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T m m  f i n

Segregation of purple and tilled seedlings In progenies fra*. diploid plants
heterozygous for the 4 factor.

Cross Fad tgrea Observed Expected*
B b 3 b Chi2

$08© % 43-298 193 56 190.8 53.2 . 109
Crimson Diploid 43-357 244 80 248.2 75.8 . 204

Crimson Diploid x 43-304 378 ISO 367.7 112.3 1.332
Christmas Cheer

felvai Beauty x 43-306 392 92 370.8 113.8 5.132
Afterglow 43-36? 038 78 342.1 73.9 .297

43-309 134 53 143.3 43.? 2.583
Afterglow x 43-311 117 35 116.4 35.6 .013
7atr&pI0id Grim- 43-368 38 16 41.4 12.6 1.197son**

$ub»tot*l 1734 512

ilaitf Wonder x 43-301 132 68 145.6 44 *4 5.436
Velvet Beauty 43-360 212 61 209.1 63.9 .172

43-361 175 4? 170.1 51.9 . 604
43—303 106 38 110.3 33.7 .716
43-362 198 6? 203.0 62.0 .526
4:5—363 278 83 276.6 64.4 .020

Velvet Beauty x 43—308 142 43 141.7 43.3 . , ’3
iMt# fonder .

Pub-total 1045 39?
Grand total 29?? 909 7otAl Ofai2 18.325
Expected 3s 1 2914,0 971.5 P .00
Chi s:mare 5 • 403
P ’ .02

"Beeed on the proportion© is the total.
*+Slaee the was diploid crimson* it presusmbly arose through, the functioning: 
of Zt h&p?iOl<£. gnisets ffoai th® ie tr̂ ploiti m&le parent»



20

fm m  n

Segregation of flower color with ivory and yellow flavone in progenies from
diploid plants heterosygcree for the £  factor#

Crots Pedigree 0 c
Bos® on®©n t White fonder 43-29? 17 10
Boo® t̂ naea x Crimson Diploid 43-298 20 6
Pinkie x Afterglow 43-299 11 4
White Wonder x Oferietm&s Cheer 43-300 44 0
Whit® fonder x Velvet Beauty 43-301 10 3

43-302 25 2
Velvet Beauty x Fink Tetraplold* 43-303 22 9
Crimson Diploid % Chri states Cheer 43-304 5 1
Velvet Beauty x Afterglow 43-306 20 3

43-309 U 6
Velvet Beauty x White fonder 43-307 2 1

43-308 2 1
Afterglow x Christmas Cheer - J H .- ATotal 216 56

Bxo.
Chi2.
f

204 
2 #824 
• 11

68

♦See note in Tetolo TXX#
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meat in the flowers to occur in flecks instead of evenly distributed* 
appeared in the segregating tetraploid*. "This gen© proved to be very un­
stable* imitating frequently to the self color condition, its expression 
alao appeared to vary considerably according to the dosage of each allele 
in the genotype. 3air (1§1;4) and Kuckuek and I.©hick (1930) described 

several such genet,, hut it 1* impossible to say* whether the one in the 
pres sat cultures ©ori©spend& to any of theirs. Due to its irregular be* 
h&vior, it w&s not possible to ?a&ke any accurate analysis of its inherit- 
sac©.

Bisms
'/’he b&sic color factor. Table X. shows the ratios of colored to green 

seedlings obtained in all tetr&ploid progenies eegre^&tlug frr the factor 
pair, fine© this factor was involved only in the 1941 crosses, all of the data 

frosi progenies of duplex hybrids. The deviation of the observed ratio 
from, a 35*1 is highly significant as shown by the X  ̂value of 60.35. This is 
alee bought out by the value of (3 ,which deviates from sero by more than si* time® 
its standard error, the v&lue of (3 * .3834, is greater than the theoretical 
m&xlaom of .3333* but the standard error of .0626 indicated that %h» true value 
may lie in the vicinity of tbit latter figure* The homogeneity of the data 
Is totted by adding the value of X* for each individual orogeny, calculated 
from the expectancies based on the percentages of the two classes in the total •
The total thus obtained clearly indicates that the data are homogeneous. In 
facts its value Is so low that it might cast some suspicion on the validity of 
the data. I t  can only be ©aid In this regard» that in noting these, as well 
as all other progenies, an attempt was ras'le to avoid any subconscious bias in 
the classification of the plants. To accomplish this, ©&.ch plant was noted on 
a card in a space indicating its position in th planting, and no totals were 
coiaputed until the notes were completed.



TABLE X

Segregation of colored &nd green seedlings 1b progenies ffesa tetraploid 
•plants with the constitution B.Bbl» .

Cross Pedigree Qbserred Expected
B b B b Chi2

Tot. Pink x Dip. White* 43-285 145 6 143.0 8.0 .528
43-345 78 5 78.6 4.4 *086
43-286 5 XG2.3 5.7 .091

Tot. White x
Tet * Crimson 43—287 2? I 21.8 1, *“5 • 036

Tet. Qrim&ea x
Tot. ffhlto 43-290 147 8 146.8 8.2 .005

43—348 192 11 192.2 10.8 .004
43-349 519 A# f 517,0 29.0 .146
43-350 480 39 483.0 27.0 .156

Tot. Broaoo x 43-292 53 2 51.1 3.9 .395
Tot. White 43-351 18 I 18.0 1.0 .000

43-362 141 12 144 e 9 8,1 1.983
43-293 74 3 72.9 4.1 .313
43-363 27 2 27.5 .....L.feuIM., .176
Total 199S 112

Expected 36s1 3051.4 58.6
Chi'* 50.05
P <.01

df
P

3.817
.985

Bet at .3824 ±r .0636
•The tetraplold pink evidently resulted from the functioning of an unreduced 
gamete in the xmle pidfsnl.
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The conclusion that can be drawn from the data on I ho i r k  factor 
pair is that its locus Is probably at & considerable dlstance from, the cent* 
rower®, s© that the amount of crossing-over bet ween the locus and centromere 
is elos® to the upper limit of 50?.

U »  anthocranln woaimiMt factor. Bata on the ratio* of purple to ting- 
ed seedlings in all progenies from duplex hybrids with the constitution Mae. 
are shown in fable XI. Comparison with the 3511 and 3151 ratios shows that 
the observed rdio differs significantly from both of these, The total ^  
indicates that the data are homogeneous. In considering the wmXxtm of Q 9 

it must be remessbered that in diploids, there was evidence that a small pro­
portion of jm plants were eliminated due to differential viability. If this 
likewise holds true la the tetr&ploids, it Is highly ©robable that the true 
value of (3 Is somewhat higher than . 14734 as calculated here* It can there­
fore be concluded that the £ factor Is located somewhat more than 30 cross­
over units fro® the centromere, but that an accurate estimation is impossible, 
due to the existance of differential viability.

Seta on progenies from simplex hybrids with the constitution M&a 
appear in Table t II. The ratio of the total doe* not differ significantly 
from a 3tl ratio, but upon applying the T-‘ test to each progeny and obtain­
ing the total X2, it Is found that the data are deeldedly he terogeneous•
Upon examining the deviations from expected with respect to sign, It is seen 
that the first eight progenies, which are descended from Afterglow, all con­
tain an excess of recessIves, Of the remaining eighteen progenies, descended 
from the varieties Orange Shades, Pinkie, and Ool&en Hod, fourteen show a 
deficiency of recestives .and only four show an excess. Therefore if these 
two groups are analysed separately, it is found that each one is homogeneous 
and that the values ofX* iffor widely. There are two possible explanations



TaBLS I I

sgregs felon of purple unti tinned seedling ia progenies fro?/: tetruploid slants
a'iih ths constltntlon Afe»a .

Cross or 
Jfrbrid ctaonstor

Pedigree Observed Expected
2 sS. A 1st Chi**

Tet. Fink x 43—HfllJ 2 W 12 271.7 10*3 «39tTei. Griiasoa 43-343 190 9 191.7 7.3 .411
Vet, Crimson x 43—288 157 4 156.1 5.9 • 636?®t. Firik 43-346 42 *y 42.4 1.6 .104

43—347 137 V*.v 136.8 5.2 .008
Tet* Crimson x 415-390 141 6 141 • 6 6.4 .069?et. iihite 43-348 18-5 7 186.0 7*0 .000

43-349 506 13 500.0 19.0 1.967
43-350 461 19 462,6 17.7 .133
43-891 153 152.2 5.6 .115

Tet. Bronx e x 43-294 100 ’U/ 99.2 3,8 .175Tet. Crimson 43-354 55 65.9 2.1 »40043-350 67 4 68 • 4 2.6 .782
0ip.Fink* x 
Tet* Crimson

43-295 108 3- 108 * 9 4.1 .306

Light purple tot. 43- 96 84 o 83.8 3.2 .013frô j Afterglow 43- 98 214 8 313.9 8.1 .001(84) 43-105 106 T. 104.1 3.9 ,208
43-106 65 4 66.5 2.5 .934
43*109 q4 o 63,6 8.4 • 069
43—113 1« 1 18.3 .7 .133

t%kuom (f:,4) 4:3—129 145 7 146.4 5,6 .36340-814 472 15 469.2 17.8 • 457
43-122 107 4 106.9 4.1 ,003
43-127 40 4 42.4 1,6 3.736
43-139 61 2 51*1 1.9 .005
43—143 49 4 51.1 1.9 3.407

Tet* Crimson x 43-140 158 8 154.3 5 .8 .866Tet. Bronso CFp) 43-369 68 4 69*4 2.6 .782
43-371 428 18 429,7 ,184

Tet. Fink % 43-155 33 1 32.8 1.2 * 035Tet. Crimson (F^) 43-157 175 +0 171.5 6,5 1.95643-158 95 4 95 - 4 ' 3,6 .046
43— ''-30 70 3 79.0 3.0 .000



TABLS II (continued)

Cross or 
Hybrid ancestor

Pedigree Observed jtxpected
\ a 4 wit Chi2

Tet* Yellow x 43-161 154 7 155 * 1 6.9 • 213
fat. Crimson {%) 43-321 109 IT>7 109.8 4.2 .168

43*322 66 1 54.9 2.1 • Vi?C?
43-324 10$ 5 108.9 4.1 • 206
43-166 55 1 54.0 2.0 .519
43-167 100 2 93.3 3.7 .810
43-170 75 2 74.2 2.8 .237
43—17! 45 1 44.3 1.7 .299 \

fetal 5718 . 217 20.633Expected 36s1 5770.14 164.86 P .99
Cbl ss«ity&F© 16.9613
P <.01
Expected 2ls1 5665.23 269.77
Chi squ&re 10.813
P <.01
Beta .14724 ± .03822

•The tetraplold purple f \  evidently aro-e through the fertilisation of an tin-
reduced garnet© in the diploid female parent*



T/m<z xii

■"■̂ regsition o f purple aad tinged s e M lia g a  la  ;-rô fai*:« from fcetraploid plu&i#
wifch ib e  c o n s t i t u t io n

Cross or 
Hybrid 
Anceator

^e&igres Observed jaieulated from 
rr&rid total

Oalemla, ted 
sub- to fca

from
Is

4 A 4 a. OkSB A a *"5Qhl~

Lt. t/Ur̂ ls;; 43— v)y 08 17 35.9 11.1 4.1"’ 31.4 13*6 I. 31 »
tet • from 43—100 19 8 20.3 6.7 • IP. 9 8.1 .
Afterglow 40-107 140 56 ‘'••7.7 48.3 X. 9 106.8 59.2 s .. .

4,V108 08 16 * * 10.8 3.n* -'C.7 13*3 . F K
43-11? 33 03 41*4 15.6 a.b 'i ; >9 * 4 16.6 5 * '
43-110 r? 31 31.4 26.6 * 75,4 - 0*8 * 3! '
43-111 lOts 46 13-6.9. 44.6 • 136*4 5 1 * 6 1/ '
43-013.. ...73 _ ‘i -■?.. 79.il 96.1 .. .. .. im*.., . 74*0 . ■ -v- * . ... ,...46

3ub-total 532 230 Obi mixuAT* ?. 35
Alpha* ,39910 ±*19100 P .40

T. Velvet 43—146 003 4 20.5 6.7 1.447 21.0 6.0 .857
Be&nty x -315 57 11. 51.2 16.8 9*659 50.9 15.1 l.p 2
T. Qrtmg® *147 53 9 31.7 10.3 .21? SI. 7 9*3 . 22
fbade© 'V—316 38 24,9 8.1 1.572 25.7 7.3 .**30

63-150 51 15 49.7 1625 .12B 51.3 14.7
p -31? 11 0 00 105.. 9 32 .a 5. m3 106*5 30. S 1* ;?s
4'--151 10 7 17.3 5.7 .294 17.9 5.1 .910
43- 17 ' T ̂■ 19 V 1"" *0 «* 40.4 XI. 6 .311

T* Pinkie 4:,3-104 161 156.0 3? .0 • 850 1(21.0 •sxk> • ij .000
x 40-313 410 132 410.7 134.3 * \:#0.2 423,9 1SX.1 1,281

©blight 43-160 4f3 14 44. ?> 14.6 *022 40 * 9 13*1 .073

2* Teller 43-331 94 48 107.0 35*0 0 • 408 110.4 31.6 10.948
j; 7et. 40-104 ■97 ? 25*0 8.4 *310 28.4 7*6 .061
Crimson •'•: —1 V 1 91 19 s; ■:. 2 27.1 5.312 0;,-»b 24.13 1.580

4>' .. 69 9 55. B i ,7* * 2 7.192 50*7 17.8 5.117
/ ,**  ̂V 07 14 55,3 17 • S . 909 55*2 1A * <!> . ,>4
3'9* 3 C 30 0 26.4 0.6 1.998 07.2 7.8 12
43— Al .M.. 0 .. .M,B. ... ,251. .... ..... ‘It?--..*AaO

fub-toiml: 1201 309 Obi « 'fcvre - -'6,732
23 Ohms — « 3-v A ±  « -..'-M33 5 .0?

Grand fot'-ls 1393 619 Obi squares 61*927
Al;*hsu  -  * 6 9 9 7 7  ±  . 0 6 9 0 8  P; < * 0 1
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for this behavior. One is the possibility that there are two different genes 
involved for the modification of anthocyunin# This is largely ruled ©at by 
the fact that cross©® la the diploids* involving the ancestors of both 
these groups* failed to show any evidence of duplicate or complementary 
factors for aathocyanin modification# The other possibility is that the 
differential viability, noted In the diploids, functions more effectively in 
on© group than in the other# It appears plausible that the detrimental effect 
of a recessive gene should vary according to its genetic as well as it® phy­
sical environment# The negative value of (X obtained in the second group 
indicated that some factor, other than the failure of chissm format ion be­
tween the gene and centromere * was functioning to reduce the proportion of 
recessive®.

The basic anthocrealn factor# Date, on progenies from duplex hybrids 
with the constitution FFff are presented in Table Kill# The total ratio ob­
tained corresponds almost exactly to the 21*1 ratio calculated by Haldane 
(1930) as the basis af "random chromatid segregation*. However, as ttather 
(1933s) has pointed out, such a ratio should be interpreted as resulting from 
an amount of crosstng»over between the centromere and the gene such that 
6/7 of the first melotlc divisions will be ©uation&l and 1/7 will be reduc- 
tlon&l at the locus is -ruestion* The total X5 calculated from the last 
column, indicates that the d,*ts are homogeneous.

Table XI? show© data from progenies of simplex hybrids with the 
constitution .Ffff. The total ratio obtained contains only a slight excess 
of recessive®, amd does not deviate significantly from a 3*1 ratio* The 
value of (X is also considerably lower than the value of (3 derived from duple* 
data#

Whan the plant© from these progenies ears© into bloom* an attempt



TABX»£ XIII
Segregation of colored mad green seedlings, in progenies from tetraploid plant®

with the constitution T&tt*
Cross or Hybrid Ancestor .Pedigree Observed Rxpeeted

\
7 f P f Chi~

Light Purple Tet. from 43- 98 222 9 230.5 10.5 .224
Afterglow 43- 99 45 1 43.9 2.1 • 604

43-105 loa 7 109.8 5.2 .653
43-107 196 12 198.6 9.4 .75$
43—108 44 1 43.0 3.0 *V3'Xe %*/»•.>» *..£
43-111 287 13 286.4 13.6 *028

Unknown 43-122 111 4 109.8 5.3 .390
43-123 42 3 43.0 2.0 .000

fet. Yellow % Tot* Crimson 43-165 56 4 57.3 2.7 .656
43—166 34’fw' .» CS4.4 1.6 .105
43-167 102 6 103.1 4.9 .258
43-168 03 2 81.1 3.9 .970
43-331 142 .. ......... i.«i .00©  A'frffi |IWWWLJ, fotal 1472 70 5.069
Beta# .27837 ±.07464 P .96
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was mad® to classify the dominant £  plants into quadrlplex or triplw, du­
plex, and simplex. Only plants also carrying the dominant £  could he class­
ified* so that the pink and bronse flowered plants which are phenotypically 
F& appear in the table as unclassified dominant*. The observed proportions 
of these three classes of dominant £  plants agrees fairly well with the values 
calculated. The classification was based upon the intensity of purple or 
crimson color. A similar classification was attempted in 1942, and the geno­
types of various plants tested by progeny tests. It was found that most of 
the classifications wore correctly made* but even a small amount of error In 
data of this type, interferes seriously with any statistical analysis.

A few progenies appeared which apparently came from triplex hybrid® 
with the constitution T 0 t . While only one family segregated a nulliplex 
plant* the assumption that these progenies sprung from triplex hybrids was 
based upon the fact that some of the plants had flowers whose color was less 
intense than normal quadriplex plants and judged' to be duplex or simplex.
The population is too email to allow for a very accurate estfcs&te of <X * but 
Its value agrees rather well with the value of Q> obtained from duplex data.
A summary of thsee data auDears in Table TV.

2£& n.av<me .-aodlfylng fj»cto_r. The £-c factor pair differs fro,, the others 
studied in that plants cannot be classified in the seedling stage, but must 
be grown to flowering. Consequently, the population sise is somewhat more 
limited. The data for all progenies from duplex hybrids with the constitution 
CCec is presented in table XVI. The deviation from & 351 1 ratio is significant 
and the data are shown to be- homogeneous. The value of (3 , ,16474 indicates 
that this gene is located between twenty and thirty cross-over units fro:.-, the 
centrocsere.



TkMM XV

»*greg&tioit ef ©olered and green seVtfllage i«t progenies from tetrsplold plants
with tlwi con? t tuition F f W «

Pedigree p f
43-10© ^ 69 0
43-168 ©4 O
43-163 12 0
43—164 119 0
43—1|̂ 9 146 ITotals 410 1

Alphas ,39461 dtr .19707

TA3LS
Segregation of flower color with ivory and yellow flovoaee la progenies from 

tetraploid plants with the constitution CCcc.
Cros§ or Hybrid Ancestor Pedigre® Observed ?wpected

0 c c C M 3
Light purple tet* froa Afterglow 42—131 19 1 19.3 .8 .007

43-130 11 1 11.5 .5
43- 98 170 5 168.4 6.6 .403
42-133 18 2 19.2 .8 1.875
42-134 IB I 18.3 .? .133
43-105 74 4 76.1 2.9 .567
43-107 131 6 131.8 5.2 .128
43—109 48 p 48.3 1.9 » •* /a
43-11? ©3 1 61 • 6 2.4 .848
43-110 113 110.? 4,3 1.298

Unknown 43-122 32 o 3?.7 1.3 , 392
43-143 52 3; ,y 5. «'v? a .000
43-123 20 i 20.2 .8 .070
43-131 42 i 41 * 4 1.6 .234
43-174 89 2 87.6 3.4 .599

Tet. Plate * Tet. Crimson 48-162 42 43 • 3 3.7 1.033
__ 105 JB___ JlSkA. .. 4,1 .205

Total 104? '41
Betas .16474 ± ,08922

a. 319
df: 16
PS .93



m n c m s im

Condi t long neeesa&ry for the m m  tic analysis of tetra'ploidg. Xu ©pit© 
of the fact that a i&r$£# number of tetraplolds tar© been discovered or pro­
duced artificially, many of these are hot amenable to genetic analysis, due 
chiefly to three difficulties commonly encountered. The first and commonest 
of these difficulties is the high degree of sterility of tom found in imto- 
tetr&plol&s. The very nature of tetr&piold segregation requires that very 
large population* most b© grown aad analysed in order to obtain data that 
will have any statistical significance. In general, larger populations are 
required in order to draw valid conclusions in tetra-ploid material than in 
diploids. The high sterility of many tetraploid© make* it Impossible or at 
least extremely difficult to secmr© such large populations.

The eeoond difficulty, ouriouely enough, is me at often found when 
the first difficulty is absent, tt consists of the ataphidlploid-llke behavior 
found in some tetraploid*. It Is now generally recognised that autotetraploldy 
and astphldlploidy are rather arbitrary terae and that many tetraploid® are 
Intermediate In their behavior so that the distinction is not always cle&r-cut. 
draphidiploldy is not confined to epee lee hybrids, hut may arise from nuio- 
tetraplolds through structural change* in the cbromosotnes or mm® other form 
•of chromosome differenti&tion• Increased fertility and decreased segregation 
are simltaaeoue effect® of a change from autotetraploidy to amphidiploidy, 
so that many of the most fertile diploids display little or no genetic seg­
regation.

The third difficulty is the lack, in many species, of clear-cut 
genetic characters which lend themselves readily to classification and anal­
ysis. A prominent eira- -pie of this is found In the spectlss of 111ium. Near­
ly all of the genetic characters which distinguish varieties within & species
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such as jj. longjfloruau are euanfcitatiire in nature* and -a study of their
inheritance would be extremely difficult m m  in diploids* AnotlMr «*•
•tuple is that of seals resistance in %h& potato, reported on by Kraats 2nd 
lid® (1941)* a genetic character Ter# difficult to classify with M y  hi#* 
deject* of precision*

1*etraplaid# of Antirrhinum maius provide exceptionally fit?or*!»U 
aaterlnl for the study of segregation* das to the fact that none of thsss 
oonireou difficulties present themselves to any serious extent* While tome 
of the plants display considerable sterility* there Is a greet deal of v&r- 
1 at ion in this regard* and fertile lines can he ©elected which will set seed 
nearly as abundantly as the diploids* A single capsule will often contain 
two or three hundred seeds-* and a single flower spike may produce from ten 
to thirty capsules.

It ha* hsen suggested hy Hut tic (Jeweller end Hattie 1041) that 
these tetr&ploids display a certain amount of amphi diploid-like bekaviot, 
end ©he. states that varietal hybrid© are mere fertile than non-hybrid 
tetr&ploids. While flps-rrow* Huttie and Ifebel (1942) ©take the suggestion 
that this phenomenon r̂ ay be due to h@tsro©ygosity ucr ie, there is another 
explanation which teems to be mere la accord with the following observation#* 
la the pro#eat material (much of which wa« kindly furnished by the second 
author of the above cited paper* and closely related to the material dis­
cussed therein) the majority hybrid tetrmplelds were more fertile than 
the homosygoua tetrapleids* However* there were exceptional cases of 
hybrid tetr&ploids being almost completely sterile and also Of iatruvar*
1st.ml tetr&ploids being highly fertile* S?l*y tharaore, it was found that 
selection for several generations was effect Its in producing lines of either 
high or low fertility* Independent of the homosygosity of the lines* for
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mmmp 1®, lines of tetraplotd **fhit« bonder •* resulting from two years1 
of inbreeding and divergent selection for high and low fertility show 
marked differences in fertility, although all lines are extremely homo­
zygous and indistinguishable from each other In morphological characters,
The lines selected for hi#* fertility set an average of 3.76 capsules per 
plant and 1*92 per spike* while those selected for low fertility set an 
average of *44 capsules per plant, and *24 per spike*

4 further observation which conflicts with the idea that he ter o- 
sygostty ner sc Is responsible for high fertility, has been made in connection 
with progenies segregating for genetic characters. In one such progeny se­
gregating for color, where the heterozygous individuals could be distinguished 
from those which were homozygous, there were also clear cut differences in 
fertility. The plant® were classified according to both color and fertility, 
and tbs results are shown in fable XTII* It is clear that in this case at 
least, there is no relation between fertility and heterozygosity of the 
character involved. By growing progenies from many of these plants, their 
heterozygosity was- checked and in all cases the classification wm confirmed. 
Many other segregating progenies have been observed in which the average fert­
ility of the homozygous recessive® was as high m that of the dominant plant® 
which, of course, included a large proportion of heterosygote®. It might be 
argued with Justification that heterozygosity for only one or two genetic 
factors may not be sufficient to affect fertility so that these last stated 
observations would not constitute a valid argument. However, the argument 
that most strongly refutes the idea of amphl&iploid-like behavior lie® ir: 
the very fact that they segregate according to the expectations for a true 
autotetraploid* Any amount of selective pairing between genetically similar 
chromosomes in a hybrid should have the effect of reducing the proportion of 
recess Ives below the expected, and such a reduction has never been observed*
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TABLE XVII
Comparison between heterosygo*ity and fertility la segregating

line 42-334
Oenetie Ooasilimtlea Fertile Plant® Sterile Plante fetal

FfFF 2 0 a
FFFf 6 3 t
Ffff 13 © 10
Iffff 7 n 9
ffft

Total ^ 3 3 ."
o
10 __K..43

TAILS . m u
types of dihybrid ratio® found is diploids and the eorreepondinc ratio® 

expected la tetraplolde, disregarding doable, redact ion*
Diploid

9 f 3; 3 § 1
9 ! 3 { 4

9 8 6 I 1 
9 8 7
10- t 6
13 { 3

IS j -

sSxamalee
in

Astir*
rhtmm

2iSFfCc
Bb«rCo

sbrfoo

HbffOc

Tetraploid
Both factors dopier

1225 i 35 i 38 t I *

132© i 35 I 3§*

133© * 70 » 1
132© j 71 
613 | 35 
1361 * 35

129© i 1

Ojvo factor duplex- 
the ether simplex
105 t 35 i 3 i i*
1C© 8 3©

3 5  i I
4* or 
12*

10© s 30 * 1
35 : 13 
5 3  : I f

141 i 3 or
109 f 35
143 I I

•Types of ratio® that bore been observed in .Antirrhinum*
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In  v im  of these observations, it seem® logical to suppose that the In­
creased fertility frequently observed ia the tetripleid hybrids may simply 
be da# to the cowering up of eos'plttaeatery rietttin factors for sterility# 
This is, of course, merely a special eas# of the general explanation of 
hybrid rigor la plants, sad seems to be compatible with the observed facts* 

The abua&eac® of clear-cut genetic factors is very helpful ia 
carrying out an analysis of Inheritance in totrapleld Antirrhinum* slany of 
these characters have been the subject of extended studies by Sear (1910) 
and others, end their iaherlt^mce is well understood* The most convenient 
factors are those involving the formation, of aat'tecy&aia pigs eats, since 
these factors are not only expressed ia the flowers, but are also expressed 
la the colors of the yocmg eeedllnge* This smkm it possible to grow very 
large populations in a limited space and secure data ©a segregation without 
growing the plants to flowering*

Another useful type of factor is that In which the three typos of 
heterosysctee can be distinguished from each other and from the heoozygotee* 
This is true of the aathooyanin factor found in our cultures which produce® 
a different phenotypic effect for each of fire different genotypes.

M s M  frrtwrlpr &SteB£tMM sssxsm&las- "'rsvlouBly,
cytologlcal behavior he® a more pronounced effect on genetic segregation in 
tetraplold® then in diploids. Thor® aro three a»tm variable® in aytolo&teai 
behavior which may affect the proportion of recessive® found in a segregat­
ing progeny. These will be discussed in the -following orders first, mode of 
pair lags second, quadrivalent formation t and third, ehlassm frequency.

Fairing la a tetraploid may be classified a® random or selective 
with reference to any given group of four homologous chromosomes. SJvon 
within the earn# tetraploid, %mm members of a gmm& may undergo random pair-
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lag' while others s*ay display varying 4egrees of w U e l t w  pairing. la 
random .pairing» any om of tbe four homologous efcremosemcs s»y pair with 
any on# of the other three with equal probability. fhm hypotheses of 
Muller* H&ldnaa and 'lather all a s s w  random pairing* hut ftragory1* hypothesis 
aaswaes & special type of selective pairing

Select ire pairing occurs when the four hesologt are not equally 
homologou3 hut tend to fall into two group* such that the two chromosome* 
within a group display acre affinity than two chromosomes from different 
groups. In other words, they here differential affinity* Homology is a 
relative term and can vary from "absolute identity*1, such as is found in 
doubled haulsids, to the very weak homology found in secondary pairing* As 
a result, the pairing in tetraploids can vary from completely random where 
the four chromosomes ere equally homologous, to completely selective, wiser© 
the pleat behaves functionally a* a diploid, All degrees of selective pair* 
in# between these two extremes may exist, fo illustrate how selective pair­
ing may effect segregation In autote tr&ploldss, let us assume that we have a 
duple* hybrid with the constitution Ma&* furthermore, let us designate the 
two similar pairs of chromosome# carrying their genes with subscripts 1 and 2* 
then ia a pleat with the eonstitutlew .£&&!£&&&» if selective pairing is com­
plete there will be no segregation, since only gametes with the constitution 
A&fto o m  be formed mM. these will waits to fora progeny with the constitution 

3tf selective pairing is not collets m  that occasionally pairs 
with «&* then gametes can he produced with the constitution M M  or ĵ ap* the 
latter type may unite to give a homesygeu* recessive segregate. $hl* Is known 
to occur in ffrftajule kewensis where a limited amount of segregation takes place. 
Chroaooom© doubling in a diploid hybrid 0F crossing of two autotetraplolis 
A\ Ai,4)A| and will give rise to amphi&lploids with the constitution
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Jkx&yteJIg discussed* However* xso&@r some conditions* we may have tetra-
ploids with the constitution 1** this case* complete selective
pairing will produce gassefce® with the constitutions J^J&* 
dljfeg ia ®qw4 proportions, and the phenotypie ratio® an sal flag will he 
15 4; la. Moreover, under these conditions* two types of tuples hybrid* will- 
be produced, those tike the parent ikt̂ hfeigs ead nea*s*greg&ii«g types J&4xJI2Jl;: 
or type of 9«grftptiffii is found ia diploids when duplicate
factors are involved, md its occurrence is eometlaes considered an indication 
of assphi&lplold ancestry* f# have already pdialed oat that newly arisen 
tetr&ploid hybrids are almost certain to have the constitution . the
origin of the second type, 4|idfe% i» probably secondary* re suit lag from 

the occasional pairing and consequent areas ing-over tetsesa and chromo­
somes in suoh a way that there is an emhseage of alleles 4 &*i»d it without 
conspicuously altering the original differentiat ion of the bhromosomes. *fht® 
is borne out by the foot that practically all oases of duplicate factor ratios 
are found in plants which9 am other grounds, show evidence of being old poly* 
plaids. Cruj*ory*9 hypothetic was based on the aseujaptien that there was wm» 

piste selective pairing between obrossicsceaes from opposite jpar exits* **hie 
typo of pairing was later referred to as *hllo»yi>desis*» and Crane and 
Darlington (192S) opoks of deviations from the SSs 1 ratio in Hubus as due 
to wa tendency toward allosynde* * «**, fen explanation fliieb they later retract* 
M  (1931). The teras auiosyadesi* and alio syndesis have been purposely avoid* 
ed in the foregoing discussion to avoid the confusion that is om&mn in their 
usage, ;<ax to syndesis is generally defined as pairing between ohroiaosoises de» 
rivod from the same parent * and alio syndesis as pairing between ehroKiosaiiies 
from opposite parents* However* it soaks* a difference whether we refer to 
the original parent® or to the lr̂ aodiate parents* Darlington (1937 p.200)
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In faet* M *  ratios be obtained in the eeaplete absence of quadri­
valent formation. fhis appears to be the cnee ia Lotus as reported by 
Dawson (1941). I!aldfe*iefs ratio# earn only bo obtained If the chromosomes 
involved fom quadrivalent® regularly. In Mather1® f emul&o f the quantity 
I, representing the « ® t  of genttioml noadl9 Junction# it dependent upon 
the mmmn% of quadrivalent f (mention* a.ita.iainc It* random value of 1/3 
only if quadrivalent* are resnlarly femed*

Sparrow# Battle and Mebol (1942) have presented data on the fre­
quency* of quadrivalent formation in Antirrhinum* They obeerred freriaenoio* 
ranidng from two to ««y«n with sm average of five per cell* There Is no way 
of taaowing whether thmm qaadriv&lents tend to involve the gam# chroaoseaee 
each time or If all of the chromosomes fens qufutolv&lents at about the ‘-mm 

fr&mxm. ©y*
fbe third cyt©logical variable is the frequency and position of 

ehiasasata formation* Sine© reparation at first division is olwmy® redact- 
ion&l at the eontrosieret equntlonasl sepemtioa at a given locus depends
upon the- formation a. ©hiaswa between that loon* and ©eatrossere. In Motherve 
ioimke, the amount of equation©! separation its designated am©, t t  one 
chiasm:; is always forced between the centromere said the locus In question* 
separation at that locus is always eigo&ticm&X sad e has the v?l u* of I. 
Stated in tnrmn of cross-over percent *;«# tM# weald be equivalent to 50$ 
crossing over, and in gsaera! toms* e is twice the cross-over percentage*

Oehlkers {1940} has reviewed the subject of environmentsi effect® 
on chiasr*i& formation* and v:msi (1938) has shown specifically that sudden 
ehuxies* in temperature reduce the ahiaiia frequency and hence the iusouat of 
cro<*'iin#-over in ^atirrhtagia. therefore, since the segregation in a tetr**- 
ploid varies with the amafc of cMasssa forsaatioa* &»d this is In turn in­

fluenced by enviromae&tal factors* tetroploid ratios should be expected to



4£

vary aecordlswg to the esKrlroaaeat&l conditions which prevailed when the 
parent plant was undergoing Belesis*

tn. a tetroploid, when the %m olUfosaososaes la a gpnete kfc? derived 
from sister chromatids, double reduction If sold to hmrm occurred. Since 
double redaction tends to Increase the proportion of homesy^oue feme tee 
(both recessive and doalnaat), It effect« the igcnetic ratios by increasing 
the proportion of recessive phenotypes above that expected on the assumption 
that the chromosomes behave as units and do not undergo double reduction. 
Hence, any eytolocieal behavior that favors double reduction tends to in- 
crease the proportion of reoessives in a ratio. In order for double reduc­
tion to t<*fce place * & special sot of condition* met be eat it fled. First, 
■paired dhrosioeones bearing opposite alleles aaast pass to the seme pole at 
the- first division. This is termed genetic non-disjunction and it? frequency 

designated by Mother with the symbol •a8. S^netic non-disjunction is in 
turn dependent upon the formation of trlvalent* or quadrivalent*« since with 
bIv&lsnt*» the two massfbers of the pair almost invariably pass to opnoslte 
poles, T^e sscbnd eon Ait ion which, met be fulfilled la that at least one 
cl:U~^m m s  t be formed between the centromere and the locus of the gene Is 
msstlott, rcwaltis^ In e<ttte.ti<naftl separation at the first division, then 
both of these conditions are fulfilled, two cbro®e«emee pats to the tame 
pole at the first. division, each consisting of two ohrosiatide bearing 
opposite alleles. At the second division, whoa the eeiitreaeree divide and 
pass to sp-oslt* pole*, the two chromatids bearing the seise allele *my pass 
to the t'&nje pole, thus resulting in double reduction. Inasmuch »« double 
reduction depends upon these two conditions. Its frequency aiay be expressed 
i.s the product of tĥ  frequency of .genetic non-disjunction (a) &».d tbs fre-



queuey tqufttioiial separation (©)* This nroducfc, & e. it designated fey 
»iatfe#r m  oC.in * tuple* and triplex, ^  in ctnplast hybrids*

The parameters c* and (3 * i*e us the products of the &&onat of 
genetteal nen-diejuetlea* & .and the Ar-mniat of equattomal separation, £*
feitfc tell us nothing about the relative part that each of those variables 
plays ip affecting segregation* ffe.® value of n will vary fwia sera, when 
no quadrivalent* are ter&ed* to 1/3* the random v®ln« obtained when the 
chre®oeeei*s always associate In nm-drivmlentfu The value £ a on the other 
hand, can vary from sere to one as the cross-over percentage fee tv sen the 
IT«ne find the centromere varies trim  *ero to SOIL Tim® the v*ilue of ocaad 
^ should vary from *ero to .33* If wo observe oytologieally, that the 
frequency of qqadrlvnlente it very high* we can assume that the value of a 
an preache e it upper limit of l / s  and a* a result, .gain as Bp-urojriiaatlon of 
e from the value 3L»

We have seen chat relationship ovists between tot rani old segre­
gation and several specific aspects of cytological behavior. T t should 
also fee pointed cut that segregation in tetraploid* 'has A,n taperi&nt bear- 
lag 01s several general cytological concept** One of these 1* ia re&ard to 
the tin® of crossing-over* deviation* from the Muller ratios furaish us 
with genetic proof that crossing-over takes place in the four atruad stage 
fee tween two of the slraa&e* The first demonstration of this fact '#■=•* furnish­
ed fey Anderson (1925) in connectI cm with attached X-ohromesoae* in Jlroeophiln* 
It was further demonstrated fey Bridges &a-3 Anderson (1935) in the X-chromosomes 
of triple id female* of drosophila* It is an interesting foot that the data 
on ietripleid segregation published previously fey Blakeeles« Belling 
Vferahsm (192?)* can now fee interpreted to prove the ssme fact* The appear­
ance of recessive progeny fro® triple* hybrids could not have tefeen place
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differential viability will reduce the value of ata a greater extent 
than the value of Q . Mather (1930) has noted Just such differences In 
the values of oi and <3* hut has explained them ©a cyt©logical grounds*
The cytological conditions which h@ postulates for causing the excess', of £ 
over are extres©ly restricted. A change of pairing partner mm% 

occur which involves a change in pairing relationship with respect to the 
heteroxygeus factor, furthermore* two chlamaata mast he formed between 
the centromere and the locus of the gene involved, and one of these must 
occur on either side of tie partner exchange. It hardly seems possible that 
such & restricted set of conditions could account for all the differences that 
have been found between the two parameter#• On the other hand* if we explain 
such differences on the basis of differential viability, we are dealing with 
a very common phenomenon. It is well known that & great "any* if not ©st 
recessive genes have a detrimental effect upon the well-being of the plant*

In regard, to the phenotypic result® produced by genes* several 
unique phenomena are found in tetr&ploid®. ihsreas in diploids there are 
only thre? possible genotypes involving a pair of alleles* in tetraploids 
there are five. In two of these genotypes, the simplex and triplex* the 
proportion of dominant to recessive genes differs from the e-mal proportions 
always found in diploid hybrids?. Often when two allele® are present in equal 
proportions* one is completely dominant over the other* but it may not be capable 
of completely masking; the effect of those recessive genes in a simplex hybrid. 
fo r this reason* incomplete dominance is more coarsen in tetr&ploids than ia 
diploids. In Primula* for example* Somme (1930) has shown that in diploid# 
the factor £ for green stijpsn is completely dosiaant over the factor tor  

red stigma* effecting not only stigma color but also supressing color in the 
flowers. In tetraploids* on the other hand* plaits with the constitution 
fotaat have green stigmas, but •the flowers have a darker shade* in some cases
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itofc&SUfiP IWltfjffjj, S i I S l a a W i  Tne unfixed nature
of teir&ploid r&tloi lutrod-ieea problaras iu statistical analysis uot 
euaeutttered la dealing with the fixed diploid ratios. It it rather ceisKm 
to the literature for geneticists to refer to "chromosome* and * chromatid 
•egr edition" m  though these were two fixed rat lot he tween whlct o m  aaaet 
choote la fitting a set of data. At & mttsr of fact» thaae two tynes of 

ifegr*s|?%tieni aro in reality* only ideal limiting ratios which are seldom 

attained, and probability f w w  the occsurrenoe of ratios which arc Inter­
mediate between the*?® two limits, * the important statistical problem is there­
fore* not- to determine which ratio the data fit more closely, but to find 
out to Ahat *rbent the two e-rroviay forco? of equationa! •sod redactions! 

separation Have affected the data* fcthen* s p&r&;aefc#rs ̂  sad A conveniently 
crameterixe & set of data la this rejyrt, It ho5* been shown that th.® d&ta 

’published by A-IAksalse, oplltng and Paraham (199^) differ significantly from 
both, a S5i 1 and Slil ratio.

Ob the other land, it baf been i:hcwn that Gregory *r dob* drr not 

differ ei^tiiflofcotly from either ratio* *̂ heee t^o ex&a^ler; bring out the 

point that large population ar-a naeeec&ry in cr*sr to drew Valid conclusions 

in regard to tetra.pl old ratio?. !?or exenr'le, it l* necessary to hovo ->. poo- 

ulatica of at leant 1707 pi.:*.7?ts* in ardor to be certain that any ratio obtained 

a m  he proven to 1 evi&te * 1 $nifteantly from either & <55 tl or p ‘ifl ratio,

Tb® method of e&lculnting expected ration when the valuea of OC 
send Q ore given i% merely one of siihotituting the?*e values in the formulae 
ili T-etble I, column 5. TVc converse problem of e«lculatinp the values of OC

*.as Ihitmr (1936a 1 ' • tinted out* random chromatid segregation is 
really not the uooer liv, t ,j f r * ̂ resort lorn of rocesalve* la concerned.
tf*&t¥8Ufl Si ,f’? g A A A S i ! lq80i%f®i8 l|SAfJiff®#JjttK«ofidt
a locus will produce mud even higher *-*rouortion of r«ce.:2-ires.
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and (3 from observed dat* is discussed fully by lather (1935a, 1935b, a»& 197.6). 
Briefly the method eons lets of setting up a log likelihood earn t ion la which 
the likelihood is expressed as the sum of the products of th« observed number 
in each cl&«?* and the log of the expectancy in term® of 01. or (3 . This ex­
pression is then differentiated with respect to OC or (3 and the derivative equated 
to aero. The solution of this equation Is then the value of Ol or @  giving: the 
Hmaxissuta likelihood*. ^he tarlance is then obtained by taking the second 
derivative of the original equation# substituting the value of (X pr , and 
taking the negative reciprocal of the result. <he» data are available on 
several types of matings# the maximum likelihood equations will be rather 
complex rind must be solved by successive approximations * .-then we have only 
data on progeny from salfed slants# as is often the case# the equations re­
duce to -,uite simple form®. Thus to calculate OC from a progeny of a selfcd 
simplex plant# wc can use the equations oc - B/'i’ - 4, where a? represent® the 
percentage of recessives found iu the population. ftandard error will
bes 4 \/(l~*)/n. For data from selfed triplex data the equation 8 (fe,
and the standard error is the seme as in the last case, ^he parameter (3 
derived from a progeny of a selfed duplex plant ccoi be calculated from the 
formulas 6 - 1# and the standard error will b#i 5 /{l-x)/n.

£S^3&g&£ Algttlfjfittaoe M  AftfcraalftlA JUMEMad&Ml* - tfwation that
naturally arises in the discussion of may scientific problem in whether that 
problem has any practical significance. Inasmuch as there are several hort­
icultural crops which are antotetr&pleid or behave partly as eutotetraploid*' 
tbs problem of autotetradlotd genetics is of considerable importance to the 
plant breeder. 4s an exsacaple# let us consider the common problem in pi. M; 
breeding of obtaining a true-breeding line. In diploids this is relatively 
simple, for when a selection is made in an ?V or later gene ration which pro-



duces a uniform proistny. all of the plants In such a progeny concluded to 

be homosygcus $Jid we feel safe In bulking the sesd and us la#?* it to obtain 
and Increase. 9ueh ® procedure would be unsafe in dealing with autotetraploids» 
for the plant selected may be trtolex. In this case, its progeny would b© 
phenotypically uniform, 'but gen©typleally it would still be segregating* 
producing some duplex, and ©wen simple* cleats which, would segregate in the 
following generation* Just such & problem h&s been pointed out by S adman 
(1943) in connection with obtaining & strain of Potatoes homo?ygous for re­
sistance to virus. Another problem which arises is the difficulty in ob­
taining: multiple recessive types from & oross. For ©x a. 1®, lot us suppose 
a cross is mad® between two parents which differ by three genetic factors 
In an endeavor to obtain a plant recessive for all three. In a diploid, the 
probability of obtaining such a trial© recessive is I in 64. In an autotetra-
ploid, on th© other head, the probability ranges from 1 la 8,000 to 1 in
4*,6S6, depending upon the amount of double reduction o./.erating to increase 
the proportion of recessive s. Obviously, on© moat either grow very large 
populations or devise some method of obtaining the desired type in several 
s tops•

Besides being of practical significance to the plant breeder, the 
study of autotetr&ploid genetics has another more indirect value which con­
sists of furnishing an approach to the study of quantitative inheritance.
This problem has been on® of the most baffling and complex encountered in the 
field of genetic®, and it is still far from being solved. Yet it is of the 
utmost economic Importance* since a great majority of the genes which con­
tribute to the value of cultivated plants are quantitative In character, and 
a thorough understending of their hereditary behs.vior is greatly to be de­
sired. Lindetrois (1935) states that "Comparison of nu-«ntit^tiv© inheritance ia
ta m& 4n afford© mother approach to the problem cf -.tuantitatlv© Inheritance", 
■sad he h&s taken the first step in this direction through u study of Tnant-



italiw g«»i la tetraploid tomatoes

w m m r

The segreg&l ion of four geaetio characters ’ was Jtudl^d In col­
chicine induced tetraploi&s of /mtirrMauia n&fo** It m s  found that these 
plants behove as 'true antotetroplolds. Segregation. for each factor was 
different* depending on th* &nmm% of double reduction due to crossing- 
over between too gen# and the centromere. The amount of double reduction 
was greatest in tbs b&aie color factor, j|* least ia the factor 9 and 
between th®%& two or tresses in th© j£ and £ factors. In nil eases, large 
enough populations were grown to demonstrate a significant difference be~ 
tween the observed ratio and 35jl r.Jfcio* Xu th© c-£t©@ of the £  factor* it 
was possible also to shew a .ti^ifieaat deviation from a 21*1 ratio* 01 f- 
ferentlal viability wue discussed and it w&o pointed out that this pfca&c-* 
motion might account for the fretgouiitly’ observed apparent difference© la 
double redaction between duplex and alazier plants* ?etraploid segregation 
Ip dependent upon each variables as type of pairing, quadrivalent formation* 
masher and position of chtneaata, and differential viability* ttlaoe the last 
throe of these variables are in turn influenced by environment* it was pointed 
out that segregation is indirectly dependent upon the external conditions 
existing at the tis« of isolctic and during the early stages of seedling 
deve-c* rat*
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