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INTRODUCTION

299
‘3:q The genetlcs of flower color inheritance in alfslfa,

\b§;dicago Spp., 1s not well understood. Studies of the inheri-
tance of flower color are usually secondary to more importent
economic characters. DBecause of this fact, parents may not be
carefully selected and the population may be too small, due to
space limitations, to draw definite conclusions gbout the inheri-

tance of this character. Self-sterility is also a handicap in

studying the genetics of alfalfa.

The problem

What is the mode of inheritance of purple flower color
in white x white crosses of alfalfa?

Problem analysis.--To properly answer the major question

it is necessary to answer the following questions:

l; Is the inheritance of purple flower color disomic or
tetrasomic?

2. How many genes control the Iinheritance of flower
color in each case?

3. How do these genes that control purple flower color
interact?

Delimitations.--This study hes been limited to the Fo

progeny of 12 crosses between 9 white flowered alfalfa plants.




METHODS AND MATERIALS

This study of the inheritance of flower color in alfalfa
was undertaken with 16 Fo families from 12 white x white crosses
between 9 white flowered alfalfa plants. These families were
obtained from Doctor Ralph M. Weihing, formerly Associste Agrono-
mist, Colorado Agricultural Experiment Station, in the summer of
1947. Fourteen of these families were the result of self-pollina-
tion of purple Fy plants. Two families were the progeny of self-
pollinated white Fy plants which resulted from the cross white 4 x
white 6. The F1 generation of this cross was all white.

Flower dolor rgadings were made in the summers of
1947 and 1948. An attempt was made to classify'various shades of
purple by using color plates prepared by Robert Ridgway (Color
standards and color nomenclature. Washington, D. C. 1912.) It
was later decided to group all shades of purple into s purple class
and contrast purple and white.

The chi-square test was used to test goodness of fit,

heterogeneity and independence.



ANALYSIS OF DATA

Two hypotheses were developed in an attempt to explain

the segregations obtained in the Fy generation.

Disomic segrecation

In the first hypothesis it was assumed that complementary
factors for the production of purple color were segregated in
disomic ratios. One factor pair (Cc) must be present in the domi-
nant condition before color can develop. Later it was found necess-
ary to postulate a duplicate factor pair (Cgcg) which would also
produce color when present in the dominant condition. Another factor
pair, Pp, when present in the dominant condition, would act with the
basic color factors Cc or Cocs to produce purple color. Three genes
of this type, duplicate in mode of expression, were postulated,
Pp, Pops, and Pzpz. |

Four ratios were calculated from theoretical Fl plants
of varying genotypes. The ratios of purple to white and the ]
genotypes were as follows: 2.3682:1, Ccczcszngzpsps; 2:.812),
CcczcszPngPSpS; V25811, CchcszPngpspS; and 11 .962:1,
CchcszPngPaps. One family was found to fit the 2.368:1 ratio,
10 families the 2.821:1 ratio, 2 families the 7.258:1 ratio, and
1 family, the 11.962:1 ratio. The fit of the observed data to

the calculated ratios were determined by use of chi-square tests.



Tetrasomic segregation

Autopolyploid plants segregate in different kinds of
ratios than do diploid plants. The reason for this fact is that
diploid plants have two homologous chromosomes, whereas autopoly-
ploid plents have 3, 4, 5, etc., homologues. Alfalfa is thought
to be an autotetraploid, at least in part. That is, some chromo-
somes have 4 homologous chromosomes. Julen, a Swedish worker, has
observed quadrivalent pairing in alfalfe although the majorlty
of the pairing seemed to he bivalents. It was decided to attempt
to fit the observed segregstions to calculated sutotetraploid ratios.
It was assumed that complementary factors that segregate in aute-
tetrasomic ratios controlled purple flower color in alfalfa.

There are two main types of autotetraploid segregatlons.
Random chromosome segregation occurs when the genes are located
near the spindle fiber attachment. In this case, they will assort
at random, depending upon the way the chromosomes are oriented 2t
metaphase I. However, if the genes are located far enough from
the spindle fiber sttachment so that crossing over can occur in the
quadrivalent, with the resultant exchange of chrometids, random
chromatid segregation will occur.

Chromatid and chromosome ratios were calculated for the
éomplementary genes C, P and Py, but the theoretical ratios
deviated distinctly from the observed data. However, when 1t was
assumed that C, the basic factor for the production of color, was
assorted by random chromatid segregation, and that the factors P

and Pp, which act with C to produce purple color were assorted by



random chromosome segregation, several ratios were calculated
which more nearly approached the observed segrecations.

Four ratios were calculated from theoretical 'y plants
of varying genotypes. The ratio of purple to white and the Fy
genotypes were as follows: 2.009:1, CccchppPngpzpz; 2.01881,
CCccPppppopopopg; B8.474:1, CCeePpppPypsPoPy;3 and 12.650, CCeo-
PPppPzpngpz. Three families were found to fit the 2.009:1 ratio,
8 families failed to fit the 2.8516:1 ratio, 1 family showed & good
fit to the B.474:1 ratio, and two families were found to fit the
12.65021 ratio. The fit of the observed datz to the cslculated
ratios were determined by the use of chi-square tests.

Nine purplé plants were observed in a total population
of 339 plants, from 2 Fq white 4 x white 6 Fl ﬁlants. These nine
plants were probably the result of stray pollen effecting fertili-
zatlon before the selfed flowers were bagged.

The date presented show that the observed rsetios could
be best explained by assuming that complementary factors were seg-
regated in a disomic manner. When tetrasomic segregation was
assumed, 8 families did not fit any calculated ratio.

Data on the theoretical behavior and the observed be-
havior in the F, and Fg generations are presented in Figures 1 and
2. It wes possible to postulate a genotype for every parent

assuming that the disomic segregation hypothesis was the logical

one.
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Suggestions for further study

Very little information is available on the genetics
of 'alfalfa. More study of this important crop plant is needed,
not only from the qualitative standpoint, but from the quanti-
tative standpoint as well.

Cytological investigations to determine the type of
pairing that occurs and thus, the types of segregation to be
expected, would be a great aid in making genetic studies of

the alfalfe.plant.
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Chapter 1
INTRODUCTION

The genetiocs of flower color ;n‘alfalfa,
Eﬁﬁiﬁaga Spp«, 48 not well understood. There may be
aseveral reagsons for this fact. Studies of the inheyr-
itance of flower color are usually secondary to more
important economlic eharactara.' Because of this fact,
crosaes made in the crop breeding program may not be
carefully selected, and populations are often too small
to drew definlte coneluslons sbout the inheritance of
this charéat@r. &élf*starility is &lso s hendicep in
st&éyiﬁg the genetics of elfalfs besause of the éif?ﬁ*
culty of obteining adequate populations.

The problem
What is the mode of inheritance of purple

flower color in elfalfs in white x white crosses?

Problem gnalysls.~~To answer the msjor question,
it is necessary to enswer the following gquestionst

1. Are the factors that control the inher-
itance of purple flower color segregeted in a disomie

or tetrasonie nmenner?®



A 2+ How many genes 1ln each ocase control the
inheritance of purple flewer color?
3+ How do these genes which control purpls
flower color intersct?
Delimitations«=~This study hes been limited
to the Fy progeny of 12 crosses between © white flower=

ed alfalfa plants,



Chapter 11
REVIEW OF LITERATURE

Meagre informetion is available in the lite
erature on the nature af’flowar color inheritance in
alfalfe. There is no record of any white flower x
white flower crosses which ylelded purple flowered
progeny, except those progeny dlscussed by Weihing
(10,11), 1946 and 1948, which are the subject of this
study.

The studies most frequently reported are
those which involwve yellow flowered x purple flowered
parents. Waldron (9), in e study repnﬁted in 1929,
found dominence entirely lacking in & cross between

Medicago sativa L. (purple) and Medicago falcata L.

{yellow). He found it impossible to classify the wide
‘range of variegated colors in the Fg penerstion, but
by setting the proportion of yellow segregates against
all other clssses, he obtained a ratio of 1:63, which
indicated 3 factors. Korohoda (4), 1933, reported
that the supposltion that 2 or 3 factors are involved
in determining the color of flowers in alfalfa was in=

sdequate. The results of his studies indlcated at
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lesst 4 factors, one for each fundamental coloration=-
ereem, blue, and violet, and one or two that intensify
these coleors. Burton (2), 1937, reported difficulﬁy

in classifylng the Fg population in a purple x yellow
cross, but suggested that 3 Independent factors control
flower color inheritance in alfalfa.

More detailed studies involving purple x white,
white x yellow, and variegeted x white, were reported by
tepper and Odland (5) in 1939. They suggested that 2
dominant supplementary factors influenced the production
of color. The sbasence of both of these factors resulted
in white flowers, whether or not the individusl plant
carried factors for color. Purple was regarded as eplw
static to yellow. The following gehetic makeup was hypo-
thaaized, letting P represent the factor for purple, ¥
the factor for yellow, and C end A the supplementary fac-
tors for the production of color:

Purple PPCCAAyY

Yellow ppCCea¥yY

White PPecaayy

Armstrong and Gibson (1), 1941, reported the

inheritance of flower color in & cross Medicsgo media

and M, glutinosa. The flowers of the I, glutinosa
selectlion were cream colored, while the . media selec-
tion possessed medium dark purple flowers. Thirteen F,

femilies segregeted as follows: 5 families, 3:1; 2 fami~-
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liea, 15313 end 3 fsmilies, 63:1l. In 3 families, no
eream colored segregates occurred. From this lnformation,
they assumed that at least 3 factors econtrolled purple,
end thaet the factor for cream color was sn allelomorph

of one of the purple factors.

Weihing (11) presented data in 1948 obtained
from segregations of purple x white, yellow x white, and
white x white crosses. 3Segregations of purple snd white
in the purple x white crosa indicated that 3 independent
factors were involved. Three independent factors were
found to govern the segregstion of yellow and #hite pro=
genies in the yellow x white crosses. In studying the
Fl progeny of the white xz white erosses, which, when |
carried into the Fy, are the subject of this thesls, he
found that some families were all purple, some segregated
for purple and white, and cother families were all white.
From these resvlits, he suggested that purple was governed
by at least 3 factors which he designated Pypy, Pgopy, and
Papze Three fectors for yellow were sssumed and designat-
ed Yyy1, Ygyg, and ¥Ygyz. In additiem, a complementary
factor, Cc, for the formation of color wes suggested.
This‘factnr migt be present in the domlnant condition,
and at least one of the factors for purple or yellow
muet be dém&mamt before there could be an expression of
color. |

In disoussing the genetics and cytology of ale
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falfs, Tysdel, Klesselbach, and Westover (8), 1942,
stated:
Since meny Medicago species have 18
ghromosomes, it appears not improhsble

that those with 32 are tetraploid. More-

over, a review of the inheritance studies

indicates that, in many ceses at least,

the genetic ratios obtsined fit the ex~

pected segregation in en sutotetraplold

better than the complicated disomic ratios
reported, and tetrasomic ratlos often ex«
plain those cases for which no satisfactory

disomic ratios were found. (818)

Julen (3), 1944, mede a cytologleal investiga-
tion of elfelfa. He found thet melotic fixatlons were
such that he could not make a detailed enalysis of the
course of melosis., Marked disturbances were observed.
Instead of only bivalents, there often occurred & nums=
ber of unlvalents end, in & few cases, multivalents
occurred, Trivalents were more often observed than
quadrivalents. He concluded, on the basis of his oyto-

logicsal studies, that M, sative is & tetraploid.
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Chapter III
METHODS AND MATERIALS

%hﬁ»atudy of the inheritence of f}mw&: color
in alfalfa wma.underteken with 16 Fg families frbm 12
white z white crosses between © white flowered slralfa.‘
plants. These families were obtained from Doctor Ralph
M. Weihing, formerly Associate Agronomist, Colorade
Agriculturel Experiment Station, in the summeyr of 1947,
The source of the perent white plants, and the method
of making the crosses wss reported by Welhing (11), 19848,
The origin and the designations of the parent plants are
ghown in Teble 1.

Table 1.~-DESIGHNATIONS AND ORIGINS OF PARENTAL WHITE
CALFALFA PLANTS.

?1aa§ Ho. : Origin

Open=-pollinated selection in 1937.
Open-~pollinated selection in 1937.
Open=pollinated selection in 1937.
Open=pollinated selectlon in 1937.
Open=pollinated selection in 1937,

An 8g plant from the 1940 bv&ading nursery
from the variety Ladak.

Stray plant close to the 1937 breeding nursery.
An Sy plant from the 1938 breeding nursery
from the variety Vale.

12 Stray plant selected in the fall of 1840.

Cw DoGdL
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Emagculation of several to 25 unfertilized
flowers per psrent Qidnh was accomplished by means of
suection, carried from the windshileld wiper of a2 car
through a8 rubber hose. The hose wes tipped with a
drawn glass tube just large enough to surround sn ax~
posed stigme. The standard wes cut away before emas-
eulation to pravent the contamination of foreign pollen
which 1t might have collected. Pollination was accom-
plished by rubbing the stigma of the emagoculated flower
in pollen collected from the male parent. The pollinat-
ed flowers were immedistely enclosed in glassine bags
and the raceme tagged with the name of the perents, dete
of cross, and number of flowers crossed.

Selfed seed was obtalned by selecting racemes
with a large number of untripped flowers, cutting away
all tripped flowers and buds, trippiag‘the-reméining
flowers artificlally, and covering the raceme with a
glasaine bag.

The seed from cross- and self»pallingt;qgs
was planted in the spring in the greenhouse. ;?hw‘§eeﬁ~
ling plants were transplanted to the field the same '
spring in rows 3 feet apart with about 4 inches between
transplants. |

Color readings were made in the year of transe

planting. All gredations of purple were classified as
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purple in the Fl.heaauaa of the difficulty of acocurately
identifying different shades.

In the summer of 1947, an attempt was made to
elassify the varlous shades of purple in the Fp sccord-
ing to standards published by Ridgway (6) in 1912, 1t
was noticed that flowers tended to fade &s they aged,
and since there were a large number of different intensi-
tles of color, all shades of purple were grouped in the
analysies of data.

The F, familles used were those obtained by
selfﬁgollinnting purple Fy's. Two ?2 families, however,
that resulted from the self-pollination of white Fy's

were grown to determine if segregation would occur.

Statlstical anelysis

The chi~square teats for gocdness of fit and
interaction, or heterogeneity, were applied to the ob~-
tained data. The methods and terminology of Snedecor
(7), published in 1946, were used throughout the study.

The general formula for X2 (chi-square) is as follows:

x2 = g_of-cze 5

where 0 equals the observed frequency for & psrticular
class, end C the caleuleted number for the same cless

on the basls of the selected hypothesis.
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Location of originel data snd seed stocks .,

m@ original data from which this thesis
was written sre on file in the veult of the Agronomy
Sectlon, Colorado Agricultural Experiment Station,
Fort Collins, Colorado. The remaining seed Moeks
and plant materials are belng maintained on the

Agronomy Farm.
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Chepter 1V
ANALYS1E OF DATA

The inheritence of flower color in alfalfe was
studied by crossing © white flowered alfnlra plants in
12 comblnations. The F; generatlons of ﬁhese erosses
varied, Some crosses had all white Fy's, some all pur-
ple‘Fl's; and others segregated for purple and white in
the Fy. These results were reported by Weihing (11),

1948, who suggested that complimentary factors were in-

. wolved in the inheritance of flower color in alfalfa.

To secure m@raraemplaae data, purple Fl'a from all
erosses with purple progeny were selfed and the result-
ing progeﬂ# observed for flower color in the Fp genera~
tion. Two hypotheses were developed in an attempt to
explain the segregatlions obtained in the Fy gaaeraﬁian;

Disomic segregation

o

In the first hypothesis 1t was assumed there
were complementary factors for production of purple
color and that these factors segregated in disomic ra-
tios. One factor, Cc, must be present in the dominant

condition hefore color can develop. Later 1t was found
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necessary to postulate & duplicate gene, Cgop, which
would also produce §elar when present in the dominant
condition. Another factor, Pp, when present in the
dominant condition, would sct with the basic color
factors Ce or Cgeg, to produce purple flower color.
Three genes of this type, duplicate in mode of express~
ion, were postuleted, Pp, Pgpp, and Pzpz.

If the parents were of the genetic constitus«
tlon CCopegppPepPePsPs (white) end ceegeoPPPoPapabs
{white), the Py waul& be purple and its genotype would
be CeegegPpPopopabys. However, as reported by Welhing
(11), 1948, few femilies were sll purple in the Py
generation, Although 1t 1s beyond the scope of this
thesis to explain in detail the Fy segregetions report-
ed b? Weithing (11), there should be some basis for the
explanation of these chtalned segregations. If, in the

ebove oross, the first parent had been heterozygous for

C, & segregation for purple and white would have oceurrs

ed in the Py generation in the fatiefafllsl, ‘Aaaumi§g¢
that the factors P and Py were heterozygous in the seo-
ond parent in the ebove cross, the ratio of purples to
white in the Fy g@nératien would have been B:l. If the

first parent hed been heterozygous for ¢ and the second

pﬁfﬁnﬁ heterozygous for P and Py, the ratio in the abbve

eross would have been 3 purples to 5 whites in the Fy
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generation, In 8ll cases 1t would have been posaibia

~ to obtain & purple Fy plant of the genotype Ucegep-
PpPopopsbs« Upon selfing thls plent, a segregation

of purples to whites in the Fy generation would glve

a ratio of 2.3568t1. Table 2 gives the result of fitting
this ratio to O segregating Fyp femilies, Individual chi=-
square values indicated a good it of the observed data
to the celoulated ratic. In all cases, the probebility
of obtaining as large or a larger deviation from the
calcoulated ratio due to chence alone, as shown by the
chi=gquere test, was less than 19:1, However, the
pooled chiesquare velue wes found to have a P value

less than mwbﬁ. The heterogenelty chi-square value
indieated that the data from these families were homo-
geneous. An examination of the data revealed & rather
uniform tendency for the caloulated nunbers of purples
to be too low and the whites to be too highs Families
117-4 and 1182 were found to be exceptions to this
tendency. The segregation obitained in feamily 117-4

wag found to be statistically different from the other
segregetions by the use of the chi-square test for in-
dependence. It wes sssumed, therefore, that this femily
dild £it the ratio, B.368:1, The remaining 8 famllies
were found to flt the caloulated ratio 2,881:1, as

shown in Table 3., Since the pooled chie-square value in

Teble 8 indicated that, for the most part, the teasted



Table 2.~-THE FIT OF THE OBSERVED DATA TO A CALCULATED 2.368:1 RATIO
OF PURPLES TO WHITE,
AXD Pg, IN 9 PFg FAMILIES PROM

ASSUWING DISOHIC SEGREGATION OF GENES C, P,

SELF-FERTILIZED PURPLE Fy PLANTS.

Heterogenelty X2

e er OF : i

Cross Family ~ Observed Maﬂiaw& &  ont P
Purple White FPurple Square  Vslue
Zx 6 108-1 279 106 270.69 114.31 1 0.810 «50=.30
dx 2 110-4 247 @ B7 234.83 99.17 1 2,124 «20-,10
4x 3 111-4 313 117 302.35 127.67 1 1.269 +50- .20
4x 5 113-5 207 74 197.87 B83.43 1 1.517 +30~,20
4§x B 115-3 72 27 69.60 29.40 1 0.277 70~ .50
4x 9 116-7 338 121 322.72 136.28 1 2.438 .20-,10
4x 10 117-4 173 93 187.02 78.98 1 3.540 «10~,08
4 x 12  118-2 41 17 4078 17.22 1 0.004 .98
6x 5 121-1 154 56 147.65 62,35 1 0.920 50,30
TOTAL 1824 608 1P64.50 787.41 O 12.899 ~20~.10
- Pooled X2 1 _4.504  .05-.02
8 7.998 <50~ .30

4rd
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families dia not belong in the 2.368:1 population, it
wes assumed that the remaining 8 families sghould be
classified under the 2.821:1 ratio.

The ratic, 2.821:1, was calculated by assuming
that the selfed Fy was GeczcaPpnganpa. This ¥y would
be obtained 1f the gaﬁatypas of the parents were as :
follows: CCopeoPPPePaPsPz 8nd cccgogPPPoPoPaPy. Segre-
gations in the Fy would be obteined when these parents
were sasumed to be heterozygous. Indlvidual chlssquare
values, shown in Teble 3, for ten Fy families were cals
culated on the basls of this ratic and were found %o
show & good fit of the observed data to the calculated
segregation. Total chi-square, pooled chi-squere, and
heterogeneity chi-squere also were found to show & good
fit of the date to this ratio.

Other disomic ratlos were obtained when the
Fy purple plants were assumed to be of the CeCyePp~
?Eggpsps and the GasgezPynggPﬁps genotypess In the
case of the CeCgegPrPobopppPy genotype, a ratio of
7.858:1, purples to white, would be sbtalned., The
CelpepPpPppoPape genotype would segregate in the ratio
of 11.8628 purples to 1 white. Results of fitting ob~-
gerved detas for various segregeting families in the F§
generation to these ratios are glven in Table 4. Chi=-
square tests indicated & good fit for 2 familles to the
first ratio end for 1 femily te the second retlo.



Teble 3.--THE FIT OF THE OBSERVED DATA TO A CALCULATED 2.821:1 RATIO
OF PURPLES TO WHITE, ASSUMING DISOIC SEGRECATION OF GENES G, P,
Pg AND Py, IN 10 Fg FANILIES FRONM SELF-FERTILIZED PURPLE Fy PLANTS.

Cross Pamlly — Observed Galouisted — 4f  Chi P
| Purple White Purple White __Squere Value

3x 6 1081 279 106 284.24 100,76 1 0.360 .70-.50
€x 2 110-4 247 = B7 246.59 87.41 1 0.095 .98-.85
4x 3 Ni-s ™23 117 B17.47 112.55 1 0.240 .70-.50
4x B 113-5 207 - Y4 S07.46 7T5.54 1 0008 95
dx € 1183 72 g7 973,00 9$5.91 1 0.068 .§0~.80
4% © 116«7 S5B  181 338.87 120,15 1 0.000 .95-.90
4x10 317-1 102 28 95.98 34.02 1 1.444 ~ .30-.20
4% 32 1182 41 17 48.88 15.18 1 0.996 .70-.50
£x 6 1911 154 56 355,04 54.96 1 0.087 .90-.80
W 8 Yl B X 5 1 3.089 .10-.05
TOTAL bz 4 W T3S O
Pooled X% .1 o.002
Heterogenelty X2 9 5.541




Table 4 .~-THE FIT OF THE OBSERVED DATA TO VARIOUS CALCULATED RATIOS
‘OF PURPLES TO WHITE, ASSUMING DISOMIC SEGREGATION, IN SEVERAL Fp
FAMILIES FROM SELF-FERTILIZED PURPLE Fy PLANTS, THE ASSUMED Fy
‘GENOTYPE I3 SHOWN I¥ BRACKETS BESIDE CALCULATED RATIO.

Tumber of

Croas Family Observed Caleculated ar Chi P
S : Purple White Purpie White Square Value
P [Ratic = 7.25611) (ColpegPprpbopsps)
9x6 131-1 165 20  162.60 22.40 1 0.293 .70-.50
12x 6 141-3 80 18 ‘86,13 11.87 1 3.606 .10-.05
TOTAL 245 38 248,75 34.27 2 35,899 ,20~-.10
Pooled X2 1 _.462 .50-.30

Heterogeneity X2 1 3.437 .20-.10

8x 86 125-1 453 31 446,66 37.34 1 1.166 «30~.20

v
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%@Eﬁagémia segregatlon

8ince common alfelfes has & chromosome number

ﬁf 32 in the dipleld condition, while some related spee
cles sre lmown to have a chromosome number of 16, Tysdal,
Kiesselbach, and Westover (8), 19428, suggested that suto=
tetraplold ratios might explain the obtalned segregstlions
better than complicated disomic ratiocs, The second hypos
thesls, therefore, was the assumption that complimentary
factors that segregate in subotetrasomie ratios control
purple flowsyr color in alfalfa.

Buploid plants have chromogowe numbers which
are multipies of a basic number. Aubopolyploids ave
polyploids in which the sets of chromosomes or genomes
ave from the same source. Autotetraploids are sutopolye
ploids which arise by doubling the original chromosome
eomplement. Therefore, instead of having a palr of homo-
logous chromosomes, an subtobtetraplold hes four homologous
chromosomes in the 2n condition. Quadrivalents sre forme

od when these chromosomes palr during prophase I in cone
trast to the bivalents which are fawm@d;ﬁuraﬁg the reduce
tion division in ordinary diploid organisms. When not
complieated by such factors as non=-disjunction, two
homologues are assorted to each gamete in an autotebra-
ploid. Because of this fact, sutotetraploid segregations
differ from diploid segregations. There are two main
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types of autotetraploid segregations. Random chromosome
segrepgation ls théught to occur when the genes are 1éast~
ed next to the spindle fiber attachment., In.thia case,
the genes will assort at rendom depending upon the way
the chromosomes are oriented at metaphase 1. However,

if the genes are located far enough from the spindle
fiver so that crossing-over could eaaur; there would be

& rgndom‘exahnnge of chromatids in the quadrivalent.

This 18 termed ran&am chromatid segregation.

Chromatid ratios and chrowosome ratlos were
calculated for complementary factors Ce and PpPopg, but
the theoretical retios deviated distinetly from the ob=-
gserved data. However, whbn it was assumed that Cc, the
basiec faetor for the production of color, was assorted
by random ahramnti& gegregation, and that the factors
Pp and Pgpp, which act with Cec to produce purple color,
were assorted by random chromosome segregation, several
ratios were calculated which more nearly approached the
dﬁaervea gegregationa.

Assuming C, P, and Pg in the simplex condition
(CeecPpppPopopapp) 1n the ¥y, & segregation in the Fp of
2.009 purples %o 1 white would be obtalned. Chi-square
values were caleulated for 3 families on the basis of
this retio and are shown in Table 5. A& good fit of the

ochaerved data to the calculated ratio was obtained.



Table 6 glves the results of fitting 10 famle
lies to the ealeulated ratio of 2,516 purples to 1 white.
This ratio was obtalned when 1t was asaumed that € was in
the duplex condition, P in the aimyim# gondition, and Py
in the nulliplex conditlon {(CCecPppppprepeps). Indivi&ﬁsi
chi~gquare wvalues were found to show & gﬁﬁé'fit,af the obe
gerved data to the caleculated ratlo except iavtha cage of
family 141-3. The total ehiesquare value indicated that
individual variations may have been due to chﬂgae devia~
tions. However, the pooled chi~sguare v&lué weg found to
have a P value between 0,02 and 0.01. This Indilcated that
the tested population tended to deviate from the 2.516:1
ratio. Heterogenelty chi-squere indicated thﬁt there was
an uniform t@nd&nég in the population to deviate from this
ratio. An examination of the dats revealed that this ten=-
dency wes sn underestimstion of the nuwber of purple seg-
regates eand an overestimation of the number of white seg-
regates by the caleulsted ratic. Unless other undetermin-
ed factors, such as linkege or modifying genes, were
acting in these crosses, this ratio would not explain the
obtained aa@reggﬁimma‘

Two families, 115~5 and ll&»%,vwﬁr@ fau#ﬁ to
fit botb of the sbove ratics. This may have been due
to the small slze of these families, and the inebllity
of chi~square to differentiate between simllar ratios

when small nuzbers are ussd.



Table H.~~THE FIT OF THE OBSERVED DATA 70 VARIOUS CALCULATED RATIOS
OF PURPLES TO WHITE, ABSUMING TETRASOMIC SEGREGATION, IN SEVERAL
Po FAYILIES FROM SELP-FERTILIZED PURPLE Py PLANTS., THE ASSUMED
?g GENOTYPE IS SHOWN BESIDE THE CALCULATED RATIO.

Cross Family Soserved ~ta i Iatea ar Chi P

| Purple White Purple White Square  Value

(Ratlo = 2.009:1) (CecePpppPgPgbobg)

4x8 115-5 72 - 97 66,30 3290 1 1.586 .30-.%0
4 x 12 118-2 41 17 5278 19.28 1  0.402 ,704.50
4 x10 117-4 173 83 177.60 £8.40 1 0.350 ,70~.50
TOTAL, : 286 137 PE2AR T40.58 ¥ BEIT VMO,
Pooled X2 1 0.136 .80-.70
Heter ageneity X2 2 2,201 .70-.50

(Fatioc = m’m 1Y) €§Ez=“'é“1’z:;}p§gpgpgpg}
9x 6 131-1 165 . 20 165.47 10.53 1. 0.008 .96-.90

Retio= 12.650:1) (CCGCPEPPDoDoPaPs)

Bx 8 125-1 | 453 Bl 448.54 35.46 1 0.605 - .50-~.30
gx 6 131-1 165 20 171.45 13.65 1 8.300 .10-.05
TOTAL BME F TTOY OWOT I IIE T

Pooled X2 1 0.087 .80-.70
Heterogenelty X2 1 3.887 .10-.05

686

&



Tﬁh}ﬁ.ﬁwﬁwwﬂﬁ FIT OF THE OBSERVED DATA TO A CALCULATED 2.516:1 RATIO
OF PURPLES T0 WHITE, ASBSUMING TETRASOMIC SEGRECATION, IN 10 Fy
FAMILIES FROM SELP-~FERTILIZED PURFLE Fy PLANTS,

GENOTYPE IS {zcec?ppppepapgpg.

THE ASSUMED ¥y

ot
e

Wumber of
Cross Family “Observea Caeiculated ar Chi P
rple e Furple e Square Value

3x 6 108-1 279 106 275,50 108.50 1  0.156 ,70-.50
4x 2 110-4 247 87 239. 95, 1 0.940 ,50+.30
§% .3 11«4 B13 117 SO7.70 182,50 1 - 0381 ,70-.80
éx 5 113-5 807 T4 BG1L.08 T9.92 1 O.613 ,.50-,%0
4x B8 118-5 72 27 70.8¢ 28,16 1 0.086 ,80~,70
4x 9 1167 338 121 328,45 130,556 1 0.975 ,50-,30
4x10 117-1 102 26 935.03 36.07 1 3,044 ,10-.08
4x12 118-2 41 17 41,50 16.50 1  ©0.022 ,90-.80
6x 5 1211 154 56 150,87 59,73 1  0.8585 ,70-,50
1I2x 6 141-3 80 18 70.13 27.87 1  4.887 .05-.02
TOTAL 1685 651 1777.50 706.50 10 11.349 .50-.30
Pooled X2 1 6.089 .02-.01
Heterogenelty X2 9  5.260 .90-.80




A segregation of 8,474:1 purples to white was
obtained when 1t was asssumed that C wes in the duplex
condition, end P and Py were in the gimplex condition
(CCecPpppPopopepg). One family gave & good f1t to this
ratlic as shown in Table 5.

Good fites for the observed snd calculeted
ratics were obteined for two families to the autotetra-
gomic Fp ratlo of 12.650 purples to 1 white, s8s shown in
Table 5, Thie ratioc was caluulated upen the sssumption
that C and P were in the duplex condition and Pg in the
nulliplex condition (Cﬁce??pppgggpgpg)4 Family 131-1 was
found to fit the calculated ratlos 8.474:1 end 12,650:1.
8ince the P-values were not statistically significent in
either case, the proper ratio wes not determined.

When 1t was assumed thet complementary factors
for color were assorted by the aheve.au%otetrasamic seg~
regations, 8 femilies could not be explained. The hypo-
th@aié that complementery factors, 3@@rsgatin@ in suto~
tetresonmic retios, controlled purple flower color in
alfalfe was rejected,

To determine the breeding behavior of plents
which were all white flowered in the F, generation, 2
Fi*a from the oross white 4 x white 6 were selfed and
the progeny observed in the Fp generatlon. It wes

found that 9 purple plents occurred in an observed popu-
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lation of 339 plants. These plants were thought to hnéé.
been the result of naetural crossing before the plants
were bagged.

Data on the theoretical behavior asnd the ob-
served behavior in the Fy and Fp generations are graphi-
eally presented in Figures 1 and 2. 1t was posalble to
postulate a genotype for every parent from the obtained
date. This strengthens the hypothéaia that purple flower
color 1s controlled by complementary factors which are
sssorted in a disomic menner.

The following genotypaa'of'ths parent plants
were hypothecated: white flawer 2, cuegogPPPoPoPsPys
white flower 3, ccegegPPPoPePzPx; whiﬁa flower 4,
CCegeaPPPePePsDsi White flower 5, coogepPPPpPoPsPs;
white flower 6, saageggppgpgpgps; white flower 8,
ceopegPPPoPoPaPr; white flower ©, coeyCoPPPLPoPaD4;
white flower 10, ccegegPPPyPoPaps; and white flower 12,
00040 PPPoPoPeDss
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Chapter V
DISCUSSION

The data presented in thls study of flower
golor inheritenes in white x white ¢rosses of alfalfa,
ghow that complemenitary fechtors were involved in the
production of purple flower color. Fits of data to
caleulated ratios indicete that these factors were
segregated in e disomic manner rather than by tetra-
ploid segrepation, &s eight families cennot be explained
by this hypothesis. o

If 1t were assumed that the genes which scted
on the basie color factors CoeCpcp to produce purple,
also controlled the intensity of purple, thls study in
general is in agreement with previous studies.

Julen (3), 1944, pointed out thet it was
difficult to obtain good melotic fixations in alfalfs,
Hig studies, however, indleated that slthough guadriva-
lents occurred in slfalfa, bivalents were more common.
Cytologleal shudiaa'wauld aid in determining the fre-
guency of quadrivslent pairing in the white flowered
parents and the resulting hybrids. If bivalents were
predominant, disomle segregations would be expected.
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Chapter VI
SUMMARY

1. The inheritence of purple and white flower
color in alfalfa was studied in white x whiﬁa'eraaama*

2. Purple flowered Fy plants were obtalned
from crosses of white flowered plants 4 or 6 x white
flowered plants 2, 3, 5, 8, ¢, 10, or 12, These purple
flowered Fl plants segregated for purple and white when
gelfed and carried into the F, generstion.

3. The Fp segregations from white x white
flowered alfalfa were found to occur in a disomic manner.

4. Complementary factors were found to be
involved in the inheritance of purple and white flower
aﬁiér in white x white crosses in alfalfa, One of the
factors Cc or Cgep must be present in the déminant con=
dltion before color can develep. The factors Pp, Popeg,
and Pgps, duplicate in nature, act with the basie color
factors to produce purple color.

8+ Theoretical genotypes of sach of the 9
white flowered parent plants were hypothecated. Obhsgerved

data were in agreement with theoretlical segregations.
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