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PART I
GENETIC RELATIONS OF FACTORS FOR ANTHOCYANIN

INTRODUCTION

The studies herein reported were undertaken to determine
the genetic behavior of certain color factors in the lettuce
plant. Aside from the value of such knowledge from the view-
point of pure science, there are at least two very important
practical applications of the results of this type of investiga-
tion. One of these 1s the use of known dominant factors in
separating selfs from hybrids in the progenies from lettuce
flowers which have been artificially cross-pollinated. A second
epplication of such information to practical horticultural pro-
blems is in the standardization of varlieties. If variety
standardigation is to be made a permanent working classifica~
tion, it must be based on inheritable characters. The importance
of anthocyanin pigment, chlorophyll shade and seed color in
variety classifications of crop plants is apparent to one
looking through the numerous variety classifications of culti-
vated plants which have been published. An example of such a
~classification 1s that on lettuce varieties by Tracy (18).
Anthocyanin, chlorophyll and seed colors gre among the impor-
tant characters employed in identifying the one hundred or more
known varieties of cultivated lettuce. A knowledge of the breeding
behavior of a number of important characters would add greatly
to thelr value in variety standardization. The ideal stendard

would be one based om genotypes.



-4 -
It is in the first of these applications of genetic re-
lations in lettuce that the writer is directly interested.
in making crosses, the usual method of lnsuring against self-
fertilization by emasculation is impossible in small flowered
Compositae such as Lactuca. In plants of this type in which
emasculation is not practicable, it is necessary to remove
the pollen from the stigmas after the anthers have dehisced
but before pollen germination. Depollination by mesns of a
small streem of water, first employed by Oliver (16), is now
generally ﬁsed. However, any method of pollen removal is
open to error. Even with extreme care, it i1s galmost impossible
to remove every grain of pollien from the stigmas and stylar
bristles. There is always the possibility that selfed and
hybrid seed will be produced in the ssme head. It 1s obvious
then that a knowledge of the expression of some dominant
genetic factors is of great value in a case of this kind where
the develdpment of seed cannot be relied upon as an indication
that only cross-fertilization has taken place.

It is desirable that the characters used in separating
the selfs from the hybrids be recognizable early in the life
of the plant. Much time and labor can be saved if the unde-
sired selfs can be recognized early, thereby saving the labor
and expense of growing them to maturity. Chlorophyll and

anthocyanin are color characters which develop early and the
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various color types can be distinguished while the plants

are quite small. A knowledge of their mode of inheritance

is of considerable value in identifying hybrids and selfs

in the same population. Seed color, a third character studied,
is of less value than anthocyanin and chlorophyll in separating
Py plants in that it is necessary to grow plants to maturity

in order to make use of ite.
PREVIOUS STUDIES

The genetics of pigment inheritance has been reported for
many plant species. The anthocyanins have been the subject of
many genetic investigations. The inheritance of few plant
characters has received more attention than the anthocyanin
pigments. This is perhaps in part due to the contrasts between
the color types which make them more easily classified than many
other plant characters., Many papers have been published on the
inheritance of anthocyanin in leaves, stems and flowers of plants
A comprehensive blbliography of the literature on the inheritance
of these pigments was published by Wheldale (19) in 1916 listing
183 papers. During the twenty years which have elapsed since
1916, many additlonal papers have appeared dealing with the
genetic relations of the anthocyaninsg

In the studies reported on the lnheritance of antho-

cyanin, numerous gene relationships have been presented.
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The factor relationships vary frou the simple single factor
cages, of which there are many exsmples, to the very complex
miltiple factor inheritance of which the flower color in
Antirrhinum majus is an illustration. Many of the known
genetic ratios have been demonstrated in studies of the in-
heritance of anthocyanin.

Keeble, Armstrong and Jones (14), Wheldale (19),
Willstatter and Mellison (20) and many others have studied
the chemistry of the anthocyanins. Wheldale (19) has made
& study of the chemistry of these pigments in ite relation
to the Mendelian factors for flower color. From her chemical
studies she concludes that anthocyanin in plants is either
the result of an oxidation or & condensation of a flavone, or
bothe

Although there is & great volume of literature on the
inheritance of anthocyanin in plants, there is very little on
the inheritsnce of these pigments in Lactuca. Durst (10)
studied the inheritance of anthocyenin in his inheritance
studies on lettuce. 1In his study of the pigment in the
leaves of the lettuce plant, he recognized only one type or
pattern of pigmentation, which he found to be due to a
single dominant gene. 1In seversl crosses between pigmented
end green varieties, he obtained Fz progenies which segre-
gated three pigmented to one green. The three pigmnented

varieties used by Durst in his crosses were Big Boston,
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May King and a pigmented plant from the wild species Lactuca
scariola. These all belong to the pigmented type classed by
the writer as tinged. The green varieties used were Grand
Rapids and Paris White Cos., The writer has found these two
green varieties to belong to the same genotype and, when
either of them is crossed with one of the pigmented varieties

Big Boston, May King or the pigmented wild Lactuca scariola,

a ratio of three pigmented to one green is obtained in the Fge.
If the pigmented plants used by Durst had been crossed with
some other green variety such as Hanson, New York or Deacon,
the F; phenotypes and distribution would still have been
three pigmented to one green, but all the pigmented plants
would not have been like the pigmented parent.

Lewis (15) states that the F, from a cross of the red
variety Mignonette with the green vsriety Hanson consisted
of three red plants to one green, Data on progenies from
this same cross &re presented in Table 8 of this papver and

agree with the results obtained by Lewis.
MATERIALS AND METHODS
Sources of the Parent Stocks

The plant materials used in the study of inheritance
of anthocyanin in the lesaveg of lettuce were obtained from

seedsunents stocks of commercial varieties. Nine individuel
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plants or progenies from them, each representing a different
genetic type, were used in the crosses which supplied the
materials for these studies. Each of these was selfed and
tested for two generations and each proved to be homozygous in
respect to its anthocyanin phenotype. Each selection used in
the crosses was identified by a capitel letter which was used
throughout as part of the pedigree number. The plant used as
& representative of the red phenotype was selected from the
variety Mignonette and was identified by the letter M. The
parent étock of the spotted anthocyanin group was selected
from the vsriety California Cream Butter and assigned the
letter B« A selection from the variety Iceberg and identi~
fied by the letter I was used as the parent in crosses
involving the tinged anthocyanin phenotype.

In addition to the three stocks representative of the
anthocyanin phenotypes, green plants selected from six
commercial varieties were used as parents in w@osses msede
to establish the wvalidity of the hypothesis that & pair of
complementary genes and a multiple sllelomorphic series of
three geneeg are involved in the genetics of the four color
types, red, spotted, tinged and green. Green plsnts were
selected from the following vasrieties =nd given the identi-
fying letter preceding tne veriety neme. (H) Henson, (N)

New York, (R) Grand Rapids, (T) Transport, (¥N) e hybrid

selection from a cross of Mignonette x New York, end (NG) »
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selection from & croes of New York x White Chavigne. The or-
iginal seed of the variety Transport was obtained from Simon
B. Groot Seed Grower of Enkhuizen, Holland. The variety
¥hite Chavigne was from VilmorineAndrieux & Co. of Paris,
France. The strain of Mignonette was from the Burpee Seed
Co. of Philadelphia, Pa. The stocks of New York, Hanson,
Iceberg and California Cream Butter were from the Ferry-Morse
S8eed Co. of San Francisco, Calif. The Grand Rapids was a
selection from a stock of this wvariety which has been main-
tained by the Divislon of Fruit and Vegetable Cropes and Die-
eagses of the United States Department of Agriculture for
several years. |

| The parent plants used in the orosses were all grown
in 10-inch clay pots in a greenhouse. The ventilators and
&oors of the greenhouse were all screened with fine copper
wire screening to keep out as far as possible any insects
which might be instrumental in cross~pollinating.

In most cases the seed of the parent atocks was planted
in flats about the first of January. The seedlings were
pricked off into other flats when they had reached a suit-
atle size. The young plants were spaced two inchee apart
each way when transplanted and permitted to remain in the
flate until set permanently in the 10-inch clay pots.

In most cases the parent plants came into flowering sbout

the middle of May. Most of the hybridizing was done during
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the latter half of day and early Junee.
Depollination and Hybridization

The lettuce flower opens in early morning and remains
completely open for only a short period. The time of opening
end the period the flower remains open depends largely on
environmental conditions., When the night temperature is
relatively high and the morning bright and warm, the flowers
open earlier and remain open for a shorter period than when
the night temperature has been definitely low and the morning
cloudye Under optimum conditions for anthesis, the flowers
may remain open for less than an hour. Once the flower closes,
it can never open again. A new lot of buds open each morning
during the flowering period. If the morning is cool and
cloudy, lettuce flowers may open slowly and remein open for
several hours., Flowers have been observed to remain open
until after noon on cool cloudy days. The opening of the
flowers 1s irregular and the emergence of the stigma from
the anther sheaths is quite irregular within a single head
under favorable conditions of light and temperature., De-
pollination and hybridization are very difficult when condi-
tions are not favorable for rapid opening of the flowers.
Pollen removel and hybridizastion were found to be most success-
ful when done on bright warm mornings. The short time that

the flowers remain open under such conditions limits the



- 11 -
number of flowers that can be worked in one day. The work
of depollinating, crossing, tagging end recording must be
done rapidly if many crosses are to be m2de.

The anthers of the lettuce flower dehisce and the stig-
mas are covered with pollen when they emerge from the anther
sheath, Since the flowers are too small and delicate to
permit emasculation, it is necessary to resort to some method
of removing the pollen from the stigmas as soon as they emerge
and before the pollen tubes have entered the stigmatic tissues.
Jones (13) found thet fertilization in lettuce tskes place
within a few hours after pollination. This emphasizes the
lnecessity of rapid removal of the pollen from the stigmas if
self~pollination is to be avoided. The method of pollen
removel first described by Oliver (18) was found to be the
most satisfactory., This consists of washing the pollen from
the stigmas by means of a small stream of water. The dentists
chip blowers illustrated in Plate I were found to bve very
gatisfactory for this purpose. Considerable water remains in
the flower head after washing. This must be removed bhefore
the pollen to be used in the cross is applied. 8Small pieces
of vtlotter paper were first used to reunove the water from the
heads. It was later found possible and more rapid to remove
the water by & blast of eir. A satisfactory method and the
one used in much of this work consists of blowing the excess
water from the heads by two or three puffs of air from the

mouth, By this means it is possible to remove the water at
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Plate I

Dentists chip blowers found to be the most
sétisfactory means of applying water for
the removal of pollen, The force'with
which the water is applied can be controlled

by the pressure exerted on the bulb,
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once after washing and while the flower head is still held
between the fingers as in the washing process,

Considerable time was spent in determining the best time
to apply the water to the stigmas, It was early observed that
the stigmas of the 15 to 20 individual flowers composing the
lettuce flower head do not all emerge from the anther sheath at
the same time, This irregularity of emergence of the stigmas
is more pronounced when the temperature and light intensity are
relatively low resulting in a slowing up of the activities
associated with anthesis, Tnhis irregularity in emergence of
the stigmas presents some difficulties in depollination, If
the washing is beguh as soon as the first stigmas appear
beyond the anther sheath, it is necessary to continue the
washing until the remaining stigmas have appeared, or to wash
the heads again after the stigmas have all emerged, If the
process of depollination is confined to & washing at the time
the first stigmas have extended themselves beyond the sheath,
the stigmas which have not yet appeared obviously will not be
depollinated, As a result, when the late émerging stigmas are
extended, sufficient pollen will be carried out of the sheath
not only to fertilize the ovules of the flowers bearing these
late appearing stigmas, but in all probability most of the stige
mas which have been washed will receive pollen from them, The
portion of the style below the stigma is covered with fine up-
turned bristles which carry pollen out of the sheath as the
style elongates during anthesis (Figure 4)., The stylar bris-
tles continue to carry pollen out of the sheath after the

stigmas have been washed if the washing is done at the time

the first stigmas appear. Unless the pollen carried out of
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the sheath by the stylar bristles is removed by a later wash-
ing, it may later reach the stigmas which have been washed and
result in self-fertilization,

The pen and pencil drawings in Figures 1 to 4 show in-
dividual lettuce flowerets at different stages of anthesis,
Figure 1 shows a flower just before the stigma emerges from
the anther sheath, The style is elongating rapidly at this
time and the stigma is soon forced through the apex of the
sheath, as is shown in Figure 2, It is too early to start
washing to remove the pollen when the first flowers in the head
have reached this stage for, unless conditions are favorable
for rapid opening of the flowers, a large percentage of the
stigmas in the head may not yet have emerged from the sheath,
The floweret shown in Figure 3 is at the stage found to be
the most favorable for pollen removal, The highest percent-
age of successful crosses were obtained when the washing was
done at this stage, If conditions are such that flower
opening is slow, some of the stigmas may not have emerged
and some may be beyond but, if pollen removal is to be
limited to a single washing, best results are obtained when
it is done at the time the majority of the styles have
elongated to the point indicated in Figure 3, The stage
illustrated in Figure 4 is too far advanced to obtain a high
percentage of hybrid seed., At this stage the styles have
extended well beyond the sheath, The styles are very limber
and long enough to tangle with each other and with the
corollag, making pollen removal difficult, The pollen tends

to become sticky and hard to remove with water in the late

stages,
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Figure 1. An indivictual lettuce floweret in
an early stage of anthesis- 3just before the

stigma emerges fron the anther sheath.



Figure 2. An individual lettuce floweret with
the stigma emerging from the apex of the sheath.
Most of the styles should be advanced beyond

this stage before the washing is done.
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Figure 3* A lettuce flower at the stage found to

be satisfactory for pollen removal by washing#
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Figure 4. A lettuce floweret at a late stage of
development¥* A flower at this stage is too far
advanced for successful removal of pollen and

cross fertilization*
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It is likely that pollen tubes have entered the stigmatic
lobes of some of the flowerets by the time they have reached
the stage illustrated in Figure 4. Soon after all of the flowers
of the head have reached this stage, the heads begin to close,
the corollas become soméwhat limp, and it is no longer
possible to make successful cross-pollinations, This is es=—
pecially true if the morning 1is bright and warm,

The limited number of flowers that can be worked during
the short period the flower remains open necessitates economy
in time in every operation involved in making the cross, Much
time can be saved by economizing on the time required for
pollen removal, Very few flowers can be worked during the
short period the flowers are open if washing is begun as soon
ags the first stigmas appear from the anther sheath and con-
tinued until the last stigma has emerged. Even when washing
was carefully done and every effort made to free the flowers
of their own pollen, some selfed seed generally resulted,
Consequently it is doubtful if very much time should be con-~
sumed in attempting to remove the last grain of pollen from
the head,

Records were kept on a number of heads depollinated by
washing once at different stages of anthesis (Tables 1, 2
and 3), In the heads recorded as washed at an early stage,
most of the stigmas had just emerged and were in the condition
shown in Figure 2, Those in the second or intermediate stage
were heads in which the majority of the flowerets were at the
stage indicated in Figure 3, The late group consisted of

heads in which most of the flowerets were gell advanced
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Talle 1. Data on progenies from lettuce flower heads

depollinated at an early stage of anthesis.

Head H Total Seed ? Selfed H Hybrid
No, H Per Head H geed H Seed
H H H
1 H 15 ? 13 H 3
8 H 16 : ) H 7
3 H 18 : 8 H 10
4 H 7 H 7 H 0
5 H 10 H 6 H 4
6 H 17 : 9 $ 8
7 H 14 : 8 H 6
8 H 16 H 14 H 2
9 H 19 H 12 3 7
10 H 13 H 8 H 5
11 H 5 : 5 H 0
13 H 10 H 7 $ 3
13 $ 0 H 0 H 0
14 $ 30 4 8 H 12
15 H 17 H 13 H 4
16 H 31 H 18 H 3
1?7 H 18 H 11 : 5
18 H 0 H (4] H 0
18 H 17 - 9 H 8
20 H 15 H 12 H 3
2l H 13 L 8 H 5
23 $ 9 H 4 H 5
23 H 11 4 10 H 1
H 299 4 198 £ 101
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Table 2, Data on progenies from lettuce flower heads

depollinated at an intermediate stage of anthesis,

e P

Head H Total Seed H Selfed $ Hybrid
Nos H Per Head H Seed H Seed
H H H
1l H 14 ] 4 H 10
3 H 8 H l H 7
3 H 10 H 3 H 8
4 $ 14 H 5 H 9
5 H 12 H 4 $ 8
6 H 10 H 0 H 10
7 H C 4 0 : 0
8 H 7 $ 2 H 5
9 H 15 H 6 H 9
10 H 13 H 3 H 10
11 H 14 H 6 H 8
12 H 11 H 3 H 8
13 H 13 H 6 H 7
14 H 8 H 3 H 5
15 H 10 H 1l : 9
16 H 17 H 5 H 12
1?7 4 0 H 0 H 0
18 H 4 H 1l H 6
19 H 12 H 5 H 7
20 H 15 1] 1 H 14
-3 H 9 H 0 H 9
33 H 14 H 4 H 10
a3 H 11 ] 4 H 7
34 H 18 H 8 4 13
85 H 15 H 2 H 13
26 H 0 H 0 H 0
¢ 277 H 74 H 2303
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Data on progenlies from lettuce flower heads

‘Table 3.

depolllinated at a late stage of anthesis.,

o)
O,

Hybrid
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having their styles fully extended and the stigmatic lobes
turned back on the style., This group was washed and pollin-
ated just before the flower heads were ready to close, at a
stage near that shown in Figure 4, A green plant of the
variety White Chavigne was used as the maternal parent in
this study., Some preliminary crosses had shown the red
anthocyanin pigment in the leaves and the black seed of the
variety Mignonette to be dominant characters. Pollen from a
plant of Mignonette was used in pollinating the washed heads,
The ¥, plants resulting from the cross-pollination which had
anthocyanin in the leaves and produced black seed were known
to be successful crosses. It was possible then to separate
the selfs from the hybrids in the progenies from the various
heads,

Data were obtained from 26 flower heads depollinated at
the early stage, 23 heads at the intermediate stage and 28
heads which were in the late stage., One flower head of the
early, 2 heads of the intermediate and & heads of the late
group failed to develop any seed, The early group averaged
13 seeds, the intermediate 10,6 seeds, and the late group 8,3
seeds per head, Thirty heads tzken at random from the same
plant on which the crosses were made but which were not de-
pollinated but permitted to self naturally averaged 18 seeds
per head, Depollination and artificial cross-pollination
greatly reduced the number of seed set per head.

In the cross-pollinated groupe, the intermediate gave
the highest percentage of hybrid seed, 73.3 per cent, The
late group averaged only 237.6 per cent hybrids and the early
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group 37,1 per cent,

The results indicate that a single washing at a stage
of anthesis near that illustrated in Figure 3, if done care=-
fully, will result in a fairly high percentage of successful
crosses,

It is obvious that the less the floral organs are mutil-~
ated in pollen removal, the better the chances for a high
percentage of successful crosses., The delicate floral organs
are likely to be injured and a poor set of seed obtained if
an attempt is made to remove every grain of pollen from the
head, Some grains of pollen are difficult to remove and the flow-
er parts are often injured if washing is continued in an effort
to remove every grain of pollen from the head,

It was found to be a good practice to limit the removal
of pollen to a single washing done when the majority of the
styles have elongated to the point indicated in Figure 3.

Varieties differ considerably in the structure of the
ligulate corollas, In varieties such as Hanson, the central
flowerets have very narrow, almost hair-like, corollas while,
in such varieties as White Chavigne and California Cream
Butter, the corollas are broader and stiffer, This differ-
ence in corollas is a factor in depollination, Flower heads
having the broader and stiffer ocorollas are more easily
depollinated than those having the narrow type of corolla,

The narrow ligules have a tendency to tangle with the styles,
especially when the styles have become well extended, Flowers
of this type are difficult to handle in washing and pollinating
in the late stages, It is quite difficult to apply pollen to
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the stigmas when styles and corollas are intertwined as is
often the case after washing flowers of the Hanson type. 1In
this type of flower it is particularly important that the
washing and pollination be done before the style are fully
extended,

Depollination was accomplished in the following mannep!
The flower head was ciasped between the thumb and the first
two fingers of the left hand in such a manner as to surround
a portion of the pedicle and the involucre, The tips of the
fingers and thumb supported.the corollas of the flowerets. A
dentists chip blower (Plate I) was grasped in the right hand
after being filled with water, A stream of water was directed
into the open flower, The pressure with which the water was
applied was controlled by the pressure exerted on the bulb of
the chip blower,

Approximately one-half bulb of water was used in washing
each head,

The stigmas and styles were examined by means of a 20X
hand magnifying lens after washing, as outlined above, If the
stigmas and styles were free of pollen, the water was removed
from the head by a puff or two of air from the mouth, If
pollen still remained either on the stigmas or lodged in the
stylar hairs, the head was washed again, When only one or
two stray grain of pollen could be observed, washing was
discontinued, Selfed seed resulting from a few grains of
pollen remaining after washing were segregated in the Fq
ag the crosses were made in such a way that the dominant

character was introduced through the pollen parent, The dom—

inant characters used had been determined by a few preliminary
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orosses,

Héadl from the pollen perents which had been protected
from foreign pollen were used to pollinate the washed heads.
The pollen was applied by inverting the head carrying the
pollen and forcing its stigmas into the washed head. By a
8light rotating movement of the pollen bearing head, a large
quantity of the pollen was transferred to the washed stigmas.
An individual head was seldom used to pollinate more than one
depollinated head.

8ince the hybridization work was done in a screened greene
houge practically free of insects, the pollinated heads were
frequently not cowred after applying the pollen. In the
earlier crosses, the heads were covered with glassine paper
envelopes and clasped on by means of a small paper clip. This
practice was later discontimed as the flower heads close very
shortly after pollination and insect pollination was practie
cally impossible. Any ingeot which could not find its way
into host any kind of covering could not cerry pollen into the

head once 1t had closed.
DEBCRIPTION OF THE ANTHOCYANIN COLOR TYPES

Although the intensity end extent of the pigmented areas
in the leaves of lettuce vary greatly under different environe.
mental conditions, three distinct types &s regards intensity
and pattern of the leaf pigment were readily distinguished in

this work when the plants were all grown under the geame

conditionse
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Greent In addition to the three types-—~xred, spotted

and tinged-~carrying anthocyanin, there are numerous green
varieties lacking anthocyenin in any portion of the plant,

(Plates II and III). It will be shown in another section

of this paper that most of these green plants cairy sone of
the genetic factors for anthocyanin,

Tinged?! The most dilute anthocyanin phenotype includes
such varieties as Iceberg, May King and Big Boston. Only
under conditions favorable for anthocyanin development is
the pigment at all conspicuous in this type. In the geedling
stage anthocyanin is confined almost entirely to s limited
area around the marging of the leaves. At this atage the
pigmentation of the tinged type can be easily observed only

under favorable conditions for pigment development. Under

very fawrable conditions such as low temperature with high
light intensity the entire exposed surface of the leaves of
this type may show a tinge of anthocyanin., This type of
coloretion is referred to throughout this discusesion as
tinged, The cclored illustration Plates IV and V shows this
color type.

Red! The most heavily pigmented type includes such
varieties as Mignonette, Prize Head and Crisp as Ice. Under
favorable conditions for the development of anthocyanin,
plents of this phenotype appear to be heavily pigmented
throughout the entire exposed portion of the plant. If
conditions are unfavorable for anthocyanin, the intensity
of the pigment ig much more dilute and some exposed parts of

the leaves may appear to be free of the pigment., In the



Plat® II* A leaf of the dark green phenotype.



Plat®© III# A leaf of the yellow green phenotype.



Plate IV* A leaf of the dark green,tinged phenotype*



Plate V. A leaf of the yellow green, tinged phenotype.



Plat© VI* A leaf of the dark green, spotted phenotype



Plate VII* A leaf of the yellow green, spotted

phenotype.



Plat© VIII# A leaf of the dark green, red phenotype#



Plat® IX* A leaf of the yellow green, red phenotype*
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scedling stage and under conditions unfevorable for enthoe

cyanin, amall localigzed areas of very dense pigment can be

observed scattered at random over the expcsed parts of the
leaves. When the environment is favorable for anthocyanin,
these spots of dense pigment are submerged by the density of
the pigment throughout the leaf and under such conditions are
.not sasily observed, This anthocyanin phenotype has been
degignated as red by the writer and is so referred to throughe
cut this paper. The red type is 111ﬁstrated in the colored
phdtographs (Plates VIII and IX).

Spotted? The third recogniseable anthocyenin color type in
lettuce is intermediate between the red and the tinged. The
denge localized spots characteristic of the red ere combined
with the weak overcasting of pigment characteristic of the
tinged. If the spots were removed from this type of plant it

would be a typical tinged type. This type is referred to by
the writer as gpotted. The varieties Celifornia Cream Butter,
Maximum and Dutch Speckled Butter are among thoee which belong
to the gpotted group (Plates VI and VII).

FACTORS CAUSING VARIATION IN EXPRESSICN
OF THE COLOR CHARACTERS

Genotypic Factors
The intensity of pigment in each of the three anthocoyanin
types reéognizéd in this discussion varies greatly under
different environmental conditions. However, the differences
among these three anthocyenin classes are quantitative under
glven conditions. Plants of the red group are much more

intensely colored than plants of the spotted and tinged groups
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under any combination of envirommental conditions if all
are subjected to the same treatment, The range in intensity
of color in any group is very great, Under optimum condi-
tions for the development of anthocyanin, the tinged and spotted
groups may be more densely pigmented than even the red group
would be under less favorable environment for the development
of anthocyanin, Thegg are other characteristics which in
combination with the intensity of the pigment aid in differen-
tiating the different types, The presencé of the localigzed
areas of dense pigment which give a spotted appearance to the
foliage affo:ds an easily recognizable difference by which
the spotted and tinged groups can be identified, There is little
difficulty in separating these two types except where conditions
are extremely unfavorable for anthocyanin development, The
intensity of pigmentation must be relied upon largely in separ-
ating the red from the spotted type since the localized spots
of dense pigment are characteristic of both the red and the
spotted types,

The variation in intensity of coloration resulting from
the heterozygous condition of the genetic factors for
anthocyanin add to the fluctuations in anthocyanin color,
Plants homozygous for certain genetic factors are more
strongly colored than those that are heterozygous for these
characters, The several combinations of color genes which
may occur result in variation in color intensity within an
anthocyanin phenotype, |

A third conditlon which further contributes to differ-

ence in the general appearance of the pigmented plants is the

variation resulting from the cbmbination of the anthocyanin
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types with different shades of green in the chlorophyll. As
will be pointed out in Part II of this peper, there are two dis-
tinct shades of green in lettuce varieties. One, a very dark
shade of green, the other a yellowish green. The three antho-
cyanin types and the two chlorophyll groups may combine so
that any one of the anthocyanin intensities may appear in
combination with either of the shades of green, giving six
possible combinations of the two colors red and green.

With all these factors tending to add to the variation
in color of foliage, it might be wondered how distinct genetic
types could be identified. It is fortunate that it is possible
to control some of the environmental factors so as to emphasize

the distinctions among the different genetic groups.
Environmental Factors

There are numerous conditions of environment which may
cause variation in the intensity of the anthocyanin color in
the leaves of lettuce. The differences in color are no doubt
generally due to the interaction of several external factors.
The individual effects of the separate factors are difficult
to determinee.

In this work a study was made of some of the external
conditions influencing anthocyanin intensity for the purpose
of determining the best method of handling lettuce plants to
bring out or intensify the color. It was found that rapild
growth at high temperature and low light intensity is accom-
panied by Vvery weak development or anthocyanine The identifi-

cation of the different genetic types of anthocyanin intensity and
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pPattern was impossible under such conditions, Fortunately
there are conditions under which the different types are
readily distinguished and there is little difficulty in separ-
ating them in making a study of their genetic behavior.
Facilities for accurately controlling temperature, light
and moisture were not available for studying the influence of
these external conditions on the development of anthocyanin,
However, it was possible to grow plants under wide extremes
of light, moisture and temperature and from these cultures
obtain some information on the development of the pigment
under various environmental conditions,

Temperature, Temperature was found to be the most effec-

tive environmental factor in its influence on anthocyanin dev-
elopment, Plants were grown under a wide range of temperatures
and the influence of temperature on pigment development noted.
Some of the first studies were made of plants grown in the
greenhouse during warm summer days when the temperature varied
from 750 to 960 ¥, Pigment development under such conditions
was found to be slow and the tinged type often developed little
oT no pigment., It was difficult to distinguish the tinged
type from the green in plants grown at high temperatures,
Even in the red and spotted types which normally develop con-
giderable anthocyanin, the intensity of the pigment was much
less than in plants grown at lower temperatures.

At the same time these genetic studies were being made,
large plantings of breeding material were made each spring.
The plants for the breeding woTk were started in the greenhouse

and transplanted to the field generally the first week in April.
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The pigmented types in the breeding plots always developed
intense color while the temperatures were low. The color
faded as the season advanced and the temperature increased.

The observation that plgment development was more intense
in the plants in the field plots during the cool weather of
spring suggested that it would save a great deal of time and
labor if the material for the genetic studies could be grown
in the greenhouse during the winter months when temperatures
could be kept low, It was found that the color types could
be easily distinguished in seedlings after four or five true
leaves had developed when the plants were grown under condi-
tions of low temperature, This method of handling was resorted
to in most of the later studies, The seedlings were grown in
flats on a greenhouse bench and the temperature held below 50°
F., when outside temperatures would permit, No condition or
combination of conditions was found to be as effective as low
temperature in promoting the dewelopment of anthocyanin or in
increasing its intensity.

Moisture., The influence of moisture on the development
of anthocyanin is so closely correlated with other conditions
that its specific influence is difficult to determine, With-
holding moisture to the point of seriously interfering with
growth activity seems to favor anthocyanin development, while
rapid, succulent growth associated with abundant moisture
supply is generally correlated with weak anthocyanin develop-
ment, This is particularly true if the temperature is high.
Even at low temperature, anthocyanin development seems to be

favored by conditions approaching drouth., However, the

moisture supply does not interfere with accurate determination
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of phenotype at low temperatures.

The influence of moisture on the development and intensity
of anthocyanin was studied in plants which were grown in flats
in soil of different moisutre content and under conditions of
both high and low temperature., In some flats the moisture
content was kept high-—-néar the optimum for growth while the
soll in other flats was permitted to become dry. The plants
in the dry flats wilted severely during the warmer hours of
the day, The actual moisture content of the soil was not
determined in either case but was known to represent wide ex-
tremes of so0il moisture. The pigmentation was more intense in
plants grown at the lower moisture level when the temperature
was high, There was less difficulty in identifying the differ-
ent color types in plants grown under conditions of low mois-
ture supply than in plants receiving near optimum moisture.
The difference was most noticeable in the tinged type, many
of which could be quite easily identified in the plants sub-
jected to drouth, while in plants receiving nearly optiﬁum
moisture, it was often difficult to distinguish the tinged
group from the green due to lack of pligment development in
the tinged plants,

In making this study of the influence of moisture on
pigment development, all the plants were grown at near optimum
moisture conditione until they had developed eight to ten true
leaves, then moisture was withheld from half of the flats and
the other half continued at the higher moisture. The effect
of moisture on anthocyanin development is no doubt closely

agsociated with general growth processes. The fading of the
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chlorophyll in the leaves of the plants at the lower moisture
and high temperature was no doubt helpful in making it possible
to separate the tinged plants from the green, since the
anthocyanin type is more easily identified when the chlorophyll
color is yellowish than when it is a dark green. Any environ-
mental condition which interferes with normal growth causing
a yellowing of the leaf seemed to cause the anthocyanin to
stand out more distinctly and thereby aided in distinguishing
the various types.,

Low soil moisture content was found to be of less value
as an aid in identifying the different color types than low
temperature, The influence of low temperature in promoting and
intensifying the anthocyanin is so much greater than any other
environmental factor studied that it tended to mask the differ~
ence due to variation in s0il moisture, light and soil fertility.

The effect of moisture was studied at both high and low
temperature by growing plants in the greenhouse during the
summer when the day temperature ranged from 75° to 95° F, and
during the winter when the temperature was held below BOa F.
when the outside temperatures would permit,

The fading of the chlorophyll in the leaves of low mois~
ture, high temperature plants was probably the principal factor
in aiding in separating the farious color types in this series
of cultures, At the lower temperatures there was little fad-
ing of the chlorophyll in the plants subjected to drouth and
this, no doubt, accounted in a large measure for the failure
of low moisture to aid in identifying the color types in plants

grown at loW temperature, When the temperature was kept below
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50 F.,iptense pigment development resulted whether the mois-
ture supply was adequate or not.

While extreme drouth at high temperature was an aid in
classifying the color type by causing a yellowlng of the
chlorophyll less severe moisture deficiency tended to cause
a darkening of the chlorophyll and to some extent made
classification more difficult,

Light, Next to low temperature bright light seems to Dbe
the most effective agent in promoting anthocyanin development,
As in the case of moisture, the action of light is of less
importance at low, than at high, temperature, If the tempera-
ture 1s below 50  F,,anthocyanin will develop at low light
intensities, At high temperature, shading or other means of
lowering the light intensity results in weak or no development
of anthocyanin, Whether this is a direct light relationship
or a condition associated with altered growth activity under
low light intensity is a question not easily answered,

Color counts were made on two groups of plants grown in
flats in the greenhouse, part of which were placed in full
sunlight and part on a bench close to & partition wall which
materially reduced the light intensity. The temperatures in
the greenhouse varied between 750 and 90D T, during the day.

It was found to be impossible to distinguish the various color
groups with any degree of accuracy in the plants grown at the
low light intensity. The shaded plants were very succulent

and grew more rapidly than the plants in full sunlight. Some
of the red and spotted plants developed considerable anthocyanin

but most of the tinged type failed to develop enough pigment to

distinguish them from the green type, In neither of these
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lots of plants was it possible to accurately classify all of
the plants, but many more could be classified in the plants
subjected to full sunlight than in the lot grown in the shade,

Soil fertility. Conditions associated with soil fertility

obviously influence plant color, Poor growth from almost any
cause. made the classification of the color types less difficult.
The seeming increase in anthocyanin under conditions unfavorable
for growth may be in part due to a fading of the green color
of the chlorophyll which gives the impression of a stronger
anthocyanin color, No detailed experiments were carried out
to determine the influence of the various plant food elements
on the development of anthocyanin, but some observations were
made which were of value in determining the best conditions
under which to grow plants for color study. Soils from vari-
ous sources were used as media for growing the plants used in
the color studies, Some of the soils used were known to be low
in soil fertility. Plants grown in poor soill where growth was
slow were observed to be more easgily classified as to color
type than plants in fertile soil that induced rapid succulent
growth,

A 1light application of nitrate of soda was applied to
some of the plants grown in poor soil resulting in a darken-
ing of the chlorophyll, making it more difficult in most
cases to classify the plants as to color type, A soil of
rather low fertility was found to be preferable to extremely
productive soil for the growing of plants for anthocyanin

color studies.

wilting. When conditions are not favorable for antho-
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cyanin development, it is quite difficult to separate the
plants belonging to the tinged group from the green group
lacking anthocyanin., Under such conditions, many of the plants
carrying the factor for "tinged" fail to develop the pigment.,
Oonsequently some plants are likely to be classed as green
which genetically belong to the tinged group, Under such
conditions slow wilting of the plants after removing them from
the soll with their roots intact was found to induce antho-
cyanin development in the stem just below the last pair of
leaves, If not dried too rapidly, this practice was found to
be a very accurate means of separating the plants carrying the
genetic factors for anthocyanin from plants lacking some of
the genes necessary for anthocyanin to develop, This method
of treatment is nof satisfactory for the separation of
pigmented plants into the three types---red, spotted and
tinged-—~but is a very accurate means of separating these
groups from the green types,

It should be pointed out here that this treatment is
distinctly different in its results from the low moisture
treatment discussed above, The pigment development is more
rapid and more localized in the wilting treatment than in the
case of plants grown in soil of low moisture content, 1In the
cage of wilting of plants removed from the soil, the pigment
development may be confined entirely to a band around the stem
just below the last pair of leaves, The leaves of plants
treated in this way dry and turn brown quite rapidly, hence
the leaf color is of little value in classifying plants by this
method, When the wilting progressed very rapidly, the stem
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as well as the leaves turned brown before the Pigment

developed. Slow wilting permitted the pigment in the stem

to develop before the tissues turned brown. While the genetic
studies were made only on pigment in the leaves, it was
possible to use the stem color in separating the pigmented
from the green plants since all of the three leaf anthocyanin

types also carry anthocyenin in the stems.

SEPARATION OF THE COLOR TYPES

Some of the fifst colof studiés ﬁere made on plants
which had been transplanted to the field during the early
part of April while the temperature was low and favorable
for the development of anthocyanin. These plants developed
intense pigment and the color classes were easily identified.

In making the counts of the four types---red, spotted,
tinged and green---as they occurred in the various progenies,
the most easily recognizable types were counted first and re-
moved from the flats. As soon as the phenotype of the plant
could be definitely determined, it was removed, leaving each
time the plants were examined, those that could not be definitely
classified. The red phenotype is the most easily distinguilshed.
The spotted type is next. The most difficult distinctions are
those of the tinged and green types. Under conditons not
favorable for enthocyanin it is very difficult to separate

the tinged and the green groups. Under such conditions it is
necessary to resort to the wilting method mentioned in the

discussion of environmental factors influencing anthocyanin

developmente. By first removing the red and spotted
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phenotypes and then slowly wilting the remaining plants the
tinged and green types could be very accurately classified,
By growing the progenies during the winter when the teﬁpera—
tures were low little difficulty was experienced in classify-

ing the plants into the four phenotypes without resorting to
Wiltingo

DISCUSSION

Temperature, light, moisture and nutrition are amoung
the environmental factors influencing the presence and
intensity of anthocyanin in the lettuce plant, Low tempera-
ture, high light intensity, low available moisture and low
s0il fertility were indicated to have a favorable influence
on the development of the pigment., Pigment development was
always weak in plants grown at high temperature, Shading
tended to reduce the amount and made classification of the
color types very difficult if not impossible, especially if
the temperature was high, Light as well as the moisture and
nutritional conditions was unimportant at low temperatures
because the pigment developed at low temperature regardless
of the effects of these other factors.

It can be stated with certainty that, of the external
factors mentioned as influencing the development of antho-
cyanin, that low temperature is the most effective agent
in stimulating pigment development and in bringing out
clearly the characteristios of the red, spotted and tinged
types to permit easy classification of individuals, Temper-

atures below 6OF F., during the night are effective but



lower temperatures (40" to 50 F.) are more desirable. Day
temperatures may be relatively high if the night temperature
is low,

It is doubtful if accurate classification of the color
classes can be made at high temperatures to which the lettuce
plant is not adapted,

The slow wilting of the plants after they have been
removed from the soil is a valuable aid in separating the
pigmented plants from the green but is of little value in

separating the colored types from each other,

GENETIC ANALYSIS OF COLOR TYPES
Working Hypothesis

Seven different genes are necessary to account for the
behavior of the four phenotypic color classes, "red",
"gspotted®, "tinged", and "green", studied in this investiga-
tion, The seven genes with the symbols assigned are as
follows:

(1) C-—-a gene for the chromogen base, C is necessary
for the production of any anthocyanin pigment,

(2) o~-—--the recessive allelomorph of C which constantly
gives green,

(3) T---a gene for pigmentation which must be present
with 0 for any anthocyanin development,

(4) t=-—the recessive allelomorph of T which constantly

gives green,

(5) R---a gene for intensity of pigment which, when

present with C and T, gives red,
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(8) rt-——a gene for color intensity recessive to R which
when present with ¢ and T, gives spotted.

(7) r---a gene recessive to both R and r!' which, when
present with ¢ and T, gives tinged.

The genes R, r! and r form a multiple allelomorphic
series which controls the intensity and pattern of anthocyanin
pigment, The multiple allelomorphic series R, r! and r is in-
dependent of the complementary factor pairs Cc and Tt which
control the presence or absence of pigment,

From this series of genes the following twelve homozygous

genetypes are possible and have the phenotypic expression here

indicated,
Genotype Phenotype
1. CORRTT Red
2e COrdr'TIT Spotted
3e CCrrTT Tinged
4, CCRRtt Green

Se CCrixttt "
B. COrrtt 1
7 ccRRTT "
8, cerir'TT "
9, cerrTT "
10. ccRRtt "
11, cerirttt "
12. cerrtt "
O0f the possible homozygous genotypes, nine have been

isolated and their genetic constitution tested. Only three

of the possible genotypes, ccr!r'TT, ccRRtt, and cer'rttt,



Toole 4. Ty end 'f"s dats frew crose No. 45 of red ' (CCRRTT)

x spotted B (Cer'r'7T)

Y2 Progeniean fran 3elfed ¥ Planta

Fy { P H Fg Progenles
Plent Ng. b Plf.n% Colorxr i Bed 1 Spotted
Bl H Red ¢ 113 1t 33
VBl H do ¢ 107 ¢ 33
iiB=3 § do t 116 ¢ 39
MB=b 4 do s 117 41
YB=6 i do ¢ 97 1 33
Mb="7 t do ! 108 @ 39
MB=9 H do t 113 ¢ 35
NB=11 : do ¢ _110 40
Observed 879 282
Caloulatea 3:1 870 ¢ 291
Deviztion g 3 9
Dev.

P. B, T, T T T Tt 0
mem«&_‘mm_.

Fa H 3 H ;5 _BI_O__K_ nigg
Plent Mo. & _Plant Coloxr ¢ Red : gpotted
MBel=4 ' Red ! 149 ¢ 0
iBm =t : do s 126 ¢ 0
MB=2=5 : do ! 168 ¢ 0
UB=3-3 : do : Bl 0
MB=3=4 : do ! 163 ¢ 0
MB=7=3 : do : 165 0
MB=1l=3 $ do ¢ 93 0
HD=1l=4 H do ! 136 % 0

1100 1t 0
: ¢ i
HB=1=1 H Red ¢ 1234 ¢ 38
¥B=1=3 i do ¢ 131 ¢ 39
#Be =3 t do ! 137 ¢ 40
Bu=i=4 H do r 132 ¢ 37
MBed=1 $ do ? 132 ¢ ] ]
B=5=3 H ao t 133 ¢ 45
NB=5=4 ¢ do H 97 ¢ 37
MB=5«5 $ do ! 135 ¢ 39
VB=6-7 ¢ do ¢ 131 ¢ 44
MB-68-8 H do ! 133 ¢ 51
¥B=7=3 H do ! 137 ¢ 49
HB=T7=3 t do t 133 ¢ 48
MB=9-3 : do ! 131 ¢ 43
HB=Ow=4 ¢ do '+ 1358 ¢ 35
¥B-11-~1 : do ¢ 140 ¢ 51
Obeer ved 1810 8086
Caloalata? 3:1 1388 ¢ 638
Neviatinn 34 ! 34
Dev. L e e e e e - L. 1.33
P. EO
H H H
¥RB]e? t Spotted $ ¢} t 51
Y R=3=1 $ do ¢ 9 H 47
MB~2=-3 H do H 0 : 101
U B-3-3 "8 do t 0 H 35
Y Be= B 1, H do H 0 H 83
MB=Bw 3 H do $ 0 t 41
NeT=1 H do : 0 ¢ 37
¥Be11-3 s do H c : 52
¥B=11=5 H do $ 0 H 49
¥B=11=6 : do : 0 ! 43
NB=11=7 t do t__ 0 ¢ _55
0 : 604
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have not been 1solat§d-

Numerous hypothesis were formulated during the course
of these investigationas but the one outlined above is the
only one which awounts for all of the segregation ratioe
appearing among the F3 and Fz progenies.

According to the hypothesis there can be but one
homozygous genotype for each of the three anthocyanin groups
red, spotted, and tinged. The pigment difference between
these three groups depends upon which member of the multiple
allelomorphic series R, r', and r is present, Each group
carrying anthocyanin differs geneticelly from the other

anthocyanin groups by only a single factor.

Crosses Involving Allelomorphic Series Rr':r
Red (CCRRTT) x Spotted (CCrir!TT)
The red plant M selected from the variety Mignonette was

used as the pollen parent in a cross No. 45 with the spotted
plant designated as B selected from the variety Celifornia
Cream Butter. Thirty-three F) plants were obtained from

this crogs 25 of which were red. The remaining eight plants
were spotted. The 25 red plants were distinctly different
from either parent indicating a heteroszygous conditionm.
Careful observation of the eight spotted plants indicated

that they were true to type for California Cream Butter.

These eight spotted plants were permitted to produce seed

from which an Fz population of each was grown. None of

the eight populations gave any segregation as regarde

enthocyanin type. All pleants grown were typiocal of California
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Cream Butter. F5 populations were grewn from eight of the
red Fq plants,

The Fy progenies from the red Fq's segregated red and
spotted in a 3:1 ratio. Fz progenies were grown from both
the red and spotted Fo plants.

The behavior of the Fg and Fz progenlies from cross
No. 45 is shown in Table 4. The proéenies from the Fo
spotted plants gave nothing but spotted progenies. The
F2 reds consisted of true breeding reds and reds segregating
three red to one spotted in the ratio of approximately two

segregating to one true breeding.
Red (CCRRTT) x Tinged (CCrrT?T)

The red plant M was used as the pollen parent in a
cross with the tinged plant I. Twenty-four plants were
grown from the seed from this cross, No. 132. O0f the
24 plants, 19 were red and obviously hybridse. The remaining
five plants were tinged and typical plants for the varilety
Iceberg. F, progenies from seven of the 19 red Fy plants
segregated red and tinged in the ratio of three red to one
tinged.

The tinged F, plants produced only tinged Fz progenlese.
The Fz progenies showed that the F, reds consisted of true



Table 5. Fgp and Fz data from cross No. 132 of Red M (CCRRTT)

x tinged I (CCrrTT)

F2 Progenies from Selfed F1 Plants

F : 1) H F2 Progenies
Plant No, : %Qlor : Red : Tinged
MI-2 : Red : 95 : 30
MI=4 : do : 78 : 23
MI=5 : do : 85 H 20
MIw? H do : 75 H 22
MI=8 H do : 83 : 21
MI-11l : do : 71 : 25
MI=1l3 : do : 94 : 35

Observed 581 : 176

Calculated 3:1 568 H 189

Deviation 13 : 13

RQ-Y-’M _________ Ty -

P. E. . L

—_—_F3 Progeniles from Selfed F2 Plants
Fo : Fo : F3 Progenies
Plant_ No. : Color : Red . Tinged
MI=2-2 : Red : 110 H o)
MI=2=3 : do : 107 : 0
MIw=2w? : do : 53 : 0
MI=2w=] 4 : do : 51 H 0
MIwdw? : do H 104 : 0
MYw5el : do : 49 : 0
MI=7«2 : do : 103 : 0
MIwlle] : do : 50 : 0
MIw]l3=4 : do : 47 : 0
: : 674 H (0]
MIw2a] H Red : 83 : 38
MIm2w4 : do H 75 H 27
MI-2-56 H do H 43 : 9
MI-2-8 H do : 50 : 10
MI-2=2 H do : 79 H 20
MI=2=11 H do : 49 : 14
MI=2-~13 : do : 43 : 11
MI=4=3 : do H 41 H 12
MI=4«5 : do : 76 : 21
MI=5a2 : do : Va4 H 13
MI=5ud : do : 39 H 186
MI=7e3 : do : 51 H 21
MI=-8«1 $ do H 102 : 38
UI=]13=3 : do : 81 : 22

Observed 889 : 271

Calculated 3:1 870 : 290

Deviation 19 : 19

Deve.

P. E. ~ T 7,0 T 77 "":'1‘91 .
MI=2=6 : Tinged : 0 : 53
MI-2-10 H do : 0 : 47
MI=2«12 : do : 0 H - 51
MI=4=] : do : 0 3 93

0 H 244




Table 6. F, and li‘:5 data from cross No. 39 of spotted

B (CCr'r*'TT) x tinged I (COrrTT)

Fa Progen from Se d s —
f H F H F2 Progeniesg
Plant No. H Color ¢ BSpotted 3§ Tinged
: H H
Blel ¢ 8Spotted 38 H 18
Bl=g H do ? 83 H 36
Bl=3 H do H 35 H 10
Bl=S H do H 41 H 17
BIl=( H do H 39 H 9
Bl=7 H do H 40 H 18
BI~8 H do H 43 $ 11
Bl=10 H do H 45 H 13
Bl=ll H do H 39 H 6
Bl=l1l3 H do H 42 H 8
O bser ved 445 H 133
Calculated 3!1 433 $ 144
Deviation 12 H 12
I W

H

Fo Progenies from Selfed ¥, Plants

F

g ! Fa H F3 Progenies
Plant No$ Color _t Spotted ¢ Tinged

- H H H
Blwlel ¢ 8Spotted ¢ 43 H o}
Blela? H do H 37 H 0
Blegad $ do H 51 H 0
BlaZ-.5 $ do ? 55 1 0
Ble6«( H do H 49 H 0
Ble=B=l ¢ do $ 45 H 0
Bl=11=2 H do H 53 H o
Blell=5 H do ! 47 : (4]
380 H 0

! H H
Bl=l~3 H do H 41 H 9
Blel«€ H do H 33 H 15
Blw2«4 H do H 45 H 9
Blw2e€ H do s 47 H 13
Bled=1 H do H 36 H 11
Blu3e2 H do H 45 H ?
Ble5ed H do H 47 H 15
Bletmsd H4 do H 38 H 11
Ble5mE H do H 43 H 8
BlwG=l H do H 35 H 15
HwEs5 H do H 46 H 17
Ele=?7=1 H do H 37 H 14
Blee 73 H do H 31 H 30
Bl=7«5 H do H 39 H 16
HeB=J 3 do H 43 H 13
Bl=8=4 H do H 38 H 15
Bleel0w2 s do H 45 H 16
HelC=4 H do H 43 H 13
Blwll=? H do H 48 3 7
Obser ved 778 H 341
Calculated 3:1 764 ¢ 355
Deviation 14 H 14

Dev,

P. EQ - - ‘: - - s e - -: - o= 1 e 50 ,
Blwlwd ¢ Tinged ¢ 0 H 48
Blelwt e do H o H 45
Bl=3=2 H do ? 0 H &5
BleeJ=ga H do H 0 $ 53
BlwSed H do H 0 H 51
Bl=C=3 H do H 0 H 47
Blw7=4 H do H 0 H 41
E=10=1 H do H 0 H 45
Blwl3=2 H do H 0 H 49
0 $ 444
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breeding reds and reds segregating three red to one tinged.
in ratio of approximately two heterozygous to one homozygous.

The data from the Fo and F3 progenlies from the cross
No. 132 red M by tinged I are presented in Table 5,

Spotted (CCr'r!TT) x Tinged (CCrrTT)

The spotted plant B was used as the pollen parent in a
cross with the tinged plant I. The F1 from this cross No. 39
consisted of 41 spotted and four tinged plants. The four
tinged plants were obwviously selfed plants of Iceberg.

Five hundred seventy-seven Fo individuals from iO spotted
F, plants consisted of 445 spotted and 132 tinged, a very
close fit for a 3:1 ratio.

The results of Fg and Fz progeny tests from cross No. 39
are presented in Table 6.

The tinged Fo plants were all homozygous for tinged.
Four hundred forty-four plants from eight tinged Fo families
were all tinged. Eight of the 27 spotted Fo famllles test-
ed in the FS were homozygous for spotted. The remaining 19
spotted Fy families tested in the Fz all segregated spotted
and tinged. Of the 1019 Fz plants from the 19 segregating
P, femilies, 778 were spotted and 241 tinged. The deviation
of 14 from the calculated values 1s a close fit for a
3:1 ratioe The Fy, and F; progenies from crosses between the
three anthocyanin color types given in Table 4, 5 and 6 show
that the difference in intensity and pattern of pigment be-

tween the three types is in each case due to a single factor.



- 48 -~

Tatle 7, F; and F; data from cross No. 161 of green

H (CCRRtt) x green MN ( ccRRTT)

Fa Progenies from Selfed Fy Plantsg

F]_ H Fl H Ez EIQEEH: €8
Plgnt No, $ Color H Red i Green
H H H
BelNwl H Red H 29 H 35
Bro MNee 3 H do H 33 31
B MN-4 H do H 33 H 33
B=MN~G H do L 35 H 18
BeeMNew? H do H 30 H 24
Be=MN=8 H do H 32 H _31
Observed 171 H 153
Calculated 9:7 183 H 141
Deviation 11 H 11
Deve
P, L. - - e .= -=w 1,83
H ¢ 4
F3_Pr nies from Selfed Plants
F3 H Fa : Fz Progenies
Plant No. H Color ¢ Red H Green
H H H
B MNewlee 3 H Red $ 55 H 0
BeMNeC=2 H do H 55 ¢ 0 -
110 s o
L H !
Beilelel H Red H 35 H 30
B kiNew 3 2 H do H 31 H 23
Hol{New 4o 3 H do H a7 H 31
HeolNew 7: 2 H do H 26 H 29
BeMNe7«5 H do H 35 $ _30
Obser ved 144 H 138
Calculated 917 153 H 119
Deviation 9 H 9
Deve
P.E.-“““"-""m-ml'9
H H H
BeMBe=lwg H Red H 43 H 11
Bekilelw6 H do H 38 H 16
HoliNee 3 3 H do H 46 i ] 9
Obeerved 137 H 36
Calculated 3:1 122 $ 41
Deviation 5 H 5
Rﬂ"o U I
P L. 1.34
H S H
B MNew 3 1 H Green ¢ 0 H 54
He=MN=42 : do H 0 H 55
HoMNew 44 H do H 0 4 55
B )iNen B 1 H do H 0 H 49
Hew)iNee 7e 3 ! do $ 0 H 51
BeMBw 7=4 H do H 0 H 53
HelkiNuBewd H do $ 0 ! 55
BN 8 3 H do H 0 H 55
HuMNew8=5 H do H 0 H 52
0 H 479
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Since the factor for red is dominsnt to the factors for
spotted and tinged and the factor for spotted is dominant to
the factor for tinged and never more than two of the anthocyanin
types ever appeared in any population, 1t is assumed that the
genes controlling the intensity and pattern of anthocyeanin
form a multiple allelomorphic series.

gvidence in support of the hypothesis that a pair of

complementary sllelomorphs control the presence or abscence
of the plgment is afforded by the following data from a cross

between two green pleants which gave only red plants in the Fj.

Crosses Involving the Complementary Factor Pairs (Cc) and (Tt)
Green H (CCRR6t) X Green MN (ccRRTT) |
The green plant H selected from the varliety Hanson was
used as the pollen parent in cross No. 161 with the green plant
MN selected from a lot of hybrids from a cross between the variety
New York and the variety Mignonette. Fifteen red plants were ob-
tained in the Fy; from this cross. Three hundeed and twenty-three
F2 plants grown from six Fl plants consisted of 171 red and 152
green., This is a close fit for a 9:7 ratio.
The green F2 plants all gave only green progenies in the
Fz. The red Fo's were found to consist of true breeding reds,
reds segregating three red to one green, and reds segregating
nine red to seven green. The breeding behavior of progenies
from this cross is given in Table 7. The segregations obtained
are what would be expected if the presence or absence of

pigment were controlled by complementary factors. In this
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Table 8, F; and F3 data from cross No. 15 of red M

(CCRRTT) x green H (CCRR%t)

Fy : j 2 ' ¥2 Progenieés
Plant No. H Color ¢ Red H Green
MH=3 H Red H 54 H 23
MHBe5 H do 4 57 H 17
UH-8 H do H 115 H 38
MH=7 H do 5 953 H 325
ME=13 H do H 583 H 170
MH-14 H do g 441 L _150

Obser ved 3302 1 732
Calculated 3?1 21983 : 731 _
Deviation 9 H 9
Dev, - - - - - - - - o = - - - - -

P. E. '5',’

Table 8. Fl and !'3 data from cross No, 47 of red M

( CCRRTT) x green MN (ccRRTT)

M—--ﬂﬂﬂﬂﬂﬂd-ﬂ‘-ﬂ
P. E. 1o

b 5 H P $ F2 Progenies ,
Plant Noe ? Qolox H Red H Green
M=ilNw740 H Red H 83 H 28
M7 43 H do H 79 H 18
U MN=?745 H do 4 74 H 26
M MN-. 747 H do H 91 1 19
MeMN=749 H do H 85 H a6
M MNa751 ] do 1 93 H 38
M MN=752 H do 1 73 t 31
M MN- 788 ¢ do H 88 3 31

Obgerved 664 H 305
Calculated 3?21 653 2 217
Deviation 12 H 13
4
H

H :




- 51 -
case both parents carried the factor (RR) for intensity and
pattern as is shown by the progenies from crosses No. 15 and
No. 47 between each of these green plants and the homozygous
red plant (M) given in Tables 8 and 9. Each of these crosses
gave Fy progenies consisting of approximately three red and
one green. Since no spotted or tinged plants appeared in the
progenies from either cross, both of the green plants (H) and
(MN) must carry the dominant (RR). No Fz progenies were
grown from either cross Noe. 15 or cross No. 47.

The Fo distribution of three red to one green obtained
from cross No. 15, Table 8, agrees with the results obtained
by Lewis (15) from this same cross.

According to the hypothesis there are only two genotypes
that will give a red F, when crossed with each other and an
Fy of three red to one green when crossed with a homozygous
red. These two green genotypes have the genetic formulae
(ceRRTT) and (CCRRtt)e. It is assumed that the plant (H) is
reppesented by one and the plant (MN) by the other. There is
n6 means by which it can be determined which of these has the
homozygous dominant (CC) and which the homozygous dominant (TT).
Numerous crosses involving the (H) type indicate that the factor
carried by (H) gives a more intense pigmentation in the hetero-
zygous condition than the heterozygous condition of the factor car-
ried by (MN). The factor (CC) has been arbitrarily assigned to the
type represented by the plent (H).

This assumes that the plant (H) has the genetic formula

(CCRRtt) and the plant (MN) is of the (ccRRTT) type.
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Table 10, Fz and F3 data from a crose No. 1 of red M
(CCRRTT) x green N (ccrrTT)

Fz Progenies from Selfed F1 Plante

! t F1 i ___F2 Progenies
Plant No. 8 Color ! Red ¢ Tinged ! Green
MNwe2 ¢ Red ¢ 35 H 9 . 15
MN=4 tf do ¢ 32 7 t 10
MNe=& H do ¢ 87 ] 18 . 30
MN-7 ¢t do ¢ 38 : 10 ¢ 29
M= t do ¢ 87 3 15 t 31
ME=98 t do ¢ 83 ¢ 19 -
Mi=12 ¢ do ! 66 ¢ 20 H 30
MR=13 ¢t do ¢ 38 ! 10 $ 19
Obgerved 437 H 104 T 303
Calculated 9:334 413 H 138 ¢ 183
Deviation 14 ? 34 H 20
) R - - = = 11,03
P cmeemmm === Less than,0l
¥z P
Fa ¢t Fy ¢ ¥z Progenies
_ _Plant_No. ! Color : __Red : Tinged ! Green
MNwlwt ¢ Red 55 $ 0 H 0
Mi=ded H do ¢ 53 H 0 H 0
MNew4=l]l 4 do ¢ 49 H 0 H 0
MBee 7l H do ¢ 55 H 0 H 0
211 ¢ 0 H 0
MNewZee) ¢! Red !¢ 44 ! 10 H 0
BN 56 : do ¢ 38 @ 17 H ]
MNewdes? H do 45 ' 9 H 0
MNu5=2 H do ¢ 44 H 11 H (4]
MEwS5=5 ¢ do ! 45 H 10 H 0
MNw7-~6 H do ! 48 H 4 H 0
NRw8ee3 H do ¢ 3 15 H 0
M 8 H do ¢ 43 H 13 H 0
MR=G=t t do 43 ¢ 13 I A
Obser ved 388 ¢ 104 H 0
Calculated 368 ¢ 1233 ? O
Deviation 19 H 18 H 0
Deve
P. K. - === 2,93
M Se 3 $ Red ¢ 85 H 0 H 33
HHw2al H do ¢ 45 H 0 H 10
el d H do ? 48 H 0 H 18
MNw4dm10 H do ¢ 41 H 0 : 13
UN=E=3 H do ¢ 44 H (4] ? 12
MEw=8=8 H do ¢ 48 H ] H 4
MB=8=7 t do :____43 ¢ 0 ¢ 212
Otserved 353 2 (4] H 91
Calculated 3:1 333 3 0 T 111
Deviation 30 ? 0 ¢ - 30
Dev, - e o= 3
P. E. 3.35
Mg ? Red ¢ 65 H 20 2 35
MNw=3=4 H do * 69 H 9 H 28
Mi=d=3 H do ¢ 30 H 9 H 16
MEmEel 4 do 30 H 7 H 18
MN=7=3 H do ¢ 36 H 11 H 8
MRw7=3 H do 31 H ] H 15
MHw7=7 H do ¢ 3B @ 5 ? 14
MNw8=5 s do ¢ 24 8 H 33
UBwSe2 H do ! 30 ¢ 10 H 15
MNeQ=E H do ¢ 31 H 9 H 14
Mol 2=23 4 do 36 H 8 19 17
MNex] Bea? H do ¢ 33 H 11 ? 11
MNw=]1 31 H do ¢ 33 H 7 H 13
el 3=2 H do !¢ 2 10 H 14
it ese B3 | M 1 3R
culate ?
Deviation 3l [ 31 s 1
N - 6.88
P = w =2 «w=-= ===« Legs than .05
MN=5=~6 ¢ Tinged! 1 56 ¢ O
- R I N
H o ¢ H
1v ¢ 163 ? [}
MR=1=8 ! Tinged! 0 ? 40 H 15
MN=4~=8 H do ¢ 0 ¢ 40 : 15
oA I A
MBS t do ¢ 9 38 ¢ 16
VNG ? ¢ do [ D 37 H A_%?
8hserved 0 ¢ 2286 ¢ 108
alculated 3:1 O & 246 H _ﬁz@%
Deviation 0 : 20 f 3
-g?'-‘ﬁ.----..----s.'za
WP dou5 ? Green ! (4] : 0 H 54
HNeeSe3 ¢ do H 0 H ) 4 49
) 1. S t do H 0 H 0 H 49
| 1 Y- ' do H 0 | 4 (4] H 55
UN=8=8 ¢ do H 0 ? 4] ¢ 55
MNwO=l ¢ do g 0 H 4] H 65
Mi=3ws s do t 0 H ] H 48
UNwl3~4 $ do H (o} H 0 H 51
MN=13=S ¢ do H 0 H 0 H 65
MR35 ! do ? 0 H 0 H 54
Mool 3 ? ¢ do H (o) H 0 ? 65
M1 32 :! do ¢ O3 O 31 55
0 H 0 H 835

The red plant probably a contamination.



Interactions between the Multiple Allelomorphic

Series(Rr'r) and the Complementary Pairs(CcTt)

The proposed hypothesis assumes nine possible genotypes
which have a green phenotypic expression. Six of these green
genotypes have been demonstrated by crosses involving the
interaction of the multiple allelomorphic series (Rr'r) and
the complémentary factor pairs Cc and Tt, Two of these
genotypes have been demonstrated by the above crosses involve—
ing (¥) and ﬁMN).

The green plant (N) selected from the variety New York
in a cross No. 1 with the red plant (M) as the pollen parent
gave red Fy plants, The Fp segregated red, tinged and green
plants, Of the 733 Fy plants, 437 were red, 104 were tinged,
and 203 were green., Ag indicated in Table 10, the X2 value
11,030 with a P value of less than ,01 show this distribution
to be a poor fit for a 9:3:4 ratio,

The red plants were in excess and the tinged fell short
of the calculated values for a 9:3:4 rationfor 733 plants,
Although the deviation is significant the observed distribu-
tion is nearer a 9:3:4 rationthan a 27:9:28 ratio, That this
deviation from the calculated values is likely due to linkage
between the factors (CR) and (or) will be discussed later,

The one red plant in the Fz from the tinged plant MN-12-3
was considered as a mixture,

Fz progenies were grown from 35 red, nine tinged and 12
green Fg plants. A1l of the expected segregation ratios

appeared in the Fz The behavior of the F, and the Fg

Progenies is given in Table 10,
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The Fo and Fz progeny tests from cross No. 1 show that
the green plant (N) may have either of the genetic formulae
(CCrrtt) or (ccrrTT). The green plant (MN) shown to be of
the type (CGCRRTT) was used as g tester in determining the
condition of the complementary factor pairs (Ce) and (Tt). The
F, from cross No., 156 between the green plant (N) and the
tester (MN) was lacking in anthocyanin. Two hundred nine Fg
plants from four selfed F, plants were all green (Table 11).
The (N) plant then must carry the dominant (TT) and the reces-
sive (cc)e The tinged plants in the Fo progenies from cross
No. 1 given in Table 10 show that the plant (N) carries the
recessive (r) for pigment intensity and pattern. Its genetic
formila therefore must be (ccrrTT).

If a homozygous green of the type (CCr'r'tt) were crossed
with a homozygous red (CCRRTT) the resulting F; should be red
and the Fy should segregate red, spotted and green in the
ratio of nine red, three spotted and four green. The data
presented in Table 13 of progenies from a cross No. 38
between a green plant (T) selected from the varlety Transport,
and the red plant (M), agrees with the above factorial
snalysis. A homozygous green of the type (ccr'r!'TT) would also
give this same distribution in a cross with a homozygous red.
That the plant (T) was of the type (CCr'r'tt) and not of
the type (ccr'r!TT) is demonstrated by the data given in

Table 12, from cross No. 117 between the green plent (T) and

the (Cc) tester (MN). If the plant (T) were of the genotype
(cer'r!'TT) no pigmented plsnts would appear in the progenies

from the cross No. 117. The progenies from
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Table 11, F) and F3 data from cross No., 156 of green N

(corrTT) x green MN (OCRRTT)

F

H 3t F3 Progenies
P No. $ ColoX : — Groen
H H
Foo M-, ¢ Green ¢ 55
Ne M3 : do : 51
FoM N5 H do $ 49
NeilNeS H do H 54
A309

-l
Le d

Talle 12, F3 and F3 data from cross no., 117 of green MN
(coRRTT) x green T ( Crir'tt)

F3 Progenies from Selfed Fy Plante

F1 $ Ty i_______ Fa Progenles
Plgnt No, : Coloxr °? Red : Spotted ¢ Green

$ H H ?
UHeTel * Red ! 2l ¢ 8 H 20
MNeTed 1 do ¢ 18 H 12 : 24
MBeTw4 H do ¢ 15 H 8 H 23
M Te7 s do ¢ 31 H e H 24
MN-T»8 ! do ¢ 33 H 12 H 20
MNee T 10 H do ¢ 20 H 11 H 33
MNeTwll H do ¢ 23 H 18 H 35
MEw»Tel3 H do ¢ 13 H 11 ] 30
UK T=13 H do ¢ 13 ¢ 10 H a7
MNes T 15 H do ¢ H 8 $ 2B
0O tserved 313 H 108 ¢ 2350
Calculated 37:9:238 331 ¢ 77 ¢ 340
Deviation 18 H 31 H 10

xz--—'qtvnﬂ-'.-'-"“ﬂ4.300
P--o—--" ““““ -LeasthaROO].
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Fz and F3 date from a cross No. 38 of red M

(CCRRTT) x green T ( OCr'r'TT)

—-F2 Progenies from Selfed F1 Plania

My ¢ Fp Fa Progenies
Plant Ho, ¢ Color : Red : Spotted ! Gregn
MTw-l * Red ¢ 38 : 13 : 21
NT=2 H do ¢ 66 H 34 H 35
MT=4 H do ¢ 35 : 17 H 24
MTwE H do ¢ 64 : 30 H 25
MT=~6 H do ¢ 43 S 17 H 3l
MTw? H do ¢ 74 H 13 H a7
MT=9 3 do ¢ 50 ¢ 13 1 23
MT=10 H do ¢ 38 : 11 ? 15
MT=l3 H do 83 ¢ 18 H 30
MT=14 H do ¢ 33 ¢ 7 H 19
MT=15 $ do ! 91 H a8 s 45
MT=l0 t do ¢ b3 SN | 9 : 15
MTe1S ¢ do ¢ 33 10 $ 18

Observed 658 H 214 ! 318
Calculated 91314 669 t 233 $ 398
Deviation 3 11 H 9 H a0
o 2z -l.ggs ¢ J
¥ P

F3 1 Fy ¢ F2 Progepnlem _
Plant No, $ Colorxr : Red $ Spotted ! Greep
MTw4sl ! Red ¢ 165 ¢ 0 H 0
MTwe7e3 ¢ do @ 7 o H 0

243 H 0 ¢ 0
MTw1e3 ¢ Red ¢ 80 ¢ 30 H 0
MTw(el H do ? 68 ¢ 30 H 0
MTwO=5 H do ¢ 40 15 H 0
MTwl0wd H do ¢ 44 11 H 0
MTwl3w4d : do ¢ 43 3 13 st 0O
Observed 374 ¢ 29 H 0
Calculated 3:1 380 3 23 ' O
Deviation 6 ! 6 H 0
Deve  _ o o e e .=
P. & : t : 108 s
MTw2~a ! Red ¢ 74 H 0 ? 23
MTwlm? ¢ do !¢ 71 0 H 33
MT=5w3 H do ¢ 43 ¢ 0 H 12
MT=8=4 s do ¢ 4 0 $ 10
Obser ved 233 ¢ 0 H 67
Calculated 3:1 234 0 $ 75
Deviation 8 H o H 8
Deve o v - - - .. 1,57
Pe B : : : !
MTwlel ! Red ¢ 83 ¢ 19 H a5
MTw325 ¢ do @ 6l s 23 H 30
NTwdwgd H do ! 32 11 : 13
NTudw4 H do ¢ 27 H 6 ? 16
MTwDuwed H do ¢ 31 H 9 H 15
MTal0me 4 H do 65 3 2l H 29
MTw]l3w] H do ¢ 32 __ 3 11 : 15
Obger ved 308 ¢ 99 ! 143
Calculated 9:334 308 ¢ 103 $ 137
Deviation 1 H 4 s 5
) C U 75 1
P = o 0w ta = e e &
MTwde3 ¢ Spotted:! o 33 H 15
MTw7-3 ¢ do H o ¢ 38 s 19
MT=7=4 ¢ do H 0 H 43 H 13
MTae1Owel ¢ do !¢ 0O _ ¢ 43 H 13 _
Observed 0 ? 153 H 59
Calculated O ¢+ 2159 $ B3
Deviation 0 H 6 s 6
Deve @ e e e - al2
P. E. : . : :
MTwlw5 $ Green ¢ O ¢ o H 65
HTwE=J ¢ do H o 0 H 77
MTee 7l H do : o 0 H b4
MTw31 H do H o 0 H 53
MTwd=2 H do H o 0 s 49
MTel0w3 H do H o 0 H 55
MTeel3ee3 t do H o__¢ o___ 3 55
o (¢ ¢ 408
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Table 14, F, and F; data from crossN.o. 43 of red X
(CCRRTT) green NC (corrtt)

8
E

n H Fp ¢ F3 Progenies
Plant No. ? Coloxr ¢ Red * Tinged ! Green
U NCee569 ¢ Red ¢ 38 ¢ 15 ' 39
M NC=S71 H do ¢ 48 H 11 H 53
Me=NC=572 H do ¢ 40 ! 12 H 43
Ma=NC~578 H do ¢ 47 ! 11 ' 48
B=NC~880 t do 41 ¢ 11 s 47
M=NC681 t do ¢ 46 1t 9 H 35
M=NC=883 H do ¢ 35 ! 13 H 52
MuNC=887 t do ¢ 51 ¢ 10 H 44
We=N =590 t do !¢ 45 15 H 49
M=NCuw700 H do ¢ 57 H 13 ! 42
UmNC=702 t do ¢ 36 1 8 t 48
MU=lCe703 ? do ¢ 39 ? 8 H 44
M=NC=704 t do ¢ 1 ¢ e r 4
Obger ved H 572 ¢ 144 ! 584
Calculated 548 1 183 t 569
Deviation 24 ¢ 39 ! 15
b ¢ - 9,870

P w = == =~==e= Less than .01

¥3 ] Fa F3 Progenieg
Plant No,. $ Colox ¢ Red ? Tinged ! Green
MNC-873~9 ¢ Red ¢ 54 ¢ 0 2 (4]
H H 54 ¢ 0 H 0
MNC=G68=3 $ Red ¢ 445 ¢ 10 $ 0
MNC=880-4 3 do ¢ 4 ¢ 11 H 0
MNC=700m2 ¢ do ¢ 39 @ 13 H ()]
Observed 128 H 33 t 0
Caloculated 121 ¢ 4 _ t Q
Deviation 7 ] 7 ! 0
Dev,
. - - - - -~ == ],89
P. t. ’ ’ l ’
HNC=868=1 t Red ! 38 ¢ 0 ] 18
MN G»869=9 t do !¢ 42 [+] H 13
MNCwE71=3 ¢ do ¢ 3B ¢ 0 {1 18
MNC~872»7 ¢ do ¢ 38 ¢ 0 t 15
MNCu880w3 ¢ do ! 36 3 [} $ 17
Obser ved 208 ¢ 0 H 79
Celculated 331 315 3 0 1 73
Deviation 7 t 4] H 7
Deve | e e e - - -1,4
P. E. s ] H H
MNC~G78+3 ¢ Red ¢ 33 0 H 33
MNC=G80«7 ¢ do ¢ 34 ¢ 0 H 21
MEC=703«1 ¢ do @ 373 [+] t 233
O tger ved 104 ¢ 0 H 68
Calculated 9:7 96 2 (4] 74
Deviation 8 H [} H 8
Deve  _ _ L. ... -1.83
P' E'
MNEC=8803 ¢t Red ? 27 1 5 H 20
MNC-880w3 ¢ do @ 33 ¢ 9 H 15
MNG=E83-4 ¢t do ! 30 ¢ 15 H 10
MNCwS§83e7 t do ? 34 8 H 13
MN G 8909 t do ¢ 33 t 10 H 11
MNC=703-3 ¢! do ¢ 31 11 ! 13
MNC«703«5 ¢ do ! 35 9 T 10
MNC-703-8 ¢t do ! 30 ¢ 7 ! 18
MNGe703~8 ! do ¢ 23 ¢ 6 t 17
MNCw7041 t do ¢ 35 8 H 11
MECw704wq4 ¢ do ¢ 38 9 H 10
Obser ved 353 ? 97 t 145
Calculated 93:3:4 334 ¢ 111 $ 149
Deviation 18 ¢ 14 H 4
) CRE - - - 2,918

P ®« =~ = = = = o =« Leas than .03

MNC=669-~7 ¢ Red ¢ 33 @ 4 t 386
MNCeB732 ¢ do ¢ 3 4 ¢t a5
MNG-873~4 ¢t do ! 8| ¢ 3 ¢ a3
MNC~E78~1 t do 16 ¢ 5 t 30
MNCw880~5 H do ¢ 30 H 8 H 31
MNGCeB890=2 ¢ do ! 34 K4 T 24
MHG=703=5 ¢ do ¢ 30 __¢ 3 s 31
Obgerved 173 ¢ 40 1 170
Caloulated 27:9:28 158 53 t 165
Deviation 14 ! 13 H 5
p L - 4,581
P =« « = =« «w =« = =« Between .01 and .03
MHC=571=5 ¢ Tinged: o 55 ? 0
MNC~582-~1 ¢t do ¢ [/ I } 53 H 0
0O : 108 H 0
H H H H
MNC»669-~4 ! Tinged! o ¢ 35 : 15
MNC=E72=~8 H do ¢ 0 H 368 H 18
MNC=878-3 H do ¢ 0 H 4] ? 14
MEC»890-I ¢ do ¢ o 43 ¢t 123
MECwe890-5 H do ¢ 0 H 39 H 16
MNC=700«8 ¢ do ¢ o s 39 s 15
Obger ved 0 ¢t 33 t 80
Caloulated 3:1 O ¢ 343 : 80
Deviation o) 4 10 H 10
Deve  _ o o o oo .

Pe K. ; : 1’,91 .
MNC-571=1 ¢ Tinged! o a8 t 26
MNC.878-5 ¢ do 1t O s 23 $_ 23
Obteer ved o 50 H 49
Calculated 9:7 o__¢ 56 : 43
Deviation o ¢ 8 H 8

Bovy - . - .. . .3,08
P. E. : : ! !

MNCw6689=3 : Green:? o 0 t 55
MNGCaGB9=S ¢ do ! 0o o : 47
MNC=S871=4 ¢ do ¢ 1 0 H 49
MNC=871w8 : do ! o 0 t 55
MNC=673=3 ¢ do ¢ o 0 ¢ 55
MNC=S80=1 ! do o ¢ 0 H 53
MNC=380~8 ¢ do @ o (] ? 48
MNC=682«5 ! do 0o 0 H 50
MNCu583-9 H do ¢ 0 H 0 H 55
MNC=890-4 ¢ do ! o 0 ¢ 55
MNC=630wS ¢ do ! 1 ¢ 0 t S5
MNCw700=4 H do !¢ 0 H V] ? 48
MN G=700=5 H do !¢ [v] H (4] H 51
MNC=700=7 : do ¢ o 0 ! 53
MNCue 7033 H do ! [v] H [+] H 55
MNCe703«=7 H do ! (4] H 0 H 55
MNCa703w] 4 do ! 0 H 0 t 55
MNC=703=3 ¢ do o 0 H 52
MNCae 70 43 H do ! ] H 1] H 55

2* 4] t 998

* 7Two red plants probably contaminations,
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cross No, 117 gave 213 red, 108 spotted and 250 green, The
X% 0f 14,300 with a P value of less than .0l shows this to
be a poor fit for a 27:9:28 ratio, The deviation from a
9:3:4 ratio is greater than for the 27:9:28 ratio., The
plant (T) then is indicated to have the formula (cortrrtt),
The deviation from the calculated values may be due to a
linkage relation discussed in another part of this paper,
The green plant NC selected from a lot of hybrid
material from a cross between the varieties New York and White
Chavigne proved to be the triple recessive (ccrrtt). This
plant gave a red ¥, in a cross with the homozygous triple
dominant red M (OCRRTIT)., The F5 gave 572 red, 144 tinged
and 584 green (Table 14), The X2 value of 9,670 with a P
value of less than ,01 shows this to be a poor fit for a
27:9:28 ratio, While the deviation is significant, the ob-
gserved distribution is nearer a 27:9:28 than a 9:3:4 ratio,
As in the case of cross No, 1, Table 10, and cross No. 117,
Table 123, the deviation from the calculated distribution may
be due to linkage to be discussed later, Fg progenies were
grown from 30 red, 10 tinged and 19 green Fy plants with the
results given in Table 14, The deviations from the calcu-
lated values in some of the Fz progenies indicate that some
condition operated to prevent the expected distribution,
although all of the ratios expected in the Fz were obtained,
According to the hypothesis the genotype (ccrrtt) is the
only one which would give an FB distribution of 37 red, nine

tinged and 28 green in a cross with a homozygous red.
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The green plant R selected from the variety Grand Rapids
proved to have the genetic formula (OCrrtt). In a cross
No, 33 with the homozygous red M, the F; plants were all
red (Table 15), The Fy gave 382 red, 103 tinged and 177
green plants, The X2 and P values show this to be a close
fit for the©8:13:4 ratio expected if R was of either genetic
formula (CCrrtt) or (ccrrTT), According to the hypothesis
these are the only genotypes that will give a ratio of nine
red, three tinged and four green segregates in the Foe The
data presented in Table 10 from cross No, 1 shows that one
of these genotypes (cerrTT) is represented by the green
plant N, The data given in Table 16 from cross No. 28
between plants N and R show that these two plants do not have
the same genetic constitution, The Fl plants from this cross
were tinged. The Fg progenies segregated tinged and green in
the ratio of approximately nine tinged to seven green. Four
hundred eighty-four F, plants from six F; families gave 261
tinged and 2333 green. This is a deviation of 11 from the
calculated 9:7 distribution, A deviation of 11 is 1,49 times
its probable error and is not significant, Fz progenies were
not grown from cross No, 238, The behavior of the F; and F,
progenies is what would be expected if one of the parents
was of the formula (cerrTT) and the other (CCrrtt)., Since
cross No., 1 and cross No, 156, TableslO and 1], have shown
the plant N to be of the type (ccrrTT), R must have the formula
(corrtt).

The data in Table 17 from cross No, 37 between the green

plants H and R is further evidence that R carries the dominant
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Tahle 15. Fz and F3 data from cross No, 33 of red M
(CCRRTT) x green R (CCrrtt)

F2 Progenieg from Selfed F1 Plantsg

Fi $ Fi ¢ Fg Progenies
Plant No, $ Color ed § ed ¢ een
MR=-] ! Red ¢ 70 H a5 : 34
MRee 3 : do ¢ 4] : 9 H 30
MR=-4 H do ¢ 69 ! 20 H 20
MR=6 H do ¢ 43 H 10 $ 33
MRe7 $ do ¢ 67 $ 15 $ 37
MR=3 H do ¢ 43 H 13 H 23
MR=10 H do :___ S50 $ 11 H 31

Obser ved 383 H 103 s 177

Calculated 9:3:4 373 H 124 $ 165

Deviation 9 H 31 H 12

X8 = = = = = - - - - - 4,65
P ------- 0.1
F3 Progenieg from Selfed F2 Plants
F H Fa H F ogenies
Ela,ng No. ¢ Color 2 Red : Iinggﬂ t Greaen
M 2o 8 ¢! Red ¢ 77 3 0 $ 0
MRow 4 3 t do ¢ 55 ¢ 0 3 O,
133 H 0 H 0
}H ] H H
MRwle«3 ! Red ¢ 44 ¢ 11 H 0
MEnele:6 H do ! 39 3 18 H (v}
MRw4=t H do ! 45 H 10 H 0
MReeGued H d¢ ¢ 47 H 8 H 0
MR 10me© H do ¢ 4 $ 11 H 0

Obser ved 319 ¢ 56 1 § o)

Calculeted 3:!1 306 % 69 I * I

Deviation 13 H 13 H 0

Qg—v-:—- - M ™ W = - 2.68

P, E. : : ? H
MBou s 3 ¢ Red ¢ 38 H o $ 17
MRedel H do ¢ 46 H 0 H 9
MRmEe? H do ¢ 4] $ 0 H 14 _

Otser ved 135 H o H 40

Calculated 3?1 134 ¢ 0 H 41

Deviation 1l H 0 H 1l

Devy _ . _ __ - ___ '

P. E. : ' . v
MRwlel t Red @ 30 H 9 H 16
MRele4 s do ¢ 35 H 8 H 13
MBwe Je: 5 H do ¢ 28 H 14 H 13
MR 6=t H do ¢ 30 H 10 : 15
MRm=Gwd 3 do ! a7 H 11 H 17
MReGue 7 H do 34 ¢ 15 H 6

Obser ved 184 H 67 H 79

Calculated 9:3:4 185 __ % 63 ¢ 83

1l H 5 H 4
X8 = = = = -~ - - 0.60
P oo @ o a = 0.7
MRre3-:1 ¢ Tingeds 0 H 75 H 0o
MRes 64 H do ¢ 0 H 55 H 0
MR=5wl H do o 49 H 0
0 H 179 H o}
MRel=t { Tinged! 0 H 38 H 17
MBRow 4 H do ¢ 0 : 45 H 10
MEws e 3 ¢ do 0 H 34 H 3l
MR 7l H do ! 0 H 40 H 15
MR 7=7 H do 0 $ 39 H 16

Obser ved 0 H 196 H 79

Calculated 3:1 o ¢ 308 H 69

Deviation ¢} H 10 H 10

I 2.06
MRwlnd ¢ Green ! 0 H 0 H 75
MRedw 4 H do ! 0 H o H 77
MRm»7=3 H do ¢ o 0 H 54
MRw10=l H do ¢ 0 H 0 H 49
MR=10=5 t do ¢ 0 ¢ O s 55

(4} H o ¢ 310
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Table 16, F, data from cross No. 38 of green N (corrTT)

x green R((Crrtt)

n : 131 :__F2 Progenies
Blant_ No. ? Plant Color $ Tinged ¢ Graeen
. H H
NRwS H Tinged H 55 H 5l
NR=8 H do H a7 H a5
NE»7 ? do H 60 $ 56
NR=11 H do H 59 H 43
NR=13 H do H 3. 23
NR=-15 H do H 31 $ 35
Observed 261 ! 333
Calculated 927 273 ! 212
Deviation ' 11 ! 11
Deve - - m e o= om o= ow 1449
P. E.
H ? ]

Talle 17, F; data from cross no. 37 of green H(CCRRtt)

x green R(CCrrtt)

P H n e Fg Progenies
Plant No. H Plant Colorx H Green
HRe=} H Green ? 39
HR3 H do ? 43
HReS H do H 38
HRw€ H do H 45
HRm?7 H do H 54
HRw8 H do H 51
HRw8 H do H 55
HR=10 H do : 55
HRw1l H do H 49
HFwl3 H do $ 52

485




(C0) and the dominant (TT). No pigmented plante appeared
in the Py of this cross as would have been the case if (R)
carried the dominant (TT), for crosses No, 15 and No., 181 show
the green plant (H) to be of the (CCRRtt) type and would have
given pigmented plants when crossed with (R) if this plant
carried the dominant (TT).

In the course of these studies, crosses were made which
involved 25 varieties and many hybrid selections but none of
these proved to belong to any of the genotypes (coRRtt),

(cer'rttt) or (cer'z!TT),

Crosses Involving Wild Lettuce (Lactuca scariola)

Since cultivated lettuce (Lactuca sativa) is considered

to have arisen from the wild species (Lactuca scariola), the

question naturally arose as to whether the anthocyanin in the
wild species is inherited in the same manner as the pigment in
the cultivated varieties, A wild plant was selected from 54
plants grown from seed harvested from a plant growing in the
wild in Rock Creek Park near Washington, D, C., The intensity
and pattern of the pigment in this plant was in general
similar to the type designated as tinged in the cultivated
varieties, Later progenies from this plant showed it to be
homozygous for the pigmented phenotype,

The wild species was found to be genetically compatible
with cultivated varieties., Crosses were made between the
wild plant and two cultivated varieties, The Fp and Fg
progenies from these crosses indicate that the wild plant

belonged to the tinged type (CCrrTT) since it exhibited the
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Table 18, F3 end Fy date from cross No. 49 of red N
(CCRRTT) x tinged wild (OCrrTT)

F2 Progenies from Selfed ¥} Plants

F1 t 1 H F2_Progenies
Plant No, $ Color H Red_ $  _Tinged
MW=l H Red H 45 H 10
W3 H do H 43 H 13
iW-4 H do H 37 H 17
MWef H do H 39 H 14
=6 N do H 41 H 13
MW7 H do H _46 $ 9
Observed 253 $ 75
Calculated 3:1 ' 345 H 83
Deviation 7 H 7

Dev,
P. E. - e S e = W, wm- 1.33

Ll

e
F3 H F2 $ Fz
Plant No, 3 Coloxr H Red H Tinged
1 S H Red H 54 H 0
HWelwb : do ! 51 $ 0
$ : 1086 H (o}
H ? H
MWl H Red H 47 H 8
MW S 3 : do : 41 H 13
A 2wd H do H 39 H 16
MWer 3 2 H do H 44 H 11
MW Bl $ do 4 40 H 15
MW E=2 4 do H 45 H )
Observed 256 H 73
Calculated 346 H 82
Deviation 10 H 10
Deve _ _ ___ .- - 1.89
P. E,.
H H ?
M¥elel H Tinged H 0 H 49
MW 23 H do $ 0 H 55
MW el H do H 0 H 55
W 43 H do H o H 51
MWes 4 € H do H 0 H 53
0 H 263



sBame breeding behavior as the tinged plants of cultivated
1e£tuce.

The wild plant wes identified by the letter (W), This
plant was used as the maternal parent in cross No, 49 with the
homozygous red plant (M), The P, plants from this cross
were all red., Three hundred twenty-seven Fg individuals from
six = F, plants gave 252 red and 75 tinged. The deviation of
seven from the calculated values for a 3:1 ratio for 327 plants
is not significant, (Table 18),

All of the Fy progenies from five tinged Fy plants were
tinged. Two red Fg plants when self-pollinated gave only red
plants in the next genefation. Six red F5 plants when selfed
gave progenies segregating red and tinged in the ratio of
approximately three red to one tinged, The deviation from the
calculated for a 3:1 ratio was 10, which is 1,89 times the
probable error,

In cross No, 51 pollen from the wild plant was applied
to flowers on a green plant of the variety Transport (T)
known to be of the type (CCr'r'tt). The F; plants were all
spotted. Fg progenies were grown from five selfed Fy plants
and, out of 272 plants, 152 were red, 43 tinged and 78 green.
The X2 value of 3,065 with a P value between ,20 and ,30
shows this to be a good £it for a 9:3:4 ratio, (Table 19)

Fqg progenies from F, green plants gave only green., Fgz
progenies from F, tinged plants gave true breeding tinged
progenies and progenies segregating tinged and green in the
ratio of approximately three tinged to one green, Selfed

spotted Fy plants gave progenies breeding true for spotting
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Table 18, F3 and Fy; date from cross No. 51 of tinged

wild W (CCrrTT) x green ¥ (CCr'rttt)

_EB._,OWM

1 H ! ¥3 Progenies
Plant No, H Cglor ; Spotted ¢ Tinged ¢ Green
WT=-1 $ Spotted ¢ 31 H 3 H 19
WTel H do H 33 H 7 : 15
W3 H do H 31 : 8 : 16
WI=5 H do H 30 H 11 H 13
WT=? H do : 37 $ 13 H 15

Obser ved 152 H 423 H 78

Calculated 9¢3:4 153 -} ¢ 68

Deviation 1 H 9 H 10

$2 w = = = = = = = ~ 3,065
P - = eem === - Between .20 and .30
: H H 3
F3 Progenies from Selfed F2 Plants
F3 2 T '___F3 Progenids
Plant No, ¢ Colorxr ¢ Spotted ¢ Tinged ¢ Green
Vele2 ! Spotted ! 54 $ 0 $ 0
b4 H o H o
H H 3 !
Wlee S ¢t 8potted ¢ 36 H 17 H o
Wle5=1 H do H 43 H 12 $ 0
Wlwbed H do H 39 14 H 0

Observed 118 : 43 9 O

Calculated 121 : 40 H 0

Deviation 3 H 3 H 0

b—ev ------- - 0081

P. E,

Wi=l=1 ¢ Spotted 45 H 0 H 8
WIl=-1-4 : do : 39 : 0 H 15
Wl=3=3 $ do H 40 H o : 13
Wlaa5=g H do H 36 4 0 f 19
Wle7=1 H do H 37 s 0 H 18
We7=3 H do H 38 $ 0 H 14

Obser ved 335 H 0 H 87

Calculated 3:1 _343 H o __: 80

Deviation 7 H o : 7

DBVe o o o e e e m -

P. L. : : 1.35 : :
Wlw2=1 ! Spotted a9 H 8 H 18
WT=g8-2 H do H 31 H 11 H 13
Wlwd=4 H do H 37 H 9 H 19
Wl=5=3 H do H 33 : 7 H 14
¥le5=4 H do H _30 H 9 $ 15

Observed 150 H 44 H 79

Calculated _154 H 51 ¢ 68 _

Deviation 4 H 7 : 11

® e - - - 2.844
D R Between .20 and .30

W13 ¢ Tinged ¢ o) H 49 : 0
Wle77=2 s do H 0 H 53 ¢ 0
0 : 103 @ )

WSl ¢ Tinged ? o H 38 : 16
Wl=2=E H do H 0 H 39 H 15
WTw5=E H do ¢ 0 H 40 : 15

Observed 0 H 117 H 46

Caloculated 3:1 0 H 122 ! 41

Deviation 0 H 5 ! 5

Deve . _ _ o e e e e e~ -

P, E. 1l.34
Wele=d ¢ Green H 0 H 0 H 55
W=let H do : 0 : 0o H 53
WT=1=? H do H 0 H 0 H 55
Wl=3=1 H do : 0 H o H 55
| LT H do H 0 H 0 H 54
WT=7«3 : do H 0 H 0 H 51
Wl=7=5 H do H (4] H 0 ;53

0 H 0 + 378
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progenies segregating spotted, tinged end green in the ratio
of nine Spotted, three tinged and four green, progenies
segregating three spotted to one tinged and progenies giving
three spotted to one green (Teble 19).

DISCUSSION

The data presented in Table 7, 12 and 16 of progenies
from crosses, numbers 161, 117 and 28 in which two green
parents gave pigmented plants in the F, show that the
presence or absence of anthocyanin 1s In each case the
result of complementary genes. ZEach green parent carries
some gene for pigment not carried by the other parent and when
they are brought together in the zygote pigment develops.

The F, progenies from cross No. 28, (Table 16), between
the two green plants (N) and (R) gave only tinged and green
plants in the ratio of approximately nine tinged to seven
greene. This is the characteristic segregation when comple-
mentary factors are involved. The typical complementary
factor ratio of 9:7 obtalned in the Fo shows that any other
factors which influence the development of anthocyanin must
be alike and in the homozygous condition in each parent.

The behavior of progenies from this cross demonstrate that
the presence or absence of the pigment is controlled by
complementary factors but gives no information as to the
condition of the gene or genes controlling the expression
of the intensity and pattern.

The breeding behavior of the progenies from cross No. 45,
(Table 1) in which the red plant (M) was crossed with the
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spotted plant (B) shows that the red behaves as a simple
dominant over the spotted type, since the F1 was red and the
Fo segregated approximately three red to one spotted.

That the red also behaves as a simple dominent over the
tinged type 1s shown in the progenies from cross No. 132
(Table 5), in which a red was crossed with a tinged. The 1
was red and the F2 segregated red and tinged in the ratio of
approximately three red to one tinged.

The spotted type which was shown in cross Noe 45, (Table 1)

to be recessive to the red, is shown to be dominant to tinged
by the progenies from cross No. 39, (Table 6) between the
spotted and tinged types. The F; was spotted and the Fg
distribution was approximately three spotted to one tinged.

The tests of progenies from crosses, numbers 45, 132 and
39, (Tebles 4, 5 and 6), which involve crosses between each
of the three pigmented types red, spotted and tinged, show
each type to differ from the others by a single factor. Each
of the three possible combinations, red x spotted, red x tinged,
and spotted x tinged gave 3:1 ratios. 1In none of the three cases
did more than two of the three types appear. The dominance of the
red over the spotted and tinged and the dominance of the spotted
over the tinged and the fallure of more than two of the three
types to appear in any one population demonstrates that the
genes for red, spotted and tinged are located in the same locus
of the'chromosome and constitute a multiple allelomorphic
series.

Since only tinged and green plants appeared in the

progenies from Cross No. 28 (Table 16) between two green
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parents (N) and (R), these plants must have both carried the
gene for intensity and pattern in the recessive condition,

If we assign the symbol (Cc) to one of the complémentary
allelomorphs and (Tt) to the other and (Rr'r) to the multiple
allelomorphic series controlling intensity and pattern, then

one parent in cross No, 28 must have the formula (ccrrTT) and the
other (COrrtt)., The tinged plant then would have the formula
(COrrTT),

As pointed out above, the red, spotted and tinged types
differ from each other by only a single Mendelian factor and
the genes controlling the appearance of these three types
form a multiple allelomorphic series, The tinged type has
been shown to be of genetic constitution (CCrrTT), The
spotted type differs from the tinged only in the allelomorphic
series of which (r) is the recessive member, Since (r') has
been assigned as the symbol for the spotted character in the
(Rrt'r) allelomorph the spotted plant has the formula (CCr'r'TT),
This 1eavés the gene (R) representing the red type in the
allelomorphic series and its formula then is (OCRRTT).

Since the allelomorphs (Cc) and (Tt) must be present and
at least one member of each must be in the dominant condition
for pigment to develop there can be according to this
hypothesis only one homozygous red genotype, (OCRRTT), one
one homozygous spotted genotype (COr'r!TT), and one homozygous
tinged genotype (CCrrTT).

Any plant then having either the (COc) or (Tt) allelo-

morphs in the recessive condition (cc) or (tt) must be
lacking in pigment regardless of the condition of the

multiple allelomorphic series (Rr'r)., This makes possible
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nine different geneotypes (ccRRTT), (ccr'r'TT), (ccRRtt),
(cerrT?), (OCRRtt), (COr'r'tt), (Corrtt), (cor'r'tt), and
(ccrrtt) which have the green phenotypic expression,

In the seventeen crosses from which progenies were
studied, fourteen of them involved at least one green parent,
The segregation ratios obtained in these progenies indicate
that six of the green parents were of differént genotypes
having the following genetic constitutions, (OGRRtt); (cortr'tt),
(corrtt), (ccrrTT), (ccRRTT) and (ccrrtt), This leaves the
genotypes (ccRRtt), (cer'r!TT) and (cor'r!tt) which were not
represented by any of the varieties studied,

Data are available from many other crosses not presented
in this paper which indicate the anthocyanin genotypes of a
number of other varieties of lettuce, The probable genotype
of the lettuce varieties which have been studied including
those presented in this paper are as follows:

New York No, 5084 cerrTT
Hanson CCRRtt

Grand Rapids

Paris White Cos

Dark Green Cos

Unrivalled

White Chavigne CCrrtt
Malta

Early Curled Simpson

Mammoth Black Seeded Butterg



Deacon

Trensport
' CCrtr'tt
Salamander

Hubbsrd's Market

Big Boston
May King
Iceberg CCrrTT

Densgity

wild (L. sceriols)

Mignonette

Prize Head CCRRTT

Crisp as Ice

California Crean Butter)
)

Maximun ) CCr'r!'TT
)
)

Dutch Speckled Butter

While no genetic studies were dade of the factors
controlling anthocysnin in parts of the lettuce plznt other
then in the lesves, sone observations were miéde which &sre
of interest &nd worth mentioning in this comnéction.

It was observed thst the intensity of pigment in the
stem of the lettuce plent varied somewhat in different

vaerieties but did not have the pastterns characterigtic of



the leaf color types. No gspotting cherecteristic of the
spotted leaf type was ever observed in the stem. All
plents carrying pigment in the leaves also had pigment in ‘the
stem. Pigment was often discernsble in the étems under
conditions unfavorable for leaf pigment. The correlation
between leaf and stem pigmentation could under certain
conditions be used to separate plants having pigmented
leaves from those-having no lesf pigment. Stem pigment
could not be used in classifying the pigmented types red,
spotted and tinged since the stem pigment does not follow
these typese

No plant was observed to have pigmented leaves or stem
which did not also have pigmented ray flowers in the in-
florescence. But as in the case of stem pigment the
pigmentation in the ray flowers does not follow the leaf
pigment patterns. It 1is obvious that there is more than
one color type in the ray flowers. Some study was made of
the pigment in the flowers but insufficient data are
aveilalle to determine the genetic relations of pigment
inheritence in the ray flowers.

The involucre bracts mey also carrf anthocyanin. The
pigment pattern in the involucre bracts more nearly
corresponds to the leaf pattern than in eny other of the
plant paerts studied. The localized spots of dense pig-

ment cheracteristic of the spotted leafl type were also
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observed in the involucre bracts of some varieties and in
some hybrid progenies.

It seems quite certain that at least some of the factors
controlling anthocyanin in the leaves are also involved in
pigmentation of the stems, ray flowers and involucre bracts
sin e the presence of pigment in any of these organs is
always accompanied by pigment in all of the other parts
mentioned. It is also quite obvious that pigmentation in
the ray flowers, involucre bracts and the stem are not
controlled by exactly the same gene combination as controls

leaf coloration.
EVIDENCE OF LINKAGE

The data presented in Tables 10, 12 and 14 of progenies
from crosses between parents carrying the allelomorphs (ce)
end (Rr'r) in different conditions indicate that 1inkage
exists between these two allelomoiphs. In each of these
three crosses the discrepancies in the F2 populations is
beyond the limits of random sempling. In cross No. 1
(Table 10) between the homozygous red M (CCRRTT) end the
green N ( cerrTT) and in cross No. 43 (Table 14) between
the homozygous red ¥ (CCRRTT) and the green NC (ccrrtt) the
number of tinged plents in the Fy fell short of the celcu-

lated expectancy end the number of red plants was in excess
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0£ the celculated. 1In cross No. 117 (Table 12) between the
green plant MN ( ccRRTT) and the green plant T (CCr'r'tt)
the number of spotted plants in the Fg exceeded and the
number of red fell short of the calculated number. The
deviation from thé calculgted expectancy is in each case
much greater than in any of the other thirteen crosses
studied. The deviations are in the direction expected if
the sllelomorphs (Cc) and (Rr'r) are carried by the same
chromosome.

Since emasculation is not practicable it is almost
impossible to obtain controlled back-—crosses in lettuce.

It is necessary to resort to Fg and Fz progeny distributions
for the determination of linkage values.

Linkage between C and R was calculated from the FB
distrimtion from cross No. 1 (Table 10). By assuming R-
and rr to be in the ratio of 3?1, C and R were found to
have a linkasge value of .643. After determining the
linkage value from the Fg distribution from cross No. 1 the
F2 distributions from crosses No. 43 and No. 117 were test ed
for goodness of fit on the basis of calculated values deter-
mined for .64 linkage between C end R. In both cases the
obgerved values for the three types were within the limits
of error. It is eassumed then that the allelomorphs (Cc)

and (Rr'r) have a linkage value of sbout .64.



The X2 of 11.03 for the deviation from the calculated
frequencies in the Fo from cross No. 1, Table 10, is beyond
the reasonable limits of chance with two degrees of free-
domy It is possible with one degree of freedom to deter-
mine the ratio of C~ vs. cc with a 3:1 ratio (a+b)-3d=0.

In the F5 populetion the discrepancy is 78 beyond the

limits of random. sampling. 531~609= ~78.

v f a fa £4°
a 9 1 9 9
£ 4 1 3 4
d 3 -3 =13 36
16 0 48
16 = 9

The sguared standerd error for random sampling in the
expected 9:3?4 ratio is egual to 3n or 2202 (BX734) = 2203.
The squared deviation is 6084 (78% = 6084). 6084 = 2.76 =
Xg, 2303

With one degree of freedom, 1.96 standard errors shows
odds of 1971. 1,96% = 3.84 =X® for odds of 19:1. 4 X°
of 2.76 (0dds of about 10:1) shows the discrepency for C-
ve. cc to be within the linmits of error.

Thie leaves one degree of freedom for the estimation
of linkasge between C and R. It is necessary in this case

to assume & 3!1 ratio for R~ vs. rr. On this assumption

clagss & will be divided into two groups ¢; and dy equivelent



%0 CcR-TT and cocrrTT. If the ratio of O~ and cc had been
exactly 321, the classes b snd dy would have been equel.
Class d contains 203 plants instead of the calculated 177
%427‘2 104 _ 1773. Class d1 then ghould contain 119 plants
(177:203:104:X) and class doy 84 plants (203-119 = 84.)

The distribution of the four classes would then be?

obser ved | calculated
8 - 427 & (2+y)
b - 104 + (1-y)
dy - 119 + (1~y)
dg - 84 )
734

Let[y  1linkage between C and R. With C and R inde-
pendent y should equal .25 and the classes would be! - a=
%(2.25);kb = & (.78); dq = %(.75) end dg = #(.25) and the
ratio would be 9:3:3¢l. The ratio would change with eny
change in y.

Fisher's "maiimum likelihood" formula ny® — (2~-3b-234 ~d3)
y-2dg = 0, was used in solving for y. 734 y3 - (437-308-235-84)
y - 168 = 0. v 4136

v .643

| The czlculsted linkuage between C and R is 4643 when

the velue expected, if they were not in the seme chro osome,

would be .5. By substituting the clsss frequencies expect ed
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from the value for y and solving for goodnese of fit we obtain
X3 of 3.76 which is the velue obtained for the deviation of
C« vee cc from the expected 3?1 ration (Table 20). The

calculated linkage between C and R is then correct if Re
vs. rr is a 3!1 ratio.

Rable 20, Calculation of goodness of fit for the class
frequencies expected from the value of y.

o — —

_ g Frequencies H t (0= 675
Classes \—Groorved : cCalcuiated ¢  OC + — ¢
: : : :
a H 437 H 443.,9 : 15.9 ? «57
: ? : H
b ¢ 104 t  107.6 I 54 S 13
' : : :
4 119; ¢  183.5 $ 18.5 ! 2,07
: : : ;
aQ 84) : $ :
? H : :
H 2 :
734 T 734 ? ¢ 2.76 = x8
- : : :

The Fp distribution from oross No. 43 (Table 14) with an
x? of 9,67 is alsc bteyond the limits of reasonable chance,
If we apply the linkege walue ,64 obtained in the above

case to the Fy distribution from caross No. 43 we obtain the

following velues for the four classes of gametes!:
CRy033; Cr, +18; cR, .18 and cr, ¢33« 4518 of the gametes

will be of the type CRT [(3 x .323) + (4 x .32 x ,18) +
(2 x .18%)] .75 & .4518, 41107 of the gametes will be of the

type G = rrTt [(3 x o32 x .18) # (,18%)] .75 5 1107, The
remaining .4375 will consist of the types which give geen plants.
‘The goodness of fit test with the class frequencies cale

culated from the above proportions gives an X3 of .81 (Teble 231).



With one degree of freedom the deviation from the calculated is
not significant, On the basis of ,64 linkage between C and R
there 1s a close fit between the observed and caloulated

numbers for the different classes;

Table 21, Goodness of fit test of Fo populatione from cross
No, 43 assuming a ,64 linkage between C and R.

(C -0)
15,3
o1
15.2

143,9
568,8

81 = x3

00 88 00700 00 €0 00 00 44 soflee o0
joe 00 cefee 00 60 00 08 00 0], o0

Loo.oo“oooooooooo....“
»
4]
®
pn o0 sefee 20 99 00 00 00 sofee

1300 1300,0

When the calculated linkage of .64 between C and R wes
applied to the Fp population from oross No. 117 (Table 12), the
observed numbers for the different classes were fbund to be
within 1imits of error,

On the basis of J64 linkage between ¢ and R each parent
should produce gametes in the following proportionsi:- CR, ,18;
Cr, +33: oR, 32 and cr, .18, The type CRT will be produced in
the following proportion:=- [}3 x 18%) + (4 x ,18 x,33) 7+
(2 x 333)] .75 = ,3993, The 0-2%#'T- type will be produced in
the following proportion:- [(z x J18 x ,33) (.323)_7 e75 =
.1633, The remaining ,4375 will coneist of the types which
produce green plants, OCalculating goodness of fit for observed
frequencies using the above proportions in determining the

calculated values we obtain a x3 of 3,337, With one degree



of freedom the deviation of the observed class values from the
values calculated on the basis of ;64 linkage is within the
limits of error, Goodness of fit of the observed class fre=
quencies on the basis of .64 linkage between C and R 18 shown
in Table 232

Table 32, Goodness of fit test of Fg population from cross
No, 117 assuming & .64 linkage between C and R,

: — Yrequencies : _ T 10 ~-0)°
Classes ¢ Observed 3 Calouiated s C -0 c
a : A3 338 i 150 :  ,987
: s . : s
b H 108 H 93,2 s 14,8 26350
a4 : 250 3 249,8 3 J3 ¢ 000
: : — : 2
: 571 3 5710 $ 3,337 =1X
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PART 11X

THE INHERITANCE OF SOME CHLOROPHYLL CHARACTERS
IN LETTUCE

Chlorophyll Characters Exhibiting

Mendelian Inheritance

Two types of chlorophyll coloration are readilj identified
among the varieties of lettuce lacking anthocyanin in their
leaves, It is a little more difficult to distinguish the
difference in chlorophyll color in the presence of the antho-
oyanin although under favorable conditions, that is where the
chlorophyll has not faded 6r become yellowish as the result of
unfavorable growing conditions, the two shades can be easily
identified when the red pigment is present, The variety New
York is typical of the dark green type, The lighter or yellow
green type is well represented by the variety Hanson; Environ-
mental conditions may cause considerable variation in the green
color of both types, High nitrogen supply tends to darken the
color of the leaf, Limiting moisture but not to the point of
geriously checking growth tends to produce a darker chlorophyll
than an abundance of moisture, Severe drouth on the other hand
oauses & yellowing of the chlorophyll, Conditions which may
cause & yellowing of the chlorophyll are many., Any condition
which seriously interferes with growth may cause & yellowings
Extreme drouth, excessive moisture, abnormally high temperature,
nutritional deficiencies and toxic soil constituents are among

the common causes of yellowing in plants, In spite of the
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variations in shade of green resulting from external factors
it is not difficult to identify the two types dark and yellow
green under normal conditions. The dark green type is shown
in the colored illustration Plate II. The colored illustra-
tion in Plete III is of a typical plant of the yellow green type.
Any one of the three anthocyanin colorations, red, spotted
or tinged describved in Part I may accompany either of the two
chlorophyll types. The variety Mignonetite is a red anthocyanin
on a dark green chlorophylle The colored illustration in Plate
VIII is typical of a red anthocyanin on & dark green chlorophyll,
The varliety Prize Head is a red anthocyanin on a yellow greene
This combination of anthocyanin and chlorophyll is illustrated
in colored Pléte IX, In the variety Iceberg the yellow green
is accompanied by the tinged type of anthocyanin., Colored Plate
Ve In Density the tinged anthooyanin 1s on & dark green
chlorophyll, This type of coloration is shown in colored Plate
IVe The spotted anthocyanin and the derk green ocour together

in the variety California Cream Butter. Colored Plate VI,
Oolored Plate VII is an illustration of the combination in
which the gpotted anthocyanin is on a yellow green. This type
has been olserved in a number of hybtrid lines. The colored
Pletes are not of the varieties mentioned as typical of the
various anthocyanin and chlorophyll types. Only the color
characters illustrated are typical of the varieties mentioned,
Many of the other plant characters in the illustrations are

digtinctly different from thoeseof the varieties mentionsd

as typical of the type.
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Table 23. Fj3 data from oross No. 15 of dark green red M

(GGCORRTT x yellow green H (ggCCRRtt)

! ! F2 Progenies e
FI ! F1 iDark green:Dark ;Yellow green!Yellow
Plant Noe.: Color ¢ ryed s _greent red {_green
MEB~1 ! Dark : : ¢ :
$ green ! 59 : 18 13 : 4
MH=7 H red 6l s 20 ¢ 17 $ 7
MH-12 ¢ "o 56 ¢ 23 ¢ 13 H 2
MH-14 ¢ "o 93 ! a7 ¢ 32 : 8
Mi-15 ¢ . ¢ . 8 ' 30 : 31 I -
Observed 354 ¢ 117 @ 106 H 26
Calculated 9:3:3:) 339 s 113 ¢ 113 : 38
Deviation 15 H 4 7 H 12
X2 o e = - = - - = - = 5,03
P - - = e, - - - - 001
Dark green : Yellow green
Obeer ved 471 : 132
Caloculated 452 H 151
Devigtion 19 H 19
Dev. - e e w - mp - ww - 2.5

Pe Ee
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It is possible that there exists g third chlorophyll
type intermediate between the dark green and the yellow
green. Such varieties as Deacon end Unrivelled cannot be
definitely classed as either a dark or a yellow green, if
New Ybrkland Hanson are considered as typical representatives
of these two green types. As already mentioned the shade of
chlorophyll coloring i1s influenced to some degree by the
environment. While it 1s not difficult to identify plants
of the color of the dark green New York and the yellow green
Henson, variations due to environmental conditions are suf-
ficlient to make difficult determingtions as to whether an
intermediate between dark and yellow green exists or not.

The dark green chlorophyll type characteristic of the
verieties New York end Mignonette was found to be inherited
as & single factor difference dominant to the yellow green
type and independent of the genes for anthocyanin.

A dark green, red plant from Mignonette was used as
the pollen parent in cross No. 15 with a yellow green plant
lacking anthocyanin from the variety Hanson. The behavior
of the progenies from this cross is indicated in Table 23.

The F; plants were dark green, red. Six hundred three
individuals were grown from 5 Fo plants. Of these, 354 were
dark green, red, 106 yellow green, red, 117 dark green without
anthocyenin and 26 were yellow green lacking anthocyanin.
The P value of O.l1 for the deviation of the observed values
from the calculated expectency for a 9:3:3:1 ratio Indicates

e fairly close fit. All of the dark green with and without



Table 24, Fz data from cross No. 15 of dark green red M (GGCCRRTT)

x yellow green H(ggCCRRtt)

— __F3 Progenies

F : F :Dark Green: Dark:Yellow Green:Yellow
Plan% No, ¢ Co?orwriwm Red :_Greens Red : _Green
MH~7=11 sDark greent 129 : 0o : 0 : o
: red : : __ : .

: : 129 : 0 : 0 : o}

MH=) =4 sDark : 91 : 0 29 : 0
MHe]1="7 : green : 104 : 0 27 : o}
MH="7=2 : red : 93 : 0 25 : 0
MH~]1Z2-1 : " H 89 : 0 32 H 0
MH=)E=5 : " H 102 : 0 3 27 : 0

Observed 479 H 0o : 140 : 0

Calculated 3:1 464 H o 155 : 0

Deviation 15 : 0 : 15 : 0

DEVe o e e e e e e e - 2.

P. E. : : ¢ ?7 : :
MH=1l=1 tDark : 107 : 23 ¢ 0 s 0
MH=1=3 ¢ green : 98 : 31 ¢ 0 : 0
MH=7=4 t red H 87 : 30 ¢ 0 : 0
MH-]12-2 : i H 94 : 35 0 : o__

Observed 386 s 119 ¢ 0 H 0

Calculated 378 e 127 3 0 : 0

Deviation 8 : 8 0 H 0

.ll‘?_v._!._ - wWe W e A W W > @ = e - e P

P. E. : : ' ?2 : :

MHe] =2 tDark : 78 : 30 3 24 H 8
MHeel=5 ¢ green : 81 : 27 3 22 H 5
MHe1~6 ¢ red : 47 : 13 @ 17 H 7
MHe1=Q : u : 62 : 25 ¢ 19 : 3
MH-"7-1 : ¢ H 70 : 22 ¢ 26 : 5
MH="7-"7 H " : 89 : 31 ¢ 25 : 11
MH~1 42 : " : 70 : 22 3 18 : 5
MHe15~1 : “ : 8" : 19 ¢ 23 3. 7

Observed 564 T 189 . 174 51

Calculated 550 s 183 3 183 61

ngiation 14 : 6 : 9 : 10

D e T R - - 2.64

P = o ¢ e e e e e m === - 0.2
MHw]lwll :Dark green: 0 ¢ 127 ¢ o : 0
MHel2=2 L "3 1 s 131 ¢ 0 H 0

H : 1l s 2568 (o} : 0
MH~7-8 :Dark green: Q ¢ 122 ¢ 0 : 43
MH=14«1 HEE LI 0 ¢ 135 ¢ 0 H 30
MHel4w4 HE LI 0 s 127 ¢ 0 i 40

Observed 0 : 384 : 0 + 113

Calculated 3:1 0 $ 373 ¢ 0 i 124

Deviagtion 11 0 H 11

Dev, . e e e e e e e

Fe E. : : W :
MH=]l~12 tYellow : 0 H 0 157 : 0o
MH="7=2 igreen red 0 : 0 s 161 : 0

0 : 0 3 318 . 0
MHw»l=13 tYellow : 0 : 0 : 85 : 26
MH~=7-3 ! green : 0 : 03 123 : 33
MHe] 2m7 : red H 0 H 0 43 : 12
MHee] 51 H L H o : 0 : 119 : 45
MH~] 5w4 : " H 0 H 0 92 : 27

Observed 0 : Cc ¢ 462 ¢ 143

Calculated _0_ : 0_: 454 s 151

Deviatién 0 : 0 : 8 : 8

DeVe & o e e e e e e e - - -

P. E. : : W :
MH=1=]5 tYellow H 0 : 0 0 s 132
MH=7=5 ¢ green : 0 : C 0 : 123
MH=] 41 : " : 0 : 0_: 0 s 117

0 : 0 : 0 s 37
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anthocyanin were grouped together as were also all of the
yellow green. The dark green group contained 471 plants
and the yellow green 132 or a deviation of 19 from the
calculated values fof a 3:1 ratios For 603 individuals a
deviation of 19 is 2.5 times its probablé error end hardly
significant.

Purther evidence in support of the assumption that the
dark green chlorophyll type is inherited as a single Men-
dellan factor dominant to the yellow green type and inde-
pendent of the factors for anthecyanin is offered by the
Fz progenlies presented in Table 24, All of the segregations
expected from the behavior of the F, progenies appeared in
the Fz«. While the deviations froﬁ the calculated values are
probably nbt significant, there was a general tendency for
the dark green type to exceed and the yellow green to fall
short of the calculated values. |

The datas given in Tagble 25 from cross No. 132 of a
dark green red M and a yelloﬁ green,tinged I indicates
the independence of the factors for anthocyanin and those
for ¢hlorophylle As in cross No. 15 there was a tendency
for the dark green type to exceed and the yéllow green to
fall short of the expected values although the deviation was
not significent. Progeny tests of 377 Fz individuals from
seven F_ famllles gave 225 dark green,red, 63 yellow green,

2
red, 72 dark green,tinged and 17 yellow green,tinged.
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Teble 35, Fy and Fg data from oross No. 133 of dark green

red M{GGCCRRTT) x yellow green tinged I (ggOCrrTT)

H ¥2 Frogenies
1 H ] H !Yellow
F ! ¥ tDark green:Dark green:Yellow green! greenm
Plant'Mo. :Goloxr: xed  : tinged t  red  ttinged
$ Dark: ? H H
| 238 sgreen? 36 H & H ) H 3
MIe3 $ red! a7 H 15 H 2 $ 4
MI=8 SN 36 ] ) H 8 4 3
UI=-9 T v 1 31 $ 13 1 10 H 3
MI~10 S I | 37 H 6 H 8 H 1
Ml=-14 8 * 1 a8 : 13 1 9 H 3
MI=15 g % 330 + 13 ¢ 10 3 1
Observed 335 H 72 H 83 2 17
Caloulated 9131331 312 I 2 W | 71 3 24
Deviation H l 8 H ?
X8 e e mm e e et e e n .- 3,7
P wwowameoeoome=w 0,3
Dark green:Yellow green
Observed 297 H 80
Calculated 331 283 $ 94
Deviation 14 H 14

Dav
Pe ko ¢
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Table 26. Fp and Fz data on chlorophyll inheritance in

progenies from cross No, 14 of green N (GG) x
green H (gg)

2 : F3F2 Progeniest F2 ¢ Fg :FD Progenies

Plant $Plant:Dark :Yellow: Plant $Plant: DarkiYellow

No sColoriGreen: green: Nos __3Colorigreen: green
2 ﬁ E [

¢ Dark? H - ¢ Dark? H
NHe~l sgreend 157 ¢ 42 3NHe=3=4 igreent 109 ¢ 0
NHe2 $ do 3 133 3 40 (NH=3=Q $§ do 2 110 ¢ o
NHw3 $ do ¢ 118 ¢ 40 (NH»3=17 ¢ do § 103 3 o
NH~-4 i do ¢ 130 ¢ 35 iNHe«3«35 ¢ do ¢ 98 @ o
NH~5 P dod 74 29 INH=H5=3 + do 3 102 3 o}
NH=8 $§ do ¢ 117 ¢ 55 (NH-H5=0 ¢! do 3 110 ¢ o
NH=7 ¢ do ¢ 165 50 $NH=7=5 $ do :_307 3 o
NH=8 ¢ dos 79 ¢ 31 ¢ 739 ¢ 0
NH=9 ¢! do: 94 : 21 ¢ ¢ Dark: H
NH=10 i do ¢ 773 27 INH=3«1 igreend: 84 ¢ 23
NH-11 t do :_81 : 22 (NH=-3=5 ¢ do ¢ 80 3 20
Observed 1285 i 390 i(NHe3=6 $ do ¢t 88 3 22
Calculated 3:1 1258 : 419 INHe3=13 ¢ do ¢ 87 3 23
Deviation 27 ¢ 27 INH=3-16 ¢ do ¢ 85 ¢ 26
Dev. ______ 2 56 3NH—5-19 : (10 : 85 : 29
P. E. ° tNH=3=20 ¢ do ¢ 80 ¢ 30
tNH=3=20 ¢ do : 80 ¢ 30
iNH=3-21 ¢ do ¢ 93 ¢ 27
INH-3-24 ¢ do ¢ 84 26
{NH=-3=27 ¢ do ¢ 89 ¢ 21
tNH=3-28 ¢ do § 80 ¢ 30
{NHe3«31 : do ¢ 81 29
tNH«3-32 ¢ do ¢ 81 : 29
INH=3=34 ¢ do ¢ 90 3 20
tNHe3«35 ¢ do ¢ 88 22
¢ NHw8e] ¢! do: B84 : 26
tNHe=5«2 ! do ¢t 84 26
tNEwbw4d § do ¢ 85 ¢ 25
¢ NHe5=5 : do ¢ 89 : 21
SNH=5~6 ¢ do ¢ 90 ¢ 20
fNH=5=]0O : do : 91 : 27
$NH=5«11 ¢ do ¢ 77 ¢ 33
t NHw"7=5 ! do $__86 3 24
:Observed 1947 ¢ 580
tCalculated 1896 3 632
:geviation T 52 ¢ 52
P - - - - - - = = 3.52
: iyellow H
¢ NHa3=? igreent 0 : 98
tNH-3=-8 §¢ do ¢ 0! 102
iINH=3-10 : do ¢ 0 : 110
tNH=3=11 : do 0 ¢ 110
iINH=3wl2 : d0 ¢ 0 110
sNH=3=14 : 4o : 0 : 104
$NH=7«15 : do: 0 $¢ 110
$ NHe8w1 ¢ do 01 106
{NH=8=5 : do 0: 08
{ NHeQm? ¢ do 0 : 108
0O * Q54
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The deviation from the calculated values for a 9:3:3!1 ratio
.vas found to havwe a P walue of 0.2 indicating a close fit.
When the 377 plants were divided into groups of dark green
and yellow green without regard fdr the anthocyanin, 297
were derk green and 80 were yellow green or a deviation of
14 from a calculated 3:1 ratio. A deviation of 14 for 377
Plants 18 3.47 times its probable error, hence hardly
significant.

The inheritance of chlorophyll color was studied in
progenies from a third cross No. 14 between the dark green
(N) and the yellow green plant (H). Fy and F; progenies
from cross No. 14 are given in Table 36. As in the two
previous crosses the yellow green type was short of the
calculated number. The’Fi plants were all dark green and
the F; segregated dark green and yellow green. Of the
1675 plants recorded in the F;, 1385 were dark green and
380 were yellow green. The deviation was 37 from the
calculated 3:1 ratio. Progenies from geven selfed dark
green Fz plants produ ced only dark green plants in the
next generation. Fa progenies from 23 selfed dark green
ra Plants gave dark green and yellow green, One thousand
nine hundred forty-seven of these were dark green and 580
were yellow green, a deviation of 53 from the 3:1 ratio.

The deviation in this case 1g gignificant being 3.52 times



its provetle error.

i caierul study of many of the green plantq laocking
anthocyanin revealed no evidence of a third type of green
in the progenies from either croas No. 14, 15 or 133.

The deficiency of yellow green plants may be due to
error in classification of the plants into the two groups
but the consistancy of the shortage in the numerous
progenies points to some other cause, It seems lifaly the
low number of yellow green plants may be due to gome genetic
weakness of this genotype. This is suggested by the weakhese
‘of the yellow green plants as compared with the dark green,
In practically all of the progenies studied the dark green

plants were observed to be more vigorouns than the yellow

Plants in the same progeny. It has not been possible to
explain the lack of vigor in the light green plants since

gome of the largest and apparently vigorous varictiea of
lettuce are of the yellow green type. The difference obe
gerved may be largely a matter of growth rate, None of the
yellow green plants obaérved to be small and lacking in

vigor were grown to maturity, hence it was not possible to
compare their size at maturity with the dark green type. It is
possible that the observed difference in size of the two

types would have been lost as the plants reached maturity.

Plates X and XI show photographs of progenies from crossee.
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involving dark end yellow green parentse Plate-x shows a
flat of F, plants from a cross of the dark green plant

(N) with the yellow gresn tinged plant (I). Plants 1, 2,
4, and 6 were dark green and plants 3, 5 and 7 were yellow
green., The dark green plants averaged more than twice the
size of the lighter green type. Plate XI shows a group of
F, plants from a cross of the dark green red plant (M) with
the yellow green plant (H). Plants 2, 5, 8 and 7 were dark
green and plants 1, 3, 4 and 8 were yellow‘greén. These
two lots of plants are typical of the variation observed in
the sige of the two types of plants in respect to their
chlorophyll color. Whether this is a difference in growth
rate or a genetic weakness in the yellow green genotype is
a matter of speculation. If it indicates a genetic weakness
it may help to explain the shortage of yellow green plants

in the progenies from crossee between the two types.

CHLOROPHYLL- DEFICIENCY
A Chlorophyll Character Exhibiting

Non=Mendelian Inheritance

Among 53 rl plants grown in 1930 from & orose between
the verieties Transport and New York, one plant was observed
to have peculiarly blotched leaves (Plate XII). Portions

of the leaves were entirely devoid of chlorophyll. The



Plate X
Showing the difference in else of dark and yellow
green plants in the same Pg population* Plants 1, 2,
4 and 6 were dark green and plants 3, 5 and 7 were

yellow green¥*
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Plate XI
Showing alee difference between dark and yellow
green plants in an F2 population from a cross of a
dark green, red plant of Mignonette and a yellow green,
nonpigmented plant of Hanson* Plants 2, 5, 6 and 7
were dark green and plants 1, 2, 4, and 8 were yellow

green*
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extent of the whitish area varied in different leaves from
50 per cent or more to leaves that were entirely green.
Seed was saved from this plant and a large F2 population
grown in 195l. The variation in color noted in the 1eavés
of the F, plants was observed in the cotyledons of the Fo.
Some of the Fo seedlings were pure albinos. These died
within a few days after emergence. Many of the Fo indi-
viduals were entirely green and appeared to be nﬁrmal
plants. A conslderable proportion of the Fgo seedlings
showed the blotching in the cotyledons characteristic of
the leaves of the original F, plant. The proportion of
green and white areas in the cotyledonslof these blotched
plants varied from almost entirely green to almost entirely
white. Many .of those that had a high per cent of chlorophyll-
deficient tissue died In the seedling stage. The vigor of
different individuals appeared to be proportional to the
extent of green tissues.

Fo plants showing various amounts of white tissue were
selected and grown to maturity. The seed of each was har-
vested separately and an Fj population grown from each.

The proportion of green, blotched and albino plants was
different in each population as shown by the X2 and P values
for the deviations from the average for the ten populations

(Table 27)e All but two of the ten distributions deviate



Plate XII
A photograph of the original chlorophyll-
deficient plant from which all of the material

studied was obtained.



Plate XIII
A photograph of a plant lacking chlorophyll

in a very large part of its leaf area¥*



Plate XIV
A photograph of a chlorophyll«*deficient plant
Bhowing a type of deficlenoy in which the portion
of the leaf on one Bide of the midrib is entirely

albino and the other half of the leaf nay be mottled

or all green¥*



Plate XV
k photograph of an individual leaf from a chlorophyll-
deficient plant showing in more detail the albino and

mottled portions*
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significently from the average (Table 27

The number of blotched and albino plants in each popu=
lation varied with the amount.of white tissue in the leawes
of the mother plants. The more white and blotched erea in

~the leaws of the F, plants the éreater the proportion of

3
blotched and albinos in the Fz. The five F3 plants which
were wholly green gaw only green progenies. Nine hundred
and twenty~-gix geedlings were grown from these five plants
and all were entirely green,

In 1933 and again in 1934, individual flower heads on
blotched plants were tagg?d and records kept as to the
color of the bracts forming the involucre of the head.
Three types as regards color of bracts were selected, One
lot of .heads was selected which bore nothing tut greemn
brects, & second group bearing blotched tracts verying
in the extent of chlorophyll deficient tissue and a third
group was selected from portions of the plant which were
very deficient in chlorophylil. Only heads which bore
bracts entirely free of chlorophyll were included in this
later group. The seed from each head was harvested and
kept in separate envelopes. The seed from the individual

heads were planted separately. The resulting progenies are

given in Table 38.
Some of the variations in the pattern of the chlorophyll



x3

H

$Blotched: Total !

1"§_89groga.t ion

rs progenies from chlorophylle~deficient plant.

? Fy
Green

t:Phenow

Number? type $GreentWhite

Fg
Plan

Table 27,

[ -4 Q n - -t U =4 -4
o O -t © © Q o (o o o
L] ® | J [ ] L 2 L ] [ J [ ] [ ] ®
B9 0% Se 4o S5 s e e sl e i 00 RO S @8 G0 08 W G0 9 D6 % Ge S S8 S8 O+ N6 S0 S e
.e
w0 Yol v
8 B 9 © © & W
w (] ] (o] Q o 0 4] N O
3 A4 ¢ N @ o oW O @
Qe S0 Gu 8% H0 % DO B0 00] % 00| co G2 00 S0 G0 @0 Gu ¢ G G5 S0 Se 86 B s OO St G0 ev S
! [ o 22 © 73] - e ¢} n T} < a2 (o] © ®

00 00 DO % SO 60 B s SO ™ 5] 50 99 06 On S5 B¢ S Sv Go o O Bs v G Ss BHe S a8 S P9

Q O O O oOf O m [ T T B - | P
f 2 3 3 5 8 L 32 IR

ae o0 80 o G0 ¢ 5 oe OS] ¢u o» 0 N0 8 G Sa 0% &% W So O 0% G0 So Be O S 0 S0 o Qo

O © O QO O w - M I = &~ 0 O O
° 1m34. - N > =

&
o

%0 28] 59 G0 %o 00 %0 Oz $0 D0 s S° s e e P o P Su e o O
m

..wjm_ EEREEEE

137

0e)
- ® -T e~ e~ 1~

17@s
1932

-

- 1478

e S0 04 @¢ e 90 Su e onf oo es S0 B %o A% o O D9 06 00 B8 Go o 85 B9 0% Ss 80 B9

o Q o O O *] Q o o o 0 o
k-] o g9 o

O
 © © ©w v ©w v = L

¢ Blote!

¢ ched !¢

99 ¢ s 65 S0 B¢ 95 %a So) 95 o

3580&&1246791345

oo S0 00 o S5 S 80 So B0 OO0 P ®n o B ¢ 00 S0 oo

— 2 =

! 14058 385 ¢

Total @



Talle 38,

Progenies from flower heads ha v¥ng green, blotched

and white bracts.

Color of Progenie

Bract

Flower head ¢

otch
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deficient arcas which ocour in progenies from deficient
Plants are shown in Plates XIII, XIV, and XV, The plant
shown in Plate XIII has near the maximum of deficient area
in order for the plant to maintain 1tsel£ to maturity. As
Plants approach the albino type the sooner they die.from
starvation due to low synthetic activities,

Seed from heads bearing only green bracts produced only
entirely green plants. The seed from heads bearing only
albino iracts gave only albino seedlings which soon died.
The progenies from heads bearing blotched bracts segregated
albino, green and blotched in various ratios depending upon
the extent of albino and green areas in the bracts of the
involucre.

A study was made as to the mode of inheritance of chlore
ophyll deficiency in this material., Flowers bearing only
green involucre tracts were pollinated with pollen from
flowers bearing altino tracts only and with pollen from heads
bearing blotched twracts. Flower heads bearing only albino
racts were pollinated with pollen from heads having only
@reen trects and others with pollen fronm heads having
blotched lrects. In order to make eertain that the resulting
seed were the result of cross-fertilization and no
selfwfertilized ovules, maternal parents were selected

which were free of anthocyanin pigment and pollen was
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Data on effect of pollen on color of F; plants.

Table <29«

MothertColor of Bracts!Color of EBEracts!

Head ¢
MMat

Fl Plant Color
*GreeniWhite: Klotched

2

of Maternal
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obtained only from plants carrying anthocyanin. By making
the crosses in this manner it was certain that all of
the plants grown from these crosses which carried anthocyanin
were hybrlds as all selfed flowers would produce seed
which would be free of the factors for enthocyanin.
The progenies which resulted from the various crosses
are given in Table 29,

In no case did the pollen have any effect on the
color of the resulting progenies. Seed from heads
bearing only green bracts produced only green seedling
whether the flowers were fertilized with pollen from heads
bearing albino, green or blotched bracts. Seed from
heads bearing only albino bracts produced only albino
progenies whether fertilized with pollen from heads
‘bearing green, blotched or albino involucres.

Similer non-Mendelian chlorophyll-deficiencies
heve been observed in many different species. The numerous
species exhibiting this type of inheritance of chlorophyll-
deficiency and the investigators reporting them have
been summarized by de Haan (8).

The term status albomasculatus has been applied by

Correns (5) to this type of chlorophyll inheritance in
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which variegation is inherited only through the variegated
portions of the mother plant and without effect of the
pollen,

Several theories have been advanced as possible ex-
Planation for the genetic bebavior of this type of
ohlorophyll=deficiency.

Anderson (1), Baur (2), Chittenden (3), Clausen (4),
Correns (5) and (6), Demerec (9), Gairdner and Haldane
(11), Imai (13), Sturtevant (17) and Yasui (23) give
various interpretations to the genetic behavior of
albomaculata plantse.

Sturtevant (17) attributes the variation in chlorow
phyll in albomaculate plants to lethal genes to which the
genes for variegation are coupled,

Demerac (9) explains this type of non-Mendelian
inheritance on the basis of gene mutation,

Baur (3) places special emphasis on the behavior of
the plastids.

Correns (5) suggests that the plasm of the young cells
in the variegated portions of the plant occur in a labile
gtate and may later change either to the normal condition
having green plastids or to a state in which the plastids
are colorless.

The lack of agreement among those who have studied
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this particular type of inheritance indicates that much

additional study must be made before this type of inheriltance

can be satisfactorily explained,

INHERITANCE OF SEED COAT COLOR

Color Types in Lettuce Seed

Three colors are generally recoghized in the seed of lettuce.
According to Jones (13), seed color in lettuce is due to pig-
ment carried in the seed coat. Most of the cultivated
verieties have either black or white seed. There are a few
varieties however that are known as yellow seeded, slthough
the color is more nearly buff than yellow. Yellow Seeded Butter
and Giant Summer are among the varieties having yellow seed.
Durst (10) found black to be dominant to white in progenies
from crosses involving the black seeded variety Grand Rapids and

wild species Lactuca scariola and the white seceded varieties

May King, Paris White Cos and Big Boston. Fo data presented
from five crosses involving the above varietlies indicated a
single factor difference.

The shade of color varies somewhat in the black seeded
varietles not only between varieties but different lots of
seed of the same variety may differ slightly if grown and
harvested under different conditions. Seed of some
varieties appear jet black while others have a brownish

coat. Whether this is a quantitative genetic difference
has not been determined. These various shades of black
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all show the same genetic relation when crossed with a
white seeded type. In the progenies from each of the
8lx crosses between black and white seeded varileties
studied the black acted as a simple dominant over the

white giving ratios of three black to one white in the Fo,
Genetics of Seed Color

The progeniles grown for the studlies presented in
Part I on the inheritance of anthocyanin supplied material
for a study of the inheritance of seed coat color. Re-
cords werekept of the seed coat color in numerous progenies
from crosses involving black and white seeded parents.
The black seeded varieties included (M) Mignonette, (B)
California Cream Butter, (R) Grand Rapids, and (T) Transport.
The white seeded parents were (H) Hanson, (N) New York,
(U) Unrivalled, and(I) Iceberg.

Of 228 individuals from 10 selfed Fy plants from
ecross No. 67 (Table 30) between black seeded variety
Trensport end white seeded Unrivalled, 101 produced
black and 27 white seed. This is a deviation of five
from the calculated velues for a 3:1 ratio. The deviation
was 1352 times its probable error and not significant.
The Fz selfed white Fy plants produced only white seeded
progenies. The selfed black seeded Fo plants segregated
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Table 30. Fo and Fz data on seed coat color in progenles
from cross No. 67 of white seeded Unrivalled (ww)

X black seeded Transport (WW)

Fo Progenies from Selfed Plants

M : Fy : 2_Progenies
_ _Plant No, : Seed Color : Black : White
UT=1 : Black : 5 : 2
UTe2 : do : 10 H 3
UT=3 : do H 7 : 2
UT=4 H do : 11 : 4
UT=5 : do : 10 : 2
UT="7? H do : 19 H 4
UT«8 H do : 13 H 3
UT=9 : do : 11 : 3
UT=10 : do : 15 H 4
Observed 101 H 27
Calculated 3:1 96 . 32
Deviation 5 : 5
DeVe o o o e e e e e e - .
F3 Progenies from Selfed F2 Plants
Fo : Fo : F3 Progenles
Plant No, : Seed Color : Black : White
UTelew3 : Black H 13 : 0
UTwl=6 : do H 6 : 0
UT=2=4 : do : 7 : 0
UT=25 : do : 21 : 0
UTed-2 H do : 13 : 0
UTwde3 : do H 14 : 1l
UT=4s6 H do : 9 H 0
UTwS=7 H do : 11 : 0
UTa7=1 H do : 5 : 0
UTw7=6 H do : 10 : 0
UTw7=7 H do H _15 : i
H : 124 : o
UTelel H Black : 31 : 7
UTml=? : do : 24 : 7
UTew2=2 : do : 16 : 5
UTw2e3 : do : 9 : 2
UTw2=6 : do : 11 : 5
UTw3ml : do : 8 H 3
UTw3m=3 : do : 15 : 4
UTmb5m2 H do : 17 : 7
UTe5=6 : do : 25 : 9
UT=5-8 H do H 24 : 6
UTem7w2 : do : 29 : 8
UTw7w3 : do : 17 : 3
UTe75 H do : 13 H 5
UT=8=1 : do H 11 H 4
UTm8w3 : do : 17 : 8
UTw8=6 : do : 13 : 2
Observed 280 H 85
Calculated 3:1 274 : 91
Deviation 6 : 6
DeVe  w o v e o = - - = - - =1,
P. E. : s 1.08 :
UTw3~4 : White : 0 : 25
UT=3=5 : do : 0 : 9
UTwdw]l H do : 0 : 11
UTeww5eel : do : 0 H 11
UTe5=3 : do H 0 : 17
UTe7=4 : do H 0 H 8
UTe8~4 H do : 0 : 10
UT=8=5 : do : 0 : 23
0 : 114

L
(] L]

%Two white probably a contamination
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in the F3 as true breeding black progenies end progenies
consisting of three black to one white, Of 37 gelfed
black !. Plants from which the F, was studied, 11 were
homogygous for btlack and 16 were heteroszygous.

The black seeded Grand Rapids (R) was crossed with
the white seeded Iceberg (I) in cross No. 135 (Table 31).
The F; plants all produced black seed. Progenies were
grown from 10 selfed Fy plants. Of the 244 plants in the
¥; 186 developed black and 58 white seed. This is only
& deviation of three from a perfect 3:1 ratio. Thirteen
black seeded ra plants proved by their progenies in the
next generation to be homogygous for blaok, Sixteen Fy
blacks segregated three black to one white in the next
generation. Fgz progenies were grown from 13 white seeded
F; plants. All were white seeded except one plant from
IR=7=-2 which produced black seed. This one plant was
disregarded as it is believed that it was an accidental
mixture,

Color of seed was studied in the progenies from the
cross No. 132 between the black geeded Mignonette (M) and
the white seeded Iceberg (I) (Table 33)s The F, was black.
One hundred sixty-eight plants were grown from seven
selfed F, plants. Of these 139 were black and 32 were

white., Selfed white seeded Fa plants produced only white
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seed in the next generation, Nine self pollinated Hack
seeded F, plants proved to be homozygous for black proe-
ducing 6n1y black seed in the FS‘ Fourteen selfed black
seeded F3 plants segregated. in the next generation as
blacks and whites in the ratio of approximately three black
to one white. Two hundred fourteen were black and 74 were
white, a deviation of two from a 3:1 ratio.

Data on seed coat color in progenies from cross No. 1
between the black seeded Mignonette (M) and the white
seeded New York (N) are given in Talble 33. Progenies from
cross No. 39 between bleck seeded California Cream Butter
(B) and white seeded Iceberg (I). (Table 34). And data
in Talde 35 from a cross No. 15 between black seeded
Mignonette (M) and white seeded Hanson (H). In each of
these three orosses the Fy preduced only bleck seed and
the F, segregated black and white seeded in the ratio of
approximately three black to one white., The one black
seeded plant in the F3 from a self-pollinated white Fy
plant MN=3 was disregarded as it was likely an accidental
mi xture.

The progenies from the six crosses of black seeded
with white seeded varieties studied confirm the results
obteined by Durst (10) showing that seed coat color in

lettuce is inherited on a simple Mendelian basis and tha

black seed is a simple dominant over white seed.
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Table 31. Fo and Fz data on seed coat color 1n progenies
from cross No. 135 of white seeded Iceberg (ww)

x black seeded Grand Rapids (WW)

w2 Progenles from Selfed F1 Plants

s ] : F1 : Fo Progenies
Plant No, _ : Seed Color ¢ Black : White
IR=1 H Black H 30 H 5
IR=2 : do : 24 : 7
IRm3 H do H 22 : 4
IRw5 : do : 17 : 7
IR-6 : do : 19 : 7
IR=7 : do H 13 : 5
IR=-8 : do : 14 : 6
IR~9 : do : 16 : 10
IR~10 : do : 19 H 4
IR~11 : do : 12 $ 3

Observed 186 : 58
Calculated 331 183 : 6l
Deviation 3 : 3
De¥e _ & L o o e e e e e e -
P. E. . L

F3 Progenles from Selfed Fo Plants

Fo : Fo . F3 Progenles
Plant No, : Plant Color ¢  Black : ____White
IR=1=3 H Blsck : 8 : C
IR=1-6 : do : 17 : o)
IRm2=2 : do : 7 : 0
IR=2w3 : do : 30 : 0
IR=2~="7 : do : 19 3 0
IR=3w5 3 do : 23 H 0]
IRwbwl : do : 14 H 0
IRwB=2 : do : 5 : 0
IRwBe=3 : do : 13 : o)
IR=7=1 : do : 4 : 0
IRu9=3 : do : 4 : 0
IR=10=2 : do : 8 : 0
IRw1l=2 : do : 11 : 0

: : 139 : 0
IRm]lw4 : Black : 15 : 6
IRw1mb : do : 17 : 4
IRm2m=] : do : 21 H 7
IR=2=3 : do : 8 : 3
IRw3w4 : do : 11 : 5
IRmbm3 : do : 22 H 6
IR=5=5 s do : 28 : 6
IRwG=4 H do : 13 : 4
IR=8-3 : do : 20 : 5
IRe9=1 : do H 5 H 1l
IRwOw4 : do : 8 : 3
JRw10~1 H do : 13 : 4
IR=10=5 : do : 17 : 7
IRw1l=l : do : 14 : 4
IJRe11l=2 : do : 17 : 4
IR=11l=4 : do : 9 : 3
Observed 238 : 72
Calculated _233 : 77
Deviation 5 : ]
Deve _ _ - _ _ _ - - - -2 -
P B : : 0.90 .
IR-1-1 : White : o] : 5
IRw]l~2 : do : 0 : 11
IR-2=5 : do : o : 7
IR=2«6 : do : 0 : 14
IRse3wl : do : 0 : 3
IRw=3=6 : do : o] L 11
JRw3="7 H do H 0 : 5
IRw5=2 : do : o] : 9
IRme5m7 : do : 0 : 21
IRm7=2 : do : 1 H 15
IR=7«4 : do H o : 29
IRmeOw? : do : 0 : 7
IRe10w=gd H do : 0 : 12
1% : 149

*1 Black seeded probably a contamination.
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Table 32, Fo and Fz data on seed coat color in progenies
from cross no. 132 of black seeded Mignonette (WW)

x white seeded Iceberg (ww)

Fo Progeniegs from Selfed F1 Plsnts —_
Fq : M : F2 Progenleg
Plant No, & Seed Color : Black : White

MI-?2 : Black : 26 : 10
MI=3 : do H 23 : 4
MI-5 : do H 18 : 4
MI="? H do : 21 : 4
MI=8 : do : 12 : 7
MI-11l H do : 14 H 3
MI-13 H do : 15 : 4

Observed 129 : 39

Calculated 3:1 126 : 42

Deviation 3:1 3 : 3

Deve  _ _ _ _ o e e e e e -

F:~E: . . 0.79 .

_ ~ ¥z Progenies from Selfed Fo Plants
Fo : Fo : Fz Progenies
Plant No. : Seed Color : Black : White

MI=2=3 : Black : 11 : 0
MI=4el : do : 19 : o}
MI=-4-3 H do H 13 : 0
MIwd—d $ do : 27 : 0
MIwb=3 H do : 17 H 0
MI=5=6 $ do H 19 H o}
MI=8=1 : do : 9 : 0
MI=8=5 H do H 15 H 0
MI=8=8 H do H 26 : 0

H : 156 : 0
MIw2=l H Black : 23 H 9
MI=2=4 : do H 16 H 7
MI=2=5 H do : 9 2 2
MIw4=2 H do H 11 : 5
MIwSwl H do : 21 H 6
MI=5-=2 H do : 19 H 7

MI=7=2 H do : 14 H 6
MIwm7=3 H do : 13 H 2
MI=1lwd H do H 12 : 6
MI=11l=4 : do : 18 : 4
MI~115 : do H 15 : 5
MIwl3=2 H do H 20 : 8
MIw13=3 H do H 11 : 3
MI=13=5 : do H 12 : _4

Obgerved 214 H 74

Calculated - 216 : 72

geviation 2 H 2

2eVe _ | e mee - m — -

Po Et : ?‘40 :
MIwdwb : White : 0 : 7
MIw5wd : do H 0 : 13
MIw7«l : do : 0 : 9
MI=Bw=?2 H do : 0 H 23
MIwBw3 : do : 0 $ 11
MI=llel H do : 0 H 19
MIwl3=4 H do : 0 H 12

0 : 94

o
e
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Table 33. Fo and Fz data on seed coat 1in progenies from
cross no. 1 of black seeded Mignonette (WW) x

white seeded New York (ww)

Fo Progenles from Selfed F] Plants
M : F1 : Fo Progenles
Plant No. : Seed Color _§ Black _3 White
MN-2 S Black : 42 : 10
MN=4 : do H 29 : 7
MN=5 : do : 31 : 10
MN="? : do H 17 : 5
MN-8 : do : 18 H 9
MN=9 : do H 14 H 5
MNe~12 H do : 26 H 8
MN=13 : do : 32 : 9
Observed 209 : 63
Calculated 204 : 68
Deviation 5 : 5
DevVe  _ _ 0 o o _ 2 - 2
o 1.0

[N [
- [

F3 Progenies from Selfed Fo Plants

Fo Fo : F% Pro%enies

MNe~2-1 H Black H 33 : o
MN=4e3 H do H 21 H o]
MN=8=2 H do H 8 : 0
62 : 0
VN 22 H Black H 5 H 3
MNe2w4d : do : 16 H 4
MNe2e5 : do H 32 : 8
MNe=dw]l H do H 23 : 9
MN=5=4 : do H 11 H 3
MN=7=1 H do H 17 H 4
MNea7e2 $ do H 11 H 5
MNw8=3 H do H 21 H 6
MNeeBe5 H do H 15 : 4
MN=O=2 H do : 17 H 8
MN-12-1 : do : 12 H 5
MNe1 23 : do : 20 H 7
MN=]1Z2=4 : do H 17 H 7
Observed 217 : 82
Calculated 3:1 224 : 75
Deviation i : 7
DeVe _ _ @ o e e e e - - o
o : : 1.37 .
MNw2el : White : 0 H 19
MN=2e6 : do : 1 : 23
MNede?2 : do H (0] : 13
MNw5=l H do H 0 : 16
MNw5=2 H do : 0 H (4
MN=7-~-1 H do H 0 H 11
MNeeS=1 H do H o} H 21
MN=Sw4 : do H 0_ H 14 -
1% : 124

o

*1 black seeded plant probably a contamination.
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Table 34, Fgo and Fz data on seed coat color 1n progeniles
from cross No. 39 of black seeded California Cream

Butter (WW) x white seeded Iceberg (ww)

Fo Progenies from Selfed F1 Plants
F

1 : 51 : Fo Progenles
Plant No, : Seed Color s+ Black : White
BI-~] : Black : 11 : 2
BI-2 : do : 17 : 5
Bl=3 : do : 9 : 2
BI=5 : do : 13 H 4
BI-6 : do : 14 H 6
BI="7 : do : 22 : 9
Bl-8 : do : 11 : 5
BI-10 H do : 15 : 6

Observed 112 : 40
Calculated 3:1 114 : 38
Deviation 2 : 2
DeVe o o e e e e e e o - - - 0.
Fz Progenies from Selfed Fo Plants
Fo : Fo : Fo Progenies
Plant No, s+ __Seed Color :
Bl=]l=2 : Black : 13 : 0
BI-2«4 : do : 19 : 0
Bl«5«~2 H do : 22 : 0
BI=7=3 H do : 16 : 0
H H 70 H 0
Blwl=3 : Black H 27 : 10
Bl=lw5 H do : 19 : 5
Bl=]l=6 H do : 5 : 2
Blel-8 : do : 13 : 6
BI-2«2 : do : 21 : 8
Bl=3-2 : do H 25 : 7
Ble3=3 : do : 23 : 6
Bl=5«5 : do : 9 H 2
Ble6=l : do : 14 H 7
Blwf=2 H do : 30 : 9
BI-7=4 : do : 19 : 5
Bl=8e] H do H 11 : 2
Bl-8«3 : do : 11 : 3
Bl=]0=2 H do H 22 : 6
Observed 249 s 78
Calculated 3:1 245 : 82_
Deviation 4 H 4
Dev,
P. E, -~ ':' -TT-T =" ; - 0.76 :
Bl=l=1 : White : 0 : 15
Blelw4 : do : 0 : 19
Blel="7 : do : 0 : 27
Ble2=3 : do : 0 : 17
Bl=3=5 : do : 0 : 31
Bla5-4 H do : o] : 22
Ble?7=l : do : 0 : 13
Bl=10=4 : do H 0 : 10
0 : 154
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Table 35, Fo and Fz data on seed coat color in progenies
from cross No. 15 of black seeded Mignonette

(WW) x white seeded Hanson (ww)

Fo Progenies from Selfed Fq Plants

- F : : Fo_Progenies
Plant No. : Seed Color : Black : White
MH=2 : Black : 33 : 12
MH=~5 : do : 23 : 6
MH-6 : do : 17 : 7
MH="7 : do : 26 : 8
MH-12 : do : 31 : 6
MH-14 : do : 19 : 4

Observed 149 : 43
Calculated 3:1 144 : 48
Deviation 5 : S
Dev.
PoE, T TS T t-oymles
Fz_Progenles from Selfed Fp Plants
Fo : Fo : F3_Progenies
Plant No. : Seed Color : Rlack s ¥hite
MH=2=2 : Blsack : 17 H 0
MH=2-7 : do H 23 H 0
MHeeS=] : do : 11 : o}
MHe="7e?2 : do : 15 : 0
MHes7ee3 : do : 9 : 0
MHe] 2e4 : do : 27 : 0
MHee12=6 H do : 19 : 0]
MH=1 41 s do H 21 : 0
: : 142 H 0o
MHew2w] : Black - 11 : 5
MH=2=3 S do : 9 : 4
MHw2e5 : do : 15 H 4
MHu5«3 : do : 23 H 10
MH=5=5 H do : 12 H 3
MH=5«6 : do : 8 : 3
MHw6-1 : do H 22 : 6
MH=6=2 : do : 17 H 5
MHe"7=1 : do : 21 : 7
MHew7=4 : do : 14 : 5
MH="7«5 H do : 19 : ?
MH=12=2 : do : 12 : 7
Observed 183 : 66
Calculated 187 : 62
Deviation 4 H 4
Dev.
..~ " -; ------- - : 0.87 :
MH=2=4 H Black : 0 H 13
MH=5-3 : do : o] H 28
MH=6=5 : do : 0 : 19
MH=12«] : do : o H 31
MH=12=3 : do H 0 : 15
0 : 106

oo
oo
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Crosses were made between black seeded and yellow seeded
and between white and yellow seeded varieties but through some
error most of the lots of seed were mixed and sufficient material
is not now available to determine the breeding behavior of the

Yellow seeded type when crossed with the black snd white typese.
SUMMARY

The genetics of the inheritance of anthocyanin pigment in the
leaves of lettuce was studied in progenies from 16 crosses involving
nine different homozygous genotypes. Seven genes were found to
be necessary to account for all of the segregations obtained
in the Fy and F, progenles.

Three genes {Rr'r) form a multiple allelomorphic series con-
trolling the intensity and pattern. The presence or absence of
anthocyanin was found to be controlled by two complementary fac-
tor pailrs(Cc) and(Tt). |

The multiple allelomorphic series (Rr'r) and the allelomorphs
(Cc) were found to have a linkage value of.64.

The dark green chlorophyll color in lettuce leaves was
found to act as a single Mendelian factor dominant to the gene
for the yellow green.

A chlorophyll-deficiency in the leaves was found to be
non-Mendelien in its inheritance. A single plant may bear seed
which will produce green, blotched or albino plants. Chlorophyll-
deficiency is inherited only through the maternal parent and is
non-Mendelian.

Black seed was found to behave as a single factor dominant

to the gene for white seed.
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