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The inheritunce of chlorophyll deficiencies in sugar beets, incuding
plastid inheritance. has attracted the attention of scientists because many
problems in genetics and physiology ol sucrose content and root yield can
not be sofved by studies restricted to the root.

Discussions concerning the localization and the synthesis of sucrose in
beets (21, 30)* and also the forms of the mobile sugar n dhe vascalar systom
rost on the new facts showing that the svadhests of sucrose iy localized in
leaves but not in the petiole or in the tops of e roos. In experimenis
where radioactivemarked carbohvdraies (CO,)  were used for nutrition,
it was indicated that when bects were exposed to light the radioacuve car-
bohydrates appeared first in the formation of sucrose in the leal Dlades
This made it possible to consider sucrose as principal mobile sugur buils
during photosynthesis direcdy in leaves, hut not in rhe roots of sugar beots
(21, 22, 30) .

The intensity of photosynthesis depends upon different strucuures ol
plastids which vary during the ontogenetic development ol the plants (45} .
The sugar bect root contains, even in the internal ussues, some colorless
leucoplasts, as well as green chloroplasts (10). The function of plastids in
the root tissucs s unknown,

Experiments in beets (41, barley {12y, and other rops showed that
genes causing chlorophyll deficicney changed the sive, color, and number
ol plastids in the lead cells. In this way such genes abso changed the lnten-
sity ol photosynthesis, and in connection with this, they could acquire a
plelotropic action on the development of certain quanttative characters in
beets,

I Andrrhinum 44y, barley (13, 14, 153y, and sorghum (20)  certain
genes which cause chlorophyll deficienoy in the homosygowe showed general
hieterosis in the heterorygote.

Ditferent chlorophyll mutations were observed in plants after exposure
to atomic radiation (17, 86} .

Knowledge of the inheritance of chlorophyll deficieney in beets iy neces-
sary lor the genetic and physiological study of beews us well as for breeding
work, cspecially for the breeding of irvadiared bects,

Material and Methods

The chlorophvll-deficient races studied were fsolated i varictal popue
lations of sugar and fodder beets, inbred lines, and hybrids. In this way they
all vepresented natural mutations but not mutations stimulated by \n
radiavon, etc,

Hybrids were obtained by exchanging pollinating paper bags. F, seed
was obtained by selling or Irom sib-matings of ¥, plants. To study the in-
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herftance of thwe small differences in the guandey ol chlorophyll, the par-
ental plants were propagated vetgetatively, Clones were vegetatively propa-
gated for several years, which made it possible to obtain I, and ¥, seed
and to produce backcross hybrids.

Linkage bewween genes causing chlorophyll dehciency and other gences
known in Bela vidgaris L, will not be discussed i this paper,

Experimenial Results

The inheritance of albinism. The study of albinism in beets was
started by Proskowetz  (33). During 1885 and 1886 Proskowetr studied
seventeen chimeric plants with alternate green and white sectors. He cae
o the conclusion that albipism was partially inherited,

Non-Mendelan inheritance of chlovophyll deficiency, status alboma-
culatus. In 1919 Stehlik (13) lound a variegated sced beet which developed
one green and one white branch. The r,mdlm;_;.\ grown from the sced balls
collected [rom the white branch were yellow., He concduded "Das diese
gelbe Farbung von dem in den Zehlen vorhandenen Farbstoffe der chroma-
tophoren berrahrie”  ("That this yellow color was caused by the color of
chromoplasts located in the cells.™) These plants could not develop chloro-
phyll and perished at an carly stage. The plants derived from sced balls
ol the green branch gave 600 normal green plants without any wrace of
albinism. Stehlik was the first to stare that albinism in varietgated beets
was inherited through the cyvioplasin, as shown from studies i Mivabilis
Julapa albomaculata by Correns in 1909 (8.

Stehlik’s conclusions that albinean in beets is inherited through the
cyvtoplasm only, was confirmed by Munerati in J928 and 1942 (25, 26).
Munerati indicuted that the chimeric varicgated beets occurred in populi-
tions at the rate of oune per 30,000 or 40,000 green plants. To study the
inheritance of albinism, Muncrati collected about 300 chimeric plants per
year in commercial varieties,

The progeny consisted ol white seedlings exclusively when the flowers
from the white branches or green hranches,

Sced collected from the green branches in the first generation, as well
as in five subsequent generations, produced normal green plants independ-
ently ol whether they were derived from hy nld;m{mn by pollen collected
from white or green branches. Therefore, ?vIum: catt concluded thaw albin-
ism in beets in inherited through the evioplasm only as it i inherited in
Mivabilts Jalapa albomaculaln (5 and Gy, Primule sinensis {11 and 48),
and in Zea mays (3) .

In 1940 Owen and Ryser (32) nlso deseribed one case of cytoplasimic
inheritance of albinism from studics of he progeny Irom white and green
branches of “pardially albino plants,”

I have studicd many progenies ol chimeric variegated plants isolated
i osugar and {odder beet populations. Among these progenies only one
authentic case was established where albinism was cansed by a change in
the nuclear gene. In all other cases the chimeric plants appeared as a result
ol heruwable changes in the cvioplasm.

Tt is interesting to note that ameng several thousand plants known to
be heterozygous for yecesstve genes causing chlorophyll deficiencies, T have
never observed chimeric plangs, Thus, chimeric variegated plants occurred
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in beer populations more olten as a conscquence of heritable changes in
the plasm rather than as a result of mutation of nuclear genes. This type
ol albinism, because of its comparatively frequent appearance, attracted the
attention of the first investigators (23, 33, 43).

In a review of the inheritance of chiorophyll deliciencies in which a
resume of all investigations conducted in all crops to 1983 was ciwed, H. de
Haan (16} mentioned, fov Beta vulgaris, ouly one type of chlorophvll de-
ficiency—NMirabilis tvpe (status albomarulatus)y .

Mendelian inheritance of albinism——the gene w. In 1928, among sccd
beets of Yellow LEckendorf, 1 lound one varicgated plant {4, 41). The
pollen collected from flowers of the white and of the green branches of
this plant was used for pollinating normal green sugar beets. F, plans
developed colored roots and green foliage. ¥, hybrids segregauted for char-
acters typical of sugar and todder beers as well as the prosence or absence
of chlorophyll by seediings.

In F, hybrids derived from pollination of normal green sugar beet plants
Ly pollen collected from white branches of o variegated plant, there ap-
pearcd 256 green and 79 albino secedlings. The color of these albine seed-
lings corresponded o the “maire yellow” of Ridgway (37).

In ¥, hybrids derived from pollination of green sugar becws by pollen
collected from the green branches of the same variegated plant, only cortain
families segregated for albino scedlings o the ratio of three green w ong
albino, In this way the green branches of this varicgated plint were
heterozygous for the recessive gene causing chlorophyll deficiency.

Some ¥, lines obtained from green F, plants segregated again for
green and white seedlings in the monohybrid ratio (Table 1y, Thus, the
varicgated Eckendorl plant was heterogygous for the recessive gene which
I denoted as wi. This gene produced albino scedlings in the homozygoue,
The chimeric nature of the original heterorvgous variegated Lckendor! plant
was caused by the mutation of the dominant gene W ointo a recessive gene w,

Recessive genes causing complete albinist of scedlings are consider-
ably rarer in beets than the other recessive genes for chlorophyll deheiencies,
as for example the genes virescens, chlorina, et

Table {~Mendelian Inheritance of Albinismi in Beta Vedges L.

Number of Scedlings

Green White %
o e
Observed 256 79
Caleulated  (Ratio 3:1) 251.25 88,75 0.359
In ¥
Ohserved 7748 247
Cateulated (Rudio 3:1) T68.75 256,95 0.:445

5%, point of probability X 3.84
1

@, point of probability x© et
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Somcetimes the appearance ol albimo seedlings may be caused by some
other genes, lor example, by the dominaut gene Aurca or by the action
ol two non-aliclomorphic genes.

Iy ¥, hybrid lines the albino seedlings appeared sometimes in o the
vatio of one 1o 15 normal green plants. Inosuch o case we had o dead
with true duplication of genes causing albindsin as desaribed  in other
aropy (7).

Aurea type—the dominant gene A In 2 population of ULS, 2273 1
found one plant which developed golden-yellow cowvledons {Baryta yellow
i Ridgeway's "Calor standards™  and subsequent true leaves of the same
color. il conditions {or growth were lavorable the heterozvgous plants
Auaw developed pormal green autumn leaves, Genetie study ol the pro-

genies obtamed from this plane proved that dthe giver type of chlorophvil
deficiency was caused by the dominant gene dwe with lethal effect i the
homozygote,  The homongous seedlings were albino, A similar gene was
described by Bauer (3, 6) in dniivhinen and o Pelavgonivm and by
Correns () in Utvica wrens, This gene is known in other ¢rops too, Table
2 shows the data of genetie analysis ol the gone Au during 1953, 1854 and
1955,

When normal green plants were crossed o plints of a given type ol
chlorophyll deficicney, the F,oalwavs was not unifornme green and vellow
scedbings appeared in the ratio of 111 Sclfed Fogreen plants produced.
in all subsequent generatons, unilormly grcen oilspring, but the ¥, pro-
genies from selied vellow ) plans segregated {or green, vellow, and albino
seedlings in the ratio of 1:2:1 (Table 9.

Tuble Ze—Inheritunce of Aurcy Type in Sumur Beets.

Number Hings
of B .
Generation Year lines Green How Albinog x*
Obseryed v Fasy S 524 522 e
Catenlated
(vatio 1:1) 5955 e Co17
Observedd I 14954 7 241 21 —
Catenlated
{vatio 1:13 2425 — RETIS
Observed . 1955 4 it 103 -
i 1ed
(D) 07 107 29
Observed I 57 I+ 36 1129 391
Caleuluted
(ratio [:¥:1} 154 1118 354 5206
Observed 3 1054 7 181 343 135
Caleulated
{yatio 1:2:1) 19675 I53.50 176.75 (L.6YG
Observed 1. 19ss 7 [EiN1 18t 101
Caleulated
{ratio 1:2:1) a7 141 a7 1.05

14 pointof probabilicy for Vo generation ?{: G54

o2 pomt of probability tor Frogenerasion xi- 92l
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Lutescens type-—gene {u. The recessive gene fu was isolated in hybrids
between sugar and fodder bects, Red Eekendord N 6219, The hvbrids were
propagated by sib-mating (413 (Table 3). In hemorygous lufu plants the
cotvledons and sometimes the firse and second pair ol lcaves also showed
normal green color. But subsequent leaves became more and more a lighter
yellow. The majority of such homozygeus yvellow plants died. In surviving
plants the root weight was reduced and did not exceed six percent of the
root weight 1o normal green plants of the same hybrid. The T. oplants
wore completely normal,

Virescens type—the genes wi,, vi,, and wi. In bect races ol vircscens
type, development of chlorophyll is delayed. Scedlings of these races are
goldenvellow  (Muawrtius yellow in Ridgway's "Color Standards™)  because
of the presence of carotene and of xanthophyll, Ghlbvophyll accumulates
later. The frst leaves are light green, but the following leaves become
greener and gyeener under greenhouse conditions and eventually, they
not be distinguished [rom leaves of normal green beets.

In the species Bely vulgaris numervous genes of the vivescens type are
dispersed. These genes are disunguished by the grade of delaved action of
chlorophyll accumulation and, in connection with this, in the grade of
viability and of productivencss of plants,

Table 3—Inheritance of Lutescens Type in Suzar Beets,

Number of Planis with Second and Third
Paivs of Leaves Colored as follows:

Green Yellow ¥*

Observed 270 83
Culculuted 26470 8825 4,416

o

5« point of probability Xl = 3UH4
L9, point of probubility o *  6.61

Tahle 4.—Begregation in F: After Crosses of Two Races of Vivescens Type (Vi Vi wve v
and vy w1 V2 V) of chilorephyll deliciencies in Befa vuigas L.

Number of F2 Plants
Suvviviayg

Green Yelow x°
Observed 454 290
Caleulated (vario 9:4) 501 225 2.857

rwint of probability X? 564
54 point of probability Xﬁ — 484

All these genes are vecessive. They belong to different Joci. When
two different virescens races are crossed, the T, seedlings are normal green
in color. In T, dihybrid segregation was observed (4130 The double

homozygotes {vi viwi,vi,) were albino and perished because of their inability
to accumulate chlorophyll. Plants homorvgows in Fi gene and heterozygous
in gene Vi, {vivl Fiwi) were also non-viable, Therefore, at the time of
harvest, the segregation showed nine green o four vellow plants (Table 1),
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The weight ol root in these surviving vellow plants at harvest was 450
percent ol the weight of root of the normial green plants in the same I,
hvbrids,

Every virescens gene o when it is separated from other virescens genes,
showed mono-hvbrid segregation in the ratio of three to one. In such cases
there was no continual deficiency of plants with recessive genes in beets,
the same as observed by Lamprecht (28} in peas,

In the past few vears T bolated at the Salt Lake Chty station another
gene v, the homorygotes of which showed o still stronger delay in chloro-
phvll development than the previously described genes v, and @, Table 5
Hustrates the inheritance ol the gene wi,. Observations were conducted for
three years. The ¥, planty were normal green. In the F, generation mono-
hybrid segregation was observed,

Table 5.—Inheritance of Virestens Type Deficiency (gene ViViy) in Bela vulgaris L.

Number of

Number of Seedlings
Genera-  Popula-

Year tion tions Green Yellow b
Ohesrved POt i 3 B -
Observed 1652 Fe 1 317 108
Calculated (ratio 301 315 105 0.0507
Ohserved 1953 ¥ 7 343 123
Calendated (ratio 3:1) R 17 0.729
Observed 1934 Fa 3 161 62
Calealated (yatio 03 167.25 5575 [ERERES
Observed 19573 [ 6 213 50
Calculated (ratio 5:1) 30,25 T6.75 25069
Ghserved 1955 1 25 16
Caleutared (vatio §:1) hackeross 22 22 (1.8181

3.8
19, point of probabitity x° .64

point of probability x*

Variegated chlorophyll deficiencies—the genes v,, v, and v.. Variegated
chlorophyll deficiencies are based on a vecessive-pattern gene. A variegated
gene was observed in beets by Owen and Ryser (82). Their description of
this gene s as follows: “Vartegated foliage, white with irregular blotches
of gi‘é(?m Viability fair i scedlings are not crowded. Vigor not reduced in
carly cotvledon stage because cotvledons develop normally without chloro-
phyll deficiency. Leaves lack chlorophyll and plant vigor is decidedly
reduced, but many v, plangg have Aowcered and produced seed, Fxperience

shows considerable instability au the v, locus.”

i
The data for segregation in ¥, and in backeross hybrids given by Owen
and Ryser showed a deficieney of variegated plants compared to normal

green.
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Abege (D) found another varviegared gene i beets w,, the gene which
causes variegated cotyledons: “Light green to normal green sectors”

The third gene v, was indicared by Abegy (1) “Variegated foliage.
Yellow to normal green sectors”” The juheritance of this gene was not
shown,

The varicgated chlorophvil deficiendies which develop in the presence
of a mutable gene have been described in several species (18, 19, 33, 86) .
Shmilar genes were not found in Beja vulgaris.,

Chlorina type~—genes ch, and ch,—The genes causing chlorina tvpe
defects of chlorophyll in beets are recessive in the scedling stage. The de-
crease of chlarophvll is tepical of the homorzygotes—chch. The cotyledons.
seedlings, and all new leaves in homozygous chieh beets are light green until
fall (Cosse green in Ridgway's “Color Standards™) . "The homorygous chel
plants were viable, although the weight of their roots was reduced,

Table G~Inheritance of Chloring Type Deficiency in Heta vidgas L.

Number of Scedlings
Genera- Number of

Year tion Families Green Yellow x°

Gene o isolated in US 35/2
Observed 1955 Vs 5 108 68
Caleufated

(1‘Zl(in 31y 1005 (6.5 0.0451
Observed 1051 I K 10 40
Caleulated

{ratio 3:13 1175 15,95 {1833
Observesd 1435 ] i 294 104
Cateulated

{ratio 3: 1) 302,25 100.73 (,4761
Ohbserved 1955 b 7 St 12
Caleulated

{ratic 3:11) 317.25 163.75 0.1425
Gene oft isolated in Great Western heet
Observed 1954 ¥ ! 63
Obscrved 1655 ¥ 9 410 135
Calculated

(ratio 3:1) 431 14 0.7101
Goene oh isolated in Rleinwanzleben beet
Observed 19535 Fu 1 533 29
Caleulated

(ratio 3:1) 36.25 1875 1.7511
Gene o isolated in red mangel begt
Observed 1955 ¥ f 116 37
Calculated

(ratio 3:13 18475 88.25 0.5446

7. point of probability x* - 5.8t
Y. point of probability y% . 6.64
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Certain chlormutype genes differ in the grade of reduction of the
weight ol the root. For exmmple. the gene ol which was isolated in the
variecty US. 8572 veduced the vield of roots about 20 percent. Another
gene ok, which blound carhier (1), deareased the root weight much more,

T'he homorzygotes ch,oli,. which were solated in the inbred line SLOC
378 e vemained light green for three years, The ) hvbrids ofi /i, normal
green beets as well as the reciprocal hybrids were always normal green in
the seedling and rosetie stages,

The T, hybrids between ohy, and different sugar beer varieties showed
normal monohybrid segregation tn 19530 1954, and 1935 {Tuble 6).

Dr. FLL E. Brewbaker and Dr. RO K. Oldemeyer of the Great Western
Sugar Company kindly provided some planss with light green foliage
cwhich were found at the Exporiment Statien in Longimont, Colorado. |
crossed these beets to normal green plants and o chloring type beets SLG
378 man. When bects of the chlorina type, which I received from Longmont.
were crossed to normal green plants, the Fooplans were normal green and
the I, hybrids showed mono-hybrid segregation (Table 6).

When Dbeets of the chloving wype from Longmont were arossed to
chlorina type heets STO 378 s, the T, plants were not distinguishable in
color of cotvledons and leaves from the two parenial types. In F, hvbrids
obtained from these crosses segregation was not observed.

Thus, the beets with light green foliage isolated at Longmont belonged
to the chlorina type and their light green foliage was caused by the action
ol the gene ol the same locus as the gene oh,.

I 1935 T studied also the recessive gene of the chlorina-type isolated
in the inbred line SLOC 1022 snm which originated {rom Kleinwanzleben's
beets {Tuable 6).

Interaction between certain genes for chlovophyll deliciency. In the
description of the virescens tvpe of chlovophvll deficency in beets, it was
shown that the combination of wtwo different homorzygous genes (of, and vr)
produced non-viable homorygotes (vioof viwi) in the ¥, generation. At the
same tme the heterovvgour Fooplants (FLwd Vi) were completely viable
{(Table 4y, However, i the homorvgous genes of the vivescens tvpe were
combined with the homozygous genes crusing another wype of chlorophyll
deficicney, for cxample, with the gene of chlorina wype, then the plants
carrying two homozygous genes were completely viable under greenhouse
conditions. The F, hybrids between two homorzygotes which curried  the
above-mentioned genes, were normal green and the Fooprogenv segregated
for nine green and seven yellowgreen or goldengreen plants (Table 7).

Table 7—Interaction Beoween Vivescens and Chiovinag Genes for Chlorephyll Deficiency
in F: Generation.

Seedlings
Hybrids Year Gyeen Yillow ¥
vievia X ol oh
Observed 55 a7 H
Calenbared (vatio 49:7) 106 a3 1.B645

3, point of probability yioo8s

1oy, point of prebabilic PR



Vor. IX, No. b Jaxvary 1037 329

Fable 7 also shows that it was possible o distinguish by the color of
scedlings and mature Jeaves the plants of the wiwe, genotype from the cheh
genotype i these hvbrids.

When the gene vi {of virescens type) was combined with the gene Au,
segregation was move complicated. In ¥, green and yellow plants were
observed. ¥, offspring could be obtained only from the vellow F, plants,
because only these plants carried the gene Auw. These vellow I, plants pro-
duced, after »elfing, F, progeny which segregated in the ration: 3 green
(1 ViViauauw = 2 Viviaunuy : 6 yvellow (4 Fividwaun 2 ViViduau): § golden
vellmx (2 vividuau 4= 1 wiviauan) : A albino {1 ViVidudw - 2 Vividudw
I wvividus Auy seedlings. The three viable dasses gave 1, families which con-
firmed the correciness ol the accepred classification.

The effect of environment on chlorophyll lormation in different
chlorophyli-deficient races. Culuivation of heets belonging to the main
types of chlorophvli-deficiencies suchas Aurca (Juawy . chlorina (chehy,
virescens (wivly, and albino (w,w,) in different environments showed that
temperature and light imfluenced very much the formation of chlorophyil
in these mutants,

Differences in the development of  chlorophyll-deficient races were
especially obvious when these races were cultivatd in the greenhouse or
under ficlkd conditions. Different development in the same races was also
observed in spring and fall planungs.

Brighter light and higher wemperature usually int‘r(‘axcd the depressive
action of the genes Aw, oh, wi, and w, on the deve lopmcm of the beets. The
influence of environment on the (lu(=lu[)111<1\l of chlorophyll-deficient types
could be illustrated by the following examples:

Lethal chlorophyll mutants—daudu. The albino scedlings Audu died
under fiekd conditions three davs earlier than in the greenhouse.

Semi-lethal chlorophyll mutants dwwe. These heterozvgous yellow seed-
lings developed almost normally in the greenhouse. Alter 6080 days of
growth under greenhouse conditions they developed green leaves and pro-
duced a fair amount of sced. The stecklings of the same mutant {Juau}
when planted in the held in spring developed chiorotic folipge and had
considerably decreased sced production.

Virescens type—uvivi. These homoryvgous beets developed golden seed-
lings., The plants grew in the greenhouse very slowly at the beginning, but
Jater they accumulated more and more chlorophyll, In spite of this they
developed under greenhouse conditons smaller roots than normal beets
and produced less sced. When planted in the fick l. even in the fall, all
homozygous wivi plants perished due to the Joss of ability to accumulate
chlorophyll.

The cassification of many dhlorophyll-deficient races becomes condi-
tional because of the vartation caused by the envirenment. The races which
were denoted as Uvirescens” under greenhouse conditions, could be easily
classificd as “xantha” in held plantdngs. The races with yellow cotyledons
which gradually nurned green were denoted as virescens, because they were
more viable than some other vaces with vellow seedlings which T oobserved
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Table 8. -Interaction Between Virescens and Aurea Genes for Chiorephyll Deficiency
tn F2 Generation,

Scedlings

Hyrids Year Green Yellow CGold Albine X”
Auvau X viavia
Observed 1954 43 173 G7 121
Calculated

(ratio 3:6:5:4} Gl 181 i 121 1164
Orhseyvexd 1935 55 88 9 7%
Calculated

(ratio 3:6:3:4) 48 45 18 . 6t 4.4897

5%, point of probability 7 7.82

197, point of probability X" 11,54

before and from which T could harvdly obtain sced cven in the greenhouse,
although their heterozygotes were normal green, The differences in the
development of chlorophylldeficient mutants under the influence of en-
vironment which I am discussing in beets were also described for other
crops: Akerman (2) in oats, Smith (42) . and Holm (17} in barley,

The grade of dominance ol the genes causing chlorophyll deficicncies
also varied under different conditions. Homorygous and heterozygous beets
of chlorina type were as viable in greenhouse as in the held. However,
the homozygotes cheh Inoked much lighter in ficld than in the greenhouse
The heterozvgotes Cheh did not differ in the greenhouse [rom the aormal
green plants. The gene ¢k was recessive under greenhouse conditions.
Another kind of behavior was observed in the field. The seedlings heterozy-
gous lor the gene ¢k were normal green while the homozygous scedlings
were Jight green. Tn the late summer the heterozygous plants turned lighter
and could be distinguished [rom the normal green plants. At the time of
harvest the heterozygous plants lost still more chlorophyll and it was difhcult
to distinguish them from the homozygous recessive plants cheh,

In such a way the grade of dominance changed during rhe vegetative
period, as can be scen from the data ol scegregation in such hybrids
(Table 9.

Table 9.—Scgregation in Fo Chloring Hybrids (Ficld Observations in 18953},

Neo. of plants with color of leaves
as follows:

Reading in: Green Light-green Total

July 36 1 47

October 4 33 17




Vor. IX, No. 4, Janvary 18957 431

Intensity of green color ol leaves in sugar beets. Sugar beet plants
within commercial populations differ in quantity of chlorophyll in the
leaves. The differences in the quantity ol chlorophyll represents the main
factor causing the variation ol the intemsity of green color ol leaves in
individual beets. Many investigations (27, 28, 29, 31) showed a high corre-
lation between the quantity of chlorophyll determined by the spearophoto-
meter in the leaves and the miensity of their green color, Therelove, for
the determimation ol the intensity of a green color of leaves, color standards
may be used making possible the classification of Lurge nuwmbers of plants
in a short time,

To detcrmine the intensity ol green color of leaves the color standard
of E.F. Votchall was applied. "T'his color standard contains 16 classes for the
imtensity ol gree color, from light green 1o dark green. Fach class is divided
into four sub-classes, which do not differentiate in the quantity of chloro-
phyll buc correspond to different shades of beet leaves. The color st,andarci
was graduated according 1o spectrophotometer readings and the readings
of the color standards tht_‘xnsclvc*% showed the quantity of chlorophyll which
the leaves contained (28, 31). The diflerences in the quantity of chlovophyll
{chlorophvll o) between L]dxs(:\ of this standard equaled 0.009 to 0.01 mgr.
per onc square om. of the leaf blade.

Lines of sugar beets differ very much in the guantity of chlorophyll
(10) . Sugar beet races rich and poor in chlorophyll mti dark and light
foliage were obtained after sclection for the intendiy of the green (ok)r of
leaves. AL €0 Okonenko {28) was the first to sture breeding for quantity
of chlorophyll. He showed that plants selected for intensity of green color
and propagated in isolations produced offspring with striking  differences
in the intensity of green color of the foliage,

[ ostadied the inheritance of antensity of green color by using sugar
beer clones (38, 39, A1), Table 10 shows the characters of the original
clones and of their ') T, and backeross hybrids. Reading of the intensity
of green color was done several times for each plant individually, The data
showed the following:

When light green clone 37 was crossed to the light green done 161
the I hybrids were almost as Light green as their parents, .

When dark green clone 61 was crossed 1o dark green clone 205, the
hybrids were abmost as dark greon as the parents,
3. When light green clone 37 was crossed veciprocally to dark green

clone 66, the ¥ ooflspring were iutermediate in oolor in both cases,

4. In both reciprocal F, hybrids populutions derived {rom crosses of
Hight green done 37 w dark green done 66, the interpopulation variabtlity
was much higher than in the corresponding F| hybrids.

When T, hybrids (€L 37 x €L 66) were crossed back to the light
green clone 37, the offspring appeared to be lighter than the ¥, gencration
and vice versa when the same ¥, hybrids were crossed back to the dark
green parental clone 66, The offtspring were darker than the ¥,. In both
cases the backeross hvbrids were intermediate in ceal eolor between the
F, and recurrent parents.



Table 1§.~—Variation in the Intensity of Green Coler of Leaves in Sugar Beer Clones and Their ¥, Fo, and Backcross Hybrids Dotermined Ao

cording to Color Scale of Prof. E. Votchal.®

Coeff,
Number of Plants With the Grade of Green of
Idesignation Color as Follows: Mumber Vari-
of Parents - v of Standard ability
Generation and Hybrids 3 04 % 68 7 & 9 16 11 12 13 14 13 18 Planss Mean Deviation Percent
Clone P57 with light
green teaves 718 6 09 RS} 6,347 0.86 [RRY
Clone P61 with Hight
green leavex 4 SR ] 34 R H) 0.94 6.1
b P-37 x 161 s 28 | 90 (=S 0.96 1449
Clonc P66 with dark
leaves 4 312 7 K 3 OO0 115 8.2
Clone P-205 with dark
leaves 308 6 15 8 35 15,628 1.20 N8
¥ P66 X 205 6 &8 8 21 3% 19 97 15319 f.42 107
Fi P57 X P-G6 11 30 26 16 a5 9186 110 1.8
. P66 X P-537 308 18 6 4+ 03 3 4186 1.09 IR
Backeross P-37 N (P37 X P66 15 21 28 24 26 12 13 2 141 7.887 1.85 23.6
Backeross P-66 X (P-37 X P-66) 3O 20 28 16 14 1w 18 18 134 11272 237 21.0
2 P37 X P66 W I8 13 24 98 2r I§ 12 1t 8 9 5 175 4.731 2.87 20.5
¥y P-66 X P37 620 25 37 36 39 850 19 17 11 1505 260 G596 2.68 27.1

© Tatensitv of green color increases with the inerease of number of scale.
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6. F, and ¥, hybrids obtainced from reciprocal crosses between hight
green clone 37 and dark green done 66 could not be distinguished. This
was an indication that the genetic differences responsible for the intensity
ol green color which were observed in the usual sugar beet populations
were caused mainly by the nudear genes. but not by the clements of cyto-
plasm. The backeross hybrids conflirmed this conclusion,

7. The genetic analysis of the ¥, and F, hybrids as well as of the cor-
responding backeross hybrids showed that the intensity ol green color in
beets is a quantitative character which s caused by the action of polygenes.
Therefore, the inheritance ol the quantity ol chlorophyll in sugar beet
races must be studied on the basis ol methods uswadly applied for the study
ol the quantitative characters (24, 47, 34). However, the analysis of vari-
ability as well ws of segregation for differcnt grades of ‘intensity of the green
color of leaves iy bevand the Jimit of this paper and will be elucidated
later.

Summary

Genetic analysis is given for the following chlorophyll dehdiencies in
beets.

Albino (gene w,), Aurca {gene Auj, lotescens {gene fuy, vireseens {3
genes—ur, v, and v, and chlorina {genes ch, and chy.

The pecularides of inweraction between genes vy, and v, as well as
between genes v, and ok, and Au axe discussed,

The effece of enviromment on some indicated genes is shown,

Chimerie plants with variegated leaves consisting of mosaic white and
green tissue scctovs originated more often as a result of changes in the
heritable substances of plasma than in the result of nudear mutations.

A genetie study of different hybrids showed thar the inherited differ-
ences in the quantity of chlorophyll which are peculiar 1o different plants
within commercial varictics are determined by the nucdear inherhance,
that is, by the action of polygencs. These diilerences in color of leaves
and in quantty of chlorophyll are independent of cvtoplasmic inheritance.
Therelore, the herimable variability of the production ol chlorophyll in
beets 1s caused by the [ollowing lactors:

a. Variability of heritable clements of plasm or cytogents  (origin of

chimeric varicgated plans) .
b, Major chromo-genes which cause major changes in chlorophyll (the
genes of chlorophyll deficiencies) .

¢ Systewy of nuclear polygenes which cause the polymorphism chloro-

phyll quantity in ordinary beet populations.
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