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Section B. Genetics, Breeding, Seed and Varieties - Cha'irman: .A.. w. Skuderna 

LIST OF CHAEACTERS AND GENE SY1\IIBOLS REPOHTED 

FDR THE SPECIES BET.A. VULG.liJUS L. 

By F • .A. • .A.begg ]}, Associate Geneticist, Division of Suge.r Plant Investi€;ations, 
Bureau of Plant Industry, United States Department of Agriculture. 

Introduction 

.A. list of characters ~nd their gene symbols is presented for the species 
~ vulgar~ L., in so far as these have been reported in literature or have 
been conununicated to the writer. Only those characters are included for which 
breeding data, meager in some instances, have led to a reasonable factortal 
interpretation. 

The gene symbols recorded in table 1 follow the terminology sugges ted by 
the worker who originally described the chare.cter or the one who supplied the 
factorial analysis. The character description is limited to the obviou~ gene 
effects which were indicated in the original reference source:! • 

Several characters, such as those dealing vrlth root size, foliage size, and 
sucrose formation have not been included in the present list. For information t, 

regarding the possible genetic bas is of these quantitative characters the reader 
is referred to the review by Sclli~eider (11). Attention is also called to the 
omission, from table 1, of severe.l factors (~1 , 12 , !J_, .A.2 , 0 1 B and F) which 
according to the earlier view of Kajanus (3) oond'ition t'Fie snape of tne root. 
In a later paper, Kajanus (4) points out that root shape is a difficult character 
to classify into basic root types because of the existence of intermediate forms. 

So far one linkage group including nine genes has been es tablished . These 
linked factors are collectiveJ.y designated as the R group. Eight other factors 
appear to be inherited independently of the R linkage group. No linkage data 
are available for the four remaining factors-;- included in the present list. The 
available informat~.on regardin g linkage s is giv·::m in connection vfi._ th the des
cription of the main gene effects. 

1 • Abe g~;, F'. 
1936. 

til 'i'ERATU1{c; CI 'l'ED 

.A.. 
A genetic factor for the annual ha:Jit in beets ~ vulgaris L. 

and lin]:ase relationship. Jour • .A.gr. Hesoarch 53:493-511. 

2. Hutchinson, J. B. a.•1d Silow, E • .A.. 
1939. Gene symbols for use in cotton genetics. Jour. Heredity 30:461-464. 

3. Kaje.nus, 
1912. 

Birger 
Genetische studien e.n Beta . :::.eitschr. 

u. Vererbungslehre 6:137~179, illus. 
Induktive Abstam. 

l/ The writer is indebted to Dr. G. ft-Coons, l'lir. Dewey Stewart and Dr. 1'• v. 
Ormn for helpful sug;;estions in preparing this character list, 
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Birger 
1reber die Vererbungsweise gmvissen Merkmale der Beta -

und Brassica rUben. I. Beta. ZeHschr. f. Pflanzenzilchtu..11.g . 
1:125-186, illus. 

' 1917. 15oerdie J?e.rbenvariation der Beta-rUben. Zeitschr. f. 
PflanzenzUchtung 5:357-372. 

6. Keller, Wesleys 
1936. Inheritance of some major color types in beets .... Jour . Agr. 

Eesearch 52;27-38. 

E., and Iverson, K. 7. Lindhard, 
1919. Vererbunr; von roten und gelben Farbenmerkmalen bei Beta - rUben. 

Zei tschr. f .. Pflanzenzllchtung 7:1-18. 

8. Munerati, 0., and Costa, T. 
19305. Osservazioni sulla transmissione del carattere 11pelle nera11 nella 

barbabietola. (Observations on the transmission of the 
11black-skin" character of the beet.) Zeitschr f. Induk. 
Abstrumnungs-und Vererbungs-lehre 54~ 458-465. 

9. ---· ----------' 
1931. L'eridita della tendenza alla annualita nella comune . barbabietola 

coltivata (Inheritance of the e.n.YJ.ual t endency in the commonly 
cultivated beet.) Zeitschr. Zlichtung, Reihe, A. , Pflanzen .. 
zllchtung 17:84-89, illus. 

10. O.ven, F. V., Carsner, Eubanks, and Stout, Myron. 
Photo-thermal induction of flovrering in sugar beets . (Ivianuscript 

in preparation.) 

11. Schneider, Friedrich 
193'8. Zlichtung der Betarliben. He.ndbuch der Pflanzonzllchtung 4 :1-95, illus . 

12. Vilmorin, J, L. 
1923. L'H~r~dite chez la betterave cultivee . 153 pp., illus. Paris (thesis) 

1 3 . Za vi t zky, V. .b'. 
1934,. On the pleiotropic influence of the gene 11re 11 which reduces the 

size of leaf l~~ma in Beta vulgaris, L., in c onnection ~~th 
the inbreeding method of suga:r ... beot selection. (Translated 
title) • Mauchnye Zapiski (Scientific Notes) of the Sugar 
Industry (organ of the V.N.I.S.), Book XLVI , XLVIII 1 7 PP • 

Table 1 .--- List of chare.ct_~ and li~~.E/~1?-~ r~Eor.ted for Beta. 

vul~aris L. 1/ 
Character _____,... ___ Pres-e"Dt--------

type --~--·------~Description of _cen e ei'~_S?_!; ______ l'_;z::E~o~-- Authorit:y-
Foliage ~ed color series ~ 
and root Red hypocotyl and crovm-bu~olor . H y Kajanus , B.(5) 
c olor Basic anthocyan factor. ICeller , W.(6 ) 

R t 1 T ~~~ dt If ed s riped petio es. ermeG r e - op • Kell e r , Vi-.(6 ) 
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Table l (continued) 

-------------------------------~ Character 
type Descr:l.;etion of gene effect 

Absence of anthocyan pigment. With z gives 
green hypoc otyl and crown-bud type. With 
intense sunlight exposure yellow pigment 
may develop. 

Yellow color series 
Yellow pigment produced in presence of r. 
Color extended to petioles, larger leaf
veins and root epidermis. With R color 
is red. Linked with~ group of-factors. 

Yellow pigment produced but restricted to 
epidermis of root and sometimes part of the 
flesh. Linked with! group of factors. 

Absence of yellow pigment. 

·-Present __ .. , _________ --~:- ! 

symb~_.h_l:J.thori tx .. _ 

r 

Keller, 'viJ", (6) 

do. 

Colored leafu Colored areas on.let,_f.biades·~-crc---·owen,--F. ·v-;-

Chloro ... 
phyll 
varia
tions 

occur as irregular sector -like blotches. --. 
Pigment intensified by s~~light and fails 
to develop in darkness. Snots red with R 
and yellow with !.• Linked ;;i th B group of 
factors. 

Small veins of lea£ red in presence of R 
and yell ow v.1 th r. Large veins in leaf 
petioles are fre; from pigment vri th C:v but 
strongly o ol ored with Y. Linked ll'd th R 
group of factors. 

"Trout" leaf, Colored spots smaller than in 
case of colored leaf Cl. Spots red vrith H 
and yellow with !.• Pigment not intensified 
by sunlight and develops in the dark. Linked 
with R group of factors. 

Albino seedlinp. Absence of normal chloro
phyll. Lethal. Probably independent of R 
linkage group. 

Variegated foliage. 
normal green sectors. 
of factors. 

A mosaic of white and 
Linked with R group 

Variegated cotyledons. 
normal green sectors . 
of~ linkage group. 

Lic;ht green to 
Probably independent 

Variegated foliage and root flesh . Yellow 
to normal green sectors . No linkage data 
available . 

Vires cent. Seedlings yellov;ish but turn green 
in later stages of development. No linkage 
data available • 

Cv 

Tr 

vi 

Deming 1 G41 W,. 
Owen, F.V. 

Stevrart, D. 

Owen, F. V. 

Stewart, D. 
Abegg, F. A. 

Abegg, F. A. 

Stewart, D. 
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Table 1 (continued) 

Character 
type 

-----------------···--·-- Pres;nt --··-·-··-··--.. -·-

Description of g;ene effect symbol Authority 
Crin,..k"'"l_e_,d,-.-f=-o-=1:-cj:-_a-g-e-. ~.Plant s i;e reduced. or _,._Stev~art, 15':-D.nrarf 

types Linked ~Qth H group of factors, 

Flaccid leaf. Vigor of plant markedly re ... 
duoed, Probably independent of R linkage 
group. 

Ne..na plants. Leaves thick and leathery. No 
linkage data available. 

Miniature. Greatly reduced plant size. 
Lethal. Probably independent of !llinkage 
group . 

Fertility Self-fertility. Dominant factor~ Probably 
independent of~ linkage group. 

Grovrth 
habit 

Foliage 
venation 

Annual habit or rapidly blooming-types. 
Dominant. A possible variation of the E, 
locus which conditions a bolting tendency 
but not a strictly ~~nual habit is des
cribed by Ov<ren, F. V ., Carsner, E., and 
Stout, Myron (10). Linked vli th ~ group of 
factors$ 

Biennial or vegetative habit. 

Se-miparallel venation 
normal pinnate type, 
of R linkage group, 

as contrasted with 
Probably independent 

f do. 

n do. 

m Abegg, F. A. 

sf' 

b 

Foliage 
shape .and 
area 

Newly formed leaves at end of vegeti-Slve·-___,.---;e-·---zavi tSi-CY,v~'E, 
period markedly reduced. in leaf area , narrow (13) 
lanceolate in shapeo No linkage data avail-
able . 

Root Black root skin. Probably independent of R 
epidermis linkage group , 

Disease 
resis
tance 

Russett root sl.cin . Probably independent of 
!• linkage group. 

Partially d'Omrnallt major -factor 
tions high curly-top resistance~ 
R group of facto~s. 

Susceptible 

which c·andi
Linked vd th 

bl 

ru 

c 

c 
_,. _____________________ . 

Munerati , o. 
& 
T. Costa (8) 
Vilmorin, J .L, 

(12) 
0Nen 1 F.V. 
Owen, l!\ V, 

Abegg, 1<'. A. 

y In form, table l is similar to that used by Hutchinson and Silow (2) in 
presentin~ the subject of gene symbols for use in cotton genetics, 

y The term 1serie s 11 implies multiple allelomorphs , 
~/ Symbols of dominant gene s a re capitalized and thoRe of the recessives are 

in small l etters. 
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y The s;ymbol G. (gelb) ;vas used by K~j::nus (5) t? describe a y~l~o~; root 
character wnJ.ch may have been a slmJ.lar genetJ.c type for wrucn "'"el ler 
(6) used the symbol Y. Lindhard and Iverson (7) adopted Kajanus' s:rmbols 
of R and G for red 8.!ld yellow color types, Vilmorin (12) substituted the 
symbol J \jaune) for that of i• Owen in correspondence expresses the 
viewpoint tha t Y is a factor for extension of pigment rather than one which 
produces yellow-pigment. I. causes much more pigment to be developed but 
does not detc.rmine whether the color is red or yellow • 

... ___ _ 

THE THREE DIMBI:WIONAL QUASI-FACTOHIAL EXPEHIMENT V'JITH THRBE GROUPS OF Sl~TS 
FDH TESTING SUGAR BEET BRE~~DDJG 

STRAINS 

H. L. Bush(a 

The recent trend toward breeding and production of 11 Home Grown" sugar beet 
seed has emphasized the problem as to how the breeding strains may be adequately 
tes ted in order to insure the maintenance or improvement in perfomance of the 
commercial varieties which evolve fror.1 these strains. 

The ordinary corrunercial variety of sugar beets is extremely heterozygous 1 

not unlike the corrunonly knovm varieties of corn (excluding present-day hybrids), 
or the human race. When a plant breeder is attempting i 1:1provernent in resistance 
to disease , yielding ability, sugar content, shape of root and crmi\'!1 1 and perhaps 
other characters, he is certain to be dee.ling with l a rge nu.rnbers of strains 
regardless of whether the family or inbreeding mode of attack is followed. 

The fact that our soils e.re very heterogeneous is generally recognized. 
Vihen the number of strains being tested becon:B s quite l ar ge , the soil variations 
are necessarily increased due to the larger area covered by the test . It is 
obviously desirable to r emove the effects of soil variations upon yield and 
other characters as nearly as possible. 

Fisher y(b introduced the randomized scheme of plot technique, basing his 
theory on the complete block set up i.e., where each replication includes all 
varieties, Yaies 6/2/Yi/ has more recently evolved the scheme whereby incomplete 
blocks ar e used as the basis. These incomplete blocks are made up by arranging 
the strains in a series of blocks, each of which contains only a mnall nu;:~ber of 
the strains being tested. The arrange!nent is such that a variety variance can be 
calculated which is free from block effects and an error variance obtained for 
testing the significance of variety means . 

There have been severe.; types of designs evolved covering all phases of 
agronomic tests. Goulden_~/.~/has disc'.lssed the various types of designs and 
worked out examples to demons·crate the calcule.tions involved for each ty;:>e •. 
He recorrunends the use of the Three Dimensional Quasi-Factorial method,. desi gned 
by Yates , where the number of strains to be considered is 216 or more. 

Day and Austin 2:/ have applied t£lis three dimensional scheme in testi;:~g 
the ger mination of 729 vari eties of pines. Their e xperiment was pla.YJ.ned so that 
the varieties v-re re subjected to as many different block effects as possible, 
even to the point of introducing watering differences between block-s . The 
corrected average num·ber of days from watering time to germination for ee.ch 

a.) Statistician, Great Western Sugar Corn:pany ·--~--------·----·---

b ) Figures in bl."ackets refer to Literature Cited, Page 116 


