Inheritance of Raffinose Production in the Sugar Beet
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Introduction

The sugar beet is known to contain many substances other thay the
sucrose which iy commonly vecovered as o conuuercial product. Tn general
these substances tend 1o be melassigenic in the process of sucrose recovery
from the bect. Usually, in factory operations these curvently  unwanted
chemical compounds are referred o by the one term “impuritics,” regard-
tess of therr individual nature. It scems, however, that in order to muke
the most effective study of such a problem it might be well 1o separate
these impurities into component parts i the methods are available o cffect
SU('II 4 S(‘l)lll‘}ili()ll.

One of the princpal carbonaccous compounds in dhis general classifica-
tion iy the trisaccharide, rafhnose. with the chemical makeup €, H,,0
At the present time no commercial use s made of this sugar and the towl
United States comsumption s about 186 pounds yearly for lauboraiory usc,
Consequently, it would Dbe desirable to eliminate or reduce this nuisance
from the sugar beer unless some further use ol it can be lound.

The study of the nheritunce of rallinose producdon in the beet was
made possibler first, by the developmient of o rapid chromatographic method
for raffivose determinaton by Brown (137 in 19520 sccond, the develop-
ment by Powers (2) of biowmcwical methods for study of quantitative char
acters; and third, by the discovery of inbred lm(s of sugar bects i the
“Cooperative Inbred Indexing Program” (3) having cxoanes of rallinose
content,

Progeny test results [rom onge mass selection for hoth high and low
raflinose content of beets have been reporied by Wood (1) .

Materials and Methods

The biometrical analysis o the data given here tollows ruther dosely
the methods developed and/or described by Powers (23, Chemical analvsis
followed the method of Brown (1Y with slight medification for large scale
taboratory operation, Fwo inbred lines from the Inbred Indexing Progrinu
{3y wore selected ws parental matertal. These were (a) number H0-113
developed by the late GO W, Deming of the USDA and (b number 110701
from H. 1. Kobhls at Michigan State University. Hybrids in the ¥ genera
tion were tdentified by the use of hypocotyl color as w muarker gene. Buck
cross generations were produced by similar technique, Six p(';pulmiwnc were
studicd; high rafinose parent P, (410701) , low rathuose parent P, (50-113) ¥
I, B P, and B P, All the above N populutions were grown in a mm[nm—
ized complete block experiment with twenty replicates for each population.
Twelve, fully competitive  (12-inch by 22-inch spacing)  Deets were taken
consceutively  from the center row ol each threcrow plot and analyzed
individually: thus, a total of 240 roois constituted cach population studicd,

b Agronomist, Plant Breeder, and Staristician-Avronomist, respectively, The Great Western
‘)ug,n Company, Agricubiural Experiment Swation, Leongmont. Colorado.
The un{ux wish {o expyess appreciation 1o D LeRoy Powers for genercus advice on the
analvsis of the data used in this report.
# Numbers in parentheses sefer 1o Hrerature cited,
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Determination ol rallinose is given as percent on dry substance in the
beet juice and asswmes a constant mare, Calculations are on obtained data
without translormation.

Variability of Population

The variances of the parental and F, populations may be used to
measure environmental variability i the parents are homozvgous for the
genetic {actors under consideration. The total variance of the scgregating
generations s the sum of the geneue and environmental variability. In this
study, the variances provide an estimate of the homozygosity ol the parcuts,
Inasmuch as the mean squares ol the two parents and the I' {Yable 1) do
not differ significantly as mcasured by the stundard errors n{' the variance
as described by Fist er (5), it may be assumed that the y(uum arc homo-
“zygous for genes conditioning ra Tmosa production.

Table I.—Variances and Thelr Standard Error for Porcent Raffinose on Dry Substance
for Six Populations Derived from Two Inbred Lines of Sugar Beets.

Variance

Population (Mean square}

10701 (P 20364 - 00470
By te 110701 JBBGZE 5 DOBTY
Fu TIGRT - 00405
¥ + 02050
B o 30-413 . 00B6Z
50-415 (P2) 4+ L0186

Population Means

The obtained means ol the various populations differ significandy in
all comparisons except F; and I, as shown in Table 2. The mceans ol the
F, and F, populations are statistically cqual and are equal to the average
of the means of the parental populations. The means of the backeross popu-
lations are also cqual o the average ol the means of the F, and their respec-
rive parents. These relationships can exist only in the ubsence of measurable
dominance and/or genic interactions or linkage. Cowmparison ol obtained
population means with caleulated  theoretical means on the  arithmetic
scale gives a good fit by both standard crror and X wsts. The X* valuc
for comparison obtained with geometric means climinates the possibility
that gene action in this case can be following the geometric seale. The
scale thus can he considered as additive and ot multiplicative,

Table 2.—Obtained Arithmetic and Theoretical Arithmetic Means Compared with
Geometric Means for Percent Raflinose in Sugar Beets Based oun Dry Substance.

Ohtained Thearetical
Population Arithmetic Arithmetic Geometric

50-145 (Py) )
0.81

B to Py

I + 0.94
Ta l 1}9 =028 1.03
B to I £34 + 025 151

410701 {(Py) 33 4 036
X# oz 278 with P - between
means,

e I

Hoand 98 for comparison between obtained and theoretical




Table 8.—Frequency Distributions as Percent {or Six Populations {or Parcent Rafinoese on Dry Substance,

VUpper Limit of Class

Population 24 39 54 .69 84 99 114 1.29 1.44 1.59 174 1.89 2.04 2.19

ge61 A1af g ON XTI I0A

0701 (P 42 .85 567 10,83 18.33 17.92 20.00 18.33 2.92 2.50
B o Pu 42 42 2,92 4.17 8.53 21.67 16.25 17.08 13,33 8.17 5.42 42 42
I 42 85 2.92 6.67 17.92 21.16 19.58 14.58 7.08 595 1.67 42

bz 42 2.08 6.67 8755 13.33 22.50 9.17 14,17 #.83 6.43 7.50 42 42
Bi to Pa .83 3.00 15.00 16.67 25.83 17.50 12.92 2.92 1.25 83 125

50-415 (P2) i1.25 12.92 21.67 17.08 21.25 417 3.3 2.50 .83

g1
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Figure l—Frequency distribution for six populations.

Genetic Analysis
Both Table 3 and Figure 1 indicate that the frequeney distributions
for the P, and B, w P, populations do not reach zeve on the seale, indicat
mg P, carries some genes for ratfinose production,

Theorctical values Tor the ratios of the extreme genotypes cach popu-
lation has in comummon are given in Table 4. This table has been calceulated
from the expansion of the binomial for the badkeross and F, populations,
as demonstrated by Powers (2) 1 the ratios are developed assuming no
dominance, hinkage, or gene interactions: and that cffcctive factor pairs for
he production ol raffinose are equal in mugnitude, and that one cffective
actor pair s non-isodirectional  {or in other words, one clfective factor
pair for raflinose production centers the cross from the low raffinose parent) .

3
B

One premise in the use of genotypic ratios for determination of effective
factor pairs is that the frequency distributions should not be inhibited at
the end ol the curve from which the ratios are determined. It was indicated
above (‘Pable 3 and Figure 1) that both the P, and to a lesser exwent the
B, w P, populations, appear to be inhibited at the lower end of the popu-
lation curve. The lower classes of the Pyoand B P however, are probably
accumulwied rather dhan inhibited.  In the cheodcal analysis used it is
necessary too accumlawe numbers in the lowey dasses due o the lack of
refinement in measuring mintmal values, Since arithmetic accumulation is
involved in the determination of the ratios of the extremes ol the popula-
tions, this sualyviical accumulution should not inffuence the obtained ratios
unless there s accunmulation bevond the dosses which involve the genowypes
under consideration. Assuming this o be an accumulation, rather than an
inhibition, it s possible o wiilize hoth extremes of the requency distribu-
[RESIERN ] c>51111111111\g‘ }_’}(;Il-{)l}{)!(: ratios.
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Table 4.~—Theovetical Genetic Model for Number of Factor Pairs. One Effective Factor
Pair Moun-isodirectional but All of Equal Magniture in Effect.

Either Either Either Either
B w P B: to P: ¥

Number P, B o Py
of or
Factor . W hA
Pairs ¥: 83

2 75.000 75.000 G8.750 125.000

3 5,000 30,000 34.375 87.500

4 31,250 31.250 14.453 56.250

5 18.750 18.750 5.469 34.874

& 10,9375 10,938 1.9249 20,814

7 6.250 6.250 647 11,726

Table 5~—Ratios, as Percentages, Between Frequency Distribution Classes for Specified
Populations Percent Raffinose on Dry Substance.

B to I B: to P2 Fu B:to P Bowo Py Fu ¥y
s TP B w P B T R P B to Py
99.60 47.92 77.09 8542 56.51 12.50 7451
95.76 47.48 63,45 7873 71,67 3536 §2.00
80,84 96,98 55.60 655,00 7478 34.29 32,49 99,14
81.83 86.60 A4 57,33 B1.83 15,71 36.43 94,37
7473 75,21 21,29 38,66 89,84 56,42 45,65 98.52
167 59,60 14.57 98,30 45,76 67.43 50.24 100.00
45,44 545 21,45 049,60 §1.82 69.63
24.12 12.600 4248 82,44
T738 7.20 96.26 40,84

Table 54 ~—Indicated Number of Factor Pairs for Each of Eight Genotypic Ratios.

B to Py B to Pu o : Boto Pr B o P Fo ¥
¥. P: [ Bt Py F P P Bt B
Indicated
No. of 3 35 35 56 3 %5 3.5 5-G

Factor Pairs

‘The obtained ratios for the various comparisons are listed in Table 5.
The following number of factor differences hetween the two parents were
estimated when the obtained values are compared o the theoretical values
for different numbers of lfactor pairs (Table 4).

This information indicates that the two parents differ by about 5 cffec
tive factor pairs Lor rafhinose production, one ol which is non-dsodivectional.

Inheritance in Relation to Results of Previous Mass Selection
It was reported by Wood (43 that progeny of onc mass selecdon for
low raffinose content had about 25 percent lower ralhnose than the parent
variety.  Phis reduction is in line with the findings of this inhericance siudy,
Assume  the parental variety from which the selection was made  had
the same genedie characteristes as the F, population studied. 10 beets were
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chosen from 150 in the selection. I these represented the lower 1/15 of
the genotypic distribution, assuming 3 effective factor pairs of equal magni-
tude in cffect, additive, and in equilibrium, the theoretical reduction in
rathinose should have been 60 percent; the result ol a reduction in genc
frequency from 50 percent to 20 percent. However, with genetic and en-
vironmental variability confounded, it might be assumed that the roots
selected had genotypes falling in the lower half of the genotypic distribution,
On this basis the frequency in rafhnose genes would be reduced from 50
pereent to 37.7 pereent, resulting in a reduction in raffinose of only 25
pereent,
Summary
1. 'LThe inbred lines of sugar beets used as parental material for this

study were apparently homozygous for the factors each carried for production
of rafhinose in the beet

2. Quantitatively, the lactors for raffinose production in the two por
ents followed an arithmetic scale and consequently are addirive.

5. The number of effective [actor pairs for production ol rafhinose
between the two parents is about five and at Jeast one is non-isodirectional
and all are equal in magnitude.

4. Neither dominance, heterosis, nor linkage appeared to be involved
in the cross studied.
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