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The concentration of certain free amino acids is greatly
altered in the mature leaves of sugar beet plants with chronic
symptoms of beet yellows (3)? and ol beet western yellows (l)
In this study, only the leaves that bad just reached full maturity,
either hcalthv or beet yellows-inoculated, were analyzed. In the
leaves of some plants infected with bect yellows, the concentra-
tion of aspartic acid and ol glutamic acid decrcase as much as
70% as compared to that in 1c&1lthy control leaves. In the same
leaves, the concentration of glutamine sometimes was more than
double that found in the healthy controls. As a result of these
concentration cuanges, the amino acid ratios (concentration:

aspartic acid -- glutamic acid . o
i ‘ =) ) were auite diffcrent. In one test,

glutamine

conducted in the greenhouse under controlled nutritional con-
ditions, the amino acid ratio varied from 1.00 to 3.00 in control
leaves taken from diffcrent plants. In the beet yellows-infected
leaves, the ratio varied from 0.34 to 0.67. Extensive tests, in-
volving 121 breeder’s sclections, were made on leaves of plants
growing in the field in 1957, The mean amino acid ratios were
141 dﬂd 0.59 for the uninoculated and inoculated plants, re-
spectively. .

Plants from 28 breeder’s selections were tested the following
year. The mean ratios were 1.26 and 0.38 [or the uninoculated
and inoculated plants, respectively,

The amino acid ratio was determined in leaves of individual
plants of a large population inoculated with beet yellows virus.
These plants were grown under controlled nutritional condi-
tions in the omullmusc Leaves of a very low percentage of
the plants with chronic symptoms of the disease had concentra-
tions of the three amino acids, more nearly like those in leaves
of healthy plants even though the leaves tested were showing
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the chronic symptoms ol the disease. Fhe calculated amino acid
ratios were, therelore, equal to that of some healthy plants,
The data suggested that rhe degree to which the concentrations
of these amino acids are changed (as indicated by the amino
acid ratio) in the leaves of infected plants may be used as an
aid in identifying those plants which have resistance to beet
vellows and possibly 1o beet western yellows as well,

There is ample evidence that the concentration of certain
chemical constituents in the sugar beet reot arve, to a certain
degree, under genetic control. Mass selections in sugar heets
for high and for low concentrations of chemicals such as, galac-
tinol, sucrose, raffinose, potassitum and sodium have been suc-
cessful as shown by progeny tests.

Finkner et al. (4) have made a recent comprehensive review
ol the literature pertaining to changes, in the chemical composi-
tion of the sugar beet root, resulting from selection pressure for
certain of the chemical compounds. These investigators also
made selections for high and low aspartic acid and for glutamine
content of sugar beet roots grown in the field. The selections
resulted in roots of the progeny having a higher or lower content
of these two amino acids, vespectively, I'he total amino acid
content and total nitvogen weve affected similarly. These in-
vestigations also showed that selcction for Tow glutamine vesulted
in a significant reduction in the potassium content of the roots.
Selection for a low aspartic acid content resulted in an increase
in the yield of the roots but had no significant effect on the
percent sucrose in the roots.

Changes in the concentrations of the amino acids in the
leaves of healthy and of beet yellows-infected plants, vesulting
from selection pressure, have not been veported. The first ob-
jective of this investigation was to determine whether the con-
centrations of these three amino acids could be shifted, in the
leaves of both healthy and beet vellows-inoculated plants. by
ordinary mass selection {rom a population ol sugar beet plants
infected wirh beet yellows, The second was to determine whether
the changes in the concentrations of the amino acids that oc-
curred, caused a shift in the amino acid ratio.

Methods

The first selections weve made from a population of approxi-
mately 1,000 plants. They were grown in five large boxes in
the greenhouse. The boxes were lined with polvethylene sheeting
and filled with sterilized sand. Seed of variety US 75 were
planted on 6-inch centers and thinned to one plant. They were
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watered with Hoeagland’s solution at half-strength. The plants
were inoculated in the early 4-leal stage with a virulent strain
{Strain 5y of the beect yellows virus.

Leal samples were taken from cach plant 42 days after in-
oculation. The sample consisted of the two leaves which had
just reached full maturity and which showed the chronic symp-
toms of the disease. Fvery other plant was 1"(‘111()\‘Cd 57 days
aftey inoculation and its root weight recorded. The remainder
of the plants were harvested 85 d&\s after nmcuiatmn.

After the midribs had been mmm’ed, the leal samples were
quick-frozen. The juice was expressed from the thawed tissue
by applying a total pressure of 5.000 pounds. The concentration
ol aspartic acid, glutamic acid and gutmmzm“ was determined
by paper chromatography using the ascending method with
watersaturated phenol as the solvent. The concentrations of
the ninhydrinstained amino acids were determined by measur-
ing the density of the spots with a Photovolt Densitometer (2).

Plants were selected from the population and placed in either
one of two groups, depending upon their root weight and their
amino acid ratio. Group [ included those plants having a root
weight greater than the mean of the population from which
they were selected by at least twice the standard deviation and
an amino acid ratio cqln to or greater than the mean of the
population. Only 28 P lants fulfil lcl ?)01]1 of these requirements,
These plants were given 120 days of pmm thermal induction
and then placed in isolation for an open-pollinated seed increase,
The sced from cach individual plant was harvested sepavately
and considered a selection, or a line.

Group 2 included only 10 plants. Fach plant had a root
weight greater than the mean of the population from which they
were al\cn. These plants had an amino acid ratio greater than
the mean of the toral population by at least twice the standard
deviation. Note that the selection pressure for the amino acid
ratio was much greater for the plants of Group 2 than for plants
of Group 1. The flams ol Group 2 were given photo-thermal
induction dﬂd pl't((’d in isolation for an open-pollinated seed
increase. This seed also was harvested on an individual plant
basis and cach one considered as a selection.

The second successive selections were made [rom a popula-
tion of approximately 1,000 plants. Methods used in growing
the plants were essentially the same as described for making
the first selections, o((cpt that the plants were grown in pots.

#The amino acid Iabeled Cmu!hm (Figure 1) of ane carvlier report has been shown,
by further fests, to be mainly that of glutamine.  Although both citrulline and alanine
have been shown to be present in the exiracts tested, the concentrations of those two
amino acids are insignificint compared 1o that of glutamine.
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Twenty-four plants were grown [rom seed of each of the 98
selections from Group 1 and of the 10 selections from Group 2.
Plants of the parent vaviety (US 75) and a breeder’s selection
(No. 663) were included for test purposes. The plants were in-
oculated with the same virulent strain of the beet vellows virus
used to inoculate the plant population from which the first
selection was made. Leal samples were taken and root weights
recorded. The selection prcssm’e, applied for both the amino
acid vatio zmd for the reot weight, was arbitrarily set at two
standard deviations greater than the mean of the population.
Only 10 plants fulfilled both these requirements. They were
given photo-thermal induction, then placed in isolation for an
open-pollinated seed increase. The sced from each plant was
harvested separately. Faclr seed lot was considered a selection,
as before.

A greenhouse test was then conducted to determine 1f the
selection pressure, applied Tor a high amino acid ratio, changed
the concentrations of the amino acids in Jeaves of plants of the
progeny.  Seven first selections, four of the second successive
selections, and the parent (US 7 ”‘"} were tested as [ollows:

Twenty-five plants of cach of the selections were grown in
a sand-sponge-rock mixture, with one plant per lgallon can,
and watered with Hoagland’s solution at halfstrength. The p slants
were inoculated, 1 the early 4-leal stage, with the same virulent
<tram of the virus. The same numhc, of uninoculated plants
of each of the selections were grown for conwrols. Teal samples
were taken from all plzmts \\'hen the inoculated plants reached
the chronic stage of the discase. The concentrations of the three
amino acids involved were determined and the amino acid ratios
calculated. The data were analyzed by analysis ol variance.

Results and Discussion

Selection pressure, applied for a high amino acid ratio, caused
highly significant changes in the cencentration of the amino
acids i leaves of plants of the progeny, provided the plants
were infected with beet yellows (Table D). In every case where
the difference between the sclection and the parent was sig-
nificant, the concentrations of both aspartic acid and Ululfxmn
acid were higher in the leaves of the selections than in the leaves
ol the parent. The concentration of glutamine was lower in
leaves of the selections than in leaves of the parent in every
case. These concentration changes were toward that in the leaves
of healthy plants. In every case where the amino acid ratio was
significantly different from that of the parent, it was higher in
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Table L—Progeny test of planis selected for a high amine acid ratio in mature leraves
of beet yellows-infected plants. The concentration of three free amino acids in leaves of
beet yellows-infected plants of the parvent and of plants of first and second successive sefec.
tions.

Sclection
pressure
Sibs of Ist applied for

& 2nd suc. amino acid Amina acid conc. Asp f Glut.
selections rutio Root wi. Asp. Glut, Giat NH: Glue NHe:
S FIOH Mg, %, Mo % Ritio

us 75 Parent 5.9 8.6 46.2 0.26
DS3 Ist = X R 2 8.7 7.5 37.5 0.43*
DS22 Ist 19 7. 51 0.23
D823 1st 3.0 4.3 5% .25
D524 Ist 1.5 16.8%% 50
DSH 1st 8.7 7.4 17
DST Ist 7.0° Rl At

DRG 1Ist T X e 2 Sa X 11.8-4 0.7 23.6%%
K59 2nd Suc. XD LN ES I [ER & 60 0,665
RS8 2nd Sue, R 1.7 2487 077
RS2 2nid Sue, 12.5%% 14.a%% 53,15 0.81%+
RS5 2nd Suc. 12.07* B et 06.88~~
Significant difference {491y 5.2 34 SN 0.22

{1y 25 2.6 f2y 0.17

** Significant at the ) lesel

* Significant at the 37 level

the il’il"ec‘red leaves of plamx of the progeny than in infected
leaves of the parent. The shift in the amino acid ratio as a result
ol selection prewsmc was, therefore, toward that in leaves of
the healchy plants.

The mean amino acid vatio (0.78), for the 4 second successive
selections, was 3-fold greater than that of the pavent (0.26),

The performance of one selection (DR (S) indicates that the
same differences in the mmcmmm,n of the amino acids, and
the resulting amino acid ratio, may be obtained in a first selec-
tion provided the sc]e('tum pressure is great enough,

Selection pressure, lor a high amino acid m{io did not result
in consistent changes in the concentrations of the amine acids
in leaves of hmlthy plants of the progeny (Table 2. The shift
in the amino acid ratios followed no consistent pattern relative
to that of the parent.

The defensive mechanism established in plants of the progeny
against changes in the concentrations of these amino acids, in
leaves of plants under the stress of bect yellows, may be correlated
with resistance to the disease. Promising first and sccond suc-
cessive selections are being field tested f{ov resistance to beet
vellows, The results will be reported later.
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Table 2—Progeny test of plants selected for a high amine acid ratio in nmture leaves
of plants infected with beet yellows. The concentration of three free amino acids in leaves
of healthy plants of the parent and of firsi and second suceessive selections.

Sclection
prossure
8ibs of Ist apyplicd for . ;
& 2nd suc. amine acid Amino acid coud. Asp. ¢ Glut,
setectinns ratie Root wt. Asp. ‘Glut. Glus NH. Glut NHe
Mg, o Mg G Mg ¥ Ratio

Us 75 Parent 18.7 .36
S5 Ist > X N S 21.3 KA ATA
D522 It (6.2 2507
13528 Ist 184 1.40
12624 Ist 20.0 0.087¢
NSY st 17.8 294
DH7 st 18.8 1.30
DR st R > X 210 1g2s
RSY 2nd Suc. e X4 2 X ?s JEG 1.54
RS3 2l Sue, 15.7% .78
RS2 ndd Sue. 16.9 48,2+ 1.38
RS&5 2nd Suc, 42,13 52 %® 1.60*
Significant difference (99:1) 17 9.5 T4.1 (187

[EELED] 2R 7.2 104 (L8
¥ Significant at the 197 level,

* Significant at the 59, lesel
Summary

Progeny tests have shown that the concentrations of aspartic
acid, glutamic acid and glutamine are changed in the leaves of
sugar beet plants by selection pressure for a high amino acid

{aspartic -+ glutamic)

glutamine
with beet yellows. The evidence is clearly shown by analysis of
newly-matured leaves of plants of the progeny, as compared to
feaves of the pavent, provided the plants are infected with beet
vellows, The concenuration of aspartic acid and of glutamic acid
increased while that of glutamine decreased in the infected leaves
of plants of the progeny relative to the concentrations of these
amino acids in leaves of infected plants of the parent. These
changes in concentration resulted in a higher amino acid ratio.
In beet yellows-infected plants, the shift in the concentration
of these amino acids, in leaves of plants of the progeny, was
teward that found in healthy control plants of the parent.

from a population ol plants infected

ratio
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