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ABSTRACT

The present study was carried out at El-Sabahia Agricultural Research Station,
Alexandria, Egypt. The main objective of this study was to determine biochemical marker in
sugar beet bolting plant at early stages of plant development. Field experiment was carried
out in the experimental farm of Ei-Sabahia station. The plant samples of bolting and non-
bolting plants were collected at different period of plant ages and samples were analyzed
employing the well known electrophoresis technique. Cluster analysis was done to
recognize relation between bolting and non-bolting plants. The cluster differentiates between
bolting and non-bolting plants in different clusters and this may mean that technique would
be effective in selection against bolting at early stages of plant development.

INTRODUCTION

Sugar beet (Beta vulgaris L.) belongs to the family
Chenopodiaceae. |t is a diploid species with 18 chromosomes (x=n=9) and
a nuclear DNA content of 758 Mbp per haploid genome (Arumuganathan
and Earle, 1991).

Sugar beet as a biennial plant needs two seasons to complete its
life cycie, in the first season (vegetative season) it produce leaves and the
succulent roots while in the second one (reproductive season} it produces
the seed stalk and flowers Bosemark (1993). Some plants produce the
seed stalk in the first growing season (bolting). This undesirable character
reduces sugar yield and percentage about half, (Poehiman, 1979).
O'Connor, (1970) reported that while the inheritance of boiting is not well
understood, selection has been found to be effective in developing varieties
which are highly bolting resistance. Lysgaard (1978) reported that genetic
effect of bolting can be controlled by rigorous selection, and bolting
susceptibility can be reduced by 88-98% in beet populations after three
selection cycles. (Zinecker and Rinzier, 1979) suggested that selection was
more effective within populations thah between populations to produce
sugar beet bolting resistance materials.

isozymes had been defined by (Shaw, 1969), as multiple forms of
enzymes in the same organism and having similar or identical catalytic
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activity. Weising et al. (1995) reported that isozymes are enzymes that
convert the same chemical substrate, but are not necessarily products of
the same gene. Isozymes may be active at different life stages or in
different celf component.

Regarding the different isozymes of peroxidase, the present
investigation was designed to study their activity in bolting as well as in
non-bolting plants to determine any possible biochemical marker. Several
attempts have been carried out by many investigators to detect and/or
estimate any biochemical genetic marker. Bolelova and Red'ko (1985)
showed that the biennial sugar beet forms were proven to contain a higher
amount of protein activity of sucrose synthetase. Alimgazinova (1986)
found relationship between peroxidase isozyme activity and the sucrose
content of the sugar beet roots. Yu et al. (2001) discovered an isozyme
marker associated with a gene for resistance to root-knot nematode in
Beta. Peroxidase of the sugar beet are located on chromosome 6 (Van
Geyt et al., 1988) and the gene products are active as monomers. In the
present work biochemical technique was used to detected biochemical
bolting marker in the early stages of plant life to reduce the selection
period. Because every selection cycle needed one year to know the bolting
plant and the resistance ones and second year to seed production of
resistance ones.

MATERIALS AND METHODS

The sugar beet materials used throughout the present study, were
obtained from the Sugar Crops Research Institute, Agricultural Research
Center, Ministry of Agriculture, Egypt. Selection against the boiting
phenomenon was carried out six open pollinated populations of sugar beet
(Beta vulgaris L.) were employed in this work and classified into three
categories. These categories are: two original populations (before
selection) [Cy1-Rsq (Eg.1) and EL-Kasr (Eg.8)); two populations after one
selection cycle (Eg.3 and Eg.10); and two populations after two selection
cycles (Eg.5 and Eg.11).

Seeds of the six open—pollinated populations were grown in October
2001 and October 2002 as weli. Seeds were planted in rows (50 cm
spaced) and on a distance of 20 cm from plant to plant. The plants received
the normal agricultural treatments throughout the vegetative seasons.
Piants in rows were numbered and the observations and leaf samples were
taken during the season. Leaf samples were kept in the deep freezer until
the bolting and non-boiting plants had observed.
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Biochemical assay (peroxidase isozymes study):
To detect biochemical marker for bolting trait, investigation of
isozymes was done on leaf samples of bolting and non-bolting plants.

Electrophoresis was carried out to obtain the peroxidase isozyme patterns

in the leaves of the sugar beet samples. The following are the buffers, gel
media, staining solution and the used electrophoretic procedure (Sabrah
and Ei-Metainy, 1985):

Buffers

- 0.23 M Tris - Citric acid buffer, pH 8.0 (Sabrah, 1980). 27.7 gm of
Tris dissolved in 200 mi distilled water and 11.0 gm Citric acid were
added and completed to 1000 mi.

- 0.01 M Sodium Acetate Acetic acid buffer, pH 5.0 (Sabrah, 1980):
29.6 ml. of 0.01 M Acetic acid were added to 70.4 ml. of 0.01 M
Sodium Acetate to prepare one liter of this buffer.

Gel media

Agar-Starch-PVP (polyvinyt pyrrolidine) gel: 1gm Agar, 0.5 gm PVP
and 0.4 gm of hydrolyzed starch were added to 100 mi of 0.023 M Tris-
Citric acid buffer (pH 8.0) and the mixture was cooked in a boiling water
bath until the solution became transparent. Ge! plates were prepared by

pouring the solution on a glass plates and keeping them in refrigerator at
4°C untii utilization.

Staining solution
100 mi of 0.01 M Sodium Acetate-Acetic acid buffer (pH 5.0),
containing 0.1 gm Benzidine and 1.5 m! Hydrogen peroxide (H,O,), which is

added immediately before staining, was used to stain the peroxidase
isozyme patterns,

Procedure

Leaf samples were taken during five plant ages of bolting and non-
bolting plants (60, 90, 120, 150 and 180 days). Samples were
homogenized in a cool mortar, and the homogenate was absorbed on 1 X
0.2 cm strips of filter paper. These strips were placed on the origin fine of
agar gel plate for about one hour, and then the fiiter paper strips were
removed. After that, a constant current of 13-14 V/cm, electrophoretic
started for 2 hours at 4°C, using 0.23 M Tris-Citric acid buffer, pH 8.0, as
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electrode buffer. After separating the peroxidase isozymes, the gel plates
were incubated at 38°C for 5 min. and were stained with peroxidase
staining solution,

Isozymes analysis

The isozyme data were scored by software TOTALLAB V. 1.11. Data was
analyzed with computer program NTSYS-pc ver 2.1 (Rohif, 2000). to
develops the cluster analysis.

RESULTS AND DISCUSSION
Isozymes

The obtained data showed differences in band numbers, band
volume, peak height and R.f. parameter in the investigated materials
whereas:

Band volume: it indicates the value resulting from the interaction between
band area and band density. It refers to the amount of isozyme, which was
expressed from a given gene.

Peak height: it refers to the density of the band and this indicates to the
activity of the isozyme.

R.f. (Retardation factor): it refers to the position of band from the original
line to its position as relative number—typically between 0 and 1.

Bolting and non-bolting plants of original populations:

Leaf samples of young plants were collected from the two original
populations Eg.1 and Eg.8. Samples were classified into three categories
as follows: 1- (r) resistance to bolting; 2- (BB) easy bolting; and 3- (B) late
bolting. Samples were subjected to electrophoresis. The obtained banding
patterns of electrophoresis analysis are illustrated in figure (1). Table (1)
shows bands of the two original populations observed from leaf samples of
bolting and non-bolting plants. The data indicated that there were six bands
migrated towards the cathode; while there were three bands migrated
towards the anode. Band existence, band volume, peak height and R.f.
parameter were found to be different from bolting and non-bolting plants as
well as from one population to another. For example band No.1 in the
cathode side and band No.3 at the anode were absent in resistant plants in
population Eg.1; while they were found in population Eg.8. Band No.3 in the
cathodal side was absent in the resistance sample plants, while it was
present in easy bolting and late bolting plants in two original populations.
Band No.1 in the anodal side was found in almost all studied materials.
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Figure (2) shows dendrogram of cluster analysis based on (0 and 1)
data whereas: (o) refer to band absences while (1) refer to presence band.
The figure shows that there were three clusters in the dendrogram tree.
The analysis was capable to classify the studied twenty two plant leaf
samples into three big clusters, cluster No.1 contained eight plant samples
(1r, 4r, 2r, 3r, 12r, 15r, 13r and 14r) these samples belong to the bolting
resistant plants in two original studied populations (Eg.1 and Eg.8). Cluster
No.2 contained late bolting plant samples in the two original populations
(8B, 9B, 10B, 19B, 20B, 11B, 21B and 22B). Easy bolting plants presents in
the third cluster (5BB, VBB, 6BB, 17BB, 16BB and 18BB). Alimgazinova
(1986) found relationship between peroxidase isozyme activity and the
sucrose content of the sugar beet roofs.

Bolting and flowering plants of original populations

Bolting is considered to be flowering without vernalization and in this
part of the present investigation the comparison between easy bolting, non-
bolting and after vernalization flowering plants were studied in two original
popuiations to examine the effect of vernalization on peroxidase isozyme
activity. Figure (3) and Table (2) illustrates the isozyme patterns for the two
original populations. From the analysis of these data, it was proven that
{band existence, band volume, peak height and R.f. parameter) were found
to be different from one population to another, and from baolting resistant,
flowering and bolting plants. Bands No.3 & 4 in cathodal side and band
No.2 in anodal were present in easy bolting plant samples only in the two
examined populations. While band No.2 in the cathodal side was present in
bolting resistant samples plant in two studied original populations. On the
other hand, band No.1 in the anodal side was found in all plant samples.
Analysis of electrophoretic anodal bands revealed that there was a specific
anodal band detected in bolting plants while in non-bolting was not. This
conclusion is in agreement with that reported by (Saleh, 1999), who found
the same band in bolting sugar beet piants.

Figure (4) presents dendrogram of cluster analysis based on (0 and
1). The analysis was proven to be capable to separate the thirty studied
material samples into three main clusters, cluster No.1 contained ten
bolting resistant sugar beet samples {1r, 2r, 3r, 4r, 5r, 19r, 20r, 16r, 17r and
18r}; and the ten easy bolting samples were found in cluster No.3 (9BB,
6BB, 7BB, 88B, 25BB, 10BB, 21BB, 22BB, 23BB and 248B); while cluster
No.2 contained the ten after vernalization samples (26F, 28F 29F, 30F,
11F, 12F, 13F, 14F, 15F and 27F).

Vol. 11 (1), 2006 43



J. Adv. Agric.Res. (Fac. Agric. Saba Basha)

Bolting and non-holting plants of original and selected populations

Figure (5) shows five gei electrophoretic isozyme patterns of the two
original popufations and their selected progenies. Table (3) shows the
TOTALLAB software scoring data resulting from the analysis of the
electrophoretic patterns of the isozyme for the two original sugar beet
populations and their selected progenies. The data showed that bands
No.3 & 4 were absent in the resistant bolting samples; while they exist in
the easy bolting samples, except in the leaf bolting samples of the second
selected population Eg.11. Band No.2 in the anodal side was not found in
the bolting resistant samples plants, while they exist in almost all the easy
bolting samples. On the other hand, band No.2 in the cathodal side was
present in bolting resistant samples plant. The bands was absent in all
bolting studied plants. Band No.1 in the anodal side was detected in all
plants.

Figure (6) iliustrates the dendrogram cluster analysis based on (0
and 1) this figure shows that there were five main different clusters that
classify the 46 samples. Cluster No.1 contains tweive samples, the eight
bolting resistant samples were found in this cluster (1r, 3r, 4r, 2r, 5r, 19r,
41r and 42r). In the small branch cluster that belongs to the same cluster
there were four easy bolting plant samples (43BB, 46BB, 44BB and 45BB).
These samples belong to population Eg.11 (such population was subjected
to two selection cycles). Easy boiting sugar beet plant samples were found
in cluster No.2 & No.3. Cluster No.2 contained eight easy bolting plant
samples (6BB, 7BB, 10BB, 34BB, 35BB, 36BB, 37BB and 38BB), and
cluster No.3 contained eight easy bolting sugar beet leaf plant samples
(8BB, 9BB, 24BB, 25BB, 2688, 28BB, 27BB and 15BB).

Ciuster No.4 contained three easy bolting plant samples in a small
branch (16BB, 17BB and 18BB). These plant materials belong to
poptilation Eg.3 (a population that exposed to one selection cycles), the
cluster contained also seven plant samples resistant to bolting {(20r, 22r,
23r, 32r, 21r, 31r and 33r), last cluster contained eight plant samples
resistant to bolting (11r, 13r, 14r, 12r, 29r, 30r, 40r and 39r).Finally it can be
concluded that isoperoxidase may differentiate between boiting and non-
bolting sugar beet plant at early stages of plant development.
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Origin line-—-
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Figure (1a): Peroxidase gel electrophoresis analysis for the original
populations Eg.1 of easy bolting (BB), late bolting (B) and
resistance bolting plants (r).

Origin line—-

12r 13r 14r I5r 16BB 17BB 1SBB 19B 20B 2IB 22B

Figure (1b): Peroxidase gel electrophorasis analysis for the original

populations Eg.8 of easy bolting (BB), late bolting (B) and
resistance bolting plants (r).
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Figure (2): Dendrogram of cluster analysis of population Eg.1 and Eg.8 in
the bolting and non-holting plants based on (0 and 1) data.
Whereas: (r): Resistance boiting -~ (BB}): Easy bolting — (B):
Late boiting plants.
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Figure (3a): Peroxidase gel electrophoresis analysis for the original
populations Eg.1 of easy bolting (BB), resistance bolting
plants (r) and after vernalization plant (F).

Origin line--—-
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Figure (3b): Peroxidase gel electrophoresis analysis for the original
populations Eg.8 of easy bolting (BB), resistance bolting
plants (r) and after vernalization plant (F).
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Figure (5) Five gel electrophoretic patterns of peroxidase isozymes for the
two original populations and their selected progenies.
Whereas: (r): resistance bolting — (BB): bolting.
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Figure (4): Dendrogram of cluster analysis of population Eg.1 and Eg.8 in the
bolting, non-bolting and after vernalization plants based on (0
and 1) data. Whereas: (r): Resistance bolting - (BB): Easy
bolting - (F): After vernalization plants.
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Table (1): Analysis of electrophoretic data obtained from Eg.1 and Eg.8 populations of the belting and non-bolting plants

Band 2 (1)

gand 1 ) Band 2{) Band 3 (+} Band 4 (-} Band 5{-} Band 6 ) Band 1 {+) Band 3 {#)
Population nﬁ,':?,é, Peak Pesk Paak Peak Peak Pesk Peak Paak Peak

Vo e RE VoL RL vol ¥ RL el B RL vl (S RL VoL (B RE Vel o I Vol L RL Vol LRI

M - - - - e e e ~ - - B7173 081 0837 62424 0A3 0912 16413 056 0400 - - - . . -

x - . - 45854 050 0298 . - - - - - BID5 0.92 087 84341 078 091 15412 052 0.111 : ..

I - - - 48031 044 0300 . - - < - - 99311 072 083273846 051 0816 45971 072 0017 - . . - . .

& - . - - e - - - 83791 094 0834 78234 056 0919 16127 0530123 - . - . . .

588 - . P + - 14881 043 0494 14394 0852 0631 - - - 85231 086 0929 15317 056 0.128 95132 036 044 - . -

Eg1 668 - - - .. 15803 0.25 0478 18553 047 0632 - - - 2814 041 0821 . . - QM5 080 048 . . -
8 - - - . .- 91982 068 0475 14255 038 0633 - - - 67231 051 0924 14297 075 0.126 85136 0.31 043 - = -

8 67095 181 OH3 - .. 15177 072 0478 15761 075 0611 - - 1541 1408 - - - 18322 041 085

99 85250 £.29 0138 - - . 25804 062 0488 14612 078 0B42 - - - - -+ 48667 0.9 0120 S - 11423 0.37 085

108 74520 025 0137 - - - 14746 014 0491 14986 066 0843 . - - - .- 15626 0350925 - - - 96166 042 085

18 39925 023 0412 - - . 96303 0.1 0474 14480 088 0640 . - - - - - 15289 052 0120 .- 95412 051 088

12r 96333 012 0430 2022 003 0261 - - - - S - ... 59393 096 080114913 044 D12 - - - 11713 044 087

13r 8100 013 0130 3053 002 0273 - - -~ 40132 135 0652 - - - SB.23 104 0801 25103 0850119 - - - 11385 0.20 0.87

Mr 21053 049 04130 73693 008 0280 . - - 38056 182 0652 - - - 75034 086 0007 26815 067 0114 - . - 18115 031 087

15 35830 089 0130 457.54 002 0273 - - - S .- .4 2704 113 091923587 1450117 - - - 21285 033 046

1688 - - - . .. 7381 006 0451 33515 169 0854 280 141 0833 - - . 23540 045 0107 12182 035 048 - - .

Egd  178B 11937 005 0118 - .. 10753 122 0447 32700 06T 0658 32639 053 OB45 - - - 24314 083 0100 1.0144 041 046 - - -
1888 - . .- - - 29342 0.7 0453 4982 141 0858 97035 136 0845 - - . 25794 066 0107 12164 031 045 - - -

198 4413 004 012 - - 41985 041 0453 27023 162 0640 +.970. 229 0832 - - - 241830790406 - - - 20133 029 084

08 4435 002 01% - - - A703) D45 0457 12530 0.23 0654 13084 046 0833 - - - 2421090102 - - - 11425 0.21 085

Mmoo - 8 .. .. 85411 054 0469 28031 131 0654 1075 067 0827 - - - 132240290109 . - - 13902 0.25 085

ww - 8 .- .. 38819 034 G450 21432 296 0656 B885¢ 0.20 083t - .- 3341006 - - - 11223 051 088

Whereas {r): Res|stance bolting - {BB): Easy bolting ~ (B): Late bolting pfants.
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Table (2): Analysis of electrophoretic data obtained from Eg.1 and Eg.8 populations of the bolting, non-bolting and after
vernalization plants

Plant Band 1 (-} Band 2 () Band 3 () Band 4 {-) Band 51{.} Band & (-} Band 1 {+) Band 2 (+} Band 3 (+}
Populgon ot Poak Pedk Peak Peak Paak Peak Poak Peak Peak
Vol, Hoig, REL Vol ot AL Vol Fei, RL VoL RL Vol RL Vol o, RIL Vol Hag RE Vo Hog Rb Vol Hoig R
i N . 10322 0 031 - - . - - - 29158 053 0846125821 033 D932 33073 408 o8t - . . B N N
&x - - - 92842 025 G338 - - . - - « 23681 052 0843128431 042 083 35460 075 0001 - - . - B -
ar . .- 10759 029 0310 - . - . 23621 067 0843119398 049 0936 13829 075 0091 - - . - B .
4 - - 99884 075032 - - - . - < ZM48 077 0844127436 068 0933 44206 085 0083 - - . .- .
i R - - 99935 078 0313 - - - - - 25552 080 OB44119476 D46 0933 13044 05 Q101 - - - -
688 97645 057 0133 - - 10529 045 0.488 2.2583 043 0651 - - .- 16976 054 0.106 2357 04 043 . - .
7BB 93887 055 04M1 - - - 10812 048 0.485 23365 035 0652 - - - - 1.326.3 052 0.104 22053 040 Q44 - -
Eg.i 8BB 93761 063 0143 - - - 1.0204 058 0.488 3.2141 054 0655 - - - - 14792 095 0112 22311 060 044 - - -
9BB - - - - - + 10144 026 (.488 43335 087 0852 - - - - 15565 017 0128 - - - -
1088 - - 10425 029 0.481 23969 083 0853 - - - - - 14914 064 047 224712 152 042 - . -
“ . S e .o T T T T i o4 08 - 14883 0.95 0412 . 193 035 0822
12F . .. .- - - 25437 092 0876 - - 1453 g@d O - . . o o .
13F - - - - - - - - 24438 029 0873 - - 13938 083 G112 -« 2382 035 0R26
14F - - - - - - - - 25826 045 0814 . - 13605 067 0144 - - - 2357 034 0821
15F . - - - . - - - 24776 069 0.671 - 1a29.2 o8 0101 . - - 2336 G4 0.824
16 - 14681 0.35 0.3H N - 19158 064 0551135496 0B4 0055 102727101 0008 - - 2054 D55 0873
7r 2028 0510415 14843 020 0361 - - - - .. 18458 074 0851125831 074 (.95 -.8902 061 0084 - - -
18r 79938 0.58 0.145 25716 0.88 0.350 - - - - 3344 044 0553133354 067 0968 16765 079 0097 - - - - .
19 - - 14481 014 0352 - - - - 20233 051 08541387.35 046 0969 19482 012 0103 - - . - - -
20r - 17848 023 0361 - . - - - - 36221 065 0857168736 078 0.962 18725 0.72 C.0V9 - - -
2188 - - - - - - 18534 052 0497 2337.2 069 0863 - - 185225 D66 0.9% 1.890.7 0.72 0.085 1814 25 032 046 - - -
2188 - - 17468 058 (493 29857 061 0677 - B - 195413 405 0955 1.8142 074 0111 184714 037 046 - - -
Eg8 238B - - 15052 032 0508 20521 048 0674 - - 165436 106 0349 17251 073 0423165401 032 045 - - -
24BB . - - - - 14785 032 0.509 20848 053 0564 - - 196528 098 0948 1.7448 0.82 0,111 1.718.24 0,33 045
2568 1.082.7 0.98 0.138 - - 14652 058 03503 22286 085 Ofsd - - - 175333 072 0944 18765 0.27 0.145 1.455.36 025 045 . - -
26F - - - . .e - . <3274 104 0871 - -~ 16873 094 0448 - - 1323 043 0882
21F - . - - - - 33284 094 0874 . - 17516 085 0135 - - - 1474 046 0,885
26F - - - B - - - 17456 0.4 0671 - 18581 129 042 - - - 1783 044 0889
20F - - - - - - 29524 101 0884 - 16254 067 0414 . « - 3% 022 0889
3F - - - .- - - 22875 085 0.887 13362 069 0135 - - .- 1300 023 0.887

Whereas: (r): Resistance beiting — (BB): Easy bolting —

{F): After varnalization plants.
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Table (3): Analysis of electrophoretic data obtained from two original sugar beet (Eg.1 & Eg.3) populations and their three
selected progenies (Eg.8, Eg.10 and Eg.11) of the bolting and non-bolting plants

 Plant Band 1 (-} 8and 2(-) Band 3 () Band 4 () Band 5 {-) Band 6 (-} Band 1 {+) Band 2 (+) Bang 3 (+)
POPUES number vy ':fg RS Vol. i‘?i; RE Vol fﬁ:;k RL Vol ;‘?; af Vol ffﬁ RE vl :2?; RL vl Z:aé‘ REL Vol F:f; RL Vel ﬁi%"_ RY.
v - 2156 088 0306 - - - - - 236920 084 085012472 068 0041 127721 088 0024 - - - - -
» - . . guGOsGA - - - - - 25713 098 CB50 13641 045 0049 137823 083 0035 - - 12603 056 0881
¥ - - - 89830420304 - - - - - . - 100135 049 085112714 0GB 0933 141236 075 0908 - - - - -
& - - . Ti92048031 - - - - - 85624 G99 045462515 088 093 102884 077 015 - - - - - .
i F MSRZIGONS o . oo oo oo 23798 175 080181 OB 0SS LT 0W O - - . 1268 085 087
688 . - . - - . 13212 022052 76725 025 D&M8 - - - 2176 045, C932 136281 081 0.127 124233 034 0465 o
768 20256 1360119 - - - 85531 101 D503 G785 162 0.643 © . 21304 050 0830 178738 087 0.400 121113 085 0471 - -
% - . - - - 76305 0.23 0504 176231 GEY BSS8 - - - = - - 130925 064 0196 120555 0S50 0468 - - -
@8 - - - - . . 77255 021 0501156521 069 0851 - - - . - 125836 074 0135 107467 067 Q45 - - .
1BB 19361 106 021 - - - 5054 107 0502 65825 108 0658 - - - 25873 035 0056 128354 081 0122 400125 072 0486 - - -
- - - 66020 - . - - . 146236 UAB 0042 67139 037 Q871 162538 048 0405 - - - - -
far . 9952086 024 - - - GEBId D47 DB5L1B4Z 030 0477 195036 091 0424 13418 087 0861
W - - - 9BI0WO:WE - . - ; 184739 049 0.850 16565 0.36 0979 195813 028 0414 - - . - ;
g1 - - - omazomoem .o .. - . 162873 071 0854 12281 054 0978 156529 0.1 0499 - - - . . -
1588 - - . 9912 0360303 1415 032 U531 145036 054 088 - - - - 225198 037 0.109 126935 046 0431 .-
1688 96756 074 0A3S - - - 10985 051 0538141139 064 0661 - - 13375 044 0951 22375 091 0091 121444 057 0438 - -
7BB G474 OM 0428 - - - 99938 027 0537149832 028 0647 - - - 14791 044 0963 133122 025 0088 - - - - . .
188 - - - . . =« . . 71735 036 08 - - - 13814 054 05 122139 029 9099 - - - -

S 900Z (1) 11°I°A

Whereas: {r): Resistance bolting — (BB): Easy bolting plants.
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Cont. Tab!e (3): Analysis of electrophoretic data obtained from two original sugar beet {(Eg.1 & Eg.3) populations and their
three selected progenies (Eg.8, Eg.10 and Eg.11) of the bolting and non-bolting plants

Piant Bang 1 (-} Bard 2 [+ Band 3 {-) Band 4 (1) Band 5 () Band b () Band 1 (+) Band 2 {+) Band 3 (+)
Popuiation Peak Peak Peak Peak Peak Peak Peak Peak Peak
number  yol, ok, Ri Vol Hel. R1 Vol Heig, Ri Vel Heg. P vel o RL wel b RE Vol ot RE ol Heg, RY Vol Heig R1
19r - . 242 03B o0W - - - - - 57536 0.23 0541 60360 0B9 0343 184736 087 0426 - - B . z "
20r 35921 0,75 £.426 31458 073 0304 - - - - - - 59758 070 0.838 70131 040 0954 163985 0.6 0421 - . - 48636 080 0873
21 26835 042 0132 42836 0.49 0279 - B B 71625 051 0342 73561 032 0929 195826 069 0124 - . . ..
220 30158 0.96 0.129 309.36 022 0273 - - - . 62036 0.83 0.861 71036 0.82 0.932 184368 1.14 0129 . 50036 406 0881
08 24 T -369.25 0.99 0.4D3 83564 106 0295 - - - - Tte . B40.36 196 0.B65 1.340.3 169 0.834 245333 174 0118 . . - 10452 072 0887
g 24BB 39425 067 0408 - - - 20465 0.50 0455 20835 062 0857 47025 048 0872 - - 158932 069 0416 16031 071 D421 - - -
2588 20058 0.54 0.008 - - 2573% 044 0461 26635 D45 0549 42014 030 0879 787.25 042 0926 189136 120 2114 - - - . ..
2688 27635 063 0108 - - - 237.25 028 0453 23954 047 0645 49652 050 0.821 736.25 043 0929 190135 402 0120 85137 053 0415 - . .
2788 310.36 059 0411 . 299,25 035 0437 36928 062 0643 46825 094 0.851 746.25 .043 0.920 1.94136 0.09 0123 90236 4106 0409 88928 099 0886
288 28425 042 0121 - . . 22435 0.6 0425 22025 054 0631 470.35 091 0.85) 49025 124 0919 1.83636 131 0176 70021 055 0417 - - -
20 430,25 0.23 0.148 421.25 0.25 0.298 - o - -~ 99525 042 0675 0B521 057 0.6 85123 053 025 - B B . PR
30r 44236 0.26 0.142 430.25 026 0203 - - . B 10082 074 0879 91625 0.1 0951 83625 069 0426 - . - 11013 049 0888
3 41021 028 0437 43024 0.22 0302 - —_— - . 10067 069 0.875 90125 028 0047 B2636 083 0129 - - - 99736 061 087
2r 42632 0.30 04133 42832 0.19 0309 - - - - 99825 (67 0871 B9O.Z5 0.20 0.949 10038 087 0135 . - - 91025 060 0874
Bt 3 <« . 41025 020 005 - - - - - - - - - 25 079 0841 10012 159 0138 - - . . -
' BB 3021 019 0432 - - - 28621 026 0462 40325 025 D635 40025 0.62 0670 99036 0.8 0847 54023 063 0440 - - - - ..
3588 45136 075 0120 - - - 3025 052 0456 30825 056 0532 41236 050 0.876 97025 032 0959 94025 085 0140 68025 065 0421 - . -
3688 46232 022 04)1 - - - 39525 059 0453 40236 063 0620 70125 C61 0875 - -« 10103 059 0.145 74035 058 0420 - .
3788 443.25 0.44 0.133 - 24032 030 0.458 20025 (32 0629 43025 051 0871 - -« 10903 063 D47 73125 0B84 0432 - - .
%8 - . - . 268,21 0.29 0451 405.3% D33 0530 506.06 0.81 0.B66 - - - 10706 059 0.149 73635 053 0434 - - -
3G 560.23 0.95 0,749 08525 083 047 - - . . . - 97425 051 0873 901.25 0.72 0,961 54525 1455 0.145 - - - 70825 067 0803
40r 57435 049 0.547 56421 D41 0330 - - - - - - - - 98936 075 0.969 54326 050 0152 - - - - . .
41r 58136 020 0143 57625 029 0M0 - - - - - - 98523 0S50 0866 S04.36 043 0575 56436 078 0454 - - - 71235 099 0806
Egn1 A2 49035 027 045 . - - - . . 72058 056 0B78 - - - 51026 029 0152 - . . . . .
' 4388 52236 0.29 0447 - - . - - - . . .- 68825 055 0581 547.85 181 0.15% 577.25 039 0450 . -
488 - - - - . .- - . - B - - 51025 066 0971 57152 036 0151 - . . . - .
458 - . - . - e . - - - 32036 0.58 0676 70825 0.24 0470 576.25 034 0954 - - - - . -
4688 . - .- - - - - - B40.25 654 0969 52136 042 0.151 - - .

Whereas: (1): Rasistance bolﬁng

{BB): Easy bolting plants.
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