J. Agric. Sci. Mansoura Univ., 30 (6): 3425 - 3438, 2005

USE OF ISOZYME COMPOSITION OF SEED TO QUANTIFY

RESISTACE OF FLAX CULTIVARS TO POWDERY MILDEW

DISEASE

Aly,A.A.";E.M. Hussein'; M.T.M. Mansour' and M.A.Tag El-Din®

1- Plant Pathology Research Institute, Agricultural Research Center,
Giza, Egypt.

2- Department of Agricultural Biochcmistry, Faculty of Agriculture, Ain
Shams Univ., Shoubra El-Kheima, Cairo, Egypt.

ABSTRACT

A field trial was conducted in 2002/2003 and 2003/2004 growing seasons at Giza
Agricultural Research Station to evaluate the reactions of ten flax cultivars to powdery
mildew (PM) disease. In general, the tested cultivars could be divided into four distinct
groups, i.e., highly resistant {Ottowa 770 B, Dakota, and Bombay), resistant {Cass,
Wilden, and Clay), susceptible (Koto and Marshall), and highly susceptible (Cortland
and C.I. 2008). The cultivars showed considerable variation in disease severity (DS)
ranged from 3.6 on Bombay to 100% on C.I. 2008. Isozymes of malate dehydrogenase
{MDH), peroxidase (PRX) and esterase (EST) of cultivar seed were separated by
polyacrylamide gel electrophoresis (PAGE), and the obtained banding patterns were
visualized by using three staining systems. Data for PM severity (dependant variable),
and amounts of isozymes (independent variables or predictors) were entered into a
computerized stepwise multiple regression analysis. Using the predictors supplied by
stepwise regressioné three models were constructed to quantify PM severity. Coefficient
of determination (R*) values of the models were 98.67, 83.46, and 83.46% for MDH,
PRX and €8T, respectively. These results indicate that PAGE of isozymes may provide
a supplementary assay to greenhouse and field tests to distinguish quantitatively
between PM resistant or susceptible cultivars.

INTRODUCTION

Flax (Linum usitatissimum L)) is considered the most important bast
fiber crop, it ranks second after cotton (Seedy fiber) regarding economic
importance and production. Powdery miidew (PM), caused by Oidium lini
Skoric, is currently considered the most common, conspicuous, widespread,
and easily recognized foliar disease of flax in Egypt. Over the last decade,
the importance of this disease has increased probably due to the
appearance and rapid distribution of new races capable of attacking the
previously resistant cultivars (Aly ef af., 1994). In India, Pandey and Misra
{1993) reported that as the disease increased, yield losses increased
ranging from 11.8 to 38.9%, yield losses were greater when the disease
appears earlier in the season. Accurate assessment of losses due to the
disease in Egypt has not been reported. However, Aly et al. (1994) found
significant negative correlations between disease intensity ratings and
agronomic traits (yield and yield components).

Currently, resistance is not available in commercially grown flax
cuitivars in Egypt. Therefore, in years when environmental conditions favor
the development of the disease, foliar application of fungicides has become
the only commercially available management practice for the disease
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control (Aly ef al., 1994). However, complete dependence on fungicides for
the disease control carries risks for the producers, in that accurate
coverage and distribution of fungicides may not be achieved and there are
potential problems with correct timing of applications. Furthermore,
increasing concern for the environment will likely mean greater regulation of
fungicide usage {(Pearce ef al., 19986).

Use of cultivars with PM resistance can resolve ali these problems.
However, successful screening for PM resistance in flax requires the
development of a reliable method for the quantification of resistance.

Isozymes (lsoenzymes) are defined as genetically determined
multiple molecular forms of an enzyme. There are three main causes of
formation of multiple molecular forms of enzymes. These are (1) the
presence of more than one gene locus coding for the enzyme, (2) the
presence of more than one allele at a single gene locus coding for the
enzyme, and (3) the post translation modifications of the formed enzymatic
polypeptides resulting in formation of nongenetic or so-called “secondary”
isozymes, The term isozymes is usually used to denote muitiple molecular
forms deriving from different genetic loci, where the term “allozymes” is
used to denote multiple molecular forms deriving from different alleles of the
same genetic locus, The term “allelic isozymes® is also used by some
isozymologists (Manchenko, 1994).

The relationship between isozyme composition of host plant and its
resistance or susceptibility to PM diseases has been studied in some
pathosystems. For example, in a comparison of wheat mutants induced by
gamma radiation, it was shown that the PM-susceptible material contained
an extra peroxidase isozyme band, 3A. Comparisons of the activity of the
band in the 2 susceptible parents showed that activity increased relative to
the increase in infection and that the absorption peak was greater in the
more susceptible variety (Xia ef al., 1986).

Chitinase (EC 3.2.1.14} and beta-1, 3 glucanases (EC 3.2.1.38) have
been known to play a vital role in the defense of plants against fungal
pathogens. The pattern of induction of these two enzymes subsequent to
infection by PM was studied in 10 pairs of near-isogenic lines of barley
(Hordeum vulgare L.), which possess PM resistance genes. These isogenic
lines have been grouped according to their reaction to the fungus. The
induction varied between the resistant and the susceptible cuitivars within
each group and between different groups. More isozymes were induced In
susceptible varieties of highly resistant groups and overall levels and the
number of isozymes of chitinases and beta-1, 3 glucanases were lower in
groups with low resistance (Ignatius ef al. 1994).

The isoelectric focusing (IEF) gel electrophoretic approach was used
to compare the peroxidase isoenzyme bands of 50 wheat varieties resistant
or susceptible to PM (Erysiphe graminis). Wide differences were observed
in the expression level of band pl6.1 in leaves of resistant and susceptible
varieties from the jointing stage to the occurrence of the disease. The
genes for band pl6.1 in resistant varieties shovied life-long normal
expression. The band had strong activity throughout the growth period. The
expression of this band was suppressed in susceptible varieties after the
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jointing stage, resulting in ambiguity or even disappearance of the band
{Wang et al., 1989).

Isozyme spectra of peroxidases for 11 selected Cucurbita pepo
cultivars representing different groups of morphotypes with various levels of
PM field resistance were analyzed. They could be ranged into three basic
groups, which correspond with the cultivar's level of field resistance
(Lebeda ef al., 1989).

To date, as far as we know, no attempts have been made to evaluate
the degree of association between PM intensity ratings and isozymes
composition of flaxseed.

Therefore, the objectives the present study were to (1) evaluate the
relationship of PM disease on fiax to isozyme compaosition of seed (2)
develop a statistical model to predict PM severity by using isozymes of
malate dehydrogenase, peroxidase, and esterase in the seed as
biochemical predictors. This approach has not been employed previously
for the prediction of PM on flax.

MATERIALS AND METHODS

Reactions of flax cultivars to PM:

A field trial was conducted in 2002/2003 and 2003/2004 growing
seasons at Giza Agricultural Research Station. The experiment consisted of
a randomlzed complete block design of five replications (blocks). Plots were
2X3 (6m®) and consisted of ten rows spaced 20 cm apart. Seeds of each
cuitivar were sown by hand at a rate of 70g/piot. Planting date was in the
first week of December. Disease severity was rated visually in the last week
of April (Nutter et al., 1991).

Extraction of proteins from flax seeds:

Random sampies of seeds, taken from the same seeds used in
planting the field trial, were used for the extraction of proteins according to
Hussein (1992) in the following way:

Seeds of healthy plants of flax cultivars Ottowa 770B, Dakota,
Bombay, Cass, Koto, Clay, Wilden, Marshall, Cortland and C.i. 2008, were
slightly ground and defatted by diethyle ether or chloroform for 4 to 5 days.
After drying at room temperature, ground seeds were suspended in a
solution (1-3ml/g seeds) consisting of 12.5g glucose and 1g ascorbic acid
dissotved in 100ml phosphate buffer 8.3 and ground in tiquid nitrogen to a
fine powder. After thawing, the powder suspended in buffer was centrifuged
at 19,000 rpm for 30 minutes at 0°C. The protein content in the supernatant
was adjusted to a concentration of 3 to 4 mg/ml according to Bradford
(1976) spectrophotometric method by using bovine serum albumin as a
standard protein.

Polyacrylamide gel electrophores:s (PAGE) of native protein:

Thawed protein-extract supernatant was mixed with an equal volume
of a solution containing 20% glycerol (volivol) and 0.1% bromphenol blue
{volfvol) in 0.15 M Tris-HCL, pH 6.8. Twenty microliters of the resulting
suspension (40 to 60 pg of protein) was subjected to electrophoresis in 25
mM Tris buffer containing 192 mM glycin at pH 8.3. Electophoresis was
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conducted at room temperature (approximately 20 to 25°C) for 9 hr on an
15% polyacrylamide gel with a 6% slacking gel, at 20 and 10 mA,
respectively, until the dye reached the boitom of the separating gel
{Laemmli, 1970 and Latorre et al., 1995). Electrophoresis was performed in
a vertical slab mold (16.5 x 14.5 x 0.1 cm}. Gels wre stained according to
Manchenko (1994) for the detection of isozymes of malate dehydrogenase
(EC 1.1.1.37),peroxidase (EC1.11.1.7) and esterase (EC 3.1.1.1)}(Table 1).

Statistical analysis:

Gels were scanned for band R; {position) and amount (%) by the
documentation system AAB (Advanced American Biotechnology 1166).
Linear correlation coefficient was calculated to evaluate the degree of
association between PM severity and the amount of each isozyme.
Stepwise regression technique with the greatest increase in R* as the
decision criterion was used to describe the effects of isozymes on PM
severity. Correlation and regression analyses were performed with a
computerized program.

Table 1. Staining solutions used for the detection of isozymes of malate
dehydrogenase, peroxidase, and esterase,

Isozymes of Staining solution

Malate 0.1 M tris-HCI buffer, pH 8.0 100 m§

dehydrogenase L-Malic acid (disodiumn salt) 250 mg
NAD {Nicotinamide-adenine dinucleotide)* 30 mg
NBT (Nitro blue tetrazolium) 25 mg
PMS (Phenazine methosuifate) 2mg

Peroxidase 50 mM Sodium acetate buffer, pH 5.0 100 ml
Benzidine dihydrochloride 50 mg
3% H,O, (freshly prepared) 0.75ml

Esterase 0.05 M Phosphate buffer, pH 7.2 100 mi
a- Naphthyl acetate (dissolved in 1 ml of acetone) 10 mg
Fast Blue RR salt 50 mg

* oxidized.

RESULTS

Environmental conditions in 2002/2003 and 2003/2004 growing
seasons were favorable for epiphytotic spread of the disease. This was
apparent as these environmental conditions resuited in 100% disease
severity (DS) on cultivar C.|. 2008 (Table 2), which is known as highly
susceptible (A.A. Aly, personal observations). In general, the tested
cultivars could be divided into four distinct groups, i.e., highly resistant
(Ottowa 770B, Dakota, and Bombay), resistant (Cass, Wilden, and Clay),
susceptible (Koto and Marshall), and highly susceptible (Cortland and C.I.
2008). The cultivars showed considerable variation in DS ranged from 3.69
on Bombay to 100% on C.i. 2008 (Table 2).
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Malate dehydrogenase {MDH) isozymes:

A total of 25 MODH isozymes were identified among the cultivars that
were analyzed (Fig.1 and Table 3). No single cullivar was stained for all the
25 isozymes. Ottowa 770B showed the largest number of isozymes (5
isozymes), while Cass showed only one isozyme. The other cultivars
showed a number of isozymes ranged from 2 to 4. Each cultivar was
characterized by a unique set of isozymes. For example, isozymes nos. 1,
5,13, 14, and 22 were unique to Ottowa 770B. Dakota was characterized
by the unique isozymes 7 and 17.

Table 2. Powdery mildew severity ratings on ten flax cultivars and
their disease reactions under field conditions in Giza in
2002/2003 and 2003/2004 growing seasons.

. Disease Disease
Cuitivar severity reaction ”
Ottowa 770 B 89.20 HR
Dakota 3.98 HR
Bombay 369 HR
Cass 14.39 R
Koto 28.86 8
Clay 16.14 R
Wilden 16.01 R
Marshail 56.49 S
Cortland 99.76 HS
C.l. 2008 100.00 HS

* Disease severity is the percentage of infected leaves/plant in a random sample of 10
plantsiplot. Each value is the mean of two growing seasons.

® Disease reactions are highly resistant {HR), resistant (R), susceptiblie {S), and highly
susceptible {HS).

f 2 3 4 & 86 7 8 9 10

Fig. 1. Malate dehydrogenase isozyme patterns obtained by
polyacrylamide gel electrophoresis {PAGE) from flax seeds.
Flax cultivars in lanes 1 through 10 were Ottowa 770 B (1),
Dakota {2), Bombay (3), Cass (4), Koto (5), Clay (6), Wilden
(7), Marshalt (8), Cortland (9), and C.l. 2008 {10).
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Table 3. Malate dehydrogenase isozyme patterns for ten flax cultivars
obtained by polyacrylamide gel electrophoresis (PAGE).

Isozyme Flax cultivar

Sy 8 & s ¥ & 8
No.PositiOnég g 2 ¢ £ F 3 % § W
o~ 8 =] Q x © § ] o -

7} E O o

1 7 18.78°0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 8 0.00 0.00 0.00 000 0.00 16.06 0.00 0.00 0.00 0.00
3 26 0.00 0.00 0.00 0.00 800 0.00 0.00 0.00 0.00 0.00
4 51 000 0.00 0.00 000 000 427 0.00 0.00 0.00 0.00
5 78 15.00 0.00 0.00 0.00 000 0.00 GO0 0.00 0.00 0.00
) 83 000 0.00 39.92 0.00 000 0.00 000 0.00 0.00 0.00
7 84 0.00 38.73 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00
8 86 0.00 0.00 0.00 0.00 000 20.02 Q.00 0.00 0.00 0.00
9 88 000 0.00 0.00 000 000 0.00 37.79 0.00 0.00 0.00
10 89 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3891 0.00 0.00
11 S0 000 000 000 000 000 0.00 0.00 0.00 0.00 4536
12 91 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 47.46 0.00
13 @8 662 0.00 0.00 0.00 000 0.00 00C 000 0.00 0.00
14 100 4.75 0.00 0.00 000 000 0.00 0.00 0.00 0.00 0.00
15 111 0.00 0.00 0.00 0.00 0.00 0.00 13.36 0.00 0.00 0.00
16 116 0.00 0.00 0.00 0.00 0.00 59.64 0.00 0.00 0.00 0.00
17 120 0.00 81.27 0.00 000 0.00 0.00 0.00 0.00 000 0.00
18 121 000 0.00 Q.00 0.00 0.00 0.00 0.00 0.00 52.54 0.00
19 122 0.00 0.00 0.00 109.0 0.00 0.00 0.0C 0.00 0.00 0.00
20 125 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 D0.00 54.64
21 130 0.00 Q.00 0.00 0.00 92.00 0.00 0.00 0.00 0.C0 0.00
22 132 54.85 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
23 134 0.00 0.00 60.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00

24 13¢ 0.00 0.00 0.00 0.00 0.00 0.00 48.85 0.00 0.00 0.00
25 447 0.00 0.00 0.00 0.00 0.00 0.00 0.00 81.09 0.00 0.00

* Amount (%) of the designated isozyme.

Pearson correlation coefficient was calculated to measure the degree
of association between PM severity and the amount (%) of each separated
isozyme (Table 4). lsozymes nos. 11, 12, 18, and 20 were weakly
correlated with PM severity, while none of the other isozymes was
satisfactory comrelated with PM severity.

Data for PM severity and amounts of isozymes were entered into a
computerized stepwise multiple regression analysis. The analysis
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constructed a predictive model by adding predictors, in this case amounts
of isozymes, to the model in order of their contribution to R?. The analysis
was effective in eliminating those variables with little or no predictive value
by incorporating into the model only those variables that made a
satisfactiory significant contribution to the R? value of the mode! (Podieckis
et al., 1984).

Table 4. Relationship of powdery mildew severity® on ten flax cultivars
and malate dehydrogenase isozyme composition (%} of
seeds from these cultivars.’

Isnzyme no. r Isozyme no. r

1 -0.240 14 -0.240
2 -0.175 15 -0177
3 -0.056 16 -0.175
4 -0.175 17 -0.289
5 -0.240 18 0.608 x
6 -0.292 19 -0.192
7 -0.289 il )} 0.610 x
8 -04175 21 -(0.0586
9 -0.177 22 -0.240
10 0.203 23 -0.292
11 0.610x° 24 -0.177
12 0.608 x 25 0.203

13 - 0.240

* Percentage of infected leaves/plant in a random sample of 10 plants/plot.

® pearson correlation coefficient, which measures the degree of association between
powdery mildew severity and the designated isozyme.

“ Significant at p < 0.10.

Using the predictors supplied by stepwise regression, a four-factor
model was constructed to predict PM severity (Table 5). This model showed
that PM severity differences were due to largely to the isozymes nos. 11,

12, 10 and 3, which accounied for 93.08% of the total variation in PM
severity ratings.

Table 5. Regression equation that describes the effects of some malate
dehydrogenase isozymes {X;) on severity of flax powdery

mildew (Y).
Stepwise regression model Rz_a F.value ®
13,27+ 1,97 Xgq + 1.86 Xio+ 1.18 Xyg+ 2.28 X, 98.67%  93.08*

* Coefficient of determination. Relative contributions of the predictors Xsi, X1z, Xi0, and X;
to R? are 37.23, 46.23, 12.96, and Z.26 %, respectively.
® £, value is significant at p < 0.005 ™).

Peroxidase {PRX) isozymes:

A total of 19 PRX isozymes were identified among the 10 cultivars
that were analyzed (Fig. 2 and Table 8), No single cultivar was stained for
all the 19 isozymes. C.l. 2008 showed the largest number of isozymes (5
isozymes), while the other cultivars showed a number of isozymes ranged
from 2 1o 4. Most cultivars were characterized by unigue isozyme ().
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Table 6:Peroxidase isozyme patterns for ten flax cultivars obtained by
polyacrylamide gel electrophoresis (PAGE).

Isozyme Flax cultivar

= -~ g
. 8 ) s ] £ o

=@ 0 [~} = @
No. Position 38 £ g 8 8 & 8 B g N
K -
s~ 8 g8 =2 £ 8 G
0 0.00 7.26 0.00 562 000 0.00 0.00 0.00 0.00

1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 31.15
2 11.3916.69 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.00
21 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 18.68 0.00
35 37.59 0.00 0.00 0.00 0.00 0.00 0.00 000 00C 0.00
37 0.00 0.00 50.55 0.00 48.93 0.00 0.00 0.00 0.00 12.46
38 0.00 51.37 0.00 59.72 0.00 41.84 52.45 0.00 28.83 0.00
3¢ 0.00 0.00 0.00 000 000 0.00 000 52.50 0.00 0.00
§5 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 1227
10 64 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 52.49 0.00
11 65 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 000 858
12 80 48.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
13 82 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 3555
14 84 0.00 0.00 0.00 0.00 4545 0.00 0.00 0.00 000 0.00
15 85 0.00 0.00 42.1940.28 0.00 0.00 0.00 47.50 0.00 0.00
16 86 0.00 3194 0.00 0.00 000 0.00 Q.00 0.00 000 0.00
17 88 (.00 0.00 0.00 0.00 000 0.00 47.55 0.00 0.00 0.00
18 89 000 0.00 0.00 0.00 0.00 58.16 0.00 0.00 0.00 0.00
19 100 2.97 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

NN YT I TR N

T Amount (%) of the designated isozyme.

17 2 3 4 § 6 7 8 9 10

Fig. 2. Peroxidase isozyme patterns obtained by polyacrylamide gel
electrophoresis (PAGE) from flax seeds. Flax cultivars in [anes
1 through 10 were Ottowa 770 B (1), Dakota (2), Bombay (3),
Cass (4), Koto (5), Clay {6), Wilden {7), Marshal} (8), Cortiand
(9), and C.1. 2008 (10).
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Isozymes nos. 2, 4, 9, 10, 11, and 13 were weakly correlated with PM
severity, while nniie of the other isozymes was significantly correlated with
PM severity (Table 7).

Using the predictors supplied by stepwise regression, a two-factor
model was constructed to quantify PM severity (Table 8). This model showed
that PM severity differences were due largely to the isozymes nos. 2 and 4,
which accounted for 83.46% of the tota! variation in severity ratings.

Table 7. Relationship of powdery mildew severity? on ten flax cultivars
and peroxidase isozyme composition (%) of seeds from
these cultivars.

Isozyme no. - Isozyme no. r

1 -0.281 11 0610 x
2 0.610x° 12 - 0.240
3 -0.395 13 0.610 x
4 0.€08 x 14 - 0.056
5 - 0.240 15 -0.157
6 - 0.151 16 -0.289
7 -0.309 17 -0177
8 0.203 18 -0.175
9 0.610 x 19 - 0.240
10 0.608 x

¥ Percentage of infected leaves/plant in a random sample of 10 plants/plot.

® pearson correlation coefficient, which measures the degree of association between
powdery mildew severity and the designated isozyme.

¢ Significant at p < 0.10,

Table(8):Regression equation that describes the effects of some
peroxidase isozymes {X;) on severity of flax powdery mildew (Y}.
Stepwise regression model R%" F. value ®
Y=1164+261X,+4.35X%, 83.46% 17.65*
 Coefficient of determination. Relative contributions of the predictors X; and X to R” are

37.23 and 46.23 %, respectively.
® F. value is significant at p < 0.005 (**").

Esterase (EST) isozymes:

A total of 30 EST isozymes were identified among the 10 cultivars
that were analyzed (Fig. 3 and Table 9). No single cultivar was stained for
all the 30 isozymes. Each of Ottowa 770B and C.|. 2008 showed the largest
number of isozymes (7 isozymes), while Cass showed only one isozyme.
The other cultivars showed a number of isozymes ranged from 2 to 4. Each
cultivar was characterized by unique isozyme(s).

isozymes nos. 5, 6, 10, 11, 12, 13, 23, 27, and 29 were weakly
correlated with PM severity, while none of the other isozymes was
satisfaclory correlated with PM severity (Tabie 10).

Using the predictors supplied by stepwise regression, a two-factor
model was constructed to predict PM severity (Table 11). This model
showed that PM severity differences were due largely to the isozymes nos.
5 and 10, which accounted for 83.46% of the total variation in PM severity
ratings.
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Table 9: Esterase isozyme patterns for ten flax cultivars obtained by
polyacrylamide gel electrophoresis (PAGE).

Isozyme Flax cultivar -
fa g 3 s T & S
@ « 3 2 8 -y g £ 8§
No. Posiion 32 £ E & % & & ® g§ &
~ 0 o x o b3 8 S =
o e a 2O ¢

1 1 0.00° 000 0.00 000 000 O0.00 31.84 0.00 0.00 0.00
2 2 0.00 1242 829 0.00 000 30.79 0.00 35985 457 000
3 3 0.00 000 000 000 1030 000 000 000 000 000
4 4 19.68 0.00 0.00 000 000 000 000 000 000 0.00
5 5 000 000 000 Q00 QOC 000 000 000 000 703
8 11 000 000 000 000 000 000 000 000 000 457
7 26 1976 000 0.00 000 000 000 000 000 000 000
8 28 2474 000 000 000 000 000 000 000 000 000
9 38 000 000 000 000 2852 000 000 000 000 000
10 43 0.00 000 000 000 000 000 000 €00 39.10 0.00
11 47 000 000 000 000 000 000 000 000 0.00 26.01

=k
N
-]
W
Q
=
=

0.00 000 000 000 000 0.00 000 0.00 12.83
0.00 000 000 000 000 000 000 0.00 821
000 000 000 000 000 00C 000 000 0.00

—
2w
~ =
5w
o]
=
[
o 9@

15 75 000 33.42 000 000 0060 000 0.00 0.00 000 0GO
8 86 539 000 0.00 060 000 000 000 000 000 000
17 88 000 000 000 000 000 3956 0.00 000 000 000

—
[a o]
[ ]
o
o
o
(=]

0.00 0.00 000 3379 000 000 000 000 0.00

19 a0 0.00 2942 0.00 000 000 000 000 000 0.00 000
20 g1 0.00 000 000 000 000 000 6816 000 000 000
21 92 833 000 000 000 000 000 0.00 000 000 00O

N
[\V]
©
S
o
Lo
(=]

0.00 9171 0.00 000 000 000 000 000 000

23 94 000 000 0.00 000 000 000 000 000 0.00 38.02
24 98 0.00 ©0.00 0.00 10000 0.00 0.00 000 000 0.00 0.00
25 99 18687 0.00 000 000 GO0 000 000 000 000 0.00
26 100 000 000 0.00 0.00 2640 2947 000 000 0.00 000
27 101 000 000 000 000 000 000 000 0.00 5633 0.00
28 105 000 00C 000 000 000 000 0.00 64.05 0.00 0.CO
29 119 000 000 000 000 000 000 000 000 000 3.23

30 120 150 000 000 000 00C O0O0 000 000 0.00 0.00
¥ Amount (%) of the designated isozyme.
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Table 10: Relationship of powdery mildew severity® on ten flax

cultivers and esterase isozyme composition (%) of seeds
from these cultivars.

Isozyme no. © Isozyme no. r

1 -0177 16 -0.240
2 -0.032 17 -0.175
3 -0.056 18 - 0.056
4 -0.240 19 -0.289
5 0.610x° 20 - 0177
6 0610 x ' 21 -0.240
7 -0.240 22 -0.292
8 -0.289 23 0.610 x
9 -0.056 24 -0.192
10 0.608 x 25 -0.240
11 0610 x 26 -0.178
12 0610x 27 0.608 x
13 0610 x 28 £.203

14 -0.240 29 0.610 x
15 -0.289 30 - 0.240

? Percentage of infected leaves/plant in a random sample of 10 plants/plot. .

® pearson correlation coefficient, which measures the degree of association between
powdery mildew severity and the designated isozyme.

° Significant at p < 0.10.

;5

Fig. 3. Esterase isozyme patterns obtained by polyacrylamide gel
electrophoresis (PAGE) from flax seeds. Flax cultivars in lanes
1 through 10 were Ottowa 770 B (1), Dakota (2), Bombay (3),
Cass (4), Koto (5), Clay (6), Wilden (7), Marshall (8), Cortland
(9), and C.I. 2008 {10).
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Table (11): Regression equation that Jescribes the effects of some
esterase isozymes (X;) on severity of flax powdery mildew

{Y).
Stepwise regression model R? : F. value®
Y=5.37+11.15Xs + 2.08 X4¢ 83.46% 17.65

* Coeffi cnent of determination. Relative contributions of the predictors Xs
and X0 to R? are 37.23 and 46.23 %, respectively.
® F. value is significant at p < 0.005 (***).

DISCUSSION

The conventional methods for evaluating flax cultivars for PM
resistance are to evaluate them under field and greenhouse conditions.
Experience with flax PM showed that each method has its potential
limitations. Under field conditions, susceptibility of cultivars to PM may be
obscured by the nonhomogenous distribution of the nature inoculum. In
some years, susceptible cultivars may escape from infection due to the fack
of inoculum or the prevailing of unfavorable environmental conditions. In
addition, field tests are expensive and time-consuming. Admittedly,
screening of cultivars under greenhouse conditions may overcome these
difficulties and improve the efficiency of screening process; however, the
greenhouse should be equipped with efficient expensive air-conditioning
system to maintain greenhouse temperature at about 25°C. Thus, a new
method should be developed to evaluate resistance of flax cultivars to PM.
This method should meet two requirements. It should be independent of the
pathogen, and should reflect the genetic differences among cultivars.
Isozymes reasonably meet these requirements for several reasons. Amino
acid sequence of polypeptides (components of isozymes) are dependent on
nuclectide sequence of their coding genes, therefore, an analysis of
isozymic variation among flax cultivars by electrophoresis, approximates an
analysis of their genetic variation (Markert ard Faulhaber, 1985).
Electrophoretic patterns of isozymes can be obtained rapidly and with smatl
amounts of tissue. Therefore, large number of single plant selections can
be tested without sacrificing the plants (Wheeler ef af., 1971). The growing
conditions have no influence on isozyme patterns (Kobrehel and Gautier,
1974).

The utility of the electrophoretic data depends on the method for
statistical analysis. Muitiple regression was a logical choice for construction
of a predictive model, but the complex nature of banding patterns warranted
a method to eliminate bands with no predictive value. Stepwise regression
is the best variable selection procedure because it eliminates from the
model any variable whose contribution to predictive ability is statistically
insignificant (Draper and Smith, 1981 and Podleckis et al., 1984).

In the present study, satisfactory visualizations of isozyme banding
patterns were obtained by using three staining systems, and the stepwise
regression models they generated proved effective in predicting PM
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severity from banding patterns. Coefficient of determination (Rz) values of
MDH, PRX and EST models were 98.67, 83.46 and 83.46%, respectively.
The most comman technique far selection of PM-resistant flax
cultivars has been thoroughly ratings of visible foliar symptoms. The time
and effort involved in these selection tests have limited plant breeders in
selecting PM-resistant cultivars. PAGE of isozymes, such as that described
herein, may provide a supplementary assay to greenhouse and field tests to
distinguish quantitatively between PM resistant or susceptible cultivars.
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