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Identification of flax and linseed cultivars by isozyme markers
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Abstract

A set of 28 fibre flax and linseed cultivars differing in plant morphology and technological parameters were analysed by
isozyme markers in five ontogenetic phases. Relatively high isozyme polymorphism was observed using polyacrylamide
gel electrophoresis. Altogether 18 isozyme systems produced 145 different bands; 66 of them (45.52 %) have been
found to be polymorphic. The highest level of polymorphism was found in acid phosphatase and esterase, polymorphism
was detected in aconitase, diaphorase, glutamate dehydrogenase, peroxidase and superoxide dismutase as well. The
highest number of unique isozymic spectra (cultivar x enzyme x ontogenetic phase) was detected in the phase of shoot
with removed cotyledons. Electrophoretic analyses of all polymorphic isozymes enabled to distinguish 20 cultivars
(71 %) in the screened cultivar set.

Additional key words: electrophoresis, Linum usitatissimum L., native-PAGE, protein polymorphism.

Introduction

Various aspects of flax isozymes have been concerned
during last three decades. Since early seventies, the
laboratory of M.A. Fieldes in Canada has been
systematically studying biochemistry and genetics of
number of enzymes in flax genotrophs, ie. genotypes
with environmentally induced heritable changes (e.g.
Fieldes and Tyson 1972, Fieldes 1988, Fieldes and Ross
1991, Fieldes and Gerhardt 1994, Gerhardt and Fieldes
1999, and other related papers). A group of C. Morvan in
France published a series of papers concentrated on the
effect of various factors on pectin methylesterase and
peroxidase in flax seedlings and cultured cells
(Schaumann et al. 1993, Burel et al. 1994, Mareck et al.
1995, Bruyant et al 1996, Alexandre er al 1997).
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McDougall et al. (1992, 1993) used flax tissue culture to
study surface-associated peroxidases during callus
formation and root and shoot regeneration. Gorman et al.
(1993) studied the inheritance and linkage relationships
of five flax enzyme systems (DIA, PGM, ACP, LAP,
PGD).

Surprisingly, there is a very limited number of reports
on the use of protein markers for commercial flax cultivar
identification. Sammour (1988) tested several PAGE-
techniques for their suitability to discriminate fiber flax
cultivars based on total seed proteins. SDS-PAGE of
globulins extracted with Tris/borate buffer was the
method which revealed the most usable polymorphisms.
Lapina (1989) successfuly used seed protein analysis

Abbreviations: AAP - alanine aminopeptidase (EC 3.4.11.2); AAT - aspartate aminotransferase (EC 2.6.1.1); ACO - aconitase (EC
4.2.1.4); ACP - acid phosphatase (EC 3.1.3.2); ADH - alcohol dehydrogenase (EC 1.1.1.1); AMY - a-amylase (EC 3.2.1.1); BPB -
bromophenol blue; DIA - diaphorase (EC 1.6.4.3); DS - dry seeds; GDH - glutamate dehydrogenase (EC 1.4.1.2-4); GOT - glutamate
oxaloacetate transaminase (EC 2.6.1.1); GC - green cotyledons; EST - esterase (EC 3.1.1...); FTL - first true leaf; IS - imbibed seed;
IDH - isocitrate dehydrogenase (EC 1.4.1.41); LAP - leucine aminopeptidase (EC 3.4.11.1); LPX - lipoxygenase (EC 1.13.11.12);
MDH - malate dehydrogenase (EC 1.1.1.37); 2-ME - 2-mercaptoethanol, PRX - peroxidase (EC 1.11.1.7); SDH - shikimate
dehydrogenase (EC 1.1.1.25); SWRC - shoot with removed cotyledons; SOD - superoxide dismutase (EC 1.15.1.1); URE - urease
(EC3.5.1.5).
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(PAGE in nondenaturing conditions) to discriminate eight
fiber flax cultivars differing in their resistance to lodging,
fungal diseases and some technological parameters. Both
optimum sowing date and seed storage period affected
the resulting spectra of total seed proteins. The storage
period of the seed not exceeding a year was needed to
obtain the whole (reachest) spectrum of seed proteins
proper for cultivar identification. The same group (Lapina
and Kelner 1990) later studied seed storage proteins of
four fiber flax cultivars by SDS-PAGE in denaturing
conditions. The method generated 62 to 71 bands. Via
single-seed analysis, the intravarietal variation in seed
storage proteins was revealed. Only one report was
concentrated on utilization of isozymes for commercial
fiber flax cultivar discrimination (Yurenkova et al. 1992).
The authors studied polymorphism of five enzyme

Materials a methods

Plants: The following 28 genotypes of Linum
usitatissimum L. from Agritec Flax Collection were
tested: flax genotypes - 1288/12, Ariane, Jitka, Jordan,
SU 19-1/93, SU 19-3/93, SU 29-3/93, Texa, V-12/446,
Vera, Viking, Zarja; linseed genotypes - Amazon, Areco
K119, Atalante, C 1/7, C12/5, C 15/5, ED 30, lca 44,
Jupiter, Liflora, Mikael, Minerva, NLN 245-OR, NLN
245-P, Ocean, Oliver.

Sample preparation: A mixed seed sample (150 seeds
per genotype as a minimum) was used to eliminate/cover
potential intravarietal variation. Several types/ontogenetic
phases of samples were analysed: /) dry seeds (DS; dry
seeds were ground to fine powder which was used for
extraction, 2) imbibed seeds (IS; seeds were imbibed for
24 h on wet filter paper at dark and room temperature),
3) shoots with removed cotyledons (SWRC; seeds were
germinated for 48 h on wet filter paper at dark and room
temperature and cotyledons and radicula were removed),
4) green cotyledon (GC; seeds were cultivated on wet
filter paper at 23 °C and 18 h-photoperiod with irradiance
of 20.4 umol m? s for 5 d and only cotyledons were
used for extraction), and 5) first true leaf (FTL; seeds
were aseptically grown (1/2 MS solution - mineral part)
at above mentioned conditions for 11 d and green true
leaves were used for extraction).

Results

The highest polymorphism was found in ACP and EST,
which were polymorphic in all studied phases of plant
development. Lower polymorphism, only in some phases,
was observed in ACO (FTL), DIA (SWRC), GDH (GC),
PRX and SOD (FTL). All other analysed enzymes exhibited
uniform spectra or their activity was undetectable (Table 1).
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systems (EST, AAT, 6-PGD, MDH, SOD) in 6 flax
cultivars/lines and one wild sample from Pamir. Only
AAT and MDH exhibited exploitable polymorphism,
while EST, SOD and 6-PGD disposed uniform spectra.
There was a difference in 6-PGD spectra obtained by
analysis of leaves and roots. Later, the same group
reported significant differences in EST spectra from
various plant parts in various stages of flax ontogenesis
(Yurenkova et al. 1995).

The objective of our research was to find isozyme
markers, which would be used /) for discrimination and
identification of flax and linseed cultivars/genotypes used
in breeding programmes, 2) for testing cultivar purity in
commercial lots, 3) for identification of cultivars and
redundant flax germplasm in national collections and
International Flax Data Base (Pavelek 1995).

Extraction: 1 g of tissue was homogenised with
extraction buffer (125 mM Tris-HCI, pH 6.8, 10 % 2-ME,
20 % glycerol, 0.02 % BPB) (Vallejos 1983, Acquaah
1992) and extracted for 1 h at -20 °C. Samples were
centrifuged at 30 000 g (4 °C) for 10 min. Supernatant
was stored at -20 °C until electrophoresis.

PAGE electrophoresis and staining: Enzymes were
separated using native discontinuous polyacrylamide
electrophoresis (7.5 % running gel and 5 % stacking gel)
according to Samec et al. (1998), Podvec and Krulickova
(1999), and Po3vec and Griga (2000). Gels were stained
as described elsewhere (Vallejos 1983, Acquaah 1992,
Manchenko 1994, Rothe 1994).

Data processing: The gels were scanned and saved as
electronic files. Schematic figures of typical zymograms
of individual enzyme systems were made and labelled by
numbers, which constituted particular numerical code
(Posvec and Griga 2000).

Studied enzymes: The following 18 isozyme systems
have been studied: AAP, AAT, ACO, ACP, ADH, AMY,
DIA, GDH, GOT, EST, IDH, LAP, LPX, MDH, PER,
SDH, SOD, URE.

Aconitase (ACO): Enzyme consisted of one isozyme
zone (Fig. 1). Polymorphism was found only in the phase
of first true leaves (Table 2). One uniform isozyme zone
ACO1 was detected in the phase of dry seed. Isozymes in
the ACO! zone consisted of two bands in all surveyed
genotypes. Activity of this enzyme was not determined in



the phase of imbibed seed, shoot without cotyledons
neither in the phase of green cotyledons. Two
polymorphic bands of isozyme activity were observed in
the ACOLl in the phase of first true leaves. Genotype
Minerva with unique spectrum was identified.

ISOZYME MARKERS OF FLAX AND LINSEED CULTIVARS
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Fig. 1. Complex diagram of ACO isozymes.
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Table 1. Isozymic activity and polymorphism of flax in the ontogenetic phases under study (n.a. - isozyme not analysed, N - isozyme
showed very low or no activity, U - isozyme was uniform, P* - isozyme with polymorphic character, DS - dry seed, IS - imbibed seed,
SWRC - shoot with removed cotyledons, GC - green cotyledon, FTL - first true leaf).

AAP AAT ACO ACP ADH AMY DIA GDH GOT EST

IDH LAP LPX MDH PER SDH SOD URE

DS N U U P U U N U
IS N N N p* 8] na N U
SWRC N N N P* N na. P° N
GC N N N P* U na N P
FTL N U P+ P+ U na N U

z2zZ2ZzZzZ

p* N N N U U 9] U N

P* N 8} N U 0] U U n.a.
p* N N N U U U 8] n.a.
p* N N N N U N U n.a.
pP* N N N N p* U P* n.a.

Table 2. Combination of isozyme ACO, DIA, GDH, PER, SOD in the cultivars (n.a. - isozyme not analysed, * -

cultivar with unique

band pattern, FTL - first true leaf, SWRC - shoot with removed cotyledons, GC - green cotyledon).

Cultivar ACO DIA GDH PRX SOD
(ACO1) (DIA1, DIA2, DIA3, DIA4) (GDH1, GDH2) (PRX1, PRX2) (SOD1, SOD2)
FTL SWRC GC FTL FTL
1288/12 1 1,0,1,1 1,2 1,1 1.1
Amazon 1 1,0,1,1 1.2 1,1 2,1%*
Areko K119 1 1,0,1,1 1,2 n.a. n.a.
Ariane 1 1,0,1,1 1,2 I,1 1,1
Atalante 1 1,2,1,1 1,1 1,1 1,1
c1/7 1 1,0,2,1 1,1 1,1 n.a.
ED 30 1 1,0,1,1 1.1 2,1 1,1
Ica 44 1 1,0,2,1 1,3 2,1 1,1
Jitka 1 1,0,1,1 1,3 2,1 1,2%
Jordan 1 1,0,1,1 1,3 1,1 1,1
Jupiter 1 1,0,1,1 1,3 1,2 n.a.
Liflora 1 1,0,1,1 1,3 1,2 1,1
Mikael 1 1,2,1,1 1,3 1,2 1,3
Minerva 2% 1,0,1,1 1,2 1,1 1,1
NLN 245-OR 1 1,1,1,1* n.a 1,1 1,1
NLN 245-P 1 1,1,2,1% n.a. 1,1 1,1
Ocean 1 1,3,1,1 1,2 1,2 1,3
Oliver 1 1,2,1,1 1,3 1,1 1,1
SU 19-1/93 . 1 1,3,1,1 3,3% 1,1 1,1
SU 19-3/93 1 1,0,1,1 1,2 1,1 1,1
Texa 1 1,0,2,1 1,2 1,1 1,3
V-12/446 1 1,0,1,1 1,3 2,1 1,1
Vera 1 1,0,1,1 1,3 1,1 1,1
Viking 1 1,0,1,1 3,1%* 1,1 1,1
Zarja 1 1,0,1,1 1,2 1,1 1,1

Acid phosphatase (ACP): Enzyme was composed of six
isozyme zones (Fig. 2). Polymorphism was discovered in
all types of studied extracts (Table 3). Five isozyme
zones were detected in the phase of dry seed, but only
three of them were polymorphic (ACP2 - two bands in

anodal zone, ACP4 - one band, ACP5 - three bands),
zones ACP3 (two bands) and ACP6 (two bands in
cathodal zone) were uniform. Zone ACP1 was absent in
DS sample. After detail analysis of bands four genotypes
with unique spectra (ED 30, Jupiter, NLN 245-OR, Texa)
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were recognized. Three isozyme zones (ACP2 - two
bands, ACP3 and ACP5 - three bands) were determined
in the phase of imbibed seeds, all of them were

absent. Three genotypes with unique spectra (1288/12,
ED 30, Jordan) were distinguished. Five isozyme zones
were discovered in the phase of shoot with removed
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polymorphic. Zones ACPl, ACP4 and ACP6 were cotyledons, four of them (ACP1 - five
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Fig. 2. Complex diagram of ACP isozymes.

Table 3. Combination of isozymes ACP in the cultivars (n.a. - isozyme not analysed. * - cultivar with unique band pattern, DS - dry
seed, IS - imbibed seed, SWRC - shoot with removed cotyledons, GC - green cotyledon, FTL - first true leaf).

Cultivar ACP (ACP1, ACP2, ACP3, ACP4, ACP5, ACP6)

DS IS SWRC GC FTL
1288/12 n.a. 0.2,2,0,1,0* 3,0,3,1,3,0 1,0,0,0,3,0 1,0,6,0,4,1
Amazon n.a. n.a. 3,0,3.1,3,1 1,0,0,0,3,0 1,0,6.0,4,1
Arcko K119 0.2.1.0.1.1 0,2,1,0,1,0 3,0,3,1,3,1 1,0,0,0,3,0 1,0,6,0,4,1
Ariane n.a. 0.2,1,0,1,0 3,0.3,1.3,1 1,0,0,0,3,0 1,0,6,0,4,1
Atalante 0,2,1,0,1,1 0.2,1,0.1,0 3,0,3,1,3,1 1,0,0,0,3,0 1,0,6,0,4,1
c17 0.2,1,0,1,1 0,2,1,0,1,0 4,0,3,1,0,0* 2,0,3,1,3,0% 1,0,6,1,0,0*
C12/5 0.2.1,0,1.1 n.a. n.a. n.a. n.a.
C 15/5 0.2.1,0,1.1 n.a. n.a. n.a. n.a.
ED 30 0.2,1,0,2,1% 0,2,3,0,2,0* 5,0,3,1,4,1% 1,0,0,0,3,0 1,0,6,0,4,0
Ica 44 n.a. 0,2,1,0,1,0 3,0,3,1,3,0 1,0,0,0,3,0 1,0,6,0,4,0
Jitka 0.2.1,0,1.1 0,2,1,0,1,0 3,0,3,1,4,0 1,0.0,0,3,0 1,0,6,0,4,1
Jordan n.a. 0.2,5.0,1.0* 3,0,3,1,3,0 1,0,0,0,0,0 1,0,7.1,0,0*
Jupiter 0,1.1,0,1,1* 0.1.1,0.1,0 3,0.3,1,3,1 1,0,0,0,3,0 1,0,6,0,4,0
Liflora n.a. 0,2,4,0,1,0 3,0,6,1,0,0 1,0,0,0,0,0 1,0,7,0,0,0*
Mikael n.a. 0,2.4,0,1,0 3.0,6,1,3,1* 1,0,0,0,3,0 1,0,7,1.4.1
Minerva n.a. 0.2,4,0.1,0 3,0,6,1,0,0 1,0,0,0,0,0 1,0,7,1,6,0
NLN 245-OR 0,2,1,1,1,1* 0,2,1,0,1,0 3,0,3,1,3,1 n.a. 1,0,6,0,4,0
NLN 245-P n.a. 0,2,1,0,1,0 3,0,3,1.3,1 n.a. 1,0,6,0,4,0
Ocean n.a. 0,2,1,0,1,0 3,0,3,1,5,1* 1,0,3,0,3,0 1,0,6,1,4,1
Oliver 0,2,1,0,1,1 0,2,1,0,1,0 3,0,3,1,3,1 1,0,0,0,0,0 1,0,6,1,0,1*
SU 19-1/93 0,2,1,0,1,1 0,2,1,0,1,0 3,0,3,1,3,1 1,0,3,0,3,0 1,0,6,1,4,1
SU 19-3/93 0.2,1,0.1,1 0,2,1,0,1,0 3,0,3,1,3,1 1,0,0,0,0,0 1,0,6,0,6,1
SU 29-3/93 0,2,1,0,1,1 n.a. n.a. n.a. n.a.
Texa 0,1,1,0,2,1* 0,1,1,0,1,0 3,0,3,1,3,1 1,0,0,0,3,0 1,0,6,0,4,0
V-12/446 n.a. 0,2,4,0,1,0 3,0,6,1,3,0* 1,0,0,0,3,0 1,0,7,1.4,1
Vera n.a. 0,2,1,0,1,0 3,0,3,1,0,0% 1,0,0,0,0,0 1,0,6,1,6,0
Viking 0,2,1,0,1,1 0,1,1,0,1,0 3,0,3,1,4,0 1,0,3,1,3,0* 1,0,6,1,6,1
Zarja n.a. 0,2,1,0,1,0 3,0,3,1,3,0 1,0,0,0,3,0 1,0,6,0,4,1
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Fig. 3. ACP isozyme electrophoretic gel of shoots with removed cotyledons.
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Fig. 4. EST isozyme electrophoretic gel of shoots with removed cotyledons.

ACP3 - two bands, ACP5 - three bands, ACP6- two
bands) were polymorphic, zone ACP4 (one band) was
uniform (Fig. 3), zone ACP2 was missing. Six genotypes
with unique spectra (C 1/7, ED 30, Mikael, Ocean,
V-12/446, Vera) were differentiated. Four polymorphic
isozyme zones ACPI1 (four bands), ACP3 (one band),
ACP4 (one band) and ACPS (one band) were observed in
the phase of green cotyledons. Zones ACP2 and ACP6
were missing. Two genotypes with unique spectra (C 1/7,
Viking) were established. Five isozyme zones (ACP1 -
two bands, ACP3 - two bands, ACP4 - one band, ACP5 -
one band, ACP6 - two bands) were described in the phase
of first true leaves, but only zones ACP3, ACP4, ACPS a
ACP6 were polymorphic. Zone ACP2 was absent. All
isozyme systems showed lower activity in this phase.
Four genotypes with unique spectra (C 1/7, Jordan,
Liflora, Oliver) were located.

Diaphorase (DIA): Enzyme diaphorase was created from
four isozyme zones DIA1, DIA2, DIA3 a DIA4 (Fig. 5).
Polymorphism was proved only in the phase of shoots
with removed cotyledons, polymorphic zones DIA2 (two
bands) and DIA3 (three bands) were detected. Two
genotypes with unique spectra NLN 245-OR and NLN
245-P were distinguished in this phase (Table 2).

& .
0.49
DIA | 044

DIA2 0% none

DIA3 o3

024

020
DiA 4 o1 constant

Fig. 5. Complex diagram of DIA isozymes.
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Esterase (EST): Enzyme was composed of six isozyme
zones (Fig. 6). Polymorphism was detected in all
analysed phases (Table 4). All six isozyme zones were
described in the phase of dry seeds. but only two of them
EST3 (two bands) and EST6 (two bands) were
polymorphic. Two genotypes with unique spectra ED 30
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Fig. 6. Complex diagram of EST isozymes.

and Ica 44 were characterized. All six isozyme zones
were found in the phase of imbibed seeds, but only EST 4
(two bands) and EST 6 (two bands) were polymorphic.
Two genotypes with unique spectra (C 1/7, Oliver) were
determined. Six isozyme zones were found in the phase
of shoot with removed cotyledons (Fig. 4). Three of them
EST1 (three bands), EST4 (three bands) and EST6 (two
bands) were polymorphic. Two genotypes with unique
spectra (Ica 44, Oliver) were observed. Three isozyme
zones ESTI (three bands), EST4 (three bands) and EST6
(two bands) were polymorphic and three were uniform
EST2 (one band), EST3 (three bands) and ESTS (one
band) in the phase of green cotyledons. Three genotypes
with unique spectra (C 1/7, Ica 44, Oliver) were
confirmed. All six isozyme zones were detected in the
phase of first true leaves, but only two EST1 (four bands)
and EST6 (two bands) were polymorphic. Two genotypes
with unique spectra (Minerva, Oliver) were located.

Glutamate dehydrogenase (GDH): Enzyme GDH was
formed from two isozyme zones GDHI1 and GDH2
(Fig. 7.). Polymorphism was ascertained only in the
phase of green cotyledons (Table 2). Enzyme GDH was
uniform in the phase of dry seeds, only isozyme zone
GDH2 (one band) was observed. Uniform isoenzyme
zone GDH2 (one band) was identified in the phase of
imbibed seeds. Activity of enzyme GDH was not proved
in the phase of shoot with removed cotyledons. Two
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polymorphic isozyme zones GDHI! (three bands) and
GDH?2 (four bands) were described in the phase of green
cotyledons and two genotypes with unique spectra SU
19-1/93 and Viking were distinguished in this phase. One
isozyme zone GDH2 (three bands) was found in the
phase of first true leaves and it was uniform for all
analysed genotypes.

@ oo o —_— -
014 _____ . —_—
eo?e .
m @ [©]
oot6 77777
GDH2 g6t
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0.046 - ..
o) LR () o) [ONEON

Fig. 7. Complex diagram of GDH isozymes.

Peroxidase (PRX): Enzyme peroxidase was composed
of two 1sozyme zones PRX1 and PRX2 (Fig. 8). Enzyme
PRX was uniform in the phase of dry seeds, imbibed
seeds, shoots with removed cotyledons and the phase of
green cotyledons. One isozyme zone PRX2 was
described. PRX2 was almost constituted from two bands,
only in the phase of dry seeds it was created from one
band. Enzyme PRX was polymorphic in the phase of first
true leaves (Table 2). Two isozyme zones PRX1 (two
bands) and PRX2 (two bands) were detected. None
genotype with unique spectrum was described.

@ 0.16
PRX1 0.5 e
T [O) @)
0.08 TETeTt T — o TTEmTe
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Fig. 8. Complex diagram of PRX isozymes.

Superoxide dismutase (SOD): Enzyme SOD was
created from three isozyme zones SODI, SOD2 and
SOD3 (Fig. 9). Activity of this enzyme was very high in
all analysed phases. Polymorphism was proved only in
the phase of first true leaves. Three uniform isozyme
zones SOD1 (four bands), SOD2 (three bands) and SOD3
(one band) were found in the phase of dry and imbibed
seeds. Two uniform isozyme zones SODI1, SOD2 were
detected in the phase of shoot with removed cotyledons
(SOD1 - two bands, SOD2 - three bands) and phase of
green cotyledons (SOD1 - one band, SOD2 - one band).
Two isozyme zones SODI1 (three bands), SOD2 (four
bands) were polymorphic in the phase of first true leaves
(Table 2). Two genotypes with unique spectra Amazon
and Jitka were determined.

Fourteen genotypes/cultivars with unique spectra, that
is 50 % of studied cultivar set (1288/12, C1/7, ED 30,
Jordan, lJupiter, Liflora, Mikael, NLN 245-OR, Ocean,
Oliver, Texa, V 12/446, Véra, Viking), were
distinguished based on ACP analysis. Five genotypes



(C 1/7, ED 30, Ica 44, Minerva, Oliver) were determined
using enzyme EST. Cv. Minerva was identified by
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Fig. 9. Complex diagram of SOD isozymes.
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enzyme ACO, genotypes NLN 245-OR and NLN 245-P
by enzyme DIA. Genotypes SU 19-1/93 and Viking were
distinguished by enzyme GDH and cvs. Amazon and
Jitka by enzyme SOD.

Differentiation of particular genotypes using poly-
morphic enzymes is shown in Table 5. The best results
are possible to achieve by utilising the extract from shoot
with removed cotyledons. Phase of dry seeds provided
5 cultivars with unique spectrum, phase of imbibed seeds
5 cultivars, phase of shoots with removed cotyledons
10 cultivars, phase of green cotyledons 5 cultivars and
phase of first true leaves 7 cultivars. Utilising all
polymorphic isozymes (ACO, ACP, DIA, EST, GDH,
PRX, SOD) we were able to differentiate 20 cultivars
(71 %) in the screened cultivar set.

Table 4. Combination of isozymes EST in the cultivars (n.a. - isozyme not analysed, * - cultivar with {miquc band pattern, DS - dry
seed, IS - imbibed seed, SWRC - shoot with removed cotyledons, GC - green cotyledon, FTL - first true leaf).

Cultivar EST (ESTI1, EST2, EST3, EST4, ESTS, EST6)

DS IS SWRC GC FTL
1288/12 1,1,2,1,1,1 2,1,3,2,2,1 3,2,4,2,2.2 3,1,5,2,1,1 3,1,5,3,1,1
Amazon 1,1,1,1,1,1 2,1,3,2,2,1 3242272 3,1,5,2,1,1 3,1,5,3,1.1
Areko K119 1,1,2,1,1,1 2,1,3,2,2,1 324223 3,1,52,1,1 3,1,5,3,1.1
Ariane 1,1,2,1,1,1 2,1,3,2,2,1 3,2,42273 3,1,5,2,1,1 3,1,5,3,1,1
Atalante 1,1,1,1,1,1 2,1,3,2,2,1 3,2,4,2,2,2 3,1,5,2,1,1 3,1,5,3,1,1
c1/7 1,1,2,1,1,1 2,1,3,1,2,1% 3,242,273 3,1,5,3,1,1* 4,1,5,3,1,1
C12/5 1,1,2,1,1,1 n.a. n.a. n.a. n.a.
C 15/5 1,1,2,1,1,1 n.a. n.a. n.a. n.a.
ED 30 1,1,1,1,1,2* 2,1,3,2,2,1 32,4223 3,1,5,2,1,1 4,1,5,3,1,1
Ica 44 1,1,2,1,1,2% 2,1,3,2,2,1 4,2,4,2,2,2% 4,1,52,1,1* 4,1,5,3,1,1
Jitka 1,1,2,1,1,1 2,1,3,2,2,1 32,4222 3,1,5,2,1,1 3,1,5,3,1,1
Jordan n.a. 2,1,3,2,2.1 3242273 3,1,5,2,1,1 3,1,5,3,1,1
Jupiter 1,1,2,1,1,1 2,1,3,2,2,1 3,2,4,2,2,3 3,1,5.2,1,1 3,1,5,3,1,1
Liflora 1,1,2,1,1,1 2,1,3,2,2,1 32,4223 3,1,5,2,1,1 3,1,5,3,1,1
Mikael 1,1,2,1,1,1 2,1,3,2,2,1 3.24,2,22 3,1,5,2,1,1 3,1,5,3.1,1
Minerva 1,1,2,1,1,1 2,1,3,2,2,1 3242273 3,1,5,2,1,1 5,1,5,3,1,1*
NLN 245-OR 1,1,2,1,1,1 2,1,3,2,2,1 3242273 n.a 4,1,53,1,1
NLN 245-P 1,1,2,1,1,1 2,1,3,2,2,1 3,243,222 n.a. 3,1,5,3,1,1
Ocean 1,1,2,1,1,1 2,1,3,2,2.1 3,2,43,22 3,1,5,2,1,1 4,1,5,3,1,1
Oliver 1,1,2,1,1,1 2,1,3,2,2,2% 3,2,4,2,2,0% 3,1,5,2,1,2*% 3,1,5,3,1,2*
SU 19-1/93 1,1,2,1,1,1 2,1,3,2,2,1 3,242,272 3,1,5,2,1,1 3,1,5,3,1,1
SU 19-3/93 1,1,2,1,1,1 2,1,3,2,2,1 324223 3,1,5,2,1,1 3,1,5,3,1,1
Texa 1,1,2,1,1,1 2,1,3,2,2,1 3,2,4,2,2,3 3,1,5,2,1,1 3,1,5,3,1,1
V-12/446 1,1,2,1,1,1 2,1,3,2,2,1 32,4223 3,1,5,2,1,1 3.1,5,3.1,1
Vera 1,1,2,1,1,1 2,1,3,2,2,1 3242273 3,1,5,2,1,1 3,1,5,3,1,1
Viking 1,1,2,1,1,1 2,1,3,2,2,1 3242273 3,1,5,2,1,1 3,1,5,3,1,1
Zarja n.a. 2,1,32,2,1 324223 3,1,5,2,1,1 3,1,5,3,1,1
Discussion

The aim of the paper was to evaluate the possibility of
utilization of isozymes for exact identification of flax and
linseed genotypes for various practical purposes. Several
factors seem to be important: /) selected enzyme system

and the number of loci/alleles coding individual isoforms,
whose polymorphism may be exploited, 2) develop-
mental expression of particular isoforms in various
phases of plant ontogenesis and thus the selection of
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proper tissue sample for analysis, and 3) the choice of
particular electrophoretic approach. The selection of
enzymes was based on our previous experience with
identification of pea cultivars (Samec er al. 1998, Posvec
and Griga 2000), and on published literature. In fact, only
one report is available on the use of isozymes for fiber
flax discrimination (Yurenkova er al 1992). Of five
enzyme systems analyzed by PAGE in seed/leaf/root
samples only AAT and MDH were found polymorphic,
EST (3.1.1.1) (with one exception), 6-PGD and SOD
were uniform. This is in contrast with our data: both AAT
and MDH were uniform or exhibited low/no activity in
all tested sample types (Table 1). On the other hand, EST
in our experiments exhibited polymorphism in all
analysed sample types, and SOD in one sample type
(Table 1). This situation may be explained by

Table 5. Differentiation of the cultivars via isozyme band
pattern in the sample type (DS - dry seed, IS- imbibed seed,
SWRC - shoot with removed cotyledons, GC - green cotyledon,
FTL - first true leaf).

Cultivar Unique isozyme band pattern in the sample type
DS IS SWRC GC FTL

1288/12 ACP

Amazon SOD

Cc 17 EST ACP EST, ACP ACP

ED 30 ACP, ESTACP ACP

Ica 44 EST EST EST

Jitka SOD

Jordan ACP ACP

Jupiter ACP

Liflora ACP

Mikael ACP

Minerva ACOQ, EST

NLN 2435-OR ACP DIA

NLN 245-p DIA

Ocean ACP

Oliver EST EST EST ACP, EST

SU 19-1/93 GDH

Texa ACP

V-12/446 ACP

Vera ACP

Viking ACP, GDH

¥ cultivars 5 5 10 5 7

the different cultivars tested in particular laboratories.
Authors, similarly with our data, found out differences in
isozyme spectra (SOD, 6-PGD, EST) of various organs in
various phases of plant ontogenesis (Yurenkova er al
1992, 1995). This is not surprising, as isozymes represent
phenotypic traits/markers, whose particular forms may be
differentially expressed during ontogenesis (tissue or
organ-specific expression, e.g. stem-specific expression
of FLAXPERI, probably involved in lignification
processes - Gerhardt and Fieldes 1999, McDougall 1992)
and may be even affected/induced by external
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environmental factors (pathogen invasion; abiotic
stresses, e.g. heavy metal stress - Fieldes and Gerhardt
1994, Gerhardt and Fieldes 1999; changes in temperature
and light conditions - Fieldes et al. 1987, Burel er al.
1994, Bruyant er al. 1996). It is expected, that stress-
induced isozymes are forms of normal isozymes with
altered  post-translational  modifications,  mainly
glycosylation, which alter molecular weight of particular
isozyme and thus its electrophoretic mobility (Fieldes and
Tyson 1984, Gerhardt and Fieldes 1999). Not only
isozymes, but also total proteins may be affected by
physiological state of the plant or seed. The changes in
total proteins of flax stems in various growth stages were
reported by Lapina and Rulin (1985). The storage period
(effect of seed aging) may influence the electrophoretic
pattern of flax seed proteins (Sammour 1989, Lapina
1989). Another aspect, which should be taken into
account is the fact that some commercial flax cultivars
are composed of two or more breeding lines, and thus
variation in isozyme spectra may be expected. Lapina and
Kelner (1990) proved this intravarietal variation via
single-seed analysis of flax storage proteins. Thus, the
correct isoenzyme characterization of particular cultivar
should be done on the base of mixed sample involving all
lines composing a cultivar.

From the practical point of view, the analysis of dry
seeds is the simplest and quickest approach. Nevertheless,
our results show (Table 1) that dry/imbibed seeds
exhibited polymorphism only in two enzyme systems
(ACP, EST), while green plant samples extended number
of exploitable enzymes to seven (ACO, ACP, DIA, GDH,
EST, PRX, SOD). Seed germination/plant cultivation
may represent methodological complication (it requires
more time and additional costs) in cases where the results
should be obtained very quickly (discrimination of
commercial seed lots). On the other hand, such approach
should not be a significant limitation in evaluation of
germplasm resources or breeding materials.

As compared to some agriculturally important crops
(barley, soybean, pea), there is a limited information
about genetic/linkage maps of flax based on
morphological, biochemical and DNA  markers
exploitable in phylogenetic studies and marker-assisted
selection (Gorman ef al 1993, Cullis et al. 1995,
Spielmeyer er al 1998, Klocke et al. 2000, Oh et al.
2000). Thus, the isozyme data obtained with our
relatively broad set of flax/linseed cultivars, may be
useful for such studies as reported in another crops
(Havey and Muehlbauer 1989, Chase er al. 1991, Hoey
et al. 1996). However, the detailed characterization of
screened set by morphological and physiological data
(pathogen resistance/sensitivity) as well as pedigree
analysis should be done in that relation.

By the combination of seven enzyme systems and five
ontogenetic phases we were able to identify twenty of
total twenty eight tested flax and linseed cultivars/lines.
Reported data represent first step in formulation of



cataloque of protein markers for flax and linseed
genotypes. Further enzyme systems and further ELFO
methods are planned to be tested to increase the
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