J. Appl. Genet. 36(3), 1995, pp. 197-204

Genetic polymorphism and quantitative variation of
o-amylases from rye endosperm
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Abstract. a-Amylase isozymes from rye endosperm were analysed by means of
isoelectric focusing, polyacrylamide gel electrophoresis, immunoelectrophoresis
and colorimetric assay. a-AMY 1 (high pI) group was scparated into 13 IEF bands,
whereas in group a-AMY?2 (low pl) 2 intensive and 6-8 faint bands were found.
Two linked (2+1 cM) polymorphic loci and a single locus with two alleles encoding
for «-AMY1 and a-AMY?2 groups, respectively, were identified after genetic
analysis of the IEF patterns. All a-amylase isozymes developed on PAGE, were
shown to belong to a-AMY1 group. It was demonstrated that a single PAGE
isozyme corresponds to 2-4 separate IEF bands and that most of the IEF bands can
be attributed to more than one PAGE isozyme. The activity of a-amylases from
PAGE zone I was 2.3 times higher than the activity of zonc II isozymes. A strong
correlation between the activity and protein amount of particular i-AMY 1 isozymes
(r=0.94) was found.
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Isoclectric focusing (IEF) of ai-amylase in germinating cercal grain revealed
the existence of two groups of isozymes having high (a-AMY |, and low
(a-AMY?2) pls (GALE et al. 1983, AINSWORTH et al. 1987, MACGREGOR et
al. 1988). a-AMY 1 isozymes, predominant in sprouting and gcrminating grain,
were found to be encoded by a gene family on chromosomes of homoeologous
group 6. a-AMY?2 isozymes, present both in developing and germinating
kernels, arc controlled by genes from chromosomes of group 7 (LAZARUS ct
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al. 1985). Recently, the third (a-AMY3) gene family has been detected on
chromosomes of group 5, which produce isozymes during carly stage of grain
dcvelopment (BAULCOMBE et al. 1987, DAUSSANT, RENARD 1987).

o-Amylase polymorphisms in wheat and barley were studied intensively
by mcans of IEF (NISHIKAWA et al. 1981, GALE et al. 1983, MACGREGOR,
BALLANCE 1980, MACGREGOR et al. 1988). In rye, two variants of polyacry-
lamide gel electrophoresis (PAGE) were applied to reveal a-amylase polymor-
phism. WAGENAAR, LUGTENBORG (1973) as well as KHOREVA et al. (1985)
developed PAGE gels in starch solution. They found five o-amylase bands
probably controlled by three structural genes. On the other hand, EAPINSKI
and MASOIC (1983) resolved ninctecn o-amylase bands using a modified
mcthod of MACKO et al. (1967), in which starch-containing PAGE gcl was
applicd. This banding system was shown to be encoded by the three polymor-
phic structural genes and by a single independent gene producing endogenous
o-amylase inhibitor (MASOJC 1987, MASOIC, GALE 1990). Relationship be-
tween the PAGE  o-amylase patterns and the two groups of IEF isozymes is
not clear. In addition, the IEF polymorphism of rye a-amylascs has not yct
been characterized.

Substantial o-amylase polymorphism raises the question about the exist-
encc of isozymes with significantly lower specific activitics than the rest of
the o-amylases. Detection of such forms would be important for the identi-
fication of sprouting resistant genotypes. This problem was approached by
several authors, who compared catalytic properties of a-AMY1 and a-AMY?2
groups (MACGREGOR 1980, MACGREGOR, MORGAN 1992). However, a com-

parison of the activities of individual a-AMY1 isozymes has not been done
yct.

We report here on o-amylase polymorphism in rye identified by isoelectric
focusing, its rclationship with PAGE patterns and on the quantitative variation
of individual a-AMY 1 isozymes.

Material and methods

The studied material consisted of seven inbred lines of rye (S>10) and three
inter-line F, crosses, developed at the Academy of Agriculture, Szczecin,
Poland.

Crude a-amylase extracts were obtained from starchy endosperm of grain
germinating for five days at a room temperature. Semi-liquid endosperm was
ground in 0.1 ml of distilled water and centrifuged at 14 000 x g. PAGE in
discontinuous buffer system was carried out in vertical gcl slab apparatus,
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according to the method described by MAsoJ¢ (1987). 1EF separation was
carricd out in Multiphor II System (LKB) in pH range 5-8 for a-AMY1 and
3-6 for a-AMY2 (MASOJC, GALE 1990). B-Amylase isozymes were elimi-
nated from the IEF patterns by heat treatment of the extracts (70°C for 10
min).

For the identification by IEF of particular PAGE isozymes, the PAGE gels
were cut into strips, each containing separate isozyme. a-Amylases were
extracted from the gel according to the method described by MACGREGOR and
BALLANCE (1980). Individual isozymes, recovered from thc PAGE gel, were
applied on the IEF gel by means of sample applicators and run parallely with
the crude endosperm extracts of the respective line. They were also applied
into wells punched in the 1.2% agarose gel containing 0.1% rabbit polyclonal
antibodies raised against o-AMY1 group of isozymes. The rocket immu-
noclectrophoresis was performed in 25 mM veronal buffcr pH 8.6, according
to the mcthod described by LAURELL (1966). Agarose gel was incubated for
1 h in 1% solution of soluble starch and stained with iodine. The amount of
o-amylase protein was proportional to the peak arca (XLARKE, FREEMAN
1967), which was assessed by weighing individual pcaks cut out from the
photographic pictures.

o-Amylase activity was assayed by means of colorimctric Phadebas method
(BARNES, BLAKENEY 1974), in which one unit (U) was cquivalent to the
amount of enzyme hydrolysing 1 mmol of the glucosidic bonds during 1 min
at 37°C. All quantitative assays were made in two replications of which the
mean values were given.

Genetic linkage was determined according to ALLARD (1956).

Results

IEF patterns

In all, thirteen bands of a-AMY'1 group of isozymcs were detectcd among
seven inbred lines of rye (Fig. 1), which span the range of 5.6-6.5 pH. Only
RXL10 and C599 lines showed similar patterns. The other lines exhibited
differences in respect to the composition and the numbcr of bands, which
ranged from five (Ot0-25) to eight (620/75). Bands no. 3, 5, 6 and 10 were
present in the majority of lines.

Allclic segregation of a-AMY 1 isozymes was found between bands 1 and
7 in the F, cross Ot1-3 x RXL10 and between bands 2 and 3 in the F, cross
DS2 x RXL10 (Table 1). Additionally, in the latter cross, a two-loci segregation
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Table 1. F, segregations of a-amylase isozymes detected by IEF

No. of
o Amylase
Cross group Locus | Faphenotypes | pheno- xim or 3:1 )Clzdmka ge| P SE
types
2 27
DS2xRXL10 o-Amy] 1 2,3 45 3.41
3 15
7 59
2 null 28 -39
2,7 1
2, null 26
2,3,7 43
land2 2.3, null > 131.96* | 0.02 | 0.01
37 15
3, null 0
1 16
Ot1-3xRXL10 | a-Amyl 2 1,7 38 0.33
7 18
1L3,5 7
DS2x010-25 o-Amy2 1 1,2,3,4,5,6 17 0.60
2,4,6 6

* Significant at p=0.05

between bands 2 and 3 and the band 7 was obscrved. The m ap distance between
these two loci, calculated according to the equations developed by ALLARD
(1956), was 2 * 1 centimorgans. The genctic interpretation of the remaining
o-AMY1 bands was difficult to obtain, due to their irrcgular segregation,
variation of intensity and overlapping.

The a-AMY2 group of amylases found in a single inbred line consisted of
onc intensive band (no. 1 or 2) and a number of faint bands located between
3.5 and 4.7 pH (Fig. 2). Line 620/75 and varicty Darikowskic Ziote had both
intensive bands, which suggested hetcrogeneity of these maicrials. The segre-
gation ratio found in F, cross DS2 x Ot0-25 suggested that two allcles at
a single locus underlie the observed polymorphism (Table 1).

PAGE patterns

The PAGE zymograms of all seven lines had two intensive bands in zone I
and one predominant band in zone II accompanied by faint diffuse bands
(Fig. 3). They also revealed differences among the lines studied in the bands
composition. All PAGE bands were carlier genetically identified as definite
isozymes encoded by the three linked structural genes (MASOIC 1987, MASOJG,
GALE 1991).
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Fig. 1. High-pl (a- AMY 1) group of isozymes. IEF patterns of the inbred lines of rye. Lines Ot1-3 and 541 are represented twice

to facilitate bands identification.
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Fig. 2. Low-pI (a-AMY?2) group of isozymes. IEF patterns of the inbred lines
and cv. Darnikowskie Zlote
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Fig. 4. A quantitative assessment of individual PAGE o-amylase isozymes
performed by Laurell’s rocket immunoelectrophoresis
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The relationship between PAGE and IEF o-amylase isozymes

Each of the isozymes extracted from the PAGE gels was found to generate
a part of the a-AMY 1 group characteristic of the IEF pattcrn of a given line
(Fig. 3). None of the PAGE isozymes generated o-AMY?2 bands when sep-
arated on IEF. It was, therefore, concluded that all isozymes detected by means

Table 2. Relationship between a-AMY 1 isozymes revealed by

PAGE and IEF
Line PAGE isozyme* IEF isozyme

Ot1-3 :; 13 ? i. 6,10
541 ;(2)513 g: ?66. 10
DS2 1: 12 2: .]566
RXL10 ;‘21 15 §/: .?510, 12
010-25 }; 13 ?: : g
620775 ;: 13 i 3: ; ]6,18
C599 ;‘2‘ 15 3 ?37, 10, 13

* Bands are numbered according to Masos¢ (1987)

Table 3. Activity and protein quantity of a-amylases separatcd by PAGE

. Zymogram ) Aclivity Quantity
Ling zone Isozymes (mU/ml) (arbilr. units)
54 I 8, 10b, 12a, 13 3019 460
24 I 17,20b 825 170
I 7,10a, 11, 12b 1737 297
DS2 I 18,21 723 206
I 8, 10b, 14, 15 637 225
RAL1G I 17,22 324 98
I 7,10b, 11, 13 1033 343
O35 I 16,19 896 234
I 7,8,10b,11,12a, 13 3440 534
620715 I 18,21 1578 343
Correlation coefficient r=0.94*

* Significant at p=0.05
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of PAGE bclong to the a-AMY1 group. The relationship between PAGE
isozymes and IEF bands is given in Table 2. It is apparcnt that a single allele
rcpresented by one PAGE band gives a multiple-banded IEF pattern. In addi-

tion, most of the IEF bands can be attributed to different isozymes found on
PAGE gel.

Activity of separate a-amylase isozymes revealed on PAGE gel

As asscssed by Laurell’s rocket immunoclectrophoresis (Fig. 4), the amount
of zone I isozymes was 1.4-2.7 times higher than that found in zone II. The
activity and quantity of particular isozymes were strongly corrclated (Table 3),

which indicates that possible differences in their specific activitics were neg-
ligible.

Discussion

The results of this study showed that a-amylase resolved by PAGE and
identificd by MASOIC (1987) belongs to a-AMY 1 group, which is predominant
in germinating grain (MACGREGOR ct al. 1988). The abscnce of a-AMY?2
isozymes on PAGE zymograms was probably duc to their low activity. Poly-
morphism of rye a-AMY?2 isozymcs, identificd by means of IEF, was appar-
ently under control of a single locus with two codominant allelces.

Unlike products of o-Amy 2 alleles, a-AMY'1 isozymes wcere better re-
solved by PAGE in starch-containing gcls. As explaincd by ROZHKOV (1983),
the migration rate of o-amylase isozymes in the presence of starch is related
to their affinity towards the substrate. It is thus possible that the observed
differences in ryc o-amylases positions on the PAGE zymogram reflect the
allinity polymorphism of isozymes, which could account for their functional
heterogencity. This suggestion is supportced by results of KHOREVA ct al. (1985)
who obtained only 5 closely migrating ryc a-amylase bands after PAGE
pcrformed without starch.

Resolution of a single PAGE isozyme into scveral IEF bands, demonstrated
in this study, might suggest the existence of more than three genes that encode
for a-AMY1 group. However, the RFLP analysis of o-Amyl sequences
(MASOJC, GALE 1991) strongly supports a three-genes modcl. It, thercfore, is
more probable, that a substantial part of multiple a-amylasc bands, revealed
by IEF, arc cither artcfacts or post-translational modifications, originating
similarly as the majority of B-amylase multiple forms (SHARP ct al. 1988).

As shown carliecr (MASOJC 1987), a-amylase PAGE isozymes from zone
I arc governed by two tightly linked genes, whereas those from zone II are
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products of alleles at a single locus. It can be assumed that, if the transcription
rate in cach gene is similar, the amount of zone I a-amylase should be two-fold
higher than that of isozymes from zone II. A quantitative analysis carried out
by Phadebas (activity) and rocket immunoclectrophorctic (protein amount)
mcthods scems to support this hypothesis, as the average zone 1 : zone 11
o-amylase ratio was 2.3 and 1.8, respectively. A strong correlation between
protein amount and activity of a-AMY 1 isozymes found in this study shows,
that o-amylase activity in rye grain is predominantly affccted by the rate of
its synthesis.
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