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ABSTRACT 

Allozyme polymorphism of DIA were studied by means of PAAG techniques in six marginal Scots pine 
populations from Ukraine. DIA is encoded by at least four loci, three of them, Dia-2, Dia-3 and Dia-4 are 
sufficient for interpretation. All three loci are polymorphic and have five, three and two alleles, respectively. The 
polymorphism of the locus Dia-4 is firstly reported. 
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INTRODUCTION 

For the last decade some attention of population geneti- 
cists have been given to the study of genetic structure of 
marginal and isolated populations of Pinus sylvestris 
(GONCHARENKO e f  al. 1993; PRUS-GLOWACKI & 
STEPHAN 1994). 

Isozymes of diaphorase (EC 1.6.4.3) are among 
ones used in population genetics of Scots pine. Despite 
this fact their description is incomplete and erratic, 
especially regarding the Ukrainian populations. There 
are only a few articles describing diaphorase loci in 
some marginal Scots pine populations and provenances 
from the Ukraine (GONCHARENKO et al. 1993, 1995; 
PRUS-GLOWACKI & BERNARD 1994). Additionally, 
these data cannot be compared adequately, because the 
authors have not given zymograms, so that it is elusive 
which loci and alleles were meant. 

This work presents data on genetic control of 
diaphorase allozymes in Scots pine populations from 
the Ukraine, and attempts to compare them to those 
reported for P: sylvestris of other territories. 

Cones were collected from 140 trees growing in six 
natural populations of Scots pine in the Ukraine (Table 
1). Seeds were extracted from cones for each tree 
separately. 

For the isozyme study 10-20 seeds were analysed 
from each tree. Macrogametophyte tissue was isolated 
from the seeds and homogenised with 0.025 ml of 0,2 
M tris-glycine buffer, pH 7.5. The homogenates were 
subjected to vertical polyacrylarnide gel electrophoresis 
(BREWER 1970). Diaphorase was histochemically 
detected according to HARRIS and HOPKINSON (1976) 
with minor modifications (NBT was used instead of 

MTT). The solution for the gel plates incubation was 
composed of 0.1% 2,6-dichlorophenol-indophenol 
(fresh) - 1 ml, 0.025 M tris-HC1-buffer, pH 8.5 - 50 ml, 
NADH - 10 mg, and NBT - 7.5 mg. 

The loci observed were designated as follows. One 
specifying the most anodally migrating isozymes was 
indicated as 1 ,  the next as 2, and so on. Within each 
locus, the totally most frequent allele was assigned the 
value of 100. Other alleles of the locus were marked 
according to their relative mobility to the most frequent 
allele (PRAKASH et al. 1969). 

Due to the small number of the seeds analysed from 
each tree, Mendelian segregation was examined in 
single trees by x2 test only for rare genotypes occurring 
in unique trees, while for the most common ones - 
pooled over all trees. 

In our experiments generally four zones of the 
enzyme activity were observed. However, the most 
anodally migrating, Dia-1, manifested itself instably 
probably due to its low activity. This fact did not permit 
sufficient interpretating the alleles, so that this zone was 
excluded from the analysis. So, the three regularly 
developed zones with sufficient enzymatic activity - 
Dia-2, Dia-3 and Dia-4 - were then interpreted 
according to the above mentioned methodics. 

All three loci are polymorphic, especially Dia-2, 
that has five alleles. Dia-3 and Dia-4 are less polymor- 
phic and have three and two alleles respectively (Table 
2).  

Totally five active alleles were observed for this locus. 
Four of them are two-banded and the least mobile, 
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Table 1 Scots pine populations used in the study 

Population 

Nova Radcha 1 (N1) 
Nova Radcha 2 (N2) 
Bryukhovichi (LB) 
Stradch (Ls) 
Neteshin (HA) 
Izum (IH) 

Table 2 Allelic frequencies at diaphorase loci in Scots pine populations from the Ukraine 

Number of trees sampled 

23 
24 
24 
24 
22 
24 

I I Population 

Latitude (N) 

51" 23' 
51" 23' 
49" 55' 
49" 55' 
5 0  21' 
49" 09' 

Bryukhovichi Stradch Neteshin 
LB IS HA 

Longitude (E) 

29" 24' 
29" 24' 
23" 55' 
23" 45' 
2 6  44' 
37" 11' 

LocusIAllele 

Dia-2 
8 5 
90 
95 

100 
105 

Izum 
IH 

Table 3 Observed allozyme segregation in endosperms of heterozygous trees and x2  tests for goodness of fit to 1: l  ratio 

Nova Radcha 
N 1 

0.000 
0.148 
0.000 
0.81 1 
0.041 

among the employed populations 

Nova Radcha 
N2 

0.000 
0.246 
0.000 
0.712 
0.042 

Locus 

Dia-2 

Dia-3 

Dia-4 

Tree 

joint 
LB 19 
IH 16 
joint 
IH15 
joint 
joint 
joint 

Deviation 
x2 

Allelic 
combination 

Observed 
segregation 
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Table 4 Literature references on diaphorase in Scots pine 

Number of loci Number of alleles per locus I Tissue 

*) M - macrogametophytes 

Figure 1 Schematic zymograms of diaphorase alloqmes 
occuring in Scots pine populations from the Ukraine. The 
number above bands refers to the relative mobility (see text 
for details). Black edged bands represent faint staining al- 
leles. 

Dia-2,,, is one-banded (Figure 1). Two most common 
alleles, 90 and 100, appeared in all studied populations, 
and the others - only in some. Alleles 85 and 95 oc- 
curred only in one population each. 

All three alleles of this locus are faint staining. Alleles 
100 and 105 are two-banded, allele 95 manifests one 
band of activity (Figure 1). 

This locus carries two alleles, the most common of them 
is two-banded (Figure 1). 

Segregation of alleles showed significant deviations 
from Mendelian ratio (1: 1) for some combinations of 
allelic variants (Dia-2,,,,, Dia-2,,,,,, and Dia-3 ,,,,,,), 
when analysed using x2  test for goodness of fit (Table 
3). 

The different number of diaphorase loci and alleles 
were reported before (Table 4). Based on our data, we 
can conclude about at least four loci coding diaphorase. 
However, because of low activity of Dia-1 we could 
not determine its allelic structure. 

SIEDLEWSKA & PRUS-GLOWACKI (1 994) 
PRUS-GLOWACKI et a l  ( 1  993) 
PRUS-GLOWACKI & BERNARD (1 994) 
SZWEYKOWSKI et al. (1994) 
PRUS-GLOWACKI & STEPHAN (1994) 
GONCHARENKO (1 989) 
GONCHARENKO et al. (1 993) 
SHIGAPOV et al. (1995) 

GONCHARENKO et al. (1993) reported about two 
polymorphic loci of DIA detected in Ukrainian popula- 
tions of Scots pine. Those are apparently the same as 
Dia-2 and Dia-3 described in the present work. How- 
ever, we have not observed a null allele in the samples, 
while the above authors mentioned one for two popula- 
tions which are refugia. On the other hand, allele 
Dia-2,, is apparently firstly described by us. The other 
researchers (Table 4) studying genetic structure of Scots 
pine populations in the other parts of its range (Spain, 
Poland, Russia, Germany, Latvia) reported about an 
only polymorphic locus of the enzyme that is definitely 
Dia-2. Probably polymorphism of loci Dia-3 and 
Dia-4 is unique to marginal Scots pine populations. 

It should be noted that all the genotypes with the 
observed violation of Mendelian segregation are rare. 
Only one tree with genotype Dia-2,,,,, (in population 
LB) was found, three trees with Dia-2,,,,,,, genotype 
(all in population NI), and three - with genotype 
Dia-3,,,,,, (two trees in LB and one - in Nl) .  

Clear and intensive stain of the described Dia 
variants (especially those of Dia-2 locus) in macro- 
gametophyte samples as well as enough polymorphism 
make this enzyme useful as a genetic marker of Pinus 
sylvestris, in particular, for studying its geographically 
marginal populations. 
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