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Abstract: Our previous studies indicated that genotypes at locus Sod-1 of Poa annua changed clinally along a gradient of gaseous organic
pollution. In the present study, we aimed to know whether there were differential responses of activities of different superoxide dismutase
(SOD) genotypes to short-term treatment of ambient gaseous organic pollution. Significant bias from Hardy-Weinberg equibrium was
observed on locus Sod-1, and no genotype Sod 1- BB was found, Significantly increased activities were observed in mosi treaiments for
genotype Sod |- AA and in one treatment for genctype Sodt 1- A8, Mowever, no significant difference in SOD activities was found between
the two genotypes . It was interpreted that fitness difference between the two genotypes was small and treatment duration was too shon or
extent of amblent organic pollution was too low to lead to differential responses. Other environmental factor effects on activities of

superoxide dismutases can also explain the resuits.

Keywords: superoxide dismutase; genotype; aclivity; gaseous organic pollution; Poa annua

Introduction

Numercus studies have indicated abundant genetic
diversity in plant species, since isozymes was used as genetic
markers in 1966 ( Hamrick, 1989; Nybom, 2000). It is
widely appreciated that genetic diversity is the base for the
species to adapt the changing environments. In other words,
different alleles or genotypes were thought to have differential
fitness under different environments. Actually, a lot of
studies have shown significant differences in frequencies of
alleles or genotypes of populations from distinct habitats
{ Prentice, 1995; Chen, 1997; Mitton, 2004), under
pollution { Prus-Glowacki, 1999; TLongauer, 2001; Chen,
2003 ). However, new questions arise. For example, to what
extent different electrophoretic phenotypes of an enzyme can
affect the fitness of organisms? Do different allozyme
genotypes have direct physiological effects?

The most thorough studies on allozymes have identified
enzyme kinetic, physiological, and differential fimess among
loci for the leucine aminopeptidase polymorphism in blue
mussels, Mytilus edulis (Koehn, 1987) ., the phosphoglucose
isomerase polymorphism in sulfur butterflies, Colias
eurytheme and C. philodice eriphyle ( Watt, 1983; 1986;
19923,

commen killfish,

the lactate dehydrogenase polymorphism in the
Fundulus  heteroclitus ( Powers, 1991;
Power, 1994}, and the alcohal dehydrogenase polymorphism
in tiger salamanders, Ambystoma tigrinwn ( Mitlon, 1986;
Carter, 2000). Although there were a lot of studies have
observed relatiouships between allozymic variation and
environmental factors in plant species, there were very few
studies have established phenotypic fitness among loci in
plants like the above studies on animals.

Poa annua L. { Poaceae) is a weedy species widely
distributed over the world. In the previous studies, we found
that it shows genetic changes to different air pollutanis{ Chen,
2000; 2003). Along a gaseous organic pollution gradient,
clinal changes were found in several loci. For instance,
increased frequency of Sod-1-AB in P. annua populations
was observed as the distance to the pollution source decreased
and, in most heavily polluted sites, all the individual were
Sod-1 { Chen, 2003).

heterozygous at locus Because

superoxide dismutases(SODs) are involved in the tolerance to
stress{ Alscher, 2002), we wondered whether the changes in
genotype frequencies are the results of differential responses
of S0Ds to the gaseous organic pollution.

In the present study, we treated individuals, grouped
according to their genolypes, with ambient gaseous organic
pollution and aimed to find whether different genotypes
response differentially in activity to the pollution.

1 Materials and methods

1.1 Materials

Poa annua individuals were collected from clear sites
(Campus of East China Normal University and nearby), and
transplanted into small pots with diameter of about 5 em.
They were genotyped using PAGE as previously described.
We found only two genotypes on locus Sod-1, as reported
before. The individuals were grouped according to the
genotype, heterozygote group that includes individuals with
genotype Sod-1-AB and homozygote group that includes
individuals with genotype Sod-1-44.
1.2 Treatment of ambient gaseous organic pollution

Individuals used for trealment of ambient organic
pollution were collected and transferred to small pots. Each
pot contained one individual . These individuals were cultured
in laboratery for three weeks before treatments. One week
before treatment, one leaf from each individual was sampled
for identifying genotype and assaying SOD  activity.
Individuals with similar activities were used for the treatment
or as the control. The individuals were grouped according to
the genotype, i.e., AA group and AB group. Twenty
individuals of each group were put at the polluted site, a
factory of chemical reagent. The main products of the factory
are acetic acid, acetic anhydride, triacetin,
midbody of medicine and pesticide ( Chen, 2003 ).
Individuals in the laboratory were as the control. In the
previous studies, we found SOD is very sensitive to air
pollution ( Chen, 1995) . Therefore, samples were collected
after 4, &, 24, 36 and 48 h, and subject to analysis
immediately .
1.3 Electrophoresis and assay of superoxide dismutase

Leaf samples were homogenated with Tris-HCL buffer

acetidin,

Fuundation item: The “211 Project” Porgram ard Shanghai Priority Academic Discipline Program; # Corresponding author



No.5 No difference in activity of Sod-1 genotypes of Poa annua to shori-term treatment of ambient gaseous organic pollution 867

(pH 7.8, containing 0.04% KCl, 0.04% EDTA, 0.2%
MgCl,, 5% sugar, 4% PVP and 0.1% B-mercaptoethanol
(V/V)). After centrifugated at 10000 r/min under 4°C for
10 min, the supernate was subject to analysis .

Genotypes of each individual were analysed with
polyacrylamide gel electrohporesis ( PAGE ). Zymgraphs of
Cu-ZnSOD, FeSOD and MnSOD were identified using
gradient polyacrylamide gels of 4% to 20% . Based on the
different sensitivity to inhibitors ( KCN, H,0, or ethanol-
chloroform), the three enzyme-types were identified ( Luo,
1996) .

SOD activities were assayed based on the inhibition of
NBT photo-reaction { Chen, 1995). A unit of SOD was
defined as 509% inhibition of the reaction.

2 Results

According to the different sensitivities to the inhibitors,
zone 3 was Mn-S0D, and the other two zones were Cu-Zn-
SOD(Fig.1). We termed the coded genes Sod-1, Sod-2 and
Sod-3, respectively.

Sod-3

Sod-2

Fig.1 The zymogram of superoxide dismutase of Poa annua

As reported previously, only Sod-1 was polymorphic
and we found only two genotypes on locus Sod-1 of Poa
annua ( Chen, 2003; Li, 2004). In polluted site, only
heterozygous individuals were found, whereas heterozygous
and homozygous individuals were found in clear site. Chi-
square test indicated that significant bias{ P < 0.001) from
Hardy-Weinberg equilibrium was found in the two sites
(Table 1).

Table 1 Genotypic and allelic frequencies at Sod-1 locus of Poa annua in
polluted and clear sites

Site Sample size Genotype frequency Allelic frequency

Clear site 261 AB 37.9% A 81.0%
AA 62.1% B 19.0%

Polluted site 36 AB 100% A 50.0%
AA 0% B 50.0%

Generally, activity of SOD was increased when treated
with ambient organic pollution. After two days treatment,
S0D activity of genotype Sod-1-AA was 164% of the
control. Except for 24 h treatment, Sod-1 genotype AA

showed significant increases in activity with the treatment of
gaseous organic pollution(Fig.2) .
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Fig.2  Changes of SOD activity of genotype Sod-1-AA of Poa annua treated
with ambient organic pollution

Although SOD activities of genotype Sod-1-4B also
increased as treatment duration increased, no significant
difference was observed, except for that of 8 h treatment

(Fig.3).
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Fig.3  Changes of SOD activity of genotype Sod- 1-AB of Poa annua treated
with ambient organic pollution

Before treatment, no significant difference was observed
in SOD activities between Sod-1 genotypes AB and AA.
When treated with ambient organic pollution, significant
difference in activity was found between the two genotypes
after treatment for 8 h. However, when the duration lasted,
no significant difference was found between the two genotypes

(Fig.4).
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Fig.4  Comparison of SOD activities of different genotypes of Poa annua
when treated with ambient organic pollution

3 Discussion

Investigation on the wild populations from polluted and
clear sites indicated that genotype AB of locus Sod-1 has a
fitness superior to genotype AA, because only genotype AR
had been found in the most polluted sites(Chen, 2003} . The
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present study indicated the similar situation( Table 1) . Closer
to pollution source, more genviype AB was found. In the
most polluted sites, all the individuals belonged to genotype
AB.

Under pollution stress, inereased activities were found
in the genotype A4 {Table 1), indicating that SOD activity
was sensitive to organic pollution, as observed in other
pollution stress, such as 50, (Chen, 1995}, However, no
significant increases were observed in SOD activities of
genotype AA, except one treatment. It was due to the high
activities of the control, but the reason was unknown.

No significant differences were observed in S0OD
activities between genotype A4 and AP during the treatment
(Fig.4) . There were two explanations for the result. Firstly,
fitness difference between the two genotypes was small and
the treatment duration was too short or extent of ambient
organic pollution was teo low to lead to differential responses.
In polluted site, the individuals suffered lang-term stress of
organic pollution and genotype A4 was eliminated gradually.
Fitness reduction in genotype AA under stress of organic
pollution may be significant for long-term. To identify
whether this hypothesis, it needs to treat P. annua for
longer duration or under more serious stress.

Secondly, other environmental factors may affect the
results. SODs are important scavengers of free radicals in
plants. Because pests, drought, other pollutants and even
changes in climate factors{such as, wind, light, temperature
and rain) may lead to the increase of free radicals, changes
of SOD activities are difficult to predict in the field. This is
partly supported by much higher standard errors of SOD
activities observed under treatment than the control in the
present study(Fig.4) . Actually, biased results in the fields
from theoretic predictions had been observed in a lot of
studies due to the “noise” disturbance( Longauer, 2001; Li,
2004) .
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