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Abstract—This research studied the simulation of increased
ambient ozone to estimate nutrient content and genetic changes in
two Thai soybean cultivars (Chiang Mai 60 and Srisumrong 1).
Ozone stress conditions affected proteins and lipids. It was found
that proteins decreased, but lipids increased. Srisumrong 1 cultivars
were more sensitive to ozone stress than Chiang Mai 60 cultivars.
The effect of ozone stress conditions on plant phenotype and
genotype was analyzed using the AFLP technique for the 2 Thai
soybean cultivars (Chiang Mai 60 and Srisumrong 1).
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I. INTRODUCTION

T

ROPOSPHERIC ozone has progressively become the major
air pollutant in many parts of the world. Ozone is regarded
as one of the most harmful air pollutants that suppresses
crop growth and yield [1]. Ozone, which is a powerful
oxidizing agent, is responsible for more damage to vegetation
than any other air pollutant. Many studies have shown that
average concentrations of ozone in many regions have
increased. The change may come about from climate changes
and human-emitted precursor[2]. It is anticipated that many
factors will contribute to an ozone increase of 20-25% between
2015 and 2050, and 40-60% by 2100 [3].
Soybeans are one of the economic crops that is known for
its sensitivity to ozone[4]. It has been estimated that soybean
yields are suppressed about 10% by 50 ppb ozone
concentration (seasonal mean 7 h daily concentration) [5]. The
ambient concentration of ozone in the lower part of the
northern region of Thailand is around 20-30 ppb, and some
supplemental factors can push this level to be 100-200 ppb [6],
which is high enough to cause adverse effects on many
components of the ecosystems including crop production and
some food nutrients.
Soybeans [Glycine max (L.) Merr.] are becoming an
important economic crop in Thailand as a major source of
protein, energy, polyunsaturated fats, fiber, vitamins, minerals,
and other nutrients, for both humans and livestock [7]-[9].
Soybean seeds contain an average of 36–38% protein and 19%
oil, on a dry weight basis [10]- [12], but
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both genetic and environmental factors can strongly affect the
seed composition [7]. Soybean proteins are a complex
polymorphic mixture of polypeptides, and, like many species
of the Leguminosae, soybeans contain four groups of proteins:
the enzymes involved in metabolism, which do not exceed 1%
of the total protein; structural proteins including both
ribosomal and chromosomal; membrane proteins; and storage
proteins[7], [9].
Amplified fragment length polymorphisms (AFLPs) are
polymerase chain reaction (PCR)-based markers for the rapid
screening of genetic diversity. AFLP methods rapidly generate
hundreds of highly replicable markers from DNA of any
organism; thus, they allow high-resolution genotyping of
fingerprinting quality. AFLP methods primarily generate
dominant rather than co-dominant markers. Because of their
high replicability and ease of use, AFLP markers have
emerged as a major new type of genetic marker with broad
application in systematics, pathotyping, population genetics,
DNA fingerprinting, and quantitative trait loci (QTL) mapping
[13].
To predict the protein content and genetic characteristics of
soybean cultivars, we carried out an experiment to evaluate
and understand how elevated ozone concentrations affect
protein content. Changes in plant phenotype and genotype
were studied using the AFLP technique for the 2 Thai soybean
cultivars (Chiang Mai 60 and Srisumrong 1).
II. MATERIAL AND METHOD
A. Raw Material
Two Thai soybean cultivars (Chiang Mai 60 and
Srisumrong 1) from the Thai Agricultural Research
Department soy bean sample were planted in ozone stress
conditions during the growing period. The two soybean
cultivars were exposed in an open-top chamber to three ozone
treatments: non-charcoal filtered air (NCF: control) = ambient
ozone, charcoal filtered air (CF: low level ozone) = < ambient
ozone, and charcoal filtered air plus ozone (CF+O3: high level
ozone) = > ambient ozone.
B. Sample Preparation
The soybean samples after harvesting were cleaned by air
blowing, and whole seeds were selected based on shape and
yellow coloring. Sample seeds were ground by hammer mill
and poured through a100 mesh sieve. Ground soybean powder
was kept in an aluminum foil bag under vacuum conditions at
room temperature for the experiment.
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D.Phenotype Analysis
Plant phenotype and genotype were analyzed using the
cDNA-AFLP procedure and performed according to the AFLP
technique (DNA Technology Laboratory, Kasetsart University,
2010). The PCR program (GeneAmpR PCR System 9700,
Applied Biosystem) included 24 cycles: 50 °C for 5 min, 94°C
for 3 min, 94°C for 30 s, 56°C for 1 min, 72°C for 1 min, and
the final extension at 72°C for 5 min with 6 selective primers:
AAC-ACT, AGG-AAA, AGG-AAC, AAC-CAA, AAC-CTT
and AGG-CAC. PCR products were identified on 4.5%
polyacrylamide sequencing gel at 70 W for 1 h, and cDNA;
fragments were visualized by silver staining. Interpretation of
the data was done using the NTSYSpc program for Windows
Version 2.01e Phylogenetic tree [15] - [17].
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III. RESULTS AND DISCUSSION
The effects of ozone stress on 2 Thai soybean cultivars’
chemical composition are shown in fig 1(a) and (b) from CF,
NCF and CF+O3, respectively. The data shows that ozone
stress effects on both cultivars were non-significant in ash and
moisture content, but did increase lipid content on both
cultivars significantly for CF+O3 but not for CF or NCFt. The
fiber content decreased significantly in both cultivars.
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C. Chemical composition
The content of moisture, protein, fiber, fat, ash, and NFE
[nitrogen free extract ( 100 - % protein - % fat - %fiber - %
ash )] were determined by the standard method of AOAC [14].
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Fig. 2 Protein content (%) of 2 the soy bean cultivars in 3 treatments
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Protein content was affected by ozone stress in all
treatments with a significant amount of protein content: 43.52
+ 1.66 , 44.06 + 1.9, and 45.15 + 1.37 % for CF, NCF,
and CF+O3 treatments respectively in Chiang Mai 60 cultivars
. The protein content varied for ozone concentration
in
Chiang Mai 60 cultivars more than Srisumrong1 cultivars.

soybean cultivar - 1 st crop

*a – c : Mean differences are significant at P < 0.05
Fig. 1 (a) Ash and fiber content of the 2 soy bean cultivars in 3
treatments of ozone stress conditions
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A. Phenotype Analysis
The effect of ozone stress on Thai soybean cultivars by
AFLP technique analysis using the similarity index is shown in
fig. 3, divided into 8 groups:
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