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The Effect of Crop Desiccation Treated on ltalian Ryegrass (Lolium multiflorum L.) on
Succeeding Crop-forage Rice

H.S. Jang'*, H.S. Bae', W.H. Kim', S.H. Ahn', J.T. Yun'

'Crop production & Physiology, National Institute of Crop Science, Hyeoksinro 181, Iseo—myeon, Wanju—gun,
Jeollabuk—do 55365, Republic of Korea

[Introduction]

In Korea, Italian Ryegrass is widely used as a forage, but it is difficult to harvest seeds due to the rainy season. To solve this
problem, research is being conducted to accelerate the harvest by treating the crop desiccant prior to harvesting Italian ryegrass
seeds. Also research should be made on how these treatments affects succeeding crops.

[Materials and Methods]

In this study, preliminary candidate crop desiccants which are Glufosinate-P, Glufosinate-Ammonium, and Glyphosate-IPA
+ Tiafenacil were treated one week prior to harvesting Italian Ryegrass seeds, and rice was cultivated on the same land as
succeeding crop for verification of residual toxicity of drying agents compare the residual and rice growth characteristics.

[Results and Discussion|]

Rice was not affected by crop drying agent treatment, and in the residual toxicity analysis, both rice straw and rice seed were
detected at less than 0.01mg / kg, showing no significant difference from the control. Differences in rice height, ear length, and
number of ear did not show statistically significant differences with the control. Statistical differences were not recognized in
dry matter yields, and those drying agents treatment did not seem to have a significant effect on the yield of rice after harvesting
of Italian Ryegrass.
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*Corresponding author: Tel, +82—-63—238-5273, E—mail. janghs331@korea kr

-15-



Deficit Soil Water Effects on the Growth, Yield and Water Use Efficiency of Soybean (Glycine
max (L.) Merr.) and Adzuki Bean (Vigna angularis L.)

Hyen Chung Chun'*, Sanghun Lee', YoungDae Choi', Dong Hyok Gong', Ki-Yuol Jung'

'Crop Production Technology Research Division, National Institute of Crop Science, RDA, Miryang, 50424, Korea

[Introduction]

In recent decades, Korea is experiencing severe drought during spring and summer as Korea is under climate change effects.
Crops cope with water stress by anatomical, morphological or physiological response. Previous studies reported that Soybean
and adzuki bean which are representative legume crops in Korea are susceptible to deficit water stress. Therefore it is important
to understand water use efficiency of soybean and adzuki beans in order to avoid drought damage during cultivation and
develop conservative water management.

[Materials and Methods]

The experiments of water use efficiency from soybean and adzuki bean were performed in a greenhouse located at Miryang,
Gyeongnam from June to September, 2019. Soybeans and adzuki beans were grown in a pot with soil mixture of bed soils and
upland soils. Total of 44 pots were made to test water use of crops under three soil moisture contents (30 & 50 for soybean,
40 and 60% for adzuki bean, and 75% of available soil water) and two pots without a crop to measure evaporation. After
planting, weights of pot and crops were measured every 30 minutes to calculate water requirements and water use efficiency.

[Results and Discussion|]

Water consumption by soybeans and adzuki beans showed a similar trend throughout cultivation. Water consumption steadily
increased after planting except ones from 30% and 40% soil moisture content. Water consumption of soybean reached a peak
on 70th day after planting and ones of adzuki bean did on 75th day. The greatest amount of consumption from soybean and
adzuki bean was 18.9 mm/day and 9.1 mm/day, respectively. After 30th day, soybean water consumption exceeded adzuki
bean until harvest. Water use efficiencies from 30% and 40% soil moisture content were the smallest compare to other soil
moisture contents from both crops. Water use efficiencies of soybean from 50% and 75% did not show statistical difference
and ones from 60% and 75% of adzuki bean did not show difference. These results concluded that threshold of soil water limit
to avoid drought effect for soybean is 50% of available soil water and ones for adzuki bean is 60%.
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Identification of Viruses Infecting Sweet Potato in Yeoju, Korea by Next-generation
Sequencing

Yeonhwa Jo', Won Kyong Cho'*
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University, Seoul 08826, Republic of Korea

[Introduction]

Sweet potato [I[pomoea batatas (L.) Lam] is a dicotyledonous perennial plant belonging to the family Convolvulaceae. Sweet
potato is one of important crops in tropical and temperate regions. Sweet potato contains a high amount of nutrients including
carbohydrates, dietary fiber, beta carotene. In Korea, sweet potato is the third important crops and is consumed as diverse food
materials. Due to clonal propagation, most sweet potato plants are infected by different viruses. In order to identify viruses
infecting sweet potato, we conducted next-generation sequencing.

[Materials and methods]

Leaf samples were collected from sweet potato showing viral disease symptoms including leaf curling and yellowing in Yeoju,
Korea. In addition, we collected leaf samples from two different sweet potato cultivars “Beni Haruka” and “Hogammi”. We
prepared three different libraries for RNA-Sequencing which were further paired-end sequenced using HiSeq2000 system.
Raw sequences from each library were de novo assembled using Trinity program. Assembled contigs were subjected to
BLAST search against the plant viral database.

[Results and discussion]

From three different libraries, we identified a total of 319 virus-associated contigs assigned to seven viruses infecting sweet
potato. They are five RNA viruses including Sweet potato feathery mottle virus (SPFMV), Sweet potato latent virus (SPLV),
Sweet potato virus 2 (SPV2), Sweet potato virus C (SPVC), and Sweet potato virus G (SPVG) as well as two DNA viruses
including Sweet potato leaf curl virus (SPLCV) and Sweet potato symtomless mastrevirus 1 (SPSMV). Based on viral reads,
SPFMV was the dominant virus followed by SPVC, SPLCV, and SPVG. The proportion of virus-associated reads in each
library ranged from 0.13% to 0.29%. We also confirmed the identified viruses infecting sweet potato by RT-PCR with newly
designed primers. Taken together, the next-generation sequencing based approach revealed comprehensive overview of
viruses infecting sweet potato in Yeoju, in which is one of major sweet potato producing region in Korea.
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Soybean Viromes in Four Single Soybean Plants Revealed by RNA-sequencing
Yeonhwa Jo', Won Kyong Cho'*
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[Introduction]

Soybean (Glycine max (L.) Merrill) belonging to the subfamily Fabaceae is one of important crops in Korea. In Korea, soybean
is widely consumed as a plant oil and food materials. Soybean is known to be susceptible to various viruses. Several viruses
infecting soybean in Korea have been reported. Of them, soybean mosaic virus (SMV), soybean yellow mottle mosaic virus
(SYMMYV), and soybean yellow common mosaic virus (SYCMV) are the most common viruses infecting soybean in Korea.
Although soybean is frequently co-infected by different viruses, virome in a single soybean plant has not been reported.

[Materials and methods]

In this study, we carried out RNA sequencing (RNA-seq) to reveal virome in a single soybean plant. For that, we collected four
different leaf samples from soybean plants displaying viral disease symptoms. Four soybean samples were grown in different
regions. Collected leaf samples were used for total RNA extraction followed by library preparation for RNA-seq. The four
different libraries were paired-end sequenced using HiSeq2000 system. We de novo assembled raw sequences from individual
library using Trinity program. Several bioinformatics analyses revealed four different viromes in four single soybean plants.

[Results and discussion|]

We identified five viruses including Peanut mottle virus (PeMoV), Peanut stunt virus (PSV), Soybean mosaic virus (SMV),
Soybean yellow common mosaic virus (SYCMV), and Soybean yellow mottle mosaic virus (SYMMYV) from 109
virus-associated contigs. Except GAWO-62 infected by four viruses, other three samples were infected by five viruses.
Although several viruses were co-infected viruses, there was a dominant virus in each sample. For example, GYGI-106 was
dominantly infected by SYMMYV while GAWO-62 was dominantly infected by SMV. Similarly, PSV was the dominant virus
in CHBU-139 while PeMoV was the dominant virus in GYBU-92. The proportion of virus-associated reads in each library
ranged from 0.88% (GYGI-106) to 31.66% (GAWO-62). In summary, this is the first study showing virome in a single
soybean plant by RNA-seq.
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Development of Multiple Upland Crops Cropping System of Paddy Field in the Middle Area
of Korean Peninsula

Kang Bo Shim'*, Bon Il Koo', Myoung Na Shin!, Won Tae Jeon'
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[Introduction]

The first and most important advantage of cropping system is to increase output per area as multiple cropping involves
cultivating two or more crops in the same field during one season. The techniques of cropping systems allow farmers to achieve
better results by making practical use of resources such as soil, water, fertilizers etc. Various types of crops can be cultivated
in mixed cropping practice, such as food crops, vegetables, silage crops. This helps farmers become self-sufficient in food
production while also providing them the option to sell additional products for making money. This experiment was conducted
to find out optimum multiple cropping system related to economic crops in the central northern area of Korea.

[Materials and Methods]

The experiment was conducted at two different regions, Suwon and Anseong in 2018~2019 using seven crops such as corn,
potato, perilla, sesame, onion, garlic etc. Total four two-year three-crops multiple cropping systems such as corn-perilla-onion,
potato-sesame-garlic, corn-sesame-onion and single rice cropping system as control are compared in view of cultivation
stabilization, manpower reduction and income generation etc.

[Results and Discussion|]

According to the results, ‘potato-sesame-garlic’ cropping system showed relatively higher manpower reduction ratio rather
than others. Potato-sesame-garlic, corn-perilla-onion, corn-sesame-onion, rice cropping system showed 96%, 81%, 84%, 82%
of manpower reduction ratio respectively. In this study, we analyzed manpower requirement time at sowing and harvest
process of each crop. We also compared income generation effect among four different cropping systems. In 2018,
potato-sesame-garlic cropping system showed 14,742,000won per hectare of net income which was higher than other cropping
systems. Corn-perilla-onion cropping showed 7,508,000won and corn-sesame-onion cropping showed 8,225,000won. In
2019, potato-sesame-onion cropping showed relatively higher net income rather than other cropping systems.
Potato-sesame-onion, corn-perilla-onion, corn-sesame-onion, rice cropping systems showed 7,922,000won, 6,627,000won,
6,995,000won, 878,000won per hectare of net income respectively. The reason net income difference between two years was
crop’s unit price change. Onion unit price dropped from 988won per kg in 2018 to 403won in 2019. Potato unit price also
dropped from 2,170won in 2018 to 1,360won in 2019. In two years, average net income per hectare of each cropping system
was as follows ; potato-sesame-onion 11,332,000won, corn-perilla-onion 7,068,000won, corn-sesame-onion 7,610,000won,
rice 888,000won respectively.
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Silicate and Phosphate Solubilizing Halotolerant Rhizobacterium Pseudomonas koreensis MU2
Mitigates Salinity Stress in Soybean (Glycine max L.)

Arjun Adhikari', Sang-Mo Kangl, Ko-Eun Lee', Hee-Soon Park', Lee-Rang Kim', In-Jung Lee'*
'School of Applied Bioscience, Kyungpook National University, Daegu 41566, Republic of Korea

[Introduction]

Salinity has been a major limiting factor for the growth of several leguminous plants such as soybean. Silicon (Si) and
phosphorus(P) play a key role to combat several biotic and abiotic stresses. These nutritional elements were supplied
externally in a large quantity due to low use efficiency which is ultimately posing environmental threat. Hence, the present
study is focused on identification of halotolerant rhizobacterium that augment salt stress tolerance in soybean plants through
regulating plant metabolism and nutrient acquisition.

[Materials and Methods]

Rhizobacterium Pesudomonas koreensis MU2(NCBI accession no. KP676116) was identified for possessing high silicate and
phosphate solubilizing ability under salt stress. P. koreensis MU2 culture was inoculated in soybean plants treated with Si
(Na,SiO;3; 1.0 mM) and P (KH,POy ; 3.0 mM), and exposed to 150mM NaCl stress.

[Results and Discussion]

P. koreensis MU2 inoculation significantly enhanced the Si and P uptake in plants and downregulated the Na" ion in plant
shoot. Moreover, P. koreensis MU2 inoculation significantly lowered abscisic acid (ABA) and improved plant morphological
characteristics. Current findings indicate that P. koreensis MU2 may be a potential biofertilizer for alleviating salt stress in
plants.
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Effect of Different Concentration of Melatonin in Mustard Green (Brassica juncea(L.) Czern)
under Salt Stress

Hee-Soon Park', Sang-Mo Kang', Lee-Rang Kim', Ko-Eun Lee', Arjun Adhikari', In Jung Lee'*
'Division of Plant Biosciences, Kyungpook National University, Daegu 41566, Korea

[Introduction]

Salt stress is one of the non-biological stresses that reduce crop productivity. Salt stress suppresses various physiological
reactions in plant. Salt stress also inhibits photosynthesis. In the long term, the growth of plants is restricted by ionic toxicity.
Melatonin is a hormone that is biosynthesis in the pineal glands of animals. In 1995, the presence of melatonin was proved in
plants. Melatonin promotes plant growth. Moreover, melatonin not only decreases biotic stress but also reduces abiotic stress.
Melatonin increase photosynthesis rate and Antioxidative activities to relieve abiotic stress. Accordingly, this study was
performed to examine growth changes and physiological reactions when melatonin was treated in salt-damaged plants by
concentration.

[Materials and Methods]

The experiment was conducted in a Greenhouse of Kyungpook national university, Daegu, South Korea. Mustard greens were
divided into two groups (1) Control (delivered 100ml Distilled water), (2) Salt stress (delivered 150mM NaCl in 100ml
Distilled water). Each group got treatment for 7days. Afterwards, Salt-stressed mustard greens were treated with melatonin
(OuM, 0.1uM, 1uM, SuM, 10uM) in 100ml distilled water for 16 days. After Odays (before melatonin treatment), 4, 8, 12, and
16days after treatment, plant height, leaf length and leaf width were determined as plant growth parameters. Photosynthesis
rate was carried out using portable photosynthesis system. sampling was conducted at 16day after melatonin treatment for
ABA analysis.

[Results and Discussion]

In the 7 days after salt stress experiment, the salt stress group was significantly decreased in height, leaf length, and leaf width
compared to control group. After melatonin treatment, growth was generally increased in melatonin treatment compared to
salt+D.W. As compared with salt+D.W, it was confirmed that 1M melatonin treatment showed significant increases in leaf
length and leaf width. Photosynthesis rate was increased significantly in salt+1uM melatonin treatment as compared with
salt+D.W. Moreover, ABA content of plants in the salt+1uM was lower as much as that of control plants. As a result of this
experiment, the growth inhibition by salt stress was recovered with melatonin.

[Acknowledgement]
This research was supported by Basic Science Research Program through the National Research Foundation of Korea (NRF)
funded by the Ministry of Education (2017R1D1A1B04035601).
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Mitigating Drought Stress of Korean Radish and Chinese Cabbage Through the Variovorax
sp. YNA59 Treatment

Yu-na Kim', Jae-sung Kim', Kyu-hyoung Hwang', In-jung Lee'*
'School of Applied Biosciences, Kyungpook National University, 80, Daehak—ro, Buk—gu, Daegu, Republic of Korea

[Introduction]

Because of the recent abnormal climate, drought is severe worldwide. Drought stress causes ABA accumulation in plants,
closing stomata, reducing gas exchange, and inhibiting photosynthesis. This, in turn, inhibits the growth and development of
plants and leads to a decrease in yield, which has a major impact on the agricultural environment. Therefore, Variovorax sp.
YNAS59(hereinafter referred to as YNAS9), a rhizobacteria that resist to drought stress was selected and inoculated into Korean
radish and Chiness cabbage. In addition, the growth regulator Dadmi (paclobutrazol 0.39%(73-5), hereinafter referred to as
PBZ) known to be effective in drought was compared with the YNAS9 treatment.

[Materials and Methods]

Korean radish and Chiness cabbage were divided into three groups as follows control, YNAS59 inoculated treatment, and PBZ
treatment. After 10 days, plant growth parameters (plant height, leaf length, leaf width, root length, root thickness) and soil
moisture were measured. Dried plant samples was measured for chlorophyll content using a spectrophotometer after
pretreatment, and the content of plant hormone ABA was quantified using GC-MS.

[Results and Discussion|]

Through the 16s rRNA identification, YNAS59 was isolated from plant rhizosphere was identified as Variovorax sp YNAS9.
YNAS9 was used in plant experiments because it was considered to be able to alleviate drought stress conditions as it survived
25% PEG6000 (-0.76 MPa). As a result of the plant experiment, it was confirmed that the growth of radish was almost similar
to that of the control and YNAS9 inoculated treatment, and that the PBZ treatment was suppressed. Soil moisture content was
increased by 94.5% in the YNAS9 inoculated treatment and 52.8% in the PBZ treatment under drought stress condition. In case
of Chinese cabbage, the growth of YNAS59 inoculated treatment was the superb and the growth of PBZ treatment was
suppressed. As with similar results of the radish showed that cabbage showed YNAS9 inoculated treatment showed 158%
increase in soil moisture content and 91% increase in PBZ treatment in drought stress condition. In particular, Chinese cabbage
showed a 54% increase in YNAS9 inoculated treatment in relative water contents. As a result of quantitative accumulation of
ABA content in the plant, especially in the drought condition of radish and Chinese cabbage, there was a significant decrease
in ABA content in both YNAS59 and PBZ treatments, and the lowest in PBZ. As a result, Variovorax sp. YNAS9 was found
to be the most effective drought mitigation and it is highly applicable to other crops susceptible to drought damage.
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[Introduction]

The local government prefers cultivation of potato substrate culture because of its convenience in management, but has low
productivity and lacks cultivation techniques related to frequent replacement of imported media, disposal of waste media, and
nutrient management. The purpose of this study was to find out the growth characteristics and the quantitative properties of
substrate-grown potatoes according to the cultivar and cultivation period.

[Materials and Methods]

Potato (Solanum tuberosum L.) cultivars used in this test were the early maturing cvs. 'Saebong', 'Superior', 'Jopung' and the
medium maturing cvs. 'Haryeong', 'Geumsun', 'Seohong'. The test was performed in the greenhouse (747, Sacheonjin-ri,
Sacheon-myeon, Gangneung-si, Gangwon-do) from April to November 2020. It was cultivated in the temperature
environment of spring cultivation 24.5 “C, autumn cultivation 16.2 C and average humidity 60.8%. Growth investigation was
conducted 90 days after planting potato seedlings in plant containers. Twenty-four plants were examined for each repetition
of plant height, SPAD, specific gravity, leaf weight, root length, number and weight of tubers with three replications.

[Results and Discussion|]

As a result of examining the growth characteristics of each cultivar, cv. ‘Seohong’ was the most excellent in terms of plant
height, SPAD, and leaf weight, followed by cvs. ‘Saebong’ and ‘Haryeong’ in spring cultivation. In autumn cultivation, plant
height was high in the order of cvs. ‘Geumsun’ and ‘Seohong’, and there was no significant difference in lateral shoot. In terms
of cultivation, the above-ground part showed better spring cultivation than autumn cultivation, and the best cultivar were
‘Seohong’ and ‘Geumsun’. As a result of investigating the tuber characteristics of each cultivar, the number of tubers per plant
and the tuber weight during spring cultivation were excellent in the cv. ‘Geumseon’ with 8.2 and 400 g, respectively. Autumn
cultivation also tended to be the same as spring cultivation, cv. ‘Geumsun’ were excellent in both the number of tubers and
tuber weights. However the specific gravity was high at 1.085 in cv. ‘Haryeong’. Therefore, when examining tuber
characteristics, cvs. ‘Haryeong’ and ‘Geumsun’ were excellent cultivars in common in spring and autumn cultivation.
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Nitrogen Response on Growth and Yield in Several High Quality Rice Varieties
Jong Hee Shin'*, Chae Min Han', Jung Bae Kwon', Sang Kuk Kim®

'Division of Crop Research, Gyeongsangbuk—do Provincial Agricultural Research and Extension Services, Daegu
41404, Republic of Korea
’Bioresources Research Institute, Andong 36614, Republic of Korea

[Introduction]
This study was to evaluate the growth and yield response of selected rice varieties commonly cultivated in Yeongnam inland
area, and to compare their performance to Korean varieties under different application levels of nitrogen.

[Materials and Methods]

In order to find out better cultivation practice and select the suitable rice variety in Youngnam plain area to produce high quality
rice, an experiment involving several mid-late-maturing varieties (Ilpum, Deabo, Younghojinmi, Samgwang, Hopum, Saenuri
and Kosihikari) was carried out at six site (Daegu, Gumi, Uiseong, Yecheon, Sangju, Andong) in 2016. In Korea, standard N
application level was amended from 11 to 9 kg/10a for high quality rice production in 2005. So, an additional experiment was
conducted in 2016 to 2018 to investigate the effect of three nitrogen levels (5, 7, 9 kg/10a) on the yield and quality of rice
especially with respect to eating quality.

[Results and Discussion]

Rice yields were increased by the higher rate of nitrogen application, mainly due to a heavier 1,000-grain weight of brown rice.
Head rice ratio was increased significantly with an reduced nitrogen, while the protein content of the milled rice was decreased
significantly for Hopum variety. Increase in the nitrogen application rate, a considerable increase of protein content was found
in Hopum and Saenuri. Amylose content of milled rice was showed without a significant difference between nitrogen fertilizer
level. Rice yield of milled rice grown by lower nitrogen fertilizer level, was lower than that grown by higher nitrogen fertilizer
rate except Deabo and Younghojinmi. In a conclusion gathering all above the results to produce high quality rice, the
applicative nitrogen fertilizer rate was 7 ~9 kg/10a for [lpum, Samgwang and Saenuri, 9 kg/10a for Hopum and 5 ~9 kg/10a
for Deabo and Younghojinmi, in considering with head rice yield, palatability, protein content and productivity.
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Antimicrobial Activity of Compounds from Rice (Oryza sativa L.) Inoculated with WBPH
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National University, Daegu 41566, Korea

[Introduction]

As the damage caused by pesticides appears worldwide, eco-friendly cultivation area is increasing, and accordingly, research
to explore eco-friendly materials has been actively conducted. In this research, we extracted of C7 (chrysoeriol) and C9
(cochlioquinone), which are resistant to whitebaced planthopper (WBPH), from rice (Oryza sativa L.), and investigated the
antimicrobial activity against rice pathogens to judge the possibility of use as an environmentally friendly biopesticide.

[Materials and Methods]

Cheongcheong, Nagdong and TN1 were used for plant materials. In the antimicrobial activity test, 2 bacteria and 11 fungi that
causing rice disease were used. 2~3 leaves time of rice were inoculated with 2~3 instar WBPH for 1 week and leaves were cut.
And then C7 and C9 were extracted using MeOH. After confirming the material by LC-MS, it was diluted with distilled water
and applied to the medium (bacteria; LB, fungi; PDA). The growth was measeured at 1 and 2 weeks after bacteria and fungi
were inoculated. Bacterial 16S and fungal ITS sequences were used for construction of the phylogenetic tree in the MEGA X
program.

[Results and Discussion|]

Antimicrobial activity test showed that C7 had antifungal activity against Fusarium graminearum, Pythium graminicola, and
C9 had antifungal activity against Cladosporium herbarum, Cladosporium cladosporioidesand Gibberellagenus Gibberellazeae,
Fusarium graminearumand and Pythium graminicola. But it had a low activity of 1-3 mm in Cladosporium herbarum. In the
phylogenetic tree, Gibberella zeae and Fusarium graminearum had similar sequence and cause scab in rice. Cladosporium
herbarum and Cladosporium cladosporioides also had similar sequence. They are a genus of Cladosporium that causes
spotting symptoms on crops. Pythium graminicola is a plant pathogen that infects grains such as barley, wheat, rice, and beans.
This results show that C7 and C9, which are resistant to WBPH, are also effective against plant pathogens and can be developed
as an eco-friendly pest and disease pesticide.
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[Introduction]

Soybean is one of the most important crops for supplying proteins and fats to humans and is increasingly in high demand in
South Korea. However, there is little information about the growth responses of soybean to climate change in South Korea.
This study was carried out to investigate the impact of high temperature and elevated air CO2 concentration on growth and
metabolites of soybean crops through semi-chamber experiments using the Soil-Plant-Atmosphere-Research system(SPAR)

[Materials and Methods]

The soybean cultivar, Daewon, was used in this study for leaf and seed metabolite analysis. Soybean leaves were harvested
on July 30, during the vegetative growth stage, and soybean seeds were collected during the final harvest on October 20. Each
extract was analyzed using ultra-high performance (UPLC-Q-TOF MS) and gas chromatography mass spectrometry-triple
quadrupole 8030 (GCMS-TQ 8030). Metabolite data sets were analyzed using SIMCA-P+ version 12.0.1, and MetaboAnalyst
software was used for principal component analysis (PCA), partial least squares-discriminant analysis (PLS-DA), permutation
test, enrichment, and pathway analysis.

[Results and Discussion|]

The evaluation parameters of the PLS-DA model for each treatment group were R2X =0.480, R2Y = 0.662, and Q2 = 0.625
in leaves and R2X =0.356, R2Y = 0.594, and Q2 = 0.347 in seeds. In leaves, all groups were statistically discriminated by two
components of PLS-DA score plots, but not clearly discriminated in seeds.

Forty-eight metabolites, including sugars (sucrose, fructose, galactose, mannose, myo-inositol, and pinitol), amino acids
(tryptophan, phenylalanine), organic acids (manic acid, aspartic acid, malic acid, citric acid, fumaric acid, glutamic acid), lipid
metabolites (LPC(16:0), glyceric acid, diacylglycerols), isoflavones (malonyl genistein, malonyl daidzin), and soyasaponins
(DDMP type: gamma-a; B type: Bb) were identified with VIP > 1.0 in leaf by LC-MS and GC-MS analysis. Moreover, seventy
metabolites, including isoflavone (genistein, daidzein, malonyl genistein, genistin, malonyl daidzin, daidzin) and
soyasaponins (DDMP type: gamma-g, gamma-a; B type: Bb, Bc) were identified with VIP > 1.0 in seeds by LC-MS and
GC-MS analysis. The metabolites of seeds were clearly distinguished by high-temperature treatment in PLS-DA, but not by
elevated CO2 treatment. Seed metabolites tended to be affected by temperature levels, but they were less affected by CO2
levels. In the high temperature treatment, regardless of CO2 levels, 16 metabolites increased in seeds while 27 metabolites
decreased. In particular, secondary metabolites, such as daidzin, daidzein, and genistin were significantly reduced in seeds
after high-temperature treatment.
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[Introduction]

Camelina sativa L. is a bioenergy crop, which contains a large amount of linolenic acid in seed oil and is suitable for biodiesel
production. Rare Cold Inducible 2 (RCI2) proteins were reported to be significantly induced by abiotic stress exposure such
as low and high temperature, drought, and saline stress. According to previous study, overexpressing RCI2s enhances abiotic
stress tolerance in many species, however, it is still remained uncharacterized RCI2s such as CsRCI2D and CsRCI2G under
temperature stress. In this study, we analyzed different properties of CsRCI2D and CsRCI2G under low and high temperature
stress in Camelina.

[Materials and Methods]

One-week-old Camelina seedlings were grown on hydroponics for 7 days. Temperature stresses were treated at 4 to 8 °C for
low temperature and 32 to 37 °C for high temperature. Then, Camelina seedlings were sampled for gqRT-PCR. To generate
CsRCI2D and CsRCI2G over-expressed Camelina, each genes were cloned into pCB302-3 vector, then transformed by
agrobacterium (GV3101) vacuum infiltration. Electrolyte leakage, chlorophyll contents, anthocyanin contents, MDA
contents, seed germination, root length, hypocotyl length, DAB staining experiments were carried out to compare WT and OX
lines.

[Results and Discussion|]

In gRT-PCR, expression of CsRCI2D was increased by both low and high temperature stress. But CsRCI2G was increased
only in low temperature stress. This result suggested that CsRCI2D and CsRCI2G have different response by different
temperature stress. To analyze function of CsRCI2D and CsRCI2G, we generated CsRCI2D and CsRCI2G over-expression
lines. The results of germination rate, root length, electrolyte leakage, and anthocyanin contents indicated that over-expression
of CsRCI2D and CsRCI2G improve stress tolerance in low temperature. In contrast, CSRCI2D OX were enhanced high
temperature stress tolerance but CsSRCI2G OX were similar with WT. Meanwhile, hypocotyl length of WT and CsRCI2G OX
lines were longer than CsRCI2D OX under high temperature stress. Moreover, chlorophyll contents were higher in CsSRCI2D
OX lines but were similar in WT and CsRCI2G OX lines under high temperature stress. Altogether, CsRCI2D contribute
tolerance of both low and high temperature stress but CSRCI2G improves low temperature stress tolerance.
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[Introduction]

Rare Cold Inducible 2 (RCI2A to H) proteins are small size hydrophobic protein known to be localized at plasma membrane
(PM). Expression of RCI2s are significantly induced by abiotic stresses such as cold, drought, and saline stress. Accumulation
or over-expression of RCI2s contributes abiotic stresses tolerance but a cellular function remains unclear. In previous, we
reported novel protein interaction between CsRCI2E/F and aquaporin CsPIP2;1 which is reduces water transport activity.
Endocytic trafficking of aquaporin PIP2;1 under NaCl or osmotic stress have been reported in several species but not in
CsRCI2s. In this study, we observed vesicle trafficking using fluorescence protein fusion at N-terminal of CsRCI2s. In
addition, changes of protein accumulation in different membrane fraction such as PM and tonoplast. From these results we
would like to describe novel function of CsRCI2s internalization under NaCl stress.

[Materials and Methods]:

CsRCI2D/E/F/G genes were cloned into p35SFAST-eYFP vector for transient expression using agrobacterium GV3101
infiltration. Subcellular localization and vesicle traffikcing was observed using confocal laser scanning microscope.
One-week-old Camelina seedlings are grown on hydroponics and treated with 150 mM NacCl for 24 h. Then, the plants sampled
for qRT-PCR and membrane protein extraction. Total membrane fractions were carefully loaded on 4 phase (16, 24, 34, 40%)
sucrose density gradient. After ultracentrifugation, protein accumulation of each fractions (FR) were determined through
western-blot analysis using against anti CsSRCI2D/E/F/G, PM-H'ATPase (PM marker), and V-ATPase (tonoplast marker).

[Results and Discussion]:

CsRCI2D/E/F/G proteins are belong to C-terminal tail-type in RCI2s. Expression of CsRCI2E and CsRCI2G significantly
increased to 22.5 and 38.7 fold by NaCl exposure, respectively. But, CSRCI2D and CsRCI2F increased to 2.8 and 6.1 fold than
control. This result indicates that expression of CsRCI2E/G showed higher fold changes than CsRCI2D/F. Subcellular
localization of eYFP-CsRCI2D/E/F/G fusion protein observed at PM in tobacco leaves. However, eYFP-CsRCI2s signals also
observed in endo-membrane vesicles moving from PM to intracellular region. This means CsRCI2s are not only localized at
PM but also internalized into other membranes through vesicle trafficking under NaCl stress. In result of fractionation of
membrane proteins using sucrose density gradient, accumulation of marker protein such as PM H™-ATPase (PM, FR4, 5) and
V-ATPase (tonoplast, FR3, 4) did not significantly changes by NaCl stress. In western-blot analysis, accumulation of
CsRCI2D/E/F/G are observed at FR3 and FR4 under normal condition. However, increased accumulation of CsSRCI2D/E/F/G
at FR3 were observed at NaCl treated samples. This result means CsRCI2s shifted from PM to other endo-membrane. In
conclusion, we found that CsSRCI2D/E/F/G can internalize through endocytic vesicle trafficking when exposed to NaCl stress.
Information of CsRCI2s internalization may helpful to understand function of CsRCI2s in cell under abiotic stress.
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A-2-1to} g of| A o] Tk 2] @] of] wh2 HrolEAJof 4] A, udl 2 &= Baje] e} Hokg: §-0]4] 2 q19l o, Hythold e
ol A GA (500, 1000 ppm) X 2] 7} 19.33, 20.00.2 -2 2] o] 1] 207 &= weto v, alo}elax4.69, 5.132) % 7H 7|
Uepdt. Qu)zol A= GA 3500 ppm 2|7} 73.3% 5 714 Hrolgo] =9Fo ], g fulold iz o} i Fulofel s 71wl
L BA] ZAFE 2ATH6.89, 8.9%). o]of] 919] A7) Aol wheh JF+ 7% A 2§ oA Rl of A= u]ul 2 T ol A 'rolg-0] -9
AL g1l o, GAs500 ppm & 2ol A= Htdtold = 233 0 & 7P wh2 11, W dol A5 4,03 Y 2 71 A A 9
T}, Au] 2k GA 31000 ppm ] 2] of| 4] 714F -2 HFo}8(93.3%) 0] LFeEfyF O H, s gftolds e o} Hpatolol ot 714} whE 7
LA AR SATHO.06, 8.36 Y). wheEtbA] 27] THgA] A2 ot $H7 of| 4] o] mgd A 2 of] whE WolE Aol A wlw] 2 5= GA
3500 ppm A 2], A1 2 GA31000 ppm X 2|of|A] 714} 0231 7 0 2 Lyehgeh

[AFH
& ATE ST of ATt ARY(IAIH S PI01336804) 2] #]2dof] SJ3ff o] F017] Axf= oof] A=tk
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PA-063
HYH YL WSY BFO 32 5YH YUY 5 54

"HeteEs 2R O|MT AR, ZEAl2inistel UHATE
PHI|E RN 2012, ZRAZIIEIR SRAZ
SEHYE oA AU FALZ, A&
fHEHEE LIRAl AEEH "2
YHNEE HTFEYA 27 ZESYUE, FESYT]
CHAMHE ZIFA|l A2, A=Y |a AEHT7nt
THFEEEXRE HFAl OIS NPHZ, HZsR7le

_l_

e
o
el
Mo
o
op
bal

(A2

2wl Al 0] Eol Wol x| eA W akE7| o] Htet Bl ek 277} WAL S7HSHaL ik ShAI, Sl wgo %
HFE EE F 22 Stolo] Rk ehgo] 9lo] A ile] 8.7 31 it olof Al o] 9, 71E 2w vy
Q1 srole] that AgAo] FAE BT o] ALEUs|o] 78 5UF A0 EA E4S Bt Ak

RER R

T 0] MG EATHs A RS 2A57] S15ke] 2018} 201907 2AF T 42, ek, Thek Ao A = A
0.2 ST, A%, U, 1150} opol = whelat 2 0 2 At AVS-SA, R, AL 4ol ek,
HoFYo W FYTAHRAT 2SI om, 24 W B $EUTR BYI7|S AR} EA7IHRDA,
2012)9] £5}9ie. BT Az Eel AL71E ol §5t 00, RS AACC(R000) ZANW] 2510l 3 3ksick

(2% % 73

3 0] o] A ol FA10] )7k A1 AL AL LT, Z471 WAol 4 482022 2R3 whE
Felaol 4 49 19912 S erh 44714 kol 693U R 247 5 A AL, FelolA 5931w 24T
Wkt 7] Uebteh <8 o) 71l 4 217} Tsenoh 7. Lenit 25 R o), o] AR 2741k orh A LheRe. gl
G 150, HEF T AYES 2269970, 309, T98g, 4425 0 = 7] 1)) St A1, 1594 v] 25k, e
Z HHFE A7 Uebeleh. X198 Sake A4 S13ke/10a 0.2 2700} 16%, Tl Al 4] 442ke/10a 0.8 %7 wch
13% 217] UFERRTE. <3t o] ko b 82 4.9% 2 £7(67.6%) 50k v - S| Lpet Satolol] sl B7beiglon], Bow
o]} 7k e AW GARE S ek oleh. W B AV AR 7139% 5 A Rrh ok v, Bl
e 0.45% 2 O e bk, KRl 22 Gk 14.00%2} 10,28% 2 27 KT ] Uehgton, Alato) siuj
994nl, 47w LOINO R 27 Hrk 53 B EgA bt A o] 9451 %7hegick

[AHRH
H A= ZuUEh g A 122 AR 854 7 AT H S PJ013244022020 ) 2] 2| of| o)) o] Fo] R Aut2 ofof 7+
A=yt

*ZX XL Tel, +82—63—-238-5453, E—mail, kcs1209@korea kr
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HalRE @FE oMY SR, BRAEE UKy
PHI|E SN £012, AL

BHHE M MY FAR, BHSUISY AYXAHTT
MEHE UFA| MEE AR, HHsYla Heina
FYSE TFIN 2T ADFYYR, BRI BT

RN A A2, Zdsrisd e
HFEEXRE HFA HES N, HMFsL7ls

ne
o
el
Mo
o
P
bal

(A2

S 9 BFES F FAUe BAL SRR A AJAFo] 211, 4= Alu]zfe] Wol i whgo] glo] A A
ulafao] 8 Gict. ool 422l o] SR, o] mAte] Agtaka, F9lot mEARHA 0] FE FE015 7} ]
Aol F2 5YFYY FY SHE

Mo
2

BERE

20159 MAEAT 5P L 2A57] 915101 20173 R 2019974 3AEEE -9, ek et Ao A A
227 0 2 ASIAL, AT, L, Aok Wopol Al whela 2.0 2 Aestairh S, UhekA, U, 4ol A1
X, 2B W ST AT RABNG O 0], 24 BARNE SENTH 5 A& AR A7) FRDA,
2012)0] Z3Hck AR Az Ee) AR71E o] §31H o, BARAS AACC(2000) Bl 510l ZHsksick

(39 13

‘2015 9] o]k wfg o, FA10] 77|17 A3 A WALS LERHTE ST )= AR A 49 22 2 S A, o
2 & A =4L9 198 228 A YelTh A<47]= 2ol A 6 93U 2 S0 5ok, HeldtolA 5Y304 = 7 E
oh 1 w2 A Yepgtt) <$522015° 0] 7R3 42 712 80eme) 7.8 cmz ST H © 2 3} vl SsA| LreRgttk TheH
Aot =, 150, eSS e 712804 7), 327, 831g, 43.0g 0 & F7to] vls|] == 0L, 1= 5 WL, =
E| 52 Wi, AY5-2 A7 Vel Ao ekl A&t A 575kg/10a 0 2 F7FHE 6%, B2l A] 527kg/10a 02
ZFRTH18% WA YERT ‘<5 H2015° 2] A& FASE-2 FofA 6.3% = F73E(17.3%) Bt @7 YElL F3fjof 75t
Al B7tE o, Foggo| iyt 37k 2 ST AR S el Qlch E B2 AT ARS8 72.32%2
YT AL, SRR 0.46% 2 R = el e Thil A 9 SR SRR 11.65%219.03% 2 27 E T WA LEf
won, YT = 109BUR G2 E o 37| YERG T <o) 97]=83.10 0.2 G2 o} o7 8o, 4, FAdu e
SR} oF7t =0l Ao 2 gslA HrlE ek

[AHH
B gela 4 g 7R w i U EE RIS PI012464012020)] %] 2lof o]8] o] 52o]x] ik o]o] A=
Yek,
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B0 o2 F5E 32 o|aEaE oF Hlu

FE4, SAL, ML, QA AeA, wAy, Bus, e

B

T ol R A8 Tl A} X)) Fa s B RA Sel7h i HHehs 1ol B e dEA R u

oln], TR W FLHE 5 WA E0| Aotk T F0 7)5A B F olaZeie AR o r o w AUAHS
F0 9ol 9k AF 2
o] %

ClOISA L SHEIAIEI) 591 Al of el i 21 20 61 ol 5 A7 o 5
chg% W ubg o] 17 A1re] ol X 2o EFat fiso) Slek. whehA] gl g4 Ho

Srof| mhE E5 Fo| o] AT ek Feke v wslalz) skl

l:l
20 EES ) Sl

[Zﬂi |

= GAH0] 2 EEE AN $i5}o] S 450]le] T8 HelAlTletel g ARl A A
H 019*3}0:1 ST Aol AFH F52 SR AR U TR HdE, ¢ 5 13%, ‘4‘%%%%‘&‘4%:&
ST WS DG R UE 128 FREL 14 15 AT BT BN 1253 ALekTt f 84 Rel
T EFH A9 o] AZTHE S UPLC(Acquity UPLC H-Class system, Waters)2 0]—9—6}0:] B35
[E=ku ] .:_%_l-]

e 7 550 F84E I AT Aol =T AR A 758 39 o)hdEE T o
(482. 1ug/g)>r41v2§-(476 8ug/g)>thE(390. 1pg/g)=olm, th3E E52 th A v w s uf 1.5uf 7 =2
th L2839 o] aE ek Z32 A13K(339.4pg/g)>0Feh(332. 2ug/g)¢°l itk s 3 oiv) 26 o] =2 3

) ol o] ATl H3HS 32220 2pug/e)> S A1 5pg/e)> Q21 L Apg/e) A Fiek. §42-] li%a}_ =%
S BAR5(1264.3ng/g)> B AF8(729.Tug/g)> A5 2(355.0ug/g)= 0 &= 2] O] Afo| & H gl ﬂ% Srof thE F5H ZJo]
7F S ERIBHILE B3] S FFolA] M 0 2 JAlF0] o] AF ekl dRko] 19k, SIS IR E W ﬁi?nur

SN o

[AFAH
2 AE 52T obdict ARY(IAIH E: PI01415502)2] 2| o] 2J3)] 428 =] 9ict

*Z2XXE Tel, 055—-350—-1265, E—mail, enviryu@korea_ kr
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S57| EaAH|of B ELRA0 KE YR AEHY Hat

Hetalx 71997, 714w w3 ahgo!

Han-young Jeong'*, Young-Jin Kim', Kyeong-Min Kim', Jinhee Park', Tae-Il Park'

HPRE SR 0[N AR 1812 Anlse
'National Institute of Crop Science, Rural Development Administration, Wanju, 55365

B
U U2 F230THEC18) 22 O L AHE2 0.8%(19) 2 o B2 Spibrl of A e 98 AR ] o)
= A5 Aulsior & B ) ek v o] G, 57 E WolrE Qlof AR A A S 7N StaL e
=
[e)
=

o gk 5457] A2 Hlo] uke} ekl fapo] Hebx| DR F47] AA|HS AAlste] Sk g o] AL A
L B0z} ok 20 9 547] ARAule] et wHg o] EANSHE BAS, W] 22 AL uEE 25

7] $18) 4 o2 Saystalck

L ER-E

£ ATA 20184 109 ol AT AR, S (FetHopA]) 2ol A 27, W7-S 16kg/10a% Frelahiluba

slzsgiet, 7u] 2 WA 3.6ke/10a, AARS 7.4kg/10a, ZHE]=3.9kg/10a ) AJH]8}TL AR A7)0l M2 5.5ke/10a) A]

HSHATE 5457] ATl 405 ARE B425574K) 3-6kg/10a4] 1-23] Lo} BAISHT), A% 241 F3
0% 7 S ST 6% B 45 T A Aol 4o 0l AMA S AT

(B3 9 13

Y7L chl A kgt A7 e 557 AaaH|Eo] ol obsl on BESF {783 Gk Wol Mgtk 53,
S A& AT A O] eh 3} X277} vl - 12Qk=d), o) sd ] B R 1= 0] 39.8g/kg O = thE A Hk =8k
7] W21 A o & ) o] & REgsto] BEoF 7= S, 5571 AAln]ke| uhE vl 37} MBS A Sk
1 Al SRS y=0.16x; + 0.32x, + 7.40 (R?=0.9483""", y: Tl A& e %), x;: EF 57| E3eHg/kg), x2: 5457 DA
AlH]EHkg/10a)), A 7= y=0.77x; + 1.31x, + 24.68 (R’=0.885""", y: A 7Hml), x;: EF 57| =5 g/kg), xo: 557 DA
AH|EHkg/102)) 2 B 77 | =81 5571 AaA v =2 A S Uit Al S x| o &2 2415 23 of
e, AT A9 AT LS e A Rkero] 7 FakeE whgol, WL, S =T A QLo L, | A9 APAE S e
2kt A2 A of At Al 7Fureh b A] eEetth A7 AR YR Q1S sk |l Y, A 7] 5 St
A& Ao & A o= e,

[AH
& A FEREA otk ARA(ARI RIS PI014285012020) 2] A]¢dof| ofsf o] Fo] %l AI= ofofl ZAL=EH Ut

*Z=X XL Tel, +82—63—-238—-5455, E—mail, hdragon@korea.kr
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B HAUEN D2 MSEN U 2

'SEEEs e

2L RS X S
SEXSH YL
[~41€]

152017 MPB] ufe B HE 9 A% A 913 1 e} R e7} L asteE v 24 B
AT S Fo] 315, S, o] ool thah 5] EYARS Z U 5 9l Al 7|0 | A ut A4 L Wl ufef 42k 2o
SAZL AT S Glck e B AT AR EAT SRS BAjste] 2 AU =S Agstat Stk

ol
o,
lo
Rl
2

i
%
iy

ol
o,
N

A= 93

AL 201910] $ B R 57149 A B A Sl AEESS R, A EES BAISIAoD], AR
+30x14cm, 30x18cm, 30x22cm, 30x30cm 7+ 0.2 7] A|0]%} 31 T) AJH|2F2 10ad N:P:K=9:4.5:5.7kg © & 24 FAJH]
£ 78] 50%, 24| 30%, 58] 20% 2 o] Al-8-51% o, 718k e e = w8 AR of| &5kl B A
=4, ST RS D SRR FENFY FAT 1S ATEANA 710l mt.

EER R

Z47] 8 5 30x30cm Aol 4 30x1em A2l ek 2-39 A28 913 bl ) 22l 2ol glgick Ae A4
Wb RE4E 710 5~10em LG 442 Kol 190w, 3.2 7] Aol §lelat 44o] 2-5em A mi
S A} kg Zro)So] 30x Lem Ae|eb ul WS v 30x30cm Aol A] A1, FHo] 242k 239%, 20% 45t
Gk mPe O] A T A 7] SES4 5 714:5}0] 30x14em H 2] ek 30+30em Ao A A5 4%, 5L 15% Rk
oh S0l AAFS T EF W QA UELR FAK Kol 7} olek B 30x1dem H o} ] mS o) AR E
THkE AL 25, T3 6-8% sk ik 2 TS 58] W 7l o] W 30x18eme}30x22em ] A4}
2 oJoJaki= Jlo] 2ARNo] A A 0= Weksier

[AH
2 ATe T EUTA 35 ATARIARI S PI014886062020) 2] Z|¢dof| &fsf o] Fo] %] A= ofof] A= H Ut

rp

*Z=XXE Tel, +82—43-220-5553, E—mail, yeppilll4d@korea kr
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7132 dU7l& ES Szt |ols0l M = E5 Y

—

2

[e) 1 1 [e)
E_AQ_].E]‘:[ *9 00k7§ [} Z&‘T;\(_].
T stm MEI S
2HTietn S urstry st
48l

0|t 771415524 PH(Organic Foods Production Act of 1990) 9% A|1 ol A= &2 /7|5 ¢05S ol A= A4tk f=
715 AS 2o gslAL o] & WhE ] oS FAY HE-S ARESl| A= QPE T Fstar 9laT, (IFOAM) 2] 77154t
of thgt 1827710l A = R 1A ARSShe A o] Y0 2 51al Qo] FE 7| sANE L] ko] Frtstel| uhek i
7| 5ARE2] QA SRS H18l AlE7HA] 23] thFo] $E [ 154k AR A A7 A R A0 ' whE
o} E3F X f7 ) sAkEol thet WAl @7 G5t HA] AHANER 1EE §7 5 ARES A St lo] =t R
71572 URESARE 7715 ol o] 83l Q= A 0 & A 7| ol Fatshs R ANNE flelAl = 1715412 o] 8]
d=Ho| B2 {7]FAL AF- YA A] Eeo] & a8}t

upeba] B A= A 7| ol FEshs A7 1AM E HlalAle 57154 o] go] ol B R {7 FA| AL A4 A 2
S gt I 2 2 A f7)sl At 2 §71E5AE A aA) skl

RERR

A2 2017-181 21374 FUfoll Al 2 21 BF-2 - 25k0] TAISIIT HE B )41 2201792 5 209 545 69
109 0] 4151410, 2018¥1:2 5L 209 515, 69 64 o] AJ5HgTk BABEFOZIE §7150] AT SFES AL 915t
of %A, A% 2 53 B4 2AHEASIGcE WSS 2t B A% 39 BE AN SolA] s ARy o
LRI UL G R, MR, 7121, kel Al S i), PR EE) 5 8 v ole-s =
AFBISIEE. A8 5 B A 0.9, 409, BRI, 1, A, olakol, ol A4S, s, 314, 100083,
RH(10a)2 24} A

[V AT EF AN 9T AN /1S EEA(S), A1), HE4(20), 3H50)° 8 5 1007 20190 o4
E52 9715 A B st

(239 13

B 21EF0] £47) 79 26-89 237K Bxel ). 4] $2E7109 SUTA 714 MEkow, DF0012229]
109 8912 714 L=9ith, 7H-2 21 8% W3t 138.8em G0, EE7tol= 2340)7] 168.4ecm 2 714 2 01, DF0012257}
116.0cm 2 74 ZQJh. 4241021 %% 47 21em @0, DF0012317}27.7em & 714 2 0.0, tholu|7} 15.8cm & 7|4+ 2
Qbth, sl 0] E2 W 24790 m, Abch| 713,070 2 78 @ekom, DF0012257F 1.2 70 714 91tk 100022
215 7 2.620] 9100, EEL bl T 7} 2.91.0 2 744 e 9kom, DF0012227k 1.6g .2 744 29keh, St
2122 P 6586.92 0] 9101, DF0012307}93827) 2 714 BEQRo.1], DF0012317} 3704708 714 2 1ch, 7HAe 2-eke
218% FaF 14.8g0|3Lon, EE7bol = 284071 19.6¢ 0.2 7 23ko.m, DF0012120]9.2g 0 2 71 Z3ick. AR & o=
2 ol A AR R Lo, ok WRPHAE2 14.3% Ut FAIEE 5 A8 &, 2300, b 74240.5, 0.4,
0.4 5 4] HHPEo] 714 /9]0 ™, DF001212, DF001225, DF0012257}12330% 0.8 74 =2 subab 50 LFEpiT). 3
TS A TR 2ol A o A o] 7M1= 9k AL, At e A @ ZHA S 2 e A 1Al AU S E =
A7t TR, LR U] ShAo] 9k, AR b 5 MBIk SR R sk A 1)
Al vk 2 o9 okt A 2 o & s WA o] Wol 1] sfj= min|gt o] k. AA| s I ol whE 1 Bt HeiE
DF001207 (13.6%) 3} AFTF(11.1%) 2 A|@JahaL this E£0] 10% w]gto]gic).

715 A ALY FFo2e a8 D S0l =2 3AI1E T 2155 T35 S(H T &, 23, Alehzh& Adsiaich

[AhH
B ATES SAFAAERY AU R SYAE/IE/1H B/ SAFAL7 S AL wo} A
(No0.316032-5)

32,
oo
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R7I1Z2 AM71E HES fIE |R71s00 AEs 71%F

ORX

M

2

o 1 1 o
SR, P, A9en
TR rHstn MEI St st
PRSI S St St
[~41€]

TA7 1525 AHAFOAM) o] 17154k thet 14827 | 5ol A= 17184 AME-She A o] P2 o|m(that LRl
o B {7SAE T o st ol 92 5kl 3, R 18 A f7 12 = Al E F Aol A EE T4 S, 29
2200 A &8 ARk 0]-§-5Fo] AARE| AL ZFH Fof| = FA} axigo] o] FO| A A] gk FAY = A5l Qlo] -EuEte
T A7)0l oh= 715 e f ol =7t E e sttt Rt v]=t 7-7] 415484 (Organic Foods Production Act of 1990)
A9z Aol = T2 77155 Aol A= f7 15 e Z 2 1o uistA L o| & T2 2] 92 A g
= ARGl A= QEETE AL Akl Qlo] 3 R s ARE 9] weleko] STl whet R s AR P e S8l Ale A
25| thFo] YIH {7154} AR B A7 F HAL e A o= ek

wehA] 2 At A7 2ol Bl F7 1A E flshiAl = 77184 o]-8-o] BAo|Br 7SR A A A 2
= 93k A g o 2 A {7 lsol ARt 7S AE AL = AL 6kelTh

(A= 53

HEAIE22017~18 287 siufjof =31 F 1552 717178, W71, oz v ZelE, 71, 5 v
2, 2714}, 31412E DC002104, DC002105, DC002106, DC002217, DC002218)-2 105 Ed|o] ThE, S, o] A][ThE W o]
4]:20179 54 204(T1), 64 1024(°14)), 2018 5H 20 A(T}F), 20181 64 6 A(C| 4|8 7715 2o th~d, WA
HAHE A, Wi, Ui 5) 5 AES Aot A= 9 3 54, WA (US4, esd, Ui d 9
ZAFEASHICE S Y EAAS S7ald A, BAG I, E, olabdol, of Ak, S Rar, 34, 1000
HT, TR (@plant) & ZAFEASIAT: WSS 24 258 A5 T ReEAMAEANA T = A | el AL
A, AU A, 21, Skl e dA), R EE W) 5 A 9 glsles AR
75 A 5 AT A AT 72 WESA(15), WHE/3(15), WiS78(20), =500l Hisl 5 10075 SE5=01 90 o)
5= w71E A TAR Btk

(2 % 3

B 9 e B0 W FAIE 15BES) B47)= 79 17-89 420714 BESNIT]. 4471 Sa o] 991 792 A
PV mom, 9710] 09 179 714 ik 1HHS 1085 T 174.3em .00, 2714fo] 199.4om 2 7H 200, &
Y zo] 147 3cmZ 71 2Rk} 42 1085 et 41.5em §.o W, Z7]%0] 49.7em 2 71 A o, F-A412ko] 38 5cm=E 7}
A AIT 2GS 1055 B 6090, W) 9 271go] 71702 7H migrom, 43o] 42712 7H) Ak
10003152 1055 B 5.3g01910), £20] 6,822 714 30, o] uzlo] 4.1 0 = 7} Aoieh. Sel4- 1055
i 13104509100, Fa7140] 22272 71 wgkon, S3)20] 2073 7Ha Atk Al S 1055 Bt
5101510, Fkol = o]u o] 650 = 7H Biokow, Ldjte] 13g0 2 714 gtk

717 e B e T g 0 0, Tt Wb E-20.18% A0k TE5 201862 Aol Sfals 78822 Ajolo]
7hgo] A4 Elof 2 0 2wl go] Aotk BAIES 5 7|4, B, o] NI Wi Bo| 217105, 042 W
Ago] 71 2o, B713Ho] uHEH E0] 28.7%2 71 & MBI B-S LRI B A ] U342 9903 HAo
A bR 6122 gl A me} 2 U gle, Al i 1 1A mlRke.2 7|4 48] ahg v AR ohU g
. ofo] uhe = sl FHE AalE @A 6% nvke.z o] njulsisic.

g719] AR ENE BEUR {71 Ae T, WA (WS-8, Hiesd, Wit d 9) 3353(RAZ, ol 7]
e Al

[*H
B AT SUFMAERY AUOR HYAEY|E7I Y
(No0.316032-5)

(e

SAEAA7 e NEAII O] A e ol AERE
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E = A A dMd SHE St 3S 535 dE 2 Y HA4UE] £3

d

(A2

Ft AR B7E A SO 2 of el 92 AT Gl IS RS S7h A5 B Wl FU Al A P
A5 Thopsh Al 70] U0 R TG o] Gk b= Al Al AAH BFALS: SIRF 218 B AN A4 A4 A E 7 skl
A5 45 He.

RERERT]

ARESES 0 BE olete], $9 BEL AGANRE Sh9 o0, 21F Fellis 1F1 At 12U AT, AL AL 1
T 1EAUS] H-2-60x10, 7010, 70x20cm = 34 2] 5140, 3152 H 2] 73-9-120x30cm(10, 15, 20cm) = 34 2] 5153} 7
FA71E 68 3RO 519100, 20199 FUAE 1 A FAEEU/1EY = A B A AT st

(A3 23

AR o = Al A A SHE 1% A8 5 AL A A E RF 542 tha ek S8 R E A
60x10cm Aol A 10t o] 236kg 0.2 71 Wokom, Af2d AujA] 120x30x10cm AJF--of| A 102 o]
212kg 0.2 71 Wokth. ok 2 A1 A AfHiA] 70x10em A @ -0l A 10aTd =3Fo] 286kg @ 2 7P ghRten, 1f2 4
AERA] 120x30x15em AJHoll 4] 10aT <=aFo] 248kg © 2 714 Wkt Al A3 SA182 53 ol A A5 2 7 of
2fe|g Bt miofs Aoht e 8429 1001, IR (F) SolA 29len ofete|go] Sl Bt tid-22
AT 52 prfe HERTE webA o]2iRt 2R Sl = Al A pRF ol7] Hiie FAR Hf ol
A7t ok frefd Ao dto] Hu, of2le|E = AfuiA] A1 & Aull= 70x10em, 1152 D AfHil= 120x30% 15em A4
=7t ot SHolA e Al e 2 Az # A2 s 7 @l 218-E7] faiA = 2 olF Al el AR ul
T2 AQH] o] YEol HEA HhgE oo & AL 2 AR Hoh

[AFH
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Melatonin Mediated Nitric Oxide Improves Tolerance to Drought Stress by Reducing the
Oxidative Stress in Soybean Plant

Muhammad Imran', Muhammad Agqil Khan', Sang-Mo Kang', In-Jung Lee'*

'Division of Plant Biosciences, Kyungpook National University, Daegu 41566, Korea

[Introduction]

Drought stress is widely reported to counteract plant growth and development leading to reduction in plant productivity.
However the involvement of Melatonin (MT) and Nitric oxide (NO) as signaling molecules in drought stress mitigation has
potential role. Current study was carried out to investigate the role of MT and NO to combat drought stress by scavenging ROS
potential, Antioxidant enzyme activity.

[Materials and Methods]

In current study we use the soybean plant, a complete randomized experiment design was carried out, Normal condition and
Drought treated (Control, Control+Drought, SNP, MT, MT+SNP, L-NAME, cPTIO) to investigate the drought stress
mitigating role of nitric oxide and melatonin. Growth attributes Shoot and Root length, fresh dry, weight and chlorophyll
contents were recorded after completion of stress periods. Endogenous ABA was examined by using GCMS (Gas
Chromatograph, Agilent Technologies, Palo Alto, CA, USA), RNA isolation and quantitative- real-time PCR was preform.

[Results and Discussion]

The result revealed that exogenous Nitric oxide and Melatonin decrease the H,O», and increases the SOD production, PPO,
POD, and CAT in response to drought stress. L-NAME and scavenger cPTIO, completely reverse the MT and NO enhance
the drought stress tolerance in soybean seedling. Melatonin does not alter the ABA level, while the SNP enhance the ABA
production, Genetic evidence reveals that melatonin and nitric oxide-induced drought stress tolerance by up-regulation of
drought response TFs (GmNCED3, GmbZIP, and GmWRKY27 and GmMYB174 interact with each other suppress the
GmNAC26 expression). Conclusively, the above physiological, molecular, and genetic data conclude that NO operates
downstream of melatonin promoting drought stress tolerance.
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Rice Leaf Blast Incidence and Blast Race Diversity in Korea in 2018 and 2019

Hyunjung Chung', Yangseon Kim?, In Jeong Kang', Jae-Hwan Roh’, Hyeong-Kwon Shim', Sunggi Heu',
Jung-Wook Yang'*
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®Bioenergy Crop Research Institute, National Institute of Crop Science, Rural Development Administration, Muan
58545, Korea

Rice blast caused by Magnaporthe oryzae is the most devastating disease of rice which is a staple crop for the food supply in
Korea. Rice blast resistant cultivars have been developed and supplied to control the disease. Despite these efforts, resistant
cultivars have become susceptible to disease in the field within a few years due to pathogenic variation of the blast fungus. To
prevent the outbreak of blast disease, the incidence of rice blast in 2018 and 2019 were surveyed nationwide and race
differentiation was analyzed. Rice blast nursery test at 12 sites was performed using 481 and 492 rice cultivars and varieties
in 2018 and 2019, respectively, and disease severity was determined. The susceptible reaction against rice leaf blast was
observed at four regions (Jeonju, Gyehwa, Miryang, and Sangju) in 2018, while regions showing susceptible reaction was
increased by eight including Jeonju, Gyehwa, Miryang, and Sangju in 2019. A total of 604 isolates were collected at
Cheorwon, Suwon, and Jeonju in 2018 and 2019. Isolates were categorized into 5 KJ races and 30 K1 races in 2018, and 11
KJ races and 31 Kl races in 2019, according to the reaction patterns of eight Korean differential cultivars. The ratio of isolates
belonging to KJ race and KI race was 30:70 in 2018 and 75:25 in 2019. Among the races, KJ-101, KJ-201, and KJ-301 were
predominant in both years, and KI-101, KI-401, and KI-209 were predominant only in 2018. In 2019, KJ-103, KJ-106, KJ-202,
KJ-204, KJ-302, and KJ-401 newly emerged. These results provide important information for the breeding of blast-resistant
rice varieties.
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Effect of Different Planting Dates and Tillage Practices to Maize Development Planted Paddy
Soil

Yong Hyun Jeong', Na Young Choi!, Su Min Lee!, Chae-In Na'*

'Department of Agronomy, Gyeongsang National University, Jinju 52828

[Introduction]

Due to reduced rice consumption, rice paddy converted to upland for winter cash crop and summer food crop rotation such as
onion-soybean, onion-maize in southern Korea. For those cropping systems, it is crucial to evaluate a suitable window of
planting date and tillage practices. Thus, the current study was conducted to evaluate yield and plant canopy development
under different planting dates and tillage practices of silage and waxy corn grown in paddy soil.

[Materials and Methods]

The research was implemented at Gyeongsang National University research farm located Sacheon, Gyeongnam where it had
been used for rice production for decades. The experimental design was a randomized complete block design with a split-plot
arrangement. Tillage practices; deep cultivation + conventional tillage (DC) and conventional tillage only (CT) was main-plot,
and planting date (6/15, 7/3 and 7/15; Datel, 2, and 3, respectively) was sub-plot. After winter onion was harvested on June
5th, silage corn‘Kwangpyeongok’ and waxy corn‘Ilmichal were planted and analyzed separately in 2019. Fertilizer was split
applied to the level of 10-8-8kg/10a at planting and N only(10kg/10a) at 3 weeks after planting. Other management practices
were under RDA guideline. Plants were harvested and analyzed when they reached ideal maturity for silage and waxy corn,
respectively. Five weeks after planting, we measured Leaf Area Index (LAI) Using LAI-2200c(Li-Cor) and then calculated
Leaf Area Duration (LAD).

[Results and Discussion]

Yield and quality of harvested silage and waxy corn were significantly decreased by delaying planting dates, across to tillage
practices. The dry weight yield of silage corn was significantly reduced from Date1(2,463kg/10a) to Date2(1,725kg/10a) and
Date3(1,530kg/10a); 29.9% and 37.9% reduction, respectively. Fresh ear yield of waxy corn was significantly decreased from
Date1(872kg/10a) and Date2(814kg/10a) to Date3(525kg/10a); 40%, 35.5% reduction, respectively. Across to tillage
practices and varieties, total LAD was significantly decreased from Date1(223.7) and Date2(182.8) to Date3(158.0); 29.4%,
13.5%, respectively. LAD reduction shown poor development of canopy and affected yield of delayed planting date. However,
tillage practices did not affect crop development in our study. Through generally it is variable under different soil
characteristics and cumulative count of practices. Thus, long term research about effect different tillage practices and various
weather conditions from planting date for suitable cropping system for upland crop in paddy soil.
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The Yield Response of Soybeanlglycine max(L.) Merrill under Elevated Temperature
Jackyeong Baek'*, Yunho Lee', Wangyu Sang', Pyong Shin', Dongwon Kwon', Jung-li Cho', Myungchul Seo'
'National Institute of Crop Science, Rural Development Administration

[Introduction]

Recently, abnormal weather, such as extreme high temperature and drought has increased due to climate change. So, there has
been a growing concern about damage to field crop, including soybean. Therefore, this study was conducted to examine the
effect of increased temperature on soybean growth and yield using Temperature Gradient Chamber (TGC)

[Materials and Methods]

The response of soybean growth and seed yield under elevated temperature was conducted using TGC at National Institute of
Crop Science (NICS) in 2019. The two major types of soybean cultivar, medium-seed cultivar such as Daepung-2 and
large-seed cultivar such as Daechan, were used and four temperature treatment were established. Ambient temperature +1~+4
were established to examine the growth response and seed yield of each cultivar.

[Results and Discussion]

In all cultivar, the vegetative stage (VE-R1) did not differ in the development rate depending on temperature rise, but the
development rate of the reproductive stage was delayed due to the temperature rise. Also seed yield showed a higher
correlation with seed weight (r=0.713""") and the increased temperature affected soybean seed yield by reducing the single
seed weight. Pod number, seed number and seed weight showed a significant difference between cultivar and temperature and
the interaction effect between cultivar and temperature treatment was also recognized. Daepung-2 had the lowest seed yield
at aT+4 C and Daechan showed lowest yield at aT+3 C. Also, the reduction of seed yield in Daechan (41.4%) was higher than
the Daepung-2 (36.1%). The results of this study can be used as basic data in developing cultivation technology to reduce
damage caused by elevated temperature. Also, it is expected to contribute to stable production of soybean by evaluating the

growth response of each soybean cultivar by elevated temperature.
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Yielding Traits Influenced by the Transplanting Density in Mid-Late Maturing Quality Rice
‘llpeum’ in the Southern Plain Area of Gyeongsangbuk-do
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'Division of Crop Research, Gyeongsangbuk—do Provincial Agricultural Research & Extension Services, Daegu 41404,
Republic of Korea

[Introduction]

This study was carried out in 2019 to investigate the effect of the different transplanting density on panicle production and to
analyze the relationship of panicle production with yield traits in the mid-late maturing quality rice cultivar ‘Ilpeum’ in the
southern plain area of Gyeongsangbuk-Do.

[Materials and Methods]

The study was conducted at the paddy fields of Gyeongsangbuk-do Agricultural Research & Extension Services in Daegu,
Korea. The rice variety, ‘Ilpeum’ grown for 17days in nursery beds were transplanted on Jun. 7. The planting distances were
30 x 14 cm, 30 x 18 cm, 30 x 22 cm, and 30 x 30 cm, respectively. The collated data included grain yield, panicle number per
unit area, 1000-grain-weight and ripening rate. Amylose and protein content were measured in triplicate using Cervitec grain
inspector.

[Results and Discussion]

Difference in yield components such as number of panicles per unit area, ratio of brown/rough rice, and 1000-grain weight
were fairly small among different transplanting densities. But as transplanting density was decreased, number of spikelets per
panicle increased. The rice yield transplanted in 30 x 18 cm was little higher than those of the three other densities, but no
significant difference was found in relation to the influence of the transplanting densities. Difference in amylose and protein
contents was fairly small among four densities. Head rice and grain ripening rate transplanted in 30 X 30 cm were 87.9% and
90.4%, which result in higher rice yield. The present study concludes that the rice yield could be possible with a plant density
of 30 x 30 cm in the southern plain area of Gyeongsangbuk-Do.
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[Introduction]

The common buckwheat (Fagopyrum esculentum cv Harunoibuki) was used in the present study. The internal conditions of
the embryo include genetic differences, maturity of the seeds, and whether the seeds are dormant. The external conditions of
the embryo include water, oxygen, and temperature. Under the external conditions of the germ, moisture is very necessary for
the activation of enzymes for the decomposition of the food and for the transfer or use of the food. Humidity caused by too
much water damages crop production and directly contributes to the decrease in crop volume. Inorganic nutrients and nitrogen
absorption are reduced due to lack of oxygen, generation of toxic metabolites, root growth is suppressed, nitrogen into the
ground, and various amounts of current are poor, resulting in reduction of flesh.

[Materials and Methods]

The seeds of common Buckwheat (Fagopyrum esculentum cv. Harunoibuki) used in this study were collected from the
Kagoshima University, Japan. Seeds were surface-sterilized and grown in an incubator with controlled conditions (28°C, 16
h day/8 hnight, 150 pmol.m™.s™" light intensity) for 7 days in dark condition. After 7 days of germination, the seedlings were
exposed to aerobic (treatment 1) and anaerobic (treatment 2) condition maintaining 5 cm water level. Emergence test of seeds
and embryos were taken every 24 hours for seven days. The number of germinated seeds was measured. Embryonic irradiation
was examined for germination rates, embryo count, average number of days of germination, germination velocity, average rate
of germination, and seed germination uniformity.

[Results and Discussion]

The germination started at the second day after injury. T-testing for control and treatment1 showed significant differences only
on day 2 of bedding, and there have been no significant differences since then. The germination started at the second day. At
second day, germination rate showed significant differences (p > 0.05) in aerobic condition compared than the control. Until
day 4, the germination rate increases gradually. From day 5-7, the germination percentage reaches around 50%, but no
significant differences were observed in aerobic condition compared than the control. However, the germination percentage
was not satisfactory (below 5%) with anaerobic condition). In case of control, the rate of germination was 50 percent after 57
hours of dental injury, and in case of oxygen-supplied treatment, the rate of germination was 50 percent after 62 hours. In the
case of treatment 2, it was almost 100 percent unborn. The average number of germination days for all germinated seeds took
71 hours for control, 76 hours for oxygenated treatment! and 126 hours for treatment 2. Control is equal to 21 hours for the
germination uniform, and transaction 2 is uniform from 30 hours for the transaction Uniform.
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[Introduction]

Phytoremediation, one of popular way, has low cost and environment friendly nature as compared with chemical ways.
Various hyperaccumulator plants can perform phytoremediation, especially Brassica. Among Brassicas canola has
advantages such as big canopy, short period of growth and heavy metal tolerance. Citric acid (CA) is one of organic chelating
which can enhance phytoremediation and has more biodegradability and environment friendly nature against chemical
chelating. Copper (Cu) is essential nutrient but excess Cu may cause chlorosis and root is restrained. In this study, we
investigate the potential role of CA increasing phytoremediation of Cu and effect of CA induced phytoremediation of brassica
napus L. on physiological, biochemical and protein changes under Cu stress.

[Materials and Methods]

The seeds (Jungmo 7001) collected from Mokpo Korea were used. The seeds were germinated in growth chamber at 25~23°C
for 3 days. Weak seedlings were discarded, others were grown for 4 days. The seeds were washed by distilled water (DW).
After 4 days, the uniformed seedlings were transferred into a box containing Hoagland solution. The solution was changed
every 3 days. After two weeks, the various concentration of Cu and CA were treated on plants for 7 days. The plants were
exposed to various treatments of CuSO,4 and CA as Cu (25 uM), Cu (50 uM), CA (1.0 mM), CA (1.0 mM) + Cu (25 uM), and
CA (1.0 mM) + Cu (50 uM). After treatment, the plants were harvested and measured physiological, biochemical and
proteome analysis.

[Results and Discussion|]

Plants growth characteristics were inhibited by Cu stress. Plant height and fresh and dry weight of leaves and roots were
inhibited. The maximum reduction of growth was Cu 50 uM whereas CA induced in Cu-contaminated one was ameliorated
Cu toxicity promoting plants growth. Chlorophyll contents was also declined significantly, and the maximum reduction was
Cu 50 uM, CA induced in Cu-contaminated one was ameliorated reduction too. These results revealed that Cu stress caused
plants growth reduction and chlorophyll contents, but CA application can ameliorate the toxicity of Cu. Proline accumulation
was increased by exposing Cu stress but especially it was increased in CA application. The highest one was CA 1.0mM + Cu
50 uM treated, and the lowest one was none treated. Superoxide dismutase (SOD), catalase (CAT), and peroxidase (POD)
contents were increased in CA 1.0mM + Cu 50 uM treated. These findings suggest that application of CA may increase the
biochemical accumulation so that plant can be more tolerant to heavy metal stress. Using the gel-free proteome approach, a
total of 1473 proteins were identified in B. napus of these, 67 proteins were identified in Brassica species, whereas 36 proteins
identified from B. napus that were classified as differentially abundant (DAPs). Among the 36 proteins, a total of 21 proteins
were upregulated and 15 proteins were downregulated Cu stress and CA application treated.
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[Introduction]

Ginseng root rot, caused by Ilyonectria radicicola (Cylindrocarpon destructans) and Fusarium solani is a major cause of
replant failure in continuous cropping ginseng. Accordingly, various methods have been attempted to reduction of replant
failure in ginseng. Solarization is an eco-friendly and economical soil sterilization method that sterilizes soil-borne pathogens
by raising the temperature using solar heat in summer. Soil fumigation is a chemical method of disinfecting soil using
fumigants, such as dazomet, and is the most effective. In this study, we investigate effect of solarization and soil fumigation
on reduction of replant failure in ginseng.

[Materials and Methods]

To control replant failure in soil infected with /. radicicola and F. solani, soil sterilization was treated by single (M+C; Maize
soil incorporation+Control, M+S; Maize soil incorporationt+Solarization, M+F; Maize soil incorporation+Fumigation) or
multiple (M+S+F) treatment in the field where 6-years-old ginseng were harvested. Solarization was performed by covering
the plot with transparent polyethylene film after adding green manure of maize for 4 weeks in July. Soil fumigation was treated
with dazomet and covered with a transparent polyethylene film to sterilize for 3 weeks in September. After treatment, ginseng
seedlings were transplanted in March of the following year. And 4-years-old ginseng were harvested and measured
investigation of growth characteristics, and soil samples were collected to analyze their chemical composition.

[Results and Discussion|]

In soil chemical properties of 4-years-old ginseng, Electrical conductivity (EC), Organic matter(OM), P,Os, Ca, Mg and Na
were significantly decreased in all treatments than in the control, but pH, NO; and K were different depending on the treatment.
The growth of 4-years-old ginseng was significantly increased in all treatments than in the control. Also, the survival root rate
was significantly increased in all treatments than in the control and the highest one was M+S+F treated (93.1%). These results
suggest that combined treatment may be more effective in inhibiting root rot than single treatment. Taken together, multiple
treatment (M+S+F) was the most effective in lowering replant failure by the amendment of soil chemical property and soil
microbial community in soil of continuous cropping ginseng.
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[Introduction]

The bellflower is known as perennial herbaceous plant with its diverse flowers color as white, purple, and pink. The flower
shape is blooming with single flowers and double flowers. The present study aims to explore the environmental factors such
as soil, temperature, and light conditions necessary for the acclimatization of the tetraploid Platycodon grandiflorum with
green petal and the P. grandiflorum for. duplex, which are capable of horticultural cultivation due to their high tubular value
and to obtain the basic data for establishing the system.

[Material and Method]

Nine kinds of cultivated soil with different mixing ratios were cultured in the growth chamber, such as Horticultural bed soil
(S), peatmoss (Pm), cocopeat (C), vermiculite (V) and pearlite (P) to determine suitable soil for acclimation. Temperature (15,
20, 25,307C), light intensity (10, 15, 30 and 60 pmol - m? - s), and the appropriate LED light source (fluorescent lamp, Blue,
Red, White and Blue+Red) were investigated. Eight weeks after transplantation, growth characteristics, leaf width, leaf length,
and branching were investigated.

[Result and Discussion]

In the case of tetraploid Platycodon grandiflorum with green petal, the highest plant height (24.3 cm) was obtained from the
soil, vermiculite and perlite (SVP=2:1:1) mixture followed by the soil and vermiculite (SV=2:1) mixture with 21.6 cm,
respectively. The leaf characteristics also showed the potentials results from the SVP and SV soil properties. The optimum
temperature at the time of acclimatization showed the most vigorous growth at 20 C, and the plant height (24.0 cm and 23.0
cm) increased with the light intensity increased at 30 and 60 umol - m™ - s, respectively. The growth characteristics were
influenced significantly in the red light, whereas the stem diameter was the lowest (1.2 mm), and the number of branches (2.8)
was significantly greater than that of other treatments. The tetraploid P. grandiflorum for. duplex showed the most vigorous
growth in the range of 27.8 ~30.8 cm in the single-use and mixed-use cultured Horticultural bed soil (S), whereas growth was
significantly suppressed in the cultured soil mixed with cocopeat and peatmoss. The light intensity showed higher results than
other treatments at 60 umol - m™ - s, and no significant changes was observed under LED light condition in the range of 23.4
~30.7 cm towards all light sources except the mixed light (Blue+Red).
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UV-B-Induced Transcriptomic Accumulation of Secondary Metabolism, Tryptophan and Pectin
Biosynthesis during Sink/Source Transition in Rice Leaves
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An increase in UV-B radiation greatly influences molecular-, biochemical-, physiological- and morphological-events from
cellular to whole plant level. Although there is much information on an alteration of UV-B-induced secondary and cell wall
metabolisms, it is not clear how plants respond during the phase transition, i.e. sink to source. Rice seedlings, 3" leaf stage,
were exposed at the supplemental UV-B irradiance for 5 days (4hrs/d), growing leaf blades (4™ leaf) from approximately 30
rice seedlings were harvested at 1(sink), 3(sink -> source) and 5(source) days after UV-B radiation. Differential gene
expression and metabolites by UV-B radiation were analyzed. An emerging leaf blade, considered as a sink leaf, after 1 day
of UV-B radiation strongly induced gene expression of flavonoid biosynthesis, chalcone synthase (6 FC) and chalcone
isomerase (107 FC). During the phasic transition from sink and source (3 days of UV-B radiation), leaf blade led to an
acceleration of tryptophan and cell wall metabolisms. The levels of gene expression of anthranilate synthase, anthranilate
phosphoribosyltransferase, indole-3-glycerol phosphate lyase, indole-3-glycerol phosphate synthase and tryptophan synthase
closely associated with tryptophan biosynthesis increased 10-, 10-, 19-, 174- and 25-fold change (FC) after 3 days of UV-B
radiation, respectively. Also, gene of glycosyl transferase, UDP-GalA -> pectin, was abundant up to 7 FC. From the present
study, we carefully suggest that rice leaves under phasic transition from sink to source seem to preferentially consume the
cellular energy (photosynthates) for cell growth (tryptophan biosynthesis) and protection (secondary metabolism) to cope with
UV-B stress.
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Transcriptomic- and Metabolomic-Changes in the Blades during Sink/Source Transition in
Rice Leaves

Jae-Yeon Joo', Ga-Eun Kim', Jwakyung Sung'*
'Dept. of Crop Science, Chungbuk National University, Cheong—ju 28644, Korea

The new leaves in rice plant develop every 4 to 5 days during vegetative stage, and, this means their function turns quickly from
sink to source. Therefore, it could be easily predictable that the leaves experience a lot of changes from molecular to
morphological levels. In the present study, we examined some metabolic process based on transcriptomic- and
metabolomic-approaches. The 4™ leaves of rice seedlings were divided into three growth transition; i.e. sink (as leaf blade
come out from the sheath of previous leaf), sink-source transition (3 days after an emergence), and source (5 days after an
emergence). A total of 1,130 differentially expressed genes (DEGs) (656 up- and 474 down-regulated) were identified in the
sink vs. sink/source vs. source phase, and the phasic transition-dependent metabolic processes with GO analysis were
identified with some high fold change (FC) genes. During sink/source transition, photosynthesis-related genes were highly
up-regulated; 1) 3.6 and 4.0 FC of oxygen evolving complex (OEC) genes of PS 11 (Os05g0401100 and Os03g0333400) and
4.8 and 4.2 FC of Fe-S complex genes of PS I, (Os07g0489800 and Os08g0276100). Considered as source leaves (5 days
after), gene expressions in leaf blade seemed to head toward cutin- and suberin-biosynthetic process; 1) 13.8 and 15.9 FC of
cutin biosynthetic genes (Os08g0562500 and Osl11g0679700) and 13.7 and 11.5 FC of suberin biosynthetic genes
(050920567500 and Os03g0281900). Soluble carbohydrates contents from the rice leaf blade were examined. During
sink/source transition, monossacharides, glucose, fructose and galactose, showed a trend of decrease, whereas sucrose and
raffinose represented the similar- (1.17 and 0.97 FC at 3 days) or increasing-levels (1.87 and 2.90 FC at 5 days), respectively.
The microarray- and metabolic-based data implied that carbohydrate metabolism was the dominant process associated with
functional leaf blade transition in rice seedlings.
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Evaluation of Wild Soybean Accessions by Vegetative Indices under Waterlogging Condition
Pooja Tripathi', Jeong-Min Park', Jeong-Dong Lee', Yoonha Kim'*
'School of Applied Life Science, Kyungpook National University, Daegu, South Korea

[Introduction]

Waterlogging stress is a major problem for production of various crops such as maize, soybean and sugarcane. In the case of
soybean, waterlogging can result to heavy yield loss (17%-57%), so several waterlogging-tolerant cultivars have been
screened by soybean breeders. In spite of wild soybeans have wide range of genetic resources, evaluation of waterlogging
resistance among wild soybeans are still unexplored until now. For this reason, this experiment was carried out to evaluate
waterlogging tolerance and sensitivity in wild soybean accessions by using various vegetative indices.

[Materials and Methods]

The plants were grown in polyvinyl chloride (PVC) pipes [6 cm (diameter) x 40 cm (height)]. When the wild soybeans made
itto V1 growth stage, all the pots were placed in a pool of water for two weeks to secure waterlogging conditions. Visual score
evaluation and observation of phenotypic data was done at 14 days and 21 days after waterlogging (DAW). This experiment
was conducted in three replications per accessions (n = 1).

[Results and Discussion|]

According to visual score, approximately 90% of wild soybean accessions had a 1.0-3.5 visual score in 14DAW and 21DAW.
To specify the proper indicator of waterlogging stress, various vegetative indices were analyzed and correlation tests were
conducted with the obtained visual scores. Among the 26 vegetative indices we measured, only 17 indices showed high
correlation with visual score. Based on the visual scores, 5 waterlogging-tolerant accessions (199, 659, 884, 1022, and 1116)
and 3 waterlogging-tolerant accessions (504, 888, and 1080) were selected. Correlation tests were conducted with the selected
wild soybean accessions, and significantly high P-values were detected in ARI1 (P = 0.98069 in 14 DAW; P=0.86734 in 21
DAW), ARI2 (P =0.98434 in 14 DAW; P=0.87934 in 21 DAW) and photochemical reflectance index (PRI) (P = —0.9801
in 14 DAW; P = —0.9268 in 21 DAW), respectively. Therefore, our results suggested that ARI and PRI can be used as the
predictors of waterlogging tolerance and susceptibility among various vegetable indices furthermore selected contrasting
accessions can be used for further researches.
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Fusarium Headblight Disease Incidence on Cereal Crop in Korea for 2018 to 2020
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Ji-Hyun Lee'

'Crop Cultivation & Environment Research Division, National Institute of Crop Science, Rural Development
Administration, Suwon 16613, Korea

Fusarium graminearum is an important plant pathogen that causes head blight(FHB) and seedling blight and scab disease of
small grains such as wheat, barley and com in Korea. F. graminearum infections were associated with direct economic losses
due to lower yields and poor grain quality. The disease cause reduced grain yield and quality and kernel contamination with
mycotoxins such as deoxynivalenol(DON), which are harmful to live stock and pose a safety concern in human food. In 2018
year at Korea, the FHB generated with 16.2% all around cereal crop cultivation area. Specially, Jeonnam and Jeonbuk province
showed higher generation % than other province with 24.4 and 27.3%, respectively. The results of analysis of disease
incidence of FHB by cereal crop kinds, the FHB generated in barley, wheat and two rowed barley with 19%, 15.6% and 7.7%,
respectively. At 2019, FHB generation ratio is total 0.2%. Specially, Gyeongsangbuk-do Province was not generated FHB, this
results is most lowest generation ratio during last 10years. At 2020, FHB generate total 1.4%. across the board in cereal crop
cultivation area except Jinju area(9.45%) in Korea, The results of analysis of disease incidence of FHB by cereal crop kinds,
the FHB generated in barley, wheat and two rowed barley with 1.2%, 2.6% and 0.5%, respectively. The results of identification
of FHB kinds, most Fusarium asiaticum were isolated in cereal crop. This results are different results with other countury like
china, USA, EU. We will analysis why showed this difference in further work.
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Analysis of Differentially Expressed Genes in Tolerant and Susceptible Soybean Cultivars
Under Flooding Stress
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[Introduction]

Flooding stress is one of the major abiotic stresses that cause a huge loss in soybean yield worldwide. Molecular information
on the gene expression pattern of tolerant and susceptible genotypes under flooded condition could be valuable to improve the
flooding tolerance in soybean. The objective of this study was to analyze the differentially expressed genes (DEGs) under
flooding condition revealed by RNA-sequencing (RNA-Seq).

[Materials and Methods]

The seedlings of flood-tolerant (‘Paldalkong’ and ‘Danbackkong’) and flood-susceptible (‘NTS1116) cultivars were grown
in a well-watered condition up to the V1 —V2 stage and flood-stressed by inundating ~10 cm water for 14 days. The total RNA
was extracted from the leaf tissues of tolerant and susceptible cultivars collected at 14 days after flooding. Pooled samples of
three biological replicates were prepared for each cultivar and stress condition and were sent to Macrogen, Korea for RNA-Seq
and DEGs analysis.

[Results and Discussion]

A total of 22,468 genes were differentially expressed in the flood-stressed condition compared to the well-watered condition,
in which 13,729, 13,405, and 13,160 DEGs were found in ‘Paldalkong’, ‘Danbackkong’, and ‘NTS1116’, respectively. A
higher number of some of the previously reported flooding tolerance-related genes such as expansin, glutathione S-transferase,
and sugar efflux transporter were up-regulated in the tolerant cultivars than in the susceptible cultivar. The number of some
transcription factors of basic leucine zipper domain (bZIP) and myeloblastosis (MYB) families were also higher in the tolerant
cultivars than in the susceptible cultivar. The molecular information about the DEGs of tolerant and susceptible cultivars
obtained in this study could be valuable in understanding the tolerance mechanism and to improve the flooding tolerance in
soybean.
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Identification of Quantitative Trait Loci for Flooding Tolerance at Seedling Stage of Soybean
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[Introduction]

Flooding stress causes a significant yield reduction in soybean worldwide. The onset of rainy season during the early growth
of soybean in Korea and many parts of Asia potentially renders the soybean plants to flooding stress in uplands as well as in
low lands, including converted rice fields. The objective of this study was to identify quantitative trait loci (QTL) for flooding
tolerance at the seedling stage of soybean.

[Materials and Methods]

A recombinant inbred line (RIL) population was derived from a cross between a flood-tolerant ‘Danbaekkong’ and
flood-susceptible ‘NTS1116° cultivars. The plants were flood-stressed at the V1-V2 stage by collecting ~10 cm water level
for 14 days. Leaf chlorophyll content and shoot dry weight, two of the most affected traits due to the stress, were measured
for phenotyping the population over two years (2017 and 2018). IciMapping V4.1 was used to construct a linkage map using
180K Axiom® SoyaSNP markers and QTL Cartographer V2.5 was used for QTL analysis.

[Results and Discussion]

Twenty-four QTL having 3.35 ~18.57 logarithm of odds scores and explaining 7.2 ~36.4% phenotypic variations (PVE) were
identified on 11 chromosomes. Several candidate genes related to chlorophyll content/photosynthesis, plant growth, and stress
response have also been found in the QTL regions. One QTL on chromosomes 6 and 15 each and three QTL on chromosome
7 contributing up to 30.7% PVE were identified at least in two environments, indicating their consistent detection across
different environments. These consistent QTL could potentially be applied in the soybean breeding programs through
marker-assisted selection technology. The results provide useful information for unraveling the genetic basis of flooding
tolerance and developing tolerant cultivars of soybean.
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[Abstract]

Based on the simple sequence repeat (SSR) marker, a Korean wheat core collection were established with 616 wheat
accessions. Among them, the SNP genotyping for the entire genome was performed using DNA chip array to clarify the whole
genome SNP profiles. Consequently, a total of 35,143 SNPs were found and we re-established a mini-core collection with 247
accessions. Population diversity and phylogenetic analysis revealed genetic diversity and relationships from the mini core set.
In addition, genome-wide association study (GWAS) was performed on 19 phenotypic traits; ear type, awn length, culm
length, ear length, awn color, seed coat color, culm color, ear color, loading, leaf length, leaf width, seeding stand, cold
damage, weight, auricle, plant type, heading stage, maturation period, upright habit, and degree of flag leaf. The GWAS was
performed using the fixed and random model circulating probability unification (FarmCPU), which identified 14 to 258 SNP
loci related to 19 phenotypic traits. Our study indicates that this Korean wheat mini-core collection is a set of germplasm useful
for basic and applied research with the aim of understanding and exploiting the genetic diversity of Korean wheat varieties.
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[Introduction]

In Korea, domestic rice production in 2019 was 3.74MT, and rice consumption per capita was 59.2kg, and the structural
problem of rice surplus and consumption decline has been the major issue of Korea’s rice breeding. Also the rapid increase
of single-person households and health interest prompted the development of functional rice cultivars to meet the growing
demands of convenient rice foods markets. ‘Dahongmi’ a high-yielding red-colored pericarped rice was developed at National
Institute of Crop Science in 2019 to provide rice materials for processed rice foods in the home meal replacement (HMR)
market.

[Materials and Methods]

In 2007, a cross was made between two parental varieties, 'Junam' and 'Jeogjinju’, which are the representative high yielding,
disease resistant variety and colored rice respectively. An elite line, SR31754-52-1-3, has been designated and released as
‘Dahongmi’, which demonstrated characteristically high yielding and disease resistant as a colored rice with prominent grain
quality in the local adaptability test.

[Results and Discussion|]

‘Dahongmi’ is an medium-maturing cultivar that has recommended to grow in the central part of Korea. It proved to be the
most highest yielder as a colored rice with 5.96 ton/ha, 21% up ‘Jeogjinju’, a standard check cultivar for colored rice, implying
that it can reduce cost in the making of processed foods. Especially, it has multiple resistance to the problematic biotic stresses
including leaf blast, bacterial blight, and rice stripe virus. Compared to the other specialty rices, it demonstrated to have higher
lodging tolerance. The antioxidant contents were quite high level with 420 mgGallic acid/100g in total polyphenol, and 44
mgCatechin/100g in total flavonoid. These trait improvement in the colored rice is expected to increase the value-added and
activate the health functional food market in Korea.
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[Introduction]

Abiotic stress is one of the most serious problems in plant productivity because it dramatically delays plant growth and
development. One of the abiotic stresses, soil salinity, has an adverse effect on plant growth where irrigation is necessary like
semiarid Asia and Africa. Salinity stress adversely effects on plant developmental stages, especially on seed germination and
delays post germination growth. The difference of salt resistance may be related to the growth stage of the plant species. It is
typically seen in biomass and yield reduction or in viability decrease. Sorghum (Sorghum bicolor L.) is rather tolerant to salt
stress with the 6 - 8 dSm —1 value of tolerance, which can make more biomass product than other cereal crops under salt stress.
The current study aims for assessing the effect of NaCl with two sorghum genotypes based on their proline, anthocyanin,
chlorophyll, reducing sugar and gene expressions in order to determine salt tolerant genotypes. The data acquired from this
study will help understanding how to deal with salt stress when the sorghum is farmed on saline soil.

[Materials and Methods]

Two sorghum genotypes, ‘Sodamchal’ and salt tolerant ‘Nampungchal” were used in this study. Plants growth was performed
in a greenhouse at the Chungnam National University (CNU) from June to July 2019. Plants were grown with a half-strength
Hoagland nutrient solutions supplemented with 50, and 150 mM NaCl for salt stress treatment and control plants were grown
with normal Hoagland nutrient solutions. Proline, anthocyanin, chlorophyll, reducing sugar were extracted and assayed from
two sorghum genotypes. Total RNA from the ‘Sodamchal’ and ‘Nampungchal” samples was isolated by using Trizol Reagent
according to the manufacturer’s instructions (Invitrogen). QuantSeq 3’ libraries were generated by following the Lexogen
QuantSeq 3> mRNA-Seq Library Prep kit. Libraries were sequenced by Illumina NextSeq 2000.

[Results and Discussion|]

The comparative analysis of two sorghum genotypes revealed difference of growth performance, physiological responses, and
gene expression, suggesting that Nampungchal is a tolerant genotype to salt stress. We sequenced shoot and root transcriptome
of ‘Sodamchal’ and ‘Nampungchal’ under salt stress to extend our knowledge of the molecular basis of salinity tolerance in
Sorghum bicolor L. RNA sequencing resulted about 32945 genes were obtained. A comparison of abundances showed that
204 genes were differentially expressed due to salt stress. The differentially expressed genes (DEGs) were annotated with
Gene Ontology terms, and the key pathways were identified using Kyoto Encyclopedia of Gene and Genomes (KEGG)
pathway mapping.
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[Introduction]

Recent climate change has been threatening the sustainability of agricultural production. High temperature and frequent
rainfalls in the autumn are accelerating the pre-harvest sprouting during the rice ripening period in Korea. Especially, most
japonica cultivars of Korea is highly vulnerable to pre-harvest sprouting which affect grain quality such as milling recovery
and head rice ratio as well as rice yield. In 2016, Pre-harvest sprouting damaged area reached 15,000 hectares mainly in Jeola
south province, bringing about serious economic and social problems.

[Materials and Methods]

To enhance the selection efficiency for pre-harvest sprouting tolerance, 126 recombinant inbred lines were derived from a
cross between a tolerant Tongil type cultivar, ‘Milyang 23°, and a sensitive japonica cultivar, ‘Hwayeong’. Each line and
parents were genotyped with 7K Infinium rice LD SNP Chip and polymorphic 2,785 SNP markers were found and 816 SNP
markers were distributed on the 12 chromosomes after removing the redundancy markers. Phenotyping were conducted at the
paddy field of IRRI, Philippine. Three panicles were collected from each plant at 35 days after heading and wrapped with wet
paper towels and incubated at 30°C with 100% humidity. After 7 days of treatment, each panicle was checked out for
pre-harvest sprouting.

[Results and Discussion]

As aresult, we identified three significant QTLs located in chromosome 7, 11 and 12 which explain 7~17% of total phenotypic
variation. These QTLs would provide the basic marker to select tolerant lines for pre-harvest sprouting in the breeding
population.
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Identification of a Novel QTL for Chlorate Resistance in Rice

Nkulu Rolly Kabange', So-Yeon Park’, Dong-Jin Shin', So-Myeong Lee', Su-Min Jo!, Young-Ho Kwon!, Jin-Kyung
Cha', Yun-Cheon Song', Jong-Hee Lee'*

'Department of Southern Area Crop Science, National Institute of Crop Science, RDA, Miryang, 50424, Korea

[Introduction]

Nitrogen (N) is one of the key elements in crop production, but excessive application of N source fertilizers results in the
increase of greenhouse gas emission (GHG). Nitrogen use efficiency (NUE) has been shown to correlate with the increase or
decrease in GHG emission in rice. To evaluate the NUE in higher plants, chlorate sensitivity is commonly used as one of the
strategies. In rice, the japonica ssp. is typically known for having a higher degree of resistance to chlorates compared to indica
ssp.

[Materials and Methods]
In this study, we investigated the degree of chlorate sensitivity of 117 rice doubled haploid lines exposed to 0.1% potassium
chlorate (KCIO3) at seedling stage.

[Results and Discussion|]

The results revealed that the parental rice lines P1 (93-11, indica) and P2 (Miryang352, japonica) showed an extreme
distinctive phenotypic response. P1 scored highly sensitive (0% survival) and P2 resistant (66.7% survival). Furthermore, we
detected a putative QTL for chlorate resistance on chromosome 3 (QCHR3, 136 ¢cM, LOD: 4.11) using KASP markers (LeftCI:
ah03001094, 126.5 cM; RightCI: id3005168, 146.5 cM). The additive effect (-11.97) and PEV (14.92%) indicate that allele
from P2 explained the observed phenotypic variation. In addition, the shoot and root growth shows a differential inhibition
pattern of shoot and roots among the DH lines irrespective of their sensitivity levels to KCIO3. Further investigations are
undertaken to elucidate the findings and study NUE in the sensitive and resistant DH lines with regard to their respective
genotypes, at molecular, biochemical and physiological levels.

Keywords: Chlorate sensitivity, nitrogen use efficiency, greenhouse gas reduction, doubled haploid, rice.
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Development of dCAPS Markers for Identifying the Relationships in Korean Oat
(Avena sativa L.) Varieties using Transcriptome Analysis

Tae-Heon Kim!, Yang-Kil Kim', Young-Mi Yoon'!, Sea-Kwan Oh', Jong-Ho Park'*

'National Institute of Crop Science (NICS), Rural Development Administration (RDA) 181, Hyeoksin—ro, Iseo—myeon,
Wanju—Gun, Jeollabuk—do 55365, South Korea

[Introduction]

Cultivated oat (4vena sativa L.), having high protein contents, is an important cereal crop for human being. Oat have been
getting the limelight as a health food owing to well-being trend recently. Oat has a large genome size and is a self-pollinated
allohexaploid with a basic chromosome number of 2n=6x=42, consists of A, C and D sub-genome. The development and
application of molecular markers has been relatively slow in oat compared with other crops. Meanwhile, there is a growing
need for identifying the relationships at the DNA level in oat germplasm as in other crops, and to use this information for
genomic analysis and implements for molecular breeding. Molecular markers were developed for gene discovering, linkage
map construction and identifying the relationships among germplasm in oat, based on RFLP, AFLP, RAPD, SSR and SNP
technologies. RFLP is not a PCR based DNA marker, difficult to use because of using hybridization probe and time consuming
method for checking the polymorphism. The other type of DNA markers is insufficient to utilize and doesn’t have universal
characteristic for using in other germplasm with different background. Recenty, research results were published identifying
the genetic relationships between Korean oat varieties using previous reported SSR markers and developed EST-SSR markers.
In here, we developed dCAPS (derived cleaved amplified polymorphic sequence) markers for identifying the relationships in
Korean oat varieties using SNPs in intragenic regions by RNA-Seq technique. The RNA-Seq technique has benefit for identify
the sequence variation in intragenic regions at low cost and use this information for development DNA marker in crop with
large genome size without reference genome sequence data.

[Materials and Methods]

Korean oat varieties, Choyang, Daeyang, Darkhorse, Gehl, Gwanghan, Hispeed, Ilhan, Okhan, Samhan and Swan were used
for extraction of total RNA. Total RNA of each variety was extracted using RNeasy Mini Kit (Qiagen) following the
manufacturer’s instruction and subsequently used for CDNA synthesis. The CDNA, which has length range from 200 to 400
bp, was selected for sequencing analysis. Each of RNA-seq reads was assembled by trinity based on the de novo assembly
technique. The longest assembled read was used unigene as reference sequence of gene. The assembled read was aligned along
with unigene and variety specific SNP was discovered. The dCAPS marker was developed using variety specific SNPs by
dCAPS Finder 2.0.

[Results and Discussion]

Total of 638 high-quality SNPs were selected as variety specific. Total of 571 dCAPS marker were designed using this SNPs.
In the future, it will be verified that each of marker works well, and shows the distinctive cutting band after applying the
restriction enzyme. The relationships will also be identified among Korean oat varieties and DNA marker set could be
established for individualizing among Korean oat varieties.
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Quantitative Trait Loci (QTL) Related to Microspore Culture in Radish
Heewon Oh', Sumin Seo', Changsoo Kim'*
'Dept. of Crop Science, Chungnam National University, Daejeon 34134, Republic of Korea

Radish is a self-incompatible plant, so it takes a long time to produce homozygous lines. However, it is possible to reduce the
time to obtain homozygous plants by using haploid breeding. We performed a quantitative trait loci (QTL) analysis related to
microspore culture of radish in a previous study. We performed Genotyping-by-Sequencing (GBS) with 62 F1 individuals
derived from a cross of 'GX50' X 'GX71' that represent high and low regeneration rates, respectively, to find SNP markers. We
also performed QTL analysis and used the markers to designate genes related to regeneration rate as candidate genes. QTL
analysis was performed by ICIM (Inclusive composite interval mapping) and a candidate gene approach was used to find
candidate genes. A total of 97,772 SNPs were generated through GBS, and 22,158 SNPs were selected. We found a total of
five QTLs through QTL analysis and predicted five candidate genes. Candidate genes are divided into two classes (PRC2
subunits or auxin synthesis). We are planning to perform Quantseq through these results, and we will proceed RNA sequencing
in species with high and low regenerate rates, respectively, to see how genes are actually expressed and to validate markers.
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[Introduction]

Rice was introduced to the Korean peninsula from southern China in approximately 1500 BC. Over the several millennia of
rice production in Korea, the status of rice has changed from a luxury foodstuff for the elite to undesirable surplus grain now
being used as animal feed. Rice consumption in South Korea has continuously decreased over the past three decades as a result
of changes in eating habits and government policies. Nevertheless, rice remains an integral component of the South Korean
diet, and the preferences of South Korean consumers for certain rice characteristics have negligibly changed over time in
contrast to those of consumers in other countries. In addition, South Korea has the potential to become a competitive rice
exporter on a global scale. This paper presents a brief review of the trends and influencing factors of rice production and
consumption in South Korea. It also provides suggestions for increasing rice consumption in the country.

[Coclusion & Suggestion|]

Rice agriculture has existed in South Korea since the Bronze Age. The status of rice has undergone several transformations
during its millennia-long cultivation in South Korea: from luxury food to animal feed. Rice consumption in South Korea has
continuously decreased as a result of changes in South Korean culture and government policies. Nevertheless, rice remains an
integral component of the South Korean diet. Currently, the South Korean government is promoting rice consumption to
address the rice oversupply problem in the country. These efforts must target the preferences of South Korean consumers. As
shown by several studies, South Korean consumers prefer glossy, soft, and sticky rice and that nutrition and health are now
their main considerations. Thus, to promote rice consumption among South Koreans, rice-based food products with added
nutritional value must be developed; the consumption of brown rice and traditional colored rice varieties must be promoted,;
and rice varieties targeting consumer preferences must be developed. Exports to other countries must be increased. The
cultivation of non-japonica rice for export must be considered for South Korea to become a globally competitive rice exporter.
Climate change is a future challenge to the rice self-sufficiency of South Korea, and measures must be taken in advance to
ensure that climate change does not threaten rice production in the country
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QTL for the Iron and Zinc Contents of the Milled Grains of a Doubled-haploid Rice (Oryza
sativa L.) Population Grown Over Two Seasons
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[Introduction]

Iron and zinc deficiencies may ultimately cause stunted growth in children and may cause neuropsychological impairment and
weaken immunity. Increasing the Iron and Zinc of rice varieties through breeding-based biofortification is a cost-effective
intervention for iron- and zinc-deficient human diets. To detect stable QTL across environments and seasons, this population
was phenotyped during the 2018 wet season (2018WS) and 2019 wet season (2019WS) at the International Rice Research
Institute (IRRI) Headquarters, Philippines. The milled rice grains of the DH lines were used to identify QTL associated with
Iron and Zinc; the interactions and genes that affect them.

[Materals and Methods]

A DH rice population comprising 107 lines was developed from a cross between Goami 2, a japonica cultivar with high Iron
and Zinc, and Hwaseonchal, a japonica cultivar with low Iron and Zinc. The iron and zinc contents of the milled rice grains
were determined through inductively coupled plasma optical emission spectrometry (ICP-OES). for genotyping with the 7k
Infinium SNP genotyping platform using 7,098 SNPs. Candidate genes colocating with iron and zinc related QTL were also
identified by using the Rice Genome Annotation Project (RGAP) browser.

[Results & Discussion]

three Iron and zinc-related QTL were consistent between 2018 and 2019. Among these QTL, two were related to iron (qFe9
and gFell) and one was related to zinc (qZn7). All of these QTL were donated by the inferior parent Hwaseonchal. QTL
mapping was performed to identify iron and zinc related QTL that were consistent between years and locations. The low
polymorphism rate between Goami 2 and Hwaseonchal was expected because they are closely genetically related Korean
Jjaponica cultivars. Genes that may be useful for breeding rice with high iron and zinc were detected in regions on chromosomes
7,9, and 11 encompassing QTL and nearby interacting loci. Twelve genes encoding products with functions related to iron
and zinc homeostasis or interactions with iron and zinc were detected in these regions. Multiple copies of genes encoding
oxidoreductase 20G-Fe oxygenase family protein and zinc finger family protein were present at different loci on the same or
different chromosomes.
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Phenotypic Characteriztion of Ac/Ds Mediated Mutant Pool in Rice.
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Rice is one of the world's most important crops, particularly in Asia, for human consumptions. Rice consumption has been
increased due to versatility of nutrients and tastes. In addition, Rice has taken a role of model plant since the small size of the
genome was completely sequenced (Jun et al. 2002, Feng et al. 2002). To increase higher yield potentials of crops, the
discovery of novel genes and the construction of QTL maps should be essential projects in genomic researches.

Currently, various insertional mutants are used for rice functional genomics. The insertional mutant pool of this research is
stable knockout population for various screening studies. Through this research program, insertion sites of more than 33,157
Ds lines were exploited and their information has been released via a database.

Through this research program, phenotypic and agronomical characteristics of the population will be open for public and be
expected to be useful in isolating agronomically important genes. Currently, genomic resequencing strategy becomes very
powerful in isolating rice genes. Our genetic materials will serve perfectly for the requencing project in the near future.
Ultimate goals are to supply genetic materials and informations essential for functional analysis of rice genes and for breeding
using agronomically important genes.
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Assessment of Salt Tolerance in PsGPD Transgenic Rice by Integration Sites Analysis.
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In recent years, green house effect induced climate changes. It’s expected to cause serious damage to agricultural productivity
and movement of cultivated land.

Of all abiotic stresses, Salt stress is particularly an important abiotic stress that seriously affects plant growth and development.
Transgenic potatoes expressing glyceraldehyde-3-phosphate dehydrogenase (GPD), isolated from Pleurotus sajor-caju.
Expression levels of the GPD gene in the mycelia of Pleurotus sajor-caju was significantly increased by exposing the mycelia
to abiotic stresses, such as salt, cold, heat, and drought. We also showed that GPD confers abiotic stress.

We generated PsGPD-overexpression transgenic rice plants using Agrobacterium-mediated transformation method. We
advanced generation of PsGPD independent homozygous transgenic lines that were selected single-copy/intergenic line.
phenotype analysis showed differences between the transgenic PsGPD-OX transgenic rice plants and Wild-type rice plants.
The transgenic lines showed that average survival rates improved compared to wild-type plants after re-watering.
Molecular characterization of Integration site analysis is necessary for safety assessment and labeling of genetically modified
organism (GMO).

We performed adapter ligation PCR to find the insertion sites of PsGPD transgene and flanking sequences. Befor anything
else, Identification of genomic insertion sites of PSGPD transgene is useful for the biosafety assessment.

*Corresponding author: Tel, 063—238—4791, E—mail, kangslee@korea kr

-139 -



Functional Characterization of the Gene of BrTSR53 for Drought Tolerance on Infant Stage
in Rice
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In recent years, Environmental stresses such as drought, high salinity and low temperature have illustrated their adverse effects
on crops having negative influence on plant development and productivity. Transcripton factor, BrTSRS53 gene is a putative
stress-related gene isolated from Brassica rapa. We generated BrTSR53-over expression transgenic rice plants thought
Agrobacterium-mediated transformation. To investigate regulation of BrTSR53 expression in rice, quantitative real-time PCR
was performed using RNAs from tissues and western blot analysis.

To further understand the role of BrTSR53 in stress tolerance, we studied responses of BrTSR53-overexpression transgenic
rice plants to salt stress conditions.

To investigate the function of BrTSRS53 in reponse to drought stress, we generated BrTSR53-overexpression transgenic rice
plants and wild-type plants and dehydration test were performed. Each overexpressing transgenic plants and wild type rice
plants grown on soils for 4 weeks. The four-week-old transgenic line and wild-type plant had water withheld for two to four
days and then were rehydrated. After re-watering, The transgenic lines showed better recovery from water deficient condition
and higher survival rates improved compared to wild-type plants. These results suggest that the transcription fator BrTSR53
gene played an improtant role in the tolerance of rice to drought stress.
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Early-breed Rice Development by Knock-out of PCKP, a Flowering Suppressor Gene
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[Introduction]

Every year, South Korea suffers serious damage to rice growth and productivity in various regions and situations due to
typhoons. In particular, there is a high possibility that may become dry, discolored and infertile in panicle, if occured typhoon
during the flowering period of rice. In this study, we tried to develop a early maturing cultivar with a reduced flowering period
so that a stable yield could be created even when damaged by a typhoon.

[Materials and Methods]

single guide RNA (sgRNA) was designed to knock-out the flowering suppressor gene PCKP of Ilmi. The sgRNA was
designed around the PCKP domain region, and the PAM sequence used 5’-NGG-3’. Three guide RNAs that act on the target
sequence were selected, inserted into pRGEB32, and then a vector for agrobacterium-mediated transformation was
constructed. Using the regeneration plants, it was confirmed whether the PCKP gene was knock-out.

[Results and Discussion]

Three sgRNAs were selected that act only on the target sequence without acting on the non-specific site among the designed
sgRNA. Using the selected sgRNA1, sgRNA2 and sgRNA3, pRGEB32::sgRNA was constructed and transformed into
agrobacterium. 20 days callus were used in order to transform into IImi. A total of 300 callus were transformed, and 20 (6.7%)
of these regeneration plants were obtained. After these acclimatization treatments, 14 plants were transferred to wagner pot
of the greenhouse. When the gene expression level of PCKP was confirmed by qPCR whether PCKP was edited, the gene
expression level in 10 plants was decreased. Through of advanced generation, we will try to select plants in which PCKP
expression was suppressed and flowering period was shortened.
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[Introduction]

Traditional phytopathological analysis requires the destructive sampling of samples because most plant diseases are based on
microbial pathogens. So when we find that plants are infected, the yield loss is already doomed. So if we can conduct
non-destructive monitoring of plants without cutting them, we may be able to prevent plant diseases in advance. And also we
can more accurately identify the changes in lesions of various types of plant diseases and conduct targeted studies on different
lesion areas by the molecular biological science.

[Materials and Methods]

In this study, Bacterial leaf blight (BLB) is one of the most serious biotic stress of rice. We used optical coherence
tomography(OCT) technique to check the leaf morphology and by comparing the data of physiological structure changes
before and after inoculation of leaf surface to determine the pathological features in the interior of the rice leaf. And use QTL
program to directly identify the target gene region for lesion site by genetic map.

[Results and Discussion|]

Until now, most of the plant tissues were sampled by wave cutting, such destructive sampling is irreversible for tissue organism
damage and also damaged to their lesion tissue study. We can observe the leaf structure non-invasively and non-destructively
by using OCT technology. The rice samples before and after inoculation with Bacterial Leaf Blight were subjected to
comparative analysis, and the experimental data of lesion tissues were recorded and statistically analyzed. After that we can
used QTL program to analysis these data with genetic maps of CNDH population to get the target regions on different
chromosomes. And using plant molecular breeding techniques to make a new rice population can improve the resistance to
BLB disease.
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[Introduction]

Recently, various damages to rice have occurred due to the occurrence of abnormal weather. In particular, heat stress due to
global warming has a negative influence on the growth of plants. In particular, an increase in average temperature of 1°C is
reported to reduce yield of rice by 10%. Rice is vulnerable to high temperatures in the reproductive stage. Recently, the
frequency of abnormal weather is increasing. Therefore, in this research, we newly discovered OsBHT, a gene that exhibits
high temperature tolerance in the booting stage, by QTL mapping, and analyzed the genetic function of OsBHT.

[Materials and Methods]

In this study, we used the double haploid line (CNDH) cultivated by crossing Cheongcheong and Nagdong. The seeds were
sown, and when they became booting stage, the plants were transferred to a growth chamber and subjected to high temperature
stress. Then, we investigated the major agronomic characteristics of rice. Window QTL cartographer2.5 were used for the
QTL analysis of genes related to the heat tolerance of booting stage in rice, and used LOD value of 2.5 or more by using the
method of Composite Interval Mapping (CIM).

[Results and Discussion]

The curves in the frequency table when investigating the major agronomic traits after high-temperature treatment of the CNDH
120 line showed a continuous change close to the normal distribution. When QTL mapping of all the investigated traits was
performed, it was commonly searched in RM212-RM1297 of chromosome 1. In this region, cell function (37.5%),
phytohormone (22.9%), plant defense (16.7%), signaling (8.3%), heat shock protein (8.3%), kinase (6.3%) candidate genes
were detected. Of these, OsBHT, which is associated with heat shock protein, increased the gene expression level of only the
heat tolerance line. OsBHT prevents unfolding and denaturation of cellular proteins. Therefore, it is expected, OsBHT, will be
effectively utilized for the development of rice tolerance to high temperature.
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[Introduction]

Rice has been used in our major food since ancient times and has been improved according to the times. Especially for rice,
the genetic characteristics of the cultivar are important, but the cultivation technique and environment also have a large
influence on the rice production and quality. In particular, breeding techniques such as about anther culture and transformation
have made great progress, but neglected breeding and packaging management may cause missing hills or sterile grain.
Therefore, in addition to cultivating new varieties, managing rice in general field is also an important factor.

[Materials and Methods]

The CNDH line (Cheongcheong/ Nagdong double haploid line), was used as an experimental material for this research. Seeds
that were not contaminated were prepared and disinfected. The disinfected seeds were subjected to darkness at 25°C for 4 days.
After the darkness, the seedlings were sown, and planted at a planting distance of 30 x 15 cm. The field was cultivated
according to the standard rice cultivation method of the Rural development administration. After that, the agriculture
characteristics of the CNDH 120 line (culm length, panicle length, number of tillers) were investigated.

[Results and Discussion|]

Cheongcheong had an average of culm length is 75.4 + 3.6 cm, an average of panicle length is 21.0 £ 3.1 cm, and an average
number of tillers per plant is 10.3 +1.7. Nagdong had an average of culm length is 74.4 + 1.8 cm, an average of panicle lenght
is 17.6 £ 2.0 cm, and an average number of tillers per plant is 14.1 + 3.9. The average of culm length of CNDH 120 line was
69.1 = 15.2 cm, the average of panicle length was 19.3 + 2.3 cm, and the average number of tillers per plant was 11.2 +2.3.
The curve of the frequency distribution table of the CNDH 120 line showed a continuous change close to the normal
distribution. These results imply that both of the three traits are quantitative traits, and thus can be expected to be significantly
affected by environmental changes.
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[Introduction]

Lodging is the one of the most chronic constraints to crop production is the grain yield reduction near the crop harvest stage.
Causes of the plant lodging including; legion, over plant population, soil density, sowing date, diseases, and seed type, are all
mainly contributing factors to lodging in cereal crops. In the north, before the rice harvest, rice yield is reduced due to lodging
severely during the frequent typhoon. Therefore, it is important to develop rice cultivar that are lodging resistance and to found
the possible gene responsible to improve plant resistance against lodging.

[Materials and Methods]

The Cheongcheong/Nagdong Doubled Haploid (CNDH) population used for constructing genetic map were developed from
a cross between Cheongcheong and Nagdong. Pushing strength of the lower part was measured when plants were bent to 45°
using the digital force gauge (IMADA, Japan). To identify the putative QTLs (Quantitative trait loci), WinQTLcart 2.5 and
genetic map that the average interval of markers is 10.6 ¢cM made by Mapmaker version 3.0 using 222 DNA markers.
Composite interval mapping (CIM) was operated for the entire genome by WinQTL Cart 2.5 at a threshold of LOD 2.0 after
put in all required data.

[Results and Discussion|]

The QTL analysis found one pushing lower part (¢PLPS8), detected on RM2197-RM23314 in chromosome 8, LOD value is
2.40 and phenotypic variation is 25%. And five stem diameter (¢gSD1, gSD2, gSDS, gSD9-1, gSD9-2), gSD1 have the highest
LOD value 0f2.82, detected on RM3412-RM 1287 in chromosome 1 and phenotypic variation is 36%. And two tiller numbers
(qTN1,qTN11), these are detected on RM8111-RM14323 in chromosome 1 and on RM287-RM27161 in chromosome 11,
respectively. Each of LOD values are 3.30 and 3.10 respectively, explaining the phenotypic variation of 45% and 40%,
respectively. The results of this study strongly suggest that pushing resistance of the lower part could be a new target which
lay a scientific theoretical basis for rice breeding of lodging resistance.
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[Introduction]

Kaempferol and quercetin are the essential plant secondary metabolites that confer huge biological functions in the plant
defense system. These metabolites are produced in low quantities in plants, therefore engineering microbial factory is a
favorable strategy for the production of these metabolites.

[Materials and Methods]
In this study, biosynthetic pathways for kaempferol and quercetin were constructed in Saccharomyces cerevisiae using
naringenin as a substrate. Flavanol 3-hydroxylase (F;H) from rice was cloned into pRS42K yeast vector using BamH1 and

Xhol restriction enzymes. Transformation to yeast was carried by Lithium acetate/single stranded carrier DNA/polyethylene
glycol (LiAc/SScarrierDNA/PEG) method.

[Results and Discussion|]

The results elucidated a novel step for the first time in kaempferol and quercetin biosynthesis directly from naringenin
catalyzed by flavonol 3-hydroxylase (F3H). F3H gene from rice was cloned into pRS42K yeast episomal plasmid (YEP) vector
using BamH]1 and Xhol restriction enzymes. We analyzed our target gene activity in engineered and in empty strains. The
results were confirmed through TLC followed by Western blotting, nuclear magnetic resonance (NMR), and LC-MS. TLC
showed positive results on comparing both compounds extracted from the engineered strain with the standard reference.
Western blotting confirmed lack of Oryza sativa flavonol 3-hydroxylase (OsF;H) activity in empty strains while high OsF;H
expression in engineered strains. NMR spectroscopy confirmed only quercetin, while LC-MS/MS results revealed that F;H
is responsible for naringenin conversion to both kaempferol and quercetin. These results concluded that rice F3H catalyzes
naringenin metabolism via hydroxylation and synthesizes kaempferol and quercetin.
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[Introduction]

According to the global rainfall deficiency summary written by the APEC (Asia-pacific economic cooperation) climate center,
the characteristics of drought is random, frequent, and persistent. Developing a new variety through molecular breeding in
preparation for drought, but the scientific safety of GM plants has not been fully proven, so there are many limitations. In this
research screening release risk in agricultural environment of drought tolerance GM rice with the use of compare each
phenotype and gene flow.

[Materials and Methods]

The LMO (Leaving modified organism) field, located at Gunwi, Gyeongbuk province. Environmental data were prepared
based on soil environment meter, anemometer, and RDA (Rural development administration) Agricultural Weather
Information Service. Record agricultural characters with the use of plant growth and development screening. Weediness
potential test is performed by measuring shattering and germination. Evaluate the viability in natural environment through
after wintering germination test. Assess gene transfer by the movement of heritable substance. The collected data were
analysed using the SPSS program (IBMSPSS Statistics, version 25, NC).

[Results and Discussion|]

There was no significantly difference in the environmental conditions for two years, suitable environmental conditions to
growth and reproduction of rice. Also, the weather that cause infertility did not occur. Yield was recorded under drought
conditions in 2018, Ilmi, HV8, and HV23 were 88.9 + 3.1 kg/10a, 164.2 + 49.1 kg/10a, 124.8 £ 43.2 kg/10a. In 2019, 122.0 +
2.8 kg/10a, 160.2 +20.4 kg/10a, 172.7 + 7.1 kg/10a. The protein content of HV8 and HV23 are increased maximum 0.4% than
Ilmi. The other agronomic characters did not show a significant difference for 2 consecutive years. After wintering viability
recorded 0% at 24 places from 10 m to 40 m around the LMO field. Horizontal and vertical gene transfer did not occur.
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[Introduction]

Microgravity conditions impact on biological processes, graviperception and graviresponses. These processes, however, are
still far from being understood. Although microgravity conditions can be generated by free-fall or parabolic flight, these
methods do not provide sufficient time for researchers to study most morphogenetic and growth phenomena of plants. In this
context, ground-based clinostats are instrumental. Continuous 360° rotation of plants on a clinostat eliminates a set direction
of gravity and simulates plant growth under microgravity environments, which is useful to predict potential spaceflight effects
on biological specimens].

[Materials and Methods]

We used three orientations of Petri dishes that were subjected to normal gravity conditions: horizontal, vertical and 90°-rotated
orientation, while, for artificial gravity simulation, to generate the microgravity effect, a one-axis clinostat was used. The
rotating clinostat rotated continuously anti-clockwise at a speed of 10rpm, and the distance from O. sativa seedling to the
rotating center was kept approximately Scm. Thus, the seedlings were subjected to a modeled microgravity of about 5.59 x
10-3g. Horizontal (control), vertical and 90°-rotated Petri dishes were kept under 1 g.

[Results and Discussion|]

The results of the present study showed that the amino acid concentrations under microgravity, and as well as in different
orientations under normal gravity, are significantly enhanced in the plants that were grow in agar media. The vertical-oriented
rice seedlings under normal gravity condition had higher proportions of Thr, Glu, Gly, Ala, Met, Iso, Leu, Tyr, Phe, Lys, His,
Arg and Pro when compared to the control, 90°-rotated and clinostat rotation. We also concluded that OsPINI genes are highly
induced by clinorotation and exogenously applied IAA and PAA plant hormones that are responsible for enhancing the plant
growth.
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[Introduction]

The impact of climate change on crops such as rice in recent years would cause serious problems for food security in temperate
and tropical regions. A major issue with climate change in Korea is drought and high temperature in early spring. Improving
root vigor and phosphorous uptake might be helpful to improve drought tolerance in that stage. Two QTLs conferring stress
tolerance, DTY4.1 and Pupl are effective for good establishment in early growth stage in less water condition.

[Materials and Methods]

We have developed BC,F;o QTL pyramiding breeding materials. ‘Sechanmi’ and ‘Solchanmi’ contain Pup! and DTY4.1,
respectively, were introgressed into MS11, a japonica rice variety adaptable to tropical regions, using marker-assisted
backcrossing. Background genotyping of the breeding lines of BC,F; showed more than 88% of genomic similarity of them
to MS11. The promising lines were tested in normal growth condition and rainfed, high temperature, and salinity conditions
by collaborations. Candidate genes identification of two developed varieties would be performed by whole genome
re-sequencing and Axiom Oryza 580K genotyping array.

[Results and Discussion|]

MS11-drought tolerant lines showed mostly similar under normal growth condition to MS11 in the overall plant type and yield
capacity. Under drought and abiotic stress conditions, the developed varieties showed better yielding and fertility. The
pyramiding of Pupl/ and drought QTLs might provide the meaningful breeding materials for the climate-ready rice
development.
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Genetic Diversity and Population Structure of Tea Gemplasms Conserved in Korea Genebank
Kyung Jun Lee'*, Do Yoon Hyun', Gyu-Taek Cho'
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[Introduction]

Tea (Camellia sinensis (L.) O. Kuntze) has been cultivated widely in many developing Asian, African, and South American
countries, where it is the most widely consumed beverage in the world next to water. It has critical importance to understand
the genetic diversity and population sturcutre for effective collection, conservation, and utilization of tea germplasm.

[Materials and Methods]
In this study, 462 tea accessions collected in National Agrobiodiversity Center at RDA were analyzed using 33 SSR markers.

[Results and Discussion|]

A total of 428 alleles were detected in 33 SSR loci among 462 tea accessions. The Shannon-Wiener index and Nei’s geneic
diversity were estimated to be average of 1.78 and 0.77, respectively. Analysis of the SSR data using neighbor-joining method
grouped the sampled accessions into three major clusters. In STRUCTURE analysis, 462 tea accessions were divided into two
subpopulations (4K=2). Using discriminant analysis of principal components, the four clusters were detected in 462 tea
accessions. The result of AMOVA showed that most of the variation observed was within populations rather than among
populations. Our results might contribute to provide data about genetic diversity for the conservation of tea germplasm and
future breeding programs.
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[Introduction]

Ginseng (Panax ginseng C.A. Meyer), commonly known as Korean or Asian ginseng, is a perennial herb native to Korea and
China. There has been limited research effort to analyze the genetic diversity and population structure of ginseng germplasm
because of its growth habits. In the present study, genetic diversity and population structure of ginseng germplasm conserved
in the National Agrobiodiversity Center (NAC) of South Korea were analyzed to provide basic data for future preservation and
breeding of ginseng genetic resources.

[Materials and Methods]
In this study, 451 Korean ginseng accessions conserved at NAC were genotyped using 33 SSR markers to reveal the genetic
diversity and population structure in the ginseng germplasm.

[Results and Discussion]

Total 451 ginseng accessions used in this study were collected from 22 cities at six provinces in South Korea. Among 451
ginseng accessions, 390 (86.5%) and 61 (13.5%) ginseng accessions were landraces and breeding lines, respectively. A total
0f226 alleles were detected in 33 SSR loci among the 451 ginseng accessions. The result of STRUCTURE anaysis of ginseng
landraces and breeding lines showed the best grouping number (K=2) based on the delta K. Using the discriminant analysis
of principal components, only three sup-populations have been identified within 61 ginseng breeding lines while 11
sub-populations were detected in 390 landraces. The result of AMOVA showed that most of the variation observed was within
populations rather than among populations. The quantitative analysis of the genetic diversity and population structure in this
study could be useful for genetic and genomic analysis and utilization of the genetic variation in ginseng breeding program.
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The Compatible Pyramiding of Pup7 and AG7 in Rice
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[Introduction]

Direct-seeded rice, effective nutrient-acquisition rice is needed to cropping system against the climate changes. Pupl

(Phosphorous uptake ) containing PSTOLI is known as useful QTL to uptake phosphate in rice under upland/rainfed

conditions. g4G-9-2 (AG1) shows tolerant germination phenotype in anaerobic conditions with OsTPP7. To adapt changes of
climate and cropping system, IR64-Pup1-AG1 (I-PA) was developed by stacking of Pup! and g4G-9-2 and tested the function
of each QTLs in each stress conditions.

[Materials and Methods]

IR64-Pup1-AGl1 (I-PA) was developed by crossing and genotyped using KASP markers. Phosphate uptake ability of [-PA was
assessed using normal soils. Phosphate concentrations were set by supplied and non-supplied and water content was mimicked
upland conditions. To test AG/ function of I-PA, plants were directly sowed in paddy field soils and grown in growth chamber.
Phenotypes were evaluated with 2, 7 WAT (weeks after transplanting) and 3 WAT plants for phosphate uptake and anaerobic
germination ability, respectively.

|[Results and Discussion|]

Introduction of QTLs containing key genes was checked using gene-specific markers and background similarity of I-PA to
IR64 was 80%. Under P uptake ability screening conditions, I-PA showed shortest height under both conditions. However,
tiller number / plant and root length were significantly increased under P-supplied condition at 7 weeks. Total P contents and
transcriptional levels of PSTOL! in I-PA showed same levels to I-Pupl. Under anaerobic germination conditions, I-PA
showed increased survival rate to [-Pup1 and the OsTPP7 was expressed higher than shoots of I-AG1. I-PA showed shortest
height and highest number of tiller/plant under paddy field, which is consistent results with P uptake ability screening
conditions. Fertility and 100 grains weight were significantly decrease in I-PA, however, yield showed same level with IR64
because of increased spikelet number. From these results, independent functions of introduced QTLs, which leads to improved
rooting in early stage, and nondecreasing yield were confirmed in I-PA.
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[Introduction]

Turmeric, or Curcuma longa, is commonly consumed in the South East Asian countries as a medical product and as food due
to its therapeutic properties. However, with increasing demand for turmeric powder, adulterated turmeric powders mixed with
other cheap starch powders, from corn or cassava. Here, we developed molecular markers using quantitative real-time PCR
to identify adulteration in turmeric powder products. Chloroplast genes, such as matK, atpF, and ycf2, were used to develop
species-specific primers for C. longa and Zea mays.

[Materials and Methods]

Turmeric (Curcuma longa) root tubers and corn (Zea mays) seeds were kindly provided by Gangwondo Agriculture Research
and Extension Services (Chuncheon, Korea). All C. Jonga commercial products used for the analysis of food complexes were
purchased from local markets and stored at room temperature. To generate a quantitative reference binary mixture model,
binary mixtures containing different amounts (0. 1%, 1%, 10%, and 100%) of turmeric powders were prepared to a final mass
of 2 g.

[Results and Discussion]

The efficiency of each primer set was within 90-110%. A linear correlation (R>>0.98) were obtained in the 10-fold serial
dilutions (107 to 10°) of each recombinant plasmid and genomic DNAs (from 10 ng to 1 pg). We tested the sensitivity and
specificity of the developed C. longa primer sets with binary mixtures (0.1-100% (w/w)) of C. longa dry powders containing
each of three starch crops, including rice, corn, and wheat. All three C. longa primer sets with slopes ranging from -3.177 to
-3.550 exhibited R*> 0.99 and efficiency values of 91.29-106.43 % when used on mixed powders of C. longa and each starch
crop, supporting the primer sets for verifying the presence of C. longa in mixtures. Subsequently, sensitivity of the three Z.
mays primer sets was tested with binary mixtures of Z. mays and C. longa (0.1-100% (w/w)). Similarly, the three Z. mays
primer sets with slope ranging from -3.220 to -3.437 exhibited R2> 0.99 and efficiency values of 95.41-104.44 % when used
on mixed powders of C. longa and Z. mays, supporting the primer sets for verifying the presence of Z. mays in mixtures. The
Ct values for the limit of detection (LOD) (0.1% target species in binary mixtures) were established to verify the presence of
the target species. Ct values for the LOD ranged from 28 to 29 cycles for each primer set targeting C. longa and 28 to 29 cycles
for those targeting Z. mays. We developed three chloroplast gene targeted primer sets for both C. longa and Z. mays. To assess
the quantities of the target-species present, standard curves were constructed using recombinant plasmid DNA and binary
DNA mixtures. Therefore, the developed gPCR assay could contribute to food safety and the protection of consumer’s rights.
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Improving Rice Eating Quality using qTV9 Associated with the Glossiness of Cooked Rice
Suk-Man Kim'*, Man-Kee Baek', Young-Chan Cho', Gun-Mi Lee', Chang-Min Lee', Jung-Pil Suh', O-Young Jeong'
'Crop Breeding Division, National Institute of Crop Science, Wanju 55365, Korea

[Introduction]

The quality of cooked rice is normally evaluated indirectly, through measurement of key elements driving quality as well as
more directly by sensory evaluation, but remains a complex trait conditioned by the genetic complexity of factors driving
quality, changes wrought by environment, and the complexity of consumer preferences. Use of DNA marker has advantage
on that the effect of gene on the quality is directly measured on the target traits and not estimated from the phenotype. The
marker developed in this study would be useful for developing japonica cultivars with improved eating quality based on
glossiness.

[Materials and Methods]

The population (F8) composed of 174 lines derived from a cross between Hwayeong and Wandoaengmi6, a japonica-type
Korean weedy rice was used to access the phenotypic data of rice eating quality as well as to identify the QTLs controlling
eating quality. To detect QTLs the phenotypic measurement and the genotypic SNP data were combined and analyzed.

[Results and Discussion|]

In this study, we identified QTLs associated with the taste value obtained by glossiness of cooked rice (TV), to explain rice
eating quality by statistical methods and identified QTLs associated with TV. From the QTL analysis, the QTL qTV9
delimited within Id9007180 and 9851330 on chromosome 9 was detected in the both years explaining about 17% of R2 on
average Among the tested lines, two recombinants (HW085 and HW135) were finally selected. In further narrow down by fine
mapping, qTV9 was delimited to an approximately 34-Kbp segment flanked by the DNA marker CTV9_9. To develop new
cultivar with eating quality improved three lines including qTV9 were selected. These will apply to functional analysis on the
glossiness and then MAS breeding program for improvement of japonica eating quality as donor line.
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Molecular Analysis of a Rice C4H3-type RING Finger Protein (OsRFPv6) and its
Overexpression Plant Suggest Salt Stress Tolerance.

Jong Ho Kim', Cheol Seong Jang'*

'Plant Genomics Lab, Department of Applied Plant Sciences, Kangwon National University, Chuncheon 200-713,
Republic of Korea

[Introduction]

Environmental stresses, such as salinity, drought, cold, high temperature are negatively affected in plants. Among salinity
stress is one of the major abiotic stress, its adverse factor that reduce plant growth and reproduction product. In this study, we
experiment RING E3 ligase (OsRFPv6), which is believed to plant positively regulated in salinity stress via ubiquitin
mechanism.

[Materials and Methods]

Rice seed (Oryza sativa L. cv Dongjinbyeo) were grown nutrient solution in a growth chamber (16/8-h light/dark at 30/28 with
70% humidity) for 12 days. Rice seedling was treated 150mM NaCl and various abiotic stress with time point (1,6,12, and
24h). WT (Dongjinbyeo) and overexpression OsRFPv6 plant phenotype analysis treated 100 mM NaCl for 8 day and 24 h
treated plant various salt marker gene QRT-PCR, Coro-Na staining, xylem sap assay. To study molecular characteristics of
OsRFPv6, we performed confocal imaging assay, in vitro ubiquitination assay.

[Results and Discussions]

In this study, we indentified gene O. sativa C4H3-type RING finger protein (OsRFPv6) that significantly up-regulated under
salinity, drought stress. Subcellular localization showed in OsRFPv6 that mainly detected plasma membrane and cytoplasm
and in vitro ubiquitination assay confirmed E3 ligase function in OsRFPv6. Next, we performed with salinity stress (100 mM
NaCl) response between WT and overexpressing OsRFPv6 plant. As a results transgenic plant indicated more insensitive
phenotype including fresh weight, length that leaf, leaf sheath and root, in comparison WT. As well as under salinity stress in
overexpressing seedling were high chlorophyll, soluble sugar, proline content and low level H202 content. The xylem sap and
Coro-Na green staining analysis proceeded. interestingly, overexpressing OsRFPv6 seedling showed uptake Na+ and root tip
tissue Coro-Na staining low fluorescence intensity under 100 mM salinity stress for 24h.This result means that OsRFPv6
regulated Na+ absorption in high salinity condition. Additionally various salt marker gene qRT-PCR analysis performed with
treated WT, overexpression line 100mM NaCl for 24h. Among them, Na+ transporter was more down-regulated in the
OX-OsRFPv6 than WT in 0,100 mM NacCl. this result supported xylem sap, Coro-Na staining result. These findings might
support that the OsRFPv6 E3 ligase might positively regulate the function under salinity stress in rice.
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E3 Ligase, the Oryza sativa Membrane and Cytosol-localized RING Finger Protein 1
(OsMCRP1), Negatively Regulates Salt Stress Responses

Ju Hee Kim', Cheol Seong Jang'*

'Plant Genomics Laboratory, Department of Bio—resources Sciences, Graduate School, Kangwon National University,
Chuncheon 200-713, South Korea

[Introduction]

Plants are sessile organisms that can be exposed to environmental stress. Plants alter their cellular processes to survive under
potentially unfavorable conditions. Protein ubiquitination is an important post-translational modification that has a crucial role
in various cellular signaling processes in abiotic stress response.

[Materials and Methods]

Rice (Oryza sativa ‘Donganbye’) seeds were grown in a growth chamber at 30 °C, 70% relative humidity, and a 12 h light/12
h dark cycle. Fourteen-day-old seedlings were treated with 150 mM NaCl, and half-strength Murashige and Skoog (MS)
medium was added. Shoot and root tissues from these seedlings were harvested at different time points (6, 12, 24, and 48 h).
For the salt stress tolerance assay, WT (35S:YFP) and overexpressing Arabidopsis plants were cultured on half MS medium
under a 16 h (light)/8 h (dark) cycle at 22 °C for 3 d, and then the seedlings were transferred to fresh half MS medium supplied
with 150 and 200 mM NaCl and grown vertically for 10 d.

[Results and Discussion]

In this study, we characterized Oryza sativa membrane and cytosol-localized RING finger protein 1, OsMCRP1, a membrane
and cytosol-localized RING E3 ligase in rice. OSMCRP1 transcripts were highly induced under salt stress in rice. We found
that OsMCRP1 possesses E3 ligase activity. The results of the yeast two hybrid system, in vitro pull-down assay, BiFC
analysis, in vitro ubiquitination assay, and in vitro degradation assay indicate that OsMCRP1 regulates degradation of a
substrate protein, OSPEX11-1 (Oryza sativa peroxisomal biogenesis factor 11-1) via the 26S proteasomal system. Phenotypic
analysis of OsMCRP1-overexpressing plants demonstrated hypersensitivity to salt response compared to that of the wild type
and mutated OSMCRP1“%®* plants. In addition, OsSMCRP1-overexpressing plants exhibited significant low enzyme activities
of superoxide dismutase, catalase, and peroxidase, and accumulation of proline and soluble sugar, but a high level of H,O.
Furthermore, qRT data on transgenic plants suggest that OsMCRP1 acted as a negative regulator of salt response by
diminishing the expression of genes related to Na'/K" homeostasis (4tSOS1, AtAKTI, AtNHXI, and AtHKT]I 1) in transgenic
plants under salt stress. These results suggest that OsMCRP1 plays a negative regulatory role in response to salt stress by
modulating the target protein levels.
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Properties of the Conserved Histidine of 5 -Adenylylsulfate Reductases from Pseudomonas
aeruginosa and Enteromorpha intestinalis

Jung-Sung Chung'*, Cheol Soo Kim?, Sung-Kun Kim?, Thomas Leustek*

'Department of Agricultural Plant Science, Gyeongsang National University, Jinju 52828, South Korea
’Departments of Plant Biotechnology, Chonnam National University, Gwangju 61186, South Korea

®Department of Natural Sciences, Northeastern State University, 600 North Grand Avenue, Tahlequah, OK 74464, USA
“Biotechnology Center for Agriculture and the Environment, Department of Plant Biology and Pathology, Rutgers
University, New Brunswick, New Jersey 08901-8520, USA

[Introduction]

Plants assimilate sulfate for biosynthesis of many sulfur containing compounds including cysteine, methionine, glutathionine
and secondary metabolites such as glucosinolates. The adenosine 5’-phospho sulfate (APS) reductase of sulfur assimilation
mechanism contains four conserved cysteine residues that are absent from the [4Fe-4S] center and the phosphoadenosine
5’-phospho sulfate (PAPS) reductase. In this report, we investigated conserved histidine amino acids that blocked iron-sulfur
clusters of APS reductase from P. aeruginosa and Enteromorpha intestinalis, and investigated the role of this particular
histidine residue to identify site-specific mutations. The goal of this study was to gain insight into the function of conserved
histidine residues in bacterial and plant type APS reductase.

[Materials and Methods]

The pET30b-PaAPR and pET30b-EiAPR (Gao et al., 2000, Kim et al., 2006) constructs were used as templates for
site-specific mutagenesis. Site specific mutations of PaAPR and EiAPR were performed using the QuikChange kit
(Stratagene) according to the manufacturer's instructions. Using the Shimadzu model UV-2401 PC spectrophotometer, the
absorbance spectra of the visible and ultraviolet regions were measured at room temperature with a 0.5-nm spectral resolution.
The enzymatic activity of PAAPR and variants with E. coli thioredoxin were measured by coupling the PaAPR-catalyzed
oxidation of thioredoxin to the reduction of thioredoxin by NADPH catalyzed by E. coli NTR. The enzymatic activity of
EiAPR and variants were measured by coupling the EiAPR-catalyzed oxidation of glutathione to the reduction of GSH by
NADPH catalyzed by yeast glutathione reductase (Sigma).

[Resulfts and Dicussion]

we have investigated specific role of conserved histidine (His) closed iron-sulfur cluster of APS reductases in Pseudomonas
aeruginosa and Enteromorpha intestinalis. Iron-sulfur contents and Vmax of His/Ala variants of PaAPR (thioredoxin as an
electron donor) or EiAPR (glutathione as an electron donor) were exhibited lower than that of their wild-type. However, these
His/Arg variants showed similar results obtained from that of wild-type. These results implicate that conserved positive
charged His position at 136 in PAAPR and 162 in EiAPR play important role for iron-sulfur ligation and substrate APS binding
or enzyme structure.
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Identification and Functional Analyses of NO-responsive Transcription Factors Suggest Their
Role in Plant Growth and Defense—A Way Forward to Crop Improvement
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[Introduction]

Nitric oxide (NO) has emerged as a key signaling molecule both in plants and animals in the last couple of decades under
various stress conditions. These insults typically induce changes in cellular redox state, partly by promoting the production of
reactive nitrogen species (RNS). Contrary to other signaling cascades, NO transfers its bioactivity through post-translational
modification, the chief of which is S-nitrosylation. Transcription factors (TFs) are regulatory proteins that act as on/off relay
of gene expression and are crucial particularly in the altered redox state of the cell.

[Materials and Methods]

In the current study using high-throughput RNA seq data from two separate studies, we identified transcription factors that
showed differential expression in response to S-nitroso L-Cysteine (CySNO) both in Arabidopsis and rice. NO-induced TFs
from both species were analyzed for their phylogenetic relationship and to identify common and unique TFs using Venn
diagram in both species. Promoter sequences of the common NO-induced TFs were analyzed 1.5 kb upstream of the
transcription initiation site for possible cis-regulatory elements. Gene ontology (GO) analyses were performed to associate
TFs with respective GO terms.

[Results and Discussion|]

About 673 TFs in Arabidopsis and 131 in rice representing major TF families showed differential expression in response to
CySNO, one of the NO donor. GO enrichment analysis suggested that more than 95% of NO-induced TFs were successfully
mapped to Arabidopsis and rice genomes, respectively and were classified into pathways that regulate various key cellular
processes including hormone signaling, protein degradation, growth and development, biotic and abiotic stresses, etc. A
comparison of both transcriptomes showed several TFs that showed differential expression in response to NO in both species.
For example, certain members of WRKY TFs such as WRKY 4, WRKY61, and WRKY65 were up-regulated in both
Arabidopsis and rice suggesting that NO function is conserved across the plant kingdom.

Functional characterization into the role of certain NO-responsive TFs in the model plant Arabidopsis through the functional
genomics approach suggested their putative role in plant growth, development, and defense. For example, functional genomics
study using knock out (KO) lines of NO-responsive AtMYB48 showed negative regulation of R-gene mediated defense,
whereas AfRAP2.6 showed positive regulation of both basal and R-gene-mediated defense response. Concluding this study
will help to identify candidate genes involved in the key biological process for improving crop productivity and resistance to
phytopathogens.
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Leaf and Root Proteome Analysis of Sorghum in Response to Lead Stress
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[Introduction]

Lead (Pb) is one of the most hazardous pollutants of the environment that is an ecological concern due to its impact on human
health and the environment. Several investigations have postulated that plants respond to any type of stress condition via rapid
alterations in gene expression and protein synthesis. Therefore, in the present investigation, a high throughput proteome
technique was performed to explore the differentially expressed proteins that are potentially involved in different level of Pb
stress.

[Material and Method]

Seeds of Sorghum bicolor L. (BTX 623) were surface sterilized, placed in petri dishes containing two layers of filter papers
moistened with de-ionized water. For Pb-treatment experiments, three replicates each consisting of seven seedlings were
included for both control and Pb treatment. After 5 days of Pb-treatment, the seedling roots were harvested and performed
morpho-physiological analysis, and the proteome analysis were performed using gel-free proteome techniques.

[Result and Discussion]

The present study aimed to identify differentially accumulated proteins (DAPs) involved in Pb stress in Sorghum bicolor
seedlings. After 15 days of Pb exposure, the total protein of the fresh leaves and roots was extracted and analyzed using
label-free quantitative proteomics techniques. The results revealed that the growth inhibition induced by Pb depended on the
degree of heavy metal concentration. The quantitative proteome analysis led to the identification of 1392 proteins, of which
627 were differentially modulated in response to Pb stress. Of the identified 627 proteins, a total of 383 proteins were specific
to leaf proteins, and 244 proteins were specific to root proteins. The DAVID Bioinformatics analysis showed that the proteins
with increased abundance were mainly associated with energy metabolism, detoxification and stress defense and protein
metabolism, whereas the proteins related to the cell growth/division, intracellular traffic and photosynthesis were
downregulated. Protein-protein interaction analyses highlighted an energy metabolism centered sub-network that
synergistically responded to Pb stress. Taken together, our results provide essential reference protein and gene information for
future molecular studies into the tolerance and accumulation of Pb in Sorghum.
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Development of Drought Tolerant Temperate Rice Varieties, ‘Sechanmi’ and ‘Solchanmi’
Utilizing Pup? and DTY4.7 QTL
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[Introduction]

The impact of climate change on crops such as rice in recent years would cause serious problems for food security in temperate
and tropical regions. A major issue with climate change in Korea is drought and high temperature in early spring. Improving
root vigor and phosphorous uptake might be helpful to improve drought tolerance in that stage. Two QTLs conferring stress
tolerance, DTY4.1 and Pupl are effective for good establishment in early growth stage in less water condition.

[Materials and Methods]

We have developed BC,F;o QTL pyramiding breeding materials. ‘Sechanmi’ and ‘Solchanmi’ contain Pup! and DTY4.1,
respectively, were introgressed into MS11, a japonica rice variety adaptable to tropical regions, using marker-assisted
backcrossing. Background genotyping of the breeding lines of BC,F; showed more than 88% of genomic similarity of them
to MS11. The promising lines were tested in normal growth condition and rainfed, high temperature, and salinity conditions
by collaborations. Candidate genes identification of two developed varieties would be performed by whole genome
re-sequencing and Axiom Oryza 580K genotyping array.

[Results and Discussion|]

MS11-drought tolerant lines showed mostly similar under normal growth condition to MS11 in the overall plant type and yield
capacity. Under drought and abiotic stress conditions, the developed varieties showed better yielding and fertility. The
pyramiding of Pupl/ and drought QTLs might provide the meaningful breeding materials for the climate-ready rice
development.
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Evaluating Characteristics of Kenaf Breeding Lines Suitable for the Reclaimed Land of Korea
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[Introduction]

Kenaf(Hibiscus cannabinus L. 2n=36) is an annual herbaceous crop of the Malvaceae family, which is known for both its
economic and horticultural importance. Recently, rapid development of kenaf production is of important significance to
protect forest resources. So, it has been called 21st century. Biological yield of kenaf is about 3-4 times that of forest and CO,
assimilation capacity is about 4-5 times that of trees. Therefore, this study was conducted to select elite lines with salt tolerance
through outbreeding.

[Materials and Methods]

The parental two materials used in this study is Jangdae and Hongma 300 variety. Seeds of 2 parents and 26 F2s were raised
on a reclaimed land in 2019.All plants of 26 F2s were used to record data on days to 1st flowering, plant height, stem diameter,
branch number, stem dry weight per plant, leaf dry weight per plant, per plant, and seed weight per plant.

[Results and Discussions]

These days, a concern for kenaf has been increased due to a high biomass. So, the study was conducted to select the elite lines
with salt tolerance through outbreeding. The plant height showed highly significant mean difference and 21 plants of F»s were
superior to the two parents. There was a big difference in diameter of 15 cm above soil surface. The two parents showed 17.5
(the former) and 27.8 cm (the latter), respectively. However, the line 25-1 was the highest with 41.8 cm, which is considered
to be transgressive segregation. Findings showed the stem dry weight of two lines, 19-1 and 24-1, was higher than that of two
parents. Among the selected lines, two lines (20-1 and 25-2) for the stem dry weight were twice as high as that of both parents.
When assessing seed weight per plant, the two lines (19-1 and 24-1) over 12 g was higher than other selected lines. Unlike this
lines, the parent (Hongma 300) didn’t set seeds. Put previous findings together, the two lines (19-1 and 24-1) would be
excellent germplasms for a reclaimed land of Korea.
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Regional Variation of Valuable Characteristics on Red Bean Varieties
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[Introduction]

As the efficacy of red bean is known, the demand for red beans from health-conscious consumers is increasing, and the
consumption is increasing in a new form such as red bean butter and red bean paste. This study was conducted to compare of
agricultural characteristics and physicochemical contents by cultivated region on the red bean varieties and to share the
information of results with researchers.

[Materials and Methods]

For the research, Cultivar ’Arari’, ‘Guomguseul’, and ‘Hongjin’ were used to evaluate agricultural characteristics and
physicochemical contents and cultivated at 5 regions in 2018. Seed size, 100 seeds weight, growing days and yield potential
were investigated as a agricultural characteristics. And crude protein, amylose, and total polyphenol contents were analyzed
as a physicochemical properties.

[Results and Discussion|]

The seed length, width and thickness of Guomguseul ranged 6.82 — 8.51, 5.05 - 5.77 and 4.72 — 5.45mm, respectively.
Similarly, the seed dimensions of Arari were 7.11 —8.14, 5.39-5.94 and 5.09 —5.66mm and those of Hongjin were 7.61 —8.46,
5.65-6.33 and 5.05 -5.96mm. In weight of 100 seeds, Hongjin (21.36 g) and Guomguseul (19.40 g) cultivated at Cheonan
were havier than Arari (18.32 g) at Paju. The days of growth on the cultivars by region were ranged 107 (Gyeongju) - 115 days
(Jeju) in Guomguseul, 96 (Gyeongju and Sinan) - 106 days (Jeju) in Arari, and 105 (Gyeongju) -113 days (Cheonan) in
Hongjin. The yield of cultivars were showed 120 (Paju) - 160 kg (Jeju) in Guomguseul, 130 (Jeju) - 170 kg (Gyeongju) in Arari
and 147 (Jeju) -165 kg (Sinan) in Hongijin. The crude protein components of harvested at Jeju were higher than other regions.
The amylose contents were high in Guomguseul (16.68 %) at Cheonan, Arari (16.5 %) at Gyeongju and Hongjin (14.82 %)
at Gyeongju. The total polyphenol contents were distributed 278.3 (Cheonan) - 488.5 mg/100g (Jeju) in Guomguseul, 333.4
(Gyeongju) - 499 mg/100g (Cheonan) in Arari and 214 (Cheonan) - 422.8 mg/100g (Jeju) in Hongjin. As a this result, we
recognized difference of agricultural and physicochemical characteristic on red bean cultivar by region. This will be useful
information when selecting suitable cultivar by region. Further research is also needed on the characteristics of various
varieties according to regions.
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[Introduction]

Purple corn kernels contain anthocyanins, a group of antioxidants known to be beneficial to human health. This study was
carried out to investigate the concentrations of anthocyanins and amino acids and composition of fatty acids in the kernels of
purple waxy corn (Zea mays L.) during grain filling to determine when the grain nutritional value is at its highest.

[Materials and Methods]
Purple waxy corn ‘Heukjinjuchal’ kernels were harvested daily from 15 to 31 days after silking. Quantities of anthocyanins,
amino acids, fatty acids were analyzed with either HPLC or GC from three biological replicates at each day.

[Results and Discussion]

During grain filling, anthocyanin contents increased as kernel color darkened. Among the anthocyanins measured, cyanidin-3-
[3-O-glucoside reached the highest contents, 5.71-40.97 mg per 100 g fresh weight in raw kernels and 102.76 mg per 100 g
in dry seeds. Pelargonidin-3-[3-O-glucoside and malvidin-3-(3-O-glucoside became detectable at 21 days after silking; they
occurred in the second- and third-highest amounts, respectively, among anthocyanins in the purple corn cultivars tested. The
anthocyanin accumulation pattern was strongly associated with physicochemical properties and partly associated with amino
acid content. Interestingly, anthocyanin contents increased in a stepwise rather than linear fashion. This study evaluated
anthocyanin and amino acid profiles in waxy corn during grain filling and showed that kernels undergo dramatic changes that
affect the nutritional value of the fresh corn.
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Collection
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Woo Duck Seo'*

'Division of Crop Foundation, National Institute of Crop Science, Rural Development Administration, Wanju 55365,
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’Department of Crop Science and Biotechnology, Dankook University, Cheonan 31116, Kore

[Introduction]

A core collection is a subset that represents genetic diversity of the total collection. Soybeans are used worldwide as food and
as a healthy ingredient. In addition, soybeans contain many secondary metabolites such as isoflavones, soyasaponins and
tocopherols. Isoflavones and soyasaponins are known to exhibit biological activities such as anti-oxidant, anti-cancer,
anti-diabetic, and bone health. Therefore, this study aimed to elucidate the contents of isoflavone and soyasaponin of seed in
382 Korean soybean core collection.

[Materials and Methods]

Korean soybean core collection of 382 accessions was grown on the experimental field at the National Institute of Crop
Science, Jeonbuk, Korea, and harvested in 2018. Isoflavones and soyasaponins analysis were conducted using UHPLC-
Orbitrap-MS equipped witha HALO C18 (2.7 um, 2.1 mm x 100 mm) column. All statistical analyses were performed using
the SAS Enterprise Guide 7.1.

[Results and Discussion]

The isoflavone content in the 382 accessions ranged from 81.7 to 821.7 mg/100 g. Among isoflavones, [3-glycoside (daidzin
and genistin) and malonyl-glycoside (malonyl-daidzin and malonyl-genistin) isoflavones were the major compound. The
soyasaponin content in the 382 accessions ranged from 29.2 to 225.7 mg/100 g. The content of soyasaponins Ab and Aa was
high in the total soyasaponin content and the soyasaponin phenotype was largely divided into Aa and Ab. The isoflavone and
soyasaponin content depended on soybean accessions. In conclusion, our results suggest that isoflavones and soyasaponins
profiling of Korean soybean core collection is helpful for developing functional materials and effective information for
breeding of high functional soybean.
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[Introduction]

Rice (Oryza sativa L.) is one of the staple crop in the world, thousands of cultivars are grown in more than 100 countries.
Traditionally breeding new varieties have contributed to enriched yields and enhanced resistance. Recently, many attempts
have been made to develop better rice varieties, rich in functional nutrients having antioxidant activities. This study aimed to
profile the quantitative composition of phenolic compounds in 804 selected rice genetic resources to construct an integrative
omics database for development of new rice breeding system. The analysis was conducted by LC-ESI-MS/MS in multiple
reactions monitoring mode targeting 55 phenolic compounds and two amino acid as phenolic precursor metabolites.

[Materials and Methods]

The optimized LC-ESI-MS/MS conditions were as follows: reversed-phase C18 column (150 x 4.6mm, 5um, Thermo
Syncronis), column temperature 25°C, the flow rate 500 uL/min, mobile phase 0.1% formic acid in water and 0.1% formic acid
in acetonitrile gradient, curtain gas 50psi, collision gas 2psi, ion spray voltage 4400V, GS1 40psi, GS2 50psi and temperature
500°C. According to the present method and conditions, the limit of detection, limit of quantification, and matrix effect were
also evaluated.

[Results and Discussion]:

In this study total 22 phenolic compounds were quantitated including eleven phenolic acids such as salicylic acid, p-coumaric
acid, ferulic acid and caffeic acid, ten flavonoids such as peonidin 3-O-( glucoside chloride, cyanidin 3-O-( glucoside
chloride, quercetin and (+),-catechin, a stilbenoid such as polydatin and an amino acid such as L-phehylalanine. The sum of
phenolic contents ranged from 0.03ug/g to 1,280ug/g. The mean of phenolic contents sum was 16.1ug/g and standard
deviation was 72.0png/g. In addition the results of the analysis were divided into three groups according to the some of phenolic
contents, top 10% group was distinguishable from middle 10% and bottom 10% group (p<0.05).
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Change of Fatty acids, Vitamin E, Phenolic compounds and Antioxidant Activity in Organic,
Pesticide-Free, Conventional Rice (Oryza sativa L.) depending on Degree of Milling
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[Introduction]

Rice (Oryza sativa L.) is one of the staple food and it contains not only source of calories like carbohydrates but also
antioxidant component such as phenolic compounds, fatty acid and vitamin E. Brown rice consists of husk, bran, endosperm
and embryo but used to fully milled to white rice, containing endosperm only, for mild texture. Nowdays demands of less
milled rice and organic rice increased because of their functional nutrients. This study aimed to compare the composition of
nutrients and antioxidant activity among different farming system (organic, pesticide-free and conventional rice) and degree
of milling (DOM).

[Materials and Methods]

Fatty acid and vitamin E were analyzed by GC-FID. Capillary column HP-INNOWAX (30m x 0.25mm, 0.25um, Agilent
Technologies) for fatty acid and CP-SIL 8 CB (50m X 0.32mm, 0.25um, Agilent Technologies) for vitamin E were used.
Phenolic compound was analyzed by LC-ESI-MS/MS and C18 column (150 x 4.6mm, Sum, Thermo Syncronis) was used.
Antioxydant activity was measured by DPPH-UV spectrophotometer at 517nm.

[Results and Discussion|]

In this study, total fatty acid, total vitamin E and total phenolic contents in rice had a difference in degree of milling and rice
type by farming system. All contents have high amount in low degree of milling and there was a large reduction from 7 DOM
to white rice. Fatty acid was rich in conventional rice, vitamin E was rich in pesticide-free rice and sum of phenolic contents
was rich in organic rice. Antioxidant activity was higher in brown rice than white rice. In white rice, organic rice had higher
antioxidant activity than conventional rice. DPPH free radical scavenging activity had correlation with phenolic compounds
and vitamin E as known as potent antioxidant. However, amount of metabolites is affected by various factors such as region,
variety, cultivation, condition and storage. Therefore, it needs to consider other factors.
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Comparative Study of Fatty Acids and Phenolic Compounds in Shiitake Mushroom (Lentinula
edodes) by Korean and Chinese Medium-based Bag Cultivation Method according to
Harvesting Cycles
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[Introduction]

Lentinus edodes (shiitake) is the second most produced mushroom in the world and has been used due to its unique taste and
flavor, as well as high amounts of nutritients. China is the largest mushroom producer in the world and shiitake is the most
commonly cultivated species. Shiitake is one of mainly consumed mushrooms in Korea, but many farms are using imported
Chinese medium inoculating spawn due to lack of technology to make sawdust medium for bag-cultivation. The goal of this
study is to compare the value of fatty acids and phenolic compounds in bag-cultivated shiitake sold in Korean market with
regard to harvesting cycle and sawdust medium origin.

[Materials and Methods]

A variety, L808 shiitake mushrooms were provided from two farms located in Jangsu, Korea. The mushrooms were harvested
four times each on Korean and imported Chinese sawdust medium. Fatty acids and phenolic compounds analysis were
conducted by GC-FID and LC-ESI-MS/MS system.

[Results and Discussion]

Major fatty acids found in shiitake mushroom were linoleic acid, palmitic acid and oleic acid. The content of fatty acids and
calculated values were significantly different with respect to harvesting cycle (p<0.01) and decreased with respect to
harvesting times (no trend) and the variation was large for each fruiting body. The factor, medium origin showed significantly
different only in the content of PUFA and total fatty acids. Shiitake mushroom cultivated on Korean sawdust medium
contained more PUFA. On the other hand, phenolic contents was not significantly different with respect to origin of medium.
The result of this study could provide useful scientific basic data in the event of problems related to marking of origin and
differences in functional nutrition according to the harvesting cycle.
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Cultivation Conditions for Enhancing Functional Ingredients of Sprout from Colored Wheat
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[Abstract]

Recently, interest in sprout crops using various varieties such as barley and oats has increased. However, in case of wheat, there
were disadvantages in that the growth rate was slow and the economic efficiency and utilization were reduced. In order to
overcome these disadvantages, this study was conducted on the selection of wheat varieties suitable for cultivation of wheat
sprouts. Also, we analyzed the various functional ingredients of wheat sprouts.

[Result and Dicussiong]

This study tried to develop a wheat sprout containing high functional ingredients. Among the korean 5 wheat cultivars(4
normal wheat and 1 colored wheat), Ariheuk (colored wheat) was the fastest growth rate. When grown up to 8 days, barley was
about 15cm, and Ariheuk showed a growth rate of 2.5-3.0 cm faster than that(17.5~18.0 cm).

Colored wheat sprouts had higher polyphenol and flavonoid contents then other normal wheat sprouts. Also, as a result of
comparing antioxidant capacity, colored wheat sprouts had higher antioxidant capacity. And this study evaluated the effect of
cold treatment on cultivation of wheat sprouts. As a result of comparing the growth rate according to the time of cold treatment,
the control group showed the fastest growth rate. The control group took 7 days to reach 15 cm of sprout length. In the case
of cold-treated wheat sprout, it took 8 days to reach 15 cm when cold treatment until 4 days. This growth period was not
different with barley sprout growth rate. Wheat sprouts, whose growth was inhibited under low temperature conditions,
showed a faster growth rate than the existing growth rate when the temperature was raised to 25 ‘C. These results indicate that
as a method for increasing the functionality of wheat sprout, when low-temperature stress was induced, growth was initially
inhibited, but the rate of final growth was not significantly different. During the growth of wheat sprout, cold treatment induced
stress on plants, increasing the content of polyphenol (0.780 mg/ml) and flavonoid (0.482 mg/ml) by 10-15% compared to not
treated group. In addition, antioxidant activity such as radical scavenging activity was increased by 5-10%. This increase of
antioxidant activity is expected to contribute to other functional effects. The method of cultivating colored wheat sprout with
the above contents can improve the functional composition of wheat sprout than the general cultivation method, so it can be
widely used for the development of various products including wheat germplasm.
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LC/MS/MDS S 0] 4311 2052 HAJSI9LIL, #ub4 48 242 SPMES o] 8510] #ib4 42 32 5 GOMSE o] §
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limonene, beta-ocimene, indole 5 85-2] S/ AJ-Z A5Gt FrEZol A e THala} o] 5ol whet g Ad+9]
Tl th2A Urehgth ohE RS TR Qs A E Y AR A2 105 S &2 e §lom mlu gk Al 7 229
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t}. o] gt 3H4ite} /g O] X}o|i=total polyphenol ggol 4] Zfol & KGO, 355 1g & 1Y £ F55-228.5mg, 414
2 F55-324.9mg 9] total polyphenol&- 375111 QUUTh 213} -5-0 = WA 7Ha Zofl= M4} o] f-83t 3=
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Change of Physiochemical Characteristics of Aromatic Rice (Sibrihyang) according to Mixing
Ratio

Young Eun Song'*, So Ra Cho', Hyun Ah Han', Song Yee Lee', So Hee Shin', Deok Ryeol Lee', Suk Ju Kwon'
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[Introduction]

The aromatic rice which is characterized by the flavor of popcorn-like when cooked rice, and its consumption has been recently
increased. The new aromatic rice cultivar, Sibrihyang, was bred from Jeonbuk ARES. It is necessary for the basis data to
develop rice products used Sibrihyang for increasing its consumption. For this reason, first of all, it was to investigate the
physicochemical characteristics to select proper mixing condition considering buying price and consumer’s preference on
aromatic rice, etc.

[Materials and Methods]

The aromatic rice, Sibrihyang, and milling rice used in this study are purchased from Daeya Rice Process Complex in Gunsan.
The mixing ratio of the aromatic rice on samples was set as 0, 10, 30, 50, 100%. The content of moisture, crude protein and
crude lipid of the rice according to mixing ratio were analyzed by AOAC method, kjeldahl method and soxhlet extraction
method. Also, The pasting properties, and texture properties of the rice according to mixing ratio were analyzed by rapid
viscosity analyzer, and texture analyzer, respectively.

[Results and Discussions]

The content of moisture and crude protein of the aromatic rice with different mixing ratio was ranged from 13.97 to 14.45%,
and from 6.82 to 6.91%, respectively. The crude lipid of the aromatic rice with increasing mixing ratio was decreased from
0.49% to 0.36%. Also, the whiteness of the aromatic rice with increasing mixing ratio was ranged from 40.48 to 41.35. The
water adsorption index and water solubility index for the mixing aromatic rice were higher at 80 C than those of at 50 C. The
swelling power of the mixing aromatic rice was increasing with the higher temperatures. The peak viscosity, trough viscosity,
final viscosity, setback, and pasting temperature with the increasing mixing ratio of the aromatic rice in pasting properties were
increased, respectively. The hardness and the adhesiveness of the aromatic rice with the increasing mixing ratio after cooking
the rice have a tendency to decrease. In the future, it will be to select the final mixing ratio by conducting flavor component
(2-AP) analysis as well as physicochemical properties according to the mixing ratio.
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Quality Characteristics of Black Soybean Sediments by Adding Low Sugars

Young Eun Song'*, So Ra Cho', Hyun Ah Han', Song Yee Lee', So Hee Shin', Suk Ju Kwon'
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[Introduction]

Soybeans which are rich in nutrients contain protein, fat, mineral, vitamin and have isoflavones, which are used as health
functional materials. In recent years, there is a high risk of adult diseases due to excessive consumption of sugar, which is a
tendency to avoid sugar. For this reason, products with adding low sugar as substitute sweeteners, instead of sugar have been
preferred in the market. This study investigated quality characteristics of black soybean sediments by adding with low sugars.

[Materials and Methods]

The soybean used in this study was purchased from Dooremael in Kimje. The black soybean sediments is prepared adding with
fructo oligosaccharide, maltitol and concentration of them was set by 0, 30, 50%, respectively. The quality characteristics on
black soybean sediments have been evaluated soluble solid content, chromaticity, total polyphenol content according to
different low sugars.

[Results and Discussions]

Black soybean sediments containing low sugars, fructo-oligosaccharide and maltitol were prepared, and their ratio was added
by 30%, 50%(w/w) of total sugar weight. respectively. The moisture content and crude protein of black soybean sediments
with adding low sugars were increased from 52.9% to 56.4%, and from 22.6% to 24.6%, respectively. Black soybean
sediments with increasing low sugars concentration were decreased both soluble solid content and calorie. The whiteness of
black soybean sediments was increased with adding of increasing low sugars concentration. The anthocyanin content of black
soybean sediments with addition of increasing low sugars concentration was decreased from 357.6 to 281.7ug/g. The total
polyphenol content of black soybean sediments with addition of increasing low sugars concentration was decreased from 2.12
to 2.04 mg/g, but total flavonoid content of it was was ranged from 0.93 to 0.95 mg/g. The antioxidant activity of black soybean
sediments with addition of increasing low sugars was decreased compare to control. From this result, adding ratio of low sugars
for black soybean sediments is proper at 50% fructo oligosaccharide.
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Effect of Roasting Process on Phenolic Compounds and Antioxidant Activity of
Peanut(Arachishypogaea L.) Hull Extracts

Min Young Kim', Byong Won Lee', Yu-Young Lee', Mi Hyang Kim', Jin Young Lee', Mun Suk Kang',
Bon Cheol Koo', Hyun-Joo Kim'*

'Department of Central Area Crop Science, National Institute of Crop Science

[Introduction]
This study was performed to investigate the influence of roasting condition on phenolic compounds and antioxidant activities
of peanut(4rachishypogaea L. cv. Sinpalkwang) hull extracts.

[Materials and Methods]

Peanut hull was roasted at different temperatures (160, 180, 200, 220, 240°C) and for different time periods (15 and 30 min),
and followed by analysis of total polyphenol content(TPC), total flavonoid content(TFC), luteolin(LT) and eriodictyol(ED)
content, and antioxidant activities.

[Results and Discussion|]

The highest TPC was observed at peanut hull extracts (321.60 mg gallic acid equivalent/g) upon roasting at 240°C for 30 min,
and increased with roasting temperature and time. TFC of roasting peanut hull increased up to 200°C(43.89 ~44.73 mg
catechin equivalent/g), and then decreased at higher temperature. In addition, LT(2.65 mg/g) and ED(1.76 mg/g) were most
abundant as accessed in peanut hull extracts upon roasting 200°C for 15 min. The radical scavenging activities, using
2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2'-azino-bis-3-ethylbenzothiazoline-6- sulphonic acid(ABTS) scavenging,
increased with roasting temperature and time. ABTS and DPPH radical scavenging activities of raw peanut hull extracts
increased from 120.27 and 190.13 mg trolox equivalent/g to 180.56 and 273.79 mg trolox equivalent/g at 240° for 30min,
respectively. These result suggest that roasting process is efficient method for enhancement of functionality in peanut hull, and
provide valuable information for the use of peanut byproduct as a functional materials.
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Correlation of Total Polyphenol Contents and Antioxidant Activity in Colored Rice Accessions
Collected from Different Countries

Seon-Yeong Im', Young-Ho Go', Joo-Un Park', Dong-jin Lee'*
'Dep. of Crop Science and Biotechnology, Dankook University, Chungnam, 31116, Korea

[Introduction]

Rice is the one of major food crop and serve as important source of daily caloric intake around the world. Therefore,
identification of promising traits (e.g. seed color and bioactive compounds etc.) in its gene-bank for production and breeding
is very important. The colored rice has been effective in suppressing aging, protecting eyesight, and increasing anti-cancer and
anti-obesity activities in body. These functions are linked with antioxidant activity. Total polyphenol contents are known as
materials activating antioxidant, so this study was focused on the correlation between total polyphenol contents and
antioxidant activity of colored rice.

[Materials and methods]

The colored rice accessions (648) were collected from 44 countries of 6 continents; majority of seed samples were obtained
from Asian continent (557 accessions in 23 countries). The total polyphenol contents and antioxidant activity in colored rice
samples extract (prepared using 80 % methanol) were measured using micro-plate reader. Total polyphenol contents were
calculated using a gallic acid standards and expressed as mg GAE/g DW; while the antioxidant activity (ICso. ug ml™") of
samples were determined using the method of the DPPH and ABTS" decolorization assay.

[Results and Discussion|]

The polyphenol contents in colored rice ranged from 0.01 to 5.83 mg GAE/g DW. Antioxidant activity in the colored rice
samples ranged from 83.76 to 1862.78 1Csy. ug/ml and 14.67 to 1303.00 ICsy, ug/ml. The relationship among antioxidant
activity (DPPH, ABTS") and total polyphenol contents was significant. In this comparative study among assay methods, the
correlation coefficient between the DPPH radical scavenging activity and the ABTS radical activity was significant at p<0.01
(r=0.186). Total polyphenol content was negatively correlated with DPPH and ABTS” corresponding to r=-0.146, r=-0.141
(p<0.01) respectively. DPPH and ABTS* was measured as ICso; the colored rice having lower ICs possessed high antioxidant
activity due to high poly phenol contents, which explains the inverse relationship between total polyphenol contents and DPPH
or ABTS". In conclusion, the total polyphenol contents and antioxidant activity in colored rice accessions collected from
different ecological regions were significantly correlated. Among all the tested rice accession, Kagawadangomochi (Local
variety, JPN) was the best accession, belonging top 10 % of total polyphenol contents, DPPH and ABTS".
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Resposes of Anti-inflammatory and Antioxidant on Adventitious Root Extracts According to
Platycodon grandiflorum Flower Colors
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'Dept. of Food Nutrition and Cookery, Woosong College, Daejeon 34606, Korea
’Dept. of Crop Science, Chungbuk National University, Cheog—ju 28644, Korea
SAGROLEAD Co, Ltd., Sinsan—ro 9, Jeju—si 63265, Korea

[Introduction]

The Platycodon grandiflorum (PG) that belongs to the Campanulaceae family have been used as a food material and a
traditional oriental medicine. The PG root have beneficial source of anti-inflammatory agents. This experiment was carried
out to identify the difference in the anti-inflammatory and antioxidant activity of in vitro cultured PG adventitious root
according to flower color and flower shape, including the green petal flower.

[Material and Method]

Adventitious root samples of different PG flower colors were provided by the cooperative research laboratory of this study,
Woosong Information College. In vitro cultured adventitious root samples were freeze dried and ground to a fine powder. The
powder was stored at -20°C, and used further for the analysis of DPPH radical scavenging activity, ABTS radical cation
(ABTSe+), nitrite scavenging ability (NSA) and evaluation of anti-inflammatory activity.

[Result and Discussion]

The DPPH and ABTS radical scavenging activity from in vitro cultured PG adventitious root extract showed that the increase
was proportional to the concentration. As a result of measuring the DPPH and ABTS radical scavenging activity, it was
confirmed that the PG extract of double petal purple color had the highest activity. The nitrite scavenging effect was the highest
at pH 1.2 in all samples tested. However, there was no distinct detection of nitrite scavenging effects of the pH range 6.0. NO
production tended to be more decrease in the sample of green flower and white flower of semidouble petal than the other
samples at all concentrations treated with PG extract. The dose-response trends followed quadratic regressions in all tested PG
adventitious root extracts. The PG adventitious root extracts showed an enhanced anti-inflammatory response in an
LPS-stimulated macrophage example following cure with PG adventitious root extracts through reductions in inflammatory
mediators IL-6, TNF-a and IL-1 3 production or a reduction in the expression of NO. The anti-inflammatory responses were
influenced by the dose-dependent manner and most of the studied extracts have potential activity. This study indicates that
bioactive molecule present in PG adventitious root could be helpful for the development of new drugs and /or as a source of
basic medicine in the treatment of some diseases.
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