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Molecular responses to waterlogging stress in sesame (Sesamum indicum L.) during early
vegetative and pre-flowering stage using RNA-seq

O Sang-Heon Choi!, Ku-Hyun Kwon!, Ju-Young Choi!, Hyun-Jin Jung'*,

Swapan Kumar Roy!, Soo-Jeong Kwon!, Hyen-Chung Chun?, Seong-Woo Cho?,

Yoon-Sup So!, Yong-Gu Cho!, Koki Homma* and Sun-Hee Woo!"

(*Chungbuk National University, Korea, *National Institute of Crop Science, Korea,

*Gyeongnam National Univ. of Science and Technology, Korea, “Tohoku University, Japan)
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Proteome analysis of sesame leaves in response to waterlogging stress at vegetative and
flowering stages
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*Gyeongnam National University of Science and Technology, Korea,

*Korea Basic Science Institute, Korea, ‘National Institute of Crop Science, Korea,

STohoku University)
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2. Diseases of Edible Oilseed Crops, (CRC Press) , p.291-325 (2015)

3. Diseases of Oilseed Crops and their managements, (Daya Publishing House) , p.69-94 (2019)

1. ZJH (Fusarium wilt)

SRR X Fusarium oxysporum  f. sp. sesami & \»> 5 RARE DT, F oxysporum DN, I 721F % 5hH &
HLRMMTT, MEREIIRCEDOMERIMZINDE 720, KOG R 7z40, M EFIZFER L, obIcES
ZIFBEEL Tk s (1), HEOBS X, 23 & HEEE Tl WEGYEC I L 2B L L
Ziclk, Rrl720 iR, HomIic LB, EEENORERS 2 2t 2WiE L (2), TETIRZ O
e e (~—7 4 xe—) ERPATHET, BRELEYICIE. TLROBSIFEGER RS,
WROBEZRDEOHGHL S £, FIWERIMORIL, HEZR T DM & 2RI E 7213500 G 3 2 ¢
¥R LET (3, JEEIT—MRIC TR TR T Z 2235, 8 2~ RO TNE 2 & m A i
HEInzzeddhh g3 (4), HETIISEERE CERFESIEZRE T 2 ENREE LI TET (5),

L MEYI OREE R - 220 & Bikk - (REBENBEHS) p.623-624 (1992)

2. Korean Journal of Plant Protection 26:25-30 (1987)

3. http://www.gengzhongbang.com/article-8654-1.html (F1[E D ZZEAFEF Web 44 )

4. Tranian Journal of Plant Pathology 42:117-123 (2006)

5. Acta Phytopathologoca Sinica (HE#fiEE2#Rk) 44 (1) :26-35 (2014)
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WROZbMNZ G R T EIUDREETH 5,

L MEVI OREE R - 2T & kR - (ERNEE 1 2)p.625-626

(1992)

2. JEREPEMEESENTZE 4:3-7 (2004)

3. Plant Disease 102 (10) : 2039 (2018)

4. J. Agric.&Env. Sci. Alexandria University, Egypt. 4 (1) :23-36
(2005)

Rhizoctonia solani \_& b &EZ 5N 3
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3. ¥ (Phytophthora blight)

JW R B (2 Phytophthora parasitica var. sesame &\ 9 RIRWTF, ELHXICE L MREANRKEDOEED
E ST CIRRBEICIGER L. &R I YR R L 123 o THEZE S 205 T3, ). BERRITKER
K (AR D KPR AIAATZ XD IR 2 3) OO S HEL 3, WBEIEEOLHAY & &
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1. Diseases of Edible Oilseed Crops, (CRC Press) , p.293-296 (2015)

2. Korean Journal of Plant Protection 21 : 211-215 (1982)

3. Indian Journal of Fundamental and Applied Life Sciences 1:185-188 (2011)

4, Korean Journal of Breeding Sciences 50: (3) 256-260 (2018)
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WxEEL, H EEPEEME T 2T, mOBR» ORI E CRE L £ 3, XoHEREIC et o
WAL, 2k EAICHEL CEORRBECAAY ., MYIZERL 3, MBS EORMERY & &
FHEIEARSE L F 9, RASE L 72 B I R R (R0 R 97, BRPE L2 CRIIRATHHZ,
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1. Turkish Journal of Agriculture and Forestry 33:477-486 (2009)

2. Phytopathogenic Mollicutes 5 (2) :74-83 (2015)

3. Diseases of Edible Oilseed Crops, (CRC Press) , p.307-311 (2015)

4. Indian Journal of Virology 21 (2) :133-139 (2010)

5. RUMEMERE ¢ v 2 — D AAMYIRY 7T -2 X —Ric X 5

6. BErifN (Alternaria leaf spot), ¥ED HJN (White leaf spot)
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1. MEY ofEd - 2 & kR - (RERNEES) p.622. p.626-627 (1992)

2. Diseases of Edible Oilseed Crops, (CRC Press) , p.303-307 (2015)
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W | Pseudomonas syringae pv. sesami &\ 5 #ll&, SALLEH 2 0R AL T 5, ETlImy et
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1. Diseases of Oilseed Crops and their managements, (Daya Publishing House) , p.83-84 (2019)

2. Pakistan Journal of Botany 41 (2) :927-934 (2009)
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Sesame (Sesamum indicum L.) Crop Production in Korea: Present

Status and Future Prospects
Sun-Hee Woo', Sung-up Kim? Hyen-Chung Chun’, Jin-Ki Park’, and Ki-Hyun Kim*

"Department of Crop Science, Chungbuk National University, Cheong-ju, 28644, Korea
*Department of Southern Area Crop Science, National Institute of Crop Science, RDA,
Miryang, 50424, Korea

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

‘Division of Crop Research, Chungbuk Agricultural Research and Extension Services,
Cheong-ju, 28130, Korea

Abstract

The aim of this paper is to review the importance of sesame crop production status in South Korea, present
situation and area of production, and future opportunities. Sesame is one of the most important high value oil
crops in Korea contributing high foreign currency. In addition, sesame oil is useful edible oil and has wide
application reports indicate that the sesame production is increasing from year to year which is mainly driven
by high current market demand and suitability of environmental factors. For instance, the recent five years
data indicated that the production rate is increased with increased area coverage of same years indicating a
yield gain from extensive farming system. The production is concentrated in Jeonnam province Gyungbuk
province of Korea. The presence of genetic diversity in sesame genetic resources, proximity of Korea to the
international market, an increased demand for Korean sesame, the presence of relatively high oil content of
sesame cultivars and suitability of environmental condition for sesame growth will give high opportunity for
Korea to improve the crop. Therefore, to increase yield potential and quality of sesame crop and achieve
better profit requires the collaborative efforts of all stake holders in capacity building on sesame crop
improvement and post-harvest handling of the crop, development of high yielding widely adapted cultivars
with resistance to diseases and pests, development of improved agronomic and management practices,

environmental clustering for high oil quality and creating a capacity to process the sesame and/or oil.
1. Introduction

Sesame is a very ancient crop thought to be one of the oldest oil crops known by humankind (Bedigian and
Harlan, 1986; Ashri, 1998; Fukuda et al., 1986; Osawa et al., 1985; Hanzawa et al., 2013)). Sesame (Sesamum
indicum) is an important oilseed crop that is cultivated for its edible oil, protein, vitamins and amino acids
(Wahid et al., 2007). Grown in the tropical and the temperate zones world-wide, the crop is gaining
significance in Nigerian agriculture for both seed production and the nutritional content of its leaves as a leafy
vegetable (Muhamman et al., 2008). Sesame flavor is also very popular in Korean cuisine. The leaves of the
sesame plant are also used in Korean food as a type of wrap, eaten with meat and other vegetables.

[ts research history followed three major periods viz. the “germplasm collection and genebank constitution”

era, the “classical breeding and genetics” era, and currently the “Omics” era. (Dossa et al., 2017). Sesame
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being the most important export oil crop in Korea, however, there is no adequate information available in
Korea (Kim et al., 2014; Lee et al., 1999). Therefore, the purpose of this paper is to review the importance of
sesame seed, production trend, challenges, potentials and future opportunities of the crop (Park et al., 2012;

Shim et al., 2010; Shyu and Hwang, 2002).
2. Current situation of sesame cultivation
2.1. Yield and area of sesame

Sesame is one of the most important oiled crops cultivated in Korea for sesame slat and sesame oil. Area of
cultivation of sesame in Korea was the most large in 1987 (94,300 ha), and it has been decreasing since 1988.

In 2018, it was 24,760 ha which is decreasing 16.6% as compared with previous year.

Cultivation area and yield of sesame by year
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Fig 1. Cultivation area and yield of sesame by year
Table 1. Region and yield of sesame by year
‘13 ‘14 ‘15 ‘16 ‘17 ‘18 Rates (“18/°17%)
Yield (ton) 12,392 12,158 11,678 13,575 14,258 12,727 -10.7
Area (ha) 23,184 | 28,370 | 25,139 27,170 | 29,682 24,760 -16.6
Yield by 10a (kg) 53 43 46 50 48 51 6.3
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Table 2. Area, consumption, net income and yield of sesame by year

Category 00 | 05 | 10 | ‘11 | 12 | 13 | <14 | <15 | ‘16 | <17 | ‘18
Area (1000ha) 443 | 34.0 | 27.1 | 25.6 | 25.1 | 23.2 | 284 | 25.1 | 27.2 | 29.7 | 24.8
Yield (1000ton) 31,7 1235 127 | 95 | 97 | 124 | 122 | 11.7 | 13.6 | 143 | 12.7
Consumption per personby | » | 1o | 50 | 178 177 | 195 | 2.03 | 1.86 179 | 1.78
year (Kg)
Degree of sesame self- |, | 53147 130 | 109 | 139 | 142 | 124 | 149 | 157
support (%)
Profit(A) (1000 won/10a) | 835 | 913 | 984 | 1,060 1,115 |1,338|1,306 | 1,269 | 1387 | 1179
Yield cost(B) (1000 won/10a)| 420 | 457 | - - - | 1506 | 1463 | 1470 | 1388 | 1322
Net income(A-B) (1000 | 7y 1 415 | 456 | - - | -167 | <157 | 201 | 2 | -143
won/10a)
Production output (1001 5 ce3 15 3341 2019 | 1708 | 1789 | 2180 | 1971 | 1878 | 2247 | 2298
million won)
Most cultivating varieties Gopum('05), Pyeongan('06), Gunbaek(’13), Gangan(‘14), Nuri(‘16)

2.2.Comparing yield of outdoor with green house

In Korea sesame usually cultivates outdoor using vinyl mulching or in green house after cultivating other
crops. Sesame grows at the same time as flowing, maturing, and vegetative growth. In outdoor cultivation has
low yield than green house because vegetative period and rainy season are same in Korea so sesame can be
exposed by flooding stress. However, in the green house, there is no low temperature of seedtime or after
ripening and water-logging stress or typhoon by rainy season, which are yield limited factors. As a result of

rain proof, there is 57% high yield in the green house than outdoor.

Cultivation area and vield of sesame by province
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Fig 2. Cultivation region and yield of sesame in Korea by province

2.3. Region

Most high yield province which occupies 23.9% of all parts of country is Jeollanam-do province and next is

Gyeongsangbuk-do province, Gyeongsangnam-do.
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3. Present status of sesame breeding

Many studies in sesame have been conducted in various ways in Korea. However, researchers were simply

conducted studies about productivity in past. Nowadays researchers are conducting various ways such as

high-quality oiled sesame, sesame for machine cultivation to decrease works, and sesame growing up well in

green house. Tables below are about current breeding variety sesame in Korea.

Table 3. Majority variety and feature of sesame for extracting oil

Cultivar | Yield . .
Year e (/i) Major features Adoptable Region
High-oil, high grain filling, high- antioxidation, lodging- .
1991)  Suwon 87 resistant, resistance-phytophthora blight All province
1993| Annam 86 High quality, lodging-resistant All province
. . . . All Province
1994 Osan 85 Short culm, lodging-resistant, rpachme adaptability, (except for Gangwon,
Double cropping Joi
(@) eju)
Yangbaeg 96 High quality, lodging-resistant All province
1995| Pungsan 89 High oil, disease tolerance (exce?‘ilfgo(\?];lrlll(rslegbuk)
1996 Seodun 106 Dairy, disease tolerance, high-oleic acid (exce[;tllfg:(g}ll?;legbuk)
2
) Namsan 95 Dairy, double cropping g}e;lllifgn;;?nbgli
1998 Seongbun 89 Lodging-resistant, high- antioxidation All province
(2) | Dasag 93 High grain filling, high-linoleic acid Jc‘i?;’gsgsfmbgﬁk
1999 Hansan 87 Double cropping All province
) | Pungnam 73 Low branch, multicausal, lodging-resistant, resistance- Jeollanam buk,
& phytophthora blight Gyungnam buk
2000 Namda 95 Big grain, thousand grain weight, Double cropping All province
(2) | Pungan 29 White color grain, disease tolgrancg, high grain filling, Southern arca
thousand grain weight
Nambeag g7 Medium flowering, D01.1b1§ cropping, Big grain, high- All province
2001 antioxidation,
2
& Naman 96 Medium flowering, White color grain, lodging-resistant g;if;;;:nbgli
. . . . All Province
2002| Sunbeg 103 Pure white color grain, High oil (except for Gangwon)
2
& Dubeol 108 White color grain, resistance-phytophthora blight Southern area
2004| Gangbacg 87 Sesame-oil, lodglng—re51§tant, res1sj[ance-phytophthora Chungnambuk, Gyeonggi,
blight, high sesamine Gangwon
2005| Gopum 9 Sesame-oil, shattermg of grain, machine adaptability, All province
high sesamine
High oleic acid, high sesamine, high- sesamolin, All Province
2006] Peongan » resistance-phytophthora blight (except for Jeonbuk)
2007| Milseong 98 High oleic acid, high sesamine, high- sesamoline All province
2008 | Youbaeg 110 Sesame-oil, high lignan Southern area
2009| Yangan 103 Low branch, White color grain, Sesame-oil All province
2011| Sangbaeg 106 Low branch, White color grain, (exceAp? fl:) rroég;cgewon)
2012  Youmi 106 Low branch, White color flower All province
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. . . a1 All Province
2013| Gunbaeg 119 Resistance-phytophthora blight, high- wilt disease (except for Gangwon)
. . . . All Province
2014| Gangan 117 White color grain, resistance-phytophthora blight (except for Gangwon)
. . All Province
2014| Jinyul 104 Brown color grain (except for Gangwon)
2016 Nuri 118 White color grain, res1st.anc§:—phytophthora blight, high- All Province
wilt disease (except for Gangwon)
2017 Geumok 123 White color grain, high- wilt disease All Province
(except for Gangwon)
Table 4. Major variety and feature of black sesame for health
Cultivar Yield . .
Year name (ke/10a) Major features Region
All Province
Yangheug 77.8 Black color grain, lodging-resistant (except for Chungbuk,
1995 .
2 jeonnam)
Gunh 78.4 Black color grain, resistance-phytophthora blight, All Province
unheus ' high- antioxidation, high protein (except for Jeonnam)
1997 | Hwareug 92 Black color grain All province
1999 | Sunheug 75 Resistance-phytophthora blight All province
Lodging-resistant, Black color grain, .
2000 | Heugsun 80 resistance-phytophthora blight All province
. . . All province
2002 | Manheug 93 Black color grain, resistance-phytophthora blight (except for Gangwon)
2003 | Gangheug 91 Black color grain, resistance-phytophthora blight All province
2005 Jinheug 93 Black color grain, lodging-resistant All province
2006 Miheug 97 High amino acid, resistance-phytophthora blight All province
2007 | Yunheug 100 Black color grain, lodging-resistant All province
2008 Sunheug 102 Black color grain, High amino acid All provinces
2009 Daheug 97 Black color grain Southern area
Table 5. Majority variety and feature of color-sesame
. Yield . .
Year | Cultivar name (kg/10a) Major features Region
Chungnam,
1995| Hwangbeg 89 Early maturity, disease tolerance, high oil Jeollanam buk,
Gyungnam buk
1998 | Manguem 78 Lodging-resistant, big grain Jeollanam buk,
& ging D1 e Gyungnam buk
2010 | Chamhwang 105 Low branch, white brown grain All Province
(except for Gangwon)
. L s . All Province
2014 Jinyul 104 Brown grain, high yielding ability (except for Gangwon)
. . . All Province
2015 Dodam 107 Brown grain, resistance-phytophthora blight (except for Gangwon)
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4. Future research prospective in sesame

There are various cultivation ways, variety, and cultivation features, however working before and after
harvest are highly dependent on human resources, so yield of sesame is low. Even if annual consumption of
sesame maintains about 96,000-ton, self-sufficiency rate of sesame is 10% because of domestic production
decreasing consistently. To increase self-sufficiency rate of sesame, researches and analysis are needed about
tenant farmer’ s cultivar ways, new techniques for sesame cultivation such as greenhouse cultivation, factor

decreasing production.

Table 6. Rate of farmers who compliance standard techniques by technology factor (%)

Continuous . Sowing | Planting | Vinyl Disease | Insect pest
Category cropping Variety period | density | mulching | control control
No. of farmers following
technical standard 77 22 73 8 4 69 48
No. of farmers
unfollowing technical 23 78 27 92 6 31 52
standard
Technical standard 1Year Imprp ved | Before | 15~18K/ Mulching More ! han | More ! han
variety 25/05 10a one time one time
Table 7. Rate of yield decline and influence factor decreasing yield by technology factor (%)
Continuous . Sowing | Planting | Vinyl Disease | Insect pest
Category cropping Variety period | density | mulching | control control
Yield decline rate 20 20 15 20 10 20 5
Influence decreasing 4.6 15.6 4.0 18.3 0.6 6.3 2.6
yield
Influence decreasing 7.9 26.9 69 | 316 1.0 10.8 45
yield index

According to demand for cultivation under structure, machine cultivation for solving decreasing labor by
decline rural population is increasing; researches about structure cultivation and machine cultivation are
needed. Short culm, ramule sesame cultivars are good for machine cultivation and, sesame in the green house
is the most vulnerable to powdery mildew, breeding a powdery mildew-resistant cultivar is needed.
Additionally, people concern for their health so that breeding a sesame cultivar which has high lignan. Though
there are some researches that colored-sesame has more lignan than uncolored-sesame and black one is the
highest having lignan sesame, more studies are needed about content of sesamin and sesamolin because when

sesamin is high, sesamolin is also high.
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Product ion mass spectra (MS/MS) c}
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No. 11989 p.150-153
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Introduction

Recently, the demand for the cultivation area of the crops has been increasing in domestic paddy fields. At
the same time, flooding in the rainy season is threatening with adverse weather. Waterlogging is a common
abnormal environmental condition that limits plant growth and productivity. Waterlogging is thought to be
one of the critical abiotic stresses leading to hinder crops yield including Sesame. This study was conducted

to investigate RNA expression pattern of sesame leaves under waterlogging stress.
Materials and methods

The seeds of sesame (Sesamum indicum L. var.Gunback) were collected from the RDA, Korea. Experiments
were carried out in a greenhouse of paddy soil condition. The seedlings were exposed to waterlogging stress
for 5 days at 2-and 10-leaf stage maintaining 2cm flooding above the soil surface. For transcriptomic studies,
total RNA of leaves were extracted using RNeasy Plant mini Kit. RNA-seq was performed using the extracted

RNA, and the differentially abundant transcripts were identified in response to waterlogging stress.
Results

As a result, a total of 4455 genes from 2-leaf stage and 5153 genes from 10-leaf stage were revealed to be
differentially expressed between normal and waterlogging conditions. Among them, top ranked differentially
expressed genes from 2-and 10-leaf stage were mainly involved in energy and metabolism, stress and defense,
and biological regulation. However, top five selected genes from both stage showed significantly differentiated
expression between normal and waterlogging conditions. In the 2-leaf stage, genes of 105166101, 105161472,
105160297, 105175684 and 105177942 were selected whereas the LOC105166101 gene showed an increase
in FPKM value from approximately 1855 to 3725 and induces cysteine proteinase expression. The
LOC1051756 gene showed reduced FPKM values from 5828 to 1893. The expression of LHC was decreased

by waterlogging stress, which is associated with the expression of chlorophyll a-b binding protein 21.
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In the 10-leaf stage, the genes of 105173924, 105166717, 105178780, 105178031 and 105177942 were
selected. In addition, the LOC105166717 gene, which decreased FPKM value from 6593 to 1080, was
associated with acidic endochitinase SE2-like, and it was thought that carbohydrate metabolism, amino sugar

and nucleotide sugar metabolism were inhibited by waterlogging stress.
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Introduction

Waterlogging is one of the major environmental stresses, and it is becoming frequently increasing
worldwide due to climate change, limiting plant growth, and thereby reducing the yield of crops. Sesame is
typically considered drought-tolerant but highly sensitive to waterlogging, caused by poor drainage, flooding,
and long periods of rainfall. Protein is an essential molecule that participates in enzymes that act as catalysts
for various chemical reactions in cells, hormones with regulatory functions, in vivo reactions and energy
metabolism. These proteins are very diverse in different kinds of plants and also in various organs in plants,
and the expression pattern varies depending on the growth stage of the plant and the environment in which

the plant is located.
Materials and Methods

The seeds of sesame (Sesamum indicum L., cv. Miryang 44) used in this study were collected from the
Rural Development Administration, Korea. Seeds were surface-sterilized with sodium hypochlorite solution
(5%) for 20 min. Then, seeds were washed with sterile deionized water and then placed into small pots for
germination in a controlled environment (25°C, 16 h day/8 h night, 150 pmol'm™?s™! light intensity) for 7 days.
During the ten-leaf (10-LS) and flowering stage (FS), the seedlings were subjected to waterlogging stress. A
control experiment was also conducted in parallel. For the physiological and proteomic assays, leaves from 10-
LS and FS were collected from the control and treated seedlings, rapidly frozen in liquid nitrogen and stored

at -80°C.
Results and Discussion

Waterlogging caused a significant inhibition in plant growth at both the 10-LS and FS (Fig. 1 A). After 3
days of waterlogging stress, stem diameter showed a significant inhibition during both the 10-LS (7.9 mm)

and FS (13.1 mm) compared to the control plants (Fig. 1 B). Chlorophyll contents and H,O levels in leaf
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tissues had a negative impact when sesame plants were exposed to waterlogging conditions (Fig. 1C-D). The
H.O; content increased gradually in waterlogged leaf samples, and the highest H,O, content (451.7 nmol. g'!
FW) was found after 3-days of treatment during the 10-LS. During the FS, significant increases in the H>O»
level (431.7 nmol. g! FW) of the leaves were observed at 3-days under waterlogging stress compared to the

control treatment (Fig. 1 D).
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Fig. Expression patterns of Sesame at the ten-leaf- and the flowering stage grown
under waterlogging conditions.

The comprehensive leaf proteome was performed during the 10-LS and FS to examine the molecular
characterization in sesame under waterlogging stress. Extracted leaf proteins were separated using 2-DE, and
the spot patterns were compared. The intensity of 20 protein spots from the 10-LS and 31 protein spots from
the FS differed significantly between waterlogged and control plants (Fig. 2 A-C, Fig. S1). An enlarged image
of a few the identified gel spots is shown to illustrate the changes observed in the differentially abundant
protein spots among the groups (Fig. 2 I-IV). However, reproducible protein spots were detected on 2-DE
gels in all three biological replicates from the leaves of 10-LS and FS (Fig. S2, Fig. S3). Only protein spots
with fold changes greater than 1.5 or less than 0.66 (p < 0.05) were considered differentially abundant
proteins. A total 18 proteins were identified from the 10-LS and 29 proteins were identified from the FS.
However, 2 proteins were found to be the same from both the 10-LS and FS (Fig. 3 A). Under waterlogging
stress, 20 (8 increased and 12 decreased) protein spots from the 10-LS, and 31 (15 increased and 16
decreased) from the FS were significantly altered (p < 0.05) compared to the control plants (Fig. 3 B).
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