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K- 4 5HK-means clustering) 7] ¥-& E-8-510] NDVICH§HA &8 717} 3 ~47jo] 24l o 2 Besla, 24 2
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202156 2023 8702 317t 7 E A ol A e =] L QL= 970 ¥ FE (o, QFE, nlaXin], 7, A ol dF, 9=
Zm], FE)E SRR, BoFAI(R15), iSERI(a/d) ol A Austod, 7t &80 At ) dS B71st o). ol =
54 24 o], 150} Aol A= 2H2 54U 3043 5 31 ol o] BTt A A El=30x15em &= Sal, §F i 3 ~5 24
o] sHATh AlBFEN-P,05-Ko0=9-4.5-5.7kg/10a= S+ O L 2] AgRe- X137 o] W E=A & whsieh 3
T80t AL FY I & AFRAREA 7 FEREA, 2012)0f) E5to] AT 20 S/ A )R] = =
E4-417|(Foss Cervietec 1625) =, Tl 2] ol off 2 A g0 712 914 24 7|(Foss Infratec 1241) 2 7 FiTh

A3 R 13

A&7 59 2150] Bt 7] 22234 CR A A1 5 7P 22 7128 71530 2 224 CR 7P Wt 557] A7t
Al A/ ETh 21520) Fat7] o] ot 52 B oI e S50l S HA AAo] A5 ARlshltt Sl Aghet
7l FEu HEAo Y tiAF S 2 7718 E 194 o] 99l FF50] Ao 2 ARl 7] 2ol 77k 230 5=
et

TEO] BRFE Tk A, Aol A 629, 539, 469kg/10a 2 71 ko, b n|ofie B, 215=0]| 4 531, 498kg/10a 2
7V Bk obs B, HHE2 Al Al BFoll A il ulEo] vlaA £3kom, ofhe] rdn|eei A E R 514, 475,
441kg/10a 2 H| 12| FE8lATh FoAIu|= Al A9 Aol A 7R 352 Au] A& 2tk

S AN E FF E71k BAIY 0l B2 A7 ol 88l o H, =2k A7] 7| Seof ol whet e 5o et v)o|
SFESHAT: i vl o] ofef Fo M= FF Aol E & o e, R v S vlalsly] el = o]t 2k A7
£ 7 F500 S 243l o] & Alfoll REgshes Zlo] B asit
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SZUF AT HTE)

[AE]
A oA 318 A AN A LAE, FLALAE), BIN(=BAE, =RA) 2 SelHl AHAKIS1410
fee ol gate] Eopel ul S elgh 7 Al Al A 0 Ak AMEA S EAFHAL.

(A= 9% 8]

& Al oA & A EF) A2 A2 2008 F Aol M =i she] 55 AFA(K 151410, =AY H 257 %, e
WA )2 s A AARLATE o A 20210 ZPE2- AR Fofl A 28] AR A7 24 o =2, () &f A
Zho] BHA|(K151410-H4, o]s} &1 2)) 1 At Ax=AQl ZAK151410-HS, o8} 7NTA2) )& ARSSIAT: S5 T4kt 4
A (e)Eadntol L A58 Aol A AA3E 105em x 30em F-HH A A2 20239 64 9 whFo1al S H I HE
= 6U 25U A3t A 775 Al 7|2l S skttt BoF 2233 Ful R R At BA = v
T2 AT 3 ET Aot (e ErtE, H2EE ) Al 9 #A1E E6l Bl el Al AR A ske] R
Z2201M A4ttt Hl2EF o2 BeES AT S ARSI AL LA A HE, olabdel, ol
255, 102 2572 21552 2~4RHE 0 2 ARSIt

(27 92 23

k2] Al tol| A o] 234kg/10a) A2 E<] 7HEA 2] 7 117kg, B 1A 2] 71 83kg O & T 235591 A2t 118kg 2} H]
AU ST HIEA] Aol A= AfehaE 124kg Kook /WA 2] 164ke, &T1A| 2] 130kg7F Bt 8-> = 4AIRE ZHATE
Trofl A 8 H AFH o] s/ ofl gt 214 Afol= IS, Bl o) mhE 23 50 {3} Al THp<0.05). = B
Zlof| thgk AL} A7 (H]S) TH 22 Ak I E K] ot 1M H o] Ak Zoli= 2 Al &(p<0.01) #F o2k
EoFv|E o) i {-24d(p<0.001)S B 8] o, Zulgl 317 of| A= o] 2} Z oo thi sl ATt AT *}0](16.4 ~23.1cm) 7} 21
] et AYFE AR AIE ol A= AR 2023 ~2.4g) 7F FA] EF o HISRE AR ol A= Atk 2.3g, 7
2] 2.8g, EI1A] 2] 2.5g 0. 2 AFATF R0 7} QISITH(p<0.05). Al 7] A2 A2 270 AFo] EAIH ol A &7t =2
EoFgH of| A AulEQl Ak o kA o] A UkRoll = ERekaL, AR 7 1A ) S ol Al o] F=7HAQl HFol Ha
off H3AT.
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H9] 471 et F 0] AH AR e n|X e F st @ olth 2471k BHT), £, 2

9l £919] G wron], TR Q1A A5 o] o)) HgH 0 2 2 AT, A F7HA Swok Aol mE el AlE

A7} 32 o] ol ck. FLol i AT 2UBER Q18] o4 12, AL, F., 7R} 22 o]A7]Afo] M3 dojukar g0
53] e, WFE 9ol W A A7} K|S 7170] skt Ik ShAIRE Ak o] uhE v A%

that e mlg sk oje} weiEl dTh WA Alow Bl

HAEA Kgol

(A= "3

A% FE2 AR s7 A ol ARk 4RE F51 Aol A W E dAlo] @2 Ak EAROIAIE ARSIt == 2
Az A7 228°C 270l A LA 14A17E, LAH100%)-2>PAR 7|5 700 =50l 4 7U7E S5t S 1 HE 11.228°C
(MAX 33/MIN 23)27] 2 #-2-22 C(MAX 27/MIN 17) 27, QAFEE th2(100%) 2 421 PAR 7] 2 160(20%) .8 A4
Q1A o] o] BHATHHTLL: T8+ 2%, HT: TLe-+Tj %, LTLL: A1 2+4] 2% LT: A&+t 2). o]} £72 1A 0 2
A8, 2Bl 2] AR 24, A Qe U U 2928 ZASACE S TR ol F 149 & AR A
2 223511 G EE 245k 241319} (Shon et al., 2015).
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(2% % 13

Z47] Mol Lwe} ol o] W ek 13 om, HTILL>-LTLL-LT>HT 0.8 10| 413 weo] #jle] %f3f
u] A= 0.2 ghehe| gk, £3], S elo)= Attt A A zo] B viztelA Wk sho] Aoy ¢ W 4Er} okl .2
S 0] Bel4 7haahs 7Rk B Gk Ek Selvlo]ol A= 4 o] 2E %714 Chlorophyll aokbe] 3
FfahA 725kt 5 94 FRHChlorophyll a+h) & 3w ol ZolSQick. oft= oy B8] 74 50| o=
22 Aol Wa T Jopiat o LX) Ftoll ARRS 1A 4 QLS A0 Belth Z4 wl §1A0] HEE Eado]of 4
e 710 stolelglon), Auka o Aol Aol A G B elol 7 At thu] AJS o] AsEmA] 4717k 4
T A2 SIsteTh 3 AR EA) theby GaRS E 4 Qs WA 714 S 22 AlelA Aol 2 BAls] 913
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9] 2] AL S HABEIL Z4 57 A G IS Fol7] Slste] chofat ARG AFEe] A 1 Qe ALRAE B WL St
o} o mafel] 23sto] 712 WS e F] ALH FHAS T AL ok, B AR 571 A o] 88 4= 9lo]
A7t FE51T 53] A4 W o ulgo] o} 7] o] 8 4 9z ofUi X 7PN s 7] el Al go R 94
S Aol Ak, 45717} 32 Tho] QI olol 5Ex1 34 gl Alakuiat o Az Ao A 471 b whE 290 5 s
of F8 542 WsknAl gk

(A= R 3

[e] o E S [e]
2979 MG ERI EYY LS 20}

o

17] $151e 3712021 ~2023)7F ol Al Ak 202, A, 247, T Aol
Seja 2700 2 Afsiaick 598 S SR ST ALEAL B4 7| ZRDA, 2012)0] E5te] 2, n’ ¢ 7
S E4), ABSE 2L 29 o] Ablel A BAL B4 53020l 2B ARA|S B 7 ARSI e
AIEE O} G510, pH, §71A(ZAL, 24, WS RIS, Flieg’s WS o] §3te] Af2e) ) 142 B7Fskct.

7

(23 92 23

‘2o [ 2 #2555 A (DT o 2930l 2749 1TYR R385 A @ 15Y) Hrf2d =
AT A= diu]EE e (4 € 30Y) Kok 13 W) <2 9] 272 98em R %9 (92em) Kot A%l om, m* T 7
22752702 <4 92(1,025 7)) Eoh A ik < 290 0] GAIB| &I} o] AHH]- 8- 747 15.3%, 42.3% 2 < 9(11.5%, 39.0%) K.
T} =gkr}, 200 o] 24| 7E4=2k3} TDN4ek2 7} 1,463kg/10a, 998kg/10a = < 5-(1,465kg/10a, 1,020kg/10a)2} H] 223}
Atk ‘2 AR FES 7R A3 pHE3.98 4 97(4.0) Ho o ek om {74 Skl BAE, AL AR 7t
0.24.%, 0.00%, 0.00% = *3-2(0.19, 0.00, 0.00)S} H] WL uff kO] H]-go] o7t =gt} 97| AL A A TS Flieg’s B
O 2 AAP A H4E B i 290 =81 1(1 69 22 253 A9 (797) Kok ot =2 45 vehillch ‘-2 =
717 wE Aed R 57H A 9T} o] & Al of| whet thefsiA 88 4 & AR AlEET
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ule e eluyel Ae] 330 2 1915 ]2 22 712 38.0kg 2 vl 71 Ao|L), FAN AR S 1% 9] 2 o
)] o)k ik, We thE SR ge] A|% F WSS o] §5to] thaRth /A EO.R Anlslal Lo, thEA
Q1 g Ao wet Wb e ey, e SR, ThE el o 8 PR B Wk S ALY F Uit
41%2 73 o] 2] o] chofat HR (AT, AT, £ 5)o] A3eHEE54 B 2ulehhE Slat AE o] 2 g.
ofol], SEATH iAok o] A 2RE T a A7 Exo] S5, AT ZHEA RS AR She & A stol
9 B39 B sk g,

RERRT

S o] IR EATHSUF LS A 91510l 342021 ~2023)2 49, o, TRk AT A A 2710 2 Al
Sholn, %, L, A0 Mool A el a2 O = Qs S92 SHS S EUEH SAB & ATRA A
FRDA, 2012)°] £510] 713, 2w’ 4, B47), S 52 Ak B 8 o]alet BHL Hel A R1E 0]
of A 5 AACC(2000) -4 hglel] Z5to] T, sl 2el, op 2 ekt A7 52 245k

23 9 73

S o) ub S T2 #5330 S (I e 29 o r 47|94 s 7= 244 16 90 5H 29U 2 57 tiv] =
T7194 <717 A =80tk AEA 2] 71= T9em = 5748 (78em) ) BIS25aL o] AF Zo]=8.6cm 2 ‘57 (8.0cm) Kk L]
Ok et 1 s A4 771 m AP 31 e =, 57 thm] ZF lom/7), 4% W, HAYPF5-247.0g 02 57 (47.7g) tiH|
0.7g 2Rkt o] ATk <FHa o] s=Ro- M &of A 585kg/10a, Tl Ztoll A 511kg/10a= Hat 548kg/10a2] =wkA)-S LFER
of ‘57 thr] 9% STk =52 0.8 2 “F7H(1.3)” thH] A SkRlar, b A3 Al Aol A Al IAR=E0] 51.5%
2 A (53.9%) T} V]5Bl AT S| SHIOLE-2 39.5% 2 B7F(29.7%) T} vleaol o] oFgich ‘g o] A R8-S
69.7% 2 ‘57 (72.8%) HB] WAL, S| & o2 0.41%= “57(0.40%) 1} W] S5t W7EFo Tl ke 7=
Z2¥7110.8%, 56.0ml 2 “Z7F tjH] 0.5%, 12.7ml Fe}al, opd 2 A $HE2-25.5% 2 ‘271 (25.8%) 1} vl 551t HE A&+
7 o] Shal gt A A7 R 22H0.5%, 11.0ml 320} ol 2)geh B2 542 Lhehiick ghe o] 2w 713y 9ot
A 7LD =831 2 57 (79.4), “A574(79.3) tB] HH4aL, 42 H O A= 14.2mm = 57 (13. 1mm), ‘A=
7 (11.5mm) o] 4172 o] e-=5}3ict
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20243 SH252313| ZABACHS]

SW Y M2HE = ‘SIS FSor2’el |7|Ae £4

=11 1 =1 1 =1 1
w3, Hsw, AlRA, o, b=t

RE

S ol A W) (Seraria italica) = 2.8 FEAEC] SR 71 A} S}Afel = B} T Abakt Ehgo] A9 gz Aol
A LG BHnk oA S AeE WET318576, o5t S22} AT = A 4 Aol vEK281410,
olst Bt )2, EoFe] u] STt & A Aol A 0 F AT} AHEA S AT,

RER R

A el ] FT A A HSCETOH) Aol H A2 T T v S A HelF RS AL
$3t%}. ZEotelFBokel) e AT o UG x| ool A elsh o H A vl 2 Afeh S ) Helstol mE AL AL
STt B AThi = S A oA opol ATt $5 Bk A (9 FA o] @ A7 A1
ol 4] A2 105em x 30cm FEEA A2 20234 629 755k FHe 5526225 A A5ke] FEHAI7HA £
71359} Al 720l 2 Trelohelch, Eok 2 3Rk el Al BOE e EnkE, Baste] 5) A W 542 B v =t
2o ARG, oA L At 51 Sroleh AR AR G W A 1, olAbzol, FRolAr, T £
S 100 £ 34E 31052 FE5to] 3318 2tk

(B3 € 23
g w25 BSR4 AHuigh Aaf, 782 5= A2, ZEotbe], Afrhu] 7} 134, 132, 104cm = A2 F-o] th 2E5(4th
H)E e} 7|71 ZeH(p<0.05). o] AF Aol= =t Ael, Z=otke], Aehd] 224.6,21.9, 25.5em = AFoh| 7F 78 A A, 7214
Atol= YIRlEE 75 o = T2 A2 (3.3) 2 =0k (3.7) 7 FrAks kAL, AFehel(2.7) Hrk AR F-0) /3-8 ik =1
THE s, A=ota, Arh] 2H72.8, 69.5, 59.0g © &2 Atk 7L 7 AR o) 3b= gl A2 5= A,
ZdEoke], At 2+2.60,2.12, 2.68g 0 = ZFEote] 7} 7P W TH(p<0.05). THHA T 22 72 5214 2(230kg/ 10a)
o} ZF=o12](220kg/10a)7F AehH|(187kg/10a) o} =9k O LF A1 2 -2 k= $ ATk AT | A AR Al w2 270 A}
HE ST~ TFT o= FHUF A A eE5 b Hot 34 SHollA sl ou 717 AA =89 9184
= 2=tk
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1 > 1 = 1 1 1 1 =1 =12
AFA*, Zo&!, skl ARIRE, oA, o]FY, AFY, 49
'EHEC HTA FYT 2FS /122 46 EHEC Y|
PEHEE HFA MR BOZ 1, S20istn AZXEn}

RE

) APl 78, A1), o], oS WA, 428t 5 5 Eelo] e ko] b2 2Hewh ul e & v 51te) o] 7] A|5HE-2-98.6%
2 09 etk SEAIRE 5EQ1 0] 7 18t 50| tieto] B7]eli S 9lor o] F Fus}] SlslAE FREAYIS,
uleo] ] 7]4be] QLB A s 52 ARHeto] 7ol A58t AW s e Adshs o] o] By} Hoof gtk i gl @4
ol 1] % AlElE A

of ulo] 8 WG7]ol GAHS Fdstol GATlolEle} Al ujkte] AT ARG BASIolT,

A= 23

EAEL2 THEE B B30 X3t s ol A AAIstitt @42 ths A EY o|u A 7]55 7H21 1/2.9914]
CMOS A4 7} QL= 67119] 7h| 27} 521l =2(P4 Multispectral, DJI, China)-2- 285101 Al HA|E 3 1] #9715
gH118m gl A Gt 4= 2871, 971, 571, 5571 5 430 AA 4=3ste] QGIS w4 221
(http://www.qgis.org)2- ©]-2-3[ 4] RGB ©|0| x| 4| 4k& =510 AAJX|4(NDVI: Normalized difference vegetation index)
ofeel e Aoz kst

NDVI = (Rn-Rg)/(Rn+Rr)

(23 L 23

R A AJH|epo] WEgE WOl AL, 4| &S Wol Atk Ads Alu o] Bhe4E A 4eke Z7ksgl o m. )
| Sl BAPI R Alu|eo] BEAE S7HSHe A9e R erh obis s gt AjR)e A2 2hol 2jo| 7t glola, $hAn]
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Synergistic Effects of Pseudomonas gingadonensis NZ 1 and Silicon Application to Alleviate
Drought Stress in Oryza sativa L.

Nazree Zainurin', Muhammad Imran®, Sang-Mo Kang', Md. Injamum-Ul-Hoque', Peter Odongkara', Shifa Shaffique',
Eun-Hae Kwon', Ho-Jun Gam!, In-Jung Lee!*

'Department of Applied Biosciences, Kyungpook National University, Daegu
%Bjosafety Division, National Institute of Agriculture Science, Rural Development Administration, Jeoniju

[Introduction]

Drought has caused severe impacts plant growth which results in lower crop yield. The use of plant growth-promoting
rhizobacteria (PGPR) and bioactive compounds such as silicon has become a prominent subject over the last few decades to
improve plant tolerance against abiotic stressors. This study aims to observe the synergistic effects of PGPR and Si to mitigate
drought stress in rice.

[Materials and Methods]

For this reason, PGPR Pseudomonas qingdaonensis NZ1 was chosen due to its high potential of plant growth-promoting traits
such as exopolysaccharide (EPS), siderophore, indole-3-acetic acid (IAA), salicylic acid (SA) and phosphate solubilization
along with significant tolerance against drought stress based on its screening result. The study was conducted in a growth
chamber with fixed setting in a period of 6 weeks, with the use of PEG-6000 to imitate water-scarce conditions. PGPR and Si
was applied 4 weeks after germination via soil drenching method.

[Results and Discussion]

Combination of NZ 1 and Si on PEG-6000 induced drought conditions on rice showed improvements in morphological growth
and macronutrients content. This could be explained further through lower levels of reactive oxygen species namely hydrogen
peroxide and superoxide anion by 10% and 26%, respectively, with hydrogen peroxide accumulation was visualized through
DAB staining methodology. Antioxidants levels such as catalase (CAT), reduced glutathione (GSH) and superoxide
dismutase (SOD) were found to be increased, by 15%, 14%, and 23%, respectively. Phytohormones abscisic acid (ABA)
levels were reduced by 25%, with jasmonic acid (JA) and salicylic acid (SA) levels were up regulated, by 11% and 26%,
respectively. Based on the current study, combined application of NZ 1 and Si have been shown to mitigate the detrimental
effects of drought conditions. Although multiple trials must be conducted to ensure its effectiveness, its preliminary results
provide exciting feedback for it to be adopted in combating drought stress in plants.

Keywords: Drought stress, sustainable agricultural practices, plant-microbes interaction, plant growth-promoting rhizobacteria,
silicon
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o] Agta S AAsh] ARt AE2 AL Qle Az ojikeieka J5= 52 Ad=eeuhy i) 106 of
1,000kg/100m 2.4, Bhax #7125 9f5to] 22|31 2z 2 F7HFAth( @81, 2019). Alute S8|2ka= A 7122 9] <148
Y AEZRE A, Blo] 2 A= A 0 2 2859 of 2 o] & Al gedth 2 Aol A Al of 2 e A SAdol|
7|4kt ARk HAR] o] 2|4 7he ek 5 A2 Aol A A] AR Agkas Al 7| e AEstaiAL sHAAL AESEAA =
A7ledolM 2 vhol el AT AT HE-E F1E 2 ST AU AlS T B o] 93t AleS AEstast

shaick -
A2 L )

AESHAR =5 A7 s dol ST AVUZ AlE 5 =dHo| 6483} Q15 F1 1415 ARSIt 22 =3
AR AT SFTAUZ A BET LT R EO] S Ch 2R St AW EFL ARSI, T T
Bego] gt Ale-S Al ko] A A, 339 BE 12 Al o AlSkeka RS BAISIITh AR S =
7 A, AEds DA, 242 AW o 2 7 E A7), 2172 A1 O 2 HE 15em ool A] 7 F7A8 Fi
& 2T, ABEE T 5 120207 S8telo] AT, HeHY RS S| Plsto] ARAABIE 24 7|(FP
110, Fluorpen, Czech)E AME-510] Tk & 50U 5] 120€47HK] 7Y 744 6 2 AlEE 3334 7-8(Phenomenological Energy
flux/Cross section)= #4435} ). 24 5 df|o]E]+= Stirbet and Govindjee(2011) 2] ¥ of] &J 3]l JIP-TestE 4~3§5} 5Tt o] At
Shehas AR 2(2013)2F-2(2022) Fo] AETi} B kS 7RO &2 =3t WS ARSIl AL, BhAs Sk Qi =
71& 25 ARESHE o1, CN Y4 B4 7|(NDA 701, Analyzer, VELP Scientifica, Italy) S 28515 ch

EER L

ABzo <A 7} 767kg/10a, F1 A% JB7727} 746kg/1020] Q1 2L, E¢iuo] A= 3 IB31580] 891kg/10as “Atj’ tju] oF
15% 7] Lebeteh, AUEe] 71852 5719] 73(0.65) 2 ATHIAE £9k51, 2742 24 A%Fo] 39.5mm gl
35.mmEch OF 13% FAUC BPH RE BHS R4 FRUSAS F AU TR Bk
PI(Performance Index) -3 E--31913, S o] A% % IB31510] ) tu] oF 15% %7 Lhepgteh. o] Alskeie 1A
©ABFI YA EE B AT 0O R S AT F Fou gz o) AT Atste] AT 84 AES o]4b
Sleba A ERS IB31580] 1,370kg/10a2 <o)’ 1,178kg/10a thH] 16% =bc). whaha] KAk 43} s3atA a8 121l
oliksheba WY 58 FUH 0.8 welsto] Selulo] A% IB3ISES AUsteck

S5t o] AkBhek TA R} ehA A AR EI WA B RS 7|UE0 R AR AU 475 0] 247H1,143~1,370kg/10a,
41.8~423% =, ©A11H G890 =2 24 4L’ 704kg/10a, 40.5% 2 Tf ©4 14 37} =315t

*Corresponding author: E—mail, camry0612@korea.kr Tel, +82—63—290—6038

-62-



Effect of Climate on the Yield of ‘llpum’ Rice Cultivar in Gyeongbuk Province, South Korea
over the Past 30 Years
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[Introduction]

‘Ilpum’, a Korean short-grain mid-late maturing rice cultivar, was developed in 1990, more than 30 years ago. Despite its age,
it has been the most widely grown cultivar in the Gyeongbuk province of South Korea for more than 30 years, making it the
most important rice cultivar for the people of the Gyeongbuk province. The aim of this study was to analyze the relationship
between the rice yield of “Ilpum’, the main rice cultivar in the Gyeongbuk province, and climate elements in the Daegu
(southern plain area) and the Andong (inland mountainous area) regions in Gyeongbuk, South Korea.

[Materials and Methods]

This experiment was conducted to clarify the effect of the air temperature and sunshine duration during rice growth period on
yield of rice cultivated in Daegu (southern plain area) and Andong (inland mountainous area) region of Gyeongbuk province,
Korea from 1994 to 2023. ‘Ilpum’ a mid-late maturing rice varietie was cultivated by standard cultivation method for rice.
Seedlings were transplanted to the experimental plots on May 20.(Andong) and May 30.(Daegu) at a spacing of 30cmx 14cm.

[Results and Discussion]

The rice yield over the past five years increased by about 6% and 24%, compared to that produced in the late 1990s in Daegu
and the early 2000s in the Andong region, respectively. The faster heading and the number of panicles per hill significantly
affected rice yield in the ‘Ilpum’ cultivars in the Daegu region. The faster heading was a factor in the increase in ‘Ilpum’ rice
yield in the Andong region. The air temperature has been rising and sunshine duration has been increasing from the late 1990s
to present in both regions. Rice yield was evaluated to understand the effect of climate factors. The rice yields increased owing
to the long sunshine duration during the grain-filling stage in both regions. In Andong, increasing the temperature during the
vegetative stage increased rice yield. Rising air temperature during the reproductive stage also increased rice yield. In
particular, long sunshine hours throughout the whole rice growing period increased the rice yield of this cultivar in both
regions.
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Enhanced Resilience of Cabbage to Salt Stress: Synergistic Effects of GSNO and Melatonin
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[Abstract]

Salt stress poses a significant threat to crop productivity by disrupting growth and development processes through the
overproduction of reactive oxygen species (ROS) by sodium chloride (NaCl). While nitric oxide (NO) and melatonin are
known ROS scavengers, crucial for plant growth. However, their roles and interaction in mediating abiotic stress responses,
particularly in cabbage plants, are not fully understood. We aimed to explore the synergistic protective effects of
S-nitrosoglutathion (GSNO) and melatonin against salt-induced oxidative damage in cabbage crops. We observed that their
combined application effectively reduced oxidative damage in cabbage plants in terms of hydrogen peroxide,
melondialdehyde content, electrolyte leakage, by enhancing pigment content and modulating enzymatic antioxidant activities.
This led to decreased levels of ROS and improved salt detoxification processes along with preserved ionic equilibrium.
Additionally, the joint treatment upregulated the expression of stress and salt marker genes, indicating enhanced stress
tolerance.

Our findings highlighted the synergistic potential of GSNO and melatonin in bolstering salt tolerance in cabbage plants,
underscoring their promise as valuable tools for improving crop resilience in agricultural settings.

Keywords: Nitric oxide, S-nitrosoglutathion, melatonin, abiotic stress tolerance, reactive oxygen species, and relative gene
expression
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Prohexadione-Calcium Mitigates the Overgrowth of Corn Seedlings
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[Introduction]

In the temperate climate of South Korea, specific corn varieties are cultivated using plug trays. The cultivation process is
initiated from February to March within greenhouse facilities, maintaining a temperature below 10 degrees Celsius. Following
this, in April, seedlings are transplanted to enable an exceptionally early harvest for increased profitability. However, the
subsequent elevation in indoor temperatures leads to seedling overgrowth. This study explores the effectiveness of three plant
growth regulators—paclobutrazol, prohexadione-calcium, and diniconazole—on super sweet corn seedlings.

[Materials and Methods]

Commercially available growth regulators containing 5% DIN, 0.39% PBZ, and 20% Pro-Ca as the active ingredients were
evaluated in this study. Each chemical had two concentration regimes (100% vs. 200%) with the untreated control. Chemical
solutions were applied at a volume of 50 mL for each 162-plug tray when seedlings reached the one-leaf stage. To determine
the optimal concentration of Pro-Ca, a hybrid cultivar, Geumdang, and an inbred line, PNS42w, were planted on 10 June 2022,
and nurtured in the same methods as before.

[Results and Discussion]

Significantly, the application of prohexadione -calcium at 2 ppm during the first leaf stage substantially reduces seedling
height and impedes the growth of both the first and second internodes. This impact extends to leaf-related traits, manifesting
reductions in the area, length, and width of the third leaf. Furthermore, prohexadione-calcium induces a significant decrease
in both fresh and dried shoot weight, while simultaneously augmenting root weight. This alteration results in a noteworthy shift
in the root-shoot ratio, particularly at 2 ppm. Subsequent experiments have identified the optimal concentration of
prohexadione-calcium at 15 ppm, effectively mitigating overgrowth in both hybrid and inbred corn varieties. These findings
provide essential insights for practitioners seeking to efficiently manage corn seedling overgrowth. The study contributes to
understanding the retardant effect of prohexadione-calcium on various morphological traits, offering practical applications for
optimizing plant growth regulator concentrations in corn cultivation strategies.
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[Introduction]

Rice is one of the major food crops worldwide, and when it is lodged due to strong winds, the quantity decreases and the quality
decreases. For this reason, in order to reduce the decrease in the number of rice due to lodging, a study was conducted to reduce
the elongation of the rice stem and develop a chemical that can make the stem thick. Plant growth retardants are also widely
used as a method to reduce the decrease in the quantity of rice. However, side effects such as a decrease in the length of rice
panicle and incomplete heading discharge are occurring due to the misuse of plant growth retardants. Therefore, this study was
conducted to establish the correct plant growth retardants treatment method for rice lodging reduction. And for this purpose,
we first investigated the effect of treating plant growth retardants in rice seedlings.

[Materials and Methods]

Grains of rice (O. sativa L.) cultivar I[lpumbyeo were obtained from the Gyeongsangbuk-do Provincial Agricultural Research
and Extension Services, Korea. Rice seeds are surface-sterilized and then soaked in tap water, put in an incubator chamber at
32 C for 2 days, change water every 12 h till the seeds germinate. Uniformly germinated seeds are selected and put into growth
pouch. Six seeds were placed in growth pouch, and each treatment was repeated five times. Two plant growth retardants,
prohexadione-calcium (1%, PC) and hexaconazol(1%, HC) were treated to rice plants. The concentrations of each plant
growth retardant were as followed: PC 0.25, 0.5, 1 gL and HC 0.05, 0.1, 0.2 g-L™", respectively. Using tweezers, seeds were
placed with the embryo side down at specific positions in the growth pouch and 40 ml of plant growth retardants solution were
poured into the growth pouch. Rice seedlings are grown in a growth chamber with a 24-h light (28 C) photoperiod and 80%
humidity for about 3 weeks. The growth traits including plant height, leaf number, root length, root number and dry weight
were determined after 3 weeks under treatments. The shoot and root were dried at 90 “C for 2 h and 60 “C for 2 days in an oven.

[Results and Discussion]

The plant height was reduced by 44.1% to 60.5% in PC treatment and 7.4% to 25.6% in HC treatment than control. Compared
to the control and HC treatment, the plant height was clearly reduced in PC treatment. The higher the concentration of PC
treatment, the higher the effect of reducing plant height. Leaf number, however, was investigated to be no difference in
treatment. The root length was reduced by 18.6% to 46.2% in HC treatment and 24.4% to 34.9% in PC treatment than control.
The shoot dry weight was reduced by 35% to 45% in PC treatment and 10% to 25% in PC treatment. Root dry weight, however,
was investigated to be no difference in treatment. From the above results, PC treatment did not differ in leaf number, but the
plant height was short and the shoot dry weight was lighter, so the shoot growth was suppressed than the HC treatment.
However, HC treatment inhibits root growth rather than PC treatment. Additionally, the effects of plant growth retardants PC,
HC treatment on rice lodging, quantity, quality and plant hormones will be investigated.
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[Introduction]

Recently, rural areas are aging with a decrease in the inflow of new rural populations. So, they are experiencing a labor
shortage. In order to solve this problem, mechanization and automation technologies are developed and actively applied.
Although the mechanization rate of sowing and harvesting in the cultivation of field crops is high, the automation required for
cultivation management is still insufficient. Due to the lack of mechanization and automation, the scale of field crop
production is also low. In this test, it was carried out to demonstrate cultivation technology for stable production and scale of
field crops by applying precision management automation technology to cultivation management.

[Material and Method]

The soybean variety used in the test used a Seonpoong suitable for mechanized cultivation. Among precision water
management technologies, underground water irrigation was conducted in the field, and it was buried at a depth of 40 cm at
1.4 m intervals, and a soil sensor was installed at a depth of 20 cm to measure moisture and nutrients. Water was irrigation at
the level of 20% of soil moisture. Underground water level control was buried at a depth of 60 cm at 3 m intervals, and pumps
and water level sensors were installed in the collection well. The ground level was set and managed at 30 cm. Mechanical
sowing was carried out in two rows of 1.4 m x 20 cm. Growth investigation were conducted one month after sowing.

[Result and Discussion|]

In the underground water level control area, the plant height was up to 10% larger, and the condition at the beginning of growth
was stem diameter thinner in the treatment area. The number of branch was small in the underground water level control area
in the early stages of growth, but the number of branched water in the late stages of growth increased by 23% compared to the
untreated area, and the underground irrigation test area was less than the untreated area in the growing season. The yield per
10a increased by 16% in all treatment areas, 100 seeds weight 5% heavier in the underground water level control area, and the
number of seeds, seeds weight, and pods per individual was the most in the untreated area. Through the results of this study,
we intend to establish a stable production technology for the production of fields.
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[Introduction]

Due to climate warming, the optimal transplanting dates for rice in the Central Plain area have been delayed by 10 to 21 days,
now occurring from early to late June, significantly later than traditional guidelines suggest. This shift necessitates the
development of new cultivation technologies that are adapted to these altered planting windows. In response, a study was
conducted to determine the optimal nitrogen fertilizer rates that can maximize the quantity of head rice under these new
transplanting conditions.

[Materials and Methods]

This study was conducted in 2023 at the rice cultivation experimental station of National Institute of Crop Science in Suwon,
located within the Central Plains region of Korea. The early-maturing Haedeul was mechanically transplanted on June 20,
while the mid-late Samkwang was transplanted on June 9, both using 30-day old seedlings. The nitrogen application was
varied across five levels (5, 7,9, 11, and 13 kg/10a), with application timings divided into basal, tillering, and panicle initiation
stages at ratios of 50-20-30%. Phosphorus and potassium were applied at standard rates of 4.5 kg/10a and 5.7 kg/10a,
respectively. The planting density was fixed as distance of 30x14 cm and five seedlings per hill.

[Results and Discussion]

The results indicated that for Haedeul, the yield components did not show significant differences across the nitrogen levels.
However, for Samkwang, significant variations were observed in the number of panicles per unit area, grain number per unit
area, and grain filling rate, all correlating with the amount of nitrogen applied. Notably, the number of panicles per unit area
increased with higher nitrogen levels, while the optimal grain number was observed at 9 kg/10a. Conversely, the grain filling
rate decreased as nitrogen levels increased. For Haedeul, optimal yields were observed at nitrogen levels of 7-9 kg/10a, while
for Samkwang, 9 kg/10a was optimal; however, higher nitrogen levels (N11, N13) led to lodging issues, thus reducing the
cultivation stability despite higher yields in the first year. The study showed that both varieties demonstrated significant results
in terms of head rice yield, suggesting that multi-year studies are necessary to determine the optimal nitrogen levels to
maximize head rice yield under these new cultivation conditions. Further trials are needed to refine these recommendations.
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[Introduction]

As aresult of climate warming, the optimal transplanting dates in the Central Plain area has been shifted to early to late June,
10 to 21 days later than the existing guidelines. It is necessary to develop cultivation technologies suitable for the shifted
transplanting dates. Therefore, a study was conducted to identify the planting density that maximizes the quantity of head rice.

[Materials and Methods]

This study was conducted in 2023 at the rice cultivation experimental station of National Institute of Crop Science in Suwon.
Two rice varieties, Haedeul (an early maturing variety) and Samkwang (a mid-late maturing variety), were evaluated under
different planting distances and number of seedlings per hills. Haedal was transplanted by hand on June 19 and Samkwang on
June 8, using 30-day old seedlings. Planting distances were set at three levels: 30x14 cm (80 plants/3.3 m?), 30x18 cm (60
plants/3.3 m?), and 30x12 cm (90 plants/3.3 m?), with 3, 5, and 7 seedlings per hill, respectively. The experimental layout was
a split-plot design, with planting distance as the main plot and seedlings per hill as subplots, each replicated three times.
Nitrogen was applied at 9 kg/10a, split into 50% basal, 20% at tillering, and 30% at panicle initiation stage.

[Results and Discussion]

The study revealed significant differences in yield components between varieties and planting densities. For Haedeul,
variables such as spikelet number per area, grains per panicle, and brown rice 1000-grain weight varied significantly with
density, though total grain number per area and grain filling percentage did not. Conversely, Samkwang showed reduced
grains per panicle with increased spikelet number per area, with highest grain numbers in denser settings but lower grain filling
rates. In the first year of investigating optimal planting densities suitable for varying transplanting dates, the study concludes
that both Haedeul and Samkwang achieved optimal results at a planting density of 30x14 cm (80 plants/3.3 m?), with 5
seedlings per hill. Additionally, Samkwang showed favorable outcomes at 30x12 cm (90 plants/3.3 m?), also with 5 seedlings
per hill. These results highlight the necessity of tailored agronomic strategies to maximize rice yield and quality, considering
the interaction between genotype, environmental conditions, and cultivation practices.
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[Introduction]

Vicia hirsuta (L.) Gray is a wild species commonly found in Korean forests. It is a member of the Vicia genus and grows
naturally in Korea, with a shape similar to that of hairy vetch (Vicia villosa Roth). Vicia hirsuta (L.) Gray is mainly used as
a green manure and cover crop in Korean agriculture, greatly improving eco-friendly organic farming. Most crops were
improved and bred from wild plants in the forest. Research on crop wild relatives (CWRs) is important for conserving and
exploiting the genetic diversity of crop. In this study, we aimed to identify unique expression patterns and flooding-resistance
genes in Vicia hirsuta (L.) Gray through de novo transcriptome assembly analysis under flooding stress. Additionally, the
predicted and assembled unigenes were used to identify molecular mechanisms under flooding stress and to discover
resistance candidate genes through DEG analysis. The study on Vicia hirsuta (L.) Gray as a Crop Wild Relative (CWR)
focused on identifying genes that can provide foundational data for breeding next-generation legume crops. Additionally,
enhancing resistance to abiotic stresses such as flooding is expected to contribute to the development of new cultivars.

[Materials and Methods]

Experiments were conducted by keeping the plants in a flooding stress condition for 7 days. The experimental samples were
plants on day 0 before flooding treatment as the control group, and plants that overhydrated stress on the 7th day after flooding
treatment were set as the treatment group. Following cluster amplification of denatured templates, sequencing was progressed
as paired-end (2x100bp) using Illumina HiSeq2500.

[Results and Discussion]

This study evaluated the quantity and quality of genomic data obtained by the de novo assembly process before expression
analysis before and after flooding stress. In the control group, the average number of clean reads and base pairs for samples
vh FO 1,vh FO 2,and vh FO 3 were 61,702,763 and 9047.02 Mb, respectively. In contrast, for the flooding-treated group,
samples vh F7 1, vh F7 2, and vh F7 3 showed an average of 62,882,245 clean reads and 9223.25 Mb of base pairs.
Precision compression and selection for DEGs were statistically significant (p-value <0.05, FPKM>1). Finally, 3,899
up-regulated DEGs were found and 3,462 down-regulated DEGs were identified. In GO (Gene Ontology) and KEGG (Kyoto
Encyclopedia of Genes and Genomes) for the searched differentially expressed genes (DEGs), functions mainly related to cell
composition and metabolism were identified, and functions related to plant hormones and defense mechanisms were
identified. In particular, functions related to “antioxidant activity”, “Glycolysis / Gluconeogenesis”, and “Starch and sucrose
metabolism” are seen as a result of the plant’s adaptation to anaerobic conditions and stress response due to flooding stress.
As a result of transcription factor profiling under submersion conditions, 13 up-regulated, 5 down-regulated, and 22
overlapping TFs were identified. In particular, bHLH (The basic helix-loop-helix), bZIP (basic leucine-zipper), WRKY,
MYB, and NAC (N-Acetylcysteine) accounted for a large proportion, and validation was also performed for them. Research
on Vicia hirsuta (L.) Gray is very important for expanding our knowledge of legume crops. Additionally, the study that creates
new genetic data from the ground up for Vicia hirsuta (L.) Gray is a groundbreaking effort in research on CWR. This study
provides vital information to help us understand how legume crops react genetically when exposed to flooding.
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[Introduction]

Two soybean varieties Uram and PI196983 exhibited undocumented phenotype in soybean uppermost canopy leaf pig-
mentation during the later growth stage. This study analyzed anthocyanin and secondary metabolites between the canopy and
lower-positioned leaves of the pigmentation lines and non-pigmentation line Daepung, which did not show such pigmentation
on the canopy leaves.

[Materials and Methods]

Two nested association mapping (NAM) populations, NAM10 (Daepung x Uram) and NAM12 (Daepung x P196983), were
utilized. Total seven soybean lines from each population, two parental lines and two lines exhibiting strong pigmentation were
selected. Daepung served as the common maternal line. Sampling conducted on canopy and lower-positioned leaves, with two
biological replicates. Anthocyanin and 23 secondary metabolic profiles were quantified using ultra-performance liquid
chromatography (UPLC) paired with photodiode array detection (PDA), with three technical replicates. Multivariate analyses
including hierarchical clustering analysis (HCA) and principal component analysis (PCA), were applied. Statistical
significance of the metabolites differences between canopy and lower-positioned leaves were analyzed with bootstrap method,
comparing these differences in pigmented and non-pigmented lines. All data analyses were performed using RStudio (R Core
Team, 2017)

[Results and Discussion]

Despite pigmented leaves displayed dark purple hue, standard anthocyanin profiles were not detected in any line. However,
21 of'the 23 targeted secondary metabolites were identified. Multivariate analysis using hierarchical clustering analysis (HCA)
distinguished Daepung from the pigmented lines but not between NAM10, 12. Principal component analysis (PCA) identified
ten secondary metabolites as key differentiators among the NAMI10, 12 and Daepung. P-Coumaric acid levels were
significantly higher in both NAM populations compared to Daepung. Specifically, NAM10 showed significant over-
expression of p-Coumaric acid, genistein, genistin, coumestrol, and caffeic acid (p < 0.001). Conversely, NAM12 exhibited
significantly higher kaempferol levels than Daepung (p < 0.05), indicating a distinct metabolic activation pattern. These
findings suggest distinct biochemical pathways in pigmented leaves of each population and potential targets for soybean
breeding. The absence of standard anthocyanins, coupled with the diverse secondary metabolite underscores the complex
metabolic interactions within pigmented soybean leaves.
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[Introduction]

Voltage-dependent anion channels (VDACs) are gated proteins present in the outer mitochondrial membrane. In a previous
study, we identified the potential association of VDAC with seed germination and endogenous hormones through genome
editing in monocot model plants. However, wheat has very low tissue culture efficiency, making it difficult to apply genome
editing technology. We performed wheat transformation by introducing the GRF4-GIFI chimeric gene to improve tissue
culture efficiency. The ultimate goal is that we will develop genome editing plants by targeting the VDAC! gene in the A, B,
and D sub-genomes and compare differences in seed germination and hormonal regulation.

[Materials and Methods]

The Cas9 vector contains gRNA sequences that conservedly target TaVDAC! for each sub-genome. In addition, improved
agrobacterium-mediated transformation was performed by introducing the GRF4-GIF I chimeric gene. Immature embryos of
the wheat variety ‘Bobwhite’ were collected, and inoculated with the AGL1 strain, and plants were developed through callus
induction and redifferentiation processes. The NPTII was used for selection. Selected VDACI edited plants were analyzed for
phenotypes in seeds and spikes.

[Results and Discussion]

We designed gRNAs targeting both TaVDAC! sub-genomes. Enhanced Agrobacterium-mediated transformation was
performed using a Cas9 vector containing the GRF4-GIF ] gene expression cassette. In the T generation, 68 transgenic plants
were selected based on individual calli using PCR and NPTII strip tests. The efficiency of improved Agrobacterium-mediated
transformation with GRF4-GIF ] introduced was found to be 7.4% on average. For the T, Transgenic plants, CAPS analysis
was performed to confirm whether the TaVDAC1 gene was edited. We identified editing of 7aVDAC! on all sub-genomes and
developed edited plants with various genotypes. The phenotypic difference was that the more edited subgenomes were
included, the shorter the height. Additionally, a sterility phenotype was observed in spikes of the edited lines. As a result of
harvesting T1 seeds and conducting a seed germination test, it was confirmed that germination ability was restored when
treated with GA hormone. We hypothesize that TaVDAC1 is involved in the regulation of endogenous GA and affects seed
germination.
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[Introduction]

Phytopathogenic fungi, such as Fusarium species, primarily cause seedling diseases in soybean. F. graminearum is a
soil-borne ascomycete fungal pathogen that mainly threatens yield production in wheat, rice, or maize. Recently, soybean
plants infected by F. graminearum were first reported in Korea. This study aimed to identify QTL for resistance to F.
graminearum (isolate KI1J 16-100) using a RIL population derived from crosses of Daepung x Galchae.

[Materials and Methods]

Over 100 Fe-derived RILs from crosses between Daepung and Galchae were used for phenotypic and genotypic assays in this
study. Phenotypic assays were conducted using the rolled-towel assay method. Per genotype, 10 to 12 seeds were placed on
a germination paper and inoculated by diluted inoculum of F. graminearum. At seven days after inoculation, disease score
(DS) of each RIL was assessed by a 1-5 scale. Using 180K SNP data, single-marker ANOVA and inclusive composite interval
mapping were conducted to identify SNP associated with the resistance to F. graminearum.

[Results and Discussion]

Among the 104 RILs, the DS ranged from 1.2-4.3, with an overall mean DS of 2.87. A total of 20 SNP was highly significant,
located in the genomic region of 8,619-8,764kbp on chromosome(Chr) 8 (Bonferroni correction, p<1.8x10°). A genomic
region (8,743-9,054kbp) was identified, which explained 18.5% of phenotypic variance (LOD=4.6). This interval was
approximately 86kbp away from the major QTL reported on Chr 8 (8,353-8,657kbp) and fully encompassed within another
identified QTL on Chr8 (3,993-9,204kbp). Within this interval, several annotated genes were predicted to encode leucine-rich
repeat receptor-like protein kinase (LRR) and serine-threonine kinase (STK), which are two major categories of plant disease
resistance genes.
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[Introduction]

Rice plays a pivotal role in global food security, especially in Asian regions where it carries significant nutritional and
economic importance. However, human activities can introduce heavy metals like copper into the environment, creating a
dilemma: while copper is beneficial for plant growth, its excessive accumulation can disrupt plant functions, induce oxidative
stress, and damage cells. To address this issue, researchers are exploring exogenous protectants such as GABA, an amino acid
known for its stress-reducing properties in various crops and promote plant growth, decrease toxic metal uptake, and enhance
antioxidant defenses, under metal stress conditions.

[Materials and Methods]

Seeds of //mi rice was sterilized, pre-germinated, and planted in specialized soil. The study included four groups: control (C),
GABA-treated, copper-exposed (Cu), and copper plus GABA (Cu+GABA). GABA was applied at 1mM every two days for
a week, then plants were exposed to 150 uM CuSO4 for three weeks. Gene expression was assessed 48 hours post-copper
treatment, and plant measurements, including height, culm and panicle length, spikelet count, seed fill percentage, and grain
weight, were taken after one month.

[Results and Discussion]

Copper application significantly affects the rice plant growth traits, chlorophyll contents, relative water contents and
antioxidant defense system, while exogenous application of GABA significantly increased plant growth and development,
reduced ROS accumulation, enhanced antioxidant enzymatic activities and regulated the expression of GABA shunt related
genes under copper stress.
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[Introduction]

Rice is one of the world’s top three crops that 34% of the world’s population of the world’s population used as a staple food.
But although the world population is increasing, food security is not well protected. Quantitative trait locus (QTL) mapping
is a statistical analysis using both phenotypic and genotypic dates. The purpose of QTL mapping is to determine a gene.
Increasing grain size is a way to increase yield in rice.

[Materials and Methods]

Grain size-related genes were mapped using CNDH population obtained by cross-breeding Cheongcheong (Indica) and
Nagdong (Japonica) through anther culture. Grain harvested from experimental field of Kyungpook National University in
Gunwi in 2021. The data were analyzed through QTL. Data analyzed through QTL used RiceXpro and RAP-DB to found
candidate genes.

[Results and Discussion]

Frequency distribution for grain length, grain width, and grain length&width ratio in CNDH lines. Because all traits showed
anormal distribution. Genes related to grain length were detected between RM5964-RM 12285 and RM20924-RM20967 in
Chromosome 1,7. Genes related to grain width was detected between RM289-RM 18130 in Chromosome. Genes related to
grain length/width ratio were detected between RMS5459-RM3482, RM5699-RM1211 and RM3838-RM3381 in
Chromosome 1,2,5. Found the candidate gene Os05g0232500, Os05g0235300 associated with the grain width. Though this,
we will protect food security by looking for genes related to Grain size.
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[Introduction]

These days the world’s population is growing rapidly and rice is considered a staple food for world’s population. Rice plant
height is an important agronomic trait associated with rice yield. This can effects lodging tolerance capacity, biomass
production amount. In the preceding quantitative trait loci study, OsPHql was reported as an ortholog of gibberellin 20 oxidase
2, which has been reported to contribute to the regulation of the gibberellin biosynthesis pathway for rice plant height. In this
study goal is the identification of the function of OsPHq1, using CRISPR/Cas9-based genome editing.

[Materials and Methods]

Three guide RNA of OsPHql was designed. pPRGEB32 vector was used for transformation experiment material. Ligated
plasmids were transformed into Escherichia coli competent cells to duplicated and extracted. Extracted plasmid transformed
to Agrobacterium tumefaciens and inoculated to Ilmi callus. When Agrobacterium’s t-DNA well inserted into undifferentiated
callus, t-DNA region consisted antibiotic resistance, callus could survived on the regeneration media containing antibiotic.
Regenerated plants were transplanted into soil pot after acclimatization.

[Results and Discussion]

Callus, which were inoculated by transformed Agrobacterium regenerate to plants and transplanted into soil pot. Genome
edited plants using CRISPR/Cas9 can be used to identify the function of the OsPHq1 gene. Identification of the function of
the OsPHq1 can be used as a genetic resource for related research. Adjusting plant height is essential for smart farming to
develop cultivars appropriate for plant factories.

[Acknowledgement]
This work was carried out with the support of “Cooperative Research Program for Agriculture Science and Technology

Development (Project No. RS-2024-00322408)” Rural Development Administration, Republic of Korea.

*Corresponding author: E—mail, kkm@knu.ac kr Tel, +82-53-950-5711

-87-



20243 SH252313| ZABACHS]

PB-8

Evaluation of Genetic Stability in Genome-Edited Rice through Comparative Analysis of
Genetic and Agronomic Character

Jeong-Bin Lee', Eun-Gyeong Kim’, Kyung-Min Kim'’*

'Department of Applied Biosciences, Kyungpook National University, Daegu 41566, Korea

National Agrobiodiversity Center, National Academy of Agricultural Science, Rural Development Administration,
Jeonju 54874, Korea

3Coastal Agriculture Research Institute, Kyungpook National University, Daegu 41566, Korea

[Introduction]

New breeding technology is a technique to recognize specific DNA sequences to remove, modify, and insert DNA at a desired
location to recognize specific DNA sequences. It can be used to treat genetic diseases in humans or to improve the traits of
livestock and crops. Crops created by geneome-editing (GE) are relatively free from the controversy of genetically modified
(GM) crops, because they do not retain foreign genes such as integrated T-DNA. In this study, we compared agronomic trait
parental plant (Oryza sativa L., cv. [lmi) and the GE plant (OsCKq1-Gs),

[Materials and Methods]

For experiment, parent plant Ilmi and GE plant OsCKq1-Gs; in the experiment field. Measured agronomic characters to
compare whether characters are changed or not. After harvest checking germination rate, viviparous germination rate.
Shattering property is property can be an indicator of whether a gene-edited plant will spread in different environment. Natural
cold treatment seed viability. And gene mobility assessment can know whether GE plant’s gene have mobility to other plants
or not.

[Results and Discussion]

The comparison showed that there was no significant difference in agronomic traits between the parent plant I[lmi and the
geneome edited plant OsCKq1-Gs, and the pPRGEB32 vector gradually disappeared as the generation progressed. These results
suggest that transgenic plants are no different from natural mutants and could be a new technology to solve the problems of
conventional breeding, such as shortening the breeding period and improving the accuracy of trait selection.

[Acknowledgement]
This work was carried out with the support of “Cooperative Research Program for Agriculture Science and Technology

Development (Project No. RS-2024-00348677)” Rural Development Administration, Republic of Korea.

*Corresponding author: E—mail, kkm@knu.ac.kr Tel, +82—53—-950—5711

-88 -



Insights into Methane Emission Regulation in Rice: A Multi-layered Genetic Analysis Approach
Saleem Asif', Rahmatullah Jan?, Kyung-Min Kim"**

'Department of Applied Biosciences, Kyungpook National University, Daegu 41566, Korea
Coastal Agriculture Research Institute, Kyungpook National University, Daegu 41566, Korea

[Introduction]

Global warming is accelerating due to the rapid increase in greenhouse gas (GHG) emissions. The global warming potential
of methane (CH,) is 25 times greater than that of carbon dioxide (CO,), making it a powerful GHG. Rice cultivation, especially
under anaerobic conditions, significantly contributes to CH4 emission, a potent GHG. It is important to identify the mechanism
of CH,4 emission and related genes.

[Materials and Methods]

In this research, we designed a chamber equipped with a methane detection sensor to measure CH4 emissions. The study
utilized 120 Cheongcheong/Nagdong double haploid (CNDH) population as plant material. Methane emissions were assessed
during the fourth leaf stage. The QTL analysis was conducted using a threshold LOD score of 2.0 or higher. Additionally, we
investigated methane emissions in 65 Korean rice cultivars.

[Results and Discussion]

In chromosomes 1, 3 and 6, QTLs related to CH4 emission with and LOD value of 3.3 were detected. As a result of gene
expression analysis, we observed significant differnences in the gene expression of LOC_0s03g07480 (OsSUT1q3), a sucrose
transporter, and LOC_0Os03g13274 (OsNRTq3), a nitrate transporter. In rice plants, sucrose transporter genes release sugars,
serving as a carbon source for soil methanogens. Meanwhile, nitrate transporter genes impact nitrogen availibility in paddy
soil. Additionally, the gene expression in 65 Korean rice cultivars sheds light on the genetic factors affecting rice methane
production and suggests strategies for developing varieties that minimize methane emissions.
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[Introduction]

White-back planthopper is a devastating pest of rice plant and reduces yield significantly. Calcium is widely recognized for
its crucial role in plant growth and development. It enhance GABA accumulation through regulation of GABA shunt.
However, GABA is an important biomolecule which enhance plant defense system against biotic and abiotic stresses. GABA
promotes plant growth, biomass, yield, and antioxidant system during stress condition.

[Materials and Methods]

A greenhouse experiment was conducted on Ilmi rice using five groups: Control (Cont), WBPH-infested (WBPH),
WBPH+Calcium (Ca+WBPH), WBPH+GABA (GABA+WBPH), and GABA only (GABA). On the basis of screening, 4 pM
of calcium was treated to one month old plants. The GABA group plants were treated with 15 mM GABA solution applied
directly. Both the calcium and GABA were treated one week before the WBPH infestation. Plants were infested with WBPH
in the insectarium and the phenotypes were measured at the final stage of plant growth.

[Results and Discussion]

The study found that adding calcium and GABA to rice plants reduced oxidative stress by WBPH infestation, as shown by
decreased levels of hydrogen peroxide, superoxide, and electrolytic leakage. This treatment also decreased lipid peroxidation
(MDA levels) and increased antioxidant enzymes improving the plants’ defense. Furthermore, calcium and GABA regulated
stress hormones (ABA, SA). Moreover, calcium enhanced GABA and succinate production, while both boosted essential
amino acid biosynthesis, crucial for plant defense against WBPH stress. This study indicates that application of calcium and
GABA could effectively boost rice plant tolerance to WBPH infestation.
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[Introduction]

Rice (Oryza sativa L.) a staple food crop that feeds a significant portion of the global population, faces challenges due to
environmental stresses such as hypoxia induced by flooding. To breed rice varieties resilient to these conditions,
understanding the genetic basis of hypoxia tolerance is crucial. Here, we present a quantitative trait locus (QTL) mapping
study to find out candidate genes conferring hypoxic stress tolerance in rice at the seedling stage.

[Materials and Methods]

One week old, diverse population of 120 double haploid CNDH lines derived from a cross between the /ndica variety
Cheongcheong and the Japonica variety Nagdong and their parental lines were used, and hypoxic condition were applied.
After 4 weeks of hypoxic conditions, 3 traits such as shoot length (SL), root length (RL), and fresh weight (FW) were
measured. A linkage map of 12 rice chromosomes was constructed from genotypic data DH lines using 778 SSR markers. The
linkage map covered a total genetic distance of 2121.7 cM of the rice genome with an average interval of 10.6 cM between
markers.

[Results and Discussion]

A total of 3 QTLs (LOD >3.0) were mapped on chromosomes 2, 8, and 10. In summary, QTLs were detected: gSL-8 on
Chromosome 8 with an LOD score of 3.02, and 17 genes within the interval RM264-RM23314; qSI-10 on Chromosome 10
with an LOD score of 5.03, and 13 genes within the interval RM25128-RM25036; and gFW-2 on Chromosome 2 with an LOD
score of 3.60, and 26 genes within the interval RM12339-RM12532. These findings aid marker-assisted breeding for
hypoxia-tolerant rice, enhancing food security in flood-prone areas.
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[Introduction]

Rice is a crop that provides food for approximately half of the world’s population. The number of tillers and their production
are crucial agronomic attributes that significantly impact the potential yield of rice, serving as vital components of grain
production. OsIAA17q5, a gene belonging to the auxin-responsive gene family in the RM18130-RM3381 region of
chromosome 5, has been reported contributes to the regulation of rice tiller number in previous study. In this study,
CRISPR/Cas9 was used for genome editing to identification of the function of OsIAA417g5.

[Materials and Methods]

Three sgRNAs were designed by CRISPR RGEN Tools. Three sgRNAs were ligated with pRGEB32, a CRISPR/Cas9 vector
containing hygromycin and kanamycin resistance. The plasmids were confirmed by sanger sequencing. Confirmed plasmids
were transformed into ilmi through inoculation of Agrobacterium tumefaciens EHA105 and co-cultured for 3 days. After
co-culture, the inoculated calli were washed and transferred to regeneration medium containing antibiotics. Acclimatization
was performed for regenerated plants. After acclimatization, regenerated plants were transferred into pot in greenhouse.
Agronomic traits of OsIAA17q5 plants were investigated.

[Results and Discussion]

By the agrobacterium mediated rice transformation process, 31 plants were regnenrated. Tiller number of regenerated plants
were investigated 3-14. G, seeds of OsI4A417g5 plants were harvested. Identification of the function of OsIAA417g5 can be an
important source of rice breeding and contribution of improving rice yield for food supply in response to population growth
population growth.
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[Introduction]

Climate change is having a significant impact on crop productivity worldwide, leading to food shortages. Wheat yields are
particularly affected by environmental changes such as drought. Wheat yield is significantly influenced by the number of
grains produced per ear. Ear length under drought land and reclaimed land conditions is a key trait that can affect yield
components.

[Materials and Methods]

We investigated the ear length of the wheat core collection in the experimental fields of each Kongju National University 2021,
respectively. Salt and drought stress were treated for 9 days during the heading stage. Wheat ear length was measured using
a vernier caliper after harvest. Genome-wide association study (GWAS) was conducted using the genotypic data and ear length
data of the core collection in R with GAPIT.

[Results and Discussion]

Wheat ear length in the control group ranged from a maximum of 116.56 mm (line number: cc34) to a minimum of 28.77 mm
(cc1960). In the NaCl treatment, the range was 100.7 mm (cc1360) to 27.23 mm (cc770), and in the drought treatment, the
range was 111.69 mm (cc969) to 25.18 mm (cc1054). The GWAS results revealed that the identified SNPs were not replicated
across all experiment groups. In the NaCl treatment, the BLINK model identified SNPs AX-94600354 and AX-94665765. In
the Control treatment, SNP AX-94775143 was also detected, while no significant SNPs were explored in the drought
treatment. We intend to investigate potential candidate genes by examining a +250 kbp region surrounding these SNP markers
AX-94600354, AX-94665765, and AX-94775143.
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[Abstract]

Potato chips, a snack enjoyed by people worldwide, are expected to achieve a market value of approximately $40 billion
worldwide by 2028. Breeding potato for chip processing requires various traits such as round tuber shape, light chip color, and
high starch content. Chip Processing traits are primarily evaluated based on phenotype, which demands significant time and
labor for measurement. Molecular markers enable early selection of clones with desirable traits without phenotyping, making
them efficient for breeding. In previous research, genetic variation associated with chip processing were identified, converting
to Kompetitive allele-specific polymerase chain reaction (KASP) markers. In this study, we assessed chip processing traits in
an actual breeding potato population using the KASP markers developed previously. The 10 population obtained from
breeding combinations of cultivars with superior agronomic traits were cultivated at Daegwallyeong through summer
cultivation. We collected DNA from the young plant, performed PCR with KASP markers, and signal data (X and Y) were
extracted using the QuantStudio Design & Analysis Software (Applied Biosystems). Genotype calls were determined using
the fitPoly R package. Among these populations, two groups were selected with parents being Daeseo and Dubaek, for
phenotypic evaluation. We confirmed the significance of the marker regarding chip processing traits (tuber shape and chip
color) in the M77 (DaeseoxDawon). The results could help marker-assisted selection for breeding potato cultivars for chip
processing.
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[Introduction]

Genomic prediction (GP) is considered a valuable tool for improving complex traits via efficient selection. Generally, GP is
often performed with single-trait (ST) models that assume the genetic correlation among traits to be zero. Alternatively,
multi-trait (MT) models of GP have been developed to increase the prediction accuracy over ST models when traits are highly
correlated. MT models improve prediction accuracy by harnessing the genetic correlation between traits. In this study,
multi-trait genomic prediction was conducted based on defined simulation scenarios using a large set of phenotypic data.

[Materials and Methods]

The phenotypic data set comprises protein, oil, and 100-seed weight measurements of 621 soybean genotypes cultivated across
five different environments. Initially, the best linear unbiased prediction (BLUP) values for these traits were computed by a
mixed model using observed phenotypes obtained from five environments. To evaluate the predictive performance, the MT
and ST models were compared. Bayesian ridge regression (BRR) model and the Bayesian multivariate Gaussian model were
employed for ST and MT models, respectively. Subsequently, a 5-fold cross-validation scheme was used to assess the
accuracy of their prediction.

[Results and Discussion]

As default values, the prediction accuracies of the ST model were 0.68+0.04, 0.81+0.01, and 0.84+0.03 for protein, oil, and
100-seed weight. The prediction accuracies improved, surpassing those reported in previous studies by 16% and 5%. This
enhancement underscores the significance of employing precise phenotypic data to improve prediction accuracy. Leveraging
this quality dataset, subsequent analyses were undertaken to assess the feasibility of implementing GP across three distinct
scenarios. The scenarios for comparing the accuracy of genetic predictions involve: i) contrasting the ST model vs. MT models
incorporating a covariate trait exhibiting diverse levels of genetic correlation; ii) optimizing the ratio between training and
validation population sizes; and iii) assessing the impact of genetic diversity within training populations, as determined by
geographical origin. The prediction accuracies of the MT model were almost identical with those of ST model, suggesting that
a ST model can predict highly accurate phenotypic values for complex quantitative traits in case that the obtained phenotypic
values are highly reliable. More results will be discussed in the presentation.
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[Abstract]

Solanum tuberosum L. commonly referred as potato has become one of the four major food crops. The initial breeding
programs of potato focused on enhancing production by either increasing number or size of tubers. However, recent breeding
programs target improving qualities and processability for various purposes, such as chip processing. Since 2009, there has
been a rising demands for chip processing potatoes, that possess a significant portion of processing potato market. This trend
has resulted in heightened importation and new breeding projects for chip processing potatoes. The previous studies on chip
processing of potatoes suggested that there is an inverse relationship between the chip processing quality and their glucose
concentration, which affects the color of the chips. In this study, we analyzed the transcriptome profiles of four cultivars which
are grouped to two groups by the level of glucose concentration (high and low). We selected each two cultivars from low
(Dubeak, Earlyfry) and high (Chubaek, S18051-1) glucose concentration groups respectively, and used RNA-sequencing with
three replications to identify differentially expressed genes (DEGs). We identified 3,628 and 3,864 of DEGs which showed
higher expression in low and high glucose concentration cultivars respectively. In the GO analysis results, high glucose
concentration cultivars showed enriched GO with id GO:0004553 (hydrolase activity, hydrolyzing O-glycosyl compounds)
and GO:0006412 (translation), that might affect to higher glucose concentration in these cultivars in terms of biological
process and molecular function respectively. Low glucose concentration cultivars exhibited enriched GO that associates with
DNA binding and transcription factors such as GO:0003700 and GO:0003676. The transcriptome profile between these
comparative cultivars will be a fundamental database for breeding programs aimed at improving chip processing quality.
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[Introduction]

Cadmium (Cd) is a toxic substance and a significant environmental threat because it tends to build up in plants from the soil
and can then be transferred into the food chain. The purpose of this study was to investigate the proteome changes in the leaves
of Brassica seedlings in response to CA-mediated alleviation of Cd toxicity. Citric acid (CA), an organic chelator, is essential
for reducing the oxidative stress brought on by cadmium (Cd) stress. Due to organic chelator, CA approach is an environ-
mentally friendly and highly demandable approach. Therefore, the objectives of the study were to explore the Cd toxicity
mitigation through CA using proteomic approach.

[Materials and Methods]

Healthy seeds of B. napus L. were sterilized and placed in petri dishes containing two layers of filter papers and germinated
in controlled conditions. Following germination, the morphologically uniform seedlings were transferred to plastic pots and
hydroponically grown for 7-days containing Hoagland solution. After one weeks of transplanting, uniform plants were treated
with CdCl, and Citric Acid as T1: Control, T2: Cd (30 uM), T3: Cd (30 uM) + CA (1.0 mM), and T4: CA (1.0 mM) with three
replications. The control plants were free from CdCl, and CA.

[Results and Discussion]

The research was focused on studying the effects of revealing Brassica plants to CdCl,. The metal ion, Cd affected growth
parameters and caused morpho-physiological alterations. Brassica napus seedlings exposed to CdCl; for 7 days did not show
any leaf chlorosis or withering symptoms. However, Cd stress significantly affects the plant growth characters and plants
become yellowish in CA treated plants. Under Cd stress, H>O, content increased by 29.55 % in the treated seedlings with
cadmium (30 uM) in 4 weeks harvested seedlings as compared to control. Addition of CA along with Cd significantly
decreased H,O; contents in leaves of plants as compared to respective Cd treated plants without CA addition. In leaves, Pro
content was increased by 70% in Cd-stressed seedlings (Cd 30 uM) compared with control. On the other hand, exogenous CA
application noticeably decreased the elevated level of Pro in contrast to the stress treatments without CA. A total of 4947
proteins were found in the differentially treated leaves using the label-free proteome technique, and 476 of those proteins
showed differential expression between the treatment groups where 316 were up regulated and 160 were down regulated.
These DAPs may offer important insights on how Brassica seedlings adjust to Cd stress, according to the increased abundance
of proteins involved in stress and defense. Taken together, the results open the door for additional in-depth field research to
permit thorough explanation of the molecular pathways underlying Cd stress responses and the potential function of CA in
reversing the detrimental effects of Cd toxicity in B. napus.
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[Introduction]

Sesame (Sesamum indicum L.) is classified as a specialty crop due to its high nutritional value, including functional
components that are beneficial to human health. The lignans that are contained in the sesame seeds that are consumed as food
are the main functional components, including the fat-soluble sesamin and sesamolin, and the water-soluble sesaminol and its
glucosides. In this study, QTL analysis for water-soluble lignan content in seeds was performed aiming to understand the
genetic factors contributing to variation.

[Materials and Methods]

A recombinant inbred line (RIL) population was developed from a cross between black-seeded ‘Arum’ and brown-seeded
‘Gomazou’ to the F9 generation. The content of sesaminol, sesaminol-DG and sesaminol-TG in the seeds of the parental lines
and the RIL population were measured. Genotyping was performed using a cost-effective genotyping-by-sequencing (GBS)
approach using single (4peKI) and double (PstI-Mspl) enzyme digestions to ensure high coverage over the genome.

[Result and Discussion|]

A total of 1,334 SNP markers were selected, which resulted in 13 linkage groups with an average genetic distance of 1.1cM.
The collected genotype-phenotype data were used for association analysis and identified three QTL regions on chromosomes
5, 6, and 11 that were associated with the total water-soluble lignan content with LOD scores of 3.2, 61.6, and 22.7,
respectively. Furthermore, some progeny exhibited lignan content exceeding that of the parental lines, indicating transgressive
segregation. Functional components such as lignan are key traits that are considered important for crop value enhancement,
but are difficult to select for at early breeding stages. These results provide valuable genetic resources for breeding strategies
to improve the nutritional value of sesame seeds and for subsequent molecular breeding efforts to develop sesame varieties.
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[Introduction]

Perilla (Perilla frutescens) is an annual oilseed crop which is native to Asia. The seeds of perilla contain approximately 40%
of total oil, of which about 50% is composed of -3 fatty acids. Despite its applications, the physical shattering of seeds leads
to an estimated 50% reduction in yield, occurring both prior to and after harvest. To address this challenge, we examined the
shattering resistance, and several quantitative characters and performed association study of agricultural traits with genotyping
sequence using a collection of perilla germplasm.

[Materials and Methods]

All the 87 perilla germplasm were obtained from National Agrobiodiversity Center (NAC, RDA, Jeonju, South Korea), and
cultivated at the NAC experimental field in the years 2022 and 2023. Shatter resistance of seeds was measured using a crop
shattering resistance tester. The GAPIT program was used to analyze the genetic variation in agricultural traits within the
perilla germplasm through the genome-wide association study (GWAS).

[Results and Discussion]

The results of the GWAS analysis visualized that most hits were below the threshold value. Despite the relatively small size
of the analyzed population, it was found that certain hits were significantly distributed. To identify genes associated with the
trait of interest, we intend to increase the population size, including a core group of perilla currently under selection. This study
is the first to associate shattering resistance with genotyping sequences in perilla through physical experiments. Therefore,
these preliminary results could be utilized as valuable inputs for the development of breeding materials.
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[Introduction]

Phytophthora root and stem rot (PRSR) substantially decreases soybean yields globally, especially in humid, clay-rich paddy
soils. The risk of PRSR has increased with the expansion of paddy soybean cultivation in Korea from 4,422 ha in 2016 to
18,314 ha in 2023. This study aimed to identify resistance genes associated with Phytophthora sojae (P. sojae) by examining
haplotypes linked to potential resistance genes.

[Materials and Methods]

A total of 205 soybeans, cultivars and germplasm, were tested for resistance to two isolates of P. sojae, Gimje (GJ) 3053 and
Andong (AD) 3617, which were collected from major soybean production areas in Korea. Phenotyping was conducted using
the Hypocotyl inoculation method, with each test replicated three times. Genotyping was performed using the Soya SNP 180K
chip, and genome-wide association study (GWAS) was conducted using 65,128 and 65,127 single nucleotide polymorphisms
(SNP) with TASSEL v5.2. Genome sequencing of six cultivars, Namcheon, Jungmo3009, Daepung?2, Tackwang, Seonyu?2,
and Seonpung, was performed utilizing the Illumina Hiseq X platform. We utilized SoyBase for SNP identification and the
soybean reference genome for annotating candidate genes.

[Results and Discussion]

The results highlighted six significant SNPs associated with resistance to two P. sojae isolates. The study identified specific
SNPs on chromosomes 3 and 14 linked to isolate 3053, and chromosomes 3, 13, and 16 linked to isolate 3617. Notably, the
AX-90410433 SNP was identified across isolates 3053 and 3617. Disease-related genes, such as those encoding Leucine-rich
repeat (LRR) family proteins and Serine-Threonine protein kinases, were found in these regions. Haplotype analysis of several
cultivars confirmed genetic variations correlating with resistance. Newly identified genes, including Glyma.(03g034200 and
Glyma.03g036500, show potential for enhancing soybean breeding programs aimed at increasing resistance to PRSR.
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[Abstract]

In this study, the diversity of 947 barely accessions, consisting of 638 cultivated and 309 wild varieties collected from different
continents were examined. The accessions were planted in the winter season of 2022-2023 at an experimental farm in the
National Agrobiodiversity Center(RDA, Jeonju, Republic of Korea). Wide variations were observed in both qualitative and
quantitative traits, indicating genetic diversity among the accessions. While cultivated varieties mostly exhibited a semi-erect
growth habit, wild types showed an intermediate growth habit. Cultivated varieties were mostly six-rowed spikes, whereas
wild varieties were predominantly two-rowed, except for five accessions. All wild varieties had husked grain, while only 76
cultivated accessions were hulless. Both types displayed similar distributions in spike orientations, and most accessions were
resistant to lodging. Variations were also noted in the quantitative characteristics. For instance, the days to heading and days
to maturity ranged from 161-225 and 202-245 days, respectively in the entire population, with both varieties showing similar
average values for each trait. Additionally, culm length(CL) and spike length(SL) ranged from 22.5-146.57 and 1.97-19.73cm,
respectively, with the wild varieties having the highest average values in both traits. Grain per spike ranged from 12.60 to
81.60, with the cultivated varieties exhibiting a higher average value(45.53) compared to the wild varieties(27.63). Similarly,
one thousand grain weight ranged from 4.00 to 71.00g, with the cultivated varieties once again showing a higher average
value(43.4.g) compared to the wild varieties(36.49g). The barely accessions were grouped into ten major categories through
hierarchical cluster analysis, showing significant variation in traits within each cluster(p<0.001). The PCA results confirmed
the HCA findings by clearly categorizing the accessions based on variety and species. Furthermore, correlation analysis
revealed strong and positive associations between growth period and yield traits. This research focused on exploring the
diversity of a large global barely collection, and identified 83 accessions with early maturity(n=45), increased CL and
SL(n=13), and higher TGW(#=25). Therefore, these accessions could be valuable resources for genomics, breeding, and
distribution in the future.

[Acknowledgement]
This research was funded by the Research Program for Agricultural Science and Technology Development (Project No.
PJ016733) of the National Institute of Agricultural Sciences, Rural Development Administration (Jeonju, Republic of Korea).

*Corresponding author: E—mail, kebedetdesta@korea.kr Tel, +82—63—238—4864

-102 -



Functional Analysis of 7aUBX57 in Drought and Salt Stress Tolerance

Min Jeong Hong', Dae Yeon Kim**

'Advanced Radiation Technology Institute, Korea Atomic Energy Research Institute, 29 Geumgu, Jeongeup 56212,
Korea

2Department of Plant Resources, College of Industrial Sciences, Kongju National University, 54, Daehak-ro,
Yesan-eup, Yesan-gun, Chungnam 32439, Republic of Korea

[Introduction]

U-box is a pivotal type of E3 ligase crucial for the ubiquitin-proteasome system, a vital cellular mechanism regulating diverse
physiological processes by targeting proteins for degradation. This system entails the attachment of ubiquitin molecules to
proteins, marking them for degradation by the proteasome. U-box facilitates the attachment of ubiquitin molecules to target
proteins, distinguished by its unique domain structure essential for ubiquitin binding. U-box E3 ligases participate in various
physiological processes like cell cycle regulation, signal transduction, DNA damage response, and chromosomal
maintenance, underscoring their critical roles in cellular functions.

[Materials and Methods]

ORF sequence of TaUBX57 (TraesCS4D02G095000) was obtained from Ensemble Plants. For subcellular localization,
TaUBX57 was cloned into pMDC43 vector with GFP tagging and introduced into Nicotiana benthamiana leaves. Transgenic
Arabidopsis plants expressing TaUBXS57 were generated via floral dip method with three Ts lines selected. Germination rates
and root growth were assessed in response to mannitol, ABA, and NaCl. Enzyme activities (APX, CAT, POD, SOD, GSH)
and total antioxidant activity (TAC) were measured using commercial kits after crude enzyme extraction from Arabidopsis
plants.

[Results and Discussion]

Among the TaUBX57 genes screened under PEG, ABA, mannitol, and NaCl-treated conditions, 7TaUBX57 exhibited
heightened expression, prompting further investigation. Subcellular localization GFP experiments confirmed the localization
of TaUBX57 in the membrane. Transgenic Arabidopsis seedlings, subjected to mannitol, ABA, and NaCl stress treatments,
exhibited increased germination rates in TaUBXS57 overexpression lines compared to controls. Additionally, statistically
significant differences in root growth were observed between the stress-treated seedlings and controls. Moreover, under
drought conditions where watering was withheld for 14 days and salt stress conditions involving treatment with 300 mM NaCl
for 7 days in potted plants, TaUBXS57 overexpression lines demonstrated enhanced survival rates and reduced MDA content
compared to controls. Antioxidant enzyme assays, including TAC, POD, APX, SOD, CAT, and GSH, corroborated heightened
resistance in overexpression lines. Furthermore, ubiquitin assays confirmed the role of TaUBXS57 as an E3 ligase, interacting
with various E2 ligases (UBC1, UBC2, UBC8, UBC10, and UBC11), affirming its involvement in polyubiquitination
Given its demonstrated resistance to both salt and drought stress, TaUBX57 emerges as a promising candidate for the
development of stress-tolerant crops and for further elucidating the mechanisms underlying stress resistance. This underscores
its potential as foundational data for advancing efforts in crop improvement and stress resilience research.
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[Introduction]

Water bears, or tardigrades, are microscopic aquatic organisms that can withstand extreme environmental conditions because
of their extremotolerance. Many studies have shown that tardigrades particularly have extraordinary radiation tolerance.
Genome sequencing and functional investigation of tardigrade-specific proteins have revealed that the Damage Suppressor
(Dsup) protein plays an important role in DNA protection.

[Materials and Methods]

A Dsup gene from the freshwater tardigrade, Hypsibius dujardini was transformed to Arabidopsis thaliana var. Landsberg
erecta. Transgenic lines exhibiting high expression of Dsup were selected. Seeds and plants of the transgenic lines were
irradiated with gamma rays to examine sensitivity to radiation. Additionally, the transgenic seeds were sown on culture media
containing sodium chloride and mannitol, respectively, to evaluate salt and drought tolerance.

[Results and Discussion]

Exposure of seeds to gamma rays, followed by growth analysis, demonstrated significant radiation tolerance in the transgenic
lines. However, when two-week-old seedlings were irradiated with gamma rays, no noticeable difference was observed
between the transgenic lines and the wildtype. The transgenic lines did not show resistance to salt and drought stress. Whole
genome sequencing and variant detection in the transgenic M lines is ongoing to assess the DNA protection capability of
Dsup.
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[Introduction]

Both genotype data and phenotype data are valuable when it comes to study plant material. Development of technology has
enabled collecting genotype data more easily than past. However, collecting phenotype data still requires manual labor, which
is time consuming and labor intensive. The advancements in deep learning technology and its learning models, the automation
of manual tasks from the past has been made more accessible. In this study, we develop an automation model that could
recognize hypocotyl and root from sprout vegetable, and measure length. This technology could greatly assist in gathering
phenotype data across experiments of varying scales.

[Materials and Methods]

To create a dataset for training a deep learning model, sets of mungbean sprouts were grown for 3 days, and photographs were
taken with a scale against a black background. Each photo contains different numbers of mungbean sprouts and varying angles
to enhance accuracy of detection. The photos were processed with Roboflow to prepare annotated training data. The YOLOVS
object detection algorithm was employed to train and segment the images. Additionally, students with varying levels of
proficiency performed manual length measurement using ImagelJ to evaluate time spent and precision.

[Results and Discussion]

The performance varies between different number of training datasets and epochs. With the appropriate confidence threshold
value, trained model successfully identifies and segments mungbean sprouts hypocotyls and roots. Further research for image
processing will be needed to evaluate length of segmented image. The ratio between pixel to mm needed to be calculated with
scale.
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[Introduction]

Global warming is one of the most significant global issues. Unfavorable climates reduce plant survival, and especially high
temperatures have a negative effect on plant development. The grass family includes important cereal crops such as rice (Oryza
sativa), sorghum (Sorghum bicolor), maize (Zea mays), and wheat (Triticum aestivum), and is an excellent subject for studying
evolutionary mechanisms under heat stress. However, little is known about the role of Really Interesting New Gene (RING)
E3 ligase in the heat stress responses of grass family. Here, we identified and characterized RING genes in rice, sorghum and
maize.

[Materials and Methods]

In vitro ubiquitination assay: the full-length RING genes were cloned into the pMAL-c5X. For in vitro ubiquitination, the
purified MBP-RING proteins were mixed with E1, E2 and bovine ubiquitin and then incubated in reaction buffer for 3 h at 30
°C. After incubation, the reaction performed immunoblot analysis using anti-Ub or anti-MBP.

Confocal imaging: to identify the subcellular localization of RING proteins, the full-length genes were cloned into YFP vector.
Each of the plasmids was transfected into rice protoplasts using polyethylene glycol (PEG)-mediated methods. Protoplasts
were observed using a confocal laser scanning microscope.

In vitro stress assay: the T3 seeds of the transgenic plants and control seeds were tested to determine the heat shock effect. The
transgenic Arabidopsis plants were grown on half-strength MS agar for 7 d and then dipped into water baths at either 38 or 45 °C.

[Results and Discussion]

The study aimed to characterize the molecular functions of sorghum (ShHRF) and its orthologues of rice (OsHRFI) and
maize (ZmHRF 1) genes. The SPHRFI transcripts were highly expressed under heat. Additionally, an in vitro ubiquitination
assay demonstrated that the SbHRF1 and its orthologues proteins possess a RING-HC type domain and E3 ligase activity.
Subcellular localization revealed that SbPHRF1 and OsHRF1 were mainly associated with the nucleus, while ZmHRF1 was
localized in the cytoplasm. Arabidopsis plants overexpressing SbHRF I exhibited heat stress tolerance, but those overexpressing
OsHRF1 and ZmHRF1 were not. Collectively, this study improves the understanding of E3 ligase-mediated heat stress
response pathways in the grass family.
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[Introduction]

In recent decades, advancements in genomics techniques have led to the identification of mass genes. Although nucleotide
sequences of various plants were released, the function of their encoding proteins still remain to be resolved. With the
completion of the soybean genome sequence, extensive functional genomics becomes possible for the genetic improvement
of soybean. In the present study, we are constructing a high-density mutant library of soybean, which provide a potential to
yield new alleles for soybean breeding.

[Materials and Methods]

Mature seeds of Korean elite soybean cultivar Daepung were used for radiation mutagenesis. The seeds treated with the
Gamma ray radiation were obtained homozygous 6700 accessions by generational advancement to Mg in field. Mature seeds
of the M, generation were sown in pot and plants were grown in a greenhouse for two weeks. KingFisher Apex (Thermo
Fisher) was used for automatic extraction of genomic DNA from the young leaves of 6700 accessions.

[Results and Discussion]

The homozygous 6700 accessions were obtained by generational advancement to Me. We were able to identify accessions that
exhibited visible phenotypic changes due to radiation mutation. Currently, we are extracting DNA from each of the 6700
accessions to construct a DNA mutant library. The results of this experiment suggest that the DNA mutant library could be used
for the selection of mutants with new traits and for mechanism studies utilizing these mutants.
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Soybeans are an important crop for the global economy and have been mainly cultivated in Asia, including Korea. The fungal
pathogen Cercospora sojina, which causes frogeye leaf spot, has led to substantial losses in soybean yields. Here, we
conducted transcriptome profiling using leaves of wild soybean (Glycine soja) inoculated with C. sojina. RNA samples were
extracted from inoculated wounded leaves, non-inoculated wounded leaves, and non-inoculated unwounded leaves. The
samples were then used for RNA sequencing. Differentially expressed genes (DEGs) were collected by comparing inoculated
samples with non-inoculated samples.DEGs were analyzed for gene ontology and the KEGG pathway to profile the genes and
pathways involved in the response to C. sojina. Furthermore, a total of 67 DEGs were categorized under the ‘biotic stress’
MapMan category. The DEGs were mainly assigned to ‘Redox state’, ‘Cell wall’, and ‘Secondary metabolites’. Among the
DEGs, a significant number were associated with the lignin biosynthesis pathway, isoflavonoid biosynthesis pathway, cell
wall remodeling, and reactive oxygen species. The phenylpropanoid pathway, including the lignin biosynthesis and
isoflavonoid biosynthesis pathways, appears to play an important role in the response to the pathogen in the wild soybean.
GsALDH, GsAOMT-like, and GsGSTUs could be key players in the response to C. sojina and could be candidate resistance
genes against C. sojina. Our findings suggest potential resistant genes that could be target genes for further functional
characterization. Moreover, the results provide valuable insights into wild soybean, which could contribute to developing
resistant soybeans against C. sojina and managing the disease.
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[Introduction]

With the development of intelligent information technology such as artificial intelligence, big data, and IoT, the demand for
data trading, distribution, and convergence is increasing, and the private sector’s demand for public data opening is also
increasing, so data standardization is very important for the convergence and convergence of various data. In the agricultural
field, there is increasing interest in the production and sharing of bio-research data, but there are no established data production
and collection procedures for each agricultural research field, which limits information sharing among researchers. In this
study, we aimed to standardize the data produced by using the “Bio Research Data Standard Registration Form” established
in 2021 for organic linkage of omics data with research materials of major food crops (rice, soybean, corn).

[Materials and Methods]

To establish metadata for resource trait information of major food crops (soybean, rice, and corn), we basically utilized the
“Standardized Registration Form for Biological Research Data” published jointly by relevant ministries in 2021. The “Crop
(Resource) Trait Information” and “Metabolome Data” registration forms were utilized for agronomic trait and seed meta-
bolome data of the soybean core collection (430 accessions), and the “Food Crop Growth Information Metadata” form
published by The Korea Agriculture Technology Promotion Agency(KoAT) in 2022 was used for agronomic trait data of
maize inbred lines (100 accessions), rice NAM population (100 accessions), and genetic resources (100 accessions).

[Results and Discussion]

The characteristic information of the soybean core collection, maize inbred lines, rice NAM population, and genetic resources
was metadataized into 6 items (crop name, species name, resource ID, resource name, collection location, and resource
characteristics) according to the “Standardized Registration Form for Biological Research Data”. The qualitative agronomic
traits of the soybean core collection were classified into 8 traits (seed coat color, Hilum color, etc.), and maize was classified
into 15 items (Tassel emergence date, Silking emergence date, Days to silking emergence, etc.), and rice was divided into six
items (First heading date, Culm length, Panicle length, etc.), and the display criteria for agricultural trait survey values were
set. Seed metabolome data of soybean core collection was divided into 6 parts of 10 analysis steps, metadata for each analysis
step was set, and antioxidant activity values, isoflavone and soyasaponin data of each resource were standardized.
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[Abstract]

In response to the evolving dynamics of rice-based industrial sectors, such as the Home Meal Replacement (HMR) market,
and in alignment with shifts in social lifestyle habits within our nation, there is a pressing need to enhance the price
competitiveness of rice for industrial use. A critical strategy to achieve this involves improving the low-temperature tolerance
of Tongil-type cultivars to ensure stable rice production amidst changing climate conditions. In this study, we identified two
candidate genes pivotal for the control of stable root growth under low-temperature scenarios, aiming to develop targeted
molecular markers. A comprehensive genotyping analysis of 405 rice varieties was conducted using the Illumina 588K Rice
DNA chip. Subsequent investigation into the growth characteristics of these varieties under both normal and low-temperature
conditions after 50 days revealed no significant differences in the growth of the root and above-ground parts across different
heading ecotypes. However, notable disparities in root and shoot growth characteristics were observed between the japonica
and indica subfamilies under varying temperature conditions, particularly highlighting a strong correlation between shoot and
root dry weight within both subfamilies (0.879 and 0.781, respectively). GWAS analysis targeting root dry weight identified
two promising candidate genes on chromosomes 5 and 10. The haplotype of TSV on chromosome 5 was categorized into four
groups, with the majority of indica varieties harboring Hap1. Meanwhile, the haplotype of OsLTPL159 on chromosome 10
was divided into six groups, with most japonica varieties exhibiting Hap1 and Hap2. Notably, Hap2 of OsLTPL159 is posited
to contribute to stable root growth under low-temperature conditions. Future research will focus on evaluating the SNP effects
of these candidate genes to facilitate the development of precise molecular markers.
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[Introduction]

Drought stress negatively affects plant growth and yield productivity. Rice is one of the world’s five largest crops, and
hydroponically grown rice is particularly vulnerable to drought stress. Therefore, rice plants have evolved strategies to survive
drought stress. Among them altering stomata density and stomata aperture ratio in rice are high-efficiency strategies under
drought stress. Developing stress-tolerance varieties through gamma-ray-induced mutation breeding can secure a variety of
genetic resources. In this study, we secure Gamma-ray induce mutant (dilt4), which shows drought tolerance varieties via low
stomata density and altering stomata aperture by mutation of OsDIRH2 E3 ligase.

[Materials and Methods]

Plant material: rice seeds (Oryza sativa L. cv Dongan byeo) were germinated and grown in 0.5 X Kimura B solution in a growth
chamber (16/8-h light, dark at 30/28 C with 70% humidity) for 8 days. Drought stress treatment used 40% PEG and air dry
treatment method.

Whole-genome resequencing: WT and ditl4 genomic DNA were analyzed using Illumina HiSeq 4000 platform with
paired-end sequencing.

Stomata density and aperture measurement: 8-day-old seedlings were imprinted using strong glue. The imprinted leaves were
imaged by a light microscope at magnification. In the obtained samples, pore density and three types of stomata aperture were
confirmed.

Gene expression level: Total RNA of WT and ditl4 were extracted for stomata density PEG treatment for 0, 3, and 6h. Total
RNA was synthesized cDNA using cDNA kit.

[Results and Discussion]

There was no significant difference between WT and 200-380 (ditl4) when grown under normal conditions. However, ditl4
exhibited a healthy phenotype under PEG treatment. Also, dilt4 showed higher fresh weight, survival rate, chlorophyll content,
proline, and soluble sugar. In addition, WT showed lower water content and curling leaves by low water loss analysis. These
results suggest that ditl4 enhanced drought tolerance compared to WT plants. To accurately identify the drought tolerance
mechanism, we measured stomata density and stomata aperture ratio such as “open”, “partially open”, and “closed”. The ditl4
mutant showed lower stomata density than in the WT plant. Also, Under PEG treatment conditions, dilt4 showed a higher ratio
of “closed” stomata aperture than WT plants. These results might be interpreted that ditl4 reduces lower transpiration by low
stomata density and stomata aperture, which help maintain high water potential in dilt4 plants. It represents the phenotype and
stomata density seen in ditl4 in gene expression pattern analysis. The ditl4 mutant identified the occurrence of SNP in
OsDIRH2 E3 ligase, which produces a pre-mature STOP codon. So, mutation of OsDIRH?2 affects stomata density and
drought tolerance in dilt4. we suggest that ditl4 is a useful genetic resource that helps understand the relationship between
drought tolerance and stomata density.
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Allium cepa L. is one of the oldest significant global economic cultivated vegetables. They are widely valued for their culinary
versatility, nutritional value, and contribution to the flavor of countless dishes worldwide. The cultivation is distributed over
more than 140 countries. The dry onion was cultivated on about 6 million hectors and the global production was estimated to
be 110 million tons with a yield of 18.5 tons/ha in 2022. The majority of onion production is with Asia (69.1%), followed by
Africa (13.5%), Europe (8.6%), America (8.5%), and others (0.3%). Onions has significant role in human health with their
nutritious profile. Onion bulb is rich in crude oil, vitamins (A, B, C, and E), and minerals (potassium, sodium, zinc, iron,
phosphorus, selenium, magnesium, manganese, and calcium), lipids, proteins, carbohydrates, essential oils, organic acids, and
fiber content, act as a energetic and protective food. It has numerous challenges, including the loss of genetic diversity, climate
change, emerging pests and diseases, and monoculture farming practices poses a significant threat to the resilience of onion
crops. To ensure the long-term sustainability of onion cultivation and meet the increasing demand, effective conservation and
global distribution of onion germplasm is essential. The genetic diversity of onion germplasm is a valuable resource for
breeding programs aimed at developing improved onion varieties with traits such as disease resistance, yield potential, and
adaptability to diverse environmental conditions. It helps to maintain the adaptive traits and genetic diversity of onions,
thereby promoting their long-term survival and resilience. Also, the onion genetic material exchange facilitate with diverse
environmental conditions and agricultural practices, enables the development of locally adapted onion varieties capable of
thriving in different agroecological contexts. Furthermore, integrating traditional knowledge and farmer participation into
conservation and distribution could enhance their effective sustainability which strengthens the traditional farming and
cultural heritage. The effective contribution to the A. cepa global efforts in the direction of sustainable agriculture and
development.
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Genetic resources are difficult for users to access due to their large population size, so it is an important role of genebanks to
create a core collection that can represent the population. A total of 25,000 soybean genetic resources are preserved at National
Agrobiodiversity Center, and a core collection of 1,000 resources was created using the POWER CORE program based on
basic information such as origin and resource classification, agronomic traits such as flowering period, maturity period, seed
coat color, and nutritional components such as crude protein and crude fat. In order to improve the utilization of genetic
resources, the core collection of 1,000 resources was evaluated for disease resistance and disaster resistance such as late blight,
field fire blight, soybean mosaic virus, drought tolerance, and moisture tolerance due to the policy of promoting paddy
cultivation of soybeans. In addition, KTi, lipoxygenase presence, and sucrose content related to food usability were evaluated,
and agronomic traits such as flowering period, maturity period, and 100 seed weight were investigated for 14 items in 2019
and 2020. By applying the results of these trait evaluations and genomic analysis using 180K SNP microarray chip, 88,402
SNP data from 945 accessions were obtained. Using this population, we aimed to create a small core collection with a size of
20% of the population, and selected 188 accessions with the closest gene frequency and phenotype frequency. We added 23
accessions with extreme and low-frequency phenotypes that were not included and five pre-selected blight resistance
accessions to form a mini core of 216 accessions. Genebanks will be able to use the core set to build evaluation systems and
evaluate traits using new trait evaluation techniques, and to introduce new resources as the range of their holdings becomes
clearer. As mentioned in the introduction, small core collection are expected to be utilized for various research purposes as they
are easily accessible to researchers.
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The Arabidopsis DA/ gene is crucial in the development of organs and seeds. This research delves into the role of equivalent
genes in rice, namely DA1, HDR3, HDR3. 1, and the GW2 gene, which is an ortholog of DA2 in Arabidopsis. The positions
of T-DNA insertions were verified through PCR, and plants with homozygous traits were assessed for various agricultural
characteristics, including height, tiller count, time to flowering, and grain dimensions. The outcomes revealed that 4dr3 and
hdr3.1 exhibited notably shorter stature and smaller grains, whereas gw?2 and da/ lines exhibited significantly heightened plant
height and larger grains compared to the Dongjin wild-type variety. Assessments of leaf aging demonstrated that Adr3
exhibited delayed senescence, whereas Adr3. 1 displayed slightly earlier senescence under dark conditions. These results imply
that orthologous genes of DA/ inrice play pivotal roles in governing plant growth and development, offering potential targets
for enhancing crop quality.
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[Abstract]

This study investigated 575 cultivated soybean landraces from different provinces in Korea using seventeen key agro-
morphological traits. The soybeans showed wide variations in both qualitative and quantitative traits signifying the existence
of genetic diversity. The standardized Shannon-Weaver index (H”) ranged from 0.3 to 1.0, with seed-related traits having an
H’ higher than 0.7. Similarly, the quantitative traits showed significant variations, with the coefficient of variation ranging
from 7.2% in days to maturity (DM) to 62.3% in the number of pods per plant (PPP). In terms of province, Gyeongsangbuk-do
and Gyeongsangnam-do accessions differed from the others, with a higher proportion of green and yellow seed coats and a
lower proportion of black hilum color. Gyeongsangnam-do accessions were also early maturing and flowering, but had the
lowest average one-hundred seeds weight (HSW). In contrast, Jeollanam-do accessions flowered and matured late, but had the
highest average seed weight per plant (SWPP). Hierarchical cluster analysis grouped the soybeans into 12 clusters, and further
statistical analysis showed significant variations in all the quantitative traits among them (p < 0.05). The principal component
analysis also grouped the accessions based on their clusters. DM, PPP, HSW, and SWPP were identified as the major
contributors to the observed variance along the axis of the first two principal components. Correlation analysis revealed
notable associations between maturity and yield-related traits. Based on relative performances, 37 promising accessions were
identified. Overall, this study highlighted the diversity of recently cultivated Korean soybean landraces, providing
opportunities for future metabolomics and genomic investigations.

Keywords: agronomic traits, Glycine max, growth traits, phenotypic variance, yield traits
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[Introduction]

The adzuki bean (Vigna angularis L.) is an important dietary legume in East Asia, commonly used in adzuki bean paste. The
aim of this study was to investigate the water absorption, solubility, swelling power, and pasting properites of adzuki bean
paste among different varieties.

[Materials and Methods]

In this study, we analyzed eight major adzuki bean cultivars and seven breeding lines. Water absorption capacity, solubility,
and swelling power were evaluated using measurements of adzuki bean paste powder. Viscosity characteristics were measured
using a Rapid Visco Analyzer (RVA).

[Results and Discussions]

The study of water absorption in adzuki bean paste showed that Huinnarae had the highest value of 601.3%, while Arari had
the lowest value of 495.1%. In terms of solubility, Hongmiin and Miryang 60 had the highest values of 17.1% and 17.0%,
respectively, while Miryang 56 had the lowest value of 12.5%. Swelling power varied among the samples. Huinnarae
exhibited the highest swelling power at 7.2% among the samples, indicating weaker internal binding of starch particles. In
contrast, Arari had the lowest swelling power of 5.9%, indicating stronger binding. Viscosity measurements using a Rapid
Visco Analyzer (RVA) showed that Huinnarae had the highest peak viscosity at 1230.7 cP, while Hongju had the lowest at
651.7 cP. Huinnarae also had the highest trough and final viscosities at 1135.7 cP and 2310.7 cP, respectively, while Hongju
also had the lowest values in these categories. Breakdown viscosity, which indicates resistance to thermal shear, and setback
viscosity, which reflects starch aging, showed significant variability. Geomguseul had the highest breakdown at 111.3 cP and
the highest setback at 1471 cP, indicating faster aging. Conversely, Hongju had the lowest setback viscosity at 850.3 cP,
indicating slower aging. The results indicate that Huinnarae is well-suited for dishes requiring a soft texture, while Hongju,
due to its slower aging of paste compared to other varieties, is anticipated to have advantages in paste storage.
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[Introduction]

Vitamin B functions as a coenzyme, activating multiple enzymes in different metabolic pathways, such as the TCA cycle.
Since the body does not produce enough vitamin, it is crucial that such nutrient should be obtained from the diet. Insufficient
vitamin B can disrupt metabolic pathways, including the central carbon metabolic pathways, leading to impaired biological
functions. Therefore, continuous supplementation, even in small amounts, is necessary.

[Materials and Methods]

In this study, the content of vitamin B-complex (Thiamine, Riboflavin, Nicotinamide, Pyridoxine, and Folic acid), and vitamin
C (Ascorbic acid) was analyzed in 34 mungbean genotypes with diverse origins using ultra-high-performance liquid
chromatography (UPLC). Additionally, the antioxidant capacity and tyrosinase inhibitory activity of mungbean sprouts were
measured.

[Results and Discussion]

Our research findings indicate that all 34 genotypes of mungbeans contain vitamins. Interestingly, the vitamin B (B1, B2, B3,
B6 and B9) and C content and composition in mungbean sprouts vary significantly across different genotypes. We provide
valuable information about the vitamin content and composition in mungbean sprout. These results can be instrumental in
enhancing the nutritional profile of mungbeans through further investigations, including genetic engineering or molecular
breeding. Ultimately, these findings suggest that mungbeans can contribute to a well-balanced diet.
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[Introduction]
This study was to compare and analyze how the proximate components and amino acids of maize are affected by
environmental factors (year, region) and genetic factors (type).

[Materials and Methods]

Three types of maize (sweet 2, waxy 3, normal 3) cultivated in three regions (Daegu, Suwon, and Hong-cheon) in 2021 and
2022 were analyzed for proximate components (moisture, ash, protein, fat, TDF, carbohydrate, CF, starch) and amino acids
(KOAT analysis support). The proximate components used were atmospheric pressure heating and drying method for
moisture, ether extraction method for fat, circuit analysis method for ash, and enzyme-weight method for total dietary fiber.
Samples were analyzed using a high-speed amino acid analyzer using a Nihydrin method in case of amino acids. Data were
analyzed using a SAS program and a statistical analysis method for analysis of variance among factors.

[Results and Discussion]

The nutritional component of a crop is generally influenced by genetics, but it is also greatly influenced by environmental
factors in the region where it is grown or the climate of that year. This study was conducted to find out the factors affecting
the nutritional component of crops especially maize. As a result of performing statistical analysis, when compared by year, six
of the eight proximate components (ash, protein, fat, TDF, carbonhydrate, and starch) showed significant differences, and all
of the 18 amino acid items showed significant differences. By region, five of carbohydrates and amino acids (Ala, Val, Trp,
Cys, Met) were significant, and six of the proximate components (moisture, protein, fat, carbonhydrate, CF, starch) and 16 of
the amino acids excluding Arg and Cys showed significant differences in the type of maize. Compared by region, the
significance was more pronounced when viewed by year and type, which is considered to be significant in environmental
factors such as year, although the nutritional composition is greatly affected by the genetic factors of the crop.
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[Introduction]

Oryza sativa L. is a staple food for more than half of the world’s population, especially in Asia and Africa. It contains a variety
of nutrients as a major energy source for humans. Nowadays, interest in health functionality has increased, and interest in the
functionality of rice has also increased. Notable functional substaneces are phenolic metabolites known as antioxidants.
Therefore, this study conducted phenol analysis and GWAS analysis with 122 rice core collections and rice 153 breeding
collections.

[Materials and Methods]

First, phenolic metabolites 275 of the total collection were extracted by an acidic extraction method and analyzed by
LC-ESI-MS/MS. GWAS analysis was performed using six phenolic metabolites (p-hydroxybenzoic acid, veratric acid,
salicylic acid, p-coumaric acid, ferulic acid, and caffeic acid) and three subgroups (sum of hydroxybenzoic acid, sum of
hydroxycinnamic acid, sum of phenolic acid) detected with high frequency in total collection. Based on the GWAS results,
the total collection (total panels) and the breeding collection (varieties panels) except for colored rice were analyzed using
general linear model, mixed linear model, and fixed and random model circulating probability unification.

[Results and Disscussion|]

In the total collection of rice, phenolic metabolites were detected in a total of 18 species, consisting of 10 phenolic acids, 7
flavonoids, and 1 benzaldehyde. The top 10 varieties with high phenolic metabolite content were black rice (6 samples), red
rice (2 samples), and non-color rice (2 samples), respectively. Cyanidin-3-o-[3-glucoside (C3G) for black rice, catechin for red
rice, and veratric acid for general rice were mainly detected. In particular, C3G is 719.45 pg/g, accounting for about 90% of
the sum of phenolic metabolites. Among the core groups, phenolic metabolites (795.65 pg/g) were detected in the heugjinju.
In the GWAS analysis results, significant quantitative trait locus (QTLs) were identified in veratric acid, sum of
hydroxybenzoic acid, and sum of phenolic acid among the nine target traits. The identified QTLs showed similar trends in both
the total panels and the variety panels except for colored rice, and the same QTLs were identified in the analysis using different
analysis tools, so these QTLs are considered to be involved in veratric acid and hydroxybenzoic acid biosynthesis.
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[Introduction]

Pigmented rice stands out for its rich content of bioactive compounds offering diverse health benefits. In particular, it
demonstrates a higher antioxidant content compared to white rice, further adding to its appeal as a functional food. In this
study, the phenolic compound, phytosterol, vitamin E, fatty acid, and DPPH radical scavenging activity of four newly bred red
rice accessions were evaluated, compared to the Korean red rice cultivars. Leveraging a computer-aided drug design (CADD)
tool, we sought to uncover the health benefits of Korean rice, particularly its antioxidative effects.

[Materials and Methods]

The four red rice accessions; accl, acc2, acc3, and acc4 were used in the study. "Jeokjinjuchaly and "Jeokjinjuy were the
controls of this study. After freeze drying (< -85 C, 1 day) and pulverization ( = 300um), The GC-FID was used to analyze
the fatty acid, vitamin E, and phytosterol content. UV—-Vis spectrophotometer was used to analysis of the total phenolic content
(TPC), total flavonoid content (TFC), and DPPH free-radical scavenging activity. LC-ESI-MS/MS was used to analysis of the
58 targeted phenolics. Site detection, grid generation, molecular docking and molecular dynamics (MD) simulations were
performed in silico.

[Results and Discussion]

accl had a high content of fatty acids (p < 0.05), phytosterols (p <0.05), and vitamin E (p < 0.01); acc3 had a high content of
vitamin E (p < 0.05) and phytosterol (p <0.01); and acc4 had a high total flavonoid content (p < 0.001). Correlation analysis
demonstrated a positive association between metabolites and antioxidant activity. In silico research revealed that
phytochemicals had significant docking scores ranging from -9.541 to -6.785 and binding affinities. Furthermore, MD
simulations demonstrated that the hit docking molecules exhibited consistent root mean square deviation (RMSD) values.
These results suggest that the phytochemical constituents of rice could contribute to disease management associated with
oxidative stress, providing crucial insights for future rice variety improvement.
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[Introduction]

Organic products are considered safer, better quality, and more eco-friendly by the people. As people's interest in organic
agricultural products increases, organic frauds are also increasing in the market. It has become important to build a platform
for accurate organic authentication to organic fraud or mislabeling of non-organic products as organic. The purpose of this
study is to enhance the efficacy of the organic authenticity model for organic (OR), pesticide-free (PFR), and conventional
(CR) grains.

[Materials and methods]

OR, PFR, and CR samples were grown in 2021, collected at retailed markets across South Korea in 2022. Collected samples
were lyophilized (=70 °C, =2 days), pulverized (<400 pm). For multi-pesticides residue screening test, the extraction and
purification process of multi-pesticide in rice sample were carried out in a Quick Easy Chef Effective Rugged and Safe
(QUECHERS) method. Then, the analysis process was conducted by LC-ESI MS/MS and GC-MS/MS. For bulk stable isotope
ratios variation analysis, samples were packed in a tin or silver capsule for bulk §°C, §°N, §"*0 and 6*'S.

[Results and Discussion]

In multi-pesticides residue screening test, no pesticides were detected in OR and PFR samples as a form of milled, brown rice,
and rice bran. On the other hand, pesticide residues were detected in CR samples as a form of milled rice (2/7), brown rice (4/7),
and rice bran (6/7). As a result, pesticide residue screening is appropriate to discriminate ecofriendly rice (OR and PFR) from
CR. In bulk stable isotope ratios variation analysis, linear discriminant analysis models of milled OR, PFR, and CR exhibited
classification accuracy for original (82.5 %) and cross-validated tests (76.2 %), while brown rice and rice bran showed less
accuracy. A support vector machine method exhibited improved classification accuracy for OR, PFR, and CR authentication
in milled rice (95.2 %), brown rice (85.5 %), and rice bran (93.1 %). Multi-isotope and statistical approaches could be useful
tool for authentication. Nevertheless, further studies will need to demonstrate that this approach works effectively.
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[Introduction]

Rice (Oryza sativa L.) is one of the world's top three food crops, consumed world-widely tens of thousands tons due to its
diverse nutrients. As growing interest of secondary metabolites, phenolic compounds are known for precursor to various
antioxidants. Therefore, this study measured total phenol content in 460 rice genetic resources and further comprehensively
profiled 58 targeted phenolic metabolites for the top 100 species which contains plenty of phenol content.

[Materials and Methods]

The measurement of total phenol contents was carried out with the colorimetric using a UV-Vis Spectrophotometry which has
absorbance at 765nm. The standard curve that established by gallic acid standard shows significance in the range of 7.85 pg
/ mL to 500 yg/g (R?=0.9985). Furthermore, for the top 100 rice varieties which were selected according to amount of total
phenolic contents, were analyzed about 58 targeted phenolic metabolites by LC-ESI-MS/MS.

[Results and Discussion]

The total phenol content in 460 rice resources ranged from 17.2 to 11733.9 yg/g (mean value 703.418 ug/g). The total amount
range of the top 100 rice that additionally analyzed for targeted phenolic compounds ranged from 11733.9 ug/g to 895 ug/g.
Among 58 targeted phenolic metabolites, salicylic acid, ferulic acid and p-coumaric acid were detected from all of 100 rice
genetic resources. The most highly detected substances were cyanidin 3-O- 3 glucoside of IRRI Acc. N0.24990. More research
should be conducted to search various functional substances from rice genetic resources.
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[Introduction]

Plant-based proteins from legume crops are emerging as sustainable alternatives to animal proteins and as nutritional
ingredients in various food products. Mungbean (Vigna radiata L.), one of the legume crops, is high in protein and rich in
essential amino acids, including branched-chain amino acids (BCAA). BCAA are composed of essential amino acids (leucine,
isoleucine, and valine) and help improve athletic performance, but they are not synthesized in the bodies of animals, including
humans, and must be obtained from food. Most studies on mungbeans focused primarily on their secondary metabolites, with
few studies investigating their potential as protein-alternative. Therefore, we investigated the amino acid and BCAA
composition of 18 mungbean genotypes and the effect of germination on the content and composition of amino acids to
elucidate the potential of mungbeans as a plant-based protein and supplement source.

[Materials and Methods]

Mungbean seeds were harvested from the Experimental Farm of Gangneung-Wonju National University in Gangneung, South
Korea (37.77°N, 128.86°E). A total of 18 mungbean varieties with green, yellow, and black seed coats were used. The study
was grown in a growth chamber to examine changes in total amino acids, branched-chain amino acids (BCAA), vitamins, and
antioxidants over five days after germination.

[Results and Discussion]

The amino acid and BCAA content of mungbeans varied depending on the genotype, and the amino acid composition changed
during cultivation. Mungbeans in the early stages of germination had significantly higher total amino acid and BCAA contents
than seeds. The antioxidant capacity and content of vitamin B-complex and vitamin C, but not thiamine, also increased
significantly after germination. Among the 18 genotypes, Bohabe Yellow Mongo had the highest amino acid and BCAA
contents in the early stages of germination, while Dahyeon showed high amino acid and BCAA contents in the seed state and
high vitamin C content after germination. The seeds of 742, a wild genotype, showed high antioxidant capacity, especially high
thiamine content. These findings indicated the importance of selecting appropriate varieties and cultivation times when
cultivating mungbean as a source of plant-based proteins. Further research is required to understand the mechanisms
underlying these changes and to explore ways to optimize the nutritional profile of mungbean sprouts by leveraging their
potential benefits.
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Green onions (Allium fistulosum) are recognized for their distinct flavor and numerous health benefits, making them a valuable
component of global cuisines. The cultivation of the crop contribute significantly to global food security, providing a
year-round source of green vegetable for food. In recent years, a noticeable shift towards healthier eating habits is widely
observed, driven by an increased awareness of the pivotal role of diet in human well-being. This transformation reveals the
growing demand for nutrient-rich foods, particularly vegetables like green onions, which offer a plethora of nutritional and
therapeutic advantages. The current study aimed to explore the unique characteristics of green onions, and gain insight into
their potential role in promoting human health and wellness. Specifically, we investigated the taxonomic characteristics,
country-wide distribution and germplasm diversity, cultural significance, nutritional composition, and therapeutic properties
of green onions. To achieve these objectives, the study conducted a comprehensive review of existing literature on green
onions, encompassing scientific research, historical records, and traditional medicinal practices. The characteristics of green
onions, including their perennial nature, upright cylindrical leaves, and bulbous white base, distinguish them as a unique
member of the Allium genus. From a taxonomist perspective, green onion cultivars and varieties show variations in terms of
stem color (green, white, red, or purple), stem thickness, leaf length (color, size, shape, length), bulb formation and flavor
intensity. Germplasm studies revealed a wide diversity of green onion cultivars, adapted to various climatic conditions,
leading to their countrywide distribution and cultivation across different regions globally. In terms of distribution, green
onions are popular in East Asia, ranging from Siberia to tropical Asian countries such as China, Vietnam, Taiwan, Japan, the
Philippines, the Republic of Korea, Malaysia and Indonesia. Culturally, green onions hold significance in culinary traditions
worldwide, and constitute a prominent component in a wide range of dishes. Moreover, their nutritional composition, richness
in vitamins (A, B, C, and K), dietary fiber, and essential minerals (calcium, potassium, phosphorus), highlights their value as
a nutrient-dense food. Furthermore, green onions contain various bioactive compounds, such as polyphenols, organosulfur
compounds, saponins, polysaccharides, and tannins, with remarkable therapeutic properties. These compounds have been
associated with the treatment of chronic disease conditions linked with inflammation, microbial infections, arthritis, obesity,
and cancer. The findings in this study provide valuable insights into the multifaceted uses of green onions and revealed their
importance in promoting human health and well-being. By elucidating their unique characteristics, nutritional content, and
therapeutic potentials, this study also stressed on the significance of incorporating green onions into regular diets for enhanced
health outcomes. Additionally, it emphasizes the need for further research to fully harness the therapeutic benefits of green
onions and their potential contributions to preventive and integrative medicine.
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