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ABSTRACT

Recently, the concentration of fine dust causative substances (NOx, VOC, etc.) in the
atmosphere has increased, resulting in high concentrations of tropospheric ozone (O3) and
increased damage to crops. This study aimed to analyze the impact of high concentrations of
ozone gas on the initial growth of rice plants and investigate the relationship between ozone
damage resistance and anthocyanin biosynthesis. To achieve this, rice plants were exposed to
elevated levels of ozone gas using an ozone chamber, and subsequent measurements were
taken to assess changes in growth, the percentage of damaged leaves, and the anthocyanin
content. The results revealed that varieties with a higher proportion of damaged leaves
exhibited a relative increase in anthocyanin biosynthesis following ozone exposure. Notably,
detrimental effects on growth, such as decreased biomass, were mitigated. Additionally,
Anthocyanin biosynthesis genes in rice were listed by selecting homologous genes from
Arabidopsis and Maize. The expression of OsF3H2, OsFLS1 and OsLDOX3 was induced
during ozone treatment. This result is expected to contribute to the study of the protection
mechanism of plants from ozone damage.
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2 715 mAIEA] 2l EA(NOx, VOCH) 9
E57} ol o]of Wt 1xEo] A F QEIIA
(03) Yoz gt w2k s S-o7F e gl
t} (Ramya ef al., 2021). 5= A|HE LE7|A0
ol3 B Qlol= TAE o] H7Zk vbdo]| EhAlEla, Al
A9 Qo WAL U] T T FRAE
Zh ol BAZE WAIET Qo] olo] ojgt vt
o]|F0] 2|3l QtKMulchi er al., 1988; Kittipornkul
et al., 2020; Ramya et al., 2021). T35t S 2 Y9
oZ a7t 557] FeHE T AITAA Haet
2l 18 AT, B S S ) 5

2 AstAIZIttal Bal Hith(Jing ef al., 2016). =Uj
LE A dHAH R o]FoR|AL Qlont F, Y
BoHE oEEE 9 edo] 12 St Jrrt
ClopsbA GTET glon] B 7k Aolrk 2 Ao
ghel=] @it Tsukahara ef al., 2015, Shao et al., 2021).
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(SDO)&} Peroxidase (POD)2] &40 =il 7|3 A3}
AJo] =01 phenylalanine 9] gFo] @& XA &
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Fig. 1. Plant height(A), leaf age(B), Dry weight(C), and Dry weight/plant height(D) of rice plants exposed
to 150ppb ozone for 4 days. Data are mean + standard error (p< 0.05, n = 9). SDG : Shindongjin,
GB : Gochi boro, IR79 : IR79643-39-2-2-3, WAB : WAB56-125.
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3 AJol2 Kel EHE AEAT} IRTIATKFig. 1A).
40] Aol o Ho] we Hjol7} 7o) mo]
A] 9o, Gochi boro T H7 oF 059 F=
S7kstolon, BAHOR GoIF Aol WelrFig
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o] Agoliz ABFe| ATFig 1002} FAT A
oz oF Ae) Al thh gasigen], AEX, IRT9
FgolA BAHOR o5 Holg MYTFig. 1D).
ol Adx Al B 24| TV} Hiv] dE Al
ZHasle] mEo] o3 o] Zrlel= ANLee et al.,
2016)2F FAFSFAT.
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W uw Aolch Qi) Agle] N22gk AE L7}
A= 2] Gochi boro®] #jsf ¢! Hl&0] 80% = 7H =
gkon] 72 AEUL Al SRS A9 3%
o] 73 o Hl&S HAhFig. 2A). 7t AL
IR722} IR79, WAB56-2 72} 40%, 46% 60%2] 3]
Q) B8 Ho] AEL} 2 Qlelz} Aol me Ho]
] £ 7F Jol7} T 2 S ellsiri(Fig 2A).
ShH WA E321 Gochi boro, N22, WAB567} 23]
2] Qo whE A wjsf) Ao F okt MG
vt glo] 2k vajs eEAz] mE A%
SR A AL Zo S EYlew(Fig.
3A), eEA o] whE Q! ANk msfleat w3
& AEA o) AR HolXi gherhe A
(Sawada & Kohno, 2009)9} S-A}31T) o]o} THEs}
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Fig. 2. Damaged leaf ratio(A) and anthocyanin biosynthesis(B) of rice plants exposed to 150ppb
ozone for 4 days. Data are mean + standard error (p< 0.05, n = 3~5). SDG :
Shindongjin, GB : Gochi boro, IR79 : IR79643-39-2-2-3, WAB : WAB56-125.
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Fig. 3. The relationship between the leaf damage and difference in D/P(A) and the relationship
between Anthocyanin content and leaf damage according to ozone treatment (150ppb,
for 4 days). D/P : Dry weight/Plant height(g/cm™).
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of 9EAelol w2 Qo M| ZA 35| Wzt
% gl vl ] i 379 a7t 2

2% Zlow YZAE.

& Aol =2 W= SODLL PODE] w7}
21 phenylalanine o] 9kfo] @& A2|7to] SThE

= 3R 3(Choung et al., 1999; Choung et al.,
2000)7} 21o] phenylalanine © 2 AJZAIE= ZotH -
ojE AR I F ol7A] AEHA A =4
2 A7l QFEAJohd o] A=K (Fig. 1B)S S35}
Ark 2F A T AT Levl] STt SHEAJoRd
SRS Hoju N22&= 1.94)], IR79= 144 =2 Q&
Alobd g2 B $thFig. 2B). Gochi boro2} WABS56
o oo ofgt ehEAloby AHITe] 271} ekt
A ghort o2e AshA] ook the B0 vl
3 & HEAlOP RS Holn, IR72& & A
Fof|z= QtEAloRd gFFe] WSk} QISIthFig. 2B). &
& A2A] QtEAloPd AR O] S7F vt o A
P& Hol= Ao] ofdef, o2& A7 ¥ H5f ¢
HI&o| 2 FFolA SHEAloRd AgRbdwko] & A
WA A3E 2EchFig. 3B).

33. B etEAlONH YilY REXSY S

BlollA] o7 o] Eehiiol= MY Il &
sh= Qt=Alobd AR FAARET RARE RS
27] fJ8te] B ARs Hlo[EHlolAE HAste] Thil
FAMIO] w2 FAIARE A9k Table 12 H9) QI
Alopd AR FAES S| fAMdel wet 5
olal frAee] wheh Wss 2o Rt Aok ¢F
EAlohd ARk TAe] 2Rk Fuishs 22 R
NCHS)= oW7178de] CHS2F e M FAME S
vlaLsto] 439 FAAE F7gskalal(Fig. 4), frAE
(%)l wet OsCHSI (93%), OsCHS2 (86%) OsCHS3
(71%), OsCHS4 (65%)= §5}1tKTable 1). ¢HE
Alobd AR ©A|e] FRA A 7eg she B2
o JRASEA(CHD A= 359 FAAE S48t
Q3L OsCHII (73%), OsCHI2 (50%), OsCHI3 (49%)
= gEor(Table 1). Mo] EASHA] gF2 QHEAlo}
He] AFAIE Adshs Sk 3-3|a5deom)
(F3H)= 3%9] 442 5481530 OsF3HI (T7%),
OsF3H2 (54%), OsF3H3 (50%)E ™83} %ith(Table
D). EFetRieo|E 33| ERAROIA(F3 H)= 155
FAAo OsF3°H (15%) & 3t3it(Table 1).

Table 1. Anthocyanin biosynthesis genes in rice

Categoris Proteins Rice Arabidopsis
Genes Locus gene
Structural Chalcone synthesis (CHS) OsCHS1 LOC Os11g32650 AT5G13930 (CHS/TT4)
genes OsCHS2 LOC 0Os07g11440
OsCHS3 LOC Os04g01354
OsCHS4 LOC Os05g12210
Chalcone isomerase (CHI) OsCHII LOC 0s03g60509 AT3G55120 (CHI/TTS)
OsCHI2 LOC Os11g02440
OsCHI3 LOC Os12g02370
Flavanone 3-hydrolase (F3H) OsF3HI LOC 0s04g56700 AT3G51240 (F3H/TT6)
OsF3H2 LOC Os10g39140
OsF3H3 LOC Os04g57160
Flavanone 3’-hydrolase (F3’H) OsF3'H LOC Os10g17260 AT5G07990 (F3’H/TT7)
Flavanone synthesis (FLS) OsFLS1 LOC 0s03g03034 AT5G08640 (FLS)
OsFLS2 LOC 0s02g52840
OsFLS3 LOC Os10g41020
Dihydroflavonol reductase (DFR) OsDFRI LOC Os01g44260 AT5G42800 (DFR/TT3)
OsDFR2 LOC 0Os08g40440
Leucoanthocyanidin dioxygenase OsLDOX1 LOC 0Os01g27490 AT4G09820 (LDOX/TTS)
(LDOX) OsLDOX2 LOC Os06g42130
OsLDOX3 LOC 0s03g18030
OsUGT1 LOC 0s06g09240 AT5G54060 (UF3GT)
UDP-glycosyl transferase (UGT) OsUGT2 LOC 0s07g05420




Lee et al.: Study of Growth and Anthocyanin Accumulation by Ozone Stress in Rice

G

g+ g g gy

0 3
b ARRADEe LR1cT
KA el BTGt
A S 8
4 B W Bicr
- convi B REEN.
SRR Do

o
e

=e e
¥ [kE WEH S0 < el = v kel
FiLAE NS ol < NS - 8 v L BT
ritiok ufy A - e - 8 waflalox
tjuoe niflshich FiriEEL o BlG v o
FiLRS MBS, v s R T g vl Lol T Bl M cla A Y
e nigeli1o kB er NE RE
140

= > > > > >

113

(B)

AICHS

0.14

0sCHS2

0sCHS4

OsCHS3

Fig. 4. Multiple sequence alignment(A) and phylogenetic analysis(B) of rice, arabidopsis, maize CHS protein.

o Zehricol= kY THHe Behriw} oken|
RS TR Fo1A AR Lt Sehui
SAFANFLS)= 3£ SASIL OsFLSI (55%),
OsFLS2 (70%), OsFLS3 (56%)= ™83} tHTable
D). SHEARIUES ARHEHE ARe) ts| =2 se
B FAFNDFR)= 2%S EA813 OsDFRI
(79%), OsDFR2 (63%)% " g3}t Table 1). ¢t&E
AfolUel et Ak fae) BESHEAlORE o
O EAIAHOA(LDOX)+= 352 &7kl OsLDOX]
(71%), OsLDOX2 (69%), OsLDOX3 (54%)= H g3}
StH(Table 1). HPAEFO= QFEAJOPHOfA] FEA]
ofdo=m s} Al7|= T AEA(UGT): 2
22 573}l OsUGTI (46%), OsUGT1 (44%)= ™
35} tTable 1).

34. HolM 2F o] ME AUEAOF] e
FTXle] W e}

FAE F1212] complementary DNA (cDNA) A

o

&g 1% quantitation real-time PCR (qRT-PCR)
& Salsh] it mefoloi(Table 2 A2tsielck
Fig. 52 A2 Zeto|HE ARgsto] F5ER 0

2] & gRT-PCRS 43§t ZA}o|ct ve] OsCHSH
At0] 74~ OsCHS2RE TS vl 4= ql3lom,
iR A o] uhe: Uitk IR79: 0%
= Agsto] OsCH2 2] Wal ol 2 2fol7t gisle
U UHA] FFollA e dEol 41~74% askeltt
(Fig. 5). OsCHI f-31A12] 73-9-ofli= OsCHI1-2 el
eo) vl Mo| E7L uiLv} o] ek OsCHI2E
LEAYA 5ET A HolA| §k8keut Gochi
boro®} IR720YA] 54%, 23% FrASE WHa=ke Holy
IR792} WAB56 &£ A= 1.9, 2.78) Z7}st whalwk
< HStKFig. 5). CHI3= Q=4 2]A] QEEAJoRd A3
ol 7kt Auoks ths) W] Aashs 4
A B TKFig. 5). A1%5211} Gochi boro, IR729]|
A 59~77% ZHa® WrARS ®girhFig. 5). OsF3H
FAARES] 7 9-olli= OsF3H20 ARt T Zhe 1]
W3 4= glglon OsF3H1 T} OsF3H3 = W eko] o
of a7} o gtk OsF3H2& R FFolA &&
AP A 1.sulollA BWAlE 73ui7HA] =2 A S7F
£ R HFig. 5). OsF3’H+ A5 A3} Gochi boro,
IR720]141 90% o]/ WaTo] st A= 1
ATKFig 5). OSFLS 9A47}70] A2 OsFLS1= mE
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Table 2. Primers used in this study

qRT-PCR
. Direc- s s . Direc- s ms
Primer . Sequence(5’—3") Primer . Sequence(5’—3")
tion tion
F  CGAACTGCGTGTACCAGG F  CCTTCAGGGAGATCATAAGCAC
OsCHS1 OsFLS1
R GCATGTACCTCTTCCTGATCTG R GATGTAGTCCTGTTCCAAGCC
F  TGTACCAGACCGACTACCC F  ATAAGATCAACTTCTACCCGCC
OsCHS2 OsFLS2
R  CCTCAGTAAGATGCGTGTACC R  CCATCCTTGAATACCTGGAGG
F  TTTCCAACTCCAATCACCTCC F  GTGGCTTCGACAAACTGAAAG
OsCHS3 OsFLS3
R CGCTTGTCGATCATTGTCTTC R GGAGCTTCTGATGGTGTCTG
F  ACCCGGCAAATATCGTCTATC F  ATGGCTCGTCATGAAGCTC
OsCHS4 OsDFRI1
R AAGGTGGATGTAGCGTTTCTC R TCAGCCTCTCCTTCTACCC
F  TCCATCCTCTTCACCCACTC F  ACGAAGTTCACCATGTACGG
OsCHI1 OsDFR2
R GAATCCAGCACCGCCTC R AAGGTGACCAGTTCGTTGAC
F  CACCTTCCACTTTCCTACCAC F  ACGCAAGCTGTTCGAGAAG
OsCHI2 OsLDOX1
R  TCATCTCGGCCACATTCTTG R AGTTCTCATTCCGTTCGATGC
F  CCTCACCTTCCACTTTCCTAAC F  TCGCCATCCTCTCCCTC
OsCHI3 OsLDOX2
R TCATCTCGGCCACATTCTTG R  CGGGTAGTAGTTGATCTTGAGC
F  GTACCATCACGCTCCTCC F  GTTCCCGACGCCTTCATC
OsF3H1 OsLDOX3
R AACCTCCCATTGCTCAGATAG R CTCCACGCTCTTGTACACC
F  CACGGCTTCTTCCAGGTG F  AGTTGCAGGCGAAGGTG
OsF3H2 OsUGT!1
R GAGTAGAGCTTCGCCTTCTC R AGATTATCTCGACGAACTTGGC
F  AGCATCTCACTGCCAATATGG F  CCTATTTCCGCAAGAACGATC
OsF3H3 OsUGT2
R GCTTAGGATTTCAACATGCCAAG R  AGGAGAAGGTGGCGGAG
OSF3°H F  GCGAAAAGATCACCGAAACTG
S
R TGTCAAGCTCATGCTGGG

FZOlA 3ufjoll A 248 7HA] =2 AT SV HSl
O}, OsFLS2= #Hagko] - ol vjwalr] o)
THFig. 5). OsFLS3:= N229} IR79, WABS560 4] 2uf
oAl 448 =& LAFE HGo AlEFloA=
33% 7HAE WSS B STHFig. 5). OsDFR S-#}
9] 7%-¢- OsDFR12] r@gfo] ulj-g- o} v]ws}r]
o]2]9ty. OsDFR29] -2 IR799} WABS569)4] 1.5
ol A 4ul] Z718FH o IR72014= 60% A dh
AdS EUTKFig. 5). OsLDOX {F3ARE2] -
OsLDOX1, OsLODX2%= BF&lafo] ufj9- Lo} u]ma}
7] o]tk OsLDOX3 & @& A HE EFA]
27004 5.44) = wrEekS HrKFig. 5). OsUGT
O] FAAREY AS-2F A i HEEo] Wot
Hlwsl7] ojg gty &R & e FFolA Ud
o] 2715t §AX-E OsF3H2¢} OsFLS1, OsLDOX3

AtkFig. 5). F3HE= UV-BU} SHIAEF A SlojA g
AkeE 5L o)y gIste] Fao] BHe] B7le}
glo] F713ittal R EQItH(Liu ef al., 2013). ¥
3% ZA8k= OsF3H 3R OsF3H21Eo] Q.20
Hkg3le] A Zehrimo|= AgHAEFe| ZUt o)
of = AOR A Skl wig) Ee WIS 2
Aerjo] ot 535}, F3HE] o8] dihydrokaempferol
2 W3R ALAHE FLS7} dihydroquercetin®
hydroxylation AJZITHXu et al., 2020). o]% F2af3t
H & Y= olFslo] STt HigAle 2E=
Af A5 sHA Hrk WO 3F EASk= OsFLS +
AAES OsFLS10] =2 2&of Hkg-sto] Sefks
HIEHA| 9] fHe SV 71 Aoz AZET A
22 QIgE ROS AY/GA] QEEAJOR AR 4%
SRt Fofshs fRAAte] Wdo] SRt= A4
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Fig. 5. Difference in relative expression of genes associated with Anthocyanin biosynthesis gene of rice plants
exposed to 150ppb ozone for 4 days. Data are mean =+ standard error (p< 0.05, n = 3). SDG : Shindongjin,
GB : Gochi boro, IR79 : IR79643-39-2-2-3, WAB : WAB56-125.
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