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Abstract

In order to maintain normal growth condition and development, redox reactions
including photosynthesis, oxidative metabolism and biosynthesis of carbohydrate,
lipid and protein happen all the time in plant cells. To avoid external damage and
stress,the plant has developed an intricate network comprised of a variety of redox
couples and redox enzymes since the sessile organism cannot move freely. Reactive
oxygen species (ROS) are the primary signal molecules in redox network.Because an
accumulation of ROS in cells can lead to oxidative stress and the redox homeostasis
will be disturbed which can result in defective physiological function or even
uncontrolled cell death. Therefore, it is important to isolate and identify
oxidoreductase genes and to study their functions in redox network.

RGAP database shows that OsOT gene encodes a oxidoreductase, including four
alternative splicings named from OsOT.1 to OsOT.4 respectively. In this experiment, a
new alternative splicing was identified which was named OsOT.5. Using the
InterproScan online tool to predict the proteins encoded by these five alternative
splicings, it was found that they both had the N-terminal region of a non-haem
dioxygenase, part of the 2-OG Fe(ll) dependent dioxygenase domain as well as an
Isopenicilin N synthase-like domain.

In this study, we constructed the subcellular localization vector of OsOT.1 and
OsOT.5 respectively, the results of PEG-mediated protoplast transient transformation
showed that both OsOT.1 and OsOT.5 proteins distributed in cytoplasm of rice
protoplasts, and maybe the nucleus as well.Genevestigator database shows that the
expression level of OsOT is not high in different stages, different tissues and organs in
rice.Besides,we obtained OsOTpro::GUS transgenic plants whose GUS straining
results indicated OsOT is mainly expressed in coleoptile,embryo,internode and blade,
which were consistant with the database analysis but not the result of gRT-PCR.

Moreover, we obtained OsOT.1 over-expressing transgenic plants and
CRISPR/Cas9 transgenic plants by genetic transformation. Five CRISPR/Cas9

transgenic plants were chosen to be sequenced and they all mutated but in different
3
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ways. The mutation types included base insertions, substitutions, and chromosome
fragment deletions, which resulted in one amino acid deletion, and truncation of
OsOT protein.

The activity of SOD, CAT and POD in leaves were detected in wild-type
(Nipponbare). OsOT.1 over-expressing plants and CRISPR/Cas9 plants.The results
showed that SOD. POD and CAT activity in CRISPR/Cas9 plants increased
differentially,while there was no significant change in OsOT.1 over-expressing
plants.It is suggested that the knockout of OsOT could induce a certain degree of
oxidative stress to rice which increased the activities of antioxidases.

gRT-PCR assay of 8 ROS scavenging related genes showed that the expression
of OsAPX3 in two transgenic plants was lower than that in wild plant, and the
expression level of OsAPX4 in three types of plants behaved irregularly. The
expression level of OsCSD3 in over-expressing plants was lower than that in wild
plants but varied in different CRISPR/Cas9 plants. In general, the expression of three
OsCAT homologues in all transgenic plants except OE-7 was lower than or the same
as that of wild plant.What’s more, the expression level of OsCATA in CRISPR/Cas9
plants was higher than that of over-expressing plants. The expression of OsGPX1 in
all transgenic plants except OE-7 was lower than that of wild plant, and the
expression level of OsAPX4 in three types of plants behaved irregularly.

In conclusion, the expression of OsOT gene may be temperal/spatial-specific and
may play a role in the maintenance of rice redox homeostasis, but the concrete and
detailed mechanism remains to be further studied.

Keywords: rice; OsOT; oxidoreductase; alternative splicing
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SOD Superoxide dismutase A BT
POD Peroxidase o Ak Pl
APX Ascorbic acid oxidase PUIR ML o A P il
GPX Glutathione peroxidase B H KL S A Y e
CAT Catalase o A S
GFP Green fluorescent protein SRt EH
GUS B-Glucuronidase ] 2R TR I
gRT-PCR Real-time quantitative RT-PCR SEF Ot E & RT-PCR
PCR Polymerase chain reaction A e = B
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FELDAR A BRI BEZI AR AL HEAT 25 Rl o BRI AR I S N, ARG 1EHT EAL
AU LA RESR . RSB E AR & 85 . BRI Bl 2 B A A2 55 % P 5
i, (EVENEEEY), MY Ed st s 0 E She, N 1R A A
B2k, R RBUERR4ER B B AR S KT, MW 7B Rk
I SRR X 45

SE I TR P 4% A2 B Ax 2 S8 AR iR T 6 RIS R 2 SR, 4Edr 4 g
A JFT 15 BT T R A A 2 A2 i 2 11, ROS AR SR R 4% v i B (R4 5 20 1
BRI R R G A . IEHE LT 2L B R YRR — EJE
— HLAT SR AR, A TR T A A T8, DA T % i) BE v SR AR S BB b
20T I v B 3 JEUIRAS i R JEUM A . BITEL, AR 2 A IE SR ik SR AS Y
FEH, A AL I AR AR TE A W, AT S M 40 B A LR A D R
HANAAET O, R, RN A R A A A R A A 1 A KR B AR
28 O B, oo SR A DR IO 9% 1R 4 SR TR ST BT EAT I 0 B A5 JE 9 b

AL iE R B JE T 1H by BE 2% & i 2 (IEC, International Electrotechnical
Commission) T 73 /S KEE R — 28, AR N RS EGER, N 7%
T TR R AR, AINIET ZHE . ARYE IR0 2%E, TR AL IE IR g 73 9P
A,

1. WARS fiEfh: RH+R's R+RH

KB4 i AU 7 L JR AL 4 T Cnicotinamide adenine dinucleotide ,
NAD(H) ) Ailit J5i % 44 i II ( nicotinamide adenine dinucleotide phosphate ,
NADP(H)) fE 4T ARt S 2L — PR AR, NAD(H)— i %
500 AR U I S B AR, 17 NADP(H) WA A2 5 A BRAR U 1 it S ) 4
2. A1LEE ffk: RH+0,= R+H,0, or H,0

RIS 2R BIAR, AL EACEE 0 AP 56— R L X%
iz (flavin mononucleotide, FMN) E{ g 2 It 08 — i H B (flavin adenine
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dinucleotide, FAD) NHF T, MEAIFEIR =YL —N HoOp. HI T HgHE H AI%H
R4 & LUBUR %, WA B SO R 38 22 B 1, 0 60 B S A R R T 2k
o T REAEE AL E B2 2 HoO TR HyO,, BAFEPIRIRA, —3 N4
JBEE, WEHEFRPUAMERAE: 5K G RN, DUnaEN
WA, 5B AR AR SR 2 O RE R AR SRR A BRI S AR )
AR PR EZEE.
3. AR

UERBEIEAL LA HoO0p NI AN T B, AA1E T m &5 A it A
kb, Forh G DUIMLZE 3O 4 7 I U g A U AU, LA FAD %
K1) NAD(P)H i A A Vi, DARI Ay Rl 7 (0 20 2 e IR S i, DAL
DA B T A ik 0 A ) B A Bl o LA BB ) Lh T 288 X0 4 i 4 A S~ 1
(RI4ERR AN IE AR B DD RE A AT R B R BAE A, S 2t — BRI A 1 o
4. A G

MEACEEAE, A EBHE AR T BB NENS T B R 2R RN &
Gt Hp AR R B BRI A AT, AN 2K SORT AR R T2
NG 6vi i 2 <

B 7 LA E 4 RFBEMAEAEIERGSL, EH RPN i AR
(electron transfer or transport systerm) (45, i B 5 KA J50R i SR A
AR R 2 R, EAE R A A B IR AL e B B R . kB
M. AR b MR o, LLRAIRE Q %8 Ttk

1.2 EYm S AER LS

AAWENEERN TN T, SR YDYERR IR H A dr % 3 A g B AR UAS AT Bk,
(ERAE S B R R 23 A i — BRI =40, 045 4314852 BUHOR T B B 2 45 S DA K
FE & PP IE S5 S N, U B T s R S R ), W E B2 (cOHD. it
AAE (H0) FEART B 7 H 3L (Op ) %5, AMTKH SRR IS 4 (Reactive
oxygen speices, ROS) PO7, sl fR it gl ¥ AT MR I AALBE /7, 20 & Rh e
W 2H 7736 R AT 35« R AE I AR BAR I D0 T, S AR T8 BRI,
1 5 AT LUE s A R G 4ERFE — N AEXE E K. WfErtgpik, HO, )
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i)

EERIEEYERE 0.5uM AT, (EEMSPRARTEIL T, HOp WKW BTt A

10-15uM 74, L. ek SAMRAG . R B 2 A A A UL AR A

Bidhi e SEUE A P AR RS, AR, (BRI A, iEHE
T LMENE ST, S5m0 RGBS st

1.2.1 FEME KRR

FEYFEIEH A BN AR, SR PR FECE Z BB AR A B
JAE— LR e Bk, B R ROS. fEMEMIAN, 774 ROS [ 4 ZAH M 75 £
AL JU N DI A A SV 577 TR NI U R a7 10

44k (chloroplast) & J6E1ERIA AT, B ERIJER B0 PS T A
PSII /& ROS M EE =4 A7 . FAE 1951 4F, Mehler ZEHF7TH-S44 5 [ ML
I RILAE PS T th, O, #IE RN Hy0.M . Asada 78 1974 4E#E— KT, O,
B ANEE P Oy« O It RN H.0, F1 O, 7 Fe?*mi Ccu®
[AEEER, EA LML O, <5 H,0, &4 Haber-Weiss/Fenton % 7= 4 « OHI,
1E PSILH, AbTHEASH) O FEZ BB IRIEUG , #4838 S 0 P68O I
YDA RS il

ARk (mitochondrion) & FFWAEH ) 3225 0, AEARHT IS A2 ey B
4 ROS. e R 2 b AP e 7= 4= ROS [RGB UA T 1966 4, Bl J5 Chance %5
RIS AR 2 RIRTT DL A Ha0202 , AR IRIE B B 48R T 2R kifkh ROS 1Y
FEAERAE . RN P EE (ETC) LR fEd, BEE &4k 1T (NADH
AR FMEGARID GZER-MtR) WLl O, ikJEA O, », Mijg#H LA
T BeobL A 5[] S5 0 B A A 258 JoT o (9%) ) e A e A M5 Tl AR i e A A P S A Bl
Bt Ha0z0 HoO2 7T LA 4R KAk Hh i S A0 U HE AL 2 i HLO B i 253 1k
HBOST A S I AR AL IR SR H0P22324 ek 3@ id Fenton
J A S BR R+ OH .6

it E AL (peroxisome) A& — V2 AEAE T AL A WD At M A (1) 0 2 Pl 2%
B EEAY, SHEFEENREEY, S52MERAMRN, 24 ROS
(I E AR . A1 ROS BT E A ( H0, ). BEME (0, +). RHEH
H(+OH) MLLAA (0. 1966 £E, De Duve & A & Vnt— it A4k Wy 4
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Figure 1-1: Diagram of ROS production in plant cell

FNEIR AR FR AT T HRPY, 182582, O B3R T, Stk
i Ha02, BlJG HO0 43— 2018 5N H0. Ho0, HIF=AEY R Z M Riltigte, &
FECHFIRAEIA T Z iR FALBERT L RFER AL, IRBTER I B 484k, DL SEIRAX
a7, 0, nr DL i AL B A 5 13 SR R AR T B S TR A 1T Ak
A, AR SR W AR TR T B MR I S T 1 B MRS A D R B (1 T At T DA
AP IR R R AT R AT R AR B PR R £ AT DL E
Fenton SR~ E<OH; BtAh, Mor S5H| FHZOGHREHL RS &L Fenton St 7]
DAL= A B A P,

Rtz Ab, AR ) NADPH A ALEEANER A ACEE . P 5T I o 4 T
NAD(P)H ) FEL 4% s i 5 B i o7 T 200 Mt B (1) i 6 il 8 o, m Dl i R o A I
RIEALA: B ROS BO34%2,
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