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WE. & AW (peroxidase, PRX) it B ALY Bk 69 47 S B, BRI @I T ARG R HO, HEZE
MR, ETARBARF G WG ER, A @b m, s A =S, Pl £T Ay CI PRXs) ZH 4
THAGTEAHER A, B AR EFRRRODEMY L HEPTAEETZHN, K@ Cll PRXs EARBHRAE S P
8 o f i Rk . @it L B % 43 R CRISPR/Cas9 3£ /% CII PRXs & B (LOC_Os12g09460) % # R B 4 X, 44 8k b
REAR iphl-1, iphl-2. iphl REKRGHZHEZZHTHAR, RAE 1 ¥ HFRPH S5 F)5h, Ly ¥ KY L FENR
MEBEFRTHAR, REMREELAN, BRKAZLEZREF T EHREF A% F EL; @i RT-qPCR # K474
R X M AW, IPHI AR E2 .7 3. RRPHERA, FEERSPREIMNES; T@BRTIZH>HEN,
IPHI B 222 THELAMYEAKRT. - FTBIERSH, LAXTARTITALHEFLE T FEIK, F ot
HO, RZ 02 FMm, XLERMFIELT IPH]I B A3 TR AR B AL KBRGOTL R, THAFEH®RS
PRERMEREAANGER TR, t—F A%BABERAD T LT L
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Abstract: Peroxidase (PRX) is a marker enzyme of peroxisome, which can protect cells from oxidative

damage and relieve the toxic effect of H,O,. It can also enhance the activity of natural killer cells and regu-
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late cell proliferation, differentiation and apoptosis. The class [l peroxidase (CIll PRXs) is a unique per-
oxidase family in plants, which plays an important role in plant immunity by scavenging reactive oxygen
species (ROS). However, the function of CI[l PRXs in the establishment of plant architecture remains un-
clear in rice. In this study, two different forms of knockout homozygous mutants iphl-1 and iphl-2 of
CIT PRXs gene (LOC_Os12g09460) were obtained by CRISPR/Cas9. The plant height of the iphl mu-
tant was significantly higher than that of the wild type. Except for the length of the last internode, the
lengths of other internodes were significantly or extremely significantly longer than that of the wild type.
The investigation of agronomic traits showed that there were no significant differences in main traits such
as panicle length and seed setting rate. The expression pattern analyzed by RT-qPCR showed that IPH I
was expressed in roots, stems, leaves, sheaths and panicles, and was relatively highly expressed in stems
and sheaths. Subcellular localization analysis showed that IPH1 was mainly located in peroxisomes.
Through further physiological analysis, it was found that the peroxidase activity in iph] mutant was sig-
nificantly reduced, while the H,O, content was increased. These results preliminarily confirmed that
IPHI regulates the formation of plant height through the hydrogen peroxide pathway in rice, which can
provide favorable gene resources for enriching the plant height regulation network and further lay a good
foundation for plant architecture related biological breeding.

Key words: rice (Oryza sativa L.); CRISPR/Cas9; CIl PRXs; plant height
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R Z R Y R Bt A2, CIl PRXs 3[R 4 1% & 21 Z Y, 320k B R4 FaLR 7, i1k
H,O, B8, P AEmEE(ROS, B OH 5 O° ). X ifg CII PRXs 9% 16 i & 1k 118 25 i 2
R R A A B ROS P2 £, CII PRXs 8% 7 1 ROS filt & . ROS B9 7 A B R ] (9 25 55 30 34
S DAHR A A A

2 PRX ZWRBE N PE R s FEKFEFAUEE I+ 20 A & 138 AN F 73 A pl bt s Horh KE 40 9 2 W) 2= U fig
TR A2 U ST i R SR S A A K R R, ArPRXT71 @ fEAN R T AL R HL O,
TH A0S . atpra7l FEAS PR E AR T AR W) e I S RGN, T A R R R A K R R AN | A
BFE TR, I H ArtPRX71 F£ikKFH T 2427 ROS BT 2 5 3040 i B 1 4y A8 46, ArPRX37 1 ik
bR KRR, MR, Bk AcPRX71 1 AtPRX37 ¥ 4R 4 A Kl #5 H 7. AtPRX72,
AtPRX52 1 AtPRX4 Z 5B IFARFREZWEW S, atpra72 R KEE ., HRIES XA R %, A
PRX52 Z 5 R Fifb B P S LR 4R 00 A i, AR hOR TR & w AL, R R AW A RO O 1 &5
T OsPRX 38 FE I IF it 263 5 B0E R RIPT AL R G A5 5 4, SEaf ARG A A B, 1 S AR
AR BEALFR T, ST AR D ap A E s 0. ArPRX 17 VA4 R BAL A 2L R 78 8 35 4 K 1) A Bl
K AR i R A2 B AGLS (iR . KRS . OsPRX30 i 38 35 1 4 9 i 1A (POD) Y 3% o 5
ROS (& B RPN A AP . 1 OsPRX30 3635 X2 8154 AT-hook 454 B (% % 5 37 I F Os-
ATHI WA, #— LW 5EHE xR T OsATHL i #15 OsPRX30 a8l F X N4 E H H3 LBk K- it

S OsPRX30 23k LA A RSR PSS BRT R IE, {CH %028 PRX S H A Y2 Dh g b R, i
A RE S A IRE , JUHAE KRG IR A UL T 28 PRX 56K 2 5 I8 45 0k 2 0 A0 DGR GA.

ABE5EIE 3 CRISPR/Cas9 B K S 4 AR , TERERE AL 11 5 50T Gl 0 1 28 2k 4601k W Tl 2 Ik i s 5 728
EER R ER 1 ADRE AR S N RARMK, B HAv 2 N iphl Gincreaseing plant height 1). 5B AEBA L, iphl
M B AR, SRR BN, ARWFIE S R A AT . R MR AR RIABI M 2 S AL I P )
BT W40 B2 7 %) TPHI AT HIREA BT 3898 IPH1 (EE KB E K& MBS s e, A
I 22 2 DR R A 7K R PR R 43 - 1 T 8 P 24 2 S

1 Me57FE
1.1 R

KA SR i phl IR T LATHAE 11 N SR =2, 2 2Ma 8, HREg e ntk. ma
TR R Y R AR T VY g R 2 K AR A 9
1.2 EYMERESH

i NCBI #0808 2 19 Blast T HAREC IPHT B Z5 M 55 B[R I A7 50, 8 EE A P50, I8 H
A7 FASTA SCHA% L, 8 FASTA 0S5 A MEGAS 844, HR 4 DU 37 % 41 43 #E 0 1) Neighbor-join-
ing J ik EEELR, X IPH #4731k 43 #r.
1.3 RNA REUK RT-qPCR 7 #7

FIHRAR RNA $2HBUK 7] & (TTANGEN A9 24 m)) & BCEF A= BRI iphl R7ZK S RNA, FFHE4Y
PrimeScript if 7] & (TaKaRa) ¥ RNA &% 5 i cDNA. PIKF ACTIN KHHNZ A, {#i ] PrimerPrim-
er5. 0 BRI (F DY, H Bio-Rad 520296 5E # PCR {X (CFX Connect Realtime Reaction System)
HEATY G, BRI E 3 AN EE. REAMX RSB EITE 2720 %, I R AT 2 5 W AT
1.4 TLARZE AL

KT sE IPHL B9 240 i 52 7, 5 5148 pAN580-TPHI-F Hl pAN580-TPHI1-R(FE 1) B 2E B rh 3~
WOR GRS 7 IPHI 750 . 8% Fr B ve B 31 B i 3R 35 804k pAN580 Y Xbal [ /Bam H I i 5
&, W E# IPHI-GFP 84k, Z)7 5] 4t Bk )5 . 38 it PEG A 354 pAN580-GFP fil IPH1-GFP Jit fir
ALK R JRAE MR, 28 CHRHE 12~16 h e, HIBOEIL R A B8 (LSMB800, Zeiss, 18 [ 25 7)) W42 7¢
B =
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1 5|HFE7
EIR/EZ FH1(5'-3")
RT-IPHI-F GGGCCATATGGCGATCTATAAG
RT-IPHI-R CAGGTGTGCAACGTAAATATGTG
pAN580-IPHI-F AGTCCGGAGCTAGCTCTAGAATGCCCGCTCCAGCTCCACATAT
pAN580-IPH1-R CTCACCATGGATCCCCCGGGCATGTTCATGATGAGTTCACTCGCCG
ACTIN-F TGCTATGTACGTCGCCATCCAG
ACTIN-R AATGAGTAACCACGCTCCGTCA

1.5 SRAYEEES W

B8 JE 7K B 4 i i e i (300 mg) . TEVR A TS Bk, 5 4 mL 0. 05 mol/L PBS(pH 0N
7.OIRATE 5 mL iR . P ES , B4 7 500 r/min B0 15 min, I FIEW (& POD). Ligig A
By Ry i A, SR EE T FE 405 nm b OD {8, M35 35 5 S0k 4y Bl s k-
1.6 TEKXE(HO0,)RESENE

VB TUR i phl AR R B 2V F WA D S IS . A 9 A5 AR BL AR BRER K, TKOKIE S5 44 T LR
533, 1 200 r/min B0 10 min, B EIEWEAN. BMEARRE 3 AMER, RAM &R TR
H, O, i & E H, O, Bt 541,

2 HRE5HMH

2.1 iphl BRRTENRKEBRETE

CRISPR/Cas9 3 ik % PR A4 £ 1 8 o5 2 £ N /] 1a, 7EFE N (LOC_Os12g09460) 19 5'-UTR K g i X Fif
Wit T2 AR L Gl R AT R A AL AR 11 BTG X R PRRE R R SO Y LR R B 2 A ST i e
I [ Bk & £ PAM (protospacer adjacent motid) Bif L & 4= T 2 F 7 X W g . ipnl-1 S 1 EET KA
B, FEIPHI EEMBFEMEEEW FERE, TIEIEHBE; iphl-2 FEHWM EHE T 7 3
(ACCACGG) ( 1b). #t— i it qRT-PCR 23 #r. IPHI 75 Fp 4 35 7 SR AR (R b Rk e B & T
W 1o, LSRRI iphl 28748 # R R i S 40 90 il 3L R (LOC _Os12g09460 ) i 5 28 4% 14,
A T I 22 B 32 700 R A B Ak 2 b

0.6
CCAATGGGCTGTCCCACTTT W 04f
targe2 X * o
:\'“1//\'-/\—: x i
/\ 2 o2} 1L
targe1
TCGTTGTGCACCACGGACCA
(a) RGIHRERE 0 WT  iph1-1  iph1-2
B3
(o) IPHIRIRERFRIEE
protospacer PAM PAM protospacer
WT ATCTCGTTGTGCACCACGGACCATGGTC--—---GTGGACCAATGGGCTGTCCCACTTTAGGTT----TGGGTCA
iph1-1 ATCTCGTGGTTACAAGTGCATGGCGCGTGGCGTGCGTGCCCTCGTGCACTIGGACC Abememmemmaenaas TGGGTCA (long fragment substitution)
iph1-2 ATCTCGTTGTGC - JACCATGGTC------GTGGACCAATGGGCTGTCCCACTTTAGGTT----TGGGTCA (7bp deletion)

(b) FFHISH
* % FoR p<L0.01, ZRAGIHEREX.
B 1 iphl REFHHSEE
2.2 RBILTE
X iphl RAMKMMR &0t Z e F B MGE T, B iphl FABRET NS AR ER TR
TR SCE 220 TR 2 02U B Be bk i th 90 22 S, WD dph ] 7R A BRI 3 T AR R (A
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AT, XTEFAERIVRT iphl-1, iphl-2 FEAS R EE S0% . BRI MK BEEAT T I Se 1. 45 &
B, iphl-1. iphl-2 FRASPRIGEE SR | K DL 135 (RIS 5 1) 35 K BB A 1 25 R0 48 124 8 L (A 2e
F 2g), iphl-1 FARRME A W KKE AR RGN, iphl-2 FEASRME 3 W KB A R 2
iphl-1 Mliphl-2 FEERATZERERAYEE 1 9 A 2 15 KA F AR AU 1 | 253 I (18] 2¢,2h & 2k). %45
32 W 58 AR PR A8 e T2 B R 2R SEER T K AR A T B
2.3 EMEERZESW

3k NCBIRHE 2R B IPHT W45 E B, KB IPHI &— Ak S YL N, e LM 36~
120 X[ &A1 A5 iR E ALY B (secretory peroxidase) 25448, JB 56 I 253 ALY G R % (F 3a) 5
[ 3R 1 TIPH 8 H 7 H AR A 0 R 790, B R A7y FASTA ST, AR DLt 387 e ik 40
HEN, FIH MEGAS 341 Neighbor-joining J5 ikt @ #EALR . 387 &L IPHI 4af i) 8 (1 2 S7 T— 44
. HA EEEARSE (& 3b).

1 15 30 45 60 75 90 105 120 130
Query seq. NPAPAPHIYVAHLRSHTTLDF SSLIHVSLNFURLUTNGLSHFRRPTPSSFONAYF TOLLSHRYLLRSDOEPYGSGAGNGTHOYF VRAFAANATTFEDDFAVANERP GNL SPLNGKNGERRGPOOLP ASEL IHNM
Non-specific secretory_peroxidase
hits PLN630630
Superfanilies plant_peroxidase_like superfamily
PLNO3030 superfamily

() S5MIImn

99 AUR62029671-RA C.quinoa v1.0
9 4‘-:)R62006339-RA C.quinoa v1.0
55 L—————————EL10Ac7g17047.1 B.wilgaris EL10 1.0

LjContigG0141g0017600.1 L.japonicus Lj1.0v1
'—9€|: PhwI.008G075600.1 P.wigaris v2.1
0eu038708.1 O.europaea v1.0
82| SapurV1A.285650010.1 S.purpurea v1.0
SapurV1A.008550170.1 S.purpurea v1.0
Polri.016G132700.1 P.trichocarpa \3.0
84! Polri.016G132732.1 P.trichocarpa \3.1
Lus 10008534 L.usitatissimum v1.0
MgNONTOL.J0068.1 M.guttalus NONTOL 3.1
DCAR 024791 D.carola v2.0
AT5G06730.1 A.thaliana TAIR10
Urofu.1G107800.1 U.fusca vi.1
LOC 0s02g14430.1 O.sativa v7.0
ZmPHJ40.07G2308000.1 ZmaysPHJ40 v1.1
LOC 0s07g47990.1 O.sativa V7.0
LOC 0s07g48040.1 O.sativa v7.0
9 Thinl.05G0018600.1 T.inlermedium v2.1
I [ Thint.04G00668400.1 T.intormedium v2.1
| Zm00001d028604 PO01 Zmays RelGen V4

9L ZmPHU40.01G148900.1 ZmaysPHJ40 v1.1
LOC 0s03g22010.1 O.sativa v7.0

47

LOC 0s12g08460.1 O.sativa v7.0 @

LOC 0s01g10850.1 O.satha v7.0

= || ™ Urofu.5G476000.1 U.fusca v1.1
59 [ So\ir.5G144000.1 S.viridis V2.1
) HORVU3Hr1G026010.5 H.wigare r1
499|_7|;Thint.08601 73600.1 T.intermedium V2.1
’E‘ 74 Thint.08G0855800.1 T.intermedium V2.1

(b) Wk otr
B 3 IPHI & R#tK T
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2.4 FikxAE R L LH B TE AL 53 4

R TR IPHI R AEKRE &S A LUh i Raa oL, IATLIEF AR . 25, ol B AR A cDNA 1
MR, FEAT ST RO E R R IR M. A5 R BN TPHI § A TE A R ALY A £k (K 4a), HdAE
EE A B R R,

IPHI & F 8 T 45 1 26 A W i R F1, o 74858 TPHL 16 40 B 79 75 40 i 4% 1 o8 A0 1 0. %
CaMV35S-IPH1-GFP gt & 8 11 Mt B AL Wl (& CaMV35S-PTS1-mCherry i & 8 1 3t [7) # 1k 7K R A TR
A, [ e Ak & CaMV35S-GFP 1928 8 4K pANS80 fE xR, 28 “Cittid iK% 57 18 h, FIHIHOEIL R £
MBI IAFT. SRR MK OTOCH R G4 5O ES (B 4b), KU TPHI F 2@ Tl A
(a7] 2NN

15

_H&H 10F T %

i 1

-'P7<\

£ st i mCherry-PTS1 |
Lo
g
T

0 23
R OF M
BB
(a) REBEX ST (b) TLRRRE N >4

B4 RAER 0T E
2.5 FEUAUDEFEER H,0, RESHSF
IPHI %if5 1 A W 285 ALYyl . {5 TP HT JZ 552 Wi i S A0 9 W i 35 P 1 HL O, BiE 3 i A2
PRI SR 20 D' 0l 8 0k 0 7 B8 A R0 0% ph 1 58 AR R v A i 4P 0 Tl IS P A HL, O, BiUEE 0 8. S5 R R
iphl FASVRI i A AL Y 6 PR 2 R A, HL O, BURE 20 8O 35 3 (1 5).

600 ¢ 20 ¢
*

~ 580F ) 5 * T
on %
S : '
S seo b E
o * S 10}
Ha Ee
AT & I %
) L I8l
E B st
st %

500 . ’ 0

WT iphl-1 iphl-2 WT iphi-1 iphl-2
pashsl| pasks|
() EELEEEHE () HO,[REHNH

* TR p<<0.05, ERAGRIT¥EX.

Es5 SERUYBEER HO, RESHNUE
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3 itig
3.1 IPHI BB 11 E8F B YEEHENHER

IPHI A7 TRRES 12 Jeafk i — A3, Bl R WH A Y A D RE M A S IRE. & AP 500
KB IPHI GF 1AW R E ALY Bas ta sk, & T 56 I 2853 Ak W (Class [l peroxidases, CIlI PRXs)
FE. CIl PRXs 1y — 20 9 e 5 8L 0 SR Bl 5 55 D0 R 0 o A A . R BT 3 i 2R 0 B . 4t A
095 JE BT 9 40 45 22 b A s RS RARE AR IR b CIT PRXs KRB 40 B4 138 40 73 AN HAl
TEAKFE X CIl PRXs ZGHEF I REAT R8P, AUA 1 AR BER K OsPRX30 #dkiE. %5 K 4 dh 1 4>
=B E A T P9 5 I 01 A SR Ak AR R 1 X 40 T P M B AT N, i 3K OsPRX30 4 4R 5 KT 1Y)
1T E AL (POD) 16 AR ik 480 fb 00 et 43 5, DT 18 5 R X 1 b Al o 1 B, i — B P S 4B s %
A AT-hook ZE# I 14 57 OsATHI i@ 5 OsPRX30 JE 31T X N B4 &E A H3 2 Btk K SF 3 i
4 OsPRX30 33k, Wi J8#55d E AL A TG 1 5 ROS B8 8 (R o™, AwF5edh, IPHL A+
BEEAL Tl A LR N . FEAR L 250 nF L B A A HLAE 2SI P e SRR X A
3.2 IPHI BT EUSERBEKEBKS

KRR R R B — RS R X BT ER B A i A B R . bR A2 B
FLOANME L A0 M RE G . R AL, HEN PR, HESEZERNEZNE W, W SDI.
EUII, D35/OsKO2, SLRI1, GIDI1 i i ¥4 4% o 55 R 0 & X AE 5 1% 5 55 08 45 40 J0 43 224 5020 Mg fif
K% BRDI. BRD2, D2, BRI1 Fl BZRI1 ifi it 2 5 3 £ VBRI W0 & 08 A5 5 5 5 08 75 7K R vk
L A, I B R B SRR, OsCD1, BC12, OsGLP1 5552 Wi 7K A% 41 il A < 5l 43 24
AL S ik, S BUR R RIL SR B AL R AT R, BB 1 A g T 260 B AL W R S X
IPHI gk AEME R, A ¢ CII PRXs I8 75 A7 4 Mk &5 1) H 38 AH XA R . /N 22 97 TR AF R A8 K Rhe-B13b 1 C
Il PRXs 9 41 £k B2 i, CIl PRXs 7] LU H, O, B 040 i BE AT, M S 5040 i 1 Fn A=
Kb, B S AE bR B R AL R Y AR se ., CIT PRXs RIEHEN IPHI A7 A R A1 S 51
R MR 5 BE RN 3 — 2B RS R B, iphl S8 7E VR v i A0 ) Bl O R AR, T HL, O, 1 0T o 0 B i 3 8, A
Uk IPHI W] G i 2 S Ak S0k A2 PR P K R ik o I T 0 AR LA 1 20 1 1 LR 75 i0F — A5 i 5

4 Zig

ABEFESERE T 1 ANEREAE AL 11 15 50 F @b 09 56 M 2t Ak W il R 28 A8 1K iphl. 587 RIA H,
PR 28 7 20 i phl S8 78 bk R A8 o I R B R W e it A% s BE— PGt R I iphl SR URINEE 1 4 IS
2 KA B A R R, WS R R, TPHIT RS 1A i S Ak W i 45 b s, ) TR
VR A AT AR 0 Fr . S5 BR TPHI Jhar T 1 A0k, BASEMRSTHE. IPHIT REHEL DA
H 8 eIk HLAE 25 AT b Rk M e, AT RESE IR 7E kK P L &g m R A, WAl 2 RIDZE A B2 E
BT 3 AP B A v AR B BT R R 58 A R G S AR Tl PR R A, HL O, B . AR IR AT
i K R AR s A PR A 25 BRI T 3R BR IR, IR — 2 F T TR A A E R R

. BT & K R U I AR A ) B4 T8 A B
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