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Identification and Expression Analysis of the Rice Lateral Root Development Mutant lrp1
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Abstract: [Objective] This study aims to investigate the function of the OsLRPI gene (Os01g72490) in rice lateral root
development by phenotypic characterization and expression analysis of the lrp/ mutant. [ Method] The lrp/ mutant was
first identified through PCR amplification and sequencing. Bioinformatics methods were then employed to analyze the
protein structure, conserved domains, transmembrane domains, and signal peptides of OsLRP1. Multiple sequence
alignment and phylogenetic tree construction were conducted to explore the evolutionary relationship between OsLRP1
and LRP1 proteins from other species. Quantitative real-time PCR (qQRT-PCR) was used to detect the expression levels of
OsLRP1 in different rice tissues. Confocal laser scanning microscopy was utilized to observe the subcellular localization
of the OsLRP1 protein. Finally, an auxin treatment experiment was performed to determine whether the regulation of
lateral root development by OsLRPI is mediated by auxin. [ Result] Phenotypic analysis revealed that compared with the
wild-type Zhonghua 11, the /rp] mutant exhibited a 32% reduction in lateral root primordia number and a 21% decrease
in lateral root number. At the maturity stage, the panicle length and 100-grain weight of /rp/ were reduced by 12.5% and
7.4%, respectively, compared with the wild-type. Bioinformatics analysis showed that the OsLRPI gene belongs to the
SHI transcription factor family, encoding a protein of 340 amino acids. Conserved domain analysis indicated that it is a
member of the DUF (Domain of Unknown Function) family. No signal peptide or transmembrane domain was detected in
the OsLRP1 protein. Subcellular localization in tobacco demonstrated that the OsLRP1 protein is localized in the nucleus.
qRT-PCR results indicated that OsLRPI is expressed in roots, stems, and leaves, with the highest expression level in
leaves. Two auxin response elements (AuxREs) were identified within the 1-kb promoter region upstream of OsLRPI.
The auxin treatment experiment confirmed that lateral root development in the /rp/ mutant is affected by auxin.
[ Conclusion] In summary, OsLRPI regulates lateral root development in rice in an auxin signaling dependent manner
and is involved in rice growth, development, and stress responses, further elucidating its crucial role in rice lateral root
development.
Keywords: rice; root development; lateral root primordium; LRP1 protein
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WA T AR A B 124); - OsAUXT gt — A4
RIWNzmEE, SH5ERKRRMWREE, EE0
WRAEKKER); OsPIN2 @A HERREK R
Pzt iz, SRR AR, S5
7 ABA(Abscisic Acid)f 5 B EMIEEA NI R,
M SZ IR AR (R B AR Os14A413 Z 54K
wPEEHEIE R, A RAEKERS 5KBMR LG
KB, OsSLRI(Slender Rice I)FENINREH K 5 T
BUKFERAR, 0] KRER — < )m s 7. 2.
BEL BN ARS8, SR IR LE R R 2 [A] 2 75 A A
Kk, R DE IR RIS 5MARIE
AR B R EAR M B, KR &
BRSBTS RS 428 X 285 2 Ji5 AT 9 1 A
EKH ZmLRPI FEH %ifh—> ZmLRP1 & H,
Z 5 MARIF IR TR . 9 1 ik — 28 KK
TR IR A B AHREE A, AT oK b CARIE Y
MR JF 3 & & 3L K ZmLRPI AT 7 51 [R5 BT
FEKFER ORI T — A B AR 3 OsLRPI. N
TWhEKAET OsLRPI JEI I TIEE, FEAMTFT T i
WIFEEE T — MR R IR AR Irpl o @RI E
Irpl ARG EP AR PG 11 (445 0 WM
e MIARBH MR FRFEE H S st i = ek,
3T OsLRPI BERIDRE SRR Ja X KRR AE KR B 15
Wi JE I AR A R AR B SIS Irp ] RAZRMIAR A
KERBRARKEKE L5k OsLRPI £,
F% pSuper1300-OsLRP1-eGFP 2 Rk A @
R R FEACE L B, #iE OsLRP1 & H 1) IE.4H
Mo e AR E s ol LR SO6 E B PCR 0 #
OsLRPI1 FERTERR. 2. w20k S5
BT T OsLRPI BRI Z 5 iR KBMRAE, LU
IKFBIR R KB IRUIH&AL .

1 #RE T

1.1 R
S A R AE 11 HUKAR) 2 brp ] FRAZRSS)
K H AR R T IR AR A F .
pSuper1300 ZfA FH H [ Al K 25k L B T,

rf E 7K FE R} 242 (Chin J Rice Sci) 554055 3] (2026 4E5 )
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ZHK [ 41k
Name URL
TMHMM-2.0 https://services.healthtech.dtu.dk/services/ TMHMM-2.0/
Expasy https://www.expasy.org/
InterPro https://www.ebi.ac.uk/interpro/
NPS@:SOPMA https://npsa.lyon.inserm.fr/cgi-bin/npsa_automat.pl?page=/NPSA/npsa_sopma.html
NetPhos-3.1 https://services.healthtech.dtu.dk/services/NetPhos-3.1/

SignalP 6.0 Server

https://services.healthtech.dtu.dk/services/SignalP-6.0/

NCBI https://www.ncbi.nlm.nih.gov/
WoLF PSORT II https://wolfpsort.hgc.jp/

iPSORT https://ipsort.hgc.jp/

New PLACE https://www.dna.affrc.go.jp/PLACE/

NCBI-CDS ¥ 3 ¥ i1 CDS #™ 1 5| #) LRP1-CDS-F
(ATGGCCGACGTCGGGATGGT) #1 LRP1-CDS-R(G
TTCATGGTGTTACCATAGC). DL LiAcDNA MR
FH e AR B BE Y 1 OsLRPI R K I CDS %1 . 3%
pSuper1300F A4 AT Rl A 3R 8, IRAEEUE L1
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&, EM OsLRP1 A AT R KRR AR R 3L R & -
22 Ipl RETREE
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AL PR IEEATIN 7 53 #7512 5 PR G 4B #E 15 (TGTTGC
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Miscanthus floridulus (XP 066315975.1)

98
98 Sorghum bicolor(XP 021312948.1)
100 L Zeamays L .(XP008656860.1)ZmLRP1
Panicum virgatum(XP 039850799.1)
OS5 Panicum halli (XP 025818814.1)

Oryza sativa japonica Group(EEC72181.1)OsLRP1

100 4{ Oryza sativa indica Group (EEC72181.1)
9

9 Oryza sativa japonica Group (EEE56021.1)

Triticum aestivum(XP 044352056.1)
W BEE
0.02 Genetic distance
bR R PP 91 T 22 S AL AT 1 2
The scale bar in the figure represents the unit length of the number of differences between sequences
1 TE4#$ LRP1 EZERGH LR
Fig. 1. Phylogenetic tree of the LRP1 protein across different species

PAM
TGTTGCAGACGCGTCGTTTAGGG @
== Target . ="
d i

A
M B

2000 bp
1500 bp

1000 bp
750 bp ‘ A ‘
500 bp 189 bp 644 bp 169 bp 379 bp 323 bp
250 bp s 5'UTR

3’UTR

s M EFExon
1 W& FIntron

A FEEMIFE A LLRAE 11 F2FIZH DNA SRR A& A Irpl £ 2H DNA 9B . M: FRid.

In figure A, the two leftmost bands were amplified using the genomic DNA of Zhonghua 11 as the template, while the two rightmost bands were amplified
using the genomic DNA of Irp! as the template. M, Marker.

B2 RTK Irpl PCRIEHIKE (A) RRETHELER (B)

Fig. 2. PCR amplification electrophoresis of mutant /rpl (A) and information of mutant targets(B)

BFEHZEIA S, R, RO HhAE NetPhos-3.1 FiiJll LRP1 25 167 26 22 2 FR L 557
WAe. ZREI . VERT. . RIEFAAIG 15 ANIREERAL A 4 NEREER T A, 3L 45 MR
1611 EBAEFW N 1524, Ipl RABKEEETY A4,

154 d, FHERT AR, Ipl RAKMNGIEN R 242 LRP1 & aLH547

BAEMRRCE, R4 E AR 2d 24 (3K 2). FIH] InterPro 1 NPS@: SOPMA #EAT T,
2.4 OsLRPI EEMEMEEENT KILLRP1 fEAET SHI ¥ T FH s A . [N
2.4.1 LRPl1 & & #92ALME R LRP1 & F M) 340 NMEIEBRH, o 15 9.12%, %t

FIA Expasy fEZEMul%f LRP1 Sl ATl sk 6.18%, JCAUIIEH & 84.71%. SignalP 6.0
W, A LRP1 8K H 7 F 20N Cra76H2303N4570490S 155 server 45 78 LRP1 & H L5 k. TMHMM-2.0
340 MRIEERUA K, 7> FREAN 34.7719 kDa, TS5 R Bon g — B 340 N IERG 5 AN 25
RN L N 7.27, THOE R BN 20440, (Kl 3), iX#H LRP1 HHNIEBEHEA.
et 1E S A (R R IR IR R N 26 A, MR ZE 243 LRP1 & @5 F &Ml
TR R H 5471, A RECN 35.52, &—MiaE i FIFH NCBI i 2 3E AT ORAF 5 M3, 4551
H, FHEAKMENRN-0415, B THRKEEA. IR OsLRPI 2R ufid 17 41—~ DUF702 45
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Table 2. Growth periods of the /rpl mutant d
i35 e 11 Pl
Period Zhonghua 11 Irpl P-value

11 27 1 Budding stage 2.9+0.4 3.1+0.4 0.1047

4T Seedling stage 10.3+0.4 10.30.5 0.7315

7> BE3Y] Tillering stage 40.420.5 40.5+0.7 0.5988

$5 451 Jointing stage 60.4+0.5 60.5+0.5 0.5309

i3] Heading stage 72.240.5 72.3£0.6 0.7699

#i4E3] Anthesis stage 85.3+0.5 87.1+0.5 6.19x¢715

Zff4H Booting stage 100.3+0.5 102.3£0.5 4.98x¢716

FEH I Grain filling stage 120.3£0.4 122.440.5 8.71xe7V7

A Maturity stage 152.3+0.4 154.3+0.4 8.19xe717

1 50 100
Query seq,
Specific hits
Superfanilies

150

e —————————————

DUF702 superfamily

200 250 ) 340

3 OsLRP1 ERLHIE TN
Fig. 3. Prediction of OsLRP1 protein domain

5 3
\ 1 [ L1 |
A A A A
239 bp 157 bp 411 bp 179 bp
PATG
B TGTC
[ ITGTCTC

4 OsLRPI BEhFXIIRXIER TTHES

Fig. 4. Analysis of cis-acting elements in the promoter region of OsLRP1
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AT IS G B 8, I Drp ] AR Ji J 45 0 A=
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b, PEE TKFENAK K B,
2.6 OsLRP1 ZEBRIHHAEE (L

FIFH WoLF PSORT Prediction 1 Plant-mPLoc
server X7 LRP1 & A B VAL 2 A7 47T Tl . 4558
{78, OsLRP1 HEHEFREEN TAMZ. BobtE
FE B AL R, OsLRP1-GFP il & 85 A 76 41 iy
M 2B R0, H5 DAPL Rt Jert
M55 ES, Uil OsLRP1 & AL T41
%(H 6).
2.7 OsLRPI1 RiEER D

oy VBT HET AEROKFE AR . 25, S, I8
I SO e i PCR AT RIAE 4T, (A 2744¢
ENTSRAHIRTR IR ESE R . RIL OsLRP1 2R TE
MR 25, AR, B RIA A (E
7), SR e BUAE B AR A0 5 AR R 2 R JE W I 22
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A, Whole-plant phenotypes; B, Root system phenotypes; C, Methylene blue staining results (black dots indicate lateral root primordia); D, Panicle phenotypes;
E, Statistical graph of lateral root number; F, Statistical graph of lateral root primordia number; G, Statistical graph of panicle length; H, Statistical graph of
100-grain weight. In figure C, Red circles and white arrows indicate the positions of lateral root primordia.
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Fig. 5. Root phenotype of lrp1 at the tillering stage and panicle phenotype at the maturity stage

A Bright field B DAPI C GFP

AFID EhOtEL. B C A G RE M ACHT, DAPL NARMIAZ RS S gukl, TR GTOUE SR A M L.
In figures A and D, the red dashed lines indicate the cell contours of tobacco cells. In figures B and C, the white dashed lines indicate the cell contours of

tobacco cells. DAPI is a specific nuclear dye, and the blue fluorescence signals mark the positions of the nuclei.
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Fig. 6. Results of subcellular localization of OsLRP1 protein

28 SMEEKELIBRR 0 R
SMRAE K RALIE 7 o JEA K RERBRAAT S i N
WGE, 45 B ERTE 0.1 pmol/L IAA Mb¥E 7 d J5, Ipl 7 087 = Sem
MRS H R AR R R, (ERIA B K i et

(P 8). HIULAEIT OSLRPI T KFEMAR K el I
KR, 5
*E 0.4 =
3 Wi S .
OSLRPI JEAR R % B i b4 EL S b S AR 00

TERPEE R 2 — o AW FAE KR AL 11 R 7 OsLRPI BRI FEE
5E | —> OsLRPI F:[H K D g RALAAR Irpl. M2 Fig. 7. Relative expression level of OsLRP1



Dt BAF AR TEMIAR A E RALEK Ipl %55 B Rk #r

o
1

EEES

EEE

AR %
Number of lateral roots
N S
| 1
_{
MR
Length of lateral root{cm)

0 - 0=

309

Irpl'™A

[rp/ control
E
o 6 - Irp1™
5
e 4
<
=

0=

AT WT HIEEEKMTIE 11, hpleenmo IR EKE Irpl KA, IpI™A Oy TAA JEBAERT Irpl FARMR, RE=MR— 2453 R0 R I7hRE,

PR =2 cm. B B AMIREL B C AR, & D bk

In figure A, WT represents normally grown Zhonghua 11, lrpI°! represents normally grown lrp! mutant, and Irp1'** represents IAA-treated /7p/ mutant.
Each group of three plants corresponds to the labels below, Bar = 2 cm. Figure B is a bar chart of lateral root number, figure C is a bar chart of lateral root

length, and figure D is a bar chart of plant height.
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Fig. 8. Results of auxin treatment experiments of /rp!
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