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Creation of new glabrous and salt-tolerant rice germplasm along the
Yellow River by CRISPR-Cas9-mediated editing of OsSPL 10

XUAN Qiangbing, ZHOU Huigang, ZHU Minglan, WANG Junjie', LIANG Weihong"

College of Life Sciences, Henan Normal University, Xinxiang 453007, Henan, China

Abstract: The OsSPL10 gene has previously been reported to positively regulate trichome
development and negatively regulate salt and drought stress tolerance in rice. However, it is not clear
whether this gene can be used for gene editing to create new germplasm of glabrous leaf and
salt-tolerant rice. In this study, we created six rice mutants by CRISPR/Cas9-mediated editing of
OsSPL10 from ‘Xinfeng 2°, ‘Xinkedao 31°, and ‘Xindao 25°, the main rice cultivars along the Yellow
River. Visual observation and scanning electron microscopy verified that the mutants lacked
trichomes on the leaves and glumes, and the expression of glabrous marker genes OSHL6, OSGL6,
and OsSWOX3B in mutants was down-regulated compared with that in the wild type. The net
photosynthetic rate, stomatal conductance, and transpiration rate of flag leaves in the mutants were
significantly higher than those in the wild type. In addition, the survival rates of the mutants were
much higher than that of the wild type after 7 days of treatment with 200 mmol/L NaCl. The results of
quantitative real-time polymerase chain reaction (QRT-PCR) further verified that compared with the
wild type, the mutants demonstrated down-regulated expression of the salt stress-related gene
OsGASR1L and up-regulated expression of OSNHX2 and OsIDSL. Statistical analysis of agronomic
traits showed that the mutants had increased plant height and no significant changes in yield-related
traits compared with the wild type. The six spl10 mutants created in this study not only had glabrous
leaves and glumes but also demonstrated enhanced tolerance to salt stress, serving as new germplasm
resources for directional breeding of rice along the Yellow River.

Keywords: CRISPR/Cas9; rice along the Yellow River; OSSPL10; glabrous leaf; salt tolerance
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Table | Primers used in this study

Primer name  Primer sequence (5'—3’)

Purpose

F1 AAACGTTCGGGGCGATGCAGGCG Synthesis of OsSPL10 editing target sites
R1 GGCACGCCTGCATCGCCCCGAAC

F2 ATTAACCCTCACTAAAGGGA Construction of gRNA-OsSPL10 vector
R2 TAATACGACTCACTATAGGG

F3 CAGGAAACAGCTATGACC Construction of pC1300-OsSPL10 vector
R3 ATCTTCGTCCCATAGGTGTC

F4 CTGCCCGCTGTTCTACAACCGG Hyg gene confirmation

R4 GGAGCATATACGCCCGGAGTC

F5 GGAGTGAGTACGGTGTGCCTATGATGAGCGGTAGGATG Hi-TOM sequencing primers

R5 GAGTTGGATGCTGGATGGCCATGGTCGAACCCGACGTA

F6 CATGCTATCCCTCGTCTCGACCT qRT-PCR primers for OsActl gene

R6 CGCACTTCATGATGGAGTTGTAT

F7 GCTGGGGAAGCTAGTGGACA qRT-PCR primers for OSWOX3B gene
R7 AGAGGTCCAGCGTCTTGAGC

F8 CAAGACATCATCAGCACGGC qRT-PCR primers for OSHL6 gene

RS CCCTGAACTTGATAGCGGCA

F9 GAACCACTCAAACGACAA qRT-PCR primers for OSGL6 gene

R9 CCAACAGCTTAAGTGTGTC

F10 CCTCCAAGTTTCCATGGCTGG qRT-PCR primers for OSGASR1 gene
R10 CACACGCCGCAGTACTTGAG

F11 GGCCACACTCAACTCCCTAG qRT-PCR primers for OSNHX2 gene
RI11 GTGGATCCGAAAGCGCACT

F12 CTGTGGCTCTAGCTGCAAGT qRT-PCR primers for OsIDS1 gene

R12 GCAGGGATTGCATTTGCAGC

MR AL T ZE R MR S A Excel
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Gt MM E 35 25 F(least significant difference,
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16 h GHE/8 h JREE), BKFERE R ZE =it —i0
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JAALFR B s OsSPL10 JE [H 4 5 K #6541
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INEELIECTRE
1.7 qRT-PCR &'#f

PEIAER AL PR B RNA DL Rl
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Figure 1

£2 T RERFEHEEDGT

OsSPL10 structure and target site (A) and schematic diagram of editing vector (B).

Table 2 Genotype statistics of T generation transgenic plants

Materials Transgenic plants  Positive plants Edited plants ~ Unedited plants Mutation frequency (%)
‘Xinfeng 2’ 32 26 21 5 80.77
‘Xinkedao 31’ 26 22 16 6 72.73
‘Xindao 25’ 38 33 30 3 90.91
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WT CCCGTTCGGGGCGATGCAGGCG
spl10-A1
spl10-42
spl10-43 CCCGTT--GGGCGATGCAGGCG d2
spl10-BI CCCGTTtCGGGGCGATGCAGGCG il
spl10-D1

CCCGTTtCGGGGCGATGCAGGCG il

spl10-D2 CCCGTTaCGGGGCGATGCAGGCG il

2 OsSPL10 myFR7kFEoe I 28

426 aa

T R G W G V. 7
104 aa
TTG GGG ..... TGC CCA TGA
L G c P *
233 aa
TTG GGC GAT .....CAC GGA GTT TGA
L D H G Vv *
234 aa
TIL CGG GGC..... CAC GGA GTT TGA
F R G H G \% *
234 aa
TTt CGG GGC..... CAC GGA GTT TGA
T R G TG VvV F

234 aa

Figure 2 Mutation types of OsSPL10 knockout rice. Red letters represent PAM sequences; Red lowercase
letters and stripes indicate mutational bases; d: Deletion; i: Insertion; The numbers after the letters d and i
represent the number of mutational bases. The rectangle represents the predicted protein; The number above
the rectangle represents the number of amino acids in the protein; The red area represents the mutant protein
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Figure 3

Observation of trichome on the flag leaf of OSSPL10 knockout mutants (A) and relative

expression levels of glabrous marker genes (B). Ma: Macrohair; Mi: Microhair; Gla: Glandular trichome. The
error bar indicates standard errors in three biological replicates; “*” indicates significant difference at P<
0.05 compared with the wild type by t test; “**” indicates significant difference at P<0.01 by t test; Bar=500 pm.
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4 OsSPL10 E R 4iE/KFEEIM L S EMEXIERA LR
Figure 4 Photosynthesis characteristics analysis of OSSPL10 knockout rice. A: Photosynthetic rate. B:

Stomatal conductance. C: Transpiration rate. The error bar indicates standard errors in three biological
replicates; “**” indicates significant difference at P<0.01 compared with the wild type by t-test.

5 OsSPL10 & [ 448 7k fa#f i e E 45 1E
Figure 5 Grain surface of OsSPL10 knockout rice. Bar=0.5 cm.
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Figure 6 Grain shape analysis of OSSPL10 mutant. Bar=1 cm.

#&3 OsSPLI10 RfFR/KFE S B £ BU AR B EL AR

Table 3  Grain shape analysis of OsSPL10 knockout rice and wild-type

Materials Grain length (mm) Grain width (mm) Grain thickness (mm) 1 000-grain weight (g)
‘Xinfeng 2’ 7.50+0.08 3.2440.04 2.21+0.01 25.47+0.11
spl10-Al 7.64+0.07 3.28+0.08 2.19+0.02 25.324+0.08
spl10-A2 7.49+0.06 3.304+0.05 2.19+0.01 24.79+0.34
spl10-A3 7.48+0.08 3.45+0.03* 2.22+0.02 25.59+0.31
‘Xinkedao 31’ 7.32+0.02 3.33+0.03 2.16+0.08 23.05+0.13
spl10-B1 7.28+0.10 3.16+0.02* 2.11+0.05 22.23+0.37
‘Xindao 25’ 7.01+0.02 3.38+0.01 2.29+0.08 25.21+0.11
spl10-D1 7.04+0.04 3.434+0.02 2.26+0.07 25.35+0.36
spl10-D2 7.01+£0.05 3.39+0.01 2.26+0.05 24.35+0.42

“*” indicates significant difference at P<0.05 compared with the wild type by t-test.

2.5 OsSPL10 #wig/kiEHE MR ZF K
Rl

HfE OsSPL10 JERIZhEtd 7l ek 52
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Figure 7 Phenotype of OSSPL10 mutants after salinity treatment (A) and relative expression levels of salt
resistance related genes (B). The error bar indicates standard errors in three biological replicates; “*”
indicates significant difference at P<0.05 compared with the wild type by t-test; “**” indicates significant
difference at P<0.01 by t-test; Bar=10 cm.

#& 4 OsSPL1O REMKHEAM R ZZFMRS 4T
Table 4 Analysis of other agronomic traits of OsSPL10 mutants

Materials Plant height (cm) Tiller number  Panicle length (cm)  Grain number per panicle Seed setting rate (%)
‘Xinfeng 2’ 99.96+0.53 7.75£0.49 19.88+0.41 167.40+7.95 93.62+1.86
spl10-Al 102.70+0.43**  7.384+0.38 18.17+0.66 168.40+4.58 91.89+1.64
spl10-A2 105.00+0.67**  7.63+0.38 19.26+0.31 170.30+6.30 93.49+1.16
spl10-A3 105.15+0.48**  8.254+0.25 19.24+0.28 164.10+5.90 94.05+1.29
‘Xinkedao 31° 100.56+1.05 7.75+0.49 19.04+0.44 174.80+4.79 91.55+1.74
spl10-B1 106.33+0.70* 7.88+0.35 19.44+0.36 166.40+6.27 92.48+1.39
‘Xindao 25’ 100.21£0.90 7.88+0.40 18.11+0.25 172.30+3.53 93.81+1.00
spl10-D1 104.04+0.76* 7.38+0.32 17.63+£0.17 181.40+13.01 90.99+1.23
spl10-D2 104.25+0.57* 8.13+0.23 17.83+0.19 174.30+£10.07 93.69+1.59

k0

indicates significant difference at P<0.05 compared with the wild type by t-test; “**” indicates significant difference at
P<0.01 by t-test.
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KIFAR KA 225k Ag, dnede 153877 5%
581 < 5187 3 [ X 5 e 4 R R
WAE R, T UTEOE KRS 1 Rl 5 A Bt
FrdtFE. bR VARG AACE RO, AR A
Fl CRISPR/Cas9 JFEPR 4w A, LURIF S A
‘RAO1NAZARIRL, XI7KFE OsWOX3B SEK 17
bR, A3 TR T A 2875 1R Oswox30™;
FENIL-HL6 8 5 F fitbk OsSPL10, i 2 3k i
TR BHCE B E KA OsSPL10 2848 (&1,
FWIF]FH CRISPR/Cas9 [N 4 A, xFe
M) H B R T AR T i, R ANHDEr
IKRE BRI B AT B

H TG RA 53R B AT A, R K
FREEBLEBMEEEAE UKL ELT
ML RIFTE 32 B DG . AR, — KRR E
AH DG HE R AH Ak B 45 Bl w B, A A DG B B 32
B OsSPL10(GLR3) . OSWOX3B(GLR1, NUDA/
GL-1/dep. GL5). GL6(HL6). glr2. gl1. GLL
S XL I SRR S BUKREM i SRS R
B WP PT, Hodh, OsSPL10 & H R
FEENRAREM L, Lan 255 5 2R15
AR T EE RS T spl10 AR IR, & BLIZIE N
TE/K AR ER AL A BARATE B A SR AR, & 1
RN e, (IR BRIR AT . A5
i CRISPR/Cas9 i ARXF 3 Fp it & /K A5 Y
OsSPL10 i#f 47 4%R , I B 3K45 T 6 Flt OsSPL10
SRR, ARAR T U R FDE S R A, If
RIS EEAR 2RI AR Z B,
R I SR KR E ) B AR TR A

e SRS H ES YIS I SRa NE BV =t 71 SEN S I
Z 9 HHFIEIN K OsSPL10 A B i i) 25 #i 2
fF5 BT Na &/, DTS2 o KR 0t 46 iy
TR AT XA Y 6 Ff OsSPL10 il Bk
I A AT B I AR P S, LR A R AR A
AT ER VY B AR . A RESOIA T, I A
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PR3 SR E L B BB AR L IS BRIE T
RN AR Y Sl SE B g B AR g
qRT-PCR # ill & ¥% Na' % iz & 11 9 1% 5L A
OsNHX2 )5 7K V- 2 & T HF £ AU, OsNHX2
BEIE TR TSN RE A Na DA 20 55 32 S 3 Wi o
W, B A ER A 22 R PR AR A R K
Ferp, AL eI B 4R R T RE M A HE 5 Na®
MR R s, BRI Na K, 25
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OSGASRL i F ik il IR H,0, &, [
RANBE A AL, Ao R B0, SR e b R
J&i OSGASRL 7E Z AR (R v () 2 56 1 i 5 FEAIL, 42
N G AAE RN SR AL N S T 37 P e T A
R 30— 5 £ braE £ 45 L R OsIDSL 3%
KBS ARST . OsIDSL 4 AP2/ERF %% 5 [H
T, MRS A O AT R FE S AL
HH, A KRS £ G L IR i 2Rk Y HE it
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ABFSE A CRISPR/Cas9 JE K 4 48 4 A
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