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Rice mutant establishment of the mutated phosphate transporter OsPht gene by
the CRISPR/Cas9 gene editing system for evaluating nutrient translocation
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Abstract: [ Objectives ] The CRISPR/Cas9 system, a generated adaptive immune system in bacteria and
archaea bacteria by defending against the invasion from exogenous DNA fragments, is widely used nowadays as a
gene editing tool in many animal and plant gene modification. Phosphorus is an essential nutrient element for

plant growth, its absorption is mainly fulfilled through the transmembrane phosphate transporters in plants. In this
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study, the CRISPR/Cas9 gene editing technology was applied to modify rice phosphate transporter protein OsPht
gene sharing the highest homology with the phosphate transporter protein McPht gene in Mesembryanthemum
crystallinum, which would provide a reliable material for scientifically elucidating the function of McPht
transporter protein. [ Methods ] The rice phosphate transporter protein OsPht sharing high homology with McPht
protein was edited by CRISPR/Cas9 gene editing system. Briefly, based on the sgRNA mediation, the fragments
generated by PCR using a pair of specific primers were inserted to the expression vector pCXUN with U3
promoter, and the resulting transformants were transformed into Agrobacterium EHA105 to infect the rice
immature embryos of rice Oryza sativa L. japonica. cv. Kitaake by Agrobacterium transformation method. The T0
generating plant seedlings with anti-antibiotic were transplanted to the soils in field, and the T1 generation seeds
were obtained and used for pot culture experiments, and the genomic DNA of rice seedling leaf was extracted for
PCR detection, and all the PCR products were purified and sequenced, and the edited sites in the target gene
fragments were determined according to the sequence changes, and the physiological measurements of mutant
lines were performed. [ Results ] 1) The mutants with the bases deletion or substitution in the OsPht gene were
divided into two categories, which were represented by separately deleting 6 bases and 8 bases in the target editing
fragment with 20 bases. 2) The mutants missing 6 bases accounted for 28.6% of the total mutant lines, and the
mutants missing 8 bases accounted for 42.9% of the total mutant lines, and the mutants with mutation of GT bases
accounted for 28.6% of the total mutant lines. 3) The plant height, fresh weight and root activity of mutant rice
were lower than those of the wild type. The root length, shoot area, surface area and lateral root number were
higher than those of the wild type. The contents of chlorophyll and soluble sugar of Cas-2 were higher than those
of the wild type, and demonstrated remarkable differences, but the contents of chlorophyll and soluble sugar of
Cas-7 were lower than those of the wild type, and no significant difference was observed. [ Conclusions ] The
CRISPR/Cas9 gene editing system has successfully edited the rice homologous OsPht of the McPht, and these
mutants with bases deletion or substitution in the OsPht gene not only establish a reliable materials basis for
scientifically elucidating the function of the target gene, but also simultaneously provide valuable material
supports, which the phosphate transporter McPht gene is introduced into the mutants with bases deletion or
substitution in the OsPht gene, for systematically verifying physiological and biochemical functions of exogenous
homologous from other plants. This study shows that the CRISPR/Cas9-mediated gene editing system is a
scientific and effective pathway for the functional evaluation of nutrient transporter genes in plant.

Key words: CRISPR/Cas9; gene editing; OsPht gene; pCXUN; rice mutants
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SR I TR R AR B RE AR O RS LA S Y, R
= B O A K B BRI R &R, Btz
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20 uL, fI$E 2 pL Annealing buffer (10 x), F Fll R %

9uL, B KFEF: 95C, Smin; 95C~25°C, 1 min
B 1°C; e 10°C f£47 . pCXUN-U3 Fik AN
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5 pL RS EIA S 50 uL Trans1 KA HFF R
ZAT 2 mL EP HHREIRES), UK 30 min,
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TSR 5L A7 54 pCXUN 26 3K 24K 19 4 4T 14
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W IRIZ Y% Oryza sativa L. japonica cv. Kitaake 7K G4}
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1.7 E¥ENESRAFTHE

FH A KA KRG vk T4, IR MOK 400 T /K
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(mL); N AHRARE; W MHER B ().



5 i, %5. CRISPR/Cas9 RGAHEHI/KAE OsPht H:H 82K R T] F T35 005518 A 1363
2 ZEHR S R GOKFENIRN LG, RS EA SRR K
FEATE LT 13 ko XF 13 MR/KFEH I - DNA $#2HL

21 BEMESNFER

K1 s, vk H A48 McPht #5412 A 5K
F§ OsPht W55 i 25 (R LR T 5 B A 75% 1 B[]

P,
OsPht FEREBA 5 w41 4n

HIKJE N 20 bp, 7 F4ifd X+ 95 #+ 115 4, &

($2HE 7] & EasyPure® Plant Genomic DNA Kit) 13
AT PCR &I (W S an 7 ik 1.5 Frik), KaiighH
FKHA 5 BARSEEHN —201 DNA F B, b THESK
RS TN B BB G DL, KE /K RS 47 DNA 1) PCR 4
aifbIEmy, MraiREm 13 MoK E T 7 Hhde

B FARBE R S D R R A, X T BRI AR

Izﬁ%,ﬁﬁﬁ

U3 JA 3 FUK5) gRNA 5130 pCXUN FIkF AL TR g H O AT G PI2E . — 2Ky Hindi 4
A= HERLE | Lk | L2 REFLERE
i - E S Iu_I m-.lﬂ.:r : "LH:& -..'..-_:'1 T
ol ise, roiteit st n:i
L= SRR r T EIEEWMPIN JREa
LS [ gl =] —
lilll'1.|I1| ||
[ BT S ST
L (LT 1l
Tl | :- Wl '.. HE
LTI 2T LR
L= T L T ]
L idssmsiiie SEPY .i.il. ErRy gLl dns
L= B B [T h =
mn..lr-m :
LT e Tl gl pad 'k g vl pe
L2 [y [T s
e SR R
HIEE " i ' | o W@ p |t [ {| TN
Nl 1 VY ' =3
||,||-:.: T|I ’ ,II'I:;H i
L= =TTy ] al
MU =g
LR T ERCET]
L pdssmsigiie
LU L}
Ty 10 EPS i j 11"
£ pipEsEi
1 FEBELRMEELE
Fig.1 Comparison of amino acids
o Ty B 20 MHAETUR 6 MBS s 53—k EL bR
B 20 DA 8 MR AR B R AE
o) e Kl 3A ABRZR 2 F1 3 () PCR AT LIk A, 7EAK
= r || ? F M3, FRZRA B 20 MROETR 6 BRI
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Fig. 2 Diagram of OsPht gene target site
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i PAM J¥51; CGG K 3 TACGTG #itsk .
Bl 4A REEZR 7. 10, 11, 12 F19 (¥ PCR Kl

e white boxes indicate

HLIK I, BRZ 10, 11 8112 S HARSR %R B 20



1364

W) E IR 5 LR 2 il

WE Alinas

SRR

23 &
(SN S EEEMATIEE = AT F : T AT TLART
TN LN o AR
LA S % bR e vl awl
1]
1
e
A
TR i 1
| | | B el
I w ! |
[ . I h |
| b | i | |I | il I|
L
{, 1 i 4 j L

3 PCR #iMe k E KM 45 R
Fig. 3 PCR product analysis of electrophoresis and sequencing results
[ (Note) : A— FABMAMIPR A= RIAE MK PCR LUK IE; B— BFAE TR 55 S8 AR (R bR AL IR T 5 AT LI s C— B A A 2 1 Ak DR 5 e )
PV D— AR MRRRFR 2 1 3 H ARk PR AU P 0 1] BRI P R R R it i 3 P g R B, 60 R SE BRI T B R C B T AE AR
Ak B e e Ak .  A— PCR electrophoresis detection of wild type and mutants; B— Nucleotide sequence comparison of target gene site

from wild type and mutants; C— Sequencing peak map of target gene site from wild type plants; D— Sequencing peak map of target gene site

from mutant plants 2 and 3; Underlines in Fig. B represent the designed nucleotide sequences for gene editing fragment, red colors mean the

actual bases deletion by sequencing; The red boxes in the Fig.C indicate the deleted or substituted bases.]
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SERE I AR A0 T D R] 4 S WA ) ) 37 T 3R IO
Olo BRI BRI . BB AL, AR R
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TR, D— ZEAMRER 10, 11 F1 12 B ARHE DI 5000 08 18] E— S8 AR PRBR R 7 B A B DR (00 o0 141 F— S8 PRk 3R 9 E AR AL IR AT

SRR B P R IS Bt RS R i b B, ZL @y SERR

FRRAR AL, SN SERL; C BILER /RSB R 10, 11, 125

PP A AU LU R BRI ; 18] B, F HhatHER R R R 7 1 9 5HP A AUM L2853t .  A— PCR electrophoresis map of wild tape and Mutants;
B— Nucleotide sequence comparison of target gene site from wild type and mutants; C— Sequencing peak map of target gene site from wild

type; D— Sequencing peak map of target gene site from mutant 10, 11 and 12; E— Sequencing peak map of target gene site from mutant 7; F—

Sequencing peak map of target gene site from mutant 9; Underlines in Fig. B represent the designed nucleotide sequences for gene editing

fragment, red colors mean the actual base deletion by sequencing, gre
the mutants of 10, 11 and 12 relative to wild type; The green boxes in

F Cas-2 Fl Cas-7 BIMR R IE J1 53 51 & B A= A1
0.63 F10.42 f% (X1 8A), =S¥ ; FIVAVER & &5
SRR AR 1.29 F10.83 £% (1] 8B), Cas-2 5HiA4:
FH LG 25 S il b 3 MR R R A ALK R Y
1.01 1 0.95 % (K1 8C), E=HF A,

3 Phig5Hsie

HLAE 1987 AFBHAZ00 B IRAE E.coli Tl ML il
SR E B T R R SCEE P, HE 2002 4R

en color is a mutated base; Red boxes in Fig. C indicate the deleted bases in
Fig. E and Fig. F indicate the mutated bases in mutant plants of 7 and 9.]

HAw#h CRISPR/Cas9. it JLAF:, CRISPR/Cas9 4
AR A AT T2 Y, AE 2013 4F 8 H
8 H, AL ARLEA Y BE P b i LA T K%
¥, Nature Biotechnology 34 %5 hl Zh Xt 85 BAE M 7K
R /INZE DI BRSO 40 T I AR A R 178 35 PR 2
78 S i, B 2 L e s bR i A
XA T CRISPR/Cas9 L ARTEAE W) 5L K 41 b a] LL5e
BE SRR, CRISPR/Cas9 $ AR B 292 1
FrEmy . shmEw . AR, A
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Fig. 5 Multiple alignments of OsPP1 protein between wild type and mutants
[# (Note) : X—# L% H%F Stop codon.]

FIFH CRISPR/Cas9 $7 A X /K Fi il 5 iz 25 14 3k [ 4L
778 s gty , PP EER EAT T 0 SRR e 4, i@
it PCR S P ik S K F 55 X OsPhe 8% B2 4 5
OsPht FhRBE R s i 5| & 1 9828 B R Sk S 300%
253 F£ W CRISPR/Cas9 R G 1Y 4 3K 1 fE %
ZR R R R, A S S R A SRR R
sgRNA J¥41 . HTF Cas9 Fl sgRNA £k )5 81 K&
T-DNA #fi AL, A 5T 2% WA [RIAE 4 4 0 R
CRISPR/Cas9 Hi AR B BRACEAHMF, ERIR I
MR, AEK R B S B AOR B e, Li )

6 A BIFNREL Ak FERE

FIH CRISPR/Cas9 $ ARXJ /K Fef 5k K 40 k47 i e, 4%
IRE KRG R R A R CR AR &, T H R A 2

Fig. 6 Phenotypes of the wild type and mutant rice

[[# (Note) : WT—H4: % Wild type; Cas-2 and Cas-7 18R Witk

ZRAF{AK Cas-2 and Cas-7 represent mutants. ]

KEHEGEANNRE, BHEGECHGETH
X5 ARG LE RA—E, KAE OsPht &7 %
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Fig. 8 Physiological index of rice
[# (Note) : WT—Hf/E#I Wild type; Cas-2 and Cas-7 fRE Wik 5845 1& Cas-2 and Cas-7 represent mutants. ]

WRCRE R, KRR R B RAE RN 53.8%, J5 64
BRI BT AR bR R AR R Y 28.6%, J& 8 A
B 55 LT A SR PR R G S B RR R 1Y 42.9%, GT Btk
RAPRR G RAARRMN 28.6% . 55 X KA
OsABCIK3 AR5 KL, OsABCIK3 RR7ALIRA
IR S AT R AR ALY SR RS OsPT2
OsPT6 [ RAFMMKFEIATHIF KB, A IKFE 1Y
AP EARTE AR, R IR AU RS
TR 5RATALE A —5, RAKKFE
Cas-2 Fll Cas-7 ffE 0 FIRE B Y2 /NFEF AR, R
FmA . Bog RS S TR AR, Cas-7 B0
SRS E/NTE AR 05T 5 AR R Wl

TR FEEE, R RIYA ARG 7 B A )
EER ARG, SIRATAISE AT, B A RUKHE
o FARA AR T 2R IR, R ARG I W TR A,
S FRATTAT I R A PRl 2R W it (PR T T
AT R MNATT K, H AR R A &1
FWL, TCEESFEWKAS OsPht JE FIHf 3L R 2k 578
X BER UL . Anna FFRILIEF AL, RAK
522DK il 527DK Hiij 2t S R0 B e TR AR A
AT FERIRE & B Cas-2 vha] il & v T8
AL
CRISPR/Cas9 X g 5 4t 1) [ e 45 56 X 241
Tia) G 6 () BIF 5 el o0 SE MM ) B AR A3, R o1 b
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