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Abstract: It is important to elucidate the mechanism of low phosphorus tolerance in rice for the improvement of
utilization efficiency of soil phosphorus. With two different rice varieties, low-P tolerant variety Yi 2434 and low-P
sensitive variety Tongjing 981, the gene expression related to phosphorus absorption and utilization in rice seedling
roots were determined by using gene chip and qRT-PCR technology. The phosphorus content showed that compared
with the control group, the phosphorus content in the leaves of Yi 2434 decreased by a less percentage than that in
Tongjing 981 under low-P stress, indicating that Yi 2434 had a high efficiency in phosphorus absorption from low
phosphorus medium compared with Tongjing 981. The gene chip results showed that the expressions of PHRI ,
osa-miR399s and SPXs triggered the phosphorus starvation signal pathway, and the induced gene expressions of
APA, PAPs, MPE, PA, PEPC and VDACI1, C4-DT/MAT enhanced the synthesis and secretion of organophos-
phorus hydrolase and organic acid, promoted the reactivation of insoluble phosphorus in media, and the induced gene
expressions of OsPT2 and OsPT6 accelerated the absorption of phosphorus in Yi 2434 roots under low-P stress.
qRT-PCR results showed that the transcriptional levels of the eight key genes(PHRI ,SPX, PAP,APA, PEPC,
MFS,OsPT2,OsPT6 ) related to phosphorus starvation signal transduction, phosphorus activation and efficient
absorption were continuously increased along with the low-P treatment in Yi 2434 roots. Furthermore, the
transcriptional levels of these eight genes in Yi 2434 roots were significantly higher than those in Tongjing 981 roots
under the low-P stress and the induced expression of PHRI , APA, OsPT2 genes in Tongjing 981 roots was very low
under low-P stress. Additionally, the activities of both acid phosphatase (APA) in the tissues of roots and secreted by
roots in Yi 2434 increased more significantly than that in Tongjing 981, which is possibly one of the key pathway to
confer Yi 2434 higher tolerance to the low-P stress than Tongjing 981.
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HLER 19 4 B0 43 W6 A1 HE A 5 o M v P Bl 9 35 AL OsP T2 .OsPT6 FE P (9 385K 6 5 AT AN 2434 # 2 XH Bl 19 75 20 Wl . qRT-
PCR Kl &5 SR R0 A 2434 AP HHEVLVRAG 587 T 08 10 0% = AU oAl 26 iy 8 SRR MEFE R (PHRI . SPX ,PAP |
APA .PEPC .MFS .OsPT2 ,OsPT6) i) 3 35 7K V- 27 Bifi A% s b 3 0[] f) S 1< 22 32025 348 o ) e 34 s AR AL B0/ B AL DU /Y 8 A
FERAEAR 2434 AR rh i e oK 35 1 3 v T AR T 981 M R v M #% S K S, PHRI JAPA \OsPT2 70 HE 981 MR Hh i1y
TR FOERR I &, HAX 2434 R R 41SURR 3R 43 00 14 R P ol R 65 075 1 45 S0 HE 981 404 R B g 3, X T BB R AN 2434 45 M
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KR . KRG MNBEE ; SRR BRI AL s B e A0l
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MaE.2RAF 3% K™ RELXE 2/3 Kk
Hb U IR R AR e =
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TR 5 R0 7= Ak PRTE FE JT IR 9% S SRR BEUR
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MR K R b ) < AR 52 06 2 1 40 O 0 ) R Ak
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JEOR K R R 981 (TJ9STH M, b1 py YT 75 i 4 Fb
A B w4,

A RL 8 35 R b B . 43 S5 BRUARL WG K R AP L R A
10% (V/ V) RUEAKH K 30 min. Z Ji 258 F K
REWPET %, FFT 25 CHlRAKDER, R ¥R
11 FH KR 58 4 0% 3R (e [ Bk 7K R F 58 T 12 43 1)
Fe s el . pH = 5.0 #EFT 85 5%, fEkKREahi LK
F 301D, B PR I AR — B B I TR AR
R TN 1 L AR Z b, [ 3 4w
R (B & 243 31k 0. 32 mmol/L F1 0. 016 mmol/
WA E, 410 bk RE S ARELEZH. HX
B — KRG FR W IR B R pH AR 5.4, B A
Br o B e O MR SR P AT SRR R
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TRAE TR AR IR VKA 25 H
1.2 kBHABEENNE

BAYR e Ach BEOAS T) BsF ) A9 7K R 4l e i R, B T B
KT B4 M . 105°C &7 30 min. 2R 5 80 CHt T & fH
it PR B AL i e AR B L i 0. 25 mm i
PRI 0. 3000 g M ¥y AR . H Ho SO, -H, O, 14 & =i
S0 B a0 SR FHARBRPT L @3k,

1.3 EE®H &R EES

AT AR i Fp A 2434 R 4 RE ZEARBE AL 2R 15 d
Ji > 43 O B 1/20 I B Ab B 9 K AE AR AR (Ab B
Xt E 3 MEYWSFEE) LB TR
Ve AR L 2% AL R AR YA BRAS W AT Ag-
ilent mRNA FaRFE0 A I, H R A #E o #2
T

Al Trizol (Invitrogen, USA) £ BU#R &R &
RNA, 346 fk (NucleoSpin © RNA clean-up Kit ,
MACHEREY-NAGEL,Germany) ; 2 H, ¥k Jit i &
M5 A U — 4 FEE 8% cDNAL I 4li L XUEE cD-
NA; A ¢cDNA N #iH, | T7 Enzyme Mix & i
cRNA J5 4 fb ( RNA Clean-up Kit , MN) ; HU5 pg
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Table 1. The primer sequences used for qRT-PCR verification.

Gene ID Ly HE R L5y TUsIY

N 1D Function annotation Forward primer Reverse primer
0s01g0239000 PHRI 5'-CGCAAGGTGAAGGTGGACT-3' 5'-CGATGTTGTGGCGAGTGAG-3'
0s07g0614700 SPX 5'-CCCATCCAATGACCACC-3' 5'-TTGAAAGCCAAAACACG-3'
0s10g0116800 PAP 5-ATCACTATGACTGGAGGGG-3' 5-TGTTTCTGCTGCTGATGTG-3'
0s05g0192100 APA 5'-AGTAGCACAAAGCAGCAATA-3' 5'-CGTTCAGCATCTCCGTC-3'
0s01g0758300 PEPC 5'-TCCAAGCCGCCTTTAGAA-3' 5'-ATCACGGTCTCCACCCATC-3’
0s06g0324800 MFS 5'-CCCTACGATGGATACTGGC-3' 5'-AGGATGAAGGTGGTGGTGTT-3'
0s03g0150800 QsPT2 5'-AGCAAGGTCGGGTGGAT-3' 5'-GAAGGTGAGTGCGTAGAGC-3'
0s08g0564000 OsPT6 5'-GCCTGCTCTTCACCTTCC-3' 5'-CCGACGACAACGACAAAA-3'

cRNA. ] CbcScript Il 7 #1 ML 51 9 i 47 =2 F% 5%
Jf 44k, (PCR NucleoSpinExtract II Kit, MN) ; Bt I
R SR W it A7 KLENOW B dric . 44k ; brid
PR T AT T 45°C T A A8 3 L IF xS B gk
Ve T 85 0 Agilent G2565CA 3[4 %51
G T4 15 3 28 2B s R M Feature Extrac-
tion R 3 B B AF #0478 v R 0 17 5 4 ARG 5
Al BT 7 5 B IR BHE i A B GeneSpring
GX B, H percentile shift X7 {5 =5 {H #1714
— Al AL B Xk A ) R A AT O 25 40 M, JF kAT 25
HE A I

F 4> F Y1 g 3 B¢ & 4 (http: //bioinfo. capit-
albio. com/ mas3/) X BKES o AG  9 22 5 3R A
FEH AT E 5 X, JF i — 2 F HH NCBI Chttp://
www. ncbi. nlm. nih. gov/) . UniProtKB/Swiss-Prot
(http:// www. uniprot. org/uniprot/) X} 22 7 % ik
HE A Y 28 BUFN AR W) 7 D RE AT A il FAZ XS
1.4 BEENSWRUHEXEE R %X EE PCR
1.4.1 314k it A= 4%

AR 5L B Fr 4 B 46 21, e B 8 A 5 B YL AR
50 T T AR R SO AT A DG 1 22 S 3R A R R
T qRT-PCR K:iE, 76 NCBI B4 J4 b 48 & 4 ¢ 5
P mRNA J¥ 5, Fl F Primer 5.0 3K 443 1 Fr i
M5 (R D513 7E GENEWIZ 28 Rl & A
1.4.2 KAGH Z E RNA R

WAL FE 5.10.15.20 d J& . - DI BUKRE IR &
KA R Y S RNA #2 Bk 57 & (RNA prep pure
plant kit, TIANGEN /A a . Jb 50D #2 BUE RNA.,
1.4.3 cDNA % —4%& & %,

R i T4 B B RN 2R DS s 2 53R 77
£ (FastQuant RT Kit , TIANGEN A&l ,dt5t) it

7305 5% 5, T A (R B ot B & U368 — 4 cDNA ¥
BEGE— 1R % R 300 ng/pL ARG RIETH Z 3 T
1.4.4 SR AEZF PCR

FIJH Primer Premier 5. 0 #1116 & 32 Bt ¢
JeE R PCR KW W51 9. ¥ ik cDNA FE &
i o IE S S F2¢ 5 2 e PCR W AR &R 20110 pl
SYBR © Premix Ex TagTM 11(2X) (5 4= ¥ T. &
FIRAH LK% 0.8 pL PCR IE[A 51 # (10 pmol/
L).0. 8uLL PCR [ 15[ 4#)(10pmol/L) 0. 4. ROX
Reference Dye [ (50 X) .2 pl. cDNA Hifz . 6uL
ddH, O, 3Lk Ubiquitin5 (UBQS VN NS A,
M H ABI PRISM 7500 520 PCR %%t (Applied Bi-
osystems, USA)#E4T PCR S, S B2 35 € T
T :95°C T #AEYE 30 s ARG E 40 MEH,95°CH
AV 5 s, 55°C (IR A [6] 51 3k B 45 3 9 3B JGIR D)
TRk 30 5.72°C FHEff 30 s, AAFEMER 4 1K,
1.5 KFIBIRRBEMEBEREE AN E
1.5.1 AR & 40 40 BR M AR B B VE A 69 ) 2

%% McLachlan™" 4507 - W& ke sh . FRERX 5
g VEEHI K REWEAR , iIN A 8 mL 0. 2 mol/L B HR 5N 2%
R (pH 5. 8) UKW B S 5L A) 9K J5 - 12000 r/min #§
L 20 min, L EWEW 1 mL, A 2 mL 0. 05 mol/L
Xof il L 2K W R &N (p-NPP), 30°C F Mg K 1 30
min, A5 A 2 mL 2 mol/L NaOH £ - i, LA
JC M A 25 X B 7R 450 nm 3K R I E %
{8 . TR Bp AR X5 Al AR (p-NP) I b i 2% . AR R 41
SRR 1 W R I 005 P A PRSP LA B e AR K i
p-NPP 4 i i) p-NP &Rk FE /R (mg » h™'g™),
1.5.2 A& Z 4 i BR Mk AR BR Bl 1 G M

2% NI %) koIt mek sh. WOK R4 2
MECHEBEFRMET SRR, & TEHA 100 mL 1
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mmol/L % filf 5L 8 W 2 — 48 (p-NPP) (pH=5. 4) %
50 A TR R v A T R PR o A B TE O IR
¥igt 2 h Ja WL 1 mL M AE] 5 mL 1 mol/
L NaOH 0yl &, #8855, LATC B S ol =5 1 X
MR, 450 nm A0 5E W ' AE , [R] B 7 X6 A 5 25 ) (p-
NP) PR M k. S8 5 B UM 2 Bk o ff T i, AR R
3 WA TR W98 A2 TR 1% 12 LA PRSI (1] A B3 Jo i i AR 7K
f# p-NPP 4E i) p-NP R F/R(mg* h 'g™ D),
1.6 HESZHitH

% H Microsoft Excel {8 [K & J5 22 40 ¥ 47
BAE G Hr

2 HIR5H

2.1 RBEpMEXKBEHAEBSENZMN

Bl 1 4550, TCI0 S Il A 24 20 3 2 %t R 4
P B K R ot v o B T ) S K 2
HRa S, ARBEMN A T L EA 981 M R B 5 i B A 7]
%) 484 B ) S /N T A 2434, T HL X b 2 S5 i 2 I
Ml a0 b R K0 B n AR A B L 5 % IR AL A
Fb AR a0 T3 RE 981 I Bl 5 ht A 0 R B B
35 R B AL 2434 B S RO HR R IR/, X R
WA 25 0 R AX 2434 B0 M 981 H A B 5 1) ML Uk
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S

DA TR ARG Bl s AL 2434 S b 1t 35 R 8 46
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Fig.1. The P content in leaves of YI 2434 and TJ 981 after low phos-

phorus treatment.
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SER R LAY 2434 MR AR IR a0 A R s S R
IKELHILFC (abs)=2. 044 3316 4>, Hop , i F 3k
IAFEN 1329 N(FC=2.0), FIHERFEH 1987 4~
(FC=20.5), ARl 5 Ay 28 0 F ] BB ) e, A5 2
FIKFEH (P (H<C 0. 05, [7I FC==2. 0) i % 5 1
YUHRAT 5 % 5 VB Ak 5 e 250 WSO G i 25 ) dn 3%
2 N,
2.2.1
g A

J& T MYB % 5% H 5 (% @ ULk i 2 0 1y & A
(PHRI) @k PHRI 454 )% 9 16 1 4 5 DL ik
HE R SR AR L PHRI A 8 8 WUk L 32 4
RO 5 VA 1 1E 8 9 -, A2 LR 4 3Rk 00 R Ui AR
K ALHE miR399s . PHOZ2 (Phosphate 2) ., IPS1/At4
F55r TS R . SPXs (SPX 45 # W & 47 %
FIDVPHT (i 26 FPE B 207K Fil PAPs (58 6 1R 1%
WAL B %5, H PHRI1 IE ¥ miR399s. PHTI .
SPXs 3Ly k™,

H2E microRNAs Z 5 1 fH Y IR N £ 2EFF
W) S5 () S5, He b R399 A KL W) B S SR b =
WAy B AR AR 2R A A 2 O R A B AN A
T H . miR399 )Rk Z Bl Wi B = e FE S, B
FEHL b BB B2 s S A 1Y miR399 WK H S
1z ) R AR AR o, R HAR AR EE I PHO2 F
AR (PTs) L B FIBFBTYm T

SPXs 34 98 5 B 1 ) Bz 0 kL ot i Y R
BT N R Wl 1 S S T A A P s 3N 3 T Al h &
PEE BRI Tl ik SPX 25 44 S8 H A /R 1 &
M EAE s KRG R SPXs (10 263K 52 3 W Lk i 5
B A2 BIREILIRAS 5 & 2 PHRs F1 PHO?2
IR

DAL Tl ke = T ST A A O 1 B DL A iR
o VAR T Ui D) 8 DR ) e 38, 1 T AR 4 AR 2R X Wl 1
W R i i o FRATT R B AR T 3E b 25 5 X 2434
R P 0sa-miR399d | osa-miR399i . osa-miR399j
24 PHRI MZ4 SPXs 3L FIE(E 2), %
A 2434 MR ZR P BE VLKA 5 2R 4% L i i 4 i % 3L
U B A LB B R DG 1 T Rk DR 2 5 1 R 4R AR
.
2.2.2

BEAUARAS 5 ik 1240 % 3k B AR AR B B 18

B A AE % Ik B R KB B 160 R A
PR P W R T C APA) £ B A7 76 T MR /Y 3% B2 40 i
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Table 2. Effect of low-P stress on the expression of genes related to phosphorus starvation signals, phosphorus activation and high efficiency

absorption.
T RE TR HH 1D Log, fi & P 1{H
Function annotation Gene 1D Log, FC P-value
miR399 osa-miR399d  3.39840.307 1.133X10 "
osa-miR399i  2.57240.173  8.032X10°
osa-miR399j 3.184+£0.115 1.027X10°°
WYL 3% # 19 Similar to phosphate starvation regulator protein (PHR1) 0s01g0239000 1.95340.799 0.048
WEYLER 45 25 14 Similar to phosphate starvation response regulator-like protein 0s02g0325600 2.14440.080  4.665X10 "
SPX 2538 Oryza sativa SYG/PHO8/XPR1 (SPX) domain gene 0s06g0603600 1.41240.271 9.934x10""
SPX %5 #4938, SPX N-terminal domain containing protein 0s07g0614700  4.475+0.241 2.628X10"
0s10g0392600 2.218+0.263 4.952X10°°
0s02g0202200  2.3747+0.204 1.624X10 "
WEEREE 1 Similar to PHO1-like protein 0s06g0493600 3.11940.047  2.594x10""
= 2E M N AR 2 High affinity phosphate transporter 2 (OsPht2) 0s03g0150800 1.39540.426 1.964<10°
W4k 1K 6 Oryza sativa phosphate transporter 6 (OsPht6) 0s08g0564000 6.488+0.525 5.095X10°°
28 4& 6 Similar to phosphate transporter 6(OsPht6-like) 0s04g0186400 1.29740.119 0.040
L TR MG Purple acid phosphatase (PAP) 0s12g0576600  4.514=£0.490  7.743X10°
LR PEREER IS Similar to purple acid phosphatase (PAP) 0s12g0637100 2.5594-0.342  6.757X10°
0s10g0116800 5.107+0.219 6.184X10°
0Os11g0151700  3.0247+0.376 3.155X10°°
0s01g0776600 2.57340.077  9.358 X10 °
(0 % PR Purple acid phosphatase-like (PAP-like) 0s01g0941800  5.44240.449  1.612X10 °
4 )@ Wi FR G B Metallophosphoesterase domain protein (MPE) 0s07g0106000  3.05540.603  2.646X10 "
FH R Similar to Phytase (PA) 050820280100  3.3724+0.025  1.659X10°
0s03g0848200 1.92640.124 1.610X10 °
2 PE s R B Acid phosphatase (Class B) (APA) 0s05g0192100  1.35340.075 1.420X10°°
T R s 1 20 V9 I iR AR AL 8 Similar toPhosphoenolpyruvate carboxylase (PEPC)
0s01g0758300 1.791+0.860 0.017
0s01g0110700  2.1474+0.677 2.508X10°
C-Z R 8 /3 R MR F 12 H 0s01g0226600 2.537+1.118  7.562X 10 °
C,-dicarboxylate transporter/malic acid transport protein (C,-DT/MAT)
FLFE A 6 B B3 F3# 3 1 Voltage-dependent anion channel (VDACI) 0s01g0588200  1.276+£0.240  4.216X 10"
B W% 32 88 % % Major facilitator superfamily protein (MFS) 0s06g0324800  4.217+1.267 1.278 X10°*
0s08g0409900  4.1137+0.415 2.175X10°°
0s08g0156600  3.465+0.131 4.637X107"

PAH X AR )28 T S AT R R T 22 0T P (A, P<<0.05 .3, P<<0. 01 B .3 ; Log, FC AR M 53 R R X FESHH G

B2 .

P-value is the value of one-way ANOVA of biological replicates; P <<0. 05 indicates significant difference and P<<0.01 indicates extremely

significant difference. Log, FC stands for the difference between the control and treated group after the transcriptional data is normalized.

A DB LA P K R Bl R 3k $2 = B 1 2B )
A R AR S0 R W v AR K R ) R Sl A
FHH R R APA I 4 58 X B b 30 2R B A9 38 1
PR 0 (0 R 1 B R B (PAPs) J& 4 R B IR 15
(MPEs) F & I — B, BE A 1kl 19 Fg o9 15T /K e, ¢
CTCALEBE ™ s EORAKHE W B 3L ZmPAPIS 2 51
NG 2 BT A 55 IR AT A B TG ML PR RS fi At 41 41
R 3 ) 5 R T (P A 2 — TRl e ok 28 R0 190 1 1
A it ] A A - 98 B R W 2H 4 PN ) R R R HL A AR )
IK A R B TR 55 LT F Aty 2 AR BT 1% e R G 3k

PRI 0 B gt e L T Al 3 0 R 2R 0 T ) A TR T
TEPERA R B A m Y L R 2 B R KR I
WAL 2434 A 14 APA 3R 6 4 PAP 3
.2 A PA B 1A MPE 5: P 4 3 55 52 K B
(BRGNS TE DE7 A R 1R 7 SRR Y
2434 H F A HLBE K A B A2 0 6 K

) 3 7 AEC T 36 ) AR AR 2 1) 4 3 op 4y b
— SO LR CFy A5 R 50 R SF R R 45, LI fiff — b i
RSB DUBEAE P ) WSORT R . R A
st X 9 R 158 32 1k il (PEPC) AT 4 1k W 2 s 1t =X 79 T
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A% S 07 A B 2R L E N SRR A (TCA) L A
BT R TR A HLIRY . MR R A MR 4
WAL B AT MUIR 1) G B 9 T A LR 11 25 i
i FIZE [T B8 38 36 ] AR PR 0 2 e AR 30 fig
PRAE KRR AR 2R A HLER 1Y) 3 0k » 3 FE T ARl it b o 3R
BN E .  2 ZERERM N 2434 AR 2 A
PEPC 1 A R MK 8 B &5+ 3 8 1
(VDACI) A i 3R 35 2 AR W 30 i) & 2 &,
PEPC M 11 S 6e 42 i A PR 19 & . VDACI
SEH 5 S 0] DU S ALIR 19 3 i . 3 Ak, ATk
R AL 2434 A 1 ADHAPIEFEE 1 Gk
C-RmR¥ i/ VPRMR%izEHEK(C4-DT/
MAT) i) =ik 32 BCHE W0 1) 255 R
BE DA TR AR I 30 AR S R R A AR TR 4 1Y e s
A HEEH

g b AR R AR Bl 1) K RS R A 2434 MR R AE
ARG Joip 38 T AT 3 e 6 PR R G 1 O L 3 5 L K
fift Tl R BILIR 445 1N G 0 T AR 2 A JBT o X 7
PERE IS 1L
2.2.3  BEE AR KK B AR xR A 8 6 B K

Rl 1 30 5 Wl A A R DR I R 8, R W AEE
TRk Z ST mBOR R i R R . RS
A TG 240 2 A7 ) AN [ s BT A B R R I A
BB AR AR LR 4> U2 . PHTI . PHT2 .PHT3 Hl
PHT4 . PHTI 05 0 i 6 MW 21k, PHTI %K
RSE R 2 B AR T A e R GA . TEKFRE T Os-
PT1.0sPT2.0OsPT6 .OsPT8 J& T PHTI F %, it
FiE OsPT2 fig fi #F 8 28 AR 2] 4 13 53 19 42
B o 5% FR W B Z IR L AR S BB = SR R T A A N
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Fig. 2. Transcription level of phosphorus starvation signals, phosphorus activation and high efficiency absorption related gene changes with

low-P treated time in YI2434 and TJ981 roots by qRT-PCR.
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