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Analysis of Rice OsPLD3 and OsPLD4 Genes and Promoters
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Abstract: Phospholipase Ds (PLDs) exist in many plants. PLDs catalyse the hydrolysis of phospholipids (e.g. phosphatidylcholine)
in cell membrane into phosphatidic acid (PA) and polar free heads (e.g. choline). Two PLD members from rice, OsPLD3 and
OsPLD4, were studied by reverse genetics approaches. The results showed that the promoters of OsPLD3 and OsPLD4 could drive
the expression of the reporter gene in various tissues of the rice flower organs at different levels. The expression of both genes was
induced by wounding and methyl jasmonate (MeJA), but with different intensity at different time intervals. No prominent phenotypes
were observed by RNA interference with the gene-specific artificial miRNAs or over-expression of the target genes in rice plants,

implying the functional redundancy among different members of the rice PLD family.
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D(Phospholipase D, PLD)
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PLD . PLD McGee JD ) RPLD
(phosphatidic acid, PA) ’
, PLD (Indica) D-RPLD3  RPLDA4,
PAC P0481HO08 GenBank
’ ’ ’ ’ (23] ’ (http://www.ncbi.nlm.nih.gov/) (Japonica)
RPLD3  RPLD4
" D - (RPLll\)/I:)Gee D D DNA mRNA  (GenBank
’ AK100278 AK119861), KOME
RPLDI : (http://cdna01.dna.affrc.go.jp/cDNA/) cDNA
RPLD2-RPLDS RPLDI ’ J023073L15 002-178-HOS,
Northern OsPLD3  OsPLD4 DNA
RPLD3-RPLDS, RPLDs 6 OsPLD3  OsPLD4
KOME
RPLDI OREF, 1142 bp
; RPLD2-RPLD5
’ RPLD3  RPLD4 1005 bp OsPLD3  OsPLD4 ,
Hind 111
OsPLD3 BamH 1 : OsPLD3(5 ~aaaaaagctt
OsPLD4 ’ cattcaaccgttcgg-3 5 Taaaaggatcctgccactcctcgatgatec
MelA , agtgag-39 OsPLD4(5 Taaaaaagcttccattagtaagtcgctgg
OsPLD3 ’ ccac-3“ 5 “aaaaggatcctgctgctgctecttcagtttcag-3 4
OsPLD4 DNA PCR,
OsPLD3  OsPLD4 PGEM-T — (Promega) ’
pCambial300- pBI221 35S
OsPLD3  OsPLD4 GUS

1 MR57 %
L1 YRR

(Oryza sativa L. ssp. japonica
cv. Nipponbare)
1/2xHoagland
, 2 mmol/L

Ca(NO3),, 2.5 mmol/L KNOs, 0.5 mmol/L NH4NO3,
0.5 mmol/L KH,PO,4, 2 mmol/L MgSO,; 50 pmol/L
EDTA-Fe; 1/2xMS ,pH 5.6

3 , 28°C /22°C, 14 h/10 h ( /
GUS

To T,

>

OsPLD3 promoter::GUS OsPLD4 promoter::GUS

( P3 P4)( 1)
A {358 H_ mcs  {NosH
B
c
D —{ PLD promoter|H  GUS —
E — 358 H GUS I
1

Fig. 1 Schemes of various expression constructions
HptII: hygromycin phosphotransferase gene. All the constructs have
the same backbone of pCambial300.

A: pCambial300-MCS; B: 35S-P:: OsPLD3/4 cDNA(0O3/4); C:
358-P::OsPLD3/4 miRNA(13/4);D: OsPLD3/4 promoter::
GUS(P3/4); E: pBI221-pCambial300
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1.2.2 OsPLD3 OsPLD4

(National Institute of Agrobiological Sci-
cDNA )
, Xbal Kpnl
, : OsPLD3
cDNA(5'-gctctagactcactggatcatcg-3' 5'-ggggatccge
OsPLD4 cDNA(5'-gctctagaaggag

ences)

atgcaccaccagc-3")
cagcagcaatgg-3' 5'-ggggatccaggaatggcaactcg-3')
PCR cDNA pGEM-T ,
pCambial300-MCS (D
OsPLD3  OsPLD4 miRNA
OsPLD3  OsPLD4

OsPLD3 OsPLD4  cDNA

OsPLD3(5'-ggccagettgcaagaggtcaa-3')
tcaatgggcaggctgecgaga-3')

pre-miRNA
D3Forwrd (5 “cgggatccatgagagagtccctttggccagcttccaa-

OsPLD4(5'-g

gaggccaagatcttacctgaccacacacg-3 9  D3Reverse (5 Za-
aaagagctcacgagagagtactgaggccagcttgcaagaggtcaagat-
aatctagagagaataatg-3 “, D4Forward (5'-cgggatcc-
atgagagagtccctttgtcaatgggaaggctgctagagatcttacctgac-
cacacacg-39 D4Reverse (5 “aaaagagctcacgagagagta-
ctgagtcaatgggcaggctgcgagagataatctagagagaataatg-3 4§

pre-miR171a PCR,
LA Taq 2xGC buffer I (TaKaRa)
PCR PCR,
60 PCR pGEM-T ,
BamH 1 Sac 1 pCambial300-
pBI221 GUS

358-P::0sPLD3 cDNA(O3)  35S-P::OsPLD4 cDNA(O4);
358-P::0sPLD3 miRNA(I3)  35S-P::OsPLD4miRNA (14)

( , O |
miRNA Y1)

1.2.3

EHA105 ,PCR

Hiei U
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P3 P4 T, T
2~3 cm , 1.0 mg/L 6-BA, 100 mg/L

B , 28°C /22°C, 14 h/10 h

1.25 DNA
RNA
04 14
B B hpt
DNA
[7.8] (WT)
pCambial300 ( V)
, 3
04 14 RNA
04 14 TRIzol
(Invitrogen) RNA, DNase I (Ta-
KaRa) DNA 2 pg RNA,
Superscript II (Invitrogen) (RT)cDNA
RT PCR Vector NTI 7.0
, miRNA 5,
miRNA mRNA
OsPLD3  RT-PCR
GenBank BLAST

: OsPLD3(D3RTF: 5 “ggcatcaag
tggggcttcage-3~ D3RTR: 5 “gtggetggaagecgaagggce-3 9
OsPLD4(D4RTF: 5 *cgctcaaggccaatcacage-3 “
RubQ1
, . 1tF:5 Zgggttcacaagtctgectatttg-3 ~

D4RTR: 5 “gtctgtgtcttgatccggge-3 F

rtR: 5 Zacgggacacgaccaagga-3 %! LA Taq
2xGC buffer I PCR RubQl 1uLRT ,
OsPLD3 OsPLD4 2 uL RT
PCR , 25 uL PCR
, 57
2.0% PCR
1.3 GUSHALFRE
B GUS
: 50 mmol/L

(pH 7.0), 10 mmol/L Na,EDTA(pH 8.0), 0.5 mmol/L
K;[Fe(CN)g] , 0.5 mmol/L K4[Fe(CN)g], 5%(V/V) ,
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0.1%(V/V)TritonX-100, 1.5 mmol/L X-Gluc 37 RNA RT-PCR
75% R 1.2.5
Nikon5900 ;
Olympus SZX9 2 %%
1.4 #1550 MeJA b 23t OsPLD3 #1 OsPLD4 % 21 T, REtEFEKIELPEZMALLEER
FEIKFERIFNE P3 P4 T, ,
3 2 3 s 2~3 cm GUS
50 mmol/L (pH 7.0) 24 h, 2
, RNA, ’ (
RNA (CK) 2A) ( 2B)
3 , 1 mmol/L , :
MelA, , 2C , ,
, 2C P4
C1( ) C24( ) ( 2D), ,
RNA RT-PCR 1.2.5 , , OsPLD4
GUS ,
1.5 FEARYEFAERIKFEH OsPLD3 #1 OsPLD4
B Fe 1% 7K AL T,

CK P3

2 OsPLD3 promoter::GUS(P3) OsPLD4 promoter::GUS(P4)T, GUS
Fig. 2 GUS staining for T, plants of OsPLD3 promoter::GUS (P3) and OsPLD4 promoter::GUS (P4)
A: basal sections of leaves from WT (CK) and transgenic plants (P3 and P4);
B: part of root from P4 transgenic plant; C: sections of panicles in P3 and P4 transgenic plants;
D: stamens from P4 panicle (the arrowed part in C) and WT (CK) panicle. @ filament, @ anther. The scale bar: 150 um

2.2 OsPLD3 #1 OsPLD4 fE/KIG41EaMt B inis s ) 4
MiESRIE

Time after wounding 0 Smin 30min Th  2h  4h  6h

3 RT-PCR
OsPLD3  OsPLD4 OsPLD3
OsPLD4
€3 RubQ1
2.3 OsPLD3 #1 OsPLD4 & MeJA Eyigiz
RT-PCR OsPLD3  OsPLD4 3 OsPLD3  OsPLDA4

Fig. 3 Expression of OsPLD3 and OsPLD4 after wounding
in rice seedling leaf
The samples were taken for RT-PCR at the time points shown above.
RubQ1 was tested as the reference gene

MeJA (1 mmol/L) s
, OsPLD3
4 h, OsPLD4

Journals.im.ac.cn



372 ISSN1000-3061 CN11-1998/Q Chin J Biotech March 25, 2008 Vol.24 No.3

Cl1 1h 4h C24 24h ,
OsPLD3
OsPLDA
RubQ1 R 04 14 , RT-PCR
RNA , 6
4 OsPLD3 OsPLD4 MeJA 9 RNA
Fig. 4 Induction of OsPLD3 and OsPLD4 by MeJA (1 mmol/L) m
assayed by RT-PCR ( 6A) RNAIi 14-3, -33, -36, -48,
C1 and C24: MeJA-untreated controls for 1h/4h and 24h, respectively -53 Va3 V4 ’ 10
24 KIETEHIRANEL OsPLD3 F1 OSPLDA fy K% OsPLD4 ( 6B)
OsPLD3 OsPLD4 1 2 3 4
’ OsPLD3
RT-PCR R
OsPLD4
RubQ1
5 5 OsPLD3  OsPLD4
OsPLD3  OsPLD4 s Fig. 5 Tissue specific expression of OsPLD3 and OsPLD4 in
floral stage
1: panicle in completely heading rice; 2: flag leaf; 3: root; 4: pani-
OsPLD3 OsPLD4 cle in incompletely heading rice
> RNA V-3 V-4
WT , 1.1 )

25 HEFRIEFM RNA FHAyEE R EKEREY ,
W
03 04 13 14 T,

A V3 V-4 04-54  04-56 04-57 04-58 04-60 04-61 04-63 04-69 04-72

14-3  14-33  14-35 14-36  14-38  14-41 14-47 14-48 [4-51 [4-53

6 OsPLD4 (04) RNA  (14) mMRNA

Fig. 6 mRNA expression level test for transgenic lines of O4 and 14
V-3 and V-4 are the transgenic lines with vector of pCambial300 as controls

2.6 OsPLD3 #1 OsPLD4 E#siFH#HEXIAXI/EA 261
TR RT-PCR , OsPLD3  OsPLD4
PLACE OsPLD3  OsPLD4

( 1142 bp 1005 bp) ,
(o] OsPLD3  OsPLD4

>
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1
Table 1 cis-element related to floral organs
Name Core sequence D4 Tissue Reference
POLLENILELATS2 AGAAA 2+/3-* 3+ Late pollen [11,12]
GTGANTGI10 GTGA 3+/5- 3+/4- Late pollen [13]
MYBPLANT MACCWAMC 4+ Petal collar [14]
MYB26PS GTTAGGTT N/A 1- Flower bud [15]
QELEMENTZMZM13 AGGTCA N/A 1+ Pollen [16]
NTBBF1ARROLB# ACTTTA N/A Vascular bundle  [17]
Note: "2+/3- signify 2 copies on the Current Strand, and 3 copies on the Opposite Strand,;
N/A, none. M=A/C; W=A/T. # phloem-specific element
2.6.2 MeJA Pre-miRD3:
Brown RL (18] , GCC-box cc uu c c
augagagagu cu ggccagett caagagg caagau
JA PDF1.2 LEEeeerere e reeepreer eererer ree i
ugcucucuca ga ccggtcgaa gttctccagttcu
GCCCORE  OsPLD4 v ¢
Pre-miRD4:
OsPLD3 GCC-box, ce uu a u
augagagagu cu gtcaatggg aggetgce agagau
R e e SN NN N
ugcucucuca ga cagttacce tcecgacg tetcu
——AGMOTIFNTMYB?2, AG-motif, u-ocu g ¢
NtMyb2 , NtMyb2

PAL ,
[19]

3 W

3.1 FIABIETT miRNA FitKBERTEEIER
TEMEBYME

pre-miR171a PCR(
1.2.2), OsPLD3  OsPLD4  miRNA
(pre-miRNA)
miRNA171a
ViennaRNA-1.5(http://rna.tbi.univie.ac.at/cgi-bin/RNA-
fold.cgi) , 7
6B ,

pre-miR171a OsPLD4

35S miRNA

miRNA ,
miRNA

7 OsPLD3 #A OsPLD4 A9 miRNA Ri{A &R EE
Fig. 7 Hair-pin structures for pre-miRNA of OsPLD3 and
OsPLD4

3.2 OsPLD3 #1 OsPLD4 B#FIRzhIR&E A
GUS ETEREE P RIRIE

[20]

OsPLD4
JA 21 pLAL
JA
, PLAI
OsPLD4
JA JA
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, OsPLD3 [20]’
JA
, OsPLD4 GUS
33 TRIZEERMEERKFEN RNAI Fit , OsPLD4

RIERFEE R KFE IR S

mRNA
OsPLD4
OsPLDs
OsPLD4
OsPLDs PLD

04 14

OsPLD4

3.4 T BTN T HA LI ERAE S B

GUS

1 , OsPLD3
OsPLD4 , P3
GUS

OsPLD3
OsPLD4
s MeJA
OsPLD3  OsPLD4
——GCC-box

P4  GUS

AG-motif,

3.5 OsPLD3 #1 OsPLD4 Bz FaEEMERETIE

o B9 R A
[22]
GUS  , OsPLD3
OsPLD4
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