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Isolation and Expression Analysis of CoPhtl ;1 from Oil Tea

ZHOU Jun-qin' , TAN Xiao-feng' , YUAN Jun'*, LONG Hong-xu'
(' The Key Lab of Non-wood Forest Nurturing and Protection of the National Ministry of Education/Central South University of
Forestry and Technology , Changsha 410004 ;> Beijing Forestry University , Beijing 100083 )

Abstract : The phosphate transporter named CoPhtl ;1 was isolated from oil tea( Camellia oleifera Xianglin4 )
with the method of RT-PCR and RACE. Its expression under different phosphorus level at different time was
checked with qRT-PCR. The CDS of CoPhtl ;1 is 1626 bp which codes a predicted protein of 542 amino acids. The
amino acid identity compared with other phosphate transporters is highly conserved and showed the highest similarity
(88% ) with the Phtl ;1 of Catharanthus roseus. Putative secondary structure and topology of the encoding protein
have the main feature of transmembrane protein which consistent with Pht/ encoding protein in other species. The
real-time RT-PCR result showed that expression of CoPhtl ;1 was induced by P-deficiency and reached a high level
at 0. 1 mmol/L phosphorus concentration after treated for 15 days.
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WD AU T BRSBTS w2
VR BB ARAST R, G TR % i T 8 b
T2, ARWFFE LU AT AR 4 5 30, il i Xt
TMZRBRIR G2 F Phel FEIH B 53 55 5 B FZ HE R 7
HRZR BRI O HEA TR I, Ay 4 2 T A oy 3 43 T
M S AT 8 g 255 6 R O 328 A % 4 F R R AL
ZZGR,

1 #MREFE

1.1 Rt

R 1 AFLEZF BRI A RI 2R IAK 4 5 ( Camel-
lia oleifera”Xianglin 4") A I6 A4 4} K H R A T 2545
VIR ( ELAR 10 em, 15 20 em) HHEATIE RN R
KIiFw , K H] Hoagland 584 & IR IE %, U TR
A Arnon Bt . 4635 0.0. 1.1.0 mmol/L 3 /MK
°F,P i KH,PO, $2ft AR E IR S K AR
Y KCLAME . TSERA 0.1 mmol/L 7K P35 72K
FEFRMAR 2 J8, 2R 4E 0.1 mmol/L W /K8 F2 W 5 557
AL IR R T Phal BRI sE RS 04T, 2012 45 A
13 APt b3, JFF5 A 14 H.5 H29 HFl6 A
13 H 73 551 R 4R 9 25 4 BBOR 2% T 986 %€ 1 PCR
I3
1.2 RXF

PureLink™ RNA Mini Kit, 5’ RACE System For
Rapid Amplification of ¢cDNA Ends, 3’ RACE System
For Rapid Amplification of ¢DNA Ends {7 & 4 H
Invitrogen 3 F] ; RevertAid First Strand ¢cDNA Synthe-
sis Kit,2 x Tag PCR MasterMix W4 | Fermentas 2\ F] ;
pMDI18-T Vector, PrimeSTAR HS DNA Polymerase {5
TR¥L DNA R A Takara 23 6] ; PCR 74 i
B &2 L AR W) AR A FRA A Y Gel Extraction
Kit; 7€ f& PCR i 2 x SYBR Green qPCR Mix Il [
TOYOBO /A ] ; pEASY-Blunt Simple Cloning Kit ( °F-
RN &), KA DHS o 2432 285 40 1
H 434/ 7] ;100 bp DNA Ladder Plus 4 H Solar-
bio 27 5 511G UL 4 531] A8 B R A 8 A=
Y w SE L
1.3 Fi&
1.3.1 & RNA KJ$ZEL RH] CTAB 2 A (i
#&, L) Invitrogen 2% A A9 PureLink™ RNA Mini Kit i
G g BE A, B2 B 2 4l AR R S RNA, A H]
1. 0% S5t I Wl 58 Je i VR T G RNA A 58 B 1, T 52
Hh/ 0] UL 43 56 5 BE 3 ( Lambda35, Perkin Elmer,
USA) Rl IR Y 0

1.3.2 % Pl ;1 EEMEE RIEC CERR
7. ( GenBank ; EU496869. 1) | & ik ( GenBank; XP _
002524621) . 1 # 7F ( GenBank : AB005746 ) . 3 #(
( GenBank : EF091667. 1) . # # ( GenBank: XP _
002302047) . %% ( GenBank : XM _002285117. 2) Al
F K (GenBank : NM_001111799. 1) B 43z 8 1 & 5t
R 7 5 R AR SF X, R Primer Premier 5. 0 #0415
HRIFES14 PHTIF 1 PHTIR, LAIMAS4I IR 2
RNA ¥ 7% SR S5 15 B 26 1 458 cDNA AR E1T
PCR 43, ¥ 1 WBEHEA pMDIS-T #ifk , 5 fk
SR PCR ik , PRk FHYE SR AT iy . 7R 3RS
(R B 3T 3" RACE 1 5'RACE RSP 1
5%, Z M8 Invitrogen 5'RACE System For Rapid Am-
plification of cDNA Ends #13’RACE System For Rapid
Amplification of ¢cDNA Ends 17 &1 150 B 45 i) 25 B it
7 5'RACE H1 3'RACE , AHB 24 i J2 4323k 51 4y ¥ e ik
&AL, MR RACE 15319 55 B, PHE ik
TP 34 42K cDNA JF5, B4 K cDNA §-
4R Bt, 5 pEASY-Blunt Simple Cloning Vector i
¥, 9% )5 AL KA AT B DHSo 52 25 40 i, LB/
Amp A 35S PRIE R TE R 598 12 h, UL pL
BB, FH B AOE 519 M13F F1 MI3R #E4T
PCR %78 B 55 W BHE se BEAE S I 7, 5190 )7
0L 1, PCR Y RRF WK 2,

®1 5975

Table 1 Primers used in this study

& 51 BFR JF31(5'3")
Function Primer name Sequence(5'-3")
Phil Fep B PhtIF TGGGHTTYTTYACHGATGC
B o PhiIR TCWGGCATYTTCATWCGC

3 RMEY I Phul-F-GSP1  GGGTCTTTGCCTCCTAATGTCTCGG
3"RACE  ppyj F-GSP2  AACTCTTCTTCGGGTGGCTCGGTGA
Pht]-F-GSP3  CATCGGTGGCGACTACCCTCTTTCT
5/ R %Y Phel-R-GSPI  TGAAGGCACCACGAGTT

5'RACE Pht]-R-GSP2  CCACCGATGCCAAATCCTAGCCAGAA
Phtl-R-GSP3 TCACCGAGCCACCCGAAGAAGAGTT

Pht1-R-GSP4  GCAGCCGAGACATTAGGAGGCAAAGAC

Phtl CDS % PhtIQF  ATGGCCAAAGAACAGTTGCAAGT
IS PhIQR  TTAAACCGGAACTGTCCTAATGTCAT
Phil SE5E Phil-FI  GTGGCTCGGTGACAAGATGGG
HRT-PCR  ppyyRI CATAATGGTAGCAGAAAGAGGGT
B-actin S B-actin-F  TCTTTATGCCAGTGGTCGTAC
JEHERT-PCR g cin-R TCTTCGCAGTCTCCAACTCTT
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Table 2 The processes of PCR amplification
PCR 5149 Edhg
Primers of PCR PCR procedure

PCR

fai gt PCR Phtl¥ ,PhtIR 94 C,3 min;94 C ,40 s;
54 °C,40 s;72 °C ,2 min;
35 cycles

94 °C ,5min;94 °C,30 s;65
C,30 s;72 C,2 min;5 cy-
cles;94 °C,30 s;63 °C,30 s;

72 °C,2 min;30 cycles

94 C,5 min;94 C,30 s;
63 °C,30 s;72 °C,2 min;
30 cycles
94°C ,5 min;94 °C,30 s;
60 °C,30 s;72 °C,2 min;
30 cycles
94 °C,5 min;94 °C,30 s;
62 °C,30 s;72 C,2 min;
30 cycles
4K cDNA Pht1QF , Phtl QR 94 °C,5 min;94 °C ,40 s;
P 57 C ,40 s;72 C,2 min;
30 cycles

5/ R g1 Pht1-R-GSP2 , AAP

Pht1-R-GSPN, AUAP
3RS

Pht1-F-GSP1 ,AUAP

Pht1-F-GSPN,AUAP

1.3.3 FISHMERTM  Fl/ NCBI BLAST
XM PS5 S THEER , Vector NTI 10. 3.0 F1 GENDOC
AT FN BT A LR B, ] MEGA4. 0 #4720 )7
LS IR AR, s L o Hrdk
(http ://us. expasy. org/tools/protparam. html ) 53 Fll
O£ o ) BRARPEBT, I AR o A A Ft
A (http . //www. predictprotein. org/ ) DL S 155 X #i
FNGE KL TN B A (http ./ /bioweb. pasteur. fr/seqanal/
interfaces/toppred. html ) Xyl 2% Phtl ;1 28 [ T — 2%
BERE SAR A MASAHEA T o0 e AT
1.3.4 ERERE RT-PCR IS 195 RNA,
PL Oligo-d (T) R 51 ¥, )2 % % #% RevertAid First
Strand ¢cDNA Synthesis Kit UiBH-H##17, HR% %5
(%) cDNA YERIMR, SEBYE & PCR FF 5519 (Phtl-
F1 Al Phl-R1) (3R 1), F 85K 190 bp,,
DN L DA SRR WA, Pha1-F1 R Phal-
R1 25 B /N = Be, i HLBCA 5 1) — R Ak
SEAFE it PCR FY ROV AARH 20 wL, f34% 1 wl ¢cDNA
(RNA A2 pg),10 pL 2 x SYBR Green qPCR Mix, ¥
JER 10 pmol/L FYTESL 15 1945 1 wL, FIAART T
ZUKAMEZE 20 pL, BEARNEE 3K, EH PCR
FOWARF:95 °C 2 min;95 °C 15,58 °C 30 5,72 C
20 5,40 MEH, fdi ] BIO-RAD /3 %] Mini option &
H PCR 1Y, /\BEHFE 52 PCR O, LATHAS B-actin
VERI IS HED T KAST Ay B %

2 HERESH

2.1 H3E Phel ;1 BEERESFESISH

TE NCBI H N g Lb B RIFE I 1 Phel FEH P
G R HE AR SF IR /T I 5 149, 38459 626 bp 1Y F
Bt (K 1A) ., FIJH 5'RACE #1 3'RACE 783 (1) ¥ 51
AT PHE 53] 1 45251 cDNA 751, K50 1901
bp. 7E 55 M 3 5 BT 1 AT cDNA Fifis X,
SR REFY 1, TR I P As BRI A K E
1626 bp( & 1D) , HJF 5 5 P87 51 i X 2 K 1
—EEHR 100% , EZARAT 1626 bp BITMAS Phtl ;1
FEH CDS A, % 5 N 4w il 542 DNEIER, KE S
HAMYI RN Phel SRR

M A

5000 bp

1500 bp 1457 bp
1000 bp
| 3
700 b o
] inki
- 5000 bp
1000 bp
;500 bp
3 .
413 bp 1400 bp
C 8]

M:100 bp plus DNA ladder; A : i Jf: PCR /=471
B:3'RACE §3§)"4);C.5'RACE ¥ 38,1 ;
DA Phel RH8IX &K 1Y)
M:100 bp plus DNA ladder, A : Amplification product
of degenerate PCR, B; Amplification product of 3'RACE,

C: Amplification product of 5'RACE;

D:Full-length amplification product of CoPhtl ;1

B1 S Phil ;1 3 HEER
Fig.1 Amplification product of PhtI ;1 gene from oil tea

P4 VLS BN S Phel ;1 cDNA FEHIHES Y
IR 75 5 A TR ) Phel 3 PR T 2 ) 1) S 5
PR 1 414 Vector NTI 10. 3. 0 A1 GENDOC 347 [A]
PEYEIAT, R BRI ZS Phel ;1 5 HABAE Y69 Phel
DKL T S 1 S B R (R U 1 K 27 70% LA L o 5
JEATHER A FAEAR UL 15 88% , SRR ( Hevea
brasiliensis ) 1B $4% ( Populus trichocarpa ) ¥, 43
I35 83% F179.5% (K 2)
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Roman numerals ( I -XII) represent 12 transmembrane domains, ll represents N-glycosylation site,
A represents protein kinase C phosphorylation site , @ represents casein kinase 1I phosphorylation site
AWPHTI ;4 . 8l B§ It Arabidopsis thaliana;LaPT2 ; W 5. Lupinus albus; LjPT2 . & kAR Lotus japonicus ; HHPT1 AR AL Hevea brasiliensis ;
RePHT1 ; BERR Ricinus communis ; VVPHT1-7 ;%] Vitis vinifera ; CoPhtl ;1748 Camellia oleifera; CrPT1 . K FFA4E Catharanthus roseus ;
CIPT3 . B Capsicum frutescens ; EcPT1 ; 754% Eucalyptus camaldulensis ; GmPHT1 : K35 Glycine max ; HvPHT1 ;9 . K& Hordeum vulgare;
OsPHTI ;2 K Oryza sativa ; ZmPT1 : EK Zea mays ; PePHT1-1 BRY Populus trichocarpa ; LePT1 ] Lycopersicon esculentum ;
STPHTI ;: 4% % Solanum tuberosum ; PxhPHT1 ;1 . %852 2F Petunia x hybrida ; NtPT1 . JH¥E Nicotiana tabacum
2 jlEE Phel ;1 SEMEY Phel ERBBHSERF T
Fig.2 Alignment of deduced amino acids of CoPhtI ;1 and other plant PhtI-like genes
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FE A MEGA 4.0 XF & 2 w19 R Phtl
FHEMR P AN HEAT HEXE, 45 R WoR IS Phel ;1 3K
i T P 5 AR K B AL ( Catharanthus
roseus ) Phtl FER i H R E—E (K 3) , XAl fE
5B AR 13 XA G
2.2 CoPhtl;1 EHZREH KA ST

A HEEH T BN R IR Y S A A
BEIALAL S R PG C RIS 35 (I 5 A R
A (B 2) o AN B B EAS 12 3R ik P
(), —REEA T SR TE T L e v, LA R R
P R BEHEAE . X CoPhtl 31 #EAT B M B5E IX 4H $h 25
F T 25 5 (& 4) §7R . CoPhtl ;1 HA 12 N5 i
B, B R A R 20 AN L RR R 2H A 12
JiE , [7) ) 5 M P ) N 3 T C g 7~ &40 o 65 I 1)
— ] 45-5F 5 51 GGDYPLSATIMSE 13 T-45 4 AN B5 i
S, T 45 S5 E A A A Phel 25 X 4544
QQIUHZJ .

,—‘J‘J‘:f Tevea brasiliensis
| Ricinus commiunis
3 {fxm Japomicnus

1 100 Lupirus albus
I‘—.lmbéﬁ’upsis thaliana
|

Vitis vinifera

46

Camellia Neifera
7 Catharanthus roseus
Petunia x kybrida
a7 Nicoriang fabacin
&2 Ef._l. capersicon escilenium
1060 —Sadanum tuberosum
Capsicum frulescens
Encalyptus camaldulensis
— | Celveine meax
100 Populus trichocarpas
L_J Oryza safiva
921 Zead muays

=

98

Hordewm vulgare

014 012 010 008 006 004 002 0.00
MR Genetic distance

3 % Phtl;1 EATMEAREY Phtl EEKRESHT
Fig.3 Phylogenetic tree of the predicted CoPhtl ;1

and other homologous proteins from different species
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4 I Phtl;1 BRI BEHINEETNE

Fig.4 Transmembrane topology structure of CoPhtl ;1 protein

2.3 AEIBEFBEIRELET CoPhtl ;1 EETER
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SEE . RT-PCR Kl S5 5 R hAs Phel 5
PR ) ek T PE AN [l Wl v B B A5 1 1, A7t 2 2
5, I BERE A B R AR R R [ (B S) o 2T
AR 1 d A 15 d B IR ER Y Phel ;1 FEHAE
BN 0.1 mmol/L B} e iA B, IR ETE 1.0
mmol/ L, JCHERTFcfik, #NALHE 30 d i, Jomi b B ) ik
PRARX Bk BT, JE AL EE 1 d F115 d BPRY A &
HBEXEF(P=0.05), {£0.1 mmol/L F11.0 mmol/L
B AR ZR M Phel ;1 FEIIIFE 15 d BEERIA R

3 itig

Vs UGB B 4800 MFS (major facilitator super-
family ) AL A 671 57 36 X0 A WOSCRIA PR e 2 ) S A
B A Phel /NFIREDE TR R A W 12

20 mmol/L m0.1 mmol/L ® 1.0 mmol/L
a

FEPAHAT Fak
Gene relative expression
S = W ks WUV A J XX O

1 15 30
AbPREE)(d) Treatment time

AR By [ — B S [ A 3 ) 2 5k 3 i 257K 7 (P =0..05)
Different letters indicate significant difference at P =0.05 level
B5 AEBKFEHETHIERESR Phel ;1
EFERE M ERFRIEER
Fig.5 Expression of CoPhtlI ;1 in different

phosphorus level at different time in the root
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F AR TEREAF R I AS Phel ;1 FEHB)E T
XRIE IF AR TR Phel FE05 1851 it 14 2
/AL, 958 59kDa, & 542 A2 FE IR 5% 3, [F]
I A M A EA B KM | o BRE T o 15
o SR R B 1 1 T BERRAE, PR SFJF 51 GGDYPLSA-
TIMSE i T4 4 A IR, 5 HADY R Phel B
Gt B B A — B SR R, AR
Phel ;1 K& R 7R 2% AR 2R b 1) 36 38 78 W8 UK F
0.1 mmol/L 1 & F 1.0 mmol/L, £FHEBE S 1HS
Phel ;1 W35 3K AT AD #0058 — 50,
B SRAEABISE b oWl R 1 12 1 R A AE 3 R34, 7T RE
W T B H AR E R, PR R
CoPhtl ;1 S{MZE BRI 15 K R B

TSI A K AE R = A R PR LTS L IX ) X%
WA A SR 35 N 1, AS A AR DT R AR R A 2R
SERER CoPhtl ;1 FEBKIFFXTHRIRHAT T 04 (H 2
TS Phel PR G5 1 D3 B8 DA K A% 1l D AH B
P T SR TERE , & 10 1) T BT REATI AR A 17 5
UE, T —20 N Ak 2E v b Phel JE PRI ZE05 9 B 03, F1L
iR IRE RNA TR, Sk 73 #r B DA e A ) 14
PR AE BRI RE ) X B M R AE | At A1k
R L B 0y A AT 5, R AT 38 e iz
TAEMR R PRI R4 & HOR Ry AT G |
AR it o B 23 B 2R 4 TR L TR

5% ik

(1] FEEA. ERMASIM] 2 iR Jbat, J E MO © i, 2008 3

(2] HEZEMWR. 2 EhA & REK (2009-2020) [M]. JL5T, H
EI Al AL, 2009 :12-16

(3] fAIJ5 AATHE. 2SR5 404 5 5 M Ay 2R BIFGE [T ). Mol Bl2
2002,38(5) :64-72

(4] RZE H@EMAEFR2E OERTZE[D]. Kb, A sl #H

[12]

[13]

[14]

Hoke#,2010

TBL B, ZANE, A T AR IR A R B AR
SrPRAIA L) ] 2P ,2012,30(2) :61-67

Rausch C,Daram P,Brunner S, et al. Phosphorus transport mech-
anisms in vascular plants:supply meets complementarity[ J . De-
velop Plant Soil Sci,2002,92:18-19

Shen J, Yuan L,Zhang J, et al. Phosphorus dynamics : From soil to
plant[ J]. Plant Physiol ,2011,156:997-1005

Misson J, Thibaud M C,Bechtold N, et al. Transcriptional regula-
tion and functional properties of Arabidopsis Phtl ;4 ,a high affini-
ty transporter contributing greatly to phosphate uptake in phos-
phate deprived plants[ J]. Plant Mol Biol 2004 ,55 ;727-741
Shin H,Shin H S, Dewbre G R et al. Phosphate transport in Ara-
bidopsts : Phtl ;1 and Phtl ;4 play a major role in phosphate acqui-
sition from both low-and high-phosphate environments[ J . Plant
1,2004,39:629-642

Ai P H,Sun S B,Zhao J N,et al. Two rice phosphate transporters,
OsPhtl ;2 and OsPhtl ;6 ,have different functions and kinetic prop-
erties in uptake and translocation[ J ]. Plant J,2009,57 :798-809
Davies T G E, Ying J,Xu Q,et al. Expression analysis of putative
high-affinity phosphate transporters in Chinese winter wheats[ J].
Plant Cell Environ,2002,25:1325-1339

Derek P,Julie D W,David J S, et al. European and African maize
cultivars differ in their physiological and molecular responses to
mycorrhizal infection[ J]. New Phytol ,2005,167 ;881-896

Du Y M, Tian J,Liao H, et al. Aluminium tolerance and high phos-
phorus efficiency helps Stylosanthes better adapt to low-P acid
soils[ J]. Ann Bot-London,2009,103 ;1239-1247

ER, ZE, W45, % B 2 R AR MR %2 H A
KIGIRG P I M [J]. $iTRAMOR 5 2447, 2012,29 (4)
516-526

VAR fATIG. L PG AR AN Bl e i 2 1 SR R Y S B K AR W AR
B[ 1], A EY 4 ,2010,31(5) :758-766
INRIE, T B &E 5. RS 9Ot E & PCR 0 Hr
WS IENIIESE ] 874 ,2010,45 (5) :579-587

TN WRERE RIS S5 AW e a8 B SR R R 3Rk R 4
HRTSEHE L T]. A8 IR S IR 2006, 12(4) :584-501
ZENLIT. ARAEY) Phil ZETEBE e s 8 1 i A= W0 15 B2 4 B
[J]. fE¥Z¢E5,2011 (3) :320-324

WA SC, X R, 45 Y Phel RIGRESE 12 TIN5 F A4
FWITEHEREL)]. S TR E P ,2006,4 (2) :153-159

ZEE MRS, SRR DL S R A B FR AR (M ) e [
FEMERREL )] MR AL BT IREAR ,2012,13 (1) :83-97

SOOI OO OO OO OO OO

(L% 506 )

[24] Velculescu E,Zhang L, Vogelstein B, et al. Serial analysis of gene
expression| J ] . Seience,1995,270 :484-487

[25] Wang Z,Brown D D. A gene expression screen| J]. PNAS,1991,
88(24) .11505-11509

[26] XU KFE T B2 OO Y 43 85 S AR BT Re s oE [ D] db
5 P EBL e BT e A B, 2003

[27] Mehdy M C. Active oxygen species in plant defense against patho-
gens| J]. Plant Physiol 1994 ,105(2) :467-472

[28] FOLH. WA SEYPORMEN R [T]. HiFR¥EM,
2002,20(2) .11-15

[29] Shirasu K, Lahaye T,Tan M W. A novel class of eukaryotic zinc
binding protein is required for disease resistance signaling in
barley and development in Celegans[ J]. Cell,1999,99 (4) .
355-366

[30] Muskett P R,Kahn K, Austin M ], et al. Arabidoposis RARI exerts

[33]

[34]

rate limiting control of R gene-mediated defenses against multiple
pathogens[ J ]. Plant Cell ,2002,14(5) :979-992

Azevedo C,Sadanandom A, Kitagawa K, et al. The RARI interac-
tor SGT1 :an essential component of R gene triggered disease re-
sistance[ J ] . Science,2002 ,295 :2073-2076

FEmA, AR, AT B4 B KRS OsLSDI 14 5 e K U g
TFHIKAESE LSDI FERI K IE M A= 015 B2 [J]. A= ik
Sk Y B 2005 ,32(3) :268-274

Devoto A, Muskettz P R, Shirasu K. Role of ubiquitination in the
regulation of plant defense against pathogens[ J]. Curr Opin Plant
Biol ,2003,6(4) :307-311

Glickman,M H, Ciechanover A. The ubiquitin-proteasome proteo-
lytic pathway : destruction for the sake of construction[ J]. Physio
Rev,2002,82(2) :373-428

Ingvardsen C, Veierskov B. Ubiquitin and proteasome-dependent
proteolysis in plants [ J ]. Physiol Plantarum, 2001, 112 (4) .
451-459



	植物遗传第3期_部分148
	植物遗传第3期_部分149
	植物遗传第3期_部分150
	植物遗传第3期_部分151
	植物遗传第3期_部分152
	植物遗传第3期_部分153

