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Cloning and expression pattern of phosphate transporter 1;1
cDNA sequence from Spirodela polyrrhiza
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Abstract: Spirodela polyrrhiza is a floating plant widely used in biomass utilization and eutrophication phytoremediation. It
becomes a common aquatic plant everywhere with the increasingly serious eutrophication. It has been reported that
S. polyrrhiza has a good effect on the remediation of eutrophication water. In order to study the absorption and transportation
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of phosphorus in S. polyrrhiza, we extracted RNA from S. polyrrhiza and then reverse transcribed it into cDNA, which was
used as a template to amplify a specific fragment. The full-length sequence of the open reading frame (ORF) was 1 620 bp,
encoding 539 amino acids, named SpPHT1;1, and the accession number in GenBank was MN720003. Bioinformatical analysis
showed that SpPHT1;1 had no intron. The protein it encoded was a stable, hydrophobic protein with 11 transmembrane domains.
SpPHT1;1 structure was similar to that of major facilitator superfamily (MFS) superfamily members. The cluster analysis showed
that SpPHT1;1 was closely related to ZMPHT2 in maize and SBPHT1-8 in sorghum. So, it might belong to plant PHT1 family.
The expression of SpPHT1;1 in leaf was significantly more than that of root under normal phosphorus condition. Low phosphorus
condition could promote gene expression, and the relative expression level of SpPHT1;1 arrived at the peak at 48 h both in root
and leaf. High phosphorus condition could inhibit gene expression. These results indicated that SpPHT1;1 expression would be
affected by external phosphorus concentration. The results of this study are helpful for further research on the function of

phosphate transporter. It also can provide theoretical basis for further development and utilization of S. polyrrhiza.
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FH B T B e 32 R 11 m  F 51 AtPHTL;2
(NM_123703.3) . AtPHT2;1 (AF515591.1) . AtPHT3;1
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AtPHOL1 (AF474076.1) X} 48 3 4 3t [N 4 % 41
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2 000 Ix JGHR, BmERM 16 h/8 h, 474 4t
1 B B RE TR

RNAiso plu. Prime Script™ RT-PCR Kit,
Agarose Gel DNA Purification Kit, DL2 000/15 000
DNA marker, LA Taq /i, DL Eik5f10 B 5449
TR (Ki%E) ARAH .

1.3 £ERNAEEHERER

PR OB 50 70 0 WIS OB A , B RNA $2
W BOAR S U B i Jr ik T3 . cDNA &
BT S a0 & v B iy ik AT, T-20 C
TRAE
1.4 SpPHT1;1 EEH =&
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5% 5-TGTACACACCGTCCTCT-3'Fl Fiif 54
5'-TATGGCTTCAAACCTCA-3', LI 4 cDNA &y
BT PCR & 1S S i o 734K & 25 ub, s
cDNA2 uL, EFiF5144 1 pl, LA Taq i 0.5 uL,
dNTPs (10 mmol/L) 4 pL, ZZwpi 3 pub, KKK
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K HAELE K ProtParam (https://web.expasy.
org/protparam/) il SpPHT1;1 & 17 41 S M i
K HEL 4 PortScale (https://web.expasy.org/
cgi-bin/protscale/protscale.pl) il SpPHT1;1 &
HEHAKYE; R TMHMM2.0 (http://www.cbs.
dtu.dk/servicess TMHMM/) H1 SMART (http://smart.
embl-heidelberg.de/) i ill] SpPHT1;1 & [ Y 15 i
X ; R HEL M SMART (http://smart.embl-
heidelberg.de/) #1 InterProScan (http://www.ebi.ac.
uk/interpro/search/sequence/) il SpPHT1;1 £ H
PIPRAFE5 R38R MEGA 6.0 B4 %t
SpPHTL;1 #A74rF#Efb o, i AN S
%, Bootstrap % 1000 ¥X .
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W5 £5354E 0.1 mmol/L B .1 mmol/L .2 mmol/L
B 3ROSR S Bk BE B3R A K (B R SR
FEPHEF KIARZE, F KCHRFI#TE) . XF 3 FiAs
A S B IR 2 R AE R R, B FRFE 0 h,
24h, 48h, 72h. 96 h, 120 h BUREHAR FI, W
REAEET-80 CIORAF. 5 RNA FEHH B 7
A7 R THR B, cDNA & % 2%k & PCR
K& (Takara Aw]) ML T qRT-PCR, H)
F] Primer Premier 5.0 it HARFEH ) EiiF5 4
5-TGGTGATGGTGTGAGCC-3' 1 F % 31 W
5'-GCAGTGGTGGTGAAGGA-3', &KX
actin, Fii#514 5-CAAACGGGAAATCTCTCG-3’
M U514 5-GGTTCTGTTGGCATAGG C-3', Jx
&R 95 'C 405s; 95 'C 30s, 55 C 30s,
72 °C 30 s, 40 NMEI; MfEARZ 65-95 C,
0.5 ‘C/5s; 37 C 30 s. HU3 WKFENIEATFAT5E
AR, SR 270 B r i, SR A R AP
BIE bR 2R 2R o RO E = PCR il
WF5E SpPHTL;1 FEFETEA R84/ T Rk .
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KH SPSS HAFHATHIT 0, RABIRZE 2
4781 (One-way ANOVA) ¥ Duncan k77 %%
PRy 2\, P<0.05 AR HA B EMER,

2 BREMM

21 EKEPHBECHAXERERBFIGSH

PG B RIS 2R E AP Hh 5
Wi i AH DG B I g A 3 S BT B sk 1 By
7N, 10 AMWERE 1B AH G EE Y R B A3 A TR SR TR
7 %Y taik |, SpPHT1;1 1l SpPHT2 LN & 1,
HAb#A NS F, & T 3-7 MANET, wWiLF
K Sl 876-1 809 bp.

2.2 KTE SpPHTL;1 ERE A 18

HR 4 S5 P Bl i ie 2R 1 L 7 41 SpPHTL; L, &%
THRESFPES . FREUE T RNA U580 cDNA,
PCR "3 we F 3545 2531 SpPHT1;1 cDNA J¥ 41,
1% B A B BRE IS 26 A 7 R DK AR B BE 24 24 1600 bp
B (B 1), 33 pMDL19-T 2k, ik K
FF1# DHSo, 5 )3 45 S F B, SpPHT1;1 cDNA
JFHIK A 1 620 bp, #£28 NCBI H' GenBank %%
P, AT S5 MN720003.

2.3 ¥TE SpPHT1;1c DNA FHIo 4k
K FAEL Bk ProtParam Fiilll SpPHT1;1 AY

539 MR ILR , MASE BT & 59.19 kDa, %
HL A 8.51, 431X Cp723Ha151Nes30740S28, AEE
Z%036.14, I8 7 2 50 87.51, BT 1455 K 1 0.294,
MATERBUNTESET 40 B, EAR IR
SRR, MR E U 25 R AT A AN R R
36.14, FKHILM SpPHTL1 HEHEBEEEN.,

SpPHT1;1c DNA J¥ 41l 5 ZE R 2 Jy 41 SpPHT1;1
S eME, SHZEE TN T, X
57 3C FGENESH B 4wl iy 25 5% (% 1) B4
—5,

2.4 57F SpPHTL;1 EEMIFE/ERKE

K FAE L 4 PortScale Tl SpPHT1:1 & [
ARG KM . 45 R RSB SER Y fHh E1E,
FEFUKPER R KA N 2.922, F/ME H-3.011, M
SR PEE S 0.294, B SRR R IE(E, %
WIS SpPHT L1 1 SR K& (B 2).
25 7 SpPHTL1 EH MR X

K HAEL A TMHMM F1 SMART T il
SPPHT1;1 MBS MEIX, Z5R & 3A F1 3B fir
IR o P B T A 25 SRR B s S SpPHTL;1
EEA 1B, BEX K 19 3 22 4
GIEIRGREL , 1E55 6. 7 BEIRIX Z W] & — 2Rk
PERIRIN, RUZEFR—-MEBEEND, 455

JPAURETE . SPPHTL; 1 (P B 52HE (ORF) & ZAIABLAY PHTL SR 4 2R A8

F1 EFPHECHIXEANRDBFIESR

Table 1 Information of coding sequences related to phosphorus transportation in S. polyrrhiza
Gene name  Base number Exon number  Strand (+/-) Sequence ID Locus in chromosome
SpPHT1;1 1620 1 + CP019106.1 Chromosome 14, 1067916-1069535
SpPHT1;2 1623 1 - CP019095.1 Chromosome 3, 1479298-1477676
SpPHT2;1 1809 3 + CP019104.1 Chromosome 12, 2343549-2346817
SpPHT3;1 1212 7 + CP019099.1 Chromosome 7, 1714900-1719902
SpPHT3;2 876 6 - CP019093.1 Chromosome 1, 9222901-9220711
SpPHT3;3 1083 5 + CP019098.1 Chromosome 6, 3707567-3710683
SpPHT3;4 906 5 - CP019106.1 Chromosome 14, 1863493-1860745
SpPHT4;1 1311 6 - CP019099.1 Chromosome 7, 7802292-7799733
SpPHT4;2 1110 7 + CP019110.1 Chromosome 18, 448254-454833
SpPHO1 1242 7 - CP019095.1 Chromosome 3, 415891-412277
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1 SpPHTL;1 FERHYY 18
Fig. 1 Amplification of SpPHT1;1 fragment. M: DNA
2000 marker; 1: SpPHTZ1;1.
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Fig. 2 Hydrophilic/hydrophobic prediction of SpPHT1;1
protein.
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Fig. 3 Transmembrane domain prediction of SpPHT1;1
protein. (A) Prediction by TMHMM. (B) Prediction by
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Fig. 4 Domain analysis of SpPHTL1;1 protein. (A)
MFS_1 conserved domain. (B) Sugar_tr conserved
domain.
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PHTL K%, S, 3% SpPHTL;1 5 E Kk ZmPHT2
5 SbPHT1-8 XK F-—ie, I H ok AT FEEAR
B (98%), HiliZs CoPHT FIZEM CsPHT1-4 KzJi) H
%% HaPHT1-7 7EARRAY I3 b, 23 KR AT SRk
100%, SpPHTL;1 A e 5 BBtk —3, 1hiH]
PR L PEREE PR A TR (1] 5).

&

R2 EYR PHT BB FFHE M LB

2.8 43F SpPHTL;1 BIRIEDH

WFEEEME SpPHTL;1 TEAN R B4 T Ay &Rk
IO, FERERRBOA 3 FIOAS R Bl ok B 25 4 T 35 5%
F0h, 24h, 48h, 72h, 96 h, 120 h HukE, 7
FH#%tE 7 PCR Kl 58 fEAR F At Hh SpPHT;1 5&
AR ik, DIJERERS 0 h Rk

Table 2 Similarity analysis of amino acid sequence of plant PHT

Species name

Accession No.

Identity (%)

Species name

Accession No.

Identity (%)

Populus alba TKS03409.1 82.58
Morella rubra KAB1200467.1 82.44
Zea mays NP_001105816.1 82.16
Sorghum bicolor XP_002464558.1 81.97
Populus trichocarpa  XP_002306845.2 81.78
Camellia sinensis XP_028077708.1 81.70
Helianthus annuus 0OTG32872.1 81.52
Hevea brasiliensis XP_021664188.1 81.50

Camellia oleifera AFU07481.1 81.33
Juglans regia XP_018827352.1 81.30
Salix brachista KAB5557556.1 81.27
Ziziphus jujuba XP_015868091.1 81.18
Jatropha curcas XP_012085328.1 81.16
Quercus lobata XP_030934927.1 80.59
Morus notabilis XP_010111916.1 80.22

JrPHT1-4 Juglans regia

—— MrPHT1-4 Morella rubra

— PtPHT1-4 Populus trichocarpa

— QIPHT1-4 Quercus lobata
HbPHT1-4 Hevea brasiliensis
1 S - IcPHT1-4 Jatropha curcas
52 ——SbPHT Salix brachista
100
—1066 98
93 PtPHT1 Popuilus alba
—— SpPHT 1 Spirodela polyrrhiza
B ZmPHT2 Zea mays
100
100 —— SbPHT -8 Sorghum bicolor
87 —— HaPHT1 7 Helianthus annuus
g - J— CoPHT Camellia oleifera
100
—— CsPHT1-4 Camellia sinensis
—— ZjPHT1-4 Ziziphus jujuba
10 L-e3

“—— MnPHT -4 Morus notabilis

5 SpPHTL;1 FAHfth—LLiR% PHT ERMNAFKH KA
Fig. 5 Phylogenetic analysis of SpPHT1;1 and other some closely related PHT proteins.
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HobRdE, TFEH SpPHTL;1 35 R e A [] il ok 2 1)
ZAE T ARFN I TR AR X A, Z5 R ANIE 6 TR,
FERE LM hRE 22 T, 0.1 mmol/L
BEREGE L E SpPHTL;1 7EMEARAIM rh iy 3Rk,
AN RN ARG BT T, HATE 48 h Rikat
IRFNUEAE, AHXT RN e iy A8 {0 o B
3 Wi

¥ P 4% 8 11 (Phosphate transporter)
BEAB A A X B R A s 0 R 54
BEEAPRR PHTL KW R 2, kA7
TR . BERE AR . PHTL KiRJE TR E
B s A, A AN A HOR 22 i 20
2 JCHLE . A M Muchhal 2576400 R T b va e
BRI AR S IR PHTL SFIEINPY ) Hok
W E AR PHTL G g oS 5], K
A E kb 13 4~ PHTL RIGRI AL, Hid 8 Ak
PSR AR R JF h =04 94~ PHTL
KRR P, N B ek 11 4 PHTL K%Y

75 00.10 mmol/L P root

=2.00 mmol/L P root
70t u ].00 mmol/L P root
=(.10 mmol/L P leaf

: =2.00 mmol/L P leaf
65 1.00 mmol/L P leaf

301

Relative expression level (%)

¢ (h)

6 SpPHTL;1 EFERELFRIM PAEXREE
Fig. 6 Relative expression of SpPHTL1;1 gene in root
and leaf from S. polyrrhiza.
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PR AN A TCHUBE . FER A Y 5 e S ia T
FHAREREZE X,

AW GE B — R R B R
SpPHT1;1 cDNA, E¥1{5 B % 47 70 Hr &k 3
SpPHT1;1 ORF £ J&¥ 4 1 620 bp, %ify %4 539 4
RARMRIRANE A B, RAEYE 2 E AR
SR, RS S B E R PHTL KIRRHE
RSP 45 #y 5, GGDYPLSATIMSE . 52543 #r n] 441
SPPHTL;1 MAILIR T A5 12 FiiEd) PHTL Kk
WO B AR, HED SpPHTL;1 4 i &
IR RE A VP B 2 B 1 o b, X b
JHE 20V i it g K AR AL K T Y ECPHT SR
B ARG K (0.405) K H iR DT & L
(91.13), K PLEEM SpPHTL;1 A& 1 A4 AH I 1 fi
fiX, UEHIZEE PR s K PE IR AR, HEW 2 256
IRE 1855

W ERFE SpPHTL;1 BE 7R A [F] vk B2
TRFRIRE, RS R R, ok
KA SMHIEE LKL SRS HIKZ 0D
FEAS B RAEY) PHTL 00 TR I 2258 2 32 I W W
0P A AR O (AT R, 7RI
(1 mmol/L) £, SpPHTL;1 JEHAEMIFRN:
TR B Z T, ZILHE M RBE S DA GE
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X AT RE 5 LA RS A AR KR A . R
HRAZEIRR AL, R R DR, HF
KT b, TR EMOK T, 5K AR k) 2
TR R T, v A 7R 1 3 s 2R A5 1 R
i PR R B AR AR T O R O HAs
P HABHL, Hitk SpPHTL;1 fEARRM hF k4
Wl 2 THh,

it % SpPHT1;1 cDNA [ 5a [ 5 2 35 o BF
5%, ABT#E— LR AT SpPHTL;1 (i ia
BEAYIRE, NN EHAEE BRI P A4
K. BBV RS FHLELSE G LR, A
A= W RO IR OT R B DL R AR B R AL KR Y
AL ST P PR A SR, L RE S hy R A A
(AR A 1 A i (b D0 S5 f i e DT 3 9
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