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Abstract: Phosphate transporters are a family of proteins which actively transport phosphate. To investigate
members of phosphate transporter family and their physical, chemical and structural properties in the woody
model Populus trichocarpa, phylogenesis of the phosphate transporter family members and their physical,
chemical, structural properties as well as sub-cellular locations of four phosphate transporters (PtrPHTI-1,
PurPHT1-9, PuwPHT2-1, and ParPHO1-N1) from the sequenced genome of Populus trichocarpa were studied.
A phylogenetic analysis of the transporters was conducted using local bioinformatics software, such as
CLUSTALX 2.0, GeneDOC, and MEGAS. In addition, online bioinformatics software was utilized to analyze
the physical and chemical properties, hydrophilicity/hydrophobicity, transmembrane domains, secondary and

three-dimensional structures, and sub-cellular locations. Results showed 31 phosphate transporters in the P.
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trichocarpa genome divided into four subfamilies (PtrPHT1, PuwPHT2, PuPHOI1, and PurPHO2) according to
their sequencing similarities. The sequence identity of amino acids within PtrPHT’s was higher than in Ptr-
PHO’s, and was highly conserved. The transporters were hydrophobic a-protein. Also, PirPHT’s contained
12 transmembrane domains which were more than the PtrPHO’s with the PrPHT family members being located
at different sub-cellular locations. Therefore, phosphate transporter subfamilies in P. #richocarpa could have
separated in an early stage during their evolutionary processes, and these transporters could have played dif-
ferent roles in phosphorus metabolism to maintain phosphorus homeostasis for changing phosphorus conditions.
[Ch, 6 fig. 4 tab. 17 ref. ]
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Table 1 Family members of phosphate transporters and their genome locations in Populus trichocarpa

HEARR fL R A TR L[R2 47 FE DA JEE iz
PurPHTI-1 POPTR_0010s08270 grail3.0144000201 LG_X: 8140352-8142003
PurPHT1-2 POPTR_0010s08250 eugene3.02730014 scaffold_273: 111003-112887
PuPHTI-3 POPTR_0010s08230 fgenesh4_pg.C_scaffold_273000008 scaffold_273: 80294-82343
PuwPHT1-4 POPTR_0005s24490 estExt_fgenesh4_pm.C_LG_V0552 LG_V: 15521486-15524902
PurPHT1-5 POPTR_0002s04000 fgenesh4_pg.C_LG_I1000363 LG_II: 2497561-2499132
PurPHT1-6 POPTR_0005s15880 grail3.0002010901 LG_V: 11249645-11251275
PurPHT1-7 POPTR_0005s24500 eugene3.00051302 LG_V: 15530842-15532607
PurPHT1-8 POPTR_0019s08990 fgenesh4_pg.C_scaffold_125000020 scaffold_125: 842075-845719
PurPHT1-9 POPTR_0002s00700 eugene3.00020047 LG_II: 297489-299849
PurPHT1-10 POPTR_0015s06110 gwl.197.29.1 scaffold_197: 176263-177795
PtrPHT1-11 POPTR_0005s27740 gwl.V.2233.1 LG_V: 17693016-17695174

NA (PtrPHT1-N1)
NA (PtrPHT1-N2)
PuPHT2-1

PuPHT2-2

NA (PuPHO1-N1)
NA (PtrPHO1-N2)
NA (PtrPHO1-N3)
NA (PrPHO1-N4)
NA (PrPHO1-N5)
NA (PrPHO1-N6)
NA (PrPHO1-N7)
NA (PuPHO2-N1)
NA (PuPHO2-N2)
NA (PtrPHO2-N3)
NA (PtrPHO2-N4)
NA (PtrPHO2-N5)
NA (PtrPHO2-N6)
NA (PtrPHO2-N7)
NA (PtrPHO2-N8)
NA (PuPHO2-N9)

NF
NF
NF
NF
NF
NF
NF
NF
POPTR_0010s17310
NF
POPTR_0004s05990
NF
NF
NF
NF
NF
NF
NF
NF
NF

fgenesh4_pm.C_LG_1000986
gwl.X111.3248.1

gwl.X.5216.1

gwl.VIII.2455.1

eugene3.00081561
estExt_GenewiselPlus.C_LG_X0952
eugene3.00101563
eugene3.00101557

2gw1.2076.3.1

eugene3.00080841
fgenesh4_pg.C_LG_IV000368
fgenesh4_pm.C_LG_IX000563
e_gwl.[.972.1
estExt_Genewisel_v1.C_LG_XIV1296
eugene3.01520060
eugene3.00181085
fgenesh4_pm.C_LG_IX000016
gwl.1X.3904.1
estExt_GenewiselPlus.C_LG_I4634
e_gwl.XVIL.3503.1

LG_1: 25107565-25109172
LG_XIII: 10212693-10222105
LG_X: 7039340-7042273
LG_VIII: 12708522-12714885
LG_VIII: 11416571-11421314
LG_X: 5102917-5111260
LG_X: 15188979-15191731
LG_X: 15170252-15173056
scaffold_2076: 3805-8086
LG_IX: 7992195-7994914
LG_IV: 3321037-3324794
LG_IX: 7871156-7876075
LG_I: 16930337-16935151
LG_XIV: 2533769-2540584
scaffold_152: 455042-462969

LG_XVIII: 11872290-11880296

LG_IX: 161529-162857
LG_IX: 7992195-7994914
LG_: 17049855-17052250
LG_XVI: 10308453-10313313

P . NF(not found): ZEEZE H K3k ] ; NA (no annotation) : B0 B i R B E H ¥ 51 .

IR LR R B AR B RR AR 8 B 45 WG Z (R RN AR, Y90 10% 2247 5 i [l — S K %
PN 4% BB TR IR AR B v, AR PR AR 2 1 PHTL S0 K6 M1, 122300 SR A B3 ml 43¢ 1 50 AR AL Rl 40
P43, 3K PO 40 B 03 [] 19 A (U SR 40%0~60% , 1711 4530 43 N AR D3 AR AR R, o 90% &84, ik Ui B
TR AN [R50 Wl R AR A i 38 11 AT REAEAR - LAt 45 i B DL TR e 43 I, 9 ) 36 4% A 7 ) 3k
b, MifEgkdt bt B, S KEN AR B

M E R A B R AR FE 32 B (AL R B A B F/N & T A5 R T, PHTL W R AL 02 N & TR B D, BR
PuPHT1-N1 4b, sZ HA—NDWN&F; PHT2 WHEEMN 2 M0 &A 2 SN &5 1 2 4 PHO WK%
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Figure 1 Phylogenetic tree and the exon/intron structures of phosphate transporters in Populus trichocarpa
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Figure 2 Conserved motifs of phosphate transporters in Populus trichocarpa
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PurPHT1-1, PuPHT1-9, PuPHT2-1 fil PuPHO1-N1 ()34 BEAL S 5010 25 3 (€ 2) %W, 4 FhEE
PRI S L S A, 150 B L S BE R P 91 iy JE R Y A S R AR S 2 T L i S SRR AR LA, X T BB
5B R A TIREAH G, 4 PR A SO BOK M O IEE,, R TN KR AR, K,
PuPHT2-1 @K VEf58 , PuPHO1-N1 @K Ve 55, PuPHT1-1 Fl PuPHT1-9 BiKPEVT L, BEAk, 4 FEA
MFE REEA K, IF B AR, X R IZZEE A ] iR BE T T AR AMA S

PtPHT1-1, PuwPHT1-9, PuwPHT2-1 F1 PuPHO1-N1 35/ 80K P Ml R 4 s, B IE(E# R
FORBKPE R | UEE O R kR, R, PuPHTI-1, PwPHT1-9 F1 PuPHT2-1 #5412 45K
PEX IR, 1 PePHO1-N1 s K X B B w2, HA 64, XRS5 3 F PHT HAM L, 7E#fk I Pu-
PHO1-N1 Al fig kA= TRCR RS 5, S 308 A PO IR B K PEREAIR, Bk M Xl b, X —Z5in 5
FIR B S B as S — 2, 4h, A ProtScale #F ) Kyte & Doolittle %4k (K-D 32 ) %t 4 Fh 2 (1 1F
157 2B/ KA 5 IR 5 —80, %F PwPHT1-1, PuwPHTI1-9, PwPHT2-1 Al PuPHO1-N1 #E47 ) 5 i

*k 2 ERGBRIRFEIZEZEA PrPHT1-1, PtrPHT1-9, PtrPHT2-1 # PtrPHO1-N1 B S %
Table 2 Physical and chemical characteristics of PrPHT1-1, PuPHT1-9, PuPHT2-1 and PirPHO1-N1 in Populus trichocarpa

HH BAE T B A fuher AT %5t BE (280 nm)0.1% ARERE RIS

5k Mg BOEHERR AR (=1 g L") i K A
B34 B FRAERL AR AT U %
PuPHTI-1 536 584783 9.01 34 42 1.380 1.374 29.24(F2E) 92.20 0.387
PuPHT1-9 528 59 1222 8.54 42 47 1.174 1.163 31.34(FaE) 96.97 0.320
PuPHT2-1 519 542934 9.1 27 33 1.271 1.268 24.62(FisE) 107.57 0.633
PuPHOI-N1 547 63 420.5 9.65 39 66 1.464 1.455 29.43 (FasE) 95.16 0.176

P .l O LA A 2 I O K A B R TN AT IR, Y I FhL AT A 2 T O A 1 R 2 TR
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Figure 3 Phylogenetic tree of phosphate transporters in several model plants

AR FD LA T 45 58 (K] 5) 5 18] 4 AHXTRL, Bk PR T 1.0 B9 R Berl e SR, A T 0.6~1.0 19 Bt
T BEEE X, A S AT %0 . PuPHT1-1 Al PwPHT2-1 B A5 12 A ESBEEL, i PuPHT1-9 Fl PuPHO1-N1
HAA 1 ADBERUS LY, PuPHT1-9 B 11 NS, PuPHOL-N1 BA 5 M ESREGL, F0 45 51 [F i s
4 F i B AR 10 C i LA PuPHT1-1 F PePHT2-1 /9 N Sty &R A7 T 40 i8S  Jid 5 — 0, ifii PePHT1-9 F01
PtrPHO1-N1 (9 N iy AT 58 AL 57 T 240 M 5 7 g 52— . o PuPHT1-1 F1 PuPHT1-9 9 #0045 5 55 Karan-
dashov ™28 I HE Y PHT1 V5 15 19 15 68 IX 45 44 e il — B0 X PuPHT2-1 B9 B0 25 R AL 4F & Raghothama'™’
X AtPHT2-1 15 BRI 45 46 16 BRI . T AT SCAE Y PHO 1) 5 15 X 25 4 5 UL SCIR G
24 ERVHMBREEZEAN_REMNS=ZRHEN

PtrPHT1-1, PwrPHT1-9, PuPHT2-1 F1 PuePHO1-N1 B 2% 4544 Fl i 25 S an & 3, 4 R A m) — 9 sh
Ao, o-BRE AT 7 Ll e, BB aE 70%; JCHLE A B-Hr @ B i B PR, 4 R Y
JB& T4 o BUHR BT (o R E T o5 LUK T 45%) 1), SRl IR AE i 22K AY

PurPHT1-1, PwPHT1-9, PwPHT2-1 F1 PwPHO1-N1 = 2% £5 ¥4 i 150 25 L an 1 6 Jf 7% . PwPHTI-1 A
PuPHT1-9 4 & TR AN dlpwda, 2 KWGIRATE Escherichia coli Y H 1M-3-8% 12 5% iz 2 [ (glycerol-3-
phosphate transporter) Z & 0t . %31 & 75 PuPHT1-1 A1 PuPHT1-9 W VCECPEE LT, E {6505 4 1.2e-26
il 2e-26, TN AERG ¥R 100% ; PuPHT2-1 Al PuePHOL-N1 (37 & F I A d2cefqal , J2 KR H I
Wi 5 VERE (lactose permease) F M B . %P1 & T 5 PuPHT2-1 Al PuPHO1-N1 BT FePE t g 4y, E {555
4 7.8e-06 F1 0.036, T AERA B R 95% ., R, X 4 Fh AR 110 — 90 25 0 To0im 25 S 4 HE o



5529 B 4 T ORA ., TR N4 B MR AR i 18 8 1 M U 5 43 B 523
3 -
9 i
2 \ r\ N K | T lnH lni 1} 1 Inl lnl r’\ A
Il B A N L 0 j
= v 4
ST o
=l U b =27
s o S =3 r
—3F —4
PtrPHT1-1 _ < L PtrPHTI1-9
—4 Lt 1 1 1 1 L 5 L L | L !
0 100 200_ 300 400 500 0 100 200_ 300 400 500
B AT A KL S A
2
2 F
m = i 11 ?\rni !."nl ) 1 h
= Vv ol [ A 1
SV
s 1 ¥ -1
=2 *5'_2 L
_3 —.3 N
—4[W PuPHT2-1 . . . —4 } ¥ PrPHOI-NI .
0 100 200 300 400 500 0 100 200 300 400 500
R A1 B A A AT A A N

B4 LRBHBRRSZE

& PuPHTI-1,

PtrPHO1-N1 89 3 /5K 597 45 R B

Figure 4 Analysis of hydrophilicity/hydrophobicity of PurPHTI-1,
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Table 3 Secondary structures of PtrPHT1-1, PuwPHT1-9, PuPHT2-1 and PuPHO1-N1 in Populus trichocarpa
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PuPHOI-N1 389(71.1%) 14(2.6%) 144(26.3%) 547
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Figure 6 Three-dimensional structures of PuwPHT1-1, PurPHTI-9, PuwPHT2-1 and PuwPHO1-N1 in P. trichocarpa
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Table 4 Subcellular localizations of PtrPHT1-1, PuPHTI-9, PtrPHT2-1 and PirPHO1-N1 in P. trichocarpa
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