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HEMEEER 1 XKRERLEERBFMESH
B, %iﬁ%i,ﬁ@ﬂ,%i%

( M IRE-2BE AL R S M TRERE, ZMA S s 0w RS 2Rt R A S R R S %, wm s 655011 )

W E. BB HEHA 1 (phosphate transporter protein 1, PHT1) F% AR ALY X B 04 W e S 57 B i #2 vp R 4%
B, BT E PHT1 JEIH (AcoPHT1 ) SEAT AL R 41 50 52 | 005 L R 454 40 2 13 47 D R ek
FERFGR VAT T 00, G550, (1) FLUEF) 9 A AcoPHTT FEN 7 THER 4 7 A FESRE b T A JE K 2
EH1-3DNET, NG THAEEZRE, (2) B AcoPHTI1.8 4, AcoPHT1 & ¥ M E H , i & 1H &
THKEED, BEH 10~ 13 NEBEIGe S, ¥ HA RS PHT1 & 45457 5] GGDYPLSATIXSE, 2 5
LT LRARFIANET  , (3) AcoPHT1 2K [ 5 25 5 B I AE 4 41 A B 0L I i P TR 6 L b, AT 0L
IF KAE PHT1 594 PHT1 AHRUE EE . (4) AcoPHT1 SER 31 T X545 P1BS  W-box 25 5 5 I U8 1 i) 1o
B E R 2 NIRXAE AT, (5) L H B0 4 7 8w, ZE B AcoPHT1.2  AcoPHT1.8 Fl AcoPHT1.9 %%
A~ miRNA P85, (6) AcoPHT1 F£ R FBAFE A LU BRI GETUATYE R PHTT 2[5 Al BE 78 3 B R W 41
LR B BERIEMEN . B oe 45 1 R i 8 PHT1 G 6 é%%uﬁﬁﬁﬁﬁ%ﬁi}ii@%ﬁﬂo
KHEIR . R, WIS 1(PHTL) , B, JA3h¥, miRNA, 21Kk

FESES, Q943 XHERARINAD . A XEHRS. 1000-3142(2021)12-1955-09

Genomic identification and characterization analysis of the
phosphate transporter protein 1 family gene in pineapple

HAN Lihong, LIU Chao*, ZHAO Mingyu, HU Lijuan, HU Yushuang

(' Qujing Normal University, College of Biological Resource and Food Engineering, Key Laboratory of Yunnan Province Universities of the
Diversity and Ecological Adaptive Evolution for Animals and Plants on Yungui Plateaw, Qujing 655011, Yunnan, China )

Abstract: Phosphate transporter protein 1 ( PHT1) family plays pivotal roles in the uptake and re-mobilization of
phosphate of plants. In this study, the analysis of whole genome-wide sequence of PHT1 genes in pineapple (Ananas
comosus) was conducted, and the gene structure, encoding protein conserved domain and gene expression were further
investigated. The results were as follows: (1) Nine PHT1 (AcoPHT1) genes of pineapple, which were located in seven
linkage groups and contained one to three introns with various intron phase types, were identified. (2) Except for
AcoPHT1.8, AcoPHT1 proteins were all basic proteins, and all the AcoPHT1 proteins were hydrophilic and contained
10 to 13 transmembrane domains, which conserved PHT1 protein tag sequence GGDYPLSATIXSE, and was mainly
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Natural Science Foundation of China (32060710, 31860005) ; Yunnan Local Colleges Applied Basic Research Projects (2017FH001-034) |,
EER A : WhFIZL(1981-) Wit RIEER, EENFHY R 5L F 5P, (E-mail) hanlihong9527@ 126.com,

CEEEE X, W, AR, EBE N FAE Y R A 5T, (E-mail) liuchao_80@ 163.com,
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located in chloroplasts and cytoplasm. (3) AcoPHTI protein clusters were found in monocotyledons group and

monocotyledons and dicotyledons mixed group, and compared to Arabidopsis thaliana, AcoPHTls proteins had higher

similarity with rice PHT1 proteins. (4) The promoter region of AcoPHT1 gene contained a large number of P1BS, W-box

and other cis-acting elements, which were related to phosphorus absorption and response to stress. (5) Prediction

analysis showed that three genes, AcoPHT1.2, AcoPHT1.8 and AcoPHT1.9 were regulated by multiple miRNAs. (6) The

expression of AcoPHT1 gene had tissue-specific and functional redundancy, and different PHT1 genes might play roles in

different tissues or development stages. The results provide a theoretical reference for functional identification and

breeding application of PHT1 family genes in pineapple.

Key words: pineapple, phosphate transporter protein 1 ( PHT1), phosphorus absorption, promoter, miRNA,

tissue expression

% ( phosphorus, P) J& A A B M IT R 2
— e W) A A A B b & 4 AR T D i 1
FH o FEaE e AR AR DA 08 v A B TR R XY B
JUER , TG ™ 5 W A A Y AR AR, S BR A
VeI m = i B % (Abel et al., 2002), NiEwE
X WA RE 7, R R R — 2R 1 SR R AT X
Hp 5211 1 (phosphate transporter, PHT1) &y
R AR AN BB 15 X 1 TEAR B A5 R T 0 3 Y
W S EEVE FH (Gu et al., 2016), H #lrd J7
(Arabidopsis thaliana ) PHT1 J& K 1 R 9% e 5 %
( Muchhal et al., 1996) A%, H il # % ( Mudge et
al., 2002) . 7K#&( Oryza sativa) ( Liu et al., 2011) . K
& ( Glycine max) (Fan et al., 2013) % fili ( Solanum
lycopersicum) (Chen et al., 2014) | 545 2 ( Solanum
tuberosum ) ( Liu et al., 2017 ). ¥ # ( Populus
trichocarpa) ( Zhang et al., 2016) . 3 R ( Malus
domestica) (Sun et al., 2017) ZEZ YY) PHT1 5
LR O 2 . TR AR AE F B ( Piriformospora
indica)) 1155 6 M W IR 5 18 48 11 02 18 D BUE A 10
PHT1 fA%5H4 (Pedersen et al., 2013)

RGEREOERY Y PHT1 O F 2L 1
#B % % ( major facilitator superfamily, MFS ) H 7 f§
phosphate ; H*[fi] [a]¥432 F( Liu et al., 2011) , SR
PHO84 % ¥ iz 4 1 [a] I8, 17 75 ¥ 5% iz Iy AE
(PFO0083 ), H-A 12 A f& ¥ /Y #5 i I fig B
(transmembrane domains, TM) 27K M N ¥ Al C ¥
DL K TM6 I TM7 2Z [8] 1) 2% 7K ¥R 45 44 ( Muchhal et
al., 1996) , s RILURIT PHT1.1 30 T A X 9%
AW (Wang et al., 2014) . PHT1 FEPR Y b8 3%
KM T AR PR B B W Wi 18 32 (Raghothama,
1999) . f@EMG S5 T, AtPHT1.1 F1 AtPHT1.4 £
FEYIRR S T el i b 0% 98 He 6 At i A0 AR e 20
Ji rf s B 63k ( Mudge et al., 2002) , AtPHT1.8 Fi

AtPHT1.9 TE 85 28 th AR 3 25 10 5% 0z i #2 vh ol /R
(Lapis-Gaza et al., 2014) . OsPHT1.6 %ifidh 2 3 Fl
Hm M TER) AR OUAR 19 2 B2 Az 2 A i vh 3R
K FEZK RS i S N e 1z AR, T OsPHT. 2
b IR A B ia B 1, 8 AL T 00 AR AR RN AR 1Y
sk A SRS (A et al., 2009) . AR
HL 1 (arbuscular mycorrhizal fungi, AMF) i 15 5 H
W PHT1 AU PHT1 35354 5 46 W) 9 2 4 ( Javot
et al., 2007 ; Walder et al., 2015) ,

B % (Ananas comosus ) J& T RALFH AL & 2 4F
A B AR S R SO T A AR A SR A =
WK RAEY . HAT, 2409 F PHT1 ZEEREC
BEFSY , 5T %8 PHT1 2% & A %) AF 5 8 0 41
8, o L 2 E O B 8 A (Ming et al., 2015) 4
PHT1 R AL 21 % S it T mT g, AWF5E A
FAEIE B 2207 L0 3 8 PHT1 % 36 K i 17 4
FE L, IEXF PHT1 G0 A B3 56 R 25 4 | 28 5 1R R <1
P BRSFIE R 40 UK S Mk e ak - AT o0 A, i SR 4
ST Sy 5 vl R P AIL ] Y ) B R B R 7 4R
2%,

1 MHEF*

1.1 ¥ PHT1 Kk BRNEE

PIFL RS I FIK RS PHT1 205 8 08 26 P B4R R
AT, 180 PR 4 B U EGE I, 1 NCBIL
1E4k T.H CDD F1 SMART % F k17 8 (1 T BE 3843
BT, SR AN 5 i 2 DR Bl ( PFO0083 ) 17471
1.2 ¥ PHT1 Kk & F 5 54

i ProtParam T H.31 8 5 H ¥ 51 BLAL R AE
i TMpred & P T £ 25 X 45 H i F WoLF
PSORT T H- 70l & 11 WV 40 M 7 7 5 i F GSDS #&
P12 ) B R AN BT AN B T A MR = R A
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MEME 784285 77 T 22 5 2 f <7 2L 7, 38 R 3L 7
BH N 10, HABSEERIA
1.3 miRNA #24% PHT1 ERE BN

A miRNA 5 H 80 5L DAY B %&b 4 AT 31 0
miRNA YL (i FH7E L psRNATarget X 3C
Mk H 9% 2 miRNA ( Zheng et al., 2016) B# 4R PHT1
SR AT U
1.4 PHT1 =K i& 7 5 b Xt R 4X 53 47

il MEGA 7.0 #5885 KSR s AN 4B 32 7444
HRAGREN, FESHL KN 1000, F AR
SHTARAETRY | 235 A7 a5 2 B0 1y Ak 3L A 58 43 I B 5
F EvolView 3 22 il 5B 25 W) 5 A 5 50 A8 L1 43
i T. 2 Circoletto XJ 481 Fg 5% . K #& A1 3% % PHT1 25
FIF A R 2R AT 5347
1.5 EE B FREFMEDH

AT 85 5 PR 21 B8 I T 3k AcoPHT L PR 5%
AR 5 U 1.5 kb JP 51, i PLACE X {4 X 5
IR 3l DX A ST A7 53097
1.6 EEMARRKIESH

TR PHT1 FE PR %% 53 20 B0 F 0% 5 3 IR 41 4
P e T AR, ik DR A 4R S e 3R URE R AN 4 i
R 6 AN R B FE RIS 5 A LA B By,
F HemI 1.0 %, #40E log, ( FPKM+ 1) {8 1 %4 #%
P 22 i BE PR Sk B

2.1 &% PHT1 XRERBHEE

PIILRE IF AR RS PHTI 2 FIAE A if) e 513 &
W ARURE L5 9 M IE Y PHTI B, 98
HARST BB 1 T RE B, Sugar_tr ( PFO0083) . AR
LR H X5 43, MK UK 3 R Ay 44 i AcoPHT. 1 -
AcoPHT1.9, 3X 9 />3 [ 73 547 F 3% B (linkage
groups,LG)1.3.6.8 .14 .20 122 [ Frf pl a3
R %0 499 ~ 602, 1 % 10 ~ 13 4~ TMD, B&
AcoPHT1.8 AR MEAE Ak, HoA R 134 A it 2 1
TR 7.99~9.03, T A B H KIS ECN
0.113~0.403, ¥ H 1EMH, @Rk R A, HEAEN
T4 #7 278, AcoPHT1.3 AcoPHT1.6 , AcoPHT1.7
Fl AcoPHT1.9 B3¢ f F i Sk, AcoPHT1.4
AcoPHT1.5 Fl AcoPHT1.8 =% 5 {7 T 40l Jfd & o,
AcoPHT1.1 Fll AcoPHT1.2 & A7 T4t |, 35
SAEANREEN T2 T (£ 1),
2.2 miRNA X5E % PHT1 RikE R HEE S

miRNAs 1£ 5% 5 /K 7 Fi % 5% 5 K7 8 5 3
KRk FEm A K R B R AR R AR 2R Yy
3H 2N A5 5 T 4% B BEAE T (Chen, 2009) o A4
% miRNA K H: PHT1 S5 #0356 X A4 BAE K R 2

®1 BEPHTREMRER
Table 1  Information of pineapple PHT1 family
N #5155 TMD
e e HIRRRE PaEk -
B2 S C ; DGR N A Amino acid  ZFHL A JoR V4 it 58 A
Gene name ~ ' C accession Chromosome location length pl 5 HNEISL BN Subeellular location
number (aa) GRAVY Inside to  Outside to
outside inside

AcoPHT1.1 Aco006885.1  LG22:9508430-9510635 543 8.71 0.370 12 12 plas: 8
AcoPHT1.2 Aco011795.1 LGO8:11449533-11453045 570 8.83 0.237 11 12 plas: 8
AcoPHT1.3 Aco010422.1 LGO03.:2246533-2253141 575 8.18 0.322 12 13 chlo: 14
AcoPHT1.4 Aco010424.1 LG03:2270969-2272548 499 8.78 0.297 10 10 cyto: 8
AcoPHT1.5 Aco019942.1 LGO08:3660279-3667241 536 8.92 0.165 11 11 cyto; 7.5, cyto_nucl: 4.8
AcoPHT1.6 Aco006808.1 LGO01:21713182-21715159 513 8.97 0.403 12 12 chlo; 8
AcoPHT1.7 Aco018671.1 LG14.4287229-4293836 573 9.03 0.298 12 12 chlo: 6
AcoPHT1.8 Aco015346.1 LG20:10671451-10674300 602 6.24 0.113 12 13 cyto: 5, chlo; 4
AcoPHT1.9 Aco018521.1 LGO06:14397365-14400701 565 7.99 0.304 12 12 chlo: 6, plas: 4

7 chlo. 444, cyto. B2 ; cyto_nucl. U3¢ FIZNNEA% ; plas. [T,

Note; chlo. Chloroplast; cyto. Cytosol; cyto_nucl. Cytosol and nucleus; plas. Plasma membrane.
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KR PATHM . AcoPHT1.8 1] 52 5] miR2275f () %L
fi A0 1 9 45, 32 3] miR2673h .miR2673i , miR2673k
(R 53 40 8] 5 455, AcoPHT1. 2 7] 5% 3] miR2673h .
miR2673i, miR2673k 1 miR399d (¥ %% 5% 41 ]
¥5, AcoPHT1. 9 7] 3% %| miR2673a, miR528a.
miR528b 2Nl (% 2) .
23 EREHMEEREF W

FIH MEGA 7.0 f9 @R IR, &I 2 PHTI
FE N =R EH, Hh AcoPHT1. 8 I
AcoPHT1.9 B 7E — 4, AcoPHT1.6 Fl AcoPHT1.7
RE—4dl, HAhs A3 PHT A RE—41 (F
1:A), FERZER M7 78, AcoPHT1 3R &4 1~3

ANET, HPEA 123 NS TRIEER B H 551
A4 32, NEF A2 (intron phase ) Z2 4% (K]
1:B) ., ffif MEME #4507 & S5 8 PHT1 8 &
A 10 MASFI RS RS T , 57 1 &4 RSP PHTI
EHPR% GGDYPLSATIXSE, 778 T 9 4~ % PHTI
EET, BTP 1~7 RS TIREIR, AcoPHT1.4 fik
DI 6, HES BRI RE AR X 452, AcoPHT1.5 /4
¥ 8 FIFET 9, AcoPHT1.8 Fl1 AcoPHT1.9 Hl/FEF 10,
7 8~10 THREARMI(E 1.C, D),
2.4 BESH

h T FRAEY) PHT G800 1 R 2 B itk Ak, fifi 40
T JKRE K KT R &R PHT1 2K &

& 2 miRNAs R HiF{Z8EE AcoPHT1 EAETN 5347
Table 2 Analysis of interactive prediction between miRNAs and their targeted gene AcoPHT1

iRNA HOEEH WA ARRCXThE RO R XS FIRIM IR
Target gene  Expect UPE Alignment Inhibition
miR2275(-3p  AcoPHT1.8 3 15.625 miRNA 21 ACUCUGUAACCUCCUUUUGUU 1 Z4fAm b
PR R L Cleavage
Target 1548 GCGGUCGUUGGAGGAGAACGA 1568
miR2673h-5p  AcoPHT1.8 3 12.350  miRNA 21 GGCUUCUCCUUCUCUUUCUCU 1 B S
HEER N R R R Trandation
Target 1 556 UGGAGGAGAACGAGAAGGAGA 1576
miR2673i-5p  AcoPHT1.8 3 12.350  miRNA 21 GGCUUCUCCUUCUCUUUCUCU 1 B SRR
MR R R TranSlation
Target 1 556 UGGAGGAGAACGAGAAGGAGA 1576
miR2673k-5p  AcoPHT1.8 3 12.350  miRNA 21 GGCUUCUCCUUCUCUUUCUCU 1 e sRAM
M R R TranSlati()n
Target 1556 UGGAGGAGAACGAGAAGGAGA 1576
miR2673a-3p  AcoPHT1.9 3.5 12.387  miRNA 21 GCGGAGAAGGAGCAGGAGCGU 1 ZLfrdm i
HERHHHE C]eavage
Target 1 159 GUCUUCCUCUUCGCCCUUGCA 1179
miR2673h-5p  AcoPHT1.2 3.5 11.158  miRNA 21 GGCUUCUCCUUCUCUUUCUCU 1 B SR
N R R R R TranSlation
Target 81 GUGCAGAAGAGAAGAAAGAGA 101
miR2673i-5p  AcoPHT1.2 3.5 11.158  miRNA 21 GGCUUCUCCUUCUCUUUCUCU 1 e S
et et tie sttt Translation
Target 81 GUGCAGAAGAGAAGAAAGAGA 101
miR2673k-5p  AcoPHT1.2 3.5 11.158 miRNA 21 GGCUUCUCCUUCUCUUUCUCU 1 e SR
es ot T st TranSlation
Target 81 GUGCAGAAGAGAAGAAAGAGA 101
miR399d-5p  AcoPHT1.2 3.5 23.841 miRNA 22 CGACGGUUUCCUCUUUAGCGGG 1 B SR
B R R Trandation
Target 1653 GGAGUCGAAGGGAAAGUCGCUC 1 674
miR528a-3p  AcoPHT1.9 3.5 8.160 miRNA 21 CCACCUUCUCCGUUCGUGUCC 1 Sefigmb
HE R Cleavage
Target 1555 GGAGGAGGAAGCACGCACAGG 1575
miR528b-3p  AcoPHT1.9 3.5 8.160 miRNA 21 CCACCUUCUCCGUUCGUGUCC 1 Sefig
HE SR A A Cleavage
Target 1555 GGAGGAGGAAGCACGCACAGG 1575

o FRGERILH; . KRR,

Note: : means complete matching; . means incomplete matching.
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GRFTIQLVGFFMMTVFMLGLAGPYHHWTT
FTFLVPETKGRSLEEMSGENE
VAJVVSAAFKDRYPAPAYADDPAGSTVPQ

(RENRORCON

A 1
Fig. 1

FIF 31, R MEGA 7.0 844 R FH B R LA 1k 4R
LB R G R B, Rk L &5 A, jcqﬂ
PEFE R R RIR L 45 AT R (B 2) ., 45
N, FEY PHT1 EEHAEIHM 3 41, éj\%ﬂjqﬂ%ﬂﬁﬁ
W B A ) LR B AR R A A,
% PHT1 FZE MR R FHAEYAH P AH b c
fle AR BACFIHRAAMEA b fcp, BT
kB PHT1 & A MR IR M E4L, ff F Circoletto
AR R ST KA ANE 2 PHTL 26 1% 51 A L
AT 0T, B 3 g5 R R 4R Z 50 # PHTI &
M 57K A8 PHT1 & FAH LR 8 , iX S8 28 1 ] fig H
A 3 A A L U, W AcoPHTIL. 1/AcoPHTL. 2 5
OsPHTI. 6, AcoPHT1. 3/AcoPHT1. 5 5 OsPHTI. 2,
AcoPHT1.8/AcoPHT1.9 55 OsPHTI.10, AcoPHT1.4 5
OsPHT1.4, AcoPHT1.6 5 OsPHT1.11 EA %= AUAH{
P 1 AcoPHT1.7 5 AtPHT1.3 HAT %5 5 By AR ALl
2.5 &% PHT1 Kk EE B3 FIRKIEATHES T
fdi JH] PLACE #K44F % AcoPHT1 R:[H |37 1.5 kb
FE A e 647 20 b (1 4) , 2553 & 30 180
AR T, X e 2 S5 AERK LT W
N E R 38 F 5 4 AR W it B2 AcoPHTI. 1,
AcoPHT1.5 AcoPHT1.6 Fll AcoPHT1.7 W )3 3 7 17
£ 2 ~ 4 4 PIBS Jt fF ( PHRI-binding site,
GNATATNC ), OSE1ROOTNODULE ( organ-specific
elements of root nodules , AAAGAT) f-7E T AcoPHT1.1 .

TLCFFRFWLGFGIGGDYPLSATIMSEYANKRTRGAFIAAVFAMQGFGILA
DYVWRIILMFGAVPAALTYYWRMKMPETARYTALVARNAKQAAADMSKVL
TFFFANFGPNSTTFIVPAEJFPARLRSTCHGISAAAGKAGAIVGAFGFLY
DVAKTQWYHFTAIVIAGMGFFTDAYDLFCISLVTKLJGRIY
YGLFSREFLRRHGLHLLGTATTWFLLDIAFYSQNLFQKDIF
PGILPPNVSAAVNGVALCGTLSGQLFFGWLGDKLGRKRVYGITLLLMVLC
WIPKAATMNALZEVYRIARAQTJIALCGTVPGYWFTVYFID

W PHT1 KRR (A), NG (B) , FIERAET T

L 1
5kb 6 kb

= L FiE/FF Upstream/ downstream

012 W& THINL Intron phase

(C, D)4
Phylogenetic tree (A), gene structure (B), and amino acids conserved motifs (C, D) of pineapple PHT1 family

AcoPHT1. 3, AcoPHT1. 4 AcoPHT1. 6 . AcoPHT1. 7 Fl
AcoPHT1. 8 W Ji 3 F ', OSE2ROOTNODULE
(CTCTT) 75 T 9 A AcoPHT1 £ H 1 3 7, B
AcoPHT1.5 4}, AcoPHT1 B & A 20 1 4> W-box,,
AR, B 8 PHT1 % % 5 I E 3 + o b 77 7
ABRELATERD1  ( ACGTG ). CACGTGMOTIF
( CACGTG ), LTREIHVBLT49 ( CCGAAA ).
ELRECOREPCRP1( W-box, TTGACC ) %5 i 361 i Jif
IR ) 1 A DG T
2.6 ¥ PHT1 KixEEMAHLARIES

R TGS PHT 52 J ik X e AF ) A [R] 2H 21
TR R IR, I gk L A B R R T 30T
BT PHT1 FKIGFE R AEMR 0 AR LR E %R
(B 5), & B AcoPHTL. 6 A, H 4y 8 4
AcoPHT1 3 [H £ R Rl 41 8L vp ¥ 45 ik, Hod,
AcoPHT1.4 1 AcoPHT1.9 7£ 4 4 ZUh #94 F3K
AcoPHT1.1 TEBRER 53 75 Bt AR A 8L A7 Rk
AcoPHT1.7 Fl AcoPHT1.8 FEAE M- 2P 4 F3K
AcoPHT1.7 FEAL H U A7 3R 3K, AcoPHT1.2 {LHEAE
HP A #3435, AcoPHT1.3 1 AcoPHT1.5 T %2
%Em 3 43 %&U&*&%ﬂ%%ﬁk*ﬂq:lﬂ@l&m

AUy ik, X EERRESR A 8 PHT1 R
LIE—%“?E %%Lfk Sk, HATEDIRETUAY , ANl Y
PHT1 F: R 0] GE7E AR B9 4 4 8l & & B B & 4%
ER,
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MR ZR T PHT 8 A 4% L el i, I
Feim B HAER > o AT AL B B PR 20 b S5 e 3 9
A PHT1 KGR, B3 b PHT1 R HFHH S
PIEIF (9 ) (Mudge et al., 2002) i (8 1)
(Chen et al., 2014) #4, B& /> F KA (13 1) (Liu
etal., 2011) K& (14 ) (Fan et al., 2013) 3R
(14 1) (Sun et al., 2017) ## (14 4~) ( Zhang et
al., 2016) AR ( Gossypium hirsutum) (17 1) (58
BUESE, 2017) , B /> F/NF ( Triticum aestivum )
(36 1) (Teng et al., 2017), —Le¥yFprp K&
PHT1 BERAAAE, R T e i fbd B v e A= i T
Z RSN E R M2 AL, &I AR Wy & F 8T

HESI S5 R . RS T AT LAAE R HE Wi Fh i) 25 1
SRR AR . ABESE T  AEY) PHTL &
L N BT R A A LT AR ) A RN B R TR
AUl =25 Y PHT1 RG4S Fh A B
BRI, KREZHE% PHT1 E A 5/KFS PHT1 &
FABLBE R, R R R, BN I HEYNR &
2l ) PHT B 53 1T BB & F 58 iy 2 10 56 [, 78 B 0L
TR AT Gl B R i — Y R
XL~ ) 2 5 B AR I BT A

I AR FH oo A 2 5 R =R R A B
FHIR 3 B (7 2 38, 76 55 R T RE & 44 bl U A
M. P1BS A 3 A g ry PHRT 791, 42
il Tl 2 i 7 356 DR A AR Y 1 2 58 R A g 2
Wi 1% ( Rubio et al., 2001), OSEIROOTNODULE
1 OSE2ROOTNODULE Ay 5 93 /2% 4% 21 ity o 35 A e
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Fig. 3 Protein sequence similarity analysis of PHT1s between Arabidopsis thaliana, rice and pineapple

AcoPHT1.1
ACoPHT1.2
AcoPHT1.3
AcoPHT1.4
AcoPHT1.5 } +
AcoPHT1.6 } } + i
AcoPHT1.7 - } + t H—t

AcoPHT1.8 t t — }
AcoPHT1.95

3

-1 500 bp 1300 bp 1100 bp -900 bp 700 bp -500 bp -300 bp -100 bp
B ABRELATERD1 Il CACGTGMOTIF LTRETHVBLT49 M OSE1ROOTNODULE OSE2ROOTNODULE Ml P1BS N WBOXNTERF3

K4 k% PHT1 R RS 35 AR oo

Fig. 4 Analysis of regulatory cis-acting elements in the promoters of AcoPHT1 genes

SIPIN25B R 2 T F ( Vieweg et al., 2004) , ( Nishiuchi et al., 2004; Devaiah et al., 2007),
T A 5 R AR R S 4 RS Bh TS PR T 675 B ABRELATERD1, CACGTGMOTIF, LTREIHVBLT49
( Stougaard et al., 1990) , WBOXNTERF3 (W-box,  ELRECOREPCRP1 J& T3t i 1 F138 2 i 1 A 56 I
TGACY ) £ AL 4 W W TR v J57 iy 380 o3 2 v/ £ ( Dunn et al., 1998; Eulgem et al., 1999;



1962 OO0 M W

41 %

"} Leaf

Seg1 Seg2 Seg3 Seg4 Seg5

AcoPHT 1.1

AcoPHT1.2

AcoPHT 1.6

AcoPHT1.3

AcoPHT1.5

AcoPHT1.4

ACOPHT1.7

AcoPHT 1.8

AcoPHT 1.9

RS Fruit %

L3
Seg6 Stage1 Stage2 Stage3 Stage4 Stage5 Flower Root

L

8.75
8.12
7.50
6.87
6.25
5.62
5.00
4.37
3.75
3.12
2.50
1.87
1.25
0.62
0.00

PR i 23 R 3R 78 B R RH NS 3R 38 7K T B8 5 7€ 1) 8 AL 3RO log, JE PR (9 3R 3B /K F- AN [A) 5 Segl ~ Seg6. M-I A [ 45 B ; Stagel ~

Stage5. JLHIARIEF B E

Blocks with dark colors indicate increased expression levels; The gradually change of the color indicates different levels of gene log2-transformed

expression; Segl-Seg6. Leaves at different segments; Stagel—StageS. Fruits at different development stages.

K5 3% PHT1 G5 N 20 SURIAHHE
Fig. 5 Expression profiles of PHT1 family gene in different tissues of pineapple

Chakravarthy et al., 2003) , AW 5% 5347 & 81, — L&
AcoPHT1 J& A J7 3 F X & 47 #% By 38 46 OC oo 1
P1BS, X 03 [K %2 PHR1 % 5% [N 145, nl RE 76 0%
{14 W SRR A1 2 B2 R AE FH ( Rubio et al., 2001)
— L S 3+ X & f o fF OSEROOTNODULE,
XL T A7 AE T M98 16 Ak i S R s sl 7, AT g
FERAR B S Y AR S B P R R B IR T R
WA 55, KEBr % PHTI N3 T X &
£~ W-box, WRKY %% 5 [H - fE i i 45 & W-box J5
Bl R A 3R 35, A6 AR 0 00 B L AR e 7 T X 22 R
Jifr 36 3 2 B 1R ] ( Devaiah et al., 2007; Xie et
al., 2018) , W% PHT1 HEHNF 37X &H K
EEHY AR T R A e RS A e
i =CAE F Te A, 8 BHIZ 0% i TR 52 Z Rl (5 5 I 4,
TR E KR T IR B 8 L R p IR

FL A 21 Fs Sk 2R 35 5 SE R 0 )RR % A
X, P PHTI KIEEABTH B IELs 5,
AIEN T 2 Fhan i e s 1, e fr e 8l h i 3%
ik, RAHDIBE R M S 2. MY PHTL 3
PR 2% 3k 27 PR 28 B B RK 40 25 452 1 ( Mudge et

al., 2002;Sun et al., 2017) ., WF5EF W, PHTI K
TR R 2 A W 5 2 3R 3K, FE A W 8 57 o0 2 Wit
FErhEA/EH . OsPHT1.3 5% OsPHR2 H %18 #, ik
BN E T, HoAE &l ik R 25 LAY Rk T AR A
-, OsPHT1.3 A5 1 KA X Wi () W AL 3 3 1)
H, 1 33K OsPHT1.3 3858 1 AH ) MR 0125 5% i (4 Wi
i (Chang et al., 2019), OsPHT1.2 il OsPHTI1.3
FERE W K A7 76 9 B B AE ¢ & ( Chang et al.,
2019) ., AcoPHT1. 1, AcoPHT1. 3, AcoPHT1. 5 #il
AcoPHT1.9 7€ 3% 55 AR 2 21 A I 1) 3R 3K | ok S 56 [
A REFEMS A AR K B FE SE T R i & 45 R AR, n
BRI WL U, AcoPHT1. 1 AcoPHT1.4 F1 AcoPHT1.9
FEWE B Z A U3 T BRI ) 3R A i 2 5 [
ARES S T M Am

SE .

ABEL S, TICCONI CA, DELATORRE CA, 2002. Phosphate
sensing in higher plants [ J]. Physiol Plant, 115(1) . 1-8.

Al PH, SUN SB, ZHAO JN, et al., 2009. Two rice phosphate
transporters, OsPhtl; 2 and OsPhtl; 6, have different



12 14

A LIS . SRR E 1 SO N K SRR B 1963

functions and kinetic properties in uptake and translocation
[J]. Plant J, 57(5) ; 798-809.

CHAKRAVARTHY S, TUORI RP, D’ ASCENZO MD, et al.,
2003. The tomato transcription factor Pti4 regulates defense-
related gene expression via GCC box and non-GCC box cis
elements [ J]. Plant Cell, 15(12) . 3033-3050.

CHANG MX, GU M, XIA YW, et al., 2019. OsPHTI; 3
mediates uptake, translocation, and remobilization of
phosphate under extremely low phosphate regimes [J]. Plant
Physiol, 179(2) : 656-670.

CHAO MN, ZHANG ZY, SONG HN, et al., 2017. Genome-
wide identification and expression analysis of Phil family
genes in cotton ( Gossypium hirsutum L.) [ J]. Cotton Sci, 29
(1): 59-69. [ SEBYE, K5, KRB, 55, 2017. [fid
R Phil S0 ) A B PR 21 4 5 Je ik oA [T, ARAE
4R, 29(1) : 59-69. ]

CHEN AQ, CHEN X, WANG HM, et al., 2014. Genome-wide
investigation and expression analysis suggest diverse roles
and genetic redundancy of Phtl family genes in response to
Pi deficiency in tomato [ J]. Plant Biol, 14(1): 61.

CHEN XM, 2009. Small RNAs and their roles in plant
development [ J]. Ann Rev Cell Dev Biol, 25, 21-44.

DEVAIAH BN, KARTHIKEYAN AS, RAGHOTHAMA KG,
2007. WRKY75 transcription factor is a modulator of
phosphate acquisition and root development in Arabidopsis
[J]. Plant Physiol, 143(4): 1789—1801.

DUNN MA, WHITE AJ, VURAL S, et al., 1998. Identification
of promoter elements in a low-temperature-responsive gene
(blt4.9) from barley ( Hordeum vulgare L.) [J]. Plant Mol
Biol, 38(4) . 551-564.

EULGEM T, RUSHTON PJ, SCHMELZER E, et al.,
1999. Early nuclear events in plant defence signalling: rapid
gene activation by WRKY transcription factors [ J]. EMBO
J, 18(17) . 4689-4699.

FAN CM, WANG X, HU RB, et al., 2013. The pattern of
Phosphate transporter 1 genes evolutionary divergence in
Glycine max L. [J]. Plant Biol, 13(1) ; 48.

GU M, CHEN AQ, SUN SB, et al., 2016. Complex regulation
of plant phosphate transporters and the gap between
molecular mechanisms and practical application; what is
missing? [J]. Mol Plant, 9(3) : 396-416.

JAVOT H, PUMPLIN N, HARRISON M]J, 2007. Phosphate in
the arbuscular mycorrhizal symbiosis: transport properties
and regulatory roles [ J]. Plant Cell Environ, 30 (3):
310-322.

LAPIS-GAZA HR, JOST R, FINNEGAN PM, 2014.
Arabidopsis PHOSPHATE TRANSPORTER1 genes PHT1; 8
and PHT1; 9 are involved in root-to-shoot translocation of
orthophosphate [ J]. Plant Biol, 14(1); 334.

LIU BL, ZHAO S, WU XF, et al., 2017. Identification and
characterization of phosphate transporter genes in potato
[J]. J Biotechnol, 264 17-28.

LIU F, CHANG XJ, YE Y, et al., 2011. Comprehensive
sequence and whole-life-cycle expression profile analysis of
the phosphate transporter gene family in rice [ J]. Mol Plant,
4(6): 1105-1122.

MING R, VANBUREN R, WAI CM, et al., 2015. The
pineapple genome and the evolution of CAM photosynthesis
[J]. Nat Genet, 47(12) ; 1435-1442.

MUCHHAL US, PARDO JM, RAGHOTHAMA KG, 1996.

Phosphate transporters from the higher plant Arabidopsis
thaliana [ J]. Proc Natl Acad Sci USA, 93 (19).
10519-10523.

MUDGE SR, RAE AL, DIATLOFF E, et al., 2002. Expression
analysis suggests novel roles for members of the Phtl family
of phosphate transporters in Arabidopsis [ J]. Plant J,
31(3): 341-353.

NISHIUCHI T, SHINSHI H, SUZUKI K, 2004. Rapid and
transient activation of transcription of the ERF3 gene by
wounding in tobacco leaves possible involvement of
NtWRKYs and autorepression [ J]. J Biol Chem, 279(53) .
55355-55361.

PEDERSEN BP, KUMAR H, WAIGHT AB, et al., 2013.
Crystal structure of a eukaryotic phosphate transporter
[J]. Nature, 496(7446) . 533-536.

RAGHOTHAMA KG, 1999. Phosphate acquisition [ J]. Ann
Rev Plant Biol, 50(1) : 665-693.

RUBIO V, LINHARES F, SOLANO R, et al., 2001. A
conserved MYB transcription factor involved in phosphate
starvation signaling both in vascular plants and in unicellular
algae [J]. Gene Dev, 15(16); 2122-2133.

STOUGAARD J, JORGENSEN JE, CHRISTENSEN T, et al.,
1990. Interdependence and nodule specificity of cis-acting
regulatory elements in the soybean leghemoglobin lbc 3 and
N23 gene promoters [ J]. Mol Gen Genet, 220(3) : 353-360.

SUN TT, LI MJ, SHAO Y, et al., 2017. Comprehensive
genomic identification and expression analysis of the
phosphate transporter ( PHT ) gene family in apple [J].
Front Plant Sci, 8; 426.

TENG W, ZHAO YY, ZHAO XQ, et al., 2017. Genome-wide
identification, characterization, and expression analysis of
PHT1 phosphate transporters in wheat [J]. Front Plant Sci,
8. 543.

VIEWEG MF, FRUHLING M, QUANDT HJ, et al., 2004. The
promoter of the Vicia faba L. leghemoglobin gene VfLb29 is
specifically activated in the infected cells of root nodules and
in the arbuscule-containing cells of mycorrhizal roots from
different legume and nonlegume plants [ J]. Mol Plant
Microb Interact, 17(1): 62-69.

WALDER F, BRULE D, KOEGEL S, et al., 2015. Plant
phosphorus acquisition in a common mycorrhizal network;
regulation of phosphate transporter genes of the Phtl family in
sorghum and flax [J]. New Phytol, 205(4) ; 1632-1645.

WANG H, XU Q, KONG YH, et al., 2014. Arabidopsis
WRKY45 transcription factor activates PHOSPHATE
TRANSPORTER1; 1 expression in response to phosphate
starvation [ J]. Plant Physiol, 164(4) : 2020-2029.

XIE T, CHEN CJ, LI CH, et al., 2018. Genome-wide
investigation of WRKY gene family in pineapple: evolution
and expression profiles during development and stress
[J]. BMC genomics, 19(1) : 490.

ZHANG CX, MENG S, LI MJ, et al., 2016. Genomic
identification and expression analysis of the phosphate
transporter gene family in poplar [ J]. Front Plant Sci,
7. 1398.

ZHENG Y, LI T, XU ZN, et al., 2016. Identification of
microRNAs, phasiRNAs and their targets in pineapple
[J]. Trop Plant Biol, 9(3) . 176—-186.

(HRfERE FZEB)



