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Abstract

Phosphorus (P) is one of the essential macro-elements for plant growth and development. In
agricultural production, P mainly comes from non-renewable rock phosphate. Because the in-
creasing demand for food has been accelerating the consumption of phosphorus fertilizer, people
have paid more attention to the development and cultivation of phosphorus efficient varieties.
Tobacco is used as a common model crop for the study of plant biochemistry and molecular biolo-
gy; it is also an important cash crop with a large planting area in agriculture, and its yield often
depends on the application of large or even excessive phosphorus fertilizer. Although the molecu-
lar mechanism of plant response to phosphorus starvation in rice and Arabidopsis has been rela-
tively deeper investigated, in tobacco plant there is still a big gap between identification of genetic
key genes(s) or molecular component(s) applicable to breeding of a P-efficient variety and dissec-
tion of a biological mechanism(s) of phosphorus acquisition and its regulation. In this paper, the
current status of phosphorus uptake and utilization by plants was summarized, and some re-
search advances of improving tobacco phosphorus efficiency by transgenic technology in recent
years were also outlined. The possibility of the application in tobacco of certain research achieve-
ments related to phosphorus uptake efficiency was discussed. Finally, from the perspective of mo-
lecular biology, some feasible methods and technical strategies for the improvement of tobacco
phosphorus use efficiency were proposed.
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1. 518

fif(Phosphorus, P)Z 2 M4 ig A S 3R K Ee R, HXAEYMNIER EKEEBA 2 FpE 2
R AE AR e 3B b 1 2 B LI B IR 25 (HLPO,, PI)ERIFELE, WREAE 10° %) 107 M 2], 7%
S X ) A R R 107° Mo TEIEHIREE T, AR A0 BRI A B9 T (xylem sap) i & iz
T g B 5 (100~1000 fi), [RIHAR IR 2% e 100K FEE Ao P52 1 FE R o 51 ONT Tl 2 W [1] . H T
I FE BT 70%BER L pH e, MO S B 1R R O DR RRIR S, X
St R A IR AL FH 33 (s i T TR A . [RIE, RO AR P e S o e R R A A
AR R 1 TR SR o AR A 5 [ b5 R A R BB AA 1 CHHE TS AR ), 2020 AEAXERZYA 4700 5N
P,Os HI T A AERIA Tk AE 72, HrhIRE L 19.1%, MHERE A, ARMiZ “WHME” MMeh et ian
TR b fil 5240 3000 120, H AT, BERLEh BEORAATLEEFER R SENL, EASCOTHEE, EMBEAEr Y
ZR 2N 10%~15%; i SR AL L3 [ e TR R “ TR, [ A o ™ B AR RS A, s L
Bk KA S BN EE I AL, fEFH IR L S A AR 2]

MHE R R EEZWETFAEY, 54, SEMEEM 1343.61 . USRNG5 R AR & I
K, B A R SR E) 6~8 kg Gk HELARTT ), ik 77 HH DX 1 76 B 0 DX A v e FH 2 AE 6 L/
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THE SR WAE ) A S, ik K S T AN s D, e, EYERE>, IRAEK
KAE[3] [4]. [FIEE, SR ™ m AR 55 [5]. R ABIEYD, MR A 7= o i FH ) Sl A AN
XA G R T AT AE, BRSO PR T e, A S EKERIN . BET, CAMETR TEE
TN T SO AR, AndE I = v R PR, SR HOREAL, RIE AR e, s
B BR6]s AAh, MEBEERINE, RIS MRS R R A, ki 3 0 b3 R TR B B[]
Ak Rs 2, 2R A8 N WUAT U1 AL 28 K M 7 IR 45 5 BOR R B, Rets W B4R s M B B R 2R . 1
AR E T, JTAER, AMTERIhIFE Y K326, =Ml 105, YZ94-1. K730 SR whfe, (HIL6E
P R ELAAR T AL AL, W ARAG B VR0 BRI FE /AT 4R IE 9] [10]0 3T J L4k 7 FAE M = R R R R ik,
R LL CRISPR SRR I v 0k R 5 A () E A 3, 7330 3 vy 208 5OV E A 2 R 4 DA v ol ) ik
VORI R RON AT g o AR SCLAIAT 1SS B WRSOR FH (OB el 3mti, 782 FAEBEMLEDZ 0 1, 280K,
PRUT T 42w Rl 5 2R I o R B R P RE M T VRN AR

2. BMRIBF RIBIRZEH D FHRIR

i 2 BRI B ] 2 R i 3 2 (P acquisition efficiency, PAE)FIREA F 2 (P utilization effi-
ciency, PUE). WIS (PAE) R AE ) A SRS PR 58 Hh s SR 108 R WA B AE 8 72 W P B4 WO P e
JI[11], WA R (PUE) W s B W WSg R ol et 2 TR0 AR A B ) A8k [12] [13]. H b, AR FRER I,
18 R F R £ B2 3 PAE S2MH, 11 PUE UV BB AR AR 1 135 [14] . 7590 T /KP L 32 ke o i i Wk
WO AN R ) DS IE ,  75 R G DR A W SR FH o 1 A B AR BRI o B8 AL 420 ) IR AR
BAEWE L PR B, IR NS 2 WA A R SR FE BB (TR S 5Bl ) T S 43 AS B B AR
FIRY Tt ) P 952 Tl A e A PR T P TR WA 2 R T AR R B R0 A AL 20 KRR T T P VP AR TR 4 (1
HEABHR A Rw), ki CABERR 3k 1 20 i M AR R (R IR £k 4% 12 B 1 % (Phosphate  transporter,
PHT in Arabidopsis, PHT or PT in rice)gi# SPX-EXS (ERD1/XRP1/SYG1)#%ia & H WA j%(PHO) [15], F|
F ATP /K= A Re IS NAEIIR P o BB ARRE R T 5, AEADX A P9 A R 0 R B S Jn B e T
o E IR R, TS — R 515 B UL SC I B R ) R B 7K, R i 7 2 SR R D se A ok
5[16]. ZELEFF KRGS, PHR (Phosphate starvation response, B2 2h LIk ) K a5 7 5 (S 5 3%
#2[17] [18]. PHR KRGS T 24 MYB #sk[H, HHTC KM PHRs 1] 5 2B S5 H 1 B3+
) 57 v AR i X 1) e 4 <7 I 20 A F 544 (cis-element) PABS £547[19] [20] [21]. StFIES, PHR2 655 T
SRR 25 1 ELAE, AR TR MR L/ JR RS R SR, I NRT1.1B-NBIP1-SPX4-PHR2/NLP3 {55 1% 31
PR e B R [22] . JEAESR, InsP8 (SEMEERINLEE) B 4% e M55/ 7, J8Id InsP8-SPX-PHR &% 1
YA A 7K1 Dong 55[23]3kiE, R ITAEN K InsP8 AR, fE 23 IR Al ik 4H i P (1) 1k 22
i ff. EHLIBREET L, AHACHEIELRESBAEN T TUEIFRMEIIRE S e, B
STOP1-ALMTL [24]5% LPR1/2-PDR2 [25] (& 1). Z%f55 T2 sy v ) S A8 5 -1 (redox
balance), BT SRR EK K E[16]. MEBIPBERAE PHO2 /3 F, @il PHTL B2z £
R, DAgHE A KK B 2 FIH[26] [27].

TEAERE IR 0264 T, £ 70%~95% [ R AR 125 4 4 it A7 T 28]« ZEPL R ST AK ARG, AtPHTS
F1 OsSPX-MFS1 4354wt Pi ff] P4 715515 & [ (importer); #3315 PHTS SEGRIM IR 2id & Pi M ik
1, B A A AT R AL A F (remobilization) () Pi AT SR, 7= H LAY AE K [29]. A OBERER TR
FTHEZ A, HA L2 MR AT A T A E 40 ds s M i) S A Wic S 21
K/Na[# A : RNA > Phospholipids > various P-esters > DNA > metabolically active Pi [30]. 4% T GEM
T BRI R, EREYURAE LT, TR AR PRSI %08 (remobilization) 5 52 48 B W12 - 1 R

DOI: 10.12677/br.2021.106102 826 JERZIEERTI


https://doi.org/10.12677/br.2021.106102

Wi, 230 &

EHEALGURSE . R, BT E TR, TARHEA A 50% LA L 1 B (sink leaf) o B AT FE
WEAFIA s Himelblau A1 Amasino [3114RIEIFE 7+ 1 E HfE 2 F2 4, WA G LL) 78% M ik, 1M
atpap26 FEBARLAETEA 15% M [32]. DAk, 44k A 1ol 1 Tt A B 0okt B8 v B 10 R FH 20 B L R
BRI

RE#ES b EEBEMERORE
- Ed + REERENIAT
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Figure 1. Possible mechanisms of uptake and assimilation of soil phosphorus by the crop
B 1. VEHIRUTF] A IR RERT AT BE M AL
3. REAE IR R A B RIZZER ORI

18 5 5 (Nicotiana tabacum) (138 [K 2 0 55 DU 544 (2n = TTSS), & [RIJE G AR 5 AR IE T 9B R
JH % (Nicotiana tomentosiformis, TT) I JH & (Nicotiana sylvestris, SS), —3:4) 4.5 Gbh. HAET, MHFE 4 FE A
Y1751 B ORI 7 DR A SE K, 4% K326, TNOO 2 b A 77 FH iR [33] [34]. fES, EMHE R A
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fI1IEAAN X gmtiD 7K 18 25 [ 3¢ K (aquaporins) . #75K 25 [ 3 [Fl (expansin) . ZFIRIBIE 145 B FiEE 3 R
(cyclic nucleotide-gate channel) %3k AT 4 5 K 2H 1) 5 4t 1 %5 7€ (genome-wide  identification) [35] [36] [37]
[38], Bt Xof M F MR AU FH Tt PR R G 2 DR S HL T e 2882 AR AT 8 AR R 5/ (e 1 ey, R A AL —441)

Table 1. Applications of genetic technology improving/altering phosphate utilization/assimilation efficiency and plant

growth in tobacco

#= 1 BRI ERARNE/ ST RS BERNERE KL B LR

FER A4 R FE (R IR Fol BRI B DR R AR ) 2 N
2 A ) A AN 20 =
PT8 N f B NPTL il NtPT2 ik & 151

IEEHEYA N (Se) & &
{BEHE T POD. SOD &4

WRKY3 PRI i WS B B e
PT1 i e BB B B e
, ; BB
PTL i KR S P B o
. . @it~ POD. SOD & tk#E R
PAP1 B he SR B Bt
e , I A
PHT1 WrETT JHEE (Cultured cell) S B
‘ BB B B e
vP M o RIS B ik
PHT1;4 R A B TR L o A i eyt ) S SN SN
Pupl K o iE' ﬁ%@ﬁ@fﬁ e

TEIAE R SOR] FH B ) A P R, B ol IR Sh i is BE A ZE R (Pht), IR 70 3R BH Pht R
NEANFK O, Phtl 85 1 58 LR 40 i 5 i, Pht2 A1 Pht3 25 11 10020 S #E AL T 52 44 R0 28R4 1) P 1 [39] [40]
[41]. HAT, AMIMHE H E 5k T 54 Pht (8k PT, phosphate transporter)3&[X], NtPT1 (Ab020061), NtPT2
(Ab042950), NtPT3 (AB042951), NtPT4 (ABO42956)$IJ NtPT5 (EF091675), ¥JJ& T Phtl X%, HIFARK
A Pht2 Fl Pht3 S (1) 25 R 7E SR AR S 1A [42] [43]. JEak 721 Ee Xt R B NtPTs 5 CUiR I8 1) 28 AR
R IEE A AL &, Herh NtPTL A1 NtPT2 xﬁ"&ﬂﬂ uﬁ‘%%ﬁ_ 1M NtPT3-5 5 B 75 547 K [44].
YRR, HRIABEIR Sh %1 B A 3 R PTs REA R0 i S (I il e i 52 56 71(3% 1),

B SE AL B AL (SOD, superoxidase dismutase) f1id %84k 71 (POD, peroxidase)GEH R FRAEYI A P 1)
E2LY riﬂui*ﬁiﬁ%f@i*ﬂﬂ Tﬂﬁﬂﬁfﬁﬁ‘éﬁ w1 R, ERIEDRER PmPAP (purple acid
phosphatase, & 14 iR 1) 3 (K GE$2 = IR i T POD A1 SOD 3G 4, M\ T 38 5548 42 (1) P 1ol L_[45]
JRE R H AT B O % R ILU S PAP %ﬁ%ﬂﬁﬁ@l(NtPAm NtPAP12. NtPAP19 1 NtPAP21), {HfEfz
8 1) FH 28R AH 5 7 THI A 7T I8 R WA s . kA, WRKY3 fﬁ%il?EﬁtﬁLmﬁéﬁﬁiﬁiﬁﬁliﬁﬂe
PRI POD F1 SOD v 1t LA S AEI % Sl i ol 3 () i [46] 0 sk IR R IIZR B, WRKY3 F) 2 1 1 S 55 T
FEH ORI, T REJE TR N S GRS T A SRR T [46]. BRI, 1R SR T AR BRRES A AR, 4n R
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Figure 2. Phylogenetic tree made by using neighbor-joining algorithm of crop phosphate transporters family genes
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AR X L T B A e 3 (Rl $ PR DD RE R b 4T 428 2] - 1) PR £k ¥4 12 & (1 25 [K] (Phosphate transporter);
2) WV U A A < #E 5 K T (Transcription factors); 3) 5B ERES M #H BR B AH 5% ) 3£ [X] (Phosphatase- and
phytase-related genes). AR bk = {2 K O K & 58 e B - S8 58 D RE, (HRFH 2 T AR E 598 PR 5
M H, XSO R M BEIR B 512 B AR I Th ARG, 40K 2 HURTERAC SR I AT 52 2 I B2 B 7 VR R 4t
HHHEAT IS, HAE R (8 ) Hh 1) B SR Th BB R IA T BEAZAE — SE I 2 5 Chen S5 [43]3d i 6f O v & fr) il
BRI RIS E AR S 2@, L, AT, BEL KR, oK, ANERRES)N PT TS
BT R 40 K HE M (phylogenetic tree) AT R B, MHEC PT RS [V IE KA 500 B i s A% 22 5 o AR
H:T Chen ZE[431FF 58 HH AL 5 1) 36 A PT &R DA ST 45K % 7€ 11 23 A PT [, ik xof [FIs 1 R 40k Ak
WIBEFL, I PT1. PT2 PAK Pht2.1 Y50 A ARG R, FEdE i A 5 &, i PT3-5 WK%
B A3 A AT 23 B (1] 2) . M NtPht2.1 JEH S e PR R 406 R %0, (0 PT B A 0K 8%
FGES. BIRME, WE 5 FE Dy EHE Y 6 AR (Capsicum frutescens). 7 T-(Solanum melongena)sE 2
KEmILIT, PT3. PT4 HRNERGRKERM P REE—E, HPTLMPT2 i REAAENZR. LR b, &
SRA L BZE T 2N SNIEBE R 5N L AR SO 7R A R, (EUR R R PT LR G R 7R
RIRAEAL —F1[47]. BRI, b Qe £ 00 R A B 75 7R SR M 2R R, R/ s LA R P R 28
(53 F A FRALHIMT TRER N2 B AR o

R, BEE N YRR % R AR AN IR R, B0 TR ET B, RRK T2
e O MR AT A Ak B R N FERE S n] 2B ST DA LT T A : 1) i AR AR S M R A B IR SR A s R
F141 OsPT8. NtPT1 &%, LUl RATBERR AR &5 1 (WS A ) SR, o i =l 2) BRIk
FRPEREIRES PAP LRI KRS AM H A CHISER, DLE /R iR I b A AU, $ v 33 H (1 mT s
BRI VO R, B R AT TSR R BRI 3) ol MO A DR A 3 DR () R 7K ST SR R 1 O R P )
WAL, SRR P B S AL S RIS A S, DU AR SRR 4) 1REIE (miss-expression)
HIRA(BFERE)EK KGR EER R T, RERRERK, DY KR g (& A F757)
MIRRR AN R ICIRUSCRE 775 5) PR HAI I B 2R K (B 3),  BUEEREH T-7E K AR M 6 R
FEMFE S . WA TR AR, W LA AR R e 148 SaE R . S B ERE IR, VLR TEM
VI B R I AT, BIRET R A KR B RS IR T

£ E&WA
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