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Abstract

Phosphorous (P), one of the essential mineral nutrients for plant growth and
development, is involved in the regulation of several physiological and biochemical
processes in plants. In our study, it was found that, in the tobacco and tomato plants at
vegetative growth stage under phosphorus deficiency treatment, the phosphate (Pi)
concentration in shoot and root decreased rapidly, the chlorophyll fluorescence (Fv/Fm),
chlorophyll content and shoot fresh weight decreased relatively slowly, while the
root/shoot fresh weight ratio increased gradually. Furthermore, in tomato plants at
reproductive growth stage under Pi starvation, the Pi concentration in fruit decreased
rapidly, and then the fruit yield and total soluble solids decreased. Accordingly, it is
shown that the vegetative growth of tobacco and tomato plants as well as the final yield
and quality of tomato depend on whether phosphorus fertilizer is supplied sufficiently. It
was further found that, while temporary phosphorus deficiency may immediately lead to
the decrease of the Pi concentration in shoot or fruit, the shoot fresh weight or the fruit
yield and quality may not be adversely impacted thereby so long as phosphorus
fertilizer is timely supplemented to rapidly increase the Pi concentration in shoot or fruit.
This indicates that the yield and quality of crops can be ensured by monitoring the
nutritional status of the crops and supplying fertilizer as appropriate. By Agroinfiltration
and Agroinjection, this study demonstrated that the expression of GUS reporter gene
driven by tomato TPSI1 promoter can rapidly and truly reflect the phosphorus
deficiency stress in tobacco leaf and tomato fruit. This indicates that the employed
Agroinfiltration/Agroinjection transient expression system is useful in monitoring the Pi
status in plants. Further, the aforesaid expression of GUS reporter gene is independent
of the deficiency of the mineral nutrients other than phosphorus, indicating the

specificity of the employed Agroinfiltration transient expression system. Because the

v



application of the aforesaid system is convenient and leads to rapid and accurate
reflection of phosphorus status in plants, the aforesaid system should be applicable to
other crops or to monitor other mineral nutrient status if the tomato TPSI1 promoter is

replaced by other appropriate promoters.

Key words : phosphorus ~ tobacco ~ tomato ~ agroinfiltration ~ agroinjection
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#% (Phosphorous,P) #fi4 4 E# T #r g2 - R ¥ & A Fod S
FEE R D Foriii s Bt s SRR ITR R R R 5 BT R TR A §

SR - P AF EERE AT WRBA AN A A S PR
PR R 0 - Hhig SR EehiRF 1t (eutrophication) o ¥ 3k 2 fE B B chEL
(Hammond and White, 2008; Holford, 1997; Raghothama, 1999; Withers et al., 2001) -
BE o Frpie 2 ghth £ 5 25 A 40T R (Cordell etal., 2009) - 4“2 # ¢ *2

EEPERET TR SO S N Y E A L

FI ARBFETEEARE DT ET TS e kAL ELRE (BL€)
FEEMEIRRSZ YR AL SRR £ F i  (FeE, 2008,
M, 1998; %, 2008) - e BifE ML IR EY EF A E T S R ORPIG RS
TRFARFELEAR i AR L1 BEET > 2 A2 RN FHEE
AnEAn ERFHZFAE L o T E KBRS § - LR R R F AR

Mk e RATFITF R AF (AEMF 51) P HEEL XA RBEHEAT
(
e N EEFEAE S (smart plant) 2 £ pcrE 5] (microarray) = 3% A 47 2 F)

Hy
i
don

%,2003; % %,2005; Samborski, 2009) o &5 ¥ & + 4 4 F i B > f* L F]

g it F25607 34 (Hammond et al., 2003; Hammond et al., 2011 ) A4t 41 > @ 5 # 7
A F A - P ES )R ’%f it A4 Fleeg v (Genetically
Modified crops, GM-crops) % &5 g i TN ALDFERY AR

RECEY S

iﬁ%ﬂ%*#*ﬁ&%ﬁﬁmwﬁ%%’%ﬁﬂﬁ%mﬁﬁ%ﬁi
(Nicotiana benthamiana) £ 4 #= (Solanum lycopersicum cv. Micro-Tom) &k 4 &

TG MR RER LR K FHAT Wk pEz. 4 AR R R Y
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Wz B2 2% ¥ - > g 5% R F% 2 (agroinfiltration) o/& B 4% L
#4;2 (agroinjection) shfkpiFiE > - £ 3 ~ @ VI AP AR @ 7§ L R
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FOBESZFEROFRAZ LS AEA L LFT T SRR
H¥EAZR LA EREER P PE R AT 2 BB T E 24 4
A R - %% - EEAE (macroelements) » 7 WA wre B4R i £
g & o2 bldepi e (nucleic acid) ~ e % (plasma membrane) ~ = B LH
(adenosine triphosphate, ATP) % > fe s $223F 553 F RE AL EE > 4o i
v B gk pe it v % (Marschner, 1995; Raghothama and Karthikeyan, 2005;

Raghothama, 1999) -

BRI B e e NG At > AT o L &8 (inorganic
phosphate, Pi) =3 ###&% (organic phosphate, Po) = #f o {5 88 = jz @ik chd] 3% 1 5 a0
C R A ESERE ¥ A2 P %k 7 £ 35~70% (Shen et al., 2011) -
7o A2 P . 1 & vepg g e (inositol phosphates) ~ ¥ f& fy
(phosphonates) ~ i+ @& = fiz (orthophosphate diesters) = ;%f&% 5 &> 2 =X > & 74
i« ¥ fis (orthophosphate monoesters) ~ 7 # % Z:f& @ (organic polyphosphates) » #_
RiZs et 3P 2 3 #8353 (Condron et al., 2005; Shen et al., 2011; Turner and

Leytem, 2004) -

H

BB saeanFl o0 7 IR E (PH)2E Y H 8 BT oL 7 77
et (e 2 kot o 2 pH 100 68 B 0 1M gl & 5 M 1 A
1383+ HaPOg o 2t AN 2 4330 % & ez AN 2 s pH & /3 6.8~7.2 2 ¥ »

S B RS R BEEATAET HPO,S 2 5 4 S SRR e P

-

F A pH A 7.2 33 gendl & B2 B PO pt )5 ik A A e e A



* (Hopkins and Huner, 2006) - * 3¢ &% 5 22 6 B3 455248 &

B X T ER R A G W R A R PRER B AE W T
Bt mEBEY T oA Y e PR S G B TR L A RREA A
Fla FRAIE? P57 S A e & Fpt K IR0 E A 1 PR end i

H v 4 & ¥ %™ (Raghothama and Karthikeyan, 2005; Vance et al., 2003) -
S BB R T G RS

s 7 R FAOMBERAF T RO REN o T A

i

A% o (1) $eh R B ERT ¢ 7 97 e - 13382 F19 5 (mycorrhizal
fungi) # & £ 2 B 7% (symbiotic association) ~ 2 ] 4 ;x5 & (organic acids) ~ &
+ Bt T (phosphatase) 7 +2 fit A (nuclease) ~ #% ¥ 3 A fr |+ gk 4 &

(high-affinity phosphate transporter) & 3% 5 (2) #p PIK 2 3 FRias fe g 41
* o GldofEf2 T * (glycolysis) Mg RSB TR S FAES I X EL L £

]i’._

# 4 £ @ * (Bieleski and Ferguson, 1983; Mimura, 1995) -

B PRB T SR IINDA i R B RS A A Y
Ip HE RSB R T 90%BE EFE d 19 =% jz s (Gahoonia and Nielsen, 1998) -
o4 $H R MR B AT A I ARIRA) e R g R e fEAE AR S
- P4 a7 (Arabidopsis thaliana) 2 o) A4 A4S B T iR e £E R 23 1319 L
ISR SR VA R ‘FL‘ Jawt & A w2 B > (Sanchez-Calderon et al., 2005;
Williamson et al., 2001) ~ B[4322 43 L 4 £ 3 40 ~ 0 T 0/ F JRL B I
(Williamson et al., 2001) - @ Li§spxf (Proteaceae) 1o+~ fdt TR B T € 4 H75

d % B 4997 8 = i proteoid roots 2. #FFR G ﬁ (Watt and Evans, 1999) -

FWERPVEAREATE L ARG *g 4% (hyphae) #& B gk

oo ff 0 L RpriE

Jﬁ;
—
3
1\4
=
3
?:L
K-
.ﬁ_:
=
5
e
“
hpas)
‘“\

T;-:]’ P%%TE*”/'%



4 Hr cnpi i E 39 % 03 % B ez (Karandashov and Bucher, 2005;
Raghothama and Karthikeyan, 2005; Smith et al., 2003) » &]4=-k %% (Oryza sativa) =
OsPT1 #4418 }-v ~ 5 £ & (Solanum tuberosum) =7 StPT3 Ak i F-v g SR

3 B (Rauschetal., 2001) -

WPt E S EREP B EEF YA SHES > 2Bt RE 0 Fl G
X S BRI AR TN 1~2 DA g AT R B X E R
(malic acid) £ & #p& (citric acid) & 5 % L o 34 G 7T I A& v
(chelation) T e+miis g+ 2 Lo &4 ¢ B & (Hoffland et al., 1992;
Johnson et al., 1996) - &|4-# 7 (Medicago sativa) fmist Z TR T > € H 4o R IF
#4108 (Liptonetal, 1987) 0 6 & 33 5 & (Lupinus albus) #sis £ BT » < £

Al % fe ~ R EEEL ~ giIa e (succinate) (Johnson et al., 1996) -

BEES ARG R T AL g & SRR pF S P ey (Duff et al, 1994;
Poirier and Bucher, 2002) - gipsfix 1345 &5 & 7 pH &4 5 s P eipipe (alkaline
phosphatase) £2 4 |4 mifkfi= (acid phosphatase) (Duff et al., 1994) - {& %8 A =ik |4 7%
Befs A B - B o AREY BFE R & MR PR R T £ -
Moo g PR E R R R LA o BRBIE BP0 et A e p
€A PIRIFE R BIRERET T F A IS B PR L S mii R .
e M ek e pr en & GBI % ¥ i 1 BCIP (5-bromo-4-chloro-3-indolyl-phosphate) % ¢ =

SUBRLRID blde P £ in 38 5 2~k 4% (Oryzasativa)~-| & (Triticum aestivum) -
Fiow FORRT AATRE T H19NA R g chpk Hpkpi s (Ciereszko et al., 2011;
Lloyd et al., 2001; Sanchez-Calderon et al., 2005; Tadano and Sakai, 1991; Trull and

Deikman, 1998; Trull et al., 1997) - % 164~ % & %2 3 7 #5554 % if 80% 2} pF -

v LB FA TR B AT A 3 B8 T Aotipt (phytate) A T B

AR o ke N TEEREF S PIREF Y 0 k2R S giand 374 fe (Duffetal.,



1991; Poirier and Bucher, 2002) -

W AP € 3 E R A g G kR B ¢ R PHTL 725 § 4k 4t 2
AR B PE € W A AR E B AR AR | F BEsofz(Lee, 1993; Mitsukawa et

al., 1997; Raghothama, 1999) 3 Bf i&4F A8 Jov 0T 5 F & R { Emin s

Tt pdi g mie b ATP PR £ g B F T " S ¢ PR IE

OB oGL o T %ﬁ“ d ¥ % p¢ % 4o UDP-glucose pyrophosphorylase -

\\\?{r

pyrophosphate-dependent phosphofructokinase % ¢ % & > 2 F & g g 5

il
pyrophosphate (PPi)-dependent pathway & {7 » pt 3 RS 7 % 5 pEfEiv* ATP
fo B 4L 0 2 JATiE 7 o5 & (anthocyanin) 24 & =T o @ B4 R BAA R
A od R R ORMAR T U EREPREL UV kg TR
ESM Ak s P 22 Lprd] (photoinhibition) i £ (Hoch et al., 2001; Plaxton

and Carswell, 1999; Poirier and Bucher, 2002) -

RO ORABER T RBENE T o BEd EEFHBIAESNLATARR
BRE2Ee & fhihe s & s (Bieleski and Ferguson, 1983; Raghothama and

Karthikeyan, 2005; Raghothama, 1999) o % m®z k& &+ » § Bioc & pF > {548 ¢ #Hphd

IR RTE oL AFEMPM BT - BELEA T AR RMERT
Bk d pre @ adE e Foombk R - BT fralk i (Bieleski, 1973; Lee

and Ratcliffe, 1993; Mimura et al., 1996; Sakano et al., 1992; Tu et al., 1990) -

= R REALBERFE LR E TP

% 3= (Solanum lycopersicumL.) 22 A €& FE R 2 b 232 2 X B 2100 %
W@ R A PgflALEE  HYRPEF et FCoRIFAPE
¥R ORFIESEFHCEF P 77 avia & (lycopene) £ H B odma A £ X
7| H;jﬂ\:;% SR~ § R E RE w4 3 B (Giovannucci, 1999; Story et al., 2010) >
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EHFIHIREFFEEE I RBEY SN PA T 1 XS
oo PR BN eI AR RRT o RESY FAcTITE RRP R T TS
B B Rk BAFE 6~12° Brixc FHLIELRAEE o R AKRLE
LR LS 2012 & P E BT 0§ R G A © A2 4501 20F 0 B

A2 2 % & 111361 =2 e (B % ® 2 & 4

http://agrstat.coa.gov.tw/sdweb/public/book/Book.aspx) » H # < 5 ¥R # & * » 1 &

A EY AP 33 (F84c-@, 2010) -

-n\

PAAEB Y kR RIEHRE R P A F o at KRR &S
FUOTEEREORER S @A FRORAE BB PEEFSEEZ BT

(Hammond and White, 2008; Marschner, 1995) - Ir k<> 42 mkif 5t BB 8§ a2 &

BT > p4r20 X waLenf et £ AR T o g IH B b 202 fa

g £ o gt th e BE Mk Al b Rl ) (Biddinger et al., 1998) 5 = E_f % % i)
AL R MEF CES CEE NGB E R RT3 E
» FEGE &I 2k~ F IV R (stomatal conductance) ¥ Z4tik I (transpiration

rate) % i = BT~ R LT Fla REE X R TE A2 (Fujitaetal, 2003) -

o kP R o F T A 5 3 2 (high efficient) ¥ 2% (low
efficient) = f& > & »c 5 24 i} 4 jx ¥ (Spinacia oleracea L.) ~ /¢ ¥ (Brassica
campestris L.) ~ -] % (Triticum aestivum L.) ~ 2. % (Secale cereal L.) % > x5 48
P 5 A0F & (Alliumecepa. L) ~ v~ 285 % » RS g MBI A £
B ersoleiE KB LR f ki T 38/ 3 5 < 0] 5 B (Raghothama, 1999) o d ¢
hoavhr Mo ey 0 L AT RS HE A A REL L | H o haAc
FlcEF 24 R RE o P ERgGENE s Ao E M F 2 RGY BiE

833~1,111 2 7 ciahpedT (F %, 2010) -

PR A PG RAABRR BT L RS B R B AR B

7



KA — ks Al oo BEARS G T+ PRI L AR R EME E 0 b
defl* A7 B oEK 1 F (Arbuscular mycorrhizal, AM) > 4 G. rosea ~ G.
caledonium ~ G. intraradices. * %3 ® I+ (Linum usitatissimum L. cv Linetta) ~ %
4 (Solanum lycopersicum cv Rio-Grande 76R) ~ & 7% (Medicago truncatula L. cv
Jemalong) & %8P 7 € (Smithetal., 2003) » & 2354 A1 F#E R F & (Allium
cepa) & 3 B chpkk R ¥ B hicyr £ (Tawarayaetal., 2006) - e R~ B ¥ % i

KERFEEERAE  BSTALAS 4 SR %00 S Liep g 2

S BEHE 0T U

LAl e BRI REE SR i (Oelkers and
Valsami-Jones, 2008) - % #icte 4~ fe Spi ek & 5 5~20 mM (Raghothama, 1999) » iz
- A ET RS R AT g ek R (0 4238 10 uM (Bieleski, 1973) o & > 3%

B CLEIETFORRIEELEEFE RAHTIRE VLT DAE R TS

BRIEEF L mRiERA L R %;‘gd o ogpe o i R g T
AREET W AR Id BT RERAD k> BB FREFLE RS An R
B BRFe GEP R FREBLE PR FBEHENE TG R A E o=
% 2_ = (Potashcorp; http://www.potashcorp.com/industry_overview/2011/nutrients/23
NedF BRE L IHDTR EFF LIRS BHERERS B FH
RpF FHecpBH e R 7 OBRFIRE P22 FBHEITFET
it 7 50-100 &= p * & (Cordell et al., 2009; Runge-Metzger, 1995; Steen, 1998) - 74 %
FenB s kL BEE o e X T F g (Nauru) 3 6] #4868 &
ERZABBENL AL > BFHL G E T0%I 2 F o gFL P HAOR G

2 K 80%2 B PB4 &7 A0%ASIT A A TR O fopi vl i e @
8



7* = (Republic of Nauru, 1999) -

X}

S gg;u 3G e % %‘{,;/;l&q—-% N

d Y gl g F ol e P BA PR L XA RS A > B
WA RS HITH A ADHERES o R EFF RER IR KA
(protected cultivation) = = 5 L #gitt 2 A2 - &% FELFRIAEALE &
B2 BB (3%,1985; % %,2009; & q-m, 2003; F1%,2009) o mFHiv ko £ #E

FEBER AL A FREE S RAEE @ FAc SR T A PFEF G
FhHICAEL O LRFEERBAT LIRL > FSRFEIICLAEERT > T

ke S EY SRR (F13,2000) 0 AW R G £F A KR AT B T 5

v

Fk

BL Ak e EAERGY R A WRF LA A L E A

b

S

Rt FRFEES KD LRPhs e B 5P LBIFIGE LR

FINS

FEGESIAS R A dEIT R BUR D S P 0 AT F A S peh TS

[ el ff,ii T (2 %,2011; § %,2007; %, 2002) -
M PALITREL TP PRERERT A RBIAREEE 0 R

XL F ARG o 5@)‘;*@78?&% TR AR ER s R R ER O g R &

GG RN F B T RSN FIERE B B ERARFTREL S ES
B2 BTk o ¥ - 20 0 FBFH LB R Y L g 0 4 Bd AT R
A ERR DA SEERH T L b 1945 IndexMundi b3t i 1) 2008 E F 2w
BrFh PR RS B LN 430 2 &~ 0 & 2007 & H 4 A2 iE 70% (IndexMundi;
http://www.indexmundi.com/commodities/?commodity=rock-phos phate&months=240) -
d W EP W@ R R T o FIR R X BERRAE TS
RERPA TR FRFER > SSRLENANRIT ENEL N2 - j&‘»ﬂ“@“i M e
HERFR 2 EEFRRAET AP TR HEE S NRETRP TR R

PAREREEE A2 PR AE - i s FRL s BRERS
9



Pl B e  2d AR Esctged TEmswf e
e ERE FERRAET S TR SR Y EF LTS gl R 0 F R
Boaxdelig * g > ot el 3o *AEH AR E 2P (B % ;;ﬁg

http://www.coa.gov.tw/view.php?catid=17615) -

e D ETmitasse | o 2 BRIt enfiff s B2 2L RET R
G B E R B KT R A B LT Kk 0 @ ¢ R i
AT AR 2 o 4ot 3 T sl s T L L R g S
BB B EBBTLENA . TP SR GeR BV LA T4 A K

sl A > T A4S A 1 2 % MIRB T A (4K, 2005, k%, 2008; Fh

%,2008; M, 1998; #% fcif, 2010) -

LAk o TR AR TR Y LT AL TR Y E 7 L
AT R RS W SR NE R T T o R LI S P

%
W Flt o P S AP REHA I ERSEEFLAY R RIS B ORE (T

AN
v 3;

AFERDBHRELFEFFTLFEF RES BERATREF AP LNE Z
Srdpth o @ 2 IS R E A F B2 HEHTFL L2 24 BBL 4 (R0 F, 1989)
Ba o JIF EMLEERYRRLE > FEAEMALLERLT  BRAFF LT
PAE ROl R A EREHOFAFL P uﬂigf‘«« HIRR =2 E # 7 e
TR S AP anEL s JIF I BMEF AR FIA T EARLET G0 0 B EH D
Bl pH E - & ¥ & @ (Electrical Conductivity, EC) % 5 % » * % - %
Fo gt g4 78 AAFEREFHFIFR > A LE FhlEar 1l
fet GEABRE R AL (Bk, 2007; &4-Z, 1989; ¥, 2005) - B oW & A

Ad ALY FRAETRSE ) LERORKF ST RET TR R

Y2 & 3% % (Atomic Absorption Spectrometer, AA) ~ & & & & :Pj‘: B+ & (Inductively

10



Coupled Plasma Mass Spectrometry, ICP-MS) % - § & % > 4c + & 5 W& B 4248 2
PSP LR A G E LR Sk e (4%, 1080)  TIA S § e reR Rk

H = hpdrc o3

SO P BRRR S EFRBDEE 4 3 0 2BUR IR R AR
Fg ko blhew B8 P E % %~ polyphenolics % 3 £ en% it R X|F b L F

i
LF o REBEIIASHEEINCFERE A RFEAFRLST FRE

&
=
A
e
T,

_‘\'
g
=g
—

% %,2003; % %,2005; Samborski, 2009) - # TR RaglE

SRR RS Y LR R TN SOV ST Y 2T

Ao
Y BB @E nL 3 A

RS TR & L 42 ATP 1 &2 2 B3 /& (proton gradient) » £ ] * gide &
¢ (phosphate transporter) ﬁi%]iif@ii RPN IR o RBEEE B4 F g prigid
B0 VR A 5 F Al (high affinity) g2 < 4et2 (low affinity) = f& (Furihata et
al., 1992; Raghothama, 1999) - @ & B8 & 7| 4p i {2 B ¥ A 5 Phtl-Pht2+ Pht3 £ Pht4
z + 72% (Karandashov and Bucher, 2005; Poirier and Bucher, 2002) - Phtl 2% %
B B ARG A8 A ArtimiEiE kv > J Phtli1~Phtl:9 & = f 2= > 2 & 22042
gdmre b o e B fe s+ k3t (hyadothode) ~ 7= ~ E R M A s (vascular
tissue) ~ T & IR 03 “r% T (Karthikeyan et al., 2002; Mudge et al., 2002) - Phtl
2% ¢ hPhtl:l ~ Pht1:2 ~ Pht1:3 22 Phtl:4 % 2 B 44t mipF 40 > 4 & A e
B seg ¥ s AP Ay RS gEE 9 (Mudge et al, 2002;
Raghothama and Karthikeyan, 2005) - Pht2:1 §_p # & — ¢ Zee Pht2 325 B > &
WEGR e g Ree 0 A& N E M (Versaw and Harrison, 2002) o Pht3 e

s f ¢ 7 Pht3:1-Pht3:2~Pht3:3 5 4 & = A o Phtd 7255 | 3

11



® > Pht4:1~ Pht4:6 » i & =>t423e2 ¥ 7 > Phtd:1~Pht4:5 & F 448 (plastid) = 7
4 IR 0 Phtd:6 R &% [ 248 (Golgi apparatus) # 3R > 3P Phtd ¥ ic 532 v

SERMA SR EANR F""&m@%} (Guo et al., 2008) -

ho b rri o g e & d Phtl 72597 § § 15 38 iTRAQ (isobaric tags for
relative and absolute quantitation) < & %-3-v F 4 cdjis s p o iF 5o Phtl 7257 7
7oA fi % UBC24/PHOZ 3-d 7733 432-PHOZ 2%+ fm¥e pt 35 (endomembrane) !
i- L% &p%% (ubiquitin-conjugating E2 enzyme) » £ 4 # 45 PHT1 3-v % fi2
¢éhrt i (Huangetal., 2013) ¥ — = & » 5B 2 S E = 2 > PHO2 P
¥ 3 #7 PHOL (PHOSPHATE 1) %-v ¢4 3 (Liuetal., 2012) - PHOL % — % 3-v
(membrane protein) » 3 & % R AN E L w0 S @ BHE A TIRDER
(xylem loading) > ¥+ Fe 42 97 phol % % tkid & g A 73 ¥ 30t i L4 ¥R
HE{piz Beenr ¥ o PR E M Fla HA LA k- K4 e oy

| (Poirier et al., 1991) - @ [# £ a5 pho2 (phosphate 2) % %k + 30 B pk4
T

I G 2 H_F) 5 ' M PHTL &2 PHOL 3-9 B ™ f2- 2@ 4% B Brcns n 2 msd 2
FRE ) b hehr i 413 (Aung et al., 2006; Huang et al., 2013; Liu et al,
2012) o

Heal ¥ pEyipe (microRNAs, miRNAs) &) 4 & fxpEz e (small RNAs) -
o ER PG 20-21 Bk 235 RIARAFILARDH 0 e fpd iy B4
FIEt4mE & &4 (Bonnet et al., 2006; Jones-Rhoades et al., 2006; Lin et al., 2008;
Mallory and Vaucheret, 2006; Sunkar et al., 2007) - } it PHO2 s4 3% 3] % pE %
fik 399 (MIR399s) =733 ¥ 44 HAPF € 3 ¥ miR399s e 7> & @ | PHO2 e & »

Flpt & E £ R miR399s efe f i E AR T I A AR € 5 R B

Yo i i 4 > R etk RS TR % (Aungetal., 2006; Chiou et al., 2006) - £
F o BERET &> MIR39IS AR 7 K RSN 2 P IUEH DI 2w B i

12



P & a8 L §7 (Homeostasis) (Lin et al., 2008; Pant et al., 2008) -

RREPRRT B S LR F S S AT NS B AT AL S Y AT
(early gene) ¥z uiip £k ¥] (late gene) » & H A F| 2 AR FE LR PALATF) > §
g L @iy Bt LT S A 430 g% M (Hammond et al., 2004;
Vance et al., 2003) - iz L Flafef i ¢ ¢ 4R 24 (Chiou and Lin, 2011;
Vance et al.,, 2003) » # ic¥ 5 Aty i D24 £ e 715 TPSIL (tomato
phosphate starvation-induced gene) > #* A F] & 44 BipF € Moif e IR 2 £ A i
Fl@ Ak fFAE 5 5 8 A %) (Biddinger et al., 1997; Liuetal., 1997) - 22 TPSIL 4p i ciafh
Fle 77 FPdiah @ R IPSL ~ At4 ~ Atd.1 ~ At4.2 (Burleigh and Harrison, 1997;
Martin et al., 2000; Shin et al., 2006) - & % (Medicago truncatula) *# % 3 Mtd
(Burleigh and Harrison, 1997; Burleigh and Harrison, 1998) » -k #&¢ 4 35 OsIPS1 -
OsIPS2 (Hou et al., 2005; Wasaki et al., 2003) > # i* 354% b 47 & 2255 <7 RNA
(non-coding RNAS) » ﬂF’Ki R B e Lo "f 703 e 22-24 B P H PR
(nucleotide, nt) =n4p i & 5] # s 3 B 7P 7 4p iz (Burleigh and Harrison, 1998;
Martin et al., 2000) - AT4 £2 IPS1 iT k430 5 ¥ -7 miR399 p 4% 4 ¥]-PHO2 15 7
(target mimicry) » F] 5 H #7 5 & 22-24 B P AR 2B FUI A T A
(complementarity) »>* miR399 e/ 71 » et FE & BHEE 7|2 £ 3414 Fla

¥R ¥ miR399 ¥ PHO2 sdr+] it * (Franco-Zorrilla et al., 2007) -

ORI FEIRERAS SRS AT oS iy e 2
FHEOEE > A FF BRI AR A2 SRS I TR g > R
B s oo Blde o X BB AT A RIFR S 2 %45 5 5| (Pseudomonas
aeruginosa CS gene) m E# x4 LA RFR2Z BRI W LY - BFEHeF

B PR A AT > SR R AT T SR BT AR B A

KIEH TP - #4 E k= (Lopez-Bucio et al., 2000) o pt ¢k » 3 37155 AL Flig 78

13



B MLBh L fiT- LASAP2 » 0 5 iR B T 0 BHEFR T F ook R 0 # P
HRAPETT 4 A ta G P w2 £ 2R3 chacd £ (Wasaki etal., 2009) - @ 2L ¥l
FAE AR ARFPP ORGP E 30 AT PHTL 1 A5 phip a4~
R ¥R iy 4 (Mitsukawa et al., 1997) - 7v & < £ % 3L miR399 sfe £ (a7
B EA AR EOTI 2 Atk T UG RE TSt EiE w4 (Aung et al,

2006; Chiou et al., 2006) » #

tren &7 i F] 5 fxde+ (promoter) &R % % 0 RigE
WAL TR G > ARFTEERE T DGFERT B E /BT TS 22
PRFBEHRIRETIRG ) AL VYR ARSI BRSPS gE
Ttk o Y F B F BEELP % iE AL FIHE R R Y 3R B AR o o e Tl A A i
AP R FEEY IR TS P T L A Frkag 7 (Genetically Modified crops,
GM-crops) > @ B % i 5 AR Fleeag (T ¥ i s - TR B 0 B A B ken
T fgr s M il 2t E a0 §  (Chiter et al., 2000; Schuler et al., 1999;
Fei,2001) > Flpt Bow - R AT TR VR G - kR 0 4 B E

RE R AT R
S RS B

%jf AL A2 SRS RIER S O s REF A S A R F R
BB EAE S A 2003 EAHR D 0 FPE2 1 AR aR AT § S
- % % 4 LA 7]-SQD1 (sulfoquinovosyl diacylglycerol 1) ergcds + g2 4 # 2 7
(reporter gene) A > Y WA X LB E R PF 0 HFESQDL AR Fig
- HERFEATNEIE > FRESS PREF AR OTEERT SEFFA
Flend A 2 Lk p L3 @84 g8 (Hammond et al., 2003) © & f% £
R HT JT R A U RN e S MR R T RER R
BFF o nd it pif o R e EIES - £R27 F R 7
eyt R U LA PR G- RIFF AT L - k6§72 2

14



EVEI B < B T R S ’H:]F;}'ﬂj’ﬁ"?’ UAHEL S R AT 0 L2 /ﬁ?;ﬁﬁ'ﬁ‘ﬂ

ik (T s G o

0 FREAEIHES @Ry § FFRAR Y LI 07 3R B R B
B AL IR PERRCEFKLI A L RBAFDRIRE K
AR (T4 £ F 448 (Hammond et al.,, 2011) o H 47 8 e - PERF 7 5 (% 5 A7)
R R ITEER AR iR ¢ (R RARH R ok IR K
B ﬁf‘wﬁ FHEIBTFAML ST TR RAAR Y B F 2 B i N
oA PR A ERERT o
N BB ER AR R LML R

B L AT a0 L ) R A% ) (Agrobacterium) i 7 2K FlREsE o
2 fep 2R AF ALY @ A e @R LA 28 0 ¥ BN R
RS R oo B FZ 2T 1997 EA4R D BT cE 8T A R (transient
expression) P & #] > 1% & CaMV35S (Cauliflower mosaic virus) gz# 3+ £+ GUS
(B-glucuronidase) 3¢ % A F1 & p & A %] B-1,3-glucanase (GLUase) ~ chitinase
(CHNase) > ** B = iz » 16 2 b X Bk BlFA M > FRAEZ > 5 4 2T 5 8 iF
Mo 2% 10 X AR AN P TEELBE A RS VT 2L Flaw i
(Schéb et al., 1997) - % = ;2 p = A & X ¥ 4 @ (¥ *  (transgenic
complementation)(Bendahmane et al., 2000; Johansen and Carrington, 2001; Shao et al.,
2003; Van der Hoorn et al., 2000) - gz &= =+ # i 4~ +7 (Yangetal.,, 2000) % 3% § 2 &
(Vaquero et al., 1999; Vaquero etal., 2002) + ¢ 5 4pREE* 6|+ - ¥ - 2w »» 3 §
FHREFEF 2 e b EREATIOREAS S ARATEF LT A SR

RFrcF Al X s (Yang etal, 2000) -

SR FSE A2 S BIUNFET R S F R G B W AR
2% ~ § 42 § F (Lactuca serriola)(Lactuca sativa) # it 87 & # 4 &
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(Wroblewski et al., 2005) » = tg#% B o7 HATE* H7 B o Ra kA% FiF » F st
B EF 2 ARESRRNET)  FEERY 2 FORAE S KR B
do- A%kt R S -GV3101-C58CL % ¢ & £ anE * A B i Fk » 4 )
FHB R, &R FRFEAF NI R c F e B » A LT (Dahli) ¥ % R T¥
4 AR5 F-1D1249 & 4 > PR FAcE B NMBOEF o FI B e i B

SRS Y I MR ERS

Bt L B2 & B4R F% ~ 2 AT 00 FRECERATA TR TR e S AR R 4R
o BEFIMZATARTER o HEE AL F 3
$HER DA R FF RS T E R 28 (Orzaez et al., 2006b) - F icql* R
P FL SR IS 3~4 X AR FOSACHITERE A RE R A T (Orzaez et
al. 2006) » % 1 HAcch o RS EASEL T OB GAEE CHF T K E RS
%9 1+ (Spolaoreetal, 2001) o gt = ;2 ¢ A * 3P 3 2 G G F o Bldof ¥ P
f 7 #uik s kv (heat shock protein 70, HSP70) fx#s+ fie & GUS 4F # 2 7] »
B R LRI T R T i%maﬁﬁﬁﬁﬂofﬂégﬁﬁﬁi%%ﬁ%
# 3% ¥ AL F)1$# 2 (virus induced gene silencing, VIGS) i %t > Orzaez & * i i1 5
+ 3 PDS (phytoene desaturase) #p B :1?5% FRPMOREFTEICET T AP
BiL AT PDS AT FIZAFIFEF R A2 A3 0 F R 9 B RO LKk

A% (Orzaez et al., 2006) -
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¥R - BHFEPaP

MRS Y B oo AP R 5 U AT EE RS
AEYE R VBRGSO R A { oS e AR TER s ¥
o ¥ - 2GR AEEEE G A E LR ETFA TR RSB
2P e RAEEEILI S B R P A F & FApehit (T AL R By
APE O ERF AR P ZEEALEFHET T ERFE N AABRLRE

FENES SALASRRS S A HLAF B B LA GRDT W
-~

PR U S AT AR ) F AT TR R - A AR
B FPEAFER R/ LR A

RETEH LK S PE  RTL B AT Y 8 o k2 £ ol

FoSE- SALEE el o F Y F EELT R S Bp e 2
ptko ¥ - 25 > TPSIL R RABAE T AE YA A G TR AT F 2

*hAe TPSILfade 3 42 H R FAFIEA > 5 & R A% F% ~ 2 ol kAR FiL s

c.

CRERLAREATE A Y EET O FrE - 2R RO
BAELT R N SR EAFDERE KL P K FH P WDy AR
f o 321722 8% @ LIF L g it » B ETHFHFEAFNLRE T

PR R R EEsw 23 > uEAKERFg g s R L 2 el
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Frd o Hiplg

- RRHEASRIR

() 4 R

~F 7 P 4wz & (Nicotiana benthamiana) 2 4 ic  (Solanum
lycopersicum cv. Micro-Tom) = i > @ g4 cfd+ % B~ p ¢ &L 37 7 k. (Academia

Sinica) B ¥ 2 #### 71 ¢ «~ (Agricultural Biotechnology Research Center, ABRC)

M3V EFRRE B U R B AR AR Fi
GESI0F - v S BT I B AR T @ (KNOWN-YOU

SEED CO., LTD.) -

()£ e frgre

F & 27 ‘Micro-Tom™ § 30 % m /K # 3 V48482 5 % 3%k (Reverse osmosis
water, RO water) &5 -kiRfe @ &% &% fe> 4%+ Half-strength modified Hoagland
nutrient solution (Millner and Kitt, 1992; Hoagland and Arnon, 1950) > £ % T3 & (£
1o k#ikpe>d 2 I~V VAVIE e % 1 73 25 mM 5
Ca(NO3)4H,0 #2 KNOs » % i Il 3 1 mM £ MgSO47H,0 » % i 11l 5 50 uM 1
NaFe EDTA (EDTA ferric sodium salt, Sigma) » & % IV 5 KHyPO4» &35 B 97 Z

BOER - +PiFF S 05 mM o B (T EHEIERF 0 B2 KCl A & 714k KHPO, 3
KP4 g4e s %% V ¢ 5 10 pM H3BO;z ~ 0.2 uM NapM0oO,-2H,0 ~ 1 pM
ZnS0,47H,0~2 uM MnCl-4H,0+0.5 uM CuSO4-5H,0~0.2 uM CoCly-6H,0 £ 25 uM
HCI > %% VI 5 0.5 mM MES (2-N-Morpholino ethanesulfonic acid) - fie # {& * HCI
2 NaOH # # pH 1 5.7 -

kAR N LK T ‘Micro-Tom” 4 defd+ 537 1 % =X & phép
18


http://abrc.sinica.edu.tw/ch/

(Sodium hypochlorite, NaOCI) ¢ j& Tween20 i & % ¢ 2 15 » 450 £ 78+

FE oM EFKFRSHETET BN 25 emP st 3 0 £ %5 3 250 uM
KH,PO,4 7 Hoagland "k #i% 7 % » 2. 18 # 3 5 *o Xk’ (+Pi, 500 uM KHoPOy) &
Hoagland -k#/% ¢ 248 > PR =15 5 % L - T-k#£R > fre gl B2 48+

FAVFTREERSRWGRALFEE » RBIEE L R/GH=16/8 |~ p/rE
=25/20 C ~ %35 & =120 uM m?s™ = ‘Micro-Tom’ # 3c#6+ ) & t5 > #4835

BRAguAr? » EN2T@RTE IR RABAL B3 25mihL 3 AN
+oo d A7 L R (+Pi, 500 uM KH,PO,) v Hoagland -k # 7% ¢ > %32 8 &F
FiFIE 5 X {#- kR PBFRIRNZLIF - FAFrTRTELERGK
B ERKBFFESF2 85 1% T4 <k B (WatchDog 1000 Series Data Loggers,
Spectrum Technologies).% & & & + g /& % (Quantum Light Sensor) % 4§ & £7 5k
BROPEBOPFEZIREF +FT B L 57 -

o 7 378 ‘Micro-Tom’ § sof| * AR E TR oh o HapRsk ity o L1 v
&]7% f= Sunshine #5 Natural & Organic 4/ & (Sun Gro Horticulture, Canada) ¢ ¥ sk
FEFIEAEE  PABPBIFAZLIRCTFETIRST LE > TR R
H-fE 1000 & 2 {9 = 3Lig 2w (20-20-20) > 8 FIE FHEF kTR 2 9

7']: °
(C)¥ %~ 2aL2 Aum- S phampn

FERF T 20 % o T B IRA HEF R (FPIOD) B iS A re o F - 3R
AR TR R BT BJE 0 @ 5T oL B (+Pi, 500 uM KH,PO,) ¥ 3%
% (-Pi, 0 pM KH,PO,) &g® 1 = (+PilD % -PilD) ~ 3 = (+Pi3D % -Pi3D) ~ 5 =
(+Pi5D % -Pi5D) ~ 7 = (+Pi7D % -Pi7TD) » A2 ts B jc B M s F i * o
Vb AR B ESE 3 X 2 54 B 2w 500 pM KH,PO, % % i& 7 2457 P fh A 1
% (RelD)~3 = (Re3D) %2 5= (Re5D): — B {aBfed Ml Bis A did * o 3%
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%k 3 R 2K (Complete Randomized Design, CRD) - & &u® 3 £ 47 » &

TAF 1Rtk -

¥ - 25 o FEN KPR > FAREEAFRL 2 GHEAIE > A
S L F (N)~ 38 (-P)~ 4449 (K) -~ 4% (-Ca) ~ #4% (-Mg) ~ 75 (-S) ~
i (-Fe) » % B8 % >t | A ¢ Half-strength modified Hoagland nutrient solution
Kir (FUll) ¢ 0 AJZiS 7 3 fhofidb m R S H R R o Y K AR A
RiRpfeE4cT 13§ 12 CaCly 22 KCI B~ % % | (7 Ca(NO3), &2 KNO3 > 147 e d
FORSEPE PR AT 2 de ) ak a1 12 KCI B~ £ % IV e KHPO, 0 1438 o ak B
Je 2 P e P ad 0 eagm 5 449 0 12 Ca(NOs)y &F NaHPO4 B~ 2 & % | e KNO3 22 & i
IV 3 KHaPOy » 12 AE “u 3k 49 RS2 P I6 PR 44 5 c0g BB 5 42440 0 10 NHgNO3 B~ % & %
| e Ca(NOs); » 14 4F o3 4T A P e P 4% 5 ¢h§ 5 34 4% © 11 CaSO4 B~k % i Il ¢h
MQSQOy > 14T Su 3k 4% BJIR P I P42 0 eng s 4% A 0 12 MgClp B~ % 7% 1l 5 MgSO, »
U Tk R RIL P B AL sk L AR 0 R e R e R Rl im Ak R e

(% 2) %7 o Aok 2 REPRT 0 S AL £ 0 F £47 Ltk o

K A 22 % Micro-Tom’ § 3o 4k i2 (7 4 b % Boehhse A » & 559 &
E_ (+Pi, 500 pM KH,PO,) £ 4% % (-Pi, 0 uM KH,PO,) A2 1= (+PilD % -PilD) -
5 % (+Pi5D % -Pi5D)~10 % (+Pil0 % -PilOD) & JcB~1& 4+ o 4 B if 5 A 10
25— B AT ASL 1% (RelD) 2 5% (Re5D): 1 JeBfi 4 Hopl it

FRdrdtr BRERZ2EWR > FIL3 LA - F LA LR -

oo dF e & AT LRIk (+Pi, 500 uM KH,PO,) 145 % i B o % FF
ELe*Micro-Tom’ & 30iE 7 % B X Hoehfh e mdl » & 245 -u & (+Pi, 500 uM
KH,PO,) #4+ % (-Pi, 0 uM KH,PO) A2 5 = (+Pi5D % -Pi5D) ~ 10 = (+Pil0D
% -Pil0D) ~ 15 = (+Pil5D % -Pi15D) ~ 20 = (+Pi20 % -Pi20D) i 4xB~fe 4~ 4L -
AR B 10 % (S8 T R eI2 5 = (RebD) 2 10 = (RelOD) » F Ry B~{E
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PR R AT o R R DR F AL 3 4T 0 K E4F LHRfE R

S BB ER RS R FL s

(=) iR 2 B

TPSI1 promoter:GUS (%] 3a) ~ 35S promoter:GUS (%] 3b) ~ £2 35S promoter:LUC
(F13c) 2 HEf s d @ &4 7 foEt+ 7 ¢ f7 4% - 355 promoter:GUS ¥ 7 § & 15 -
¥ #& {1 * pCambia 1301 % 4 % - TPSI1 promoter:GUS = E: R AV
5¢-gaacaacacttggcgaataca-3’ £ 5’-ccctaaaagttggtggcaaa-3’+ 51+ i 7 PCR j& ¥ 1,561
bp A4 > #3% PCR A # i » pGEM-T easy vector (Promega) # % & {5 » | *
5’-ggggacaagtttgtacaaaaaagcaggcttcaagctatgcatccaacgceg-3’ g
5’-ggggaccactttgtacaagaaagctgggtccgacgtcgeatgetcecgge-3°+ 31+ & 7 PCR 7 3] attB1l
£ attB2 site> £ 41 * Gateway® Technology (Invitrogen) i& = BP £ LR recombination
# ¢ BP recombination #+* 2. pDONR™ vector £ @ * pDONR221 - LR
recombination #1* 2_ destination vector ¥_pMDC164 - @ 35S promoter:LUC mf#;@
AU "4 pF (restriction enzyme) Ncol - Sacl #- Luciferase # 14 pJD301 §*#
*7 % 5§ ¢bd-pCambia 1302 ] * Ncol = Pml "4 f= 8 77 2] » B (5 | * if & fi=
(Ligase) #-7 # 4% & (ligation) 2- 4z -

Fat e pEig e 3 R 1% 7] C58CL £ 1D1249 -k - R 1% 7] C58CL & i o
PLF RS Y XY %R B F 1D1249 X k4 Michelmore § % %
(University of California, Davis) 3 & - #&78 = ;% 2 & & 5 22 Wz (competent cell)
%l ive g sn (transformation) » 2% ix s e % iFiE 42 5 33 % B 4% [ C58CL 2 1D1249
5% 2. 5mLYEP s % ;% (Bacto-peptone 10 g L™; Yeast extract 10 g L™*; NaCl5g L™)
%28 CEE 2T % (LM-570RD, YIH-DER) 2 F (i 200 rpm) 3 % 16 hr 1% >
#-pFik4v » 100mLYEP 32 %% ¢ 2 0.D.s5=0.5~0.8 > *+ 5,000 rpm, 4 C ™ .= 10
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m &R A 0 2 0f iR 641 TE buffer (10 mM Tris; 1 mM EDTA) i k

EAAT LR 4 10MLYEP 3 4R £353 » & F )k F+# A % 500 L »
1% R A F BRE A 418 5580 Crk4s (Forma 900 Series, Thermo Scientific) »

BT R AR FE R 0 F L3 B4 DNA (plasmid DNA) » 48 B~= 30 5 #3572 b
%8 1+ % 4% f (Escherichia coli, E. coli)(35S promoter:GUS in DH50 ~ TPSI1
promoter:GUS in Top10 ~ 35S promoter:LUC in Topl0): & & LB &% » %37 C

R ET BET (8% 200 rpm) 32 & 16 hr {4 >4 * Plasmid DNA Extraction System
(Cat.#GF2001, Viogene) & {7 18 DNA 3 B~ 4 B~ 4 3% %< Viogene = & #7 ¥ i 42 0
75 A2 % B 4% ] C58CL & 1D1249 2% ix fmoe B 5tk b i3k > 4o~ 10 pL B 5

FDNA >k} S0 &8 F »lF 544 £3°37 CRip b a4Ei4~ 1mL

YEP 3 %%t 28I BB BRI (#:d 200 rpm) 2 % 2~4 hr (% » 3 100 ul
Bt 100 L YEP 32 % 28 £353 » % 4% 1 YEP 3 4 & (Bacto-peptone 10g L™;
Yeast extract 10 g L™; NaCl 5 g L™*; Bato-agar 1.5 %; 7 =4 % Kanamycin 50 mg L™ -

Rifampicin 50 mg L") » %+ 28 CHEE R T B2 4 2 % -
(=) REEF% »E > 50

Pk 2 %% % A 7% (Liu et al., 2010; Liu et al., 2012; Orzaez et al., 20064a;
Wroblewski et al., 2005) o = #%7i42 £ #-2 = = f& 78 2 1D1249 2 C58C1 R & 71
YEP: %2t R e f Ba28 CRF (@ 200rpm) 2% 16hris - E #3232
10 mM MES, 20 uM AS (Acetosyringone) 2. YEPz fi3z % 2L° F R % 5~Thr-
Fl#* 2L & k&R (U-5100, Hitachi) 78 O.D.600 2 3 & (- 4k Xvg ¢ %3+ 1) »
£ g (Hermle) 5,000 rpm, 4 C ™ 3w 10 A 48700k B 15 7 > & 1% L6t
% [10 MM MgCl,, 10 mM MES (pH5.6), 100 uM AS] #-3 & A& ##f2 2 0.D.600=1 -
0.5~0.25~0.125~ 0.0625 (B % ¥ 2 4F%w):xp pFp] 5 0.D.600=1) - ﬁr‘%’? s FiR R
WRET 3 PRI G S st (Terumo) 1 E 4 B e U R 4R R
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N R F e cARE YT ALY o 5 BB~ 4L 2 TPSIL
promoter # SR8 2 B % i i thie (7 A A AR PE T & B8 FI% 8 A X PR o)
4457 o bk - BRIRL KRG R R AR LAREEE S R AR Y
2R F Aol 5 677 o B EIR ~ 18 3 % o JoBiLatiB R Feo e koo 30
AHALE RIEF GUS % ¢ 0 HARHR TR F AL 5080 Crk 1S A

g o
(Z) B A& Bz stiz 5

REEpRR A2 28 LB FEZ 240 0 25 5 RE Ay (Orzaezetal,
2006) c #im > N A X AT e A p ARRPBEFRF 2 S PERKIEH 15 X 1 2
SRR R FERES K G BT (Terumo) #R % Fd 5% LI
BAEIEER Y e REFRBAIIFE RS LR LS fI0E T R Ao 6
#7 o BAEEALBE 3 X o R cBLbt i B 304 R E 42 7 GUS %

S0 R RER G F AT T80 Tk s AR -

MR- B el

I

(=) a4 é‘ﬁé’

Il PR R T2 SRER A 2 A SRS E P 2L H b 2RE B X T (XS204,

Mettler Toledo) =8 & ‘e € » {33801 § £ v S} i 5 4ok A (5 42 F

GRS E S gRha e B 2w mii 30 A AB I E %A Y %25 (Pocket

PEA, Hansatch) B £ = ER E2 F% 2 ¥ kF & -



M
H
@5
e
w0
Il
o

4 ek s s (SH-100, KURABO) £k fi § & MUR ™ Hefit Jof fr &
Fo 0 F2B~ %) 100 mg A7 B 18 s & 4v » 6 ML 95% 2 g (Ethanol)- r2-ki% % (BU-410D,
YIH-DER) *t 68 ‘C ™ 4c#t 2 -] pF > 3t 8 ™ 12 5,000 rpm Z.< 10 & 4518 » %) P
%_0.D.665~0.D.649~0.D470 2wk fE o L T A 2N L RFEEZF a

% bER

Ca (&£ % 2% a) =13.95A465-6.88A%49

Cb (¥ % % b) =24.96As40-7.32Ags5

FHE FEAG  LRTINPFREIECH LI LR LI Fh7 R

_ﬁ

Eod 23 £ (mo/g)=[4 # ik & (mo/L)xEP~rtifi (L)]/ &#E (0)
RS MESMI 2 ahi BRESMI 20 40T R aESE 5 E o

() 1548 & B BEE R Rl T

PP ELSE A (EP 2R 30mgds Ao %7 R E 3IEFT R A
{45100 mg # %) > 4w A7 > 54 (Ames, 1966; Chiou et al., 2006) :& {7
EBBERRRI T 22 5 F 1 mg #E e s R i 10 b 5 1%k e (Glacial
aceticacid) ;3% ¥ » B 53 {53 13,000 rpm ## & T o 10 4 45 0 B~ 10 L 0t
G Bt 964t (Basic Life) 4 » 50 ub 1% kpsps > R £353 242 CT R %
30 & 45 0 2 {84~ 140 pL g~ 7% (0.35 % NHzMo00,4 -~ 0.86 N H,SO4 ~ 1.4 %
ascorbic acid) » e~ R & {52 42 CT 1 % 30 » 45 c Ir pF 11 KHyPO, i 5 12 508
AR R o (s 2 > L e E kR (EnSpire Multimode Plate Readers,

PerkinElmer) p] ©_820 nm i & T ek g o
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() GUS =447

GUS 25 %7 2 %+ Jefferson ¥ « = ;& (Jefferson RA, 1987) {1k i® i3
* o GUS = M A~ 7 ¥ & fe 3 vk T3 & 4 T 1 015 % X-gluc
(5-Bromo-4-chloro-3-indolyl-B-D-Glucuronic  Acid) »2 1.25 % DMSO (Dimethyl
sulfoxide)i f# X-gluc #= & » 4v » P &80/ - L vk {8 & & 4 » 100 mM Phosphate
buffer ~ 10 mM Na,EDTA (Ethylenediaminetetraacetic acid disodium salt dehydrate) -
0.5 mM K3Fe(CN)g (Potassium Hexacyanoferrate 111) ~ 0.5 mM K4Fe(CN)g (Potassium
Hexacyanoferrate 11)~0.1 % Triton X-1000 (Octyl Phenol Ethoxylate)~10 % Methanol »
Bofs f1% 4 35 -k (Deionized water) €& I P 84 o Mgt E P w7 P

-

T 5 10 mm*10 mm i F

%
e

RE P EER Y o 1% B 2 {1 (Rocker 610)
%> 90kpa THEZ 1 A4 R T 37 CT%d 2hr £is 2 75 %iFp AR % 14 L% GUS
Fd HA) e R F ey ¥ T 3mm Bk e goRe b g e o {0
EZ§F>90kpa TR EZ 34480 8 3 37 TR 13hro 81 75 %ippaR L

SRR GUS % ¢ 7
() GUS % £ A }7

GUS = & 7 = 2 %+ + = j (Jefferson RA, 1987; Spolaore et al., 2001) -
GUS T & #1474 5 B8 B @R TE v [z LR -fI* = T 5k 200mg
AT (S ks k0 4v » 3104 W 2. GUS extraction buffer # 7 0.1 M Potassium phosphate
buffer~1 mM Na2EDTA~10 % Glycerol~7 mM R-mercaptoethanol ~0.1 % Triton X-100 ~
2 % Polyvinylpyrrolidone (cross linked) - & # 3= % ¥2 GUS extraction buffer ;& & 353
f6* 4 C™ 3~ (10,000 rpm) 15 4 48 » B~ i £ &3t 4 CT 4 (10,000 rpm)
15 & 48 > ¥ ¢ F i B3 96 44 2 4 (NUNC) » 4 » X 7 10mM MUG
(4-methlyumbelliferyl-B-D-glucuronide trihydrate)*+ 37 “C = % 0~10 % 20 4 4&{s
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4v >~ 0.2 M Na,CO3 ¥ 1+ & J&; = 11 4-MU (7-hydroxy-4-methylcoumarin) ¥ % &% &
AR A BRI &R 4 kR R 3 (i-control, Tecan) *t excitation=355 nm -

emission=460 nm £ & T B H K {E o

B P RRF R EMN R SR AR Apl 2 P FR R 063 |
4v ~ 156 plb 2. 4 3+ -k 22 40 pL Protein assay dye reagent (Bio-Rad) #& » *+ 37 C
TiE 30 A4 0 AR R A (i-control, Tecan) B s £ 595 nm Tz ek sk iE o
r2 BSA (Bovine serum albumin) % &% &g @A E 6 & o GUS ek & 1 (F BPFR

o % ¥ RAE/FEFERF) G0 Tz E o LB
(=) Luciferase T_& % m4 17

¥ 0 B4k -9 (Luciferase) =& 4~ #7141 Luciferase Assay System Kit
(Promega) i& {7 A 45 o § B F 5% Promega = 2 #THIEARE BB i 0 3 E G B 5
puL ¥ i3+t GUS extraction buffer ® S ag.wisz k& ¥ » 96 34 ¢ 4 (Microlon) »
4v » 90 puL GUS extraction buffer » £ 4c ~ 25 ul Luciferase Reagent » 4] * & & &

3+ (i-control, Tecan) ip| 24 kT 2 w3 kg o

TF RSy w4 2% (Langeetal, 1971) » ) 28 5 f=B~ 1+ AT B S 4
* % 200mg - 4r » 1mL % P;% (Propanol:HCI:H,O = 18:1:81) » #x » 95 C-kiz #
beg 15 o dEfs ik RR AR 30 3 4480 12 13,000 rpm ik Ao 5 A 4E 0 B
G200 ul ¥ » 96444541 % 2L £ e d sk &3+ (EnSpire Multimode Plate Readers,
PerkinElmer) ] 2.535nm ~ 650 nm L & T e kg o S Ak B2 HeEF » T 7

238 [Asss-(2Aes0) IIBFE > TR A R -

26



(1) 7R PRI

‘Micro-Tom’ § 3 ik B 7 Fr i@ cnps FF B4R T » # R4 6 3E 5 7 > g £ 4

- BRI L IR I EHAESE 0 % BER S (Pocket Refractometer

PAL-1, Atago) B8 % F 4% » H =5 °Brixe
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Table 1. Hydroponic nutrient recipes in this research.

Stock no. Macronutrients Molecular weight Stock concentration (M)  Final concentration (mM)
Ca(NOs3), - 4H,0 236.15 1.00 2.50

KNO3 101.11 1.00 2.50

| MgSO, - 7H,0 246.48 1.00 1.00

I NaFe EDTA 367.10 0.10 0.05

I\Y KH,PO, 136.09 1.00 0.50
Stock no. Micronutrients Molecular weight Stock concentration (mM) Final concentration (puM)
H3BO; 61.83 10.00 10.00

Na;MoQO, - 2H,0 241.95 0.20 0.20

ZnS0O, - TH,0 287.50 1.00 1.00

A% MnCl; - 4H,0 197.90 2.00 2.00
CuSOq4 - 5H,0 249.70 0.50 0.50

CoCl; - 6H,0 237.90 0.20 0.20

HCI 36.46 25.00 25.00

VI MES 213.24 500.00 500.00

Modified from Millner and Kitt, 1992 and Hoagland and Arnon, 1950.
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Table 2. Hydroponic nutrient recipes for treatments of different nutrient deficiency.

Element Concentrations of individual elements in various treatments (mg/L)

Macronutrients Full -N -P -K -Ca -Mg -S -Fe
N 105.00 0.00 105.00 105.00 105.00 105.00 105.00 105.00

P 15.50 15.50 0.00 15.50 15.50 15.50 15.50 15.50

K 117.00 117.00 117.00 0.00 117.00 117.00 117.00 117.00

Ca 100.00 100.00 100.00 150.00 0.00 150.40 100.00 100.00
Mg 24.00 24.00 24.00 24.00 24.00 0.00 24.00 24.00

S 32.05 32.05 32.05 32.05 32.05 72.37 0.00 32.05
Micronutrients Full -N -P -K -Ca -Mg -S -Fe
Fe 2.80 2.80 2.80 2.80 2.80 2.80 0.10 0.00

Cl 1.04 267.29 18.79 1.04 1.04 1.04 72.04 1.04
Mn 0.17 0.17 0.17 0.17 0.17 0.17 0.00 0.17

B 0.11 0.11 0.11 0.11 0.11 0.11 0.03 0.11
Zn 0.07 0.07 0.07 0.07 0.07 0.07 0.00 0.07
Cu 0.03 0.03 0.03 0.03 0.03 0.03 0.00 0.03

Mo 0.03 0.03 0.03 0.03 0.03 0.03 0.00 0.03
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Figure 1. The meteorological data in greenhouse during hydroponic culture of tomato.
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(a)

TPSI1 > GUS |nos LB Kan™ | RB
L

(b)

CaMv3s5S )| GUS |nosRB Kan'’ LB

e
(c)
Nco | Pml |
CaMv35S LUC [nosRB Kan'’ LB
e

] 3. (a) TPSI1 promoter: GUS (b) 35S promoter: GUS (c) 35S promoter: Luc 2. §* 48+

A
Figure 3. Maps of (a) TPSI1 promoter: GUS, (b) 35S promoter: GUS and (c) 35S

promoter: Luc constructs.
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Figure 4. Time frames of Pi starvation treatments and agroinfiltration in Nicotiana benthamiana.
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Figure 5. Time frames of different nutrient deficiency and agroinfiltration in Nicotiana benthamiana.
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Figure 6. Time frames of Pi starvation treatments and agroinjection in tomato.
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IR~ E%
- RBRAFFELLLEF
PORBHEF A2 L 2RO EUFERAR 2R S H
RiEr o NBITRIZISAEFED B AR b o BRI AT S

A EONEFRILPER chte £ +Pi 2 -Pi AU B enZ B i < (B 7 2B 8a) -
P AR T30 e ] v S Ap SOl () 7 2 1 8D) o o STaRBEE 1 R

Mok BTN ) T T LA BAIE (53 B TN/E b REE L 0

Ei

F L A e dem B BT B 0 A-PISD P ETREF R TR ER R E
(+PISD)(l 9) © # ¥ st BAAJL 1 % - ¥ ¥ 2 1IN ehghik B Ap ot e PRI 2 R
(+PilD) i Bg ¥ T % > ¥ SR F AT Heeni 4o > HIE A ¥7ehT % (] 10a 22 B
10b) o 1% BUR P E S F F LR LR BACIH N ESF R 2P E SR HT R
ES S L7 F O EFRRATIPE R G sovk § THEARR 0 R AMP D B R
(4Pi) 4prt 7 L BFFH AL (W lla) - d W ESAFRFERESA R T M
o Fplran s ELESE IR B EEAESE T R F A RIR BT sy

dedm F T EARE (] 11b) -

AR IR 1S 3 R I TR AR T 0 B R R JR PE R 3R £ 3 +PI3d & -Pi3d
B2 EREFEMIR P MBRIBIIRGEAIZS P NEL SR 2 > R TFH
A REFZAPIEHRE > EREIBAIZE 12 (Reld) # 3R £ v i
+Pidd > {2 NEF AT AR AL enB 4o PP 2 PR AEF A R (B 8a) 5 3N
AR M PN AR AR A EAEE L B (B 8h) o 4IR/B F M@ E L E
SRR VAR R AR E Y g2 4P AR 00 (B 9) o BRAT AR AR 18 - % (RelD) AR F 4~
B L OImEHER o A B O HER E (4PidD) 2 (SMEF X B 4 o BT E ()
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10a 2 B 10b) o FHEZ HF K HE 7 P adZB v B¥F L2 (B 118) > 7 i

10
BRI ES B R A TR ORI AERES R RS kYR

ek

PR (+PI) 40y (R 11b) -

CRBARERTNETECHRIEALEI LY

d OB ES O E IR S R 0 T R CER S R

v OB FR DA

g
\F‘b
(?Jm

FOLRhT (R o L FEILEEYT R ih pnid
B2 (SR EATFIAREHEZ Y o BFLE Fli% ~ {8 hE P B IR A BI04 {0 4
PlEFAER > BERTEFAB AL S 4 > REE P gk R R BE M

(-Pi3D AJL 53t AR fRA AT i S R E Y wkE R (] 12) -

dTER G R RANPROR R AARE S EIFEFIAES LT - A
FREBRAZE 2 LB > Fpt A 5 35S promoter:LUC 448 h L 15 FF)7

3
PHRAFFMORE FARME N OP R EBBAATES RS LR

Em:

PRI ETIR

k£ E2FAL Ak GUS %I&'E_?KJLM LUC £ 1

SRIBERFHE LIV IN AL CUSHFEATPORERTE Y > Al &

127 4 35S promoter:GUS 482 2 A iz iw {48 H C58CL R A% fF§ Wl » & | %
HREEFRRE WERFHF > ZE3XEFCUS LS » i h ol v HR e
“§ AR GUS F 2 954 4| C58CL & FRI 7 € 3 GUS chi s (I 13) - 41 *
+ 3 TPSI1 promoter: GUS ;Wf' 1C58C1 R 1% it 7 385% > % % B or +PipF GUS

£

F

=

P2 AT EFLBETAREL > GUS 2 MBS > BT RA AL GUS 2
B E BT (R 13) o

GUS =& ~ 1754 % & GUS 4 7 5% 4piz > 7 5 35S promoter:GUS {48 hi
wHBREGUS 2R EPEF I eHRE D f v HBREF] GUS LA IE Rt

12 ND (Not Detectable) # 7% 5§ ¥ 4 Bk ad2 % Hec3f 40 7% » TPSI1 promoter: GUS
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B F e ¢ 2 GUS it 2 Hi 4 0 %-PilD # & 1 4p 230 +PI0D » ik B

FHH e o EF-PITD E D5 F % > %-Pi3D {88 (TR IR AT 0 GUS & L E iE
e > 1 Re3D WA F Mt -Pi3D > Z+Pidprt ¢ g EF LR (Bl 14) - S %
Br GUS RE #4478 GUS Rd Bhdpin ~Ta ¥ v AR F REF LT L8

PR B o
S~ TPSIL% 2 R ¥ & AR#L2 % - Bl

b if % % B or 1 TPSIL promoter: GUS af 48 7 = # 1% B 4% Fi% » i 2 ¥55F
H i

&

FEPLFTQGABEE s - HhEF L ARLE AR H R AL

m

AT FAE S FIP - H U KRR LA AR Y A A BRI 2 AR MY A
FERFALLE LY ERF COM G AR EE P EE] LT 2@
FRT R (Full) Ap v ABRIEFALR M ERIEF LT
SREEFBE NREREF O REREYF S RBRAR YL AR

Lok SP R HATAERE > L1y (B15)-

POfAR R F AR L AT RPEMB S T3 R A AR L
SRR R - B % 2o ﬁ‘: ﬂr‘@*’%ﬁ SR ERER Y 2 % %~
F 4% 2 f8 8 P IV Ik B K & 20 nmole/mg FW. 7 % > g2 %4 pe = (Full) 4p v

N EEFEAR R F AT E P ERE R AR RO 4T 2 AL 4 AT 11 () 16) -

BEARFA AR LR DF T LY F TPSIL promoter: GUS {48 :
C58C1 Ri:Fieiidme R EFHFE £ 3% ’?Ii“f Tk s F 1 GUS

®
%

(\.H

BN M E AR L hend GUS A ES R A L LY 4
ARl W Mess AR (B17) Pty 8- i (7 GUS T & 445 8 % % &7 GUS
LI BEpE > ARBELBSE GUS him s A e ¥ & A F4 L g GUS

B eyme (full) p% > 2 EEEEH LR (B 18) -



s HBERHEIY AL ELBP

d »2i¢ * TPSIL promoter: GUS *#% & B/ » 2 ¢ SnpE i g
TREE R R T hleR] kS Bl B F R s G BRI TG
Foo e iR FE M 2T A 4
S SR R (F119) T E R R B RIEE T RBP4 B
1@ 11 % (-PillD) Ap >t 4+pe % (+PillD) &g % *% i< 1 g & (B 20a) » e 4544
B2 e A fc s INMHEE LN HBEREE LR (B 20D) o 2 piEIT 3 & FII0/1 )
MpE v BEFRIIPFT R 4em 2 %78 B > ¥ &% 5 X pF (-PIBD) T F 3¢

w (+Pi5D) (] 21) 42 Bha T ' MAIME F P EHE R > WL 1 % (-PilD)
T BE E MO 4 PR e (+PILD) ¥ NEF A4 AR X B oo Bk B 3T R () 22a 22 ] 22b) -
R AR AT 1 2 (-PilD) T BLETIEEE B B F MOt B & (+PilD) - 2Rl
BPESZFLIHELESZ I ERF L4842 11 = (-PillD) 4 ¥ %I &

¥ M43 44 PR e (+Pil1D) (¥ 23a £2 B 23b) -

R RIL (S 10 R B TR IR AT 0 BEAR AR R P IR 3N £ 4 +Pil0d
1-Pil0d B 7 EEEEM AR > wpbe AR 1 X (RelD) > 3 b 30 & B % 1L
4R e (+PIlID) o PP AR BREE 1B R SR (TR IRAR AR B H @ E G iR
B b AR R FIH A R R EZS PP - E 2L AP RB e ]t RelD
epe b 3REEE MAT+PI1ID e % 5 % pF (ReSD) = FIR@EE T E A 3 E 4P R

f (+Pil5D) #p§ (W1 20a)-1I3R@ & L B /| > B2 BB F L R (B 20b) -

—)C-

I e b IR E VL BT R SRR 1S — B MNPl AR e B E AR B
FEREFHPI R E (B 21) o B R edZ 1 = (RelD)A ¥ 45 B 1330 & 4 + 3¢
Sk B 0 2. 14 4 1B brE X (] 22a 22 ) 22b) o BT R4 A2 1 < (RelD) ¥

iE
FREVFHAELESRZ 7 ET7 RGP & ER e (+PillD)p 5 (R 23a &2 § 23b) -
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TFAOAM LSBT - F LR §e B R KRR T F £
FR o MT#ES X (PIBD) TF AR HEFHBE (FRIBD) ¥ HEF
SRR Pk o TEF A end BB e 5 @ -Pil0D 8 7 AR RAR AIE W IE b

M7 2 78 0 ReSD T F AL T 4R e (+PilBD) 4p % hi B (W 24) -
I~ RBEFAZ 2R NETESHRILEREETLEW

g FAnE S F A FE BB FR A R A 2 > Fpt e 45 ) 1D1249
% % i 35S promoter: GUS ~ TPSI1 promoter:GUS {48 » 5% &r % ¥ 7 @ &
;Wﬁz‘ + 30 1D1249 B 15 7 0+ 7 wh 4P & E-Pi kK 4 £ 1 Micro-Tom
HAarER  ARERAZ > FZAEFCUS A o g K- Xgluc kAR R
Ae0.15%4% 3 1 03% M AFMF GUS 2IRE (R 25) ¥ *hs BET 2 B
AR ESINE T R HRERR FEIRRS > BES YT ERI2540F 0 A

FMF GUS 2mE (FRALTR)-

d 4t B4 A 1D1249 5k ik 1 R % 2 & F 4 i GUS (B 25) - 4
s R ES A ST B Flb i - 0% % § 35S promoter: GUS {48
71C58C1 B 4% & 4 % » & W] = 5L & ‘Micro-Tom’ s &7 o Hfi g icE & o ¥
-5 0 FliA BB ERDCEBCL FHi F b ERFOBIA) > FIUt RS RIS
ik B FiR 0 5% B R AP EOT B % ) 1D1249 % > & £ i GUS (R 25) 0 B4 F
C58CL i > ¥ % 3| GUS th4 3 (I 26a); Fik )k B o ODgo=0.125 % .55 (]
26a) ; ® ‘& k)= 54 B E # Micro-Tom’ 5 (] 26a) = ] GUS A i * 4 7 5
2P PARARER CEREEALHRNA, (F26D) 0 4t 2 ehE A
FHREZEINRILNEREEZRT] Fla AL- HATEFESHFELLLT

ke R e
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AN HBERFEIcL AL 2P

Fiol BB REF LG FIMA BB BRI m Y L2 BB
5 BT B-PilbD 2 % > BB EST A vk P IMEE T A7 EREFHLORE
E F|-Pi20D £ +Pi20D 4p+t 4 3 B F AL R (B 278) 5 &30 6 > AT B e

B HARM A E LG BFRE (R 270) -

PRI IR TR R T ERAEBERA AT R A RA ST AT

7 AR E- HEMicro-Tom’ % F 4 2 SHEHZECREIFBLIRAESFFT I EGTS
FORERR L BEM T AL F MR ST R EPRER A F T &
g5 % (-Pi5D) A F Mr R e (+PISD) T ST F 4R R Boa So g B IR b
T () 28a £ ] 28b) o A AEAIT 5 10 X i (T RAR AIT 0 B % AR AT AR
Lt 5 % (ReSD)ts » Ak R A F + 2 » 3 10 = (RelOD) P+ fr4p 3 22 %t
P ip ¥ (+Pi20d)(F] 28a £ [B] 28b) - A& E ¢ $ [B] 28a £7 ] 28b ¥ 4 H+Pi pF

SREFHERGE T LHRE -

5

F_&
bt 2

ARG o REA T ARFEMNEF A E 0 £ F-Pi20D 1 A FE

MEF AR (F29) 2Rl %% TR LA H 7 £ 4 -Pil5D T
B F Mt gpe e (+PilSD) (B 29b) o AT (8 10 % & (FRHT R AT 0 d P
S (-Pil0D) A& 4 ABE M HE L (+PILOD) 2 B AR - F BB HEL
(+Pi)te 4 (1 29a) - AW IR AR S B E /A TR B EH 5 B 0 N AEILEF S
% (ReSD) ¥ w4f F| 22 44 Pl 4p § (+Pil5D) - &g ¥ % **-Pi &2 (-Pil5D) (M

29b) -

40



SEEE S B SRR SCIR SRS SCIL I B P SN SECE £ 5 aie L &
o Pl BRI E facE e p R LB T 2B e {1

% 35S promoter:GUS ' 487 C58C1 B 45 F &k L (7R3 HY S RER T
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Figure 7. Effects of different days of Pi sufficient (+Pi), Pi deficient (-Pi) and Pi resupply (Re) treatments on physical appearances of Nicotiana
benthamiana. Pi resupply was started after three days of Pi deficiency.
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Figure 8. Effects of Pi sufficient (+Pi), Pi deficient (-Pi) and Pi resupply (Re) treatments
for different duration on (a) shoot fresh weight and (b) root fresh weight in Nicotiana

benthamiana.

Pi resupply was started after three days of Pi deficiency (arrow). Error bars represent
standard error (SE) of the mean for six replicates (n = 6). Means with the same letters
are not significantly different between Pi treatments as compared by least significant

difference (LSD) at P=0.05 level.
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Figure 9. Effects of Pi sufficient (+Pi), Pi deficient (-Pi) and Pi resupply (Re) treatments
for different duration on root/shoot fresh weight ratio in Nicotiana benthamiana.

Pi resupply was started after three days of Pi deficiency (arrow). Error bars represent
standard error (SE) of the mean for six replicates (n = 6). Means with the same letters
are not significantly different between Pi treatments as compared by least significant
difference (LSD) at P=0.05 level.
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Figure 10. Effects of Pi sufficient (+Pi), Pi deficient (-Pi) and Pi resupply (Re)
treatments for different duration on (a) leaves Pi concentration and (b) root Pi
concentration in Nicotiana benthamiana.

Pi resupply was started after three days of Pi deficiency (arrow). Error bars represent
standard error (SE) of the mean for three replicates (n = 3). Means with the same letters
are not significantly different between Pi treatments as compared by least significant

difference (LSD) at P=0.05 level.
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Figure 11. Effects of Pi sufficient (+Pi), Pi deficient (-P|) and Pi resupply (Re)
treatments for different duration on (a) chlorophyll fluorescence and (b) chlorophyll
content in Nicotiana benthamiana.

Pi resupply was started after three days of Pi deficiency (arrow). Error bars represent
standard error (SE) of the mean for three replicates (n = 3). Means with the same letters
are not significantly different between Pi treatments as compared by least significant

difference (LSD) at P=0.05 level.
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Figure 12. Effects of Pi deficient (-Pi) and Pi resupply (Re) treatments for different
duration on leaf and root Pi concentrations in Nicotiana benthamiana after
agroinfiltration.
Pi resupply was started after three days of Pi deficiency. Error bars represent standard
error (SE) of the mean for three replicates (n = 3). Means with the same letters are not
significantly different between Pi treatments as compared by least significant difference
(LSD) at P=0.05 level.
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Figure 13. Effects of Pi sufficient (+Pi), Pi deficient (-Pi) and Pi resupply (Re)
treatments for different duration on GUS staining level in Nicotiana benthamiana
leaves.

Except of positive and negative controls, all leaves used for GUS staining were
transformed with the TPSI1 promoter:GUS construct using Agrobacterium tumefaciens
C58C1 strain via agroinfiltration. The positive control was transformed with 35S
promoter:GUS construct. The negative control was not transformed with any construct.
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Figure 14. Effects of Pi sufficient (+Pi), Pi deficient (-Pi) and Pi resupply (Re)
treatments for different duration on relative GUS activity levels in Nicotiana
benthamiana leaves. Leaves used for relative GUS activity assay were transformed with
35S promoter:GUS construct (35S, black bars, PC), TPSI1 promoter:GUS construct
(TPSI1, slash bars) or no constuct (Empty, gray bars, NC) using Agrobacterium
tumefaciens C58CL1 strain via agroinfiltration. The level of relative GUS activity was
normalized by the level of luciferase luminescence (LUC) expressed by the 35S
promoter:LUC construct co-transformed with the above constructs. Error bars represent
standard error (SE) of the mean for three replicates (n = 3). Means with the same letters
are not significantly different between Pi treatments as compared by least significant
difference (LSD) at P=0.05 level.
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Figure 15. Physical appearances of Nicotiana benthamiana after treatments with
different nutrient deficiencies.

For treatments with different nutrient deficiencies, the indicated specific nutrient
element was withdrawn from the nutrient solution for 7 days. The control (Full) plant
was maintained in the Half-strength modified Hoagland nutrient solution with full
nutrients.
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Figure 16. Effects of different nutrient deficiencies on leaf Pi concentration (black bars)
and root Pi concentration (gray bars) in Nicotiana benthamiana.
For treatments with different nutrient deficiencies, the indicated specific nutrient
element was withdrawn from the nutrient solution for 7 days. The control (Full) plants
were maintained in the Half-strength modified Hoagland nutrient solution with full
nutrients. Error bars represent standard error (SE) of the mean for three replicates (n =
3). Means with the same letters are not significantly different between nutrient
treatments as compared by least significant difference (LSD) at P=0.05 level.
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Figure 17. Effects of different nutrient deficiencies on GUS staining levels in Nicotiana
benthamiana leaves.

Except of positive and negative controls, all leaves used for GUS staining were
transformed with the TPSI1 promoter:GUS construct using Agrobacterium tumefaciens
C58C1 strain via agroinfiltration. The positive control was transformed with 35S
promoter:GUS construct. The negative control was not transformed with any construct.

52



B 35s a
[] Empty
. B TPsi
QO 34
o
=
%)
)
Q
=
s 27
i5
©
[
=
©
e ']
b b b b b b b
ND
0 NI\ N § s« § §
PC NC Full -N -P -K -Ca -Mg ) -Fe
Treatment

F118. 7 k4 % A4 4 £ ASR$HF X E  GUS 12 B

Figure 18. Effects of different nutrient deficiencies on relative GUS activity levels in
Nicotiana benthamiana leaves.

Leaves used for relative GUS activity assay were transformed with 35S promoter:GUS
construct (35S, black bars, PC), TPSI1 promoter:GUS construct (TPSI1, slash bars) or
no constuct (Empty, gray bars, NC) using Agrobacterium tumefaciens C58C1 strain via
agroinfiltration. The level of relative GUS activity was normalized by the level of
luciferase luminescence (LUC) expressed by the 35S promoter:LUC construct
co-transformed with the above constructs. Error bars represent standard error (SE) of
the mean for three replicates (n = 3). Means with the same letters are not significantly
different between Pi treatments as compared by least significant difference (LSD) at
P=0.05 level.
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Figure 19. Effects of Pi sufficient (+Pi), Pi deficient (-Pi) and Pi resupply (Re)
treatments for different duration on physical appearances of tomato. Pi resupply was
started after ten days of Pi deficiency.
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Figure 20. Effects of Pi sufficient (+Pi), Pi deficient (-Pi) and Pi resupply (Re)
treatments for different duration on (a) shoot fresh weight and (b) root fresh weight in

tomato.

Pi resupply was started after ten days of Pi deficiency (arrow). Error bars represent
standard error (SE) of the mean for three replicates (n = 3). Means with the same letters
are not significantly different between Pi treatments as compared by least significant

difference (LSD) at P=0.05 level.
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Figure 21. Effects of Pi sufficient (+Pi), Pi deficient (-Pi) and Pi resupply (Re)
treatments for different duration on root/shoot fresh weight ratio in tomato.

Pi resupply was started after ten days of Pi deficiency (arrow). Error bars represent
standard error (SE) of the mean for three replicates (n = 3). Means with the same letters
are not significantly different between Pi treatments as compared by least significant
difference (LSD) at P=0.05 level.
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Figure 22. Effects of Pi sufficient (+Pi), Pi deficient (-Pi) and Pi resupply (Re)
treatments for different duration on (a) leaf Pi concentration and (b) root Pi
concentration in tomato.

Pi resupply was started after ten days of Pi deficiency (arrow). Error bars represent
standard error (SE) of the mean for three replicates (n = 3). Means with the same letters
are not significantly different between Pi treatments as compared by least significant

difference (LSD) at P=0.05 level.
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Figure 23. Effects of Pi sufficient (+Pi), Pi deficient (-Pi) and Pi resupply (Re)
treatments for different duration on (a) chlorophyll fluorescence and (b) chlorophyll
content in tomato.

Pi resupply was started after ten days of Pi deficiency (arrow). Error bars represent
standard error (SE) of the mean for three replicates (n = 3). Means with the same letters
are not significantly different between Pi treatments as compared by least significant
difference (LSD) at P=0.05 level.
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Figure 24. Effects of Pi sufficient (+Pi), Pi deficient (-Pi) and Pi resupply (Re)
treatments for different duration on anthocyanin concentration in tomato.

Pi resupply was started after ten days of Pi deficiency (arrow). Error bars represent
standard error (SE) of the mean for three replicates (n = 3). Means with the same letters
are not significantly different between Pi treatments as compared by least significant
difference (LSD) at P=0.05 level.
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Figure 25. Effects of Pi sufficient (+Pi) and Pi deficient (-Pi) treatments for different

duration on GUS staining levels in tomato leaves.

Except of positive and negative control, all leaves used for GUS staining were
transformed with the TPSI1 promoter:GUS construct using Agrobacterium tumefaciens
1D1249 strain via agroinfiltration. The positive control was transformed with 35S

promoter:GUS construct. The negative control was not transformed with any construct.
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Figure 26. Effects of cultivar and Agrobacterium tumefaciens concentration on (a) GUS
staining level and (b) leaf necrosis in tomato.

All tomato leaves used for GUS staining were transformed with the 35S promoter:GUS
construct using Agrobacterium tumefaciens C58C1 strain via agroinfiltration. For
positive and negative controls, tobacco leaves used for GUS staining were transformed
with the 35S promoter:GUS construct or not transformed with any construct using
Agrobacterium tumefaciens C58CL1 strain via agroinfiltration.
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Figure 27. Effects of Pi sufficient (+Pi), Pi deficient (-Pi) and Pi resupply (Re)
treatments for different duration on (a) shoot fresh weight and (b) root fresh weight in

tomato during reproductive stage.

Pi resupply was started after ten days of Pi deficiency (arrow). Error bars represent
standard error (SE) of the mean for three replicates (n = 3). Means with the same letters
are not significantly different between Pi treatments as compared by least significant

difference (LSD) at P=0.05 level.
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Figure 28. Effects of Pi sufficient (+Pi), Pi deficient (-Pi) and Pi resupply (Re)
treatments for different duration on Pi concentration in tomato fruit at (a) green fruit and
(b) red fruit stages.

Pi resupply was started after ten days of Pi deficiency (arrow). Error bars represent
standard error (SE) of the mean for three replicates (n = 3). Means with the same letters
are not significantly different between Pi treatments as compared by least significant
difference (LSD) at P=0.05 level.
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Figure 29. Effects of Pi sufficient (+Pi), Pi deficient (-Pi) and Pi resupply (Re)

treatments for different duration on (a) yield and (b) total soluble solids content in
tomato fruits.

Pi resupply was started after ten days of Pi deficiency (arrow). Error bars represent
standard error (SE) of the mean for three replicates (n = 3). Means with the same letters
are not significantly different between Pi treatments as compared by least significant

difference (LSD) at P=0.05 level.
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Figure 30. Effects of Pi sufficient (+Pi), Pi deficient (-Pi) and Pi resupply (Re)
treatments for different duration on GUS staining level in tomato fruits.

Except of positive and negative controls, all leaves used for GUS staining were
transformed with the TPSI1 promoter:GUS construct using Agrobacterium tumefaciens
C58C1 strain via agroinjection. The positive control was transformed with 35S
promoter:GUS construct. The negative control was not transformed with any construct.
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Figure 31. Effects of Pi sufficient (+Pi), Pi deficient (-Pi) and Pi resupply (Re)
treatments for different duration on relative GUS activity levels in tomato fruits.
Fruits used for relative GUS activity assay were transformed with 35S promoter:GUS
construct (35S, black bars), TPSI1 promoter:GUS construct (TPSI1, slash bars) or no
constuct (Empty, gray bars) using Agrobacterium tumefaciens C58C1 strain via
agroinjection. The level of relative GUS activity was normalized by the level of
luciferase luminescence (LUC) expressed by the 35S promoter:LUC construct
co-transformed with the above constructs. Error bars represent standard error (SE) of
the mean for three replicates (n = 3). Means with the same letters are not significantly
different between Pi treatments as compared by least significant difference (LSD) at
P=0.05 level.
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Figure 32. GUS staining of bell pepper, hot pepper and eggplant leaves transformed
with the 35S promoter:GUS construct using Agrobacterium tumefaciens C58C1 strain
via agroinfiltration. The negative control was not transformed with any construct.
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