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Abstract

Phalaenopsis spp., an epiphytic orchid, is tolerant to nutrient stresses. The nutrient
deficient symptoms usually develop very slowly. To understand how Phalaenopsis
survives under nutrient starvation, we examined the effect of nitrogen (N), phosphorus
(P) or potassium (K) deficiency on Phalaenopsis from the aspects of physiology,
anatomy, and gene expression, respectively.

To investigate the symptoms and growth responses of Phalaenopsis under nutrient
deficiency, Phal. Sogo Yukidian ‘V3’ plants were supplied with fertilizer containing
different concentrations of N (0, 0.71, 7.14 mM), P (0, 0.16, 6.14 mM), or K (0, 0.64,
6.4mM). Plants were grown in a 30/25 °C phytotron, and no significant differences in
plant appearance and growth were observed during 4, 8, or 12 weeks of starvation.
When plants were kept at vegetative growth and straved for 32 weeks, N deficiency
resulted in reduced whole-plant fresh weight, total leaf area, and leaf number and P
deficiency aggravated leaf falling. However, no effects were observed under K
deficiency. The 8-week nutrient-straved plants were further subjected to low
temperature (25/20 °C) to provoke flowering. At 32 weeks of nutrient deficiency, N
deficient plants showed early spiking, reduced dry weight, and appearance of yellow
leaves; P deficiency caused decreased spiking rate along with the increase of falling
leaves and the development of purple pigment. However, the growth were not affected
by K deficiency except for delayed spiking. Besides, photosynthesis efficiency
decreased significantly after 12 weeks of N deficiency but was not affected by K
deficiency even after 32 weeks of deficiency. While low-P treatment reduced the net
carbon dioxide exchange rate, it did not affect chlorophyll fluorescence (Fv/Fm),
suggesting photosystem Il was not impaired.

There are two cell layers of velamen at the outermost of Phal. Sogo Yukidian ‘V3’
1]



roots. There are long cells with O-shaped walls and U-shaped walls in endodermis and
exodermis, repectively. Passage cells were among endodermis and exodermis and
opposite to the xylem in endodermis. These structures may be beneficial for water and
nutrient uptake and retention. Anatomical analyses revealed that P deficiency did not
signigicantly affect cell morphology of roots and leaves but decreased the size of stele
and the number of vascular bundle in roots.

Furthermore, several P starvation-responsive genes identified from a previous
microarray analysis were selected for validation by reverse transcription polymerase
chain reaction analysis. | was able to validate the up-regulated expression for most of
genes in leaf but unable to confirm the down-regulated expression of several genes.
Among them, the expression of PATC128122, encoding a RING domain-containing
protein, was highly up-regulated in the leaves and roots subjected to 12-week P
deficient treatment but didn’t respond to N or K deficient treatment. Results of in situ
RNA hybridization indicated its expression in the root cortex and leaf phloem.
Transgenic Arabidopsis thaliana overexpressing PTAC128122 driven by 35S promoter
of Cauliflower mosaic virus displayed no differences in fresh weight, inorganic
phosphate concentration, and visible appearance in comparison with wild-type plants
grown under various phosphate supplies, 250, 50, and 10 uM phosphate.

In summary, in spite of no noticeable changes during vegetative growth, the
expression of a subset of genes and vascular pattern of Phalaenopsis are altered, likely
as adaptative responses to cope with limited P. Of note, the long term nutrient starvation
during the vegetative growth severly affects the flowering of Phalaenopsis at the later

stage.
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75% (Moreira and Isaias, 2008) - 2 Re 4= 4 4 > 7% 5 1330S Apir ~ R iE S

Pl

Tehdm b RIS g ERRE L i A fﬁ_‘]',{v}';lﬁ»"rjfy'% ;\:;;g,_#éagg;g‘ fEX4FH > 1y
TP < Rt X (R 2004) » Fpt A AL KRR 6 TRDI R Y H LA 4R

VKA R R Y g A B o

A e HFERYTF ’é%%i%ﬁ%%#:%%iﬁﬁﬁm
WOF R AL A AP RO A RS JEE 2 P h% 4 (Hew and Yong, 2004) -
F e RS o 1IN AR I 0 A ePiTIR kS (perimeter) ) o B S

Foedag o @b 4 AR S RS EPiIRR R i 0 B P g a2 e R R R
b4 3+ 4 gF Habenaria petalodes # A . AL R AR o H A L wmredy
= ;¥ 2 jf Prescottia oligantha «Hph £ & ¥ L& 3]+ = 7 (casparian strips) & 1
(Moreira and Isaias, 2008) - ¥ ¢t » Moreira f= Isaias (2008) 14 3% % j 22 & = & B30
(protoxylem) i #icit i £ R 2 B FHP F R AAIIA K P hiB oy > RS ET
SHMEA R SR A AT BEL RO L A R G R Ek

R TS SRR T S S SRR ES EE RN S
4



SR SR R S R B

3 b 2k -k A F4g(Benzing, 1986; Benzing et al., 1983; Pridgeon, 1986) -

SRS RV =

A

1 W fF (Phalaenopsis spp.) B>t 2 i » £ B @ 5 p cnE 2 %+ g 4 13(aerial
roots) » ¥ 1930 4g3¢ & — Ade e 4 02 0 K 19ty (root cap) ~ & A e 3% (epidermis) ~ & K
(cortex)fe® 4x(vascular cylinder) % w 3% (> » 4238 ¢k Jy 4% 14 5 4244 (velamen)fe b & A
(exodermis) » A & p 383 — & p A & (endodermis) (% f=% - 1991; Bercu et al.,

2011) -

1344 (velamen) 5§30 h g B im0 B A F L fo A it B AR e
o B A P B S RAGK > 4o 8 B3 PR A & 482 % (Oliveira and Sajo,
1999) o 14k & T pEen fo-k A T HTEEET G s A 0 4 AP KA KA K fcd 0 A R
g doid W TR Y Lok 2 R B eRT R (3 fo % 0 1991; Moreira and
Isaias, 2008; Zotz and Winkler, 2013)- & i > 4% = ¥&(Phal. amabilis) & 2-3 & 134 >
B A 1A § & 5 iE 8-12  (Pridgeon, 1987) o ¥ gkdp 11 o ALK d? §
ZHBEFE L P Blwre o it o] o e B E A (Moreira and Isaias,
2008) © PRI A G P FREI G - L sk oo RS F B AR
%3t (pneumathode) » ¥ it 5 Z2F f B R SN e AR B % o JaiplH # %

5 35 U/ﬁéﬁ’fr/ ﬂ’« o ﬁ{'— A ’r'"t-ip L] ‘Li}’ﬁ'(q-‘ff’-} » 1991) -

IR AN K S - B R C 2 e ko LG o A K (exodermis) > g T = =X
AR, Td A fhlmz e s K- 85 £ w2 (long cell) > fmrz EEJL ¢F 2 A (outer
tangential line)fris s (radial line)4c & » & i U A4 BB % > B o gpe A K > fI3¢
Bk ka4 5 ¥ - f8 G miee (short cell) » = £ i P2 (passage cell) » $&-| ¥ &
QR kR I URRET IF B QAN A1) ré»ﬁﬁi%l(zﬁfrz; » 1991; Chiang, 1970) -
CE A e BAE o HE R A K o4 E B E 0 & OF)
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S B A Ay o B H_E0h 2 A ke Pe B4 B+ (Moreira and Isaias, 2008; Oliveira and

Sajo, 1999) -

AR (cortex) i A w2 By B9 - K wmie B B LK
(endodermis) o dpifcfF cp A K IR & F & dwre {rid e > K e GO 27 A (inner
tangential line) ~ # *» S /S M enim e B2 € @4 B o 5 O A4 KA - @ i
Rl wmre iR AR Y > TR aE A LI JP kA frk A e
B5(2 103, 1991) - & fAEF R A 0% OB BG4 § Udlsh

e+ > 4e Miltonia flavescens ~ Dichaea bryophila (Oliveira and Sajo, 1999) -

f’l’ffin‘\%ﬁF\ﬁL%c’P&mB pﬁ\&' J £ d E}E’:\gm?éf#élop‘\}%}m)?ég
SRR E R EEM R R e S4 Pk e 54 EEN 0 AR A
Ko Rame o EEMERARG PR M AR B RES (S

1991) -

WAt il FOREFRORRINGGAEZ h o SLERR S B R N E NS B
ME AR BHLEE LR E ﬁsa]}\/»\'*’%‘/v\" o s BB o W E G
e e B oo o fwre (mesophyll cell) #1174 & FRPIE L] 2w B

(intercellular air space) % » ¥ &t 7 FU3t 7 R 4% o

(=) WS e & A s e B

WA 19 3 o 1344 Bk 7 — %> Hew % (1993)a7 % @ > 3 24
Bromheadia finlaysonia 7 2 & 34% » H & jzpl pt @ g 5 5 041 umole-g™*-hrts &
# 4 { Cymbidium sinense £ *4 # { Dendrobium ‘White Fairy’ e424% & 5 10 & > e
Howx yopl fe @ eid 54 B 5 0.33 2 0.94 pmole-gthr! > B w124 & B 5 F 2P
EASATRF HFF 0 TR S ARG B o Went (1940)4% 11 I £
7B RARY 2 W Hpar > X H I d g TFeangis o F A Zotz fr

Winkler (2013)8 5 ¥ 10 8 jF #2448 4= crf3 7tk 15 4516 vk i 4 & 4w 4e >

6



ek A n A R Rl VR i b AR B 1 PR € B A kA e @ BERE
D F AR MRt B R - Ap st 4 o 1% % 4o Carbonyl cyanide
mchlorophenylhydrazone (CCCP)i% % ATPase #r#|#| » ¥ BL% | i Bk fif 30 mfode
guxfr i 4 # % jz(Zotz and Winkler, 2013) ks i AL B F R A T 4
e Fla %hﬁi}iﬁﬁﬁ’@%ﬁ#}iilj% oA F LRI NERLE DG AR T €

PEFFTOTFHARDP ORGRID AR ERIES J M LT
B Y A KRS ORET 0 IR E G ERT A A L & (Zotz and Winkler,

2013) -

WA RIR et L kY B - B PR 0 TR S H R A ST
BB et LR R G e BE e Boenil @ w0 @ i e e B4R e £ K
HEE - b P ki o A 5 6 Rl (fibrous bodies) s st BT FE L kA B IR FEAT
FaRT i H 93 & (one way valve)— R 0 B4R LG K PE € R 0 5 Ik

AN NEC N SO EE N = Stk > 3 -k bk (Benzing et al., 1982) -

L—W%’L*E*ﬂml? 'rgrr.e,\i‘ ’ﬁriFLpi;i%‘Q'Q%‘gikﬁ‘%z’ﬂ’li 53_:"_“2‘#}5‘]
ieh- 8RR 0 B LA E L2 i (Hew and Yong, 2004) > @ A MdEde bR 4

BETANAEH - B E o GlAolh kA B~ A ERAVRA BB

Ik

3

=3
2R

hi A G > AL ER G o HAF AL AEF ARl A4V R
ERhp ZF Pk Ry F o B BT A R R R ] g b ?fr(ZOtZ and Hietz, 2001) >
Flpt @ A Wmis R gk s Hb’ﬁ -‘;;AN'% R =2 CNE Al EJF T e

FPER A G EE S FRES ARG o

P B PME S e *m%%@%*%ﬁaﬁ¢%§ﬁ%*ﬁéﬁu

5 o K/ért S E o A fF FIIRE ;fz‘mu AR %%Lq v B Reig ook 2 {9

1-:\1.

¥ 15 fj P wx-k i Fl4r fo(Zotz and Winkler, 2013) = ¥ ¢k » f] % f& % I 2%



NlSlE&PKL; )y 1§ m{.,,—p&;}‘_%gb%v M%}Tvﬂb? uﬁﬁ;;g 25 s} 2R \2,\»](}1:'1,. ’ v,\vlzi E’ﬁgg

2 ek AT B R 0 X2 > % 05 X (4 R F T T AR RME g IS 3
EAR LR Er o ford L T ES T ARG RAE G F o R forg A
F 3% AR PEGER 0 2012; #; 0 2008; Susilo et al., 2013) ¢ 2w fFARIR ¥ 2 BIR

b

AR RO - o i § o TSR R R R A AR R 6

i (57%02012) B UL R3S R £ Y A6 F AR § 0L 00 25175 2 57 (% % »2010)

—-\

l—_

© ke M- 4T3

2

B4R jT AR 2 4 (Trépanier et al., 2009) e

—=\

AR o RENRE T LT 4 5 H T aE (monopodial) & 4F £ x
(sympodial) f#F < » 4F 4 -1 & £ § B3k £ (pseudobulb) » 4o & B~ 7 ALEF
EERERE  BRESEPEYARTERW -3 0 G- iR 4 7
Rz o > 1B EPFECKA 2 & 4 2 50 4 (3F 0 2010; Ng and Hew, 2000; Zotz,
1999) o o NBEIREFTHEF > F B A A F A RERBH A DR B
WAL BT B W RENTE S ATHETARTENE o F 403
g ABIREY TR BRAEHETAZIE A BREETEY A OHS,
¥ & REFARICITY T hE & BR(source) (Hew and Ng, 1996) - 41 * f& % {# F
=% NP4l § > 2 < ff Oncidium Gower Ramsey »+ % % 4 £ #p #5a 4l § & i
”ﬁfﬁﬁéi‘hﬁ“?jféﬁﬁ » AT BT EBLFIQ’]%%{‘*KA EHEEME  FEerT- B
By Rl R R e - By o B SRR E R T

AL E T2 a0 4 (5% 0 2012) o

TES B Sx3 AR S-S RILE RIS N A Tl

Mk g NP0 o et

=5
=
=8
wn
o
Q
(@]
=
7.
&
o
=
<
w
beits
o
B
I
> o
..\
il
pbs
&

fefrld > HR kB tigihffE PO E 75§ 22004 > F 2 RESZ LB pF
FoseE Al mE > AR LDE ATEHATE L LA RESink) 2k A
ERAE R R T A F o FaLAR X ff (58 & 4835 (F52008; Susilo et al., 2013)>

FEBREHIAALEREE  ERS SRR afik 27 4B p 1 FE2 L

-



R el »510 %k p p>t4 w4 LYW cpdesfly » 7o) v @ & w2
HFERALPPERG2Z§ 0% BRTCA 4 £ (Susiloetal., 2014) > ¢ #LiEHp fF 4757
WA R e el § A O gt 5] /€.43%3 4c 3 89% (Susilo and Chang, 2014) -
P REVRET A OIFE G LEFTRTEHS R4 0 R A PP RERY

STaE k2 Sl kot 5 SRpFRR TR A PR T IE R A BT A o

ENAEARE B PEFRTFLELPE
% (nitrogen, N) ~ & (phosphorus, P) ~ 47 (potassium, K) ~ 4% (calcium, Ca) ~ 4%

(magnesium, Mg) ~ Fi(sulfur, S) % fe 4 4 £ 97 2.~ « % > 3

Ik

PARER

0.1%r2 + > Flptx fE 5~ & ~ 4 (Maathuis, 2009) o #h4= ¢ & i 5 v blehis ¥ o

gl

REBFEF LG GIALERE BT LFRAETFHRE,atg 2405
AEFE 2 AR -BRBEFEZRAEATH R P RFEERTREY i
r?frﬁ J\A W5y ,ﬁ)ﬂ,\ﬁgﬁ s ] 7 pag«;g\;i%—a;tg%*ﬁax pag«hawigég;gr_,%/,}

Sefliefmrs d 2 0 RN L4 A —“F’f,ﬂ,# TALD ¥ 3k ks -
(=) %

FOELHPN LR SRR el B Ry B S A
fa boefeg s vRvA A B A L T b F S A BRI o LB 9 T e
B RHEEREd F s N BE - § vRend A 2~ (Maathuis, 2009) o & - 4
ey gt o E VY F FEECF CRE focd o 4 4 (biomass) F At L 3
BRAPM M #a R4 2 € (Sinclair and Horie, 1989) - 4+ % ¢ ¢ B ¥ (Sorghum)
L RFENSEFdFEESZRRAPHRS o p i b 2 L2 g8
£ % ## (Zhao et al., 2005) - # s=(Lycopersicon esculentum L.)*>4% § & & % -k » B4

9



AR Rk FERE RSP BT R RE S B2 kL

A P & fie % Fr4](Guidi et al., 1997) -

WAL ER P > 2 R FEEF W anF £3 F oo g ik fF (Phalaenopsis) ~ &

(Cymnidium)>>§ % k& 100 ppm ™ » £ 4 S XA chfp € - L BB EG 0 LEW
E kR S0ppm T oo THR X EF XX 2R % 0 @ E4L K 727 (Cattleya) P B

FwOkAR 50 ppm 2 B 0 FRARARE > @ AR L N2 42 € ¢ T " (Poole
and Seeley, 1978) o @ 5 * % [ 4F £ 97 L3 IPULRF %5 5 PF 0 % * R F 1§ 47 (200
mg-L™) fitk g § RBBELE R ET K E R 4 L S e & P (Wang,
1996) - % % " k& ¢ 50mg-L™ # 4 2 200mg-L?t > TR LB B EST 0 A
do ik B T L B~ 37 fi(Wang and Gregg, 1994) - sy k-7 48 33 AR Y € Rt

FESPAASLER A2AS YR T IFL RRR
®

FEEUEE L RN R E e A

=g

R AT AR ATE A LR AR B TR T AR Y R R ER(E
2007; Susilo and Chang, 2014; Susilo et al., 2014; Wang, 2000) - #8 @ - 4p ¥t 4% 84

BAFE > REPFF DG §RIGEFLEF T IREFF L FE R

-~

[ % 25(% > 2012; Yoneda et al., 1997) -

His fF L4 4ok 8- ¥ 7 (Pleione formosana) ~ 4 ¥ fF (Vallina fragrans) ~

£ 7 (Dendrobium nobile) 74 &[4 £ § ~ Bk~ 49 TR B T PF 0 - § 2 Ol RP R B

g\

#5 £ (% »1986; 3% - 1984) 5 A& & 7 (Vallina fragrans Ames) e a2 = B & # {8 7
gk EPF v iFeE 4 L EREBER S 64% 4 £ 7+ 2 (Cibes
etal., 1947) ; % &L jF (Dendrobium nobile Red Emperor ‘Prince’)“§ ¥ %5 * 1§ 7 )k &
o FRE TSR P B ESERRC T ABRT R AL F T T

hgsi ol S EBE 0 £ AL § % 100-200 mg-L'l SRR § YiE 5 (400
10



mg-LY) > & @ i & 75 % # T 5 (Bichsel et al., 2008) ; # = # (Odontioda Lovely
Morning ‘Sayaka’)* 4 § 2T 9B » FREBEEGHFRLT LR EERHI R
O HEREEEHFY ) RERS  FHEERS  TRER 2B TR

% (Yoneda et al., 1999) -

Pl g RAES gREFH TR T o a PR 2 R AT
14 (Phal. Blume x Taisuco Kochdian)®g ¥ *& * epd it ik & (NO3-N)z 57 kit §)
ARBOAMEZELEERTH P HERTHFTRS L AR E T 5 #3Y 4 (Wang,
2008) ° i i (Phal. Sogo Yukidian ‘V3’) 35 * chdaf § (NHg-N) 2o 52 kL bt G5 4
ToRERHFEE CEPEE ERHEE A RDEH 4§ BAZME 50% T L

PR TAEE THERTTH A1 3SR EGF  RIEs 248

#w
o

P

7‘"\

WG FUMFL B Y AR § HAPLA F B 5 25175 2 SR bR o Rk 2
Fic (3% » 2010) o dp b o w33 & cPrE B 7 AR EF TR ARY 4 i
FeERy O Pl Fo FERE R R S (Kubota et al., 2000) 5 @ 2w fF 7R 4F
Yo BARLF AR F EATEEF b 16 PP B E A (FkE 0 1999; 3%

2012) -
(=) 7

Bk n e s PR E & AT o 4ol @4 F 2§ 1% FE R (deoxyribonucleic acid,
DNA) %2 ¥+ iz (ribonucleic acid, RNA) 5 & % = = Eféﬁrﬁﬁ{ﬁ(adenosine triphosphate,
ATP) » i® 5 iz P g3 & B &5 23 B ERR T ER BR T B
Pl fme NC0 ¥ vh o g jgeps (Kinase) {rak ik ¥ (phosphatase) 2 gk fik 1+ {4 Bk it
R A e N Fed Fend T ay o Ft o B RN 2 TR A R
3 F A E d o § bR vefR & gL (inositol-hexa-phosphate, [Pg) © * fitE fié
(phytic acid) » 22 A8 pr a3t S A 2 A5 p o B EwF T 28 7 (Maathuis,

2009) «

11



~ A

N:«

b L PEg? o A EAPHIE P IREE RS F o A BRA L

|

RO H P G ff H BRI £ B SR (Fredeen et al., 1989; Lynch et al., 1991) o

% % & (Phaseolus vulgaris L.)* 3 B3 5. T » 5 L g " P IWn& gl » Ak 0

=

FEcE P %) (Lynchetal., 1991); % & (Glycine max [L.] Merr. cv. Ransom)

AR IR E T 18 32 X BRI E & B F 3R/ T 0L B (shoot / root ratio) " i >
RERHFEFEANHRE PEFALIAFE CEFERPFC BAREELL E
et e Bl § R RATE A chim e A 1 BT RS (TR @

Friddmex 23 28 LEp w2 SR LI FTHRAEBE > ER
% # (Chieraetal., 2002) ; H 7=(Gossypium hirstum L.)*" A BT ™ » 43303k
%o s P 4 £ X FFr4](Radin and Eidenbock, 1984) ; #-5C fE 40 e 0 A 3 3k B
TOH R TN RS R R0 K R R A AR B P

B¢ L % cwmi(Hermans et al., 2006; Williamson et al., 2001) -

WAEY Y BRSO ? R ERTF TR EF o 5 LA
(Dendrobium nobile Red Emperor ‘Prince’)*s * 25-100 mg-L™ (#a5-1 % )ik B ok
s BEREYEBREDEEREERTRAT AR THRBEFHERRF S
AT TR 2L PO ML) RlESRE SRS ER C BRE YK
% T "} (Bichsel et al., 2008) ; @ # = 7 (Odontioda Lovely Morning ‘Sayaka’)*t % 2
PELATOMM)Z AJET » L EH ) IR R K 2% 05-2mM 2 B
ok R AR E R ER A BIEF T AHkp 2 4] F £ 8 (Yonedaetal,
1999) > B 7 AL 2 # S WAMMER TV AFE I F AR 2 02 2L
sv o 4 B~ F ff (Pleione formosana) 4 W] £ #p 4k £ § ~ BE ~ 49385k P o futRILAA§
HOoR BB > RRAASIR| 2 » R HHRESRZ 8 ~ w sk & 7% i FE i
rEex i b (R 5 1986) o AR Z B {83 = 4 ¥ 7 (Vallina fragrans Ames) 4 £
R s EENEXE FSAL T HE > K ¥ 4% (Cibesetal., 1947) - A2
i (Oncidium ‘Gower Ramsey’ % Oncidium “Volcano Queen’ )3% 32 #p B 7 % * ggie »

12



Hifthe 2 &2 B3 & g aped o g e (3 0 2007) -

AR 2 B B R R E o WA v £ R2007 1421

22 85
)ﬁ!"g‘g(w ’

W

i E A

)
o

MM ERZBHT » FHFFSCESET S - fork =

2007) o »t LI [ 3 B AT R B iR 18 B S & 0 S & 2 8 (Wang, 2000) - e
BRRGT A TR AL T R A B AT SRR T g F
®3

FEITREIAERSOA R > XERE I o ek o bk & 1T 2 F E i
SHERA LETRE LT A B ET  BEARY 0l g Fodl

e -7 49 L (%5 > 2012; Yoneda et al., 1997)

G hfEr ) PR S e ) R RTELR A o & e B R e poeh

-

kaied o RS MP AT DAY KA HEARE  AREFIBH

VoIt pEipd edp S REAEE ) Bl P e B e L
(Maathuis, 2009) - - #4824~ ¢ » < & (Glycine max L. c.v. Tiefeng 31)** 42 49 & §
GCHERMR P TR F CRER RN A PERLER 2 BAR
BFIEM T M o 4 7=(Gossypium hirsutum L)R|>tak4a T » 5k & (7% 4 5% i
IPEEAFAEYY FEMP AR EORE  BE LY XL AF2EH
(translocation) = fe. » E R B ¥ 52 E 2 E o ff 7 "% (Li et al,, 2011) > 4 49 F] R %

ok FIERLBE A EBRE > BB ERF S P2 L W F

BEERGERAHTE > AR Y S % L (Pettigrew, 2008)

WAL g P 5 H(2001)3 AT S E ¥ A4 F 5 F 1 2 Wik (Phal. Taisuco
Swan ~ Phal. TS365 ~ Phal. amabilis) > # mie g8 p 4o ~ 2 A F iH M > ¥ AT =&/
e 7 B ¢ E L MO E S F Ao F (2007)3 & k37 (Phal.

amabilis) e 7 4 E N M AHF ¥ R ER2ZJ L ATEAFTIETEY » T ix

=k

25 BT 0 T2 495 B RIESH L BRI AT A T G R

13



47 0 A AT R R W e > T RIWPUCF AL S - BREEY 0 FHE LY A
B3 40 - Wang(2007)%5 = % Ik & 2 4957 4 g ik f7 (Phal. Taisuco Kochdian) » 7 #
IR A ERARE R E R T B TR TS A

e 3 WAITE S KA A AR g 4 (50mg- LA w2k s T

AREDEF  EP 68251 e A2 B BT R A FY R
2440mg-LYT > BB TR % o #5(2012) 7 5 > £ P 449 g b (Phal.
Sogo Yukidian ‘V3°)F = E F 2 Bk 0 T TR - Tk E T TR T0%1 ¢ e

A% o
i

#4077 & B2 54 & 7 (Odontioda Lovely Morning ‘Sayaka’)z. B =4 3> § *5 &

BRDAFARE THEAZLERY TR AR P HER TR
Foroe2 R R ErEEaff o x24T > 35 8 [Sdi<(Yonedaetal.,
1999) ; 4 % fF (Vallina fragrans Ames) teg & & & 8P I > 42492 Hck B 72 P2 &g >
Eraafiig ) o 2 EF ¥p % (Cibes et al, 1947) 5 &4 % - & i (Pleione
formosana)® - FIRF TV R B F R A0 F fosnk b oo 2492 foht 4 -
B2 mAgie €88 1F% @ 37T % g RPFATIE 4 A 4o (K >1986; 5%-1984) ;
% L i (Dendrobium nobile Red Emperor ‘Prince’) ] Ad* 49 © » {5 fk2 3 ~ BIR &

Ml ERETE S FERL 0 2 BT SR @ > -k #CE 4(Bichsel etal,

k

l-l

2008) o SFE M P RE I AFHFHL T RS EFETLEPLEL
EAEPT  MEENFRATFEEIPIE VRS PR E T RET R M

RN B B el 2 i b

I ~WY-FATIMIN L

W #*(Orchidaceae)tz 4= 5 4% + fe. 4~ ¥ & + - B L (Atwood, 1986) » ¥ £ 5 -
W rRend F ok > e i kA5 85 (Rudall and Bateman, 2002) ~ £2 2 -2 BF ehig s B
% (Cozzolino and Widmer, 2005) ~ 7 = p& i #H(CAM) 3| ek & 18 % 58 (G8 > 2012

Guo and Lee, 2006) ~ "2z % 7 :E42(Yu and Goh, 2001) % *4 4 (epiphytism) %
14



(Silvera et al., 2009) % » % § w3t — HEN ol 0 F ~ kS

a4

[ I
FRELNEARTS > P EPM ] EFORABEDBERT R A1 LFEE
R A e AT A Ak G 2 Wl oo PR RPN S E A R
f 7 2k F148 4p B 5= 3 (Chao et al., 2014; Fu et al., 2011; Hsiao et al., 2011; Hsing,

2011; Hsu et al., 2011; Su et al., 2011; 2013a; Tsai et al., 2013) -

WAESF A Fed YR~ 2 PFAFAFE L 32 168 B(1C =
0.33-55.4 pg) - # ¢ 1 ki I 4 (Epidendroideae) = f& & £ £ & ~ (Leitch et al., 2009)
i Uk 7 (Phalaenopsis spp.) = B & A FIMF= 7 B * F i f& - Phalaenopsis
aphrodite 5 £ B L L gk R A A v A MHE e ¢ P A THPIFLEEMA

B4 H@2n=2x=38) A Fe x| 5 1C=14pg(Linetal, 2001) F]p »
Su % (2011)r Phal. aphrodite i 5 s kg AL Flem 7 Wi (55 > B i 7
mT rgbﬁiﬁﬂ.ﬁi.?%“« SHRET CER-THTEF BT A3 & cDNA #: & > 12 Roche
454 {= Illumina/Solexa = % i & =t & & ik (next generation sequencer, NGS) >
17 4 i B 735 (expressed sequence tags, ESTS)en# B 1 1% » B F &5 7| o &
(assembly) 2 i fZ(annotation) » & {s 3435 233823 B £ dp¥¥(contigs) » # ¢ 42590
B & 3 (546 Blastx 4 1722 NCBI 4 F]E vt 4415 (E-value < 1e-10) » © #iifz 5 ©
ok T 3L R 5 875bpy H ¥ B3 1275 B 4% %)+ (transcription factors) - 1
zinc finger proteins #7 ik 5 & % (41%) > H == 5% MYB (17%) ~ NAC (8%) % #& 4% 7]
+ > ¥ ¢HE 5 946 ik #iF F-v (transporters) - 739 i jgfi= (kinases) ; @ 191233 % A
Trihigd R 7] 0 2 ¢ 5 & non-coding RNA ~ miRNA precursor % 22 3-¢ 5 %48 &

o B AT A 0 #4848 B E R < 2 900 bp - contigs & 7 PCR #§3 2 2 &
v BRHT el it B i 99.9% 0 s 0 U A FIE D T BN
W 78 F1 7 AL & Orchidstra 4 =t (http://Orchidstra.abrc.sinica.edu.tw) (& % > 2011; Su et
al.,, 2011) - ¥ ¢ > ¥ miRNA %= 3 4% . » & Phal. aphrodite ® & 7z 181 5 H i
{4 F sk ehe 5o miRNA(Chao et al., 2014)- @ 4 4 ¥ — Bipdbff o 2 8 5 494

15



Ui Phal. equestris > £ v At 2w v k2 £ &M A > BHE 5 ER ArR2 <
FEig g Phal. bellina> 3 © &8 -5 e e = EST F1 & (Hsiao et al., 2006; Tsai
etal, 2006) - & * & & ¥ & = & 3% ¢ 48(2n = 2x = 38) > Phal. equestris z Flig % ] 4
% 1C =1.7 pg » Phal. bellina % 1C = 7.5 pg (Lin et al., 2001) - %rt 7 Orchidstra 3
& > OrchidBase 7 #% 2 #& & Phal. aphrodite - Phal. equestris ~ Phal. bellina % g %

w ek o ¥ 37979342 B A7) ¢ & % 8501 (B £ fpEE(contigs)® 76116 i H fbaY A

—

7|(singletons) (Fu et al., 2011) - OrchidBase 2.0 7 #L B p£ 4 A7 4c 7 10 fafjF £ 1%
PR RTF2ZAFET N B¢ 15 1562071 i H — L F)(unigenes) » I 4e UL

&2 /4 % (Tsaietal., 2013) -

O RATIMT L GE L v B BRI B
BT AT TR ~ 3fE2 L) A g 7 (Chou et al., 2013; Huang et al., 2014;
Linetal, 2013a; Zhaoetal., 2013) » # ¢ & Z 3 & < . g Oncidium ‘Gower Ramsey’
7 OncidiumOrchidGenomeBase (OOGB) ¥ # & (Chang et al., 2011) 2 % && fF
Dendrobium nobile(Liang et al., 2012) ~ Dendrobium officinale(Zhao et al., 2013)¢
ESTs £ 47 - @m Su % (2013a)p = A %% & GenBank FHLE® > A& 7~ AR
F= chig 4584 (transcriptome) 7 31 - ¢ 5 Phal. aphrodite ~Phal. equestris~Phal. bellina -
Oncidium ‘Gower Ramsey’ ~ Dendrobium nobile ~ Erycina pusilla & > #fF & 4442
= » i & w4 * Gene Ontology (GO) ~ KEGG -~ Pfam % i& {7 # st 135 f% > o B3
Orchidstra e =t » f*+/ 7 A B #H AT AFAEH T ~ 2 F AW F L R LiF

, 2 5,7‘1 °
)\L_’I’Jl i

¥ ¢k Su % (20133, b)12 4 Phal. aphrodite z_ #4588 5 7] » K3 HcEL 4 4 8 %
(microarray gene-chip) >4 s * 3t A F1 & 2 BT 7 o % — Ry =& P 8 5 Agilent
(Agilent, Santa Clara, CA, USA) 4x60K - % 2 7 43662 i © L%z F](annotated
genes)~67038 £ 4-(probes) #F 4+ & & 60 bp; & = 'menfy o & i sc 20 5 Agilent

8x60K #2358 » 1 7 42973 BiF 4+ ¢ 35 42608 iy o irfE A F) ~ 349 B 2L
16



RNA (non-coding RNAS) ~ 8 # p 2t £ F](endogenous housekeeping genes) ~ 4 i #
& W # s 4 (Odontoglossum ringspot virus , ORSV) & Flfe 4 & & ff 42 ¥ 5 #

(Cymbidium mosaic virus, CymMV) 4 #] -

AP REPET 8 3 A

#k(phosphorus, P) 5 f£47 2 R &R peire 2 A €A% > S @57 - o
RS T RE N TR RS RE AL BEE LR 424 L & R (Maathuis,
2009) - A A EBFET N > A& p 330z 2 3P g AL B (inorganic
phosphate, Pi) (HoPO, 2 HoPO,%)s fe 4 3 P crphfie B A 384 & BB a3 42 5 m ok
RALL Y et BT R e ERES Sl o F s - AR R
B e pd i Bl gt B g #8849 (Raghothama and Karthikeyan, 2005;
Shen et al,, 2011) - @ > {54 oo Tepd™ BP-7 5 DIRELT I b MIEd A E
HATIOASHE ~ 2 324 (0 F ]~ A F K 6 3 K o $OCERL B R fo g )
R e ZAFES M) SBEpEDS e s AT 2 S 0 5] - L
ek Bk B F s 2k F)(phosphate-starvation-responsive genes, PSR genes) i# v£ 21 55 1
N FERRFL B e fc 22 38 45 (Chiou and Lin, 2011; Lépez-Arredondo et al., 2014; Lin et

al., 2009; Liu et al., 2014; Yang and Finnegan, 2010; Zhang et al., 2014) -

& Tedd A5 B T B > Pi s MIRNA ~ 4T38 5 ~ BESE ~ 4 i i 5 (¢ 482
AHE AR F e s B L s e & strigolactones) ' § B EL B iR o
Gd AFINE g L7 FRenig g o 51 aF & 312 (local) £ & Kl (systemic) sk B B
(Abel, 2011; Chiou and Lin, 2011; Thibaud et al., 2010) - B = [7 £ 19/ £2 -k #% t 42 B
FUEATFLE R = g9 s (Hammond et al., 2003; Misson et al., 2005; Wasaki
etal., 2003; Wu et al., 2013) - & 32 58 A Fldg 45 & = | - fr £ % PHR1 (PHOSPHATE
STARVATION RESPONSE REGULATOR 1) > - i# R2R3 MYB i 4x 73 2 H
homolog 2 #] PHL1 (PHR-LIKE 1) » #d & & & DNA fe#»+ ¢ - & & 1 P1BS

B 7|(GNATATNC) > 8 87 75 PSR A Fl# 44 Mehi & A 47 %5 > @ (7% (Bustos
17



et al., 2010; Nilsson et al., 2007; Rubio et al., 2001) - A fef ia% @ 7 2 3 > SIZ1 %ﬁ
d SUMO 3-¢ B i3 4% it (sumoylation):# #2 PHR 3-¢ > ¥ 2 {5 § PSR & Flehi
. (Miura et al., 2005) - H s 4% %]+ 4r MYB62 - WRKY6 - WRKY42 - WRKY75 ~
ZATG6 (zinc finger) ¢ %2 A Fr# w4 ™ ok Bid+4) RBEP A TN gk

42 B4~ & s 4995 i (Chen et al., 2009; Devaiah et al., 20074, b; 2009) -

Fkfa % & 38 F-v (phosphate transporter) 5 {847 s dc ~ EAHL B o0 & 5§
He > Riypprt 4 Fa o 5 3 Aot (high-affinity) 2 <8 fe 1 (low-affinity) & +
#f (Raghothama and Karthikeyan, 2005) o e 3= a7 @ #-H B Jov & 5 2 % R
% > & W i PHT1 ~ PHT2 -~ PHT3 ¥ PHT4 (Poirier and Bucher, 2002) - # # PHT1
FEN FIE SRR A 5 PHTLL 2 PHTL9 £ 7 ¢ 9% %F T 5 e ik }
B AT Fd o R R PilH £ #3855 » 2 B X4 ET 4
T ARINeE A e 22432 (Mudge et al., 2002; Nussaume et al., 2011)- 2 # PHT1;1
2 PHTLA &t RPERTR B ™ & fosfel > 5 & & gk B 38 3o (Shin et al,
2004) - & PHTI1s # & 39 o ®EF2 &+ > v % PHFL(PHOSPHATE
TRANSPORTER TRAFFIC FACILITATOR1)R| & 3 #5285 PHT1s j&p B &% T dn
"z menr 5y (Gonzalez et al., 2005) 5 @ 2% k sv® PHO2 (PHOSPHATE 2)£ NLA
(NITROGEN LIMITATION ADAPTATION) » 4 %t 3 f A& wre 5 F 3 i
PHT1s #-v " f2(Huang et al., 2013; Liu et al., 2014) - PHO2 % - £ % & & ¥ %
(ubiquitin E2 conjugase) » # & # 45 & =t + X P % pE 399 (MIR399) 4 45 0 &
e R B BT 0 €4 ¥ miR399 < £ A T Frd] B 4R A F] PHOZ2 thd i
(Bari et al., 2006; Chiou et al., 2006); m» NLA % — RING 3] &2 % @& % % (ubiquitin
E3 ligase) > v F N2 5 SPX domain 2 C = £ 5 RING domain » » {5 # 45 &

=+ % 3] miR827 # 4 (Linetal., 2013b) -

BT T KNP B IR 2 ﬁ%l v 2 %ﬁd F AR E B (pericycle) s PHOL »

"OE PR B 3 A 3R (xylem loading) (Hamburger et al., 2002) - #2 @ » e Ik
18



BT PHOL A Flend i A w3t fdrk = & 15 38K = 1 > % T4 515 WRKY6

WRKY42 2 2% 3 & 52 PHO2 erdrd| » g« £ enPii@i% 3 3

i\4

R g

ek
%

# (Chen et al., 2009; Liu et al., 2012) -
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5% WHRFWELBRTHEILE

#E

PP LA REETILF RG5O RRBYRT A R A

BT A R RSOk 0 AFEE% LS < 9 iy d-pF Phalaenopsis Sogo
Yukidian ‘V3’¥ v % kR % (0~0.71~7.14 mM) ~ #(0 ~ 0.16 ~ 6.14 mM) ~ 42 (0 ~
0.38~3.84mM)cria s » TN F| P RE DAL FEETEEAAE o F WU

A 30/25 C B BHRB T > RV AT A 82 12318 fERa2 R R

R AR R FHEBRISPAD B AT 12 kA E T A ES B o LA

b

R E R BLFES] o @ R R 30/25 °C T Y K 2 KR

;r

e EIT 321k 15 0 42§ RO SPAD X @ E T Ea A2 E S HR 0 43

‘3

o

&

ERld

-\

MG Rt ER T B4 T E AR

T EE 8 ik 15 0 MR 30/25°C 4 & 25/20 °C Sk Bk {7 MR LT 24 1 > 4%

’

R BEF EMCE P RF I RS RER S DL F 100% 1T 5 B
Fo) 2 RS SAERR LN FEPRES RN R ARPRE
Prebhg s 2 BB ERiEA s R AR o N ERAETRE 12T
WP R £ TEH R TR > AR a4 32 s EHRAIR LI S A LR

Bk ZEFVIFm e B % - F Lpl ik F T o

ixw
Wz

PR32 F LT B2 B E
W H R A L E 3 g At 420 12 Fuw o kAP Bk £ 8 32
FRILAREALT AT E B - oo ’Fq.j]mi“m’fﬂ‘fﬁﬁﬁ{#ﬁiﬁ.%f*«“ % 4

£ e tR P AR o
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.
G

17 4537 (Phalaenopsis spp.) & & o @icd 4 L2 ity > B A @& ¢ 4
AR I 0 69% 0 fe BEAT B gL 3 inth 4TS (T o g & 2012 E ehvh
A ERE 113522 2 £ 2 & v 32 ERE P A(Lee, 2014) o b UL T fA B
B~ P A IRTRAEZATT AT PR BEF 0 F S EFRN A
BHE TR PR LA BEFDRFEES ZHT Z R o S
THT KB WAERT BRSP4 L # 5 (Wang, 1996; Wang and Gregg, 1994) »
FEF A BT ok KA AT A A ARRYRY Er
Vv § B e R 75 FT(Wang, 2000) o ks VAL & RTROT ALz 6 4
FRILGEF BIREE TS 2 09 G R g PEIE R & 4 cha ek I
(Susilo and Chang, 2014; Susilo et al., 2014) » F] s dpF ¥ m 8 % o 0 F £ 5 -

W R~ 4F 1R A AT TR -

R
&
b
3
—
o
_xi,_
na
bl
g%",
@k
k:
~
E]
(\x
A
|l

TR RERRIABEHEN
FEETEY > WA beflg® ¢ g ek ~ g~ FTREFHI TR SR
#(Cordell et al., 2009; Yadav et al., 1997) - F|pt & 32355 5 B & w4832 F € & a0k

%E » T ,’Lpg— *“’f@#’ﬂ}"’]‘*. »1 ;1_,-% e E pi ]‘\m;&;ég_ ;L“ °

WAL Tt 245 2 &4 2 gk 2 & B8 B T (Hew and Yong, 2004) -
T Bk DR kD £ R 0 BRSO K - R
A BPAEIFERFRE LD eI EL 3 - k(M > 20145 2> 20125 F - 2007) »
FHHIGE R R A L T Gk 2 AL 0 o <0 Siglkfy Phal.
Sogo Yukidian V3’ & R*%E 7 3+ B £ D AFEHRE ! SR A BLS 7 R

B2 25 ~B~ kR BRI LY v 2 RERY AR ERLELS

=

A EHEFT > mB B PR R ROR R A A Rk ~ 4

E#Z kLT F o
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oS 2

Pkt

d BAFBRRE L FFHEF T2~ + 9 1k i fF (Phalaenopsis Sogo
Yukidian ‘V3’) 53 24 (L7 )2 | & > {HRE* hRK L 0 %1 B ES 0D
EZ3RFLELZON oA hz2BERE2 1L HEEL L 6-8 04374 ¥ o ;éf{,;—,;,,xf
3 RAERE R IR SR 85 24 (28 4 )b K AE M g2 ok B i
PR RREEIRERA S EPOR R RRTEERT £ ok skl
BOBR G R A 2 EARY 0 RIRIPURR ] v A B E > TR T I R
2 4FF 1000 i cdpsE 7 if 80%F B A Y o B fsfatEt 100 g Gk E P o
BRI

EHRLRNY AFTRATFMALY vl 1§ BE 0 AR R R
30/25 °C % 25/20 °C chp ARk BB 3 o ¥ 35 4B 1A P 32 4] 5k A& 35 500 pmol-m? s
WU TR R Pt 60%% 70%z2 B o iR ¥ AT S 101 # 10 ¢ % 102 # 8 ¢ o
e

RSP A E A FRR DE T S BRI s gmiw 2 seopl s RS ik £ 4

P B AFT2AMAR o RELS L BT AL R AT

L+NPK : & # % %2 H@e > 3 7.14mM § ~ 161 mM gz 3.84mM 4»

2.0IN: 01 &kARF 5 > 7 0.71mM § ~1.61mM 2 3.84mM 4»

30N: 7 2 §% > 7 1.61mM Az 3.84mM 4»

4.01P : 0.1 B kAR g4 > 3 7.14mMM F ~ 0.16 MM 752 3.84 mM ¢v

5.0P: % $/4% > 3 7.14mM § ~3.84mM 4=

6.0.1K : 0.1 &k R egmsr > 5 7.14mM § ~ 1.61mM g2 0.38 mM 4»

7.0K: 7 495 5 5 7.14mM § 2 1.61 mM &

8.-NPK:#Z§ i -4t f R
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bR EgRs s 1 mMMAE A MM AT Z ik ~F o et 3t & 3L R

7 (2007)2 e B @ 19 o

4

PRATIERE2EHI P REI025°C A1 iEE > 283 RAYS B
TooH - BT AT AR > W - SRR R B AR A E
+NPK 257 3flag 8w & =t > & 248 R i# 100 mL 9L o & & B 2 fo4p Hp & o pF o
SOEAAGT S SHENPK RIS FoR Y o g R B - SRR 3
- PPN A& =100 mL/=x)i#&i# = 1.3 L e— =k » #5868 $h{ 512 pour-through
A BT iRl 2 % (Yao etal., 2008) % ip| EC £2 pH & % i (8] 3.1) % &g = 1.3L
ch— Zokts o TIEC &2 T #5580 uS-cm™ T 5 T 20 uS-cm™T T > L3 pH g
A3 5250 2 F R 4 0 A e b AT R 5% 0 4~ 5 +NPK~0.IN~ON~0.1P - OP -
0.1K ~ OK ~ —NPK % 8 & 57 L &2 o

HEHRREREITRJIIFET A 0 A T A IRA
(1) Wik e Tamd L F R
PR o s LRI (Phal. Sogo Yukidian ‘V3’) i@ PFRF R > 4 G4k L

PR AR AHERIRE AL R AP D EROTRED S B -

Rkt o AR E (R P R 2 AR OB L) T IENER A T R 8 &

GBS 3 B +NPK ~ 0.IN ~ON ~ 0.1P ~ OP ~ 0.1K ~ OK ~ —NPK 2_ ## ;L 5 3 3 55 3% o
R PH B3 58 & = a L 200 mL - SRRk AR AcE 5
MBS MERRFREAT D AFERRAET o B 28 100 mL el

a2 w0 - o fE R8P RE 30/25 °C A1 F EE 0 B - RPN HAEH

Ao gl iR £ A A 4 1B R5 £ 47 (experiment repeat) # BiEREAF R L - BRE 0

fE BIREREA T LRI A BB SRR tE bR o A W3 AT {5 148

1254k > 2 fFfEtReh- L2 L 2R 4 -
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(2 WA R ERT RPN EF R

PLIEER P o s LRI 7 (Phal. Sogo Yukidian ‘V37) & Hp 4k 2§ SR~ 4 L E
TAWNERL RPN A AL EYT o HERIE 2L E 2 KA 4 D
Boo P HANIRG YA B T - SRR o A e E T F L 8
fo Al 2 +NPK ~ 0.IN ~ ON ~ 0.1P ~ OP ~ 0.1K ~ OK ~ —-NPK 23 5L k » 5=
FLEstAe R P R pH B 5.8 F v L w200 mL eh— SRk 4 R Ak
EESAEE  HERRFREATPAFEORRRET > & 2EE 100 ML e

AL T2 %07 — o PR3P %R 30/25°C A 1 F 1 F 0 B 4eE 8 e 8

Fis o RAERA A o - maF AP B 3025 °CAr1FEE V-2
BIPRE2/20°C AL fiEs BT ETAI  E - RPN EERAF o

PiRBE R 4 2 3 B £ 4 (experimentrepeat) c F BIRBR LA L - BRE A E
BRHREAFT > L RILINTF P PREEY PR o W IR (S h 32 Ptk 0 &

Atk - 2 EEANE B LARAE - VO ARRERY » A1 257

N

1224 ~32:Fp| Bk & v g F ~ LHEH kL o

NEFPEE

R S L

|

1. & F % #(total leaf number) : 3+ £tk F @ F P> s AR DE B 23T

AER

W

2. F & (leaf length) : jp| £ £ 5 AINE A LT

3. ¥ #(leaf width) : | & £ &+ p RE

4, mfi(leafarea) : » BB AERLZETERZ TR L NMNERHFE S
N(HRr2 0 1988) R E  Fa f=EE x £ x0.7221 -

5. F|H L = #c(days tospiking) @ o4 A isE LemAR S f 4 > 3 E d MR
BT s T BT % Bk o
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6. |- = fic(daysto flowering) : % - F M X EBARLERE - EI K
B RIRS T P ERTR X e

7. FSH L (stalk length) @ iRl E AT AR D B E A -

8. i 7 i (stalk width) : B & TEH ¥ - & ehE o

9. =iz (flower diameter) : Bl & % - & - p

10. % 1< & #c(total flower number) @ - B a4k B ke &R A B 2

m‘r\-_

11. @ & (fresh weight) : 4= 4odk 2 27 B (S B R pF > M FRIRE PR AT (6 A W] 425~
Ry M T o

12. 7€ (dry weight) @ B~48 {4 » #4EfhikE > 3> 65-70°C 45 7 iz 3 % »
EIBRRDIGCEEIE o

13. # % % -3 @ (SPAD-value) : 1 £ % 2 3+ (SPAD-502, Minolta Camera Co.,
Tokyo, Japan)ipl & % - ¥ SR F(d + ATy - P22 EREL)EFH

P2 E S TIE .

S N EER LR G Fpla
i 5 CAM R & 8% Afgdr » 5 7RI R K & F% 3§ Fenit » Flpt v
S w58k & i jp) 2R (LI1-6400XT portable photosynthesis system, LI-COR,
Lincoln, NE, USA)ip| & £ # eh CO, 2 ik Fop| £ > N 5 - Bop LB AP Beaynig
T 2Lk % # 44 (6400-08 clear chamber bottom, LI-COR Inc.)s % 8L % R g4 » &
1 * 5z %% | (Blue-Indicating Drierite, W.A. Hammond Drierite Co. Ltd, Xenia, OH,
USA)Z% pk4+ £ % (Soda lime, LI-COR Inc.)sjzig » sk L2 -K F 2 = § 8 48
f8 ¢ imig (flow) 3 500 pmol-s™ > F % %5 350 ppm = § &> § 3t dadcek 5 10 i)
BafL6om e BERIEY > S F BT BPholest o § LRI X

(Net CO, uptakerate) » # #) (e 4% 1 =% > £ 453 X (S B-T30lE - A FHRLPIEZE Y
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PAERFFEOSE - PAREW P ATERS - PR2ERE) REFE LR 4

LI FRL o

ZEFESEF YRR
FI* 7 4535 % £ ¥ kB 2k (Chlorophyll fluorometer, MINI-PAM, WALZ,
Effeltrich, Germany)ip| # k4 Brens — $ A RE > PIEERFE P L -pPFi 7=
SEFOBRREZmANE X ALE FEAR I 30 4480 £ 1A ok Bk (Saturating
4 *

pulse) B &t{E R E F B E E S5 Z F L3 E > 247k LA I S % 3 1% s F

(Maximum quantum efficiency of photosystem Il photochemistry, F./Fy,) °

z ~EC 2 pH E2 &3l
mpH 2 EC %(1Q170, 1Q Scientific instruments, Carlsbad, CA, USA) & i {8
% opH 34w pHI10+7 %2 4 i&{7= By > EC 3@+ 1dS-m™ &7 g

IR SRS R E e A

4 P4

RSB R = 2 % B X - (Randomized complete block design, RCBD) 4~
170 & — b 5% £ 47 (experiment repeat)#h = — & ¥ & (bloking) - 3 #2r+ COSTAT 6.2
(CoHort Software, CA, USA) stz #icd » 2 (7% > » $7(ANOVA) % & | B F £ B A~
17 (Least significant difference, LSD) » » 47 & e 2 P <0057 A F AL o 1

SigmaPlot 10.0 (Systat softwave INC., Richmind, Calif., USA) & & :#25% § Bl425" -
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5

4

AR BB A LA RRRDE B T 2 L F Bk e g

Mol > B A EH@-8-12)2 EHB21)F FIEAT A IS LTS

- SR ER R T gt KR

R L A RIERDE B AT 400 £ 4852 R ER 2 H
ETREL REGHLAF LS - VI RENFL EafFrrkALTIRLE
$- PRARFEHSPAD BT L 56.9(F 3.2) EdES o futhhEE L F g

Ei LB (R 32A) @ 445 4 (s HRPEE R GEE L v A AR A Y £ B (4

33) s AW L F FERDF B R A > ikt £ 3 ¢

i

S N

PS8 B AE PRI LEL L ELE EHBEINPK £ K F
F 860 2 B FL 500cm (£ 34) $- FARE LA G HE > #40.1P
EOT iR E L L 15.2cm o L 6390m?s % L A AST B F 0 4485 0P 2
RetNPK 2 > 42§ 2 8449502 T % - B A REDEL 2 Lo ffic] o BT gk
Kl s § ~f 498318
PREE G- PARESAELZEGAR) 0 ELTF 131cms o 4 5 499
cm? (% 34)c & A etk A ) b 0 $52 LB(BI32B) B Y ARE
1 SPAD (&t t ASR RS E X B(F 34) W HUEIE 8 A tkE B VL B
BIRE A E 2 RirE PR LR > 1 HRE-NPK sy F :m@EE L 23300

I E S 129(£35) HEF LR HE ALY

R AL IR 12 Fis o iR E PR L A2 e LR 0 25 5.2-56

BT 3w 0 1 LSD 22 a4k AR R gL

a ~E

P*" H
-r
F~
\T’m‘(.
';\,"._
T
-r
|
bl
{

i3 6 2AI2(0IN~ON~01P-0P~0.1K 2 OK)FF R 5g ¥ £ 8 - H ¥ » 42 §
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.

0.IN 2 ON A2 e (R E £ 2 £ o ] » £ 2 4k § ON AL e 44374 § 2 8
FERPE B- PAREEE A 1390m e £ 5 4 59.10m’ L Hkehg # £ (42.3 g)

A,y g

4% (% 3.6-37) 448 0.1P 2 OP AuZinfith % - ¥ A REHEL 2 o 40
RE P RAIE L 0P ASLhy - P AREFEE L 156cm EFa f 5 68.1cm’
ST R R o 4 ak 01P 2 OP AURiEtheni B E 2 BicE ¥ 3 N HRE
+NPK > BE 77 44 12 15 ¥ A s 4 tkd £ 7 % (4 3.6~3.7) 0 447 0.1K 2 0K
FRIL 12 FR R SRS - PRAREPEL ~Ea 2 RHFELT (£ 36-37)

fof R E-NPK adZinfith » RE VT H-RJREF L2 R FE oMY 5 L adled &

Bt 7

b

Mo ¥- PARESEL T 1320ms Fa A 511 em? s £ 5 E P s
FOBE D A AZT PR XD ek AEE 40590 5 LR e BiK(&

3.6~ 3.7) -

WPUERF 40T 12 s 0 SFcE T34 27-3.09 (% 3.7)» 2 ANOVA 4 45 &
B e icE 0 v & L B (Pvalue=0.1541) > 2 3 T Mz E L & L Flak 0w IR
B T3 14-15 ge w PG E A 0 a4 0K 2 f 4R 2-NPK
BTl g i o B FIRE 139 (£ 37) 0 Fob o 2w AT 1231 > NELERE
Fd o 4F 0IN-ON % f %38 % -NPK &JZ % c57 SPAD B i » R4 E ¥ ¥
i 47 0.1K 2 OK 2 e e SPAD B8 % - &1 £ 4 (k% (& 3.6) o iz 48 pheieh
BoFESE L) ALE LRI AR (B 3.2C) WU L3 FIER N B 4

SR 124 0 H PP R D R ET R e T R

SRR ERRT Tl EF R

FAPUER R % 30/25 °C cht i 3¢ 0 MRBTIERAENY £ 2
vk i o # LA RIERDE BRSO EIT 32 38 0 kA € Flt A B E
7= (Bl 33)e R ERE A5 T IEF §E SRR HRES L F
(

I

B
D

BB PN (B 3.3A))SPAD & © 3 35.2-37.20 5 47F AR P
F Ty
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38); WpEH BB ] > RERRE > NP OP B AP A

o

32 Fis 0 FEHRAY %i—E‘T?Fﬁ‘}%—J’;J)’ ﬁﬂ%,gz, 8L B m+NPK 2

v

FARFF RS SPAD 5 F (4 38) 0 T mak e A f MR R R L

§ o EE 493251 0 fEAM AR (R 3.3A)

d A 3B FEBKE AL BN RN Y AL R THLEA 201 #
2 g A E PR 0 4249 01K 0K 22 $ e 2 +NPK % 3 4.1-43 # ;@ 4
4

FoREEgR Y FEMRLOONEZ OPerF 26 #E -NPK 2R F 2.

213049 01K 2 +NPK D $ P 02§ ¥ 4B Ba 47 § BSR4 § 5 as
wipAe Y 4 £ o fg_?‘]%%g}igiﬁég\, FoE P HTE T uﬁ\iﬁ«ﬁ“'/ ,
OP AT i #f #1429 cm’e @ -NPK [ $tR o bl prat L § B~ 9= 4 =

2328 REE CRERME L5 0 BEGH T 107.6 cm’(% 3.8) -

EY RFAELVIFFEAL TEREE L G > HRENPK § 5

B

B JERTIDT49 Q5 d 4 ¢ iE 2 B L0 MO SRR S 3§ BT B -NPK

—

it £ B EF T 0 H R E-NPK i £ W 489 g EF mh-~ddame o 2

%$

27 %5 (ON~OP~0K )~ % AGL T EHhendd £ F M358 01 B F &~ 49k
1 9 (0.IN~0.1P~0.1K ‘) (% 3.9) it & ‘o chi sz £ i2 4 37 % £ B (P value = 0.0729)>
fi% 472-555 ¢ > # T RcE S 2% £ B (P value = 0.0797) 5 42t 2.76-3.42 g 5 4%

FAE R P IRGEE MOTAA g~ AR > BT 40T T € AR T F 3Ry

B —

cEeh

C‘\

k(4 39) -
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Vb b 30125 CC ok 1 F T o0 R RIRRE S B A1
IR GEG MEAST > #F 0INSON 2 § R e-NPK ¥ ¢ i & 4
R MRG0 2 0N 2 -NPK AUZ T 84T F £ F > 49 1 3 & 56% (4 3.8) » &

WY PfERER AR PR AN - T F

SEED RS LA AL LT gl B Fl 0 poRJEET 8 iF
50 AR 30/25 °CCE A 1 F i A D 2520 °C ek 1 F g 0 A1t MR
WRBIPE-FREF L T RHRAE T FERDE B 0342 32 25 BT >
LA BB 0 4§ RJEARET R 2 ANPK e R f E S PR R R (R
33B): CHL i EY (R 34B F)> 7 # A€ ¢ 2 RE S PRI RG Y ¢ (B
33B) > ¥ 7 i XAtk FH(F 34C~G) o ¥ A4LREOP AU e v s fEHRE Y
e B 0 (B 3AG) - dn i BT ¢ B i ik R e e Ed ks
R E+NPK ¢t ipf™ & £ B (B 3.3B) i mfpphenE v A > VAR
Pl A B RHTE » BB B T RGL(R 34D - H) - @ %P8 2-NPK e thdp i
W H W R PR )~ E 4 (B 3.3B) 0 T %® s Tl U (B 3.4E) - A
MESFRH E KRG o A~ 449 RJE et SPAD T 353 4 $ B e +NPK - &

§ IR erfE th SPAD g £ 14>0.1N % ON 2«7 SPAD /&4 ] % 29.5 % 31.2 (% 3.10) -

VR FRRF B SEHERE P2 LR 42 49 01K 2 0K mehfE R

‘ _n

= R

*‘:

Fw B R E+NPK

ﬁ‘e
ﬁ‘e
A
W
W
=N
=k

BAEREREL CRERH ¥
ALZ3 01K 2 OK efithen@ Tl w5 48 2 46 % > 2 F LA w5 5412
53.3Cm; @ AL T fE T - PARESEL 2 o 03308 6 AJL - 0.1P
¥ - PARESELZ Ea A Y5 1490m 2 63cm’ ik € i3 S ik
FHE TG 3233 F P HRE LA AE G TR B EINPK 2 ik de

RIL i th; 4§ Rl S fie k2 EEPER L AL PFEE Y P2 £
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£ 25 4##(15.0cm 2 62.4cm?) 0N BJZ % — ¥ S #11.5cm 2 41.9cm’ ;
15 R o -NPK f R e Ele s AFL - RE G HF ¥ - PARENEL

EERMAE LT ARIEY kM RERHFFF 125.1cm’(% 3.10) -

AN EMRFERTS R AR ERF S T RIT Y H e 3R
WIS N A E B E R L R e +NPK chi 2 R E
¥ iB® o ~u 588502659 F FHETANEE T EFHEER
B EHEEAEE AN 70902149 (2311 HHEHER - B L
Gl TR R AN H 8 AT et B (% 3.12) 0 424 01K fmeniidk A E 2 L
TrEHRe+NPK 25 F £ 8 0K 20 afithiAic € F vk MOT+NPK I R e o
WAL R E B RG> 2 F 2 R 2 -NPK £ i< 5 ON 2 -NPK ‘e

WACE TG A7 g0 FIR AN R T TR E O R B ASE o A R g

—_

1““%

%0 LHRENPK TR L1g e F B AT B R L8 (4 311)

Biimt  RAH LGN TETRERE RIS 2ZFAG S LR > B4k
BT TR £ B Mot R 2 +NPK (41.3 cm) 0 % 32.2-34.2 cm (% 3.12) >
PR (] 3.4) 0 # R 2 -NPK it B /2 R & i ( 3.12) » TP B dm o 44 2
FoE Y AT AR AR F R DT R Bk o TR L] Bk
LF SRR LP S E ] B e+NPK (5545 11.5em) (4 3.12) 0 ¥ ¢k s 48
FhE A UR 25/20 °C B 24 315 0 & AJZ+NPK ~ 0.1N ~ ON ~ 0.1P ~ OP ~ 0.1K -
OK ~ -NPK s 4 2 4 %] 5 78% ~ 100% ~ 100% -~ 11% -~ 44% ~ 67% -~ 44%2x? 100% -
BT 4k F 2 24k A2 (-NPK) ¢ RaEH 4T 34T 3 F 100%> & F % % # LR % - 0.IN-
ON 2 -NPK EJ2 8 A &) At 15 36 ~ 37 4r 28 X B 4add 41 » 49 50 $ BB 2 +NPK
P RS 42 R 5 B FrE AR IR % 0 0.1P AR e e 1 5 W 11% 5 4% 49 P
PIORE A (540 PR 0.1K 22 OK eifi fh A w30 1R 18 71579 % A @ 439 4L (B 3.5) -
LR A AL RSB T A R R ABR B R T AR 020 & AT +NPK0.1N~ON -

0.1P ~ 0P ~ 0.1K ~ OK ~ -NPK &f# =& & %] 5 78% ~ 100% ~ 100% -~ 11% ~ 44% -~
31



56% ~ 33%2 100% (] 3.6) «

AEHT O FRE RSB A SR LT il R E B GRh o e ek
BhiEARY Pl EHEIRE L (EH ¢ % - §F (Up 2 3@ K % sk % s ] (Photosystem 11, PS
)B4 %5 1% sk (F/Fu)en® b o A B3t b ey % 4 & (B 30/25 °C Tk 4)

TS AR AE LR 2T 1225 323 1(ES F P HESE L AR K
= k3

41 s (FVFM)» & - Rl P> A u2t % 1o ® 238 (7) 0 2 fE gk

ki

hdmd E(SBE2520 CHRE)TH L AP~ E 25 -32FBRE 5N
FoE I F LRI BRIt R AR L YR )TN LA RLE -
¥ 123t o RIFn st & AJZR G L8 > 27 4§ 0N &2 ON AJZenfifr i -
F VR AR Ty RJF, TE Y M (4 313 3.14) 0 BT U YAA L § b 12
Wis o bR BRI PR OO (R 3.2C) 0 im k& 1T s X Pl o (S £ A

Z a2 25323 (s o AR e fReaE - F LR ik 8 FUF, B8R 2 +NPK
WRT G AR 23025 °C Tak4w 32 s o HEo F A HEEF G 275
umol-m?.st s Fy/Fy T3aie % 0.82 H g v  £32 7 2 & i tkipit > B 32 &
£ 470 7§ BIET PR & 1% k5o e 444230 2520 °C T e kA
BRI 333Y 30/25 OC T etk 0 T oan ot MURE KR & (EF sk G M o iR

3 HP(25-32 1% )4 £ § #7(0.1N f- ON &) s » # F/Fy A F 5 T "% > & 30/25°C

TaE hH FuFp & 0.76 0 % 25/20 °C T gk E R ek F/Fn 071 &
7 PSII % S Fak § @ & B Frd] o FHERFI A ST G A R ehffpr o Y

ARl et o @ R/Fn B M X EEON RILT R i il 2§ R
2 G 111 umol-m?sT e @ ki & 30/25°C & 25/20 °C 5 T 4 #%5(0.1P
e OP md2)32 3% 18 » 2 F/Fp &4 %) 5 0.79 22 0.77 > & ¥R 2+NPK 2. F/Fy & &

FELP o v OP AU®enfd 3Rt 42 8% 25~ 32 iF - ZOF B e ok mA

4
B ¥ 5 w+NPK (£ 3.13~3.14) -
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b

B 00l 5 B 1R 8 enat £ 1 0 4 T Vanilla &4 3 ol ik

i Phalaenopsis #4t% 5 i 7 e > L5 PR a5 figik (Cibes et al., 1947,
F

Yoneda et al., 1997) o 4p >t H & (T4 o I N R B AP 18 B pFEE L et
BLAGHK 2180 R § 9 B B2 RN e BT i R R A A LAY

BF 3 EFFE S F it SGRAER Y 7 - R TN A A BB T o

AiRBR P L %5 1k Phal. Sogo Yukidian V3 &? w8l A ok
}ir’rfj ~ Bk~ 4@ e » TAHENA RFEERE #J’fﬁfﬁﬁ;;}’f“ ":‘_{E\TJL@:‘_

}E_’i‘g ’ EFE{E%’?)?;QLPQS—EJ/}V—J]%“’? \E;s:\ ﬁw#iﬁﬁ—r ‘;/fjﬁ }'@a H{;PC °

- ~RLF B PR L R

1 R34 § T2 4 £ F e ok

FRuddpap £ RS PR Ad bR PR B R 52
2 E & & = % (Maathuis, 2009; Taiz and Zeiger, 2010) # — 4k {74~ 44 § P& »
EHFRPELL Frond  E S FHAMEP B0 23D L R

X

ftEtRecE A TR 0 ER

s

£ % 2 %2 4 & ¥ 7 ' (Bondada and Syvertsen, 2005;
Guidi et al., 1997; Nevins and Loomis, 1970; Zhao et al., 2005) - 4* § %3 & 48 = »
g’;fg@w,%ﬁ%‘v‘ﬁ,ﬂ BB R A F €ESER I (stroma)E d ~ d F
f(plastid)s v 7 = > ~ A (grana)"a e " ST B ~ FEHP R £ kE
(Bondada and Syvertsen, 2005; Hall et al., 1972; Thomson and Weier, 1962) - m § = %

BE A E F P xS B F RB T ¥ T R EHF IRE 1 45 Johnson, 1973;

Vesk et al., 1966)
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AR 0§ A F H B ey ikF Phal. Sogo Yukidian ‘V3’end £~ B S A R
HERL PARROTEE 4 2 F OHGRE S IR A F T 8 R EFLEER
TR K- B R RE AR 2 ANPK (£ 3.4) ¢ 44§ AJE 12 3518 0 fEthengh HE Y
B R R T B F R (& 3.6) 0 ON UL cfd padit £ P AT (4 3.7) B % 24

R 0 F OIN AU R 5 ¥ oob o 45§ fitkz SPAD T o fe b

\2

BN W EIT e w f B(& 3.6 B 3.2) c Ak F AT 3218 WU
et ERP RS R HEHR-Eoff ~FL L qcd y T H Bl
1B (4 38-31L) s bt pEEs )l £ E IR F (R 33)  #F HEHR LR
2B R AU CH R E s R IR FRERC AR TS R 2
F ON U2z fEHK 6 3 4 15(4 3.12) FTH &R BE ~ 0L %" K(4 3.11) -
BEOCEIDEFTHEEFTIORS PR FE B TS5 92 100% (B 3.5-3.6) ¢

PR F R EY AL 2 TR (B 34BN F) o

*iE% ¢ o pUEEF Phal. Sogo Yukidian V3’4 § 2. 4 £ F R 2 ok &2 35(2012)
ek % 4p 4 o kP37 (Phal. Musashino ‘90° x Phal. Hakalau Queen ‘America’) f44 %
BBET 5B UM IERE S L E R L] R EER S EREE S
B r g F kR E R fuikic £ T ¥ (Yonedaetal,, 1997) - H s fFALitd
et F-EW O FEF AT SR EGR G R PR R A LT

E~FE - EMHELE T SRR S % (R > 1986 ;5 5% 0 1984;

Bichsel et al., 2008; Cibes et al., 1947; Yoneda et al., 1999) > &5 7% § 5 ¥+ fF f1 45 47 o

BRI EL A FTEREEE AL F TR RS ERFTAESE M
ke BRiodimg i

¥ OOk o Bhgm e gE AR PN Ip MR LR 2 B 4 K IR N O s g

~=be
e
&)

% RE & - Wang(2000)> i i 4 P LA AR F 2 M F B AR T H BT
PRF BENT O BB RILE 0 B E M S Ao 0 2 RPN - B

|

-1
T

K
s

2 g A e

o0 Fom M e PR T R EET B R
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R AR I TEAAARE S AT HBIEFRE T 3 > % K eng B

BRBHWER gL EF B9 52 R ERLPHZ - F <] >

§ % B THcE L RTE 4 K (Wang, 2000) o @ AP S IR 0 e B kR
R

B B F G ff 2 B £ (Wang, 1996) -

&

FEFTHERG > FWERF PRI LEET O HTI SWEHARE
A2l 2V R g o Ra o AU R AL L G RF PR o ek

F 123w mEEd hELAFE F R BEF TR o

2. WYL RHBET 2.2 £ F BB AR

i femre N £ & 0 £ hle S Ak 0 ¢ 45 DNASRNA -~ ATP & 0 & 5
£ ETEH foek e (B4 00 ? B S @R 8 L S e sieehpt Yy & (Maathuis,
2009; Taiz and Zeiger, 2010) o fe 4 fdt ik € Frd|E & Al4e2 F5 > e & H e
EREFAELRINI O BEFFPELEGHR S @3 Pz AHFT
*# (Chiera et al., 2002; Fredeen et al., 1989; Lynch et al., 1991; Radin and Eidenbock,

1984) - A% P o i Phal. Sogo Yukidian ‘V3’¢ w3 gk 12 it % > o ¢hjes 4

LRy e LET TR (& 3.2-3.7 C B 3.2) 0 Tk AR
RPN PR RES 2 R 2 35 FHEBRABIR2ER AR E AL LR

A Lo fEtkE R ARV T RO edk § RE 0

FAREEE 2 L E M B Y G AEE T % (% 3.83.11) -

PE(2012) T T BT iR ATE 2 LR BR8N B RE R R o KA
AEH%? > - PR REZELZ o ff Tk M +NPK B 2 (4 3.823.10) 0 7
GAAF 2 H - PRAREREF R E > T PR BERY F T hEH(F- 8
SHE) AL RBERE S E P 4 L RS KRRIP R L £ DT
F(FHARET) T FAwibfrd 2 L8R HHhaEe #7518 R 7

BT REF C CRFFENREEL o LS TR R R RE
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FIE 5 R 0~ 5T E F75(7 0 2012; Yonedaetal., 1997) o ¥ frdn d o 35 8 4 £ 5
P~ WP T aF Y ow ek 4 (Herrera et al., 1978; Zotz, 2004) » #* 3R %

TR R AT i E AR R - HRFE

B AR BEE T oF LGk > ¢ ) BT 5 % & Sk

FlaR~BFFFAHED

-\1\14

‘e % (Hammond et al., 2004; Hermans et al., 2006;
Lawanson et al., 1972) - 2 z5% ¢ » sy >t adm 12 3% {8 » £ 4 L% (8 3.2) » 244
32 SPAD B ¥R e aR ¥ LR LESPHERLLE(F 33 2 BT
BHEE S EE S RIRAB T2 HREE - 6y ¢ > SBg SRy
% iz (75> 2012; Yonedaetal., 1997) - =F 2 en k0 ¥ v E5 0 Wl AST Y £
BTahfpd o BAK MR Tmep RS F2 LA ESME X LI

(Chalker-Scott, 1999; Hoch et al., 2001) -

WP B & ehm A 2y 0 > = F 3 (Trifolium subterraneum L.) f7k
B & AT o 15k A4 € 1 ¥ (Rossiter, 1978); # #w(Lycopersicon esculentum Mill.)
%510 % 15 > 7 5% %™ *% (Menary and Staden, 1976) - A dd iy B =& b > 2 E%
€ pralip i cnd m A Lo R 5T M T Ok BoR b (P50 2012; Yoneda et al., 1997) -
*E% P 0 0.1P # A a2 enfe $R 4 5 1 11%(B) 3.5) 0 @ OP /aJd@ 2 34 L 5 §

01P AL R F 7 i Stk A S KA B F M AL SABDEA BR

+

i
ot s k) (£ 3.12) o dg ifF (Phal. Musashino ‘90 x Phal. Hakalau Queen

‘America’) A FETR B T 5 B * > 30 4L F ¥ 4% (Yonedaetal., 1997) -

3. WU AT 2 4 R F R AR

P roafFleeBEE s FIER RO FERERRT SRR A ER
#+i6 #2(Maathuis, 2009; Taiz and Zeiger, 2010) & F5k ¥ - 44 49 A2 vhfe PR 3530
49812321 > bR BT F 2 g Eieakd ok (K] 32233) 0 2 &

FENPK R EP 02 > g F 4440 2 31 > AR WF R L ETALHMEFZERK
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BB ERCSELEEGHF  EHRFLEEE RINPKHR ey B F LR
2

(% 38-311)c A H @ %Y - 4 BT44m 73 ¢ $lgiiff » A s EH g 2
PR fERO{GENEe o R ey £ £ 2 (P 2012; Yoneda et al., 1997) - 24
Moo g A 7Rk R enge s atig B (Phal. Taisuco Kochdian) = & > 827 ¢ 2 5837

4 Pl sk RARE 0 ATE 2 ¥ £ & H F4% < (Wang, 2007) -

AN

-
F

AR dp A 4ew g B i LRy (8 TR 1S & (P50 2012; § - 2007; Wang,
2007) o ek EE P o 247 Jgve - HHNPK $HR 27 F ook 5 0 gl L2
BipER s 01K 2 0K ad2 2 48 tRAP T ¥R 20 w2 {5 29~ 37 % ] 30 4L (]
35) WEHEAFERF > LT AAF AR 2E (B 34D H) HiEHEL ~ -
HEZ2 ke HRes £ 8 Lo kfici (£ 311-312)c #Am > H s F%? >

MUY R o hoR BB TR i - 3k b i (Phal. Musashino
‘90’ x Phal. Hakalau Queen ‘America’)* & %4+ 49 5 3 ¥ {4 3& 5 3 #L (Yoneda et al.,
1997) > 4 -3 Phal. Taisuco Kochdian ¥2 Phal. amabilis « 5 e {L &2 B 7R 2 X

go ek R B 58(F 0 2007; Wang, 2007) - s - Phal. Sogo Yukidian ‘V3’ R %.%(2012)
FRBE Y o K49 0.1K AJIT cfE tR3e T PEF R 2T PR AR iy 0 2 4k 4w OK AJE e tR

WS o

Fﬂ’éﬁﬁm’mm§%4ﬁ4Fﬂﬁ’wﬁzf%iﬁ?gﬁikéﬁ
47 (% »1994)- i il fF Phal. amabilis §= Phal. Sogo Yukidian V3’3t 3 4T 2 B {<Fg£C »
FHEERP g kR ;B REB A% 5 TE2m ERHEFTE(T
2007) - ¥y - # Phal. Sogo Yukidian ‘V3’#t4m5 0 mM AT T » foHL £ 75 5 g A
% 7k SR AEFk e 49%7 2206 (%55 2012) B h A A EH T 4 ¥ s b o
BEFULEP P WERAEFRAG I EHRE  EraEFF Lo (Mo
2001) - % 494 Phal. Taisuco Kochdian & 42 ** #f& = » % & -] %+ 50 mg-L™ ehgm 5
FRFERAR YR > TEEIFAF K B R R pEX ERH

e A o DB AR RARRE A I NE RSk A BT R E T
37



ko 3t 244 AR (0mg-L)T 2 B f5(Wang, 2007) o 47 5 3 S22 <% 0 4k
2 MU E Y R PR R W 2 AT (M 0 2001 Wang, 2007) o 2@ o B
(2012)z% 5% ¢ - Phal. Sogo Yukidian ‘V3’R[** F = 4 4 £ ¥ F v ~ BB R G o 12
HFQROONB AR REET DA F 7 R F R L 2R EMER
T TR EMERR S PR ETHLARFT el L EES I T
FEADPELATE o Fltabdns P dd P rEF 2R g o AR 0 it
Gt R FREFESF C(FI33B) T TR AAEKY o TR

GA - B e K w s T R KRN B de RS X L E T

—

RABA G B0 GETHEERET .

PRSI Y AL EDR > HES AR LPE ] kIR AR

o+

PREERATCFETTHFTE o0 WPEFT L ERFRE A i o & 4

oY RO MR A ER TS A E YR Ak RS R TSR] e

fra
—
P
ﬁ

WA TN S FARRRF IR TR R T E A A

=t
Kl
P
i

BB~ A (T 0 2007, Wang, 2007) > Flp st ig A B 0 4o e

<k

A

Y

o s sl g s
ELEED

SN ARAEREABREFNEARLBRTLAR

W2 P A LR BBy v S wo ek T a s BT - R(M

2014; #5 > 2012; % - 2007; Susilo and Chang, 2014; Yoneda et al., 1997) -

BAERK Y o AT 2 EB 4 5 Phal. Sogo Yukidian ‘V3’en2.8 <t ¢ w0 &2
PE(2012) 1 * 2 EAR I 0 & g (2012 AR 0 0 P W ERAA F o~ A ESAIE T
Bk » EHREF L LB F B IR > by LR 2012) - A% o &
o g ek 0 L RJET Y E S RS(R 32) R ESA ERE
5 o

3 5

e
’52' i,
i ?m\w-
e

WF 2 2Rt SPAD @k i > BEEEHRZ 2 (£ 3.6) MR

¢

HH
Ak

Bk A BABM BT > 4k 9T 323K (s 0 B F IR E MR 4 £ 2
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e R E %% (R 3.3)

Fit (2014) 4* %445 ¥ i Phal. amabilis §= Phal. Sogo Yukidian ‘V3’/& 5482 32 &
EEARTFFE B4 AT A S AL FES% 0 S 3 B 1S 0 & F R
PE B PEBRP RS BB AZR I AR AP AL AL 6 B2 (54

Ak
Rt S R S A A L EER T A S A R ol
4an

% (2007)1#¢ * Phal. amabilis ~ v (E B ot 4 2 f8fk)» 6 * 2 FER 2 § (0~
7.1+143~216mMM) ~ 850~ 0.7~ 1.4~ 21 mM) ~ 42(0 ~ 2.1 ~ 4.2 ~ 6.4 mM)#7 3L >

RHRFFAL 18R " ALIFER~AZHPUSF S -BRrPE S B

-

P2 BELARDBE SRR #L AR PEN R BT PRM I i

TREABGR T AR A F R E N A ASEHN N B Y

3=
T
l?!

E-)
e
i
&
£

WS e T AP ERALLSRL > BTTPRFTEY S P p7
g d o d2 FH T e @ % (Susiloetal, 2014) 0 & % w2 £ R

A - 4 3. (Susilo and Chang, 2014; Wang and Gregg, 1994) -
FEIHRG > T g NGRS AL TR LG IR 0 By TR

BERE AR ARENRY BT Py R PR TGP RELR g

BIERAR AR 22 E THEREL ) * o R HE LB LG %

ZRLR IR FE AL LB a K E

WA R AL PR THEEI A AL £ AR I XFREFZE > TR
WA E P IR 25/20°C T TR BpE > ¢ AR 0 B - B A4F A 28°C 1t eh

BTOERE ¢4 E ¥ «n24 £ (Blanchard and Runkle, 2006; Sakanishi et al., 1980) -
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MBS R RRRMELEd ERRELEFHFFAFI CRL

£ (%5 » 2008; Susilo et al., 2013)  F|}t A2 ¥ - WPUF I AL 8 % (8 > A B § A

bl

30/5°C B aIFY A4 L > A H1 2520 CHEFEF AL £ > B ST
Bz W 29 ok R 4 F SR MR ERES P ESE 25 (R

33) 4 54 £ T ftk SPAD 304 F AR F 004 % 4 £ T k(4 3.8+3.10) -

P

- PAHEZERHFUY R AL THKRKS (£ 3.8:3.10)0 ¥ i Flig it R

F2
(30/25°C)s 5 ™ H % § $ B ¢k & 1T % »z% (Guo and Lee, 2006) -

FABE > 350 30/25°C T B T g iR F 32318 0 hE ERA SR

\

S 4L F it} 33% - 56%:rtE b 4T (% 3.8)c T il B T 0 HARALF LR

<k

oW AR § A e ETE A 4 % (shoot apical meristem, SAM)p g -k 1t
Lpa g aogp, CHAETHMY AN Y EFFETS FIERNETEAL S
R R T B ETRE R S A 1o F 4 1 H5¢ (Chieraetal., 2002; Raper etal.,
1988; Rideout et al., 1992) - @ f— # fo& ¥ ch %2 % 42 > b4 % ¥ (Torenia
fournieri Lind.) 22 2] £ % 2 (Pharbitis) » f]* "s K2 2 Ap e ~ % > 7 BB 7 &

i (Ishioka et al., 1991; Tanimoto and Harada, 1981) o 7A@ » j&_ <8 3% T ik § b

YR B TRk R 0 BEAW 755 100% (B 3.6) 0 fe ik & (% 3.12)

T IR AL T chk 2 v

L HRF 5 B % F& % BH(Crassulacean acid metabolism, CAM){e 4 > # 343t e gt B
I Q4= § i S PEPC (Phosphoenolpyruvate carboxylase) 7 < = v g ¥ % fi% >
REutiereR o AP FI L FEMPN T Rucisco B R S BRI &
o= F PRLA E2F B (5 0 2012; Guo and Lee, 2006) o e 47 ek & 1E* B LA

B2 EBgT s ILFH TR T L F R A FEIR LT anF 2

E Rk 5 0E% 4 E Y hg Tk R R ILD 4p b (Evans, 1989) o — 45 (4
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4ot (Oryza sativa ‘IRS’) ~ 1= (Gossypium hirsutum L.) ~ % 3 (Sorghum cv. DK
44C) ~ 4 #=(Lycopersicon esculentum L.) ~ 3. ¥ (Zeamays L.)> 4% § TR T » k & iF
*axF R o4 € R AW € B2 F T "% (Guidi et al., 1997; Huber et al., 1989; Longstreth
and Nobel, 1980; Watanabe and Yoshida, 1970; Zhao et al., 2005) - #:&%% * > 4% % (ON

FJR) g g - F MR S RFy BT T BT R A
4 EPFE(25/20°C etk B )4 § 32i% 18 0 - F MR S B FF, B R AR
(% 3.13 ~ 3.14) - iz 47 (Phal. Musashino ‘90” x Phal. Hakalau Queen ‘America’)

FF BB TR 0 ez § v EE 570 i<(Yoneda et al., 1997) o 4 §

F_‘-

BAELFEEEr mF TR AT R RFL R FESET P ESMER ST X
Flet i H ATk & (F* s kg ¥ T "% (Watanabe and Yoshida, 1970; Zhao et al.,
2005) » & g F 5 ¢ % & % < (Guidi et al., 1997; Longstreth and Nobel, 1980) » "% i
= § i gk v 2z (Heitholt et al., 1991) » & F]k & 2% -~ Rubisco ~ PEPcase % % &
# v 13 (Osakietal, 1993) » @ 35§ T ¢ i & F/Fy "% 1 7 50 Flak § Fr 4] 3o

B & Ak kSl (Photosystem 1, PSI = 3] 3 2 2 $-4R & p % 4% Si(antennae)

™

T

S

W s i B 2 %k v < (Guidi et al., 1997; Lima et al., 1999) » 45+ i » 44 § i3

B

l“‘b

FHEFEEEZFTE S UEFEIHRF T RCEREFEIRENR A

2 L VAR I SR SRR A

\\\?{r

B LT P kE RERE s
L5 J o f&4 (Oryza sativa ‘IRS’)* 8 m™ » FEFRARARF AL > L H - E &M
T2k & 1'% »xd T % (Watanabe and Yoshida, 1970) ; ¥ £ (Phaseolus vulgaris L.)
MREEI2 XS D F R FEER T L FFn B2 EHERRILG L
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Table 3.1. The eight nutrient solutions of different nitrogen, phosphorus, and potassium
concentration.

Fertilizer NH4N03 NazHPO4 12H20 KCI MgSO4 -7H20 CaCI2-2H20

treatment” (mM)
+NPK 7.14 1.61 3.84 1 4
0.1IN 0.71 1.61 3.84 1 4
ON 0 1.61 3.84 1 4
0.1P 7.14 0.16 3.84 1 4
oP 7.14 0 3.84 1 4
0.1K 7.14 1.61 0.38 1 4
0K 7.14 1.61 0 1 4
-NPK 0 0 0 1 4

*The Concentrations of minor elements in nutrient solutions: 0.1 pM NiSO4-6H,0, 25
},lM H3BO3, 5 ],lM Ml’lSO4 'Hzo, 2 },lM ZHSO4 '7H20, 0.5 },lM CLISO4 '5H20, 0.1 },lM
H,Mo00,, 4 uM FeSO4-7H,0, 4 uM Na,EDTA -2H,0
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Table 3.2. Effect of different concentration deficiency of nitrogen, phosphorus, and

potassium on total leaf number, length, area, and the 1% mature leaf length, area,
SPAD value in Phalaenopsis Sogo Yukidian V3’ after 4 weeks of treatment.

Fertilizer Total leaves 1% mature leaf*
treatment nymper  -€N9th Aregly Length Area SPAD
(cm) (cm?) (cm) (cm?) value
+NPK 48a’ 43.8a 139.0 a 11.4 ab 41.5 abc 56.9a
0.1IN 4.7a 416a 131.2a 11.2 ab 41.5 abc 56.4 a
ON 48a 44.6 a 142.0a 11.8a 43.4 a 57.1a
0.1P 49a 43.5a 134.2a 11.4ab 41.7 abc 57.8a
oP 51a 45.1a 139.7 a 11.7 ab 42.0 abc 57.2a
0.1K 5.2a 45.1a 1354 a 11.2b 39.7¢c 575a
0K 5.1a 45.2 a 1334 a 11.3ab 40.0 bc 55.7a
-NPK 5.2a 44.64 a 136.0a 11.7 ab 42.8 ab 56.2 a
Pvalue 0.6533 0.7654 0.5909 0.2731 0.1723 0.6313

* Means followed by a different letter in columns are significantly different at P <
0.05 by LSD test; n = 4.

Y Leaf area was estimated by (leaf length) x (leaf width ) x 0.7221.

*The 1% mature leaf was counted from the top.
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Table 3.3. Effect of different concentration deficiency of nitrogen, phosphorus, and
potassium on total fresh weight, shoot fresh weight, root fresh weight, total dry
weight, shoot dry weight, root dry weight, in Phalaenopsis Sogo Yukidian ‘V3’
after 4 weeks of treatment.

Fertilizer Fresh weight (g) Dry weight (g)
treatment  Total Shoot Root Total Shoot Root
+NPK 34.1ab* 22.1ab 12.0a 1.9ab 1.1ab 09a
0.1N 32.3ab 20.2b 12.1a 19b 1.0b 0.8a
ON 35.2a 22.8a 12.4a 2.1a 12a 09a
0.1P 33.0ab 21.0ab 12.0a 2.0ab 1.1ab 09a
oP 34.0 ab 22.2 ab 119a 2.0ab 1.1ab 09a
0.1K 324 ab 205D 12.0a 2.0ab 1.1ab 09a
0K 31.8b 20.5b 114 a 19b 1.0b 09a
-NPK 32.9ab 21.1ab 11.8a 1.9ab 1.0b 09a
Pvalue  0.4463 0.1601 0.8971 0.4372 0.1022 0.472

? Means followed by a different letter in columns are significantly different at P <
0.05 by LSD test; n = 4.
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Table 3.4. Effect of different concentration deficiency of nitrogen, phosphorus, and

potassium on total leaf number, length, area, and the 1% mature leaf length, area,
SPAD value in Phalaenopsis Sogo Yukidian V3’ after 8 weeks of treatment.

Fertilizer Total leaves 1% mature leaf*
treatment nymper N9t Aregly Length Area SPAD
(cm) (cm?) (cm) (cm?) value
+NPK 6.0a° 50.0a 162.3 a 14.9 ab 624ab  56.9a
0.1IN 5.3a 455b 154.1 abc 14.3 bc 58.4 bc 56.4 a
ON 5.7a 46.6 ab 152.2 bc 13.7 cde 55.8 cd 57.1a
0.1P 5.8a 49.3 ab 162.3 a 15.2a 63.9 a 57.8a
oP 58a 47.2 ab 158.8 ab 149 ab 63.0a 57.2a
0.1K 5.6a 453 b 146.7 c 14.1 cd 54.6 cd 575a
0K 59a 48.5 ab 155.7 abc 13.5de 52.8 de 55.7 a
-NPK 59a 46.3 ab 146.8 c 13.1e 499¢e 56.2 a
P value 0.5245 0.2722 0.0094 <0.0001 <0.0001 0.6314

* Means followed by a different letter in columns are significantly different at P <
0.05 by LSD test; n = 4.

Y Leaf area was estimated by (leaf length) x (leaf width ) x 0.7221.

*The 1% mature leaf was counted from the top.
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Table 3.5. Effect of different concentration deficiency of nitrogen, phosphorus, and
potassium on total fresh weight, shoot fresh weight, root fresh weight, total dry
weight, shoot dry weight, root dry weight, in Phalaenopsis Sogo Yukidian ‘V3’
after 8 weeks of treatment.

Fertilizer Fresh weight (g) Dry weight (g)
treatment  Total Shoot Root Total Shoot Root
+NPK 40.8 ab” 26.7 ab 14.1a 2.45 ab 1.35a 1.10b
0.1IN 40.4 ab 25.5abc 14.8a 2.44 ab 1.31ab 1.12 ab
ON 40.6 ab 25.0bcd 155a 2.56 a 1.31ab 1.25a
0.1P 42.0a 27.2a 14.7 a 2.44 ab 1.35a 1.09b
oP 41.8a 26.6 ab 15.2 a 2.44 ab 1.32ab 1.12b
0.1K 38.6Db 23.8 cd 14.7 a 2.31b 1.22 bc 1.09b
0K 39.6 ab 249bcd 14.7a 2.41 ab 1.29 abc 1.12b
-NPK 37.8b 23.3d 146 a 2.33b 1.20c 1.13ab
P value 0.1003 0.0025 0.7031 0.3778 0.056 0.254

? Means followed by a different letter in columns are significantly different at P <

0.05 by LSD test; n = 4.
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Table 3.6. Effect of different concentration deficiency of nitrogen, phosphorus, and

potassium on total leaf number, length, area, and the 1% mature leaf length, area,
SPAD value in Phalaenopsis Sogo Yukidian ‘V3’ after 12 weeks of treatment.

. Total leaves 1% mature leaf*
Fertilizer -
treatment  Number Length Areg Length Aregl SPAD
(cm) (cm?) (cm) (cm?) value
+NPK 5.4 51.4 ab 174.1 ab 15.1 abc 64.0b 58.8 abc
0.1IN 54a 47.7 be 162.5 cde 15.0 bc 64.3b 53.2 de
ON 5.3a 45.0cd 152.7 e 139e 59.1c 505¢e
0.1P 5.3a 51.6a 181.1a 15.4 ab 65.9 ab 57.5bc
oP 5.3a 49.8 ab 172.7 abc 15.6a 68.1a 570c
0.1K 5.6a 51.2 ab 166.8 bcd 14.6 cd 585¢c 61.2 a
0K 5.4a 48.7abc  161.1de 14.3 de 56.9¢c 60.1 ab
-NPK 5.2a 42.4d 1405 f 13.2f 51.1d 53.9d

P value 0.8008 0.0005 < 0.0001 < 0.0001 <0.0001 <0.0001

* Means followed by a different letter in columns are significantly different at P <
0.05 by LSD test; n = 4.

Y Leaf area was estimated by (leaf length) x (leaf width ) x 0.7221.

*The 1% mature leaf was counted from the top.
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Table 3.7. Effect of different concentration deficiency of nitrogen, phosphorus, and
potassium on total fresh weight, shoot fresh weight, root fresh weight, total dry
weight, shoot dry weight, root dry weight, in Phalaenopsis Sogo Yukidian ‘V3’
after 12 weeks of treatment.

Fertilizer Fresh weight () Dry weight ()

treatment  Total Shoot Root Total Shoot Root
+NPK 46.9 ab’ 29.3 ab 17.6 bc 2.9 abc 1.5 abc 15a
0.1IN 46.7 ab 27.6 bc 19.1ab 2.9 abc 1.4 bed 15a
ON 42.3 cd 25.1d 17.2 ¢ 2.8 abc 1.4 de 15a
0.1P 49.0a 30.6a 18.4 abc 3.0ab 16a 15a
OP 49.2a 29.6a 19.7 a 3.0a 1.5ab 1l4a
0.1K 46.2b 27.6 bc 18.6 abc 2.8 abc 1.4 cd 1l4a
0K 44.7 bc 26.4 cd 18.3 abc 2.7¢C 1.3de l4a
-NPK 40.5d 225¢e 18.0 bc 2.8 bc 13e 1l4a
Pvalue <0.0001 <0.0001 0.0931 0.1541 0.0012 0.3497

? Means followed by a different letter in columns are significantly different at P <
0.05 by LSD test; n = 4.
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Table 3.8. Effect of different concentration deficiency of nitrogen, phosphorus, and
potassium on total leaf number, length, area, and the 1% mature leaf length, area,
SPAD value and spiking rate in Phalaenopsis Sogo Yukidian ‘V3’ after 32 weeks of
treatment in 30/25 °C phytotron.

Fertilizer Total leaves 1* mature leaf* Spiking
te
treatment Length Area’ Length Area SPAD @
Number (cm) (cm?) (cm) (cm?d)  value (%)

+NPK 4.1 55.1a 220.1a 17.2 a 71.3a 51.1bc 0
0.IN 28bc  34.7c 137.5cd 14.1bcd 589abc 352e 33

ON 26¢C 3l.7c 1245 cd 13.1cd 51.8bc 37.2e 56
0.1P 3.2b 42.4b 174.7Db 159ab 675a 54.5ab

oP 26¢C 35.1c 1429c 149bc 629ab 48.7c
0.1K 4.2a 53.0a 207.1a 159ab 65.1a 54.5ab

0K 4.3a 525a 199.4 ab 148bc 59.6abc 57.7a

-NPK 24c 285¢C 107.6d 12.7d 49.4c 42.1d 56
Pvalue <0.0001 <0.0001 <0.0001 0.0023 0.0275 <0.0001

? Means followed by a different letter in columns are significantly different at P <
0.05 by LSD test; n = 3.

Y Leaf area was estimated by (leaf length) x (leaf width ) x 0.7221.

*The 1% mature leaf was counted from the top.
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Table 3.9. Effect of different concentration deficiency of nitrogen, phosphorus, and
potassium on total fresh weight, shoot fresh weight, root fresh weight, total dry
weight, shoot dry weight, root dry weight, in Phalaenopsis Sogo Yukidian ‘V3’ after
32 weeks of treatment in 30/25 °C phytotron.

Fertilizer Fresh weight () Dry weight ()
treatment  Totg| Shoot Root Total Shoot Root
+NPK 74.9 424 a 325ab 5.55a 241a 3.14 abc
0.1IN 54.6d 255¢ 29.0 bc 4.83Db 1.66d 3.17ab
ON 50.5d 22.1cd 28.4c¢c 4.72b 1.51 de 3.21ab
0.1P 63.6bc 333D 30.3 abc 5.10 ab 2.02 bc 3.08 abc
OP 56.3cd 27.4c 28.8¢ 453D 1.76 cd 2.76 ¢
0.1K 70.0 ab 37.2ab 329a 5.08 ab 2.18 ab 2.90 bc
0K 68.1ab 35.0b 33.1la 5.00 ab 2.04 bc 2.96 bc
-NPK 48.9 d 17.6d 31.3abc 472D 1.30e 3.42a
Pvalue <0.0001 <0.0001 0.0003 0.0729 <0.0001  0.0797

? Means followed by a different letter in columns are significantly different at P <
0.05 by LSD test; n = 3.
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Table 3.10. Effect of different concentration deficiency of nitrogen, phosphorus, and
potassium on total leaf number, length, area, and the 1% mature leaf length, area,

SPAD value, in Phalaenopsis Sogo Yukidian ‘V3’, which were grown in 30/25 °C
phytotron for 8 weeks and then in 25/20 °C phytotron for 24 weeks.

Fertilizer Total leaves 1% mature leaf*
treatment nymper  -e"9th Aregy Length Area SPAD
(cm) (cm?) (cm) (cm”) value
+NPK 4.6 a* 54.1a 205.0a 15.0a 62.4 a 452 b
0.1N 4.0 ab 43.4b 155.9 cd 12.5bc 49.4bcd 295¢c
ON 3.4 bc 38.8 bc 139.3 de 115¢ 41.9 cd 3l2¢c
0.1P 3.3bc 43.7D0 175.0 bc 149a 63.0 a 49.0 ab
oP 3.2bc 41.7 bc 163.7 cd 14.4 a 60.0 ab 48.3 ab
0.1K 4.8a 54.1a 197.9 ab 14.1ab 55.2 ab 48.4 ab
0K 46a 53.3a 196.7 ab 14.0 ab 53.0abc 49.6a
-NPK 3.0c 34.7c 1251 e 114c 40.4d 33.0c
Pvalue 0.0031 0.0007 0.0002 0.0025 0.0069 <0.0001

? Means followed by a different letter in columns are significantly different at P <

0.05 by LSD test; n = 3.
Y Leaf area was estimated by (leaf length) x (leaf width ) x 0.7221.
*The 1% mature leaf was counted from the top.
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Table 3.11. Effect of different concentration deficiency of nitrogen, phosphorus, and potassium on fresh weight and dry weight of total

plant, shoot, root, stalk, flowers, in Phalaenopsis Sogo Yukidian ‘V3’, which were grown in 30/25 °C phytotron for 8 weeks and then
in 25/20 °C phytotron for 24 weeks.

Fertilizer Fresh weight (g) Dry weight ()
treatment 7o) Shoot Root Stalk Flower Total Shoot Root Stalk Flower
+NPK 88.5a" 36.1a 305D 7.0a 214 a 6.5a 198a 2.84 bc 1.07a 1l11a
0.1N 65.9 de 26.1lcd 219c 55cd 14.4b 4.9d 1.38b 2.10d 0.83 cd 0.76 b
ON 60.9e 224de 204c 5.1de 13.0b 4.7d 121D 2.09d 0.76 cd 0.69b
0.1P 75.6 bc 33.3ab 399a 5.8 bed 16.4 ab 5.8 bc 1.98a 3.66 a 0.93 abc 0.84b
oP 73.7cd 29.6bc 32.3b 6.5 ab 16.0b 5.7¢ 1.78a 2.99 ab 1.07a 0.78b
0.1K 85.0a 33.8ab 38.0a 6.7 ab 12.1b 6.3 ab 193a 3.24 ab 1.02 ab 0.64b
0K 83.7 ab 33.7ab 416a 6.1 abc 12.7b 5.9 bc 1.86a 3.34ab 0.91 bc 0.64b
-NPK 58.4¢e 19.0e 22.6¢C 46¢e 12.2b 4.7d 1.12b 2.14 cd 0.74d 0.66 b

P value <0.0001  <0.0001 <0.0001 0.0004 0.0137 <0.0001  <0.0001 0.0011 0.0003 0.0033

 Means followed by a different letter in columns are significantly differentat P < 0.05 by LSD test; n = 3.

53



4 3.12. ¥y 4=jiF (Phalaenopsis Sogo Yukidian ‘V3°)44 32+ 30/25°C 4 1 § iz % 8i% »
BESI2D20°CA15H324%8 #L2FF B -MEREEILE -
[ AR TR SR il g -4

Table 3.12. Effect of different concentration deficiency of nitrogen, phosphorus, and
potassium on stalk length, stalk width, flower number, and flower diameter in

Phalaenopsis Sogo Yukidian ‘V3’, which were grown in 30/25 °C phytotron for 8
weeks and then in 25/20 °C phytotron for 24 weeks.

tli g;iirlriz?\rt. Stalk length (cm) Stalk width (mm) Flower number Flowe(rc(rjliitmeter
+NPK 41.3a" 45a 4.7a 115a
0.1IN 34.2b 4.1ab 3.2cd 11.0bc
ON 32.2b 3.9ab 3.0d 11.0bc
0.1P 319b 4.0 ab 4.0 abc 11.0 bc
OP 39.8 ab 4.6a 3.8 bc 10.9 bcd
0.1K 374 ab 4.3ab 4.3ab 11.1b
0K 36.7 ab 4.3 ab 4.0 abc 10.8 cd
-NPK 334b 36D 3.0d 10.7d
P value 0.1382 0.2070 0.0098 0.0053

? Means followed by a different letter in columns are significantly different at P <
0.05 by LSD test; n = 3.
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Table 3.13. Effect of different concentration deficiency of nitrogen, phosphorus, and potassium on net CO, uptake rate, in Phalaenopsis
Sogo Yukidian ‘V3’, which were grown in 30/25 °C or 25/20 °C phytotron.

Net CO, uptake rate (umol-m?-s™)

Fertilizer treatment Time of treatment at 30/25 °C Time of treatment at 25/20 °C
1 week 7 weeks 12 weeks 25 weeks 32 weeks 25 weeks 32 weeks
+NPK 2.25a° 2.47 ab 2.63 ab 2.59 a 3.00a 2.49 ab 1.85ab
0.1IN 2.29a 2.57 ab 2.05¢c 2.00 ab 1.84c 1.89 bc 1.18 bc
ON 212 a 2.19b 2.19 bc 2.26a 291a 1.29c¢c 1l11c
0.1P 1.88 a 2.54 ab 2.55ab 2.00 ab 2.60 ab 1.95 bc 1.53 abc
oP 2.11a 2.71 ab 2.76 a 1.45b 1.81c 1.64c 1.55 abc
0.1K 1.63a 2.99 a 2.50 ab 2.33a 2.75ab 2.74 a 1.96a
0K 1.77 a 3.00a 2.36 abc 2.36 a 2.75 ab 2.82a 2.04 a
-NPK 1.82 a 2.34b 2.28 bc 141D 2.26 bc 1.72c 098¢
Significance’ NS NS NS * *x *x *

* Means followed by a different letter in columns are significantly differentat P < 0.05 by LSD test; n = 3.

YNS, *, ** indicate means within columns are not significantly different or significantly different according to ANOVA test at P < 0.05,
and P = 0.01, respectively; n = 3.
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Table 3.14. Effect of different concentration deficiency of nitrogen, phosphorus, and potassium on maximum quantum efficiency of
photosystem |1 photochemistry, in Phalaenopsis Sogo Yukidian V3’, which were grown in 30/25 °C or 25/20 °C phytotron.

Maximum quantum efficiency of photosystem Il photochemistry, F./Fn,

Fertilizer treatment Time of treatment at 30/25 °C Time of treatment at 25/20 °C
2 weeks 7 weeks 12 weeks 25 weeks 32 weeks 25 weeks 32 weeks
+NPK 0.81 ab’ 0.79 abc 0.81 bc 0.80a 0.80 ab 0.78 a 0.78 a
0.1IN 0.82 ab 0.74 bc 0.80¢c 0.76 ¢ 0.76 ¢ 0.71b 0.71b
ON 0.82 ab 0.74 c 0.80¢c 0.76 ¢ 0.76 ¢ 0.72b 0.71b
0.1P 0.82 ab 0.80 abc 0.80c 0.79 ab 0.79b 0.78 a 0.77 a
oP 0.81b 0.80 ab 0.81 abc 0.77 bc 0.79b 0.78 a 0.77 a
0.1K 0.81ab 0.8la 0.82 ab 0.8la 0.8la 0.80a 0.79 a
0K 0.81ab 0.78 abc 0.82a 0.8la 0.82a 0.80a 0.79 a
-NPK 0.82a 0.77 abc 0.81 bc 0.75¢ 0.77 c 0.72b 0.71b
Significance” NS NS * falail falai falai falaal

YNS, *, *** indicate means within columns are not significantly different or significantly different according to ANOVA testat P < 0.05,
and P = 0.001, respectively; n = 3.

* Means followed by a different letter in columns are significantly differentat P < 0.05 by LSD test; n = 3.
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d 2 p %4 5 +NPK ~0.IN ~ON ~ 0.1P ~ OP ~ 0.1K ~ OK ~ -NPK 2

Fig. 3.2. Effect of different concentration deficiency of nitrogen, phosphorus, and
potassium on morphology of Phalaenopsis Sogo Yukidian V3’ after fertilizer
treatment for (A) 4, (B) 8, (C) 12 weeks in 30/25 °C phytotron. Bar = 5 cm.
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B 3.3. 1y U7 (Phalaenopsis Sogo Yukidian ‘V3’)4% 353+ (A) 30/25°C « 1 7 g 3 32
2 (B)30/25°C * 1 § iz % 8k & F A1 25/20°C A 1 F g 243k (s 0 &
27§ A9 ARIL 1S $HE R RA) G B e 2 p - A B Z4ANPKCOIN
ON ~0.1P ~ 0P ~ 0.1K ~ OK ~ -NPK fz2

Fig. 3.3. Effect of different concentration deficiency of nitrogen, phosphorus, and
potassium on morphology of Phalaenopsis Sogo Yukidian ‘V3’ after fertilizer

treatment for (A) 32 weeks in 30/25 °C phytotron and (B) 8 weeks in 30/25 °C
phytotron and then 24 weeks in 25/20 °C phytotron. Bar = 5 cm.
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BF o~ 49 AT S R T A B S o A w4 (A) +NPK ~ (B) 0.1N ~ (C) 0.1P ~ (D) 0.1K ~ (E) ON ~ (F) OP ~ (G) OK ~ (H)
-NPK f2

Fig. 3.4. Effect of different concentration deficiency of nitrogen, phosphorus, and potassium on flowering of Phalaenopsis Sogo Yukidian

V3 after fertilizer treatment for 8 weeks in 30/25 °C phytotron and then 24 weeks in 25/20 °C phytotron. (A) +NPK, (B) 0.1N, (C)
0.1P, (D) 0.1K, (E) ON, (F) OP, (G) OK, (H) -NPK, respectively. Bar = 10 cm.
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] 3.5. Ly 4k jF (Phalaenopsis Sogo Yukidian “V3*)#: 32+ 30/25°C 4 1 § i3 % 8k 2 %4 1 25/20°C A 1 4 133 24315 » 4 £ 3
o~ B~ 49 EIT 1 $HE R L S s

Fig. 3.5. Effect of different concentration deficiency of nitrogen, phosphorus, and potassium on spiking rate of Phalaenopsis Sogo Yukidian
“V3’ after fertilizer treatment for 8 weeks in 30/25 °C phytotron and then 24 weeks in 25/20 °C phytotron.
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Fig. 3.6. Effect of different concentration deficiency of nitrogen, phosphorus, and potassium on flowering rate of Phalaenopsis Sogo
Yukidian ‘V3’ after fertilizer treatment for 8 weeks in 30/25 °C phytotron and then 24 weeks in 25/20 °C phytotron.
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ZESHO
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A3 REABHER DI
HE AP RY O HERB R

A= I
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a
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#i(phosphorus, P) » 47 4 £ 51 T ehad2 - > Efpme p £ & & eh
BARL S SRR PR B TE s AR RH oA RER DA
% (Taiz and Zeiger, 2010) = 2@ » ¢ 2 3¢ &

7R RAwE MR T L
2 EP-chaF o FlHE S 1 & 2 & £ FL B (inorganic phosphate, Pi) 3 3% s e giie o
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A G e FILERIEY PEIRB S ST 8RB ARES TEL
41 * (Lin et al., 2009; Raghothama, 1999; Raghothama and Karthikeyan, 2005) - % &%
L R R R M R BRI o Gt RN 49k B
(Root system architecture, RSA) ~ £ 12 7+ 2 % (LOpez-Bucio et al., 2003; Lambers

et al., 2006; Péret et al., 2011; Williamson et al., 2001) - ;ﬁ“u BT % ko

W #1184~ (Orchidaceae) 3 i f* + & & enf g dfed > L FH-L G BpE > ¥
Fesprig g o o A Mo BHNAL L B L & & o S P 2 3 R ehig 1 (Sanford
and Adanlawo, 1973) » bl4r# £ & A it - & 3 5 & i34k (velamen) - ¥ it ¢ H
A A sofe ~ f1* 3 84 F oo by ik fF (Phalaenopsis spp.) = — f&%t 2 # (epiphyte
orchid) » £ 3 5@ % g 0 & 2 5w ikeng 4 $(aerial root) (3 {3 > 1991) » 3+ %
A L3 B et (2% > 2012; Susilo and Chang, 2014; Yoneda et al., 1997) -
e P ow B TIPURE A L A AR T R HTE P A IR I S e e 4P
MAT R e IR R T AR NER 2 Z > TPt > ARZKRLA iy
Ui Phal. Sogo Yukidian V3’ & P chid miig B %”ﬁfr} BRI E VR4 o
FRBT R U Bk R R b hig i F - BRI b g

RN SR WAL WL IR

A3 2

B

BLFABEREL S FH7G T2 7 B < § - ik fF (Phalaenopsis Sogo
Yukidian ‘V3')5.3 24 (L7 4)2 1 & %47 a5 £ 0L 3 ¥ 22 EREL 1
PATAE B PAREM FATEY D PE)NAEERRLDAE 911 4 o %

f Rfgte-ks o £ IRk B 85 24 28 F) R AEP I 2 ok TE
#kw g RoRRERE RS T i’»#‘f'&fd\*’“‘ Bl E ESFRE o L sk sk
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YL e 1 ]k B Y 500 umol-m™-sT 1 T s 3SR B FE 43 60%
70%2_ R o %I AF 5 102+ 107 2 103+ 4% o
BAR P
RS D S BB AT S P BRI S s I
AT BT EIER c WP R FE L EHRE 2 AL P IE 3025 °C +
TF G AT R - B B0 SRR 0 € S 2 AR Y 4 ik
R BFRERAEL T 22 5 w85 +NPK (& F 255 2_ ¥t % )27 OP
(3 3 R49 ) pl > s e hodk 300 STl gt b A pH 1 5.8 =%
3750 L2 200 mL — =Rk A ’%{‘r 2_t5F 2 100 mL el 5 T 32 2 ipE e
- E IR 20 £4F 0 F EAF LR o B {e T iR {8 & 22-23 3 B4k o
AT Sk
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L GRS

B —

| B +NPK $F B8 o 27 3% 5§ i d2 (0P)22-23 i crfE fA P
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B B 2 R F 2 7 1% (Vibrating blade microtome Leica VT1000S, Leica

Biosystems, Nussloch, Germany)z_ §* & * » X T R Z 47 5 50 7 B & & & 110 pm (49

FR) ~ 120 um (3 3 ) B> TR A LR A 733 PBS ¢ oo

Bofs e 2R SRR 1 12 0.01%:07 ¥ sRiE(toluidine blue O, TBO)% ¢ =

AhEs R - TR R F Y ER PR 2Tk T 2 B e (Zeiss Imager.

Z1 microscope, Oberkochen, Germany)£ > 7 & % sk f# 3] &g jic 4t (Zeiss SteREO

Lumar. V12 microscope, Oberkochen, Germany)i& {7 g% & 4 & o

1.7

2.

FREEA Y 0.1% 5w 4 (sodium tetraborate)iz ik ¢ o
10x F4fc @ % #=% 5 1.37 M NaCl ~ 27 mM KCI ~ 100 mM Na,HPO, ~ 18 mM

KH2PO4’€’%§DHI 7.2-74 > L 53 BR= ?]Ib?—_lg_—rf%—%‘°

iparain

LL
3

i# * AxioVision Rel. 4.8 (Zeiss, Oberkochen, Germany)sic %8 ~ 17 % &JZ4p 5 ° B)

40 Bkt 1 (Bestfit) s 2 BRI N nR R B o R R 2 SN e

-ﬂ\y

% ## (root area) : 34 U PN PG FR
P g fi(stelearea) 1 ¥ E U ha ff 0 A e R ALK

Mg & o F# (vascular bundle area) : ¥ {r@ f# a‘rx,éft I m R

4, i i vz &2 £ vz 1 #ie(passage cell and long cell number) @ 2 &+ = ¥ % &g s 4p

Fer @ BB E 325560 nm sk R PE 0 ATH HIHE A H A F
(liginification)eim e € g & % o Fpb > TR F g ¥ Lehlwz 5 £ e > 2

F o ¥k hime S B o F A h ALK EAGEEOTE 2 ks (100X)
AT R Tt o 3R L - BRI T A i e 2 e e o
£ bl
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AP IR ul A

7 4L 14 Microsoft Excel 2010 (Microsoft, USA) st3* $ic#8 » i {7 2Lpe $4 t @ /P %
(unpaired t test) ; 2 COSTAT 6.2(CoHort Software, CA, USA) %tz fic 8 » 18 (7 & | &¢
¥ Z B % ¥7(Least significant difference, LSD) » 4 57 AJZ R P <0.05 § & & ¥ 1+

(e
AR RrpEr F 2 TBO 24 2 5% 2B RWUFE Y SR E > T

WA AT Y E P ¢ B2 Rd R g 135 o4 Tij‘éi.f‘:m’i’é.f?é—*}#

£

énkn

-
A
L e T

RSB ACR BRI RE R (B 41A) 0 d RPN RE L & A e
(epidermal cell)# it @ = 42 4% (velamen) ~ & & (cortex) ~ # 4i(vascular stele
vascular cylinder) o & & 41330 < 300G ff > e p 7 7 ESHM(B41A-D) ¢
B¢ & L Rg(pith) > A B8 (xylem) 2 &7 4 #%(phloem) & 2z e ¢ A 2 7 (radial
vascular bundle) (®] 4.1B) o A & 8 éhkm e B=%] A 5 i (liginification) » 5 TBO %4 ¢
BEPRAIER S D AR R (R 41C)c A KB P INE - R i
i & & (endodermis) (] 4.1C) > p A & F 3 B A7 i chimie fpF 7] 0 - B L dnoE
FE 4 Se B il i b %z (passage cell) » x fi£ 5 Eiwre (shortcell) » H = ¥ & 4p $30 % =
AFIR e bbb 0 ¥ - A e B Ae Bk fwfe (long cell) o H e BEG
OAj4c B » TBO % ¢ 67 WA H I E 02,4 F it chih (B 4.1C) - @ g & B 7}
Bl = b 4 & (exodermis)£? 1244 (velamen) (] 4.1D-F)> ¢t L & » 3 & 82 ik ek %2 4p

Bz - 5w iEg 4o Bonk mve > e i~ > 2 ob 2 4 e e BE(outer tangential
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wall)fr iz 42 sm vz E=(radial wall)ig Fi24c 5 > UGB e A ¥ - fR] 5
e (i) (R 41E) 445 A K & A mie it & F e

A E G R0 EES N A Boenie b (] 4.1F) -

L i P SR (R 42AB)> 23 S K G i ESMaOER we
(mesophyll cell) » B £ ¢ ¥z 3 g - 4R4e 4~ § 44k 2 5% (palisade tissue)s? /5 40 ‘e

S (spongy tissue)z. 4 o < FRA FEFELS 5 T TR F OS¢ 4 (midrib) S T
# (] 4.2C) 0 ARE AL ES  BE ARG TBO R BT FEAIIHARE
AR P S (A S AR(R 42C) A T AL R RAONE KL

7 % (cuticle) (B 4.2D) » & & #h3n¥ iv & 5 B e T (wax)

Flr® 2 ¥R RERM PR EAE SR PRFNT RRAGERE
ik LGER R T T RFLFWOF LS T o I F kAR U
IR 4o PRt BB b E e (325-375 nm) sk mpE 0 Vo k£ Y
435-485 nm hEE 4 ¢ ¥ k(B 4.3C) 0 BB Sk £ BE Gk SPF(510-560 nm) 0 F EE
£ %) 574-648 nm iz ¢ ¥ k(8] 4.3D) o @ § PR &L E 460-500 nm sk SRPF 0 3
foik £ 510-560 nm = Bl p chg k> TR BT RIVE N F I ko B
AR S F R BT ERGFEFIIP ARG A FTINE vz e B % (F
4.3E) > ¥ b B st4n b ok £ (460-500 nm) sk SpE > T ATk £ 4 2 665 nm e sk
LETCRBBE S A F (R 43F) 0 mtF R S F ] R g B
43A 5 &R R B e p AR TS (bright field) (] 4.3B)— 4z 2 & 4= k ehf] & o @ sk
B - 2R _g_#, oA ﬁfﬁgrs SRR ﬂpﬁéﬁfm’ﬁ’@%ﬁﬂ%@f’* Foh it o gk
BB T2 54 PP A58k FRTPEEREANN AR ALK L R
BB o £ lwve §4F - Bl- BT Eang s ok 0B e Flle e B
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T SBREHSLIA B i ol

% 17 Phal. Sogo Yukidian ‘V3’¥ w4k 7 fhde 22-23 1% {5 2 ¥R e (L ¥ %6
TR R H IR L A B 1-3-50em R hf e o Bk A ood 2 B el
Bt EZza P HEOLR (R 45) #4807 PRI R w2 AR BE R
LB 1% 2 BE TS P A (R 4.6) FlFUERF1I8 13 5c0m i
PR PSS RAI R lom xR P A K FET A AIH S BER G AP E(F
46A~B) 5 cm iz} cph L R e BEC P AR R > B od Ko A FTIRA ¢ A b T
FEL B e > A 8RR DA I G P BI(F] 4.6E  F) o BT AT o
PRIBETHL Eemp o Himre A it e B G AHAES G PLE o BFY
P S U T30 f2 207 B 0 0L T BB TS AT 4998 12355
cm =¥ ¢ 4r Y o) 3 E R e (B 4.5 4.6) G fend% o B LN F
(AR p cho )l 3-5emizg v @ L8 > P e il -3cemizk G ¥
8 o lom =g A ST Y LG A 038 mm® BTF LR e
B ff 0.56 mm? (% 4.1) o &K@ o F R4 A AAR R LB EFEET o GF ¢ 5B
BiEELRER P 15 om > B B g 0 R F L E ER O i G
LR FIF BASET R AR L L S o TR G R NG 0 Y
o AR ALY BRET AT Y G E1ING ff o0 24% 0 B F MO R
G 35% @ b 3om i A AT hY Hd fh (0.59 mmP) v B F Ot

HEe078 mmd) > wd a fEr plE LB (R 415 cm ik A £ L

T4

KA O RARE o AA o RMSER EE o BRI T Y HG 2 G

L i‘]]* vE .4‘4'\4;»,].[3@ W %\ TTﬂr‘E}ﬂ-’g 3§ 1:,\.&;};1{‘;?..%*53{’3 =4 %li‘fﬁ"l(%\ 41) °

FF R o ndp A (vascular bundle)m f £ & 0 o lom R o #BET
i E A g 502 mm? B F TR ESEE Lo ff 0.3 mm?s @ & 3+~5cm
[l g‘? Ao FRAELRE o F. &’gé\mf“f'lﬁ’hmfﬂi’P"ﬁ’iifﬁﬂ?t"hﬁ
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BEAGH VT ERLE > RRBUIET THEY R E BB B2
SO HBFTEIE GRS BB P R A FREEE(E 410§
hod U LK G AR (1IP0I e ) e o R R Y ok Tem
%o fRez LK/ L 421 Bk LR 4 5 2860 A5 cm =k o
o2 R /Y ot 5 3160 a2z A K/Y it 5 26,9 0 BT 45 A T RO AT

B2 LR E TR £ (R 40) -

FoOb oAUt A BN LR P E G R ol B 0 T AL
ek fe B oo FIM BRI T R G L me Bl Bmie s Ml o o £
42 % BT 0 R TUARETT o Rt LR L g e B0 AL e eh
Wl WA lom R EFAR > HREA K P nil i wre b 24.8% 0 4
B ETE 16.8% 0 e 4R 3-5ecm mE FRAEAR o P AR P Fwie s R
R E L me N LK S et B R A BfIIN 35 om i E b oo iR
el e o~ R BECE PO BT AR e R D 0 R
G b LA e (i e e R e )t GIRE L B (R 42 e N L A2l
ARGEHT oL aE PR AR A fEwre o 1 Bt o @ AR
FIE NP U IR F o B ey AP o HRE AN 135em =¥ >
¢ A uf 18151874207 BiaE k(% 4.2) T EF I AL S RA B
RBCP M40 RAFRAILTT o ¢ i AN 16.0-17.318.0 B AE & o BT Ak

B Ui g AR o d B 46 By TEREN MR % o

oo M RBAEHRETIGUFE Y EMEIOE R KPR BERY -

~E
&
Ty

VEE SR 0 P TAARR R % Al ESHED 2 AT

HH
Y

FEBEIPHOLE(R A7) & F- PAREEVRA P HAFALRZ G
B RLB(RA3) R %5 fFT35% 0048 mm?s ST ihY TG T
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WU A - AR A TR DS BRI BB A
% (Benzing etal., 1983) « A7 *» & % — B {§ H Peid * ¥ i FRBIGYF LR S
2O TBOF A wEAT g e s fpg BRERILSTRS > FEwE
B & e & ¢ PR R4 =4 (OBrienetal, 1964) » F]ut ¥ & 547 b cne 834
F*ﬁﬂ*?r£~ PAEF L PR T - HERFAAREN LR D

¥ i+ tm ¥z (Brundrett et al., 1988; Peterson and Enstone, 1996) -

W kS A A e it A S e e sk o dp i 4 % P 4 (Phal.
amabilis) £ 2-3 & 244 (Benzing et al., 1983; Pridgeon, 1987) - *3#% * Phal. Sogo
Yukidian ‘V3’R| 2 5 2 & 4945 (® 4.1D-F) > 193 A+ 1 om =% F7 Bz
T4 e 2 ORP) e BA) S i (] 4.5A ~ B) o 1ARE AT 000 2 3 i o
BAIIME G Mok A B R & TP E 20 e ¢ (Benzing et al., 1982; Moreira
and Isaias, 2008) o & & L 19484 4] G E FARYF T TR E @4 (Zotz
and Winkler, 2013) » #]p* » %%‘}t..‘sgf%k; Poig R R R A A 2 F i o (L& A Tt
FA AR B) T AM  HAFA LT RFISFAA DR B 2 FER

e A e3ofere (Hew et al., 1993) o

SR et L R B L K B 5 8 87 i ehlw 2 (Benzing et al., 1983; Moreira
and Isaias, 2008; Oliveira and Sajo, 1999) > — #& = & w*z(long cell) » p A & F &
B OA 4 5 (B 44AB) > bk TR U A4 5 (B 44C D) Rl P 27w

R B BE 0 S TBO R4 &gk REf > ¥ g DI e BEA T e 0 ¥ 5

N

B At s S mt AR AR A KA I GE 0 B F B kA SR e
it (Benzing et al., 1983; Moreira and Isaias, 2008; Pridgeon, 1986) > 14 % ¥ #. ‘w2 ) T
P 3+ w i 3 2% (Enstone et al., 2002; Peterson and Enstone, 1996) - ¥ “t - f& &

&t %z (short cell) > * £ i o7 (passage cell)» fme BEa A B iV I g B sb L K 1 o
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AR H @ AT AR e > B B S e e s KRhiT L A
%fr,?,;; %{pé%guq(7 P22 Y u‘_P\P‘»%J ’—,ﬂ/az\'ﬁfiﬁﬂq;%ﬁiﬁ*’?ﬁ-%\‘*\

T2 (W 4.1C) > 2t A H 3R b bty 7 oot £ E MOk A E RS - Fle it

P

B Peig i~ A FTIR2Z 74 % (Peterson and Enstone, 1996) o % - % (1981) s 3 3 4
® 4n 4t > 94 §F Phalaenopsis amabilis «if 18 e &2 g & iy 4 AR H > M B
BARRBRI P AFRALHE DB SR SRR T T A g R I I%

7}»%’“’"3 ~ &7}3\"'l§m’}_r-:r EAEIET IR BT Sl - A S éﬁi%’r"'ﬁm@ l"";c&r]‘

WIEF O A RAEDPFCT TR GTRRAIBRBE KA EY R EL T T
BB F It ket R B ok s Bl kA EAT 2 R
3ﬁﬁi%ﬁ’%wmﬁ%*%éﬁaﬁﬁﬂﬂiéﬁﬁsﬁﬁﬁ’iﬁ@%é

PRZEBRT A G o

B G AR o § AR B /B PP
Yoo blde i BT B T IR £ 15 % Arabidopsis thalinan ¢ #r4]# 243 % £ - igie
P42 % 2+ 4 £ (Bates and Lynch, 1996; Péret et al., 2011; Williamson et al., 2001); ¢
3¢ 5 & (Lupinus albus L.) p % i (pericycle)4 i+ 25 = 7 ~ § ¥ % & e 4 43 (proteoid
root) (Johnson et al., 1996; Lamont, 2003; Peek et al., 2003)> & % A {+4%Fhent 3E P >
FA AT E A few th o B g R R L 1 (Dinkelaker et al., 1989) 5 & & -
43 B g 3 2 19 (vesicular-arbuscular mycorrhizal, VAM) % 2 i d
FII 4 2 2 BB o ff ~ BRI EY D R A FSAES S [ P o
EB-3 L % ai e (Bolan, 1991; McArthur and Knowles, 1993) - ¥ ¢t » & 1. 5 (Zea
mays L.)eh7 TAVE BRI B 0 €@~ TN EOT L oAt R#EE 0 Mea e

R A wie B R0 i § e (aerenchyma) & % 3 < (He etal., 1992) -

S R OT R T T B IR R 0 D B R LA

SA S RIS PR B AP T AL 0 o A3E% Y o WU Phal. Sogo
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Yukidian V3’ fdk gk 22-23 ¥ {8 o JE B BRIV ® P andrgE s B s
BRI T X AP AL R - HE IR R SR
BERGFILER ] > T Ad R A Ioma R FREFLR(L41)
REE S mAR L (G om Ay BEATIOE RN R L LR o ¥
BOABP A d 1R/ 135 0m ¥ ke WA F B RER R (£ 42
B 4.6) ' G 2 AipS 7 UG AR BT R P L R B S hiNA s LRI
T @AY e s T X X R It £ RGPS 2K (Zeamays L.)
AT B4 » 2 BE28 % 0 2K ePRINE LR AR w RS 0 AFINE
# (xylem vessel)#c b jg > ~ & = & 735 (protoxylem) sz #245-] (Sarker et al., 2010)
AREFHP WP FE S ATz A R ELRE - ¥ £erE (Vigna
unquiculata W. ssp. sesquipedalis L.) % v >t 42 #4743 8 j5 &2 B30 8 & % /| (Liu et al.,
2004) o K1 b R EET 0 A E S AW FEE s b f ~ LerE g 4 A
PR~ de P b e Sarker % (2010)sr g ¢ dg 0 0 AABEE A 2K IR A QL e
B AR dmfe g 2 Ac o e MRS Y B BRI %o SRR IR B % (R

45) > M A KA BTG XA LR AR B0 AR (] 4.6)

AESEBEI G MG AR ER BRERR S e )
o REET AR Ao H 4] (Sarker etal., 2010) ; @ & & (Glycine max [L.] Merr.
cv. Ransom)i€f8 + 4§ a1 B 4424 32 = > 2 {8 ATE % + (leaf initiation) = #r#1
BREAA e A EXFRE CRBTOEYERRE ] O FEHRER we
(palisade mesophyll) ~ /= 5 ¥ p %z (spongy mesophyll)#7 } & ## 5 & -] > ¥ &pk

]

T4 28 % {5 > T3 sE 4 K gh(shoot apical meristem)im s 2 2R = AF & 45 > E 4k

—\

BEV wp ¢ 5 A dmre 4 1% F) ek (Chiera et al., 2002) - ¥ & (Phaseolus vulgaris)éa
BipE > B PRk S R G T e el 5 2 T%’i%iﬁ
Tedg ~ AW % REEHF B AAPHES (Wangetal, 1999) o A2 ¥ o by UfF
Phal. Sogo Yukidian ‘V3’ fd gk 22-23 ik {6 » £ #3002t a PR AL R > B0
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F AL PR W BB BIL T I s P s BE G A
Table 4.1. The area of root, stele, and vascular bundle in Phalaenopsis Sogo Yukidian ‘V3’ under normal or phosphate deficient conditions.

» Vascular bundle Vascular bundle/  Velamen+cortex /
Fertilizer treatment Root area Stele area Stele/ root area

. e area stele area stele area
and section position (mm?) (mm?) (%) (mm?) (%) s
lcm
Control (+NPK) 16.41 &° 0.56 a 35a 0.30a 53.0a 42.1
oP 16.20 a 0.38b 2.4b 0.20b 53.4a 28.6
Significance” NS *xx *x * NS
3cm
Control (+NPK) 26.59 a 0.78 a 3.0a 0.47 a 60.7 a 39.2
oP 22.87 a 0.59b 25a 0.39a 66.1a 33.4
Significance NS * NS NS NS
5cm
Control (+NPK) 24.26 a 0.88 a 3.7a 0.49a 559a 31.6
oP 24.16 a 0.77 a 3.2a 0.45a 59.1a 26.9
Significance NS NS NS NS NS

* Means followed by different letters within columns are significantly different at P < 0.05 by the least significant difference test; n = 7.
YNS indicates the difference between control and OP is not significant. The significant differences are marked as *, ** or *** according to
unpaired ttestat P = 0.05, 0.01 or 0.001, respectively; n = 7.
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Table 4.2. The number of passage cell, long cell in exodermis, endodermis and vascular bundle in stele of Phalaenopsis Sogo Yukidian ‘V3’
under normal or phosphate deficient conditions.

Fertilizer treatment Exodermis Endodermis Stele
. - Passage cell/ exdodermis Passage cell Long cell Passage cell/ endodermis Vascular bundle
and section position
(%) number number (%) number
lcm
Control (+NPK) 24.8 a* - - - 18.1a
oP 16.8Db - - - 16.0b
Significance” * *k
3cm
Control (+NPK) 22.2a 31l.7a 105.6 a 23.1a 18.7 a
oP 18.2a 27.0a 88.3a 24.1a 17.3b
Significance NS NS NS NS *
5cm
Control (+NPK) 17.1a 248 a 128.0 a 16.4a 20.7 a
oP 194 a 20.0b 108.5 a 15.7 a 18.0b
Significance NS * NS NS **

* Means followed by different letters within columns are significantly different at P = 0.05 by the least significant difference test; n = 7.
YNS indicates the difference between control and OP is not significant. The significant differences are marked as *, ** or *** according to
unpaired ttestat P = 0.05, 0.01 or 0.001, respectively; n =7.
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Table 4.3. The thickness of leaf, the length and area of vascular bundle in the midrib of
1% mature leaf of Phalaenopsis Sogo Yukidian V3’ under normal or phosphate

deficient conditions.

Fertilizer Leaf thickness ~ Vascular bundle length ~ Vascular bundle area
treatment (mm) (mm) (mm?)
Control (+NPK) 1.28 & 0.396 a 0.048 a
0P 1.35a 0.418 a 0.046 a
Significance” NS NS NS

*Means followed by different letters within columns are significantly different at P <

0.05 by the least significant difference test; n = 5.
YNS indicates the difference between control and OP is not significant. n = 5.
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Fig. 4.1. Anatomy of Phalaenopsis Sogo Yukidian ‘V3’ roots. (A) Overall view of a root
cross section. Bar =1 mm. (B) Cross section of stele showing the pith and vascular
bundles. Bar = 200 um. (C) Long cells with O-thickened walls (arrow) and short
cells opposite to the protoxylem arches in endodermis. Short cell is also called
passage cell(*) Bar = 50 um. (D) The outermost surface of the root is velamen,
following is exodermis and cortex. Bar = 200 um. (E) The velamen is subtended
by an exodermis which consist of long cells with U-thickened walls and short cells.
Bar = 50 um. (F) The covering layer of the root is the velamen, a multiseriate
epidermis consisting of dead cells with modified walls. There are strip-like
thickened walls in some cells of velamen. Bar = 100 um. V, velamen; S, stele; C,
cortex; X, xylem; P, phloem; EN, endodermis; EX, exodermis; LC, long cell; SC,
short cell.
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Fig. 4.2. Anatomy of Phalaenopsis Sogo Yukidian ‘V3’ leaves. (A) Overall view of the
leaf cross section. Bar = 1 mm. (B) The midrib and mesophyll cells in leaf. Bar =
200 pm. (C) Enlarged midrib. Bar = 100 pum. (D) There are cuticles (arrow) in the

adaxial and abaxial of the epidermis in leaf. Bar = 200 um. MC, mesophyll cells; X,
xylem; P, phloem.
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Fig. 4.3. The images of fresh root sections of Phalaenopsis Sogo Yukidian V3’ under bright field or different fluorescence. (A) Combined
image. (B) Bright field (C) DAPI wavelength: 325-375 nm (D) RFP wavelength: 510-560 nm (E) GFP wavelength: 460-500 nm
(emission wavelength: 510-560 nm) (F) GFP wavelength: 460-500 nm (emission wavelength: >510 nm).Some small highlights
(arrows) in images were chloroplasts. Bar = 100 um.
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Fig. 4.4. Anatomy of root endodermis (A and B) and exodermis (C and D) of
Phalaenopsis Sogo Yukidian ‘V3’. Cross sections stained with toluidine blue O
and observed with light microscope (A and C). The thick lignified walls of long
cells were viewed under ultraviolet light (B and D). Autofluorescence observed
with UV illumination is due to the presence of lignin and suberin lamellae. This is
absent in passage cells (arrow). Bar = 200 pm.
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Fig. 4.5. Cross sections of Phalaenopsis Sogo Yukidian ‘V3’ root at the position 1, 3, or
5 cm away from root tip grown under normal (+NPK) or phosphate deficient (-P)
conditions. The sections were viewed under stereomicroscope. (A) 1 cm, under

+NPK; (B) 1 cm, under -P; (C) 3 cm, under +NPK; (D) 3 cm, under -P; (E) 5 cm,
under +NPK; (F) 5 cm, under -P. Bar = 1 mm.
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Fig. 4.6. Cross sections of Phalaenopsis Sogo Yukidian V3’ root stele at the position 1,
3, or 5 cm away from root tip grown under normal (+NPK) or phosphate deficient
(-P) conditions. The sections were viewed under light microscope. (A) 1 cm, under
+NPK; (B) 1 cm, under -P; (C) 3 cm, under +NPK; (D) 3 cm, under -P; (E) 5 cm,
under +NPK; (F) 5 cm, under -P. Bar = 200 pm.
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Fig. 4.7. Cross sections of leaf of Phalaenopsis Sogo Yukidian ‘V3’ under normal
(+NPK) or phosphate deficient (-P) conditions, which were viewed under light
microscope. Overall view of leaf under +NPK (A) or -P (B). Midrib of leaf under
+NPK (C) or -P (D). Bar =1 mm or 200 pum.
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2

R fidr 2 R g T AT Fent A g o g G AL B 0 § R
BIEAFLRZ e RE PN EGE R B o AR L B RDER
Phalaenopsis Sogo Yukidian ‘V3’*t 4 ghifi 5 T e F1 2 I A WS EHRT FIER
g7 (0~ 0.16 ~ 1.61 mM)riasid g2 8 3¥ 2 12 iF » ¥ p Lw il A 7 ehig %
PP 37 BAPUR YRR T PR A L R AT I F AR EEFRAF B
MRy KA E R b A ATV Lk sRE > 9 2 PATCL28122 3tk 5T H 4
FHR B G EPA R FE LY TAATEZRAL I S A AT T
AFNTEERKRE ATV BERT LA RE SR eE LR o H P

PATC128122 3-v 5+ & RING ## it ® . » ¥R B E & - B F B> 2 24§ ~ 4

\+-

TR FRFOCRA 1230 A E P e RN R AR R R

% B PATC128122 #Ri=% 5 1930chd g dmie ~ F 5 A %hip £ 30 o 5 7 By 2

s

PATC128122 ¢hwt iy » 1% § 7 B fE 4 35S jads 5 ehfigg + £ 4
PATC128122 %+ fm = fa 7 A » 4% 3 35S::PATC128122 # 7 £ 486>+ 7 e £k & (250
50 ~ 10 uM Pi)enig it ™ » Hgsthen@d € ~ EEHER & oL 209 4 Qe R

4 LR -

W S A BER HWELA R L LT ERF AR Bk S iE
i 5 CAM Al fiprd £ & A BT ehifid b 53 - B il et

FetHPEgwo et s WAL EZAL AT EFWEIREEFIVEFFE A
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3 B (Susilo and Chang, 2014; Zotz and Hietz, 2001; Zotz and Winkler, 2013) - ¥ = =
BoodUe e T a R AP P IRHAmA Q s S R G apint @ R EAL

HU T B PE R A A ARt B Bkl o T w2 - BN kel 4

PR Fa Ayt » v 2 RN ER s 2 R A
FIHE ek SLAP ST AR AT Ty 2 2 Mo TR EREPN ¢ TSR
AFFEZFHE > 4o Orchidstra 2 OrchidBase 2.0 (Su et al., 2011; Tsai et al., 2013) -
WML R SRS AR ER S > B BT mipik e R 4 BB HE Y 4p
B enm F 77 7 o P5(2012) 4k 27 Ik R hF B~ 49 JT < v fe kg ikfF Phal. Sogo
Yukidian V3’5 G ¥ 4597 RJZ 8 1k MUY 3 g IR P A A 2 LAk -
fe 12 pieserd (microarray) 2 4 & 2 HAFT B RID < EOAFIA S B 0 e

?7}";—:‘;— X = > ;ﬁﬂﬂl 'H}U H s pFB 753 o

RS A R B S Tt R Ad o gt a2 LG Rl
B e EIR M H K5 (%50 2012; Yoneda et al., 1997) - 4~ & 4 3 ¥ 3 B sz m
BEo R E? VAT A BREFEPRT S 0 F)P - RN 7R g
Ao BERED G UG E > T BREFEY AR BT R T A 3 B

FIHFTREARAFTREFEZ L8 T o

Flot kB A & OFQOIMAEE FALY o PR B AR T A A T
- R K? P EMCEL TR e mrd > TR T PEE DR 4w

BRI E T A IR F TR R Mgt o

o3

A
1 i
WL A A TR AR Y o @ i M s (B2 A AW
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BTt B R R)FLF A 4r g2 812 3% 2 sy ik-f7 Phalaenopsis Sogo Yukidian
V3’ HP By 4545 > 2 w3101 # 10 * 7 p (Experiment 1, Expt. 1) »
29 p (Expt. 2)% 11 * 5 p (Expt. 3)~9 p (Expt. )& 74k 2 » & BREK LA T &
W3 ktEth o A BBH P 1§ 557 (+NPK) » 1a5(0.1P) ~ 44 H5(0P) AR T g 4
EETAPBERPI TR LRATFIRE - P30 AP T RATFIHY o p &R
30/25°C ~ f R kBRHA 1 FiEE o

Rizfed 450 A F algibf? hEAREE > R ES RS (e F i
e 3 AA T P R RRIRR) AR - PEY o R R L H < F P RiE 30/25
C-~pREBA1LFizs o
2. PR i

~E B & * 2 [ 3 5% (Arabidopsis thaliana) = Columbia-0 2 2% # $k e T, 2
{4 ¢1 35S::PATC128122 # 75 & o fudr £4 3230 3 8 4F 22 °C~ k¥ &k 2 5 16 ] ¥
PRaAOEME LT -
e TS
L ipypi & 514 REARE

194 Phal. Sogo Yukidian ‘V3’#t & ¥ 557 (+NPK) ~ #@4(0.1P) ~ 4 5 (0P)
BT 8k ~123F > Ml g 4 waE 2 161~ 0.16 ~0mM 2. % e Jk B ehpEde 5 89

Iz e SR A 31 R PRPEFRBEF 2 TR A A1 0 I

FAEPT 7 PRUgUeFES 2930 L HITIHRI P A TES - FARE
FIMLEP PR Som P e e BT PR R R0

BENRAEF P A ET R33-80°C MIBEETRY a2 SBE BRHREHT

-~ RJZT 0 3 fRfE R 0 M- 3 PR S (E Y IR £ - A i 7R B
(inorganic phosphate, Pi)jk & ip] @ % RNA % B~ o p ficaerl & % (%5 » 2012) 7 $4iF b
#-fF Phal. Sogo Yukidian ‘V3’# 5 2249312042817 £ i (Fold change & #c+ »t 3)¢h

AT U F EER LRSS R EEFATARERE
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. MR 2322 A 45 PATC128122 ~ PATC144588 figiiff ¥ thi B %

A 'z o e (+NPK) 2 34 g3 (0P) ik i %5+ g i-fF Phal. Sogo Yukidian ‘V3’
20 F e > B F PR RE L Y LY fea A PR S o B0
ST P AT HRY - PRAREY =% AE P ER- Xen? 2 (midtib)
22PN RE R B aR(R A< 1S em) s PR iR G AR A BIE 05cm-~3.cm
oo ¥ F o Hlmshe mt pul? o F b 0 pGEM-T i A PATC128122 -
PATC144588 thff 4> (s i s> B 2 iz fe 2 2 (T2 L3253 09 27§ R b 3y

TEEFR R E LR o

3. HE £ PATC128122 3t e il 4™ 05k &
ﬁ%’iﬁslﬂ PATC128122 *+ pMDC32 # IE@‘ ¢ > pMDC i‘%}i"—,ﬂ 2 B enfom g
4 %5 4 (Cauliflower mosaic virus, CaMV) 35S fx -+ » #-i £ & [T 4 4 | 1% 8
B F| 7 £ 19 % Arabidopsis thaliana Columbia-0 > # ¥ > fe 4 f {5 3t ¢ & 7 7 Faengg
AR E P H - & T Ak o 12 T0%;Ep - 0.05% Triton X-100 & i 4
15 2 4815 o £ 2 95%:Fp i 4 10 4 48 0 #4683 3 3 Hygromycin B (20 pg-ml™)
(Sigma)sus % A9 >R AL 4 ¥ kR 2 B:xp Hogland’s # & fiz = (Millner and
Kitt, 1992) » 1142 % &3 % - & Tofetk > = f842 20 i# 35S::PATC128122 # 78 &
% (Transgenetic lines) » JcB~f8+ & H- 153> 16 C fe %k 48 ¢ o
PiE 9 B s Z Ful(resistence rate) ¥y 75%z2. T, #& 78 & % (transgenetic lines
1-5,7,8,10,16) » #8734 15 » #4873 3 § Hygromycin B (20 pg-ml™) ~ 0.8% agar
SRR AY AN FEEL 2k 2 (S ES T 7 7 ek R (250, 50 or
10 UM KH,PO,) ~ 1.2% agar <3 % & »pH &5 5.7 124w 5 3 = 48432 5 ¥ 4
fafefe £ 9% Columbia-0 2. 2 # $k(wild type)»t % Z dud 2282 2 A 2 (S ki
I 3BAERIEET c LR EAF 2R ¥ - PR ORGERE FHET X
% ARk R EI2 8 % (15-day-old) » % = S FPfiaf SiEfit 2HE 5 X ~ 3 b
JE R 26 % (11-day-old) & egZ £ 54 2w »# 2 % x £ 10 % 35S::PATC128122
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Btk By 9 BEAL: cFREAEIPT I REEF R 1 27 AR
3] (phynotype) L % 4a B& ~ PiJE B 22 RNA ~ F-v T A St 2 A 714 P& -

ol e 4R At e M (R R T )% § o PES B
T, 4 78 % % (transgenetic lines 1, 2, 3,5, 7)£2 ¥ 4 & » 4483 7 3 Hygromycin B (20
ng-ml)~0.8%agar s % A ¥ 6 % (W4 ks 2HE) LS I E = 5§ 250
UM KHPO4 ~ 1.2% agar 535 % £ 3 % » 2% # T 7 250 UM KHPOy4 e-k £ 32 %&
(hydroponic culture) i = 4 X » £ {8 4 W %3 % F Ak A (250, 50 or 10 uM
KHoPO.)z % i% 7 % (20-day-old) » T 355 2-3 % { 36— = %% » BRE LS b

1R+ 42 438 (7 4 7] (phynotype) L % 4 BB &2 PiJk & Rl £ -

£ ¥k B £ #7(Inorganic phosphate assay)

AR BB E G

o

4 @ A F2 3 (Ames, 1966; Chiou et al., 2006) - &
Prlemfegg o £ @ E 1 mg sheside » 10 Pl s 1%:k s pe (Glacical acetic acid,
EMSURE, Darmstadt, Germany) > ¥ & i# ng 2 % (2010 Geno/Grinder, SPEX
SamplePrep, NJ, USA)#-4k * B iF #7738 £ 395 {5 B >0 42°C 845 ¢ 32 % 30 4 48 >
Zofs o A REET N F @ e 8 (Centrifuge 5415 R, Eppendorf, Hamburg,
Deutschland)10000 rpm # i #t.w - A 48 > B~ 10 pL ek % % 4 96 34 4 > & 4e »
50 pL 7 1%k s 2 140 pL g% 55~ (0.35% NHaM0O, ~ 0.86 N H2SO, ~ 1.4%
L-ascorbic acid) (Sigma) > 14 & @ = & %= (Eppendorf Mixmate, Hamburg, Deutschland)
AR ESE B A2°C Y 13 % 30 A48 ¥ b 2 KHpPOs e % 7 0510~
25 ~ 50 nmole Pi sk 5. 4% A 2 4R & 20 43 20 > 0 £ Sk 2¥ iR (Eon™ Microplate
Spectrophotometer, BioTek, VT, USA)B] Z_820 nm & & F g k5 > & fs W& 5
FHEREY AR B AN PIEREZE -

WURRE P IR A S SR SR & - dss B E X 1 g ehle
MR F A RILT e A 1 R iah e

PR TR A LB B

Zr? I0BEHRRLA-42 F A TELIBR AT ; RERZ TR ET R
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B ¥ pE 5 L 5 B~ (Total RNA isolation)

1. pu-F
iR RNA X222 5 %4 = £ 27 (Su et al, 2011; 2013b) > f1* CTAB

(hexadecyltimethylammonium bromide) = j# X B~ipdi-pf £ & 274338 RNA - 1 -80 °C
MOEEREWY BIEFE SRR AT LG 1 g e BB P e
RE - AR) R TAPEHENRET Y R ED R ko AL #
¥k A3~ 50 mL > A73< ¢ (Labcon North America, CA, USA) ¢ > 4c » 10 ml
FEH T 65°C ehE B R ¢ 0 B ek 7 2% (W/V) CTAB ~ 2% 2-mercaptoethanol ~
20 mM ethylenediaminetetraacetic acid (EDTA) ~ 100 mM Tris (pH 7.5) ~ 2 M sodium
chloride (NaCl) % 1% (w/v) PVP 40 (polyvinylpyrrolidone 40) ¥ » 4% % » $-:# 2 if iR
L3055 3>065°CP 1544 5 5 amith- o

B F R T A K B @ 3 1 (Centrifuge 5810 R, Eppendorf, Hamburg,
Deutschland) &t~ 3000 xg - 448 » B~t iR 3| ¥ - B apo BP0 e BREF D
chloroform : isoamyl alcohol = 24:1 (v/v) » %% 353 {4 » 8 * & 8000 xg - 7 &
& L EAL - f[a;ﬁ,a? P B iR T e % $4 4% «r chloroform : isoamyl alcohol =
241 (V) » * R T AR 10 A4 0 BBF o P BB R AT B Y 0 e
0.33 & #8 4% 18 M lithium chloride (LiCl) » #-4% 5%t -20°C e ik B @ FR k> i
{7 total RNA =T ik o

e p *t 4°C T gt 8000 xg 30 A 48 0 2 iR o {4 318 6 75% ethanol
(Merk) » $di B ik T 4 » > 4°C ™ 12 8000 xg = 10 A 48 > fF42 A3 » £ 23f
4 ¢1100% ethanol (Merk)iB i — ik d » %30 4°C Tapw 10 4480 508 0 &
BA koG A A FE BT E AR G AR 30 A4 i e
RNase-free ddH,O % ;3 RNA » 2z % »>-80 °C T iF- 7% o ¢ * AZHc§ 4 £ £k g 2+

(NanoDrop 1000 Spectrophotometer, Thermo Fisher Scientific INC., Wilmington, DE,
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USA): %k Tt & 5 260 nm (ODgeonm)’ i 7 RNA Jk & T & » 7 +* #2 OD260nm / OD2gonm

2oV g FHEAN L8202 F 0 ATRABR A MNEFEFE%K

2. PRiaT

e i P IR(TIEEE S 25mE) AR F T BT RS o 4o 2 ImL
RNAZzoI®°RT (Molecular Research Center Inc., OH, USA) & - ;2 £353 » £ 4c » 400
UL B R e ehs = 4k ek 3 (5 38 T # % 5-15 4 480 £ 12 12000 xg
Hroo 16 448 0 BB~ R 0 4o~ 700 plL isopropanol (Sigma) ¢ #dds 3 16 AR R
T#E 15 4442 ¥ 11 12000 xg Hrew 10 A 4d o o] I iR 0 4o~ 400 UL 75%
ethanol (Merk);E =ik » £ 12 4000 xg 3w 3 A 45 > EAFRIF2 X » e fd e ~
50 pL diethylpyrocarbonate (DEPC) water» % 2~ {4 irtotal RNA 5 % % B £ OD2gonm

/ ODggonm 2- +* f& » 22 ¥ 3+-80°C T %1% o
A Fled § $2PET: 5 B (Genomic DNA extraction)

]

*-80°C MUR IR AR B Ag i B enE P B LR A & ¥ L ST B
Bt il § ¢ R ST B T s & 0 4~ 400 pL Extraction buffer (0.2 M Tris-HCl
pH7.5, 0.25 M NaCl, 25 mM EDTA, 0.5% SDS) - 353 {4 > 12 16000 xg &g 1 A
& > %P~ 300 uL s+ 3% - 4e » 300 plL isopropanol (Sigma) » £ 4 16000 xg &t
5 A4 HF o mH o FRis o Mie g 37°CT R i 10 A4 Bfs 1 IxTE

buffer (1 mM Tris-HCI ~ 0.1 mM EDTA)# ;4 DNA itk $ » 2c % *+-20°C T &% o

£ 714 314 45 (Gene expression analysis)
WU 22 1P 2 19 720 total RNA 5B~ 15 4% 19 Bdp I
1. RNA & F 7232 (RNA quality confirmation)

B~ 500 ng total RNA £ 2x RNA loading dye (Fermentas, Thermo Fisher Scientific
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INC., USA) 4F = =x Z45-k 3 10 uL> 12 ﬁ%ﬁ}i 50 & =7 50x TAE buffer (2M Tris-base ~
1 M acetic acid ~ 0.05 M EDTA ) (Omics Biotechnology Co. LTD, Taiwan) ~ 1%3% "5 %
8 (Agarose Low EEO, Bio Basic Canada Inc., NY, USA)i& {7 7 & & 47 » 1Y
HealthView +: p& %4 #| (Genomics, TPE, Taiwan) % ¢ *} 48 > & { ** UV-box

(ChemiDoc™, Bio-Rad Laboratories, CA. USA) ™ #.% rRNA 26S ¥ 18S iz -

2. DNA -k f2 5% % A2 (DNase treatment)

B~ 10 ug total RNA » ¢ * TURBO DNA-free kit (Life Technologies Corporation,
CA, USA) » 4v » 0.1 % %8 4% < 10x TURBO DNase Buffer 2 1 pL TURBO DNase *
ML 15 B 37°CoRipth ? 20-30 4 480 2 14 4c ~ 0.1 & 88 4% 9 DNase Inactive

B
ar

o

Buffer (i¢ * = ¢ & Z i ¢ DNase Inactive Buffer £ 37/ %) > R £353 (& §
¢ 2-5 2480 %4 °C T 4w 13000 rpm I A48 o o[ s BB R T ATORL S F o
C—~

Iy
I-E = Z ’E_ RNA /%E‘Z ’ Jl v ﬁ;l OD260nm / OD280nm 2 bt tE’L_ ’ ﬁ’»fé *’3"33;_%. *+-80 °

ot o

3. F @4 % & pvid 4 & B (Reverse-transcription polymerase chain reaction,
RT-PCR)

B~ 500 ng DNA-free RNA *+ 0.2 mL & B3« ¢ ¢ »4c » 1L 40 uM Oligo (dT)
515 ~1pL10 MM dNTP » 4% = = 4k 3 125Ul iR 6455 15 » E AR
(DNA Engine Cyler, Bio-Rad Laboratories, CA. USA) » ;8 B % %5 65°C» £ 5 4
i > WHEIAF I 1AM 2 {44~ 4 uL 5x FS buffer ~ 2 uL 0.1 M
dithiothreitol (DTT) ~ 1 pL RNase out™ Recombinant Ribonuclease Inhibitor
(Invitrogen, Life Technologies Co., CA, USA) ~ 0.5 pL M-MLV Reverse Transcriptase
(Invitrogen, Life Technologies Co., CA, USA) #ZdsR £ 323 16> F B3 5 20 UL
B ¥R AR 37°C50 448 -70°C15 A48 B fs ¥ b F o &£ 52 cDNA &

#3220 °C Ty o
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4. X & pe: 4 F & (Polymerase chain reaction, PCR)

#-cDNA R %11 = = ,}’:_L\?éé’;’}éﬁ‘% 20 % » P~ 2L 20x cDNA ~0.5puL 10 mM &
w513 ~05uL10mM £ » 313 54 ~ 6 uL 2x PCR Master Mix (0.05 U/uL Taq DNA
polymerase, reaction buffer, 4 mM MgCl,, 0.4 mM of each dNTP) (Thermo Fisher
Scientific INC., USA) » 4 = =t Z 4 K I 384 12Ul R E323 15 » B3 # AR
PRREHEE B F RIEEAL 94°C 2 240 218 94 °C 30 ) ~ Tm (melting
temperature);§ & 30 7 ~ 94 °C 30 #3 & 1 ~ 4(1 min/kb) - i& {7 53k 25-35 B ¥ % >

{8 72°C8 » 48 o & Jis A 4 12 50x TAE buffer ~ 2%3 #3 " 48 (7 74 4 3 » 112

\\\?’;r

HealthView ¥ s 4 # 4 & 48 > S {52 UV-box T B4R - 513 KR35 2T Wi~

7 F148 3 4% & Orchidstra (http://orchidstra.abrc.sinica.edu.tw/none/) k¥ » ey bi-fF

Phal. aphrodite 2_ 7 $u#% & F1:7cCDNA B 7[i& (73K 3+ ©

5. ¥4 #7(Image analysis)

MR bR (Expt. 1-4)7 o RT3 I AJZ(+NPK - 0.1P ~ OP) T 8 -
12 ¥ enfh 514 8 > % PCR A4 T A4 s e BE > AlphaView #ctg
(ProteinSimple, CA, USA) & 7= i i % 0 i ifk (pixel) » Jg 4 it & = i i % eha
Bt kP GT o & cDNA A5 PCR AFHH 5% > by R4 4
MRNA k& Sl FlZ 2 i o AT RIL S Al B G » 355 Bigd
wAR BB fF TR 1S iRk 2 4 fe(Background corrected sum, BC Sum) o

BAPUERF A I A R E R A EE- AT AR AR AHBCSUM > &
%“,% g F-v (Actin) e BC Sum s #-5& B % A i # i (normalization) » .13 5 F

- kPRSI A H B L “F LR e (1 ¥ %537 i JZ+NPK) - 1 iE < ]

R A FIE I S E 0 bd4e t [(0.1P/ actin) / (+NPK / actin) ] BCsum -
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AT A B R PG &% (Gene construct and  Arabidopsis

transformation)

#-#L ¥ PATC128122 12 PCR = ;%d Phusion High-Fidelity DNA polymerase
(Thermo Fisher Scientific INC., USA)# 3 &t cDNA > & * B » > & 5 1083 bp > 12
Er T AT EA S e g T L > 4~ 2x PCR Master Mix kit
(Thermo Fisher Scientific INC., USA)** 72°C T 5 Ji 10 A 480 £ (7 A 5 B 7| & 24 4
A # 3¢ (addition of 3” A-overhangs post-amplification) » £ = w Jc & $ & & it > 12 TA
Cloning® Kit (Invitrogen, Life Technologies Co., CA, USA)=* ;% » B 1 uL
PCR®8/GW/TOPO® vector~2 uL & 4+ ¥ £~ 1 uL Salt solution > ## -k & 884 6 L
REDF N FIETF KD A4 B F BT~ %1% 7 Escheriohia coli (E. coli)# 3]
£ # (transformation) » P~ % {& A% iz 'n%¢ DH5a competent cell (Invitrogen, Life
Technologies Co., CA, USA) % »t ik + f2uf » 2t 4 » 2L 48 & 2 S cn TR > 7k 2
BFEOSL&EL  RFR IR FSTIIRIDS % &7 #12 £ Spectinomycin (100 pg-
mL™) (Sigma)r Luria-Bertani (LB)33 % & » 2. 37°C T IR k3t % » ¥ PE S 4
73 5 PCR FEzndd » £ 7] PATC128122 2. H g+ /] » R (7 LB AR > B EF P
wa S aE coli- 2 LB R £ A6 37°C TIHERETHE % > 51511 Presto™
Mini Plasmid Kit (Geneaid Biotech Ltd., Taipei, Taiwan)4# 2~ E. coli 5 %8 -

£ ¥ 11 Gateway® # #=(Invitrogen, Life Technologies Co., CA, USA)it {7 T — £
BEH## > 7 1 uL pMDC32 vector (Curtis and Grossniklaus, 2003) &2 2 uL
pCR8/GW/TOPO/PATC128122 % %48 £ 353 » 4v » 0.5 pL LR Clonase™ II enzyme
mix> £25°C T4 BFBASFEFIot BB T AT > B K0 Z
1 #12 % Kanamycin (100 pg-mL™Y) e LB 35 % 2 » 3% (F4c b » FERREE 15 0 0 B3
¥ 4 78 2. pMDC32/PATC128122 %748 -

REFEFLEAAKRSE Twe @ a v > b 10 pL A2 S 2 0 ¥
Wk B A B RN E 54 437TCokis 5 A4S 4 IMLLBE & & o
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28 °CT RIFEA 24 L o 5 EHE L FiR D K 100 pL FiR 0 R Ff G
% 4 % Kanamycin (50 mg-mL™) (Sigma)érLB#: % £ 28°C 4 £ 4555 % 2 % >
BoisPE & # 2 B - ko1 &5 3 Kanamycin (50 mg-mLY) 5 mLLB 4
Ao 28 CTHRRRTRA > BFLAF L EHA > B A RMH I 500 ML B %
2 ik e ODgoo = 1.6-2.0 » 12 4000 xg &< 20 A 4a > 4 » if £ < inoculation
medium(1/2 MS salts, 1x Gamborgs B5 Vitamins, 5% sucrose, 500 mg-L™* MES, 0.02%
Silwet-77, 0.01 mg-L™ 6-benzylaminopurine) i f 1% & A7/ 53t % ¢ 0 3 B Fir
F10Dpo0=0.8" - F #-FiRif o ehic P B B T ¥ & FFRE
FERisEN2ER?PBRA > EINFAREEF- AT o

HOREHMY AP TRAILEFR RO AT YFPEFRASER
g > & BEiZ A 47 (Western blot)

2 S ER Rl S %«é‘aé,w#,. P AL E T f@ﬁwlmgmv 4e ~ 3 UL
total protein extraction buffer (60 mM Tris-HCI pH8.5, 2.5% glycerol, 0.2 mM EDTA,
2% SDS) » 2 1x Protease inhibitor cocktail (Roche, Basel, Switzerland)2 1 mM
Phenylmethyl sulfonyl fluoride (PMSF) (Sigma) » ;2 £ #23 {4 53> 70°C = 10 4 4% »
2 16000 xg &g 10 4 &b > ] o Bt ik 3 ATE o 2% 0 14 Bio-Rad Protein Assay
Kit (Bio-Rad Laboratories, CA. USA)i& {7 3-v F#k ~ T & »P~2uL 39 FH »~ 8L

2 =
k-

total protein extraction buffer > 4c » 50 uLreagent A’ » ;R £353 {8 E >3 E 7 5 &~

W

\

b >3 F4c~ 400 puLreagentB iR £353 (S E TR TS A& Vb el 2,1,
0.5, 0.25, 0.125, or 0 mg/mL bovine serum albumin (BSA) (Bio Basic Canada Inc., NY,
USA) &k # 5. » B~ 200 pL reaction solution - BSA &3 5.5 96 3447 » r2 4z 5% 2
£ EFRPITT0NMM A E T R E > iSRRG AR A T E e F
Ao

P50 ug Fv FH A o 4o r 5L NUPAGE® 4x sample buffer (Invitrogen, Life
Technologies Co., CA, USA) ~ 2 yLO5S M DTT » #& -k % %484 20 L > R &323 12
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B0 70°C T 10 A4 0 #F T4 P 4o~ - 2 1x NUPAGE® running buffer »
# A+ NUPAGE® Bis-Tris Mini Gel * 12 100 w4 2 ] pFie 7 oA A 3t > FE % B
AR > RMEIEF 9 B3 Jm (polyvinylidene difluoride membrane) » & fim
AR Y o AT AN ® 40~ 1x NUPAGE® transfer buffer » #h @ 4e » -k » 12
30 ki E 90 448 - B~ dE A g Yiefs 0 #-H 2 » Ponceau S solution (MDBIo,
Inc., Taipei, Taiwan);z 48 # % ¢ » ¥ ¢t » 12 1x PBST buffer (1x PBS buffer ¥z 0.2%
Tween 20 el @ = > pH 7.2)4r » 1% BSA fe ¥ 12 %7/% (blocking reagent) » #-i& % /g
"p2xiE blocking reagent ¥ 0 AL BF B 02 25 rpm ik F A L PF o B F
r2 1x PBST buffer ;& e i % g "> £ 3 3 12 1x PBST buffer fiz & - 348 (PHOL,
PHT1;1/2/3, PHT1;4 antibody) (Liu et al., 2011; Liuetal., 2012) ¥ # % 2 -] pF » 12 1x
PBST buffer j& = i % ijm "1 - # 2 12 blocking reagent fie ¥ - s34 (#§ 20000
iz &1 Goat Anti-Rabbit horseradish peroxidase, GAR-HRP)*¥ 3 % 2 -] pF > £ 12 1x
PBST buffer Bt i7 p" > JpREZw > ¥ F m'E/x 1 WesternBright™
ECL-spray (Advansta Inc., CA, USA) » # % 3 47 & /4 % B & 7
(FluorChem™ HD2 System, ProteinSimple, CA, USA) ™ & {74 sk i BIBLZ o & {5 »
#-4% 7% Jg "2 Naphthol blue black staining solution (0.1% naphthol blue black ~ 10%
methanol ~ 2% acetic acid)% ¢ - k 3§z {s %4 5 4% > 1¥ 5 loading control -
ot g R 522 (RNA in situ hybridization, RNA-ISH)

e AR RN Pl Y S FAUR 2 R LAY AP R
BN S R R X R T X 54w A7 (Linetal, 2014) - B
ISH i ip| 78 %] 5 PATC128122 ~ PATC144588 » 4 %[+345 Orchidstra 3 & 3% 3+ 4 %)
214 bp #2 277 bp & & ch 2 A 5| » £ 53 Blastn & TR EE 7 A S PR
GC v+ b4 W 5 50%%£ 41% - # # 3] pGEM-T §* 48 (Promega, Madison, USA) » #_&
FEuis > 11 SP6/T7 digoxigenin (DIG) RNA labeling kit (Roche, USA) & &% % 4+ » &

u) 12 SP6 polymerase & T7 polymerase & = & 3% (antisense) 2« i #%(sense)#x 4+ - RNA
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BAINAS > BglifFd P ATy - PR RES? U2 pRAPE 050m 3
CM e e 13 30 e & > 2 4% paraformaldehyde ~ 4% dimethylsulfoxide ~ 0.25%
glutaraldehyde ~ 0.1% Tween 20 % 0.1% Triton X-100 ** 4 °C ™ f§ & i& {7 & 2R A F
T_o 7% > 4211 DEPC-H,0 (direthylpyrocarbonate-treated H,O)4% it 2 fic 8 PBS - %
T AN _3_9_31—‘;;@ ¢ 12 #% KOS Rapid Microwave Labstatin (Milestone, USA)i& {7 % 7]
ok 2 % o (Paraplast, Leica, USA) - 1 12+ & # MICRON 315R microtome (Thermo,
Scientific, USA)#-le.3%*» = & & 10 um &7 7 » B 2% poly- -lysine-coated st %
(Matsunami, Japan)_t o z_ 74 » $ A+ B35 P F(xylene)id ik ¢ W 0 3 F by
5 EpE (ethanol)ie 7 4 -k » %37 °C T 30 4 4812 2 mg -mL™" proteinase K i 3

B E o @ kA B S R e (ISH)E (744 % 4 7 5 (Bi et al., 2005) o 1
NBT/BCIP detection kit (Roche, USA)i& {7 f2 % {& 2 5Lenid P o £ {8 12 Zeiss AXio
Scope Al microscope % #c4r¥? AxioCam HRc camara #p 1% (Zeiss, Oberkochen,

Germany):& 7 gL % 3p BR o

4 A H

AEHY o L1 RfPd a7 35S:IPATC128122 #amtRE B 4 kg A ¥ L
BooBr R BT RO E C B RBER TS £ % T4 COSTAT 6.2 (CoHort
Software, CA, USA) iz gic 8 » &7 % > ~ 17(ANOVA) 2 & -] B¢ % £ B 4 47(Least
significant difference, LSD) » 4 47 & id2 R P <0055 ¥ L R -

5

- SN RBT A TR RRE

* 2% p #5(2012) 2 cDNA #cserE = 2 f jplkp 837 Phal. Sogo Yukidian ‘V3’%

# (0.1N 4= ON) ~ # #4(0.1P 4= OP) ~ 44 47 (0.1K 4r OK) T ehAA FI 2 G L % ¥
PO U R AR R RehiEE A FGHE > A w0 A R 5 fold change =3(

4 a)s fold change=-3(T # £ )R &:F » PEAE S P £ AL
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15 BRAFSTAEAMend BAF(E 5L friInd + £ A LR16 B A F
TR A RS B iFE A TF(R 5.2 4o A E F EIINE A4F i F K F] PATC128122-
PATC154300 ~ PATC089322 » & 3 37 iz & A F] > £ ¢ 3 20 i & 5> NCBI %=
12 Blastx 4 455 % 5 unknown protein (% 5.1+5.2) c £ % - 13 A T TR

& Orchidstra (http://orchidstra.abrc.sinica.edu.tw/none/) 4 = P &% - @ Phal.

aphrodite 2- 5 S #% & F1: cDNA B 7[:E (7 3 3+(#% 5.3) > 2 RT-PCR = j# %%

R % o

BARRY  RY DR A L ¥ Z 3% Y 4R M i Phal. Sogo
Yukidian V3’4 %3t 3 7% F kA& 1.61 mM (+NPK) ~ 0.16 mM (0.1P) ~ 0 mM (OP)
SWEIT AL T 8k 12315 0 MRE A A AR > Phd P AT - P EZ
AL Sem p e SR (TP o PSR R LA X 0 Flt B pR A D
RNA 27 AF LA R A%H? FERE? 3 BEFRBDHRELES
(experiment 1 & 2) o 7 - » st d X AT EH Y 0V RE F ERIMER PN hi
%ﬁ%&’%ﬁﬁﬁﬁ3ﬁi12&%@%&?W&W<‘W@M@53,%1
experiment 2 ¢ 0.1P EJ? 12 i+ ¢n423% » H @ A5 E B B > 418 2 (8 5.1B) - /min
SERRRIE S SN E AR R T M (8 Bl U R A oo total RNA F R &
¥ i #5 2+ pER RNA (ribosomal RNA) 2 28S £ 18S ik + (K] 5.2) & F th &
# 45 cDNA f5 > r13vds 36 A F(actin, PATC157348) ¥ g4 7 & (intron):hs | +
(PaActin-GF & PaActin-GR):& i7 #5#{ » 14 dg ki genomic DNA T4+ = » cDNA
# A & RCR {4 ¥ genomic DNA % £+ -] % F »#x 3% cCDNA # & ¢ & genomic DNA

= 4 (B 5.3) -

Bots o 2 RT-PCR = U4 4547F A (% 24 B)a? b AIEE 2 B T il
FlZR o HEPPEN KD 19 BigEAFY -5 15 BiFEAFT NEFES R
B A 15 (] 5.4) AR aE M k2l BREATY 0 F 15 BigE A TT

EEET ARSI (F 55) bl - BEEATLEY o BAEANES f3
98


http://orchidstra.abrc.sinica.edu.tw/none/

ixels) & » *& 11 4p F #& & &0 actin % Z (¥ normalization » £ #-% &322 normalized i
P T

mxﬁ_",f MANPK > W PCREF R A B Bfice 975 S5 FE AL 540

FEILEL G

[SX)

o - E e E R BRI L Rehi E AT

)

b

PATC128122 ¥ PATC154300 > = —‘F'i‘ ¥ %« fold change % 0.1P 4~ OP elJT T B
M RT-PCR ®%#E %581 > #8123 > £57 7 Expt. 142 0P B2 T 5 B
B AR B# % (& 5.4) PATC128122 4 pcsert %% ¢ H fold change 4 %] A&

'
2425 313 Bfr6.1 B - £F # ¢ fold change # % iz £ 7L %] » 1 RT-PCR Z%#

BRHA o AR 1205 OP AR TP A RIEIE A g A RE > X AR
AR BT P eiananFiE 00 8 07 80 r AE FHRIYT GBI

+NPK £ 0.1P AJZR] & 5 % $]i% % (R 5.4 ~ B 5.5) > Fu* » PATC128122 3 7%
FEATFY > XEBALEARELEE AP EFAAT] > 0 T E G -
C3HC4-type RING finger domain =% i % 3* (8] 5.7A) - #3495 NCBI % =+ blastx
%% > PATC154300 # 3-v & + & 5 — glycosyltransferase GTB type superfamily
PR RE o ARESEY R8I 1238 EFHEARM M > E P HERNY L
FER A NEF? ARERIE on Expt. 2 ¢ R IKEXpt. 133 > BT s iR

Wikl - FRE%T o A R EA RS ARAREF A - KF75(F 5.4 55)

sn

Po iy PN A LRz E AT AR PP foldchange
M RT-PCR Sz %587 > "LFHER " K £ 3L ik Flde PATC155606 -
PATC126861~PATC129837~PATC156594~PATC141818~PATC089322~PATC139852 -
PATC138298 % & ¥ ehd L8 ¥ 5 4c (F] 5.4) > Expt. 2 to# @ OP A2 12 i 4 »

£

Bi‘-x:

4
N

CpEok o BT R HE 3074 (% 54) A RR ARBRIEHEE

3

24 AB(A 54 -W54) B GEATLLBAEL P AELAMIBF BAE
SR oo HY . PATC089322 £ % Eif sk A Y » BH 4 8 A 12 715
S OP AR T ATLE P AR A 0 4 GACEW AL % ¢ g 2% PATC089322 *t

0.1P ™ fold change & 6 % - it & RT-PCR %% 5 # $[133% 0 PATC089322 i # (%
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54~ % 54)- ¥ ¢t » PATC144588 % jicse't 2 % ¢ fold change + *t 3 & » e A =x
RT-PCR ~ {7 2% ¢ 2 mE 2 ¢miem £ & (4 5.4 F 5.4); PATC151267 et
2% ¢ fold change »* 0.1P 2 ¥ § i 12.7 2 0P g2 ¥ 35 &A@ » =t RT-PCR
RESR S bRBILTHARIPE T ARG I Expt. 1 ¢ 0.1P fr OP
P

2T 43 05 (% 5.4 B 5.4) > BRI oo

Sz iicEd Y FR AR AL SIEEAT AFE S ¢ fold change
FA 0P & OP pg@ ™ ¥ 29 > H ¢ 3 i A F] 4 u] 5 PATC153190-PATC154014 ~
PATC063029 » RT-PCR A 45 % % s 2 ME L H@EiF £ 8 (& 54§ 54)>
PATC063029 ftk ¢ ¥ it R4sA M E © SixM™PCR#F#H T 35 HkE L ME ™
%33 (] 5.4) c AAFH? » MELTHEI EPPEFTALRDGERTF] > AT
- PR A2 RT-PCR » 538 2450 2 IR E W R BHIL T ¥ 7 4oficed 407 & IR Ag

%%TK% o

Fowle LR Y BB P A A RiFE AT AL EEAF A 0.1P -
OP @™ fold change # - 3 » 2 ¢ fold change % % ** 3 & hizE A F 5
PATC145532 ~ PATC045332 ~ PATC045659 ~ PATC219670 ~ PATC159699 > # RT-PCR
& 37T > PATC045332 ~ PATC045659 ~ PATC159699 # Expt.1 ¢ 0.1P = OP g2 ™
FIMA LB F 202 (2 54) w2 BEAFT L A rY hisE 4 PCR
P33 35 Tk H A A (%33 (W] 5.5) ; PATC145532 ¢ PATC159699 7 RT-PCR
AT R BEEHBEE LR (454 K55 A F 4 izE A7 fold change &
0.1P & OP d® * % — 3R » B4 PATC139613 22 PATC139613 ¥ 4 OP mg2 ™ fold
change >+ 3% » # RT-PCR #1574 L& & ¥t e 4p17(% 5.4) 5 1338 A& 0.1P jeg2
= fold change r# PATC071900 # % - fold change * 21.2 & » = RT-PCR & #7.% %
3 EXpt. 2 # & % vk e 4o (£ 5.4~ B 5.5) o 55 & ¢ it - RT-PCR 2. A 45 & & 2

MR T ALY IR IS FE AT P ARG o
R
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7 G AT A A BenizE AT > 4330 ¢ fold change & 3
> 0.1P & OP g2 ™ ¥ 254 K » # ¢ PATC105076 7 0.1P ¥7 OP /&2~ fold change
5-1732-106 %> 2 A RT-PCR 177 » 2 M EE R em £ B (% 54 -8 55);
¥ 7t PATC231430 ~ PATC225601 ~ PATC073314 # #c etk & ¢ R 4% ™M > PCR 453
I 35 PpTkRE AP ¥ %33 (B 5.5) e Flpt AE&k Y 0 BB RE N PYH A HET 19

MEF P T AL RANZERT] o

bt A TS RT-PCR 4B A 4 103 - 2 A T8 Tk~ 315 2§ BE#% % (double
band) 3% % » 4= PATC128122 - PATC141818~ PATC159699 « PATC073314(/] 5.4+5.5) -
Foobo oy 37 BigE A F)Y 04 10 B A Fr 4R PCRRIE Tm g & 4 3¢ 48-60
Cz %> &+ % #c A T2 PCR A>T Agahis &% R 2P EiES > & PCR

Ay FE A EIEH T E O 4o PATC146454 ~ PATC072900 (# 5.5) -
I~ BB EF P o 35S::PATC128122 & 78 k2 B 5

fOHCAE L B % (P50 2012) ¢ o PHE O A ARSI T A F F R hiEE A T
PATC128122 » & # % p # fold change »* 0.1P £2 OP /&2 * 4 & 5 25.2 2 #7 31.2
(% 5.1)» af3xp H fold change > 0.1P 7 OP &JZ ™ 4 & 4 6.9 27 8.0 & (#
5.2)» ¥ % 4k § 4449 AT A WA T o FP 0 KRB L Teh- & & RT-PCR
GPRAY R o HRERAY BPRES  E P ERINAOP 2T 12
Wik g ARt AME(R54) F LB RAPAIL(-P)A < BHAEF B F
Bk~ 4o e prad 2 (-NPK) 2™ > Rlvi 4 28 > 22 42§ (-N) ~» 0 (-K)B
(B 5.6) F1ut 7 1 Fgs PATC128122 H s i ff 2 A2 A3 B AT HF F RA T

T HF RN EEE - o

% 7 iE- 5 $F 3 PATC128122 2_ % & » 2 PATC128122 5° -344 2 PATC128122 3’
+713 2. 51+ > ## cDNA > & & 1083 bp(R] 5.7A) » H MR I £ A B i-mEH K
s+ (Cauliflower mosaic virus, CaMV)35S fx#> + 2 4 34" 4 pMDC32(f 5.8) » &
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3B Gy LAl N FE < E & IR PATCL28122 4@ £ a7 i 78 $h30

FREER 4 E TR Rtk Bt £ Hygromycin B &% T & = ~(Ty) »
BP9 BiEE 4 B PATC128122 2_ i 78 5 % (35S::PATC128122 transgenic lines)
B F R 2 0E T > 4o 250 ~ 50 & 10 uM Pi o BLIP| A BE i B ¥
35S::PATC128122 ## 7t ke B o A% ® » 11 X A enfe 0% » 536 6 % 7 74
B R B & IR (s 4 Bo 3048 48 RNA (5 RT-PCR 4 {7 #2303t 35S::PATC128122
AR B & P Y & R PATC128122(%] 5.9) » 4 ¥ > v # 35S::PATC128122 #&

FRAT A 2 Bl L C BRBERE R BRNT 0 AR URR

%

LR E 2T 5 44 35S:iPATC128122 % 5k 22 0% 4 fR1T VL fin o & 304 8 fReDE
TEBHER AR BE Y EH ARG £8(4 5658) 4 50 pM Pi
2T 0 3 50% b oengg e &k (line 1, 3, 5, 10, 16) e T IR@EE L2 TIRP] 5 £
307 4 k(% 5.6-5.8)c ¥ ¢b s d S L BRI E 2 A A& E 39 PHOL - PHT1;4
2 PHTL1/2/3 e b T34 R 25 BT R L B2 ER T
O 5 k2 FFehPHOL-PHTL;4 & PHTL;1/2/3 3-¢ H 4 M2 % % - X (R 5.10) -

BHARVVRT I E - ReDL R b > B2 10 UM PiiEE T 2 ko
Hipw PR ~ B TIMER SIS R ARSI S A FERE S AR

a4 R (R 511 -

PE 5B P 0% 35S PATCI128122 4 78 A 5 4 22 95 4 4832 40 R B R T
BRI R S (20 X <)k a2 P o Bk e i @R LR 4
BkiE 2T > 3% 35S:IPATC128122 & &k 2205 4 RiTil g > 304 8 fhenif £
APEER B B g £8(F 5.9) R > ARSI B
B ERAEEApRT £ 2 (% 5.12) -

11 RT-PCR 4 5 PATC128122 **ig g 2 [P 3K & mMRNA & =x } en& 3R »
% g5 3 L P33 cDNA 2> £ 1083 bp 7 PATC128122 5° -344 % PATC128122 3’

718 TN MR BT kT et 1K B 2 4 & &4 (5 PATC128122
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cDNA 2> £) > fagiaug iy Phal. Sogo Yukidian ‘V3’#k & ¥ » {23t 400 bp =

B G ORCEEF WA T A 5 PATCL28122 »tig ik fif b - 3 3 125 27 3534 (PL);

3

ffe g i 35S::PATC128122 # 7 fxth &~ ¢ > =3t % 700 bp =% F 7 5 %= -
RZEEF 2EREZ PRADEREZ P ER(A2) FIAT A B2 Y T
BT ES > FLRRT LR B AR FAAOERET 50 5 AL
NP R ARER LR RS OA2 N n B A LR 55 > PL { 33 () 5.13A)
#-AL~A2-Plz PRGBS BITERMAL TARESET ) 2ALA2
Plz B Seni =% E4pkh @ 3chd 27 =% B 7 4p e (8] 5.13B ~ C) » F|
PERANI - CBRY ONFIZAPFEERP TN R DD HRE R
(coding sequence, CDS) - 1245 Orchidstra & F] 3 # & & ;= > PATC128122 2. cDNA
% % 1083bp > FFRH B ST 2& 5 570bp > Ssh 190 Biefp o 2R A
7 567-772 bp i ¥ £ 3 — C4HC3 zinc-finger 7} 7* e RING-variant domain (] 5.13B) ;
m ALNA2 FE 2L AW 5 721bp~658bp & FE Y DEIEHE G - BARR S £
A& 408 bp =75 ¥ (coding sequence, CDS) » %45 136 i "=f it » H s ik B 7 22
R & - & v i%kg RING-variant domain (%] 5.13B) ; P1 % ELR| ¥ &c % 2 %# % >
EAE RS o o

=~ R R PATC128122 ~ PATC144588 * iy fF k2 £ i~ §

PATC128122 % iUk < # R4 32T B ¥ 5 A > 7 #:F- & C3HC4-type
RING finger domain ¢H3-¢ & ; PATC144588 2. ¢cDNA 2 & % 2430 bp > FE R H & =
%A5 T 2 £ 5 1602 bp > %48 534 ByRAM > £ 57| 516-2024 bp =% £ F -
Major Facilitator Superfamily (MFS) domain (%] 5.7B) » 124% NCBI 4t + blastx
4% » PATC144588 v i % — 4 & #8491 F-v (inorganic phosphate transporter) -

1 i&- By 3 PATC128122 2 PATC144588 ** iy iﬁr?&?f’_%‘« Pk L5005 Jp)
H¥pehr a0 Ft 2 RNA R 322 3 A w0t 5 48 MRNA £ 32 =%
K 31X 200-250 bp 2_ #£ 4-(B] 5.7) > & %] Pl dfg & F 30T AR 23 iF (s enE B
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BB 0 EHTE ¥ 57 (+NPK) 2 G (PRI T 0 e BB 130 8EET &
05ecm-~3cmz =% » ¥ ¥ k& *4« ¥ dr gy 43R L T PATC128122 2 4
oo KR VIA K L E R LR P R (RI514) ER P RIAR AR 2wy

% (B 5.15) » £ # mve s F % i i P AT - PATC144588 & % 27 1 it 4p il » &

AR T o LR LB K e ¢ fr i L0 (] 5.16) 2 =L
BEAL(BSLT) . - I IEAF? (BRAL S BEA) F R

- Ko FPREUFS FELEATIARE o8 AARHY > BAUITE
RO N s G d R b L3R F 500 F 680 AU gk A (F] 515~ 5.17) > i ¥

EPv ad AT 2 i A ML mE o AR L2 ta oY BRBEFL G AN

- ~JRT-PCR = %@L AFIZA 2 2% v &

75(2012) 12 cDNA j#g#E*L = ;2 (cDNA mocroarray) i ip|4# i3 Phal. Sogo
Yukidian V3’3144 § 5~ 49T A FIAILE N o eE A B A F AL T B 071
mM (0.1N) 2 0 mM (ON) = NH4NO3 » 4 B AJ2 T %5 0.16 mM (0.1P) 2 0 mM (ON)

1 NapHPO,-12H,0 » 4% 49 5227 5 0.38 mM (0.1K) 2 0 mM (0K) 1 KCI » & +% jky

T8 S MMAEL S F R E AT E P ERINOATF AR R LN R
% Orchidstra L B #7138 352 % = Sidg i jf ficseL £y (Suetal., 2013a, b) - * 3#5%

P LKA PEWE R T F 2 AT FR P T
SHCEL TR 3T B EAT AU AEFAINY LR AR TARR ) d

5% 12 #i(fold change) ¥ ~ ** 3 (% 5.1+5.2) -

FI* MR L R 2 RPN AT ARG p e Y f k0 T 20 ¥ PE s

EEAEFH 0 R FRERIFRGE AT ERE > F- I F 5k

e
£
"g <
=
i
=
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S BEACEL PR AR E 4Pk & 7 B RNA & T il £ 47
THF O RFLEAATEEDL > BERT A PO AT PERES MR
o Ji1* 2§ F $#48(Quantitative reverse transcription PCR, gRT-PCR) I 12 374k » 2%
2 MFE TR TR ek Fx 4 (Chuaqui et al., 2002; Leung and Cavalieri, 2003) -

2% & 4F 75(2012) 2 35k > B § #renfk A& > #4295 Orchidstra 742 & #% 2. cDNA
B 7|51+ 5 12 RT-PCR = Vs H e E oL @ BB mRNA el 514 3 > &)
F AT A 0 RFEZVMELTRL SR FHINGYH ¢ RABERF 0

3§ R A RAAT o

LR ¥ R A B F R B (Hew and Yong, 2004) » ke U7 44 £4(0.1P 2« OP)8
s o F P awi(total P)Jk R AR FECOT R ER D T1% 0 RNk R AP EOYHR B
70 58%-T4%(#5 > 2012) s ~ 2R 5k ¢ o 11 EXpt. 2 2. {5tk fdt gk 12 3% {8 15 e (Pi)
ER TR E P BN Pk R AR RO R 2T 300 U T 42% % 25%(F
51) - 7232 0.1P 2 OP A ¢ Pi kA& M +NPK ¥ %2t » 12 RT-PCR # 47 & # &2
FIMB B I2 A TR > R REF > AMAE LY P AL RN15 BiFE
A F & RT-PCR A~ 4758 % > 10 B i3 A FINE F AR B8 40 (12 1) ~ B9 R R
" 1L(0P) » AFI AR B F (% 5.4 B 5.4) 2 Expt. 2 2 {5tk hdb g 12 12 3 4o
LB 2 5P B 5 2 i iE 45 F](PATC144588 ~ PATC151267)2. RT-PCR % %
gipeeeiz fold change 7 # » 2 BB HB LG LB -2 TALR(% 54 F
54); m 3MizEAF L RT-PCRAES BB 2 Pl iEd A2 P L REFFH 7 ¢

(PATC146454) (% 5.5) » Tt & i# s

L] g;:_*ucl Tvgz\;pum“ é’%r"]\%ﬂg b ng\m‘m, ggér]\%qagé -

3 4 eniz:F A F]H fold change +

ﬂ\‘l«

FHAEN B O BF I IMELTRY & egm
Z Z2.% > 4 PATC063029 - PATC145532 ~ PATC105076 » iz ¢t = %23t RT-PCR %
¢ o HBReLRELRET X MARE XN (E 54 B 54-55) iziE LT

BRI P o B E AT o W EF YA L RADGER TR
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HREIAMELERAR  VEILIIWEF e RASERE > B Y R 2

NI

PR o A ML FEAFEARE DY PR BB T TR TFTF L MK
B F RS TR Y IE 2K 2 R 3E > 4o normalization iE S F o R EE S A TR
G- A= R I o2, B E AT AR AY AL mMRNA £ LB /i Fplid &
e & RT-PCR ehfpir e i R F 3 32 0~ PR AL © 3. MAE'L B K@k i@ * i
PP R AL T DL RN I AR RB I DL R o TG B ATFF R
FIAFRHZ PEEREEY A B a B R EREON(F 55) Hkhhk Y
1. P15 iFE A T2 @ E(contig) & B e > FIP R 32 F BiIER T F o Ao
PATC181362 RT-R & 73 it e Ao 2. FAHEEZ E2 cDNA B 7o %7 = fE 2 7

TFE $ R FLEPCREBAFEGFH PR F > SEZHHAY -

Vb A2 5(2012)2 Sk DA B S T RS WL
P AT PR 1 F iR 0 T - R e 3 5 0 P5(2012)3R 5k ¢ A e iy
T RS - B R (- SR R) ) ARG T 8T - B
SRR 0 RS - B0 ehl FEw ) > EES & 100 mL eHNPK SR s dF
ERARERLT AL 2 HASL Tl AES% Y 0 RT-PCR A 415 % » W E Y

A AR E AT AR 1202 AR EH R F(L 54 F54) -

SRR SET <« £ E 4 R2 A T PATC128122

PATC128122 % #73 iz A F¥ » iR LM E L A A~ 2 A7 F PR
PETORRIT P WA OP AT A EHEEAR(MEL); AcEE TR o AE R

r a4 A 7Y foldchange &% » % i 31.3 & (750 2012) » & fethat A& i 32 3%
14 (e iR o B ) PATCI128122 0% & @ H fold change ¥ X # i 1676 & (F 4
AEEA)e T oho hdk § s 4B 4547 ~-NPK (I P 4- § #349)2 §8 & ¢ > PATC128122
W4 R AT > 0§ & 2t -NPK UL ¢ ([ 5.6) » k27 PATC128122 %+
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Ak FE R 2B o e 12 Orchidstra & 2. cDNA 5 7127 NCBI 4 =k :2 (7 Blastx
A5 % 0L B A A Freb(unknown) 3-v B o e & cDNA & 5 7| 567-772 bp i
¥ £ 3 - C4HC3 zinc-finger 75 3¢ /s RING-variant domain (8] 5.13B) - /%" RING
superfamily ; ¥ ¢t % TAIR %38 {7 Blastx 4 15 » & 4p 12 < homolog 5 AT5G05830
(E-value =4.00E-32) » P % i 3 #-bmehirs so #77 > © F & &2 ubiquitin protein ligases

7 Mo %4 39 F etk f2(Dieterle et al., 2005) ©

A~

~

£ 4 R PATC128122 »* e £ itv )y

50 - AT PATCL28122 2 # it » F]pt #- PATC128122 ﬁfﬁﬁ? zF 0B
35S gkt + 2 4 L4 pMDC32 (R 5.8) » # « FAM>tfpfian? » REH
R o A WK oo BOR P 4 $k¥7 36S::PATC128122 # 78 R E’.Tﬁ\« B
ok E ERT 5 B 2 kR 2505010 mM Pi z &J2 s B2 #8172 RT-PCR 4 47
11 = ~ efg R F $82 PATC128122 # 3R> ¥ filt A Flew @ 7 4 IR mRNA **
35S::PATC128122 75tk O B = 4 @ (] 5.9) L &% L L EBR A EE T > &
kL ~PiER P 3 B2 PERY 2R R (E 5.6-5.9 B 5.115.12) >
2 3-v PHOL &g & 39 PHTL1;1/2/3 ~ PHTL4 2 39 B A IR E » B ¥R 2R

4 W% 4P (B 5.10) 7 PATCI28122 bt £ AtHzithe » R 28 F 48
¥R e E B ¥ LR end A (phenotype) s R e A BT ARG B T 02 £ F o
P ow fish ® 2 B 35S::PATC128122 ## 7 %%—’F% AR R TG L hlgikge o
PATC128122 ¥ #; 2 & 22 H 15 %) — A=i8 (7 (¥% > ¥ fhig s PATC128122 % F¢ 15
HTRP o Vo mEFIE TR o2, AU ¢ o PATC128122 # iy *t 4 TenpF F &

hdF T enime B BRGE T IR 00 35S fad 3 f db i % iE PATCL28122 *tfe v

—

RV m2gHE T o3, AP iaryEatk? » poa i mRNA 22 4 31 »
e PATC128122 z_ =& ¥ iRl 18 Fehd—v T & £ I o 4 PATC128122 e it ¥
B R ERRFE AP XIRE > AR O @AY BRI AR o5 A

B ¥ O g e phs IR mRNA £ IR P o B 5 iE 3 47 +~ (alternative splicing) 2 3R
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»E A& A4 (1083bp) o B E § A R AT ¥ £ MRNA (R 5.9 25.13A)» £

%
B 4 W] %) 721 bp £2 658 bp(®] 5.13B) » @ IR % 30 {8 § PATC128122 2. 4 IRig =

3
!
=g

A FE s U R  EREATIEA I P 0 ¢ tho ks &k

Feosipie- HIET A -
s RYEPEIBEFAFLAR-E

B TR Y kg R T 24T PATC144588 # fold change = 3.5 (%5 »
2012) ; k@ > i AEE P 12 RT-PCR 4 47 » PATC144588 >34 7™ 4 & 22 ¥ e e
2% £ B (W 5.4) - $245 Orchidstra 72 & &7 » PATC144588 7 it % — fAf4H iE 3
v > 12 CDNA E 7] NCBI 4 =kig 7 Blastx 4 #7 » & cDNA > & 5 7] 516-2024 bp

> % £ 7 MFS domain - Blastx 4 7.4 % 235 % $» # 44 §_Phoenix dactylifera - &
E Musa acuminata 2. ###& 18 3-v PHTL1;4 &« PHTL1;8 =Lk & 71 4p e ¥ #b 3 TAIR
M b2 7 Blastx 4~ 47 0 B 4p iz erhomolog 5 AT2G38940 @ 5 ki 18 F-v PHTL14 »
3 PHTL 72% > PHTL 2 PR 0 R #2857 3% E F R opiiEid 39 (Nussaume et al.,
2011) » 2 ¥ PHTL1;4 &2 PHTL;1 2 PHTL #25° £ E#E > ¥ AL AW T >

PR EE g W R 0 5 £ & opkdEiE 3-v (Shinetal., 2004) -

i RNA-ISH 225 ¥ > S B4 8™ 3 F M ehfd ¥ PATC128122 £ g i
i Jov PATC144588 & Wipl4  Hp ¥ ie- H B fEs AT A E ¥ 2 fmesdp o
ZIE o B KT 05 cm & 3 em =g o ¢ ¥ P ] PATC128122 &
PATC144588 # >t I3Rcnp b i fEwmre + (@] 5.14~5.16) ; £ 7 ¢ & X F]A|

MOAT 4 it ¢ gy 4 381 (F] 5.15 ~ 5.17) o

4% 13345 RT-PCR & 474 % »PATC128122 - ¥4 PR ‘e cnd JLE 3% (%4> 2 ISH
WY OHR BRI R B E P L% T R3] PATC128122 4 R.(%] 5.14 -
5.15)> B #ndwipl ISH 1 & & % s mRNA #ér4 2 =% > 2 7 iy 1A g2 2 (4
PRt )AL d R N A A E RS Vs VR EREIF DL - 4
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(specificity) 7 B #5832 % en% % o ik B % % 87 > PATC128122 &* PATC144588
FARAMPNAL e REFE Y L300 g MOTH R A DR REF A K

Fie- HE
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Phalaenopsis Sogo Yukidian ‘V3’.

E AT AL FEART

Table 5.1. Selected genes from microarray data (Yu, 2012) showing notable up- or down- regulation by P starvation in the mature leaf of

Fold change [treatment / +NPK]* - i i
Probe ID gel ] Description* E-valu - Arabidopsis Functional category"”
0IN ON 0P OP 0.1K OK e homolog
Up-regulated candidates in leaf
PATC128122 -1.7 -1.7 252 31.3Y -1.7 -1.6 zinc finger (C3HC4-type RING 1E-26 AT5G05830 protein.degradation.ubiquitin.E3.
finger) family protein RING
PATCO078157 1.6 1.7 18.0 253 3.0 3.7 hypothetical protein 1E-13 - -
PATC155606 1.4 19 156 224 2.7 3.1 hypothetical protein 9E-76 AT1G17710 misc.acid and other phosphatases
PATC126861 1.3 16 95 103 1.6 1.9 predicted protein 2E-61 AT5G01220 lipid metabolism.glycolipid
synthesis.sulfolipid synthase
PATC154300 -1.1 1.2 7.1 102 1.2 -1.2 predicted protein 2E-45 AT5G01220 lipid metabolism.glycolipid
synthesis.sulfolipid synthase
PATC129837 1.2 -1.2 95 6.9 13 1.1 nucleotide 0  AT5G50400 misc.acid and other phosphatases
pyrophosphatase/phosphodiesterase
PATC156594 -1.7 -14 41 6.1 -14 -1.2 glycerol 3-phosphate permease 1E-172 AT3G47420 transporter.membrane system
unknown
PATC141818 -1.2 -14 6.7 6.1 11 -1.6 purpleacid phosphatase 1E-110 AT3G17790 misc.acid and other phosphatases
PATC089322 -13 10 37 48 11 12 phol-like protein 1E-52 AT1G68740 transport.phosphate
PATC181362 44 34 45 46 28 21 hypothetical protein Osl_23501 4E-12 - -
PATC139852 -1.2 -12 39 45 -1.2 -1.2 predicted protein 9E-62 AT5G20150 stress.abiotic
PATC138298 3.0 1.7 6.6 3.7 -1.6 -1.6 transcription factor 3E-83 AT3G15510 RNA.regulation of transcription.NAC
domain transcription factor family
PATC144588 13 13 35 35 13 -1.0 phosphate transporter 0  AT2G38940 transport.phosphate
PATC151267 2.6 14 127 35 22 17 WRKY76 -superfamily of TFs 5E-49 AT1G80840 RNA.regulation of
having WRKY and zinc finger transcription. WRKY domain
domains transcription factor family
PATC146454 32 28 44 31 29 3.0 predicted protein 0  AT1G15520 transport.ABC transporters and

multidrug resistance systems
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Fold change [treatment / +NPK]? g i i
Probe ID gel ] Description* E-valu Arabidopsis

Functional category"”
0.IN ON 01P OP 0.1K OK e homolog

Table 5.1 continued

down-regulated candidates in leaf

PATC153190 -25 -49 -76 -74 -5.6 -7.3 hypothetical protein 1E-154 AT5G12010 not assigned.unknown
PATC133374 -6.0 -55 -56 -6.2 -51 -5.6 poly(A) polymerase, putative 1E-110 AT2G17580 RNA.processing
PATC154014 -34 -52 -65 -5.9 -7.0 -12.1 predicted protein 3E-30 AT3G29000 signalling.calcium
PATC063029 -2.9 -5.7 -10.3 -4.8 -11.6 -10.4 putative protein 5E-13 - -

* These fold change data are collated from the gene expression under nitrogen (0.1N or ON), phosphorus (0.1P or OP), or potassium (0.1K or 0K)

starvation.
¥ Significant differences (fold change = 3 or fold change = -3) are shown in bold and arranged by the order of that under OP treatment.

*The description is followed by the annotation in Orchidstra database.
" The function of these genes were categorized by MapMan according to their homolog in Arabidopsis.

111



# 52, d ML a5 P o PANGEEF RN R T £ P AR T A FE AT

Table 5.2. Selected genes from microarray data (Yu, 2012) showing notable up- or down- regulation by P starvation in the root of
Phalaenopsis Sogo Yukidian ‘V3’.

z . .
Probe ID Fold change [treatment / +NPK] Description* E-value Arabidopsis Functional category"”
0.IN ON 0.1P OP 0.1K OK homolog
Up-regulated candidates in root
PATC060903 -1.0 1.0 -1.0 11.3" -1.0 1.4 polyketide synthase 2E-19 - -
PATC145532 9.0 49 6.6 8.0 7.3 10.0 hypothetical protein 0 AT5G44790 transport.metal
PATC128122 -2.2 -16 69 6.1 23 -19 zincfinger (C3HC4-type RING 1E-26 AT5G05830 protein.degradation.ubiquitin.E3.
finger) family protein RING
PATC167116 2.0 -12 21 57 23 1.6 hypothetical protein 2E-26 - -
PATC045332 7.0 19 52 50 59 4.9 hypothetical protein 3E-18 - -
PATC045659 4.8 19 39 46 13 3.3 predicted protein 8E-31 AT4G08160 not assigned.no ontology
PATC139613 4.9 -13 23 45 4.1 5.9 hypothetical protein 4E-33 - -
PATC219670 3.3 14 31 44 17 2.0 hypothetical protein 2E-20 - -
PATC154300 1.2 11 45 36 26 1.1 predicted protein 2E-45 AT5G01220 lipid metabolism.glycolipid

synthesis.sulfolipid synthase
PATC159699 4.1 40 45 32 25 21 putative myb-related protein 1 6E-62 AT1G56160 RNA.regulation of transcription.MYB
domain transcription factor family
PATCO071900 21 13 212 -1.3 1.1 4.7 unnamed protein product 5E-21 AT5G48910 not assigned.no
ontology.pentatricopeptide (PPR)
repeat-containing protein
PATC130846 25 25 11.0 16 1.8 3.1 Chain A, Resolution Of The 2E-84 AT4G11650 stress.abiotic
Structure Of The Allergenic
AndAntifungal Banana Fruit
Thaumatin-Like Protein
PATC072900 -1.0 10 9.2 -1.0 -1.0 2.0 predicted protein 9E-32 AT5G56150 protein.degradation.ubiquitin.E2

PATC089322 13 21 6.0 17 1.6 3.7 phol-like protein 1E-52 AT1G68740 transport.phosphate
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Fold change [treatment / +NPK]* i i
Probe ID gel ] Description* E-value Arabidopsis Functional category"”
0IN ON 0.1P OP 0.1K OK homolog
Table 5.2 continued
PATC116924 -1.3 -20 49 19 -1.2 -1.3 myb-like DNA-binding domain,  1E-21 AT2G38300 RNA.regulation of
SHAQKYF class family protein transcription.G2-like transcription
factor family, GARP
PATC132945 15 12 44 -11 11 1.1 hypothetical protein 2E-57 AT4G13420 transport.potassium
Down-regulated candidates in root
PATC068059 -4.7 -2.0 -18.1 -17.3 1.3 -1.7 unnamed protein product 7E-18 - -
PATC105076 -5.9 -4.0 -17.3 -10.6 -1.0 -3.0 Aspartic proteinase nepenthesin-1 1E-20 - -
precursor, putative
PATC231430 -34 -34 -64 -94 -3.6 -10.9 calmodulin binding family protein 2E-12 - -
PATC225601 -35 -42 -47 -8.0 -4.2 -6.3 calmodulin binding protein, 2E-26 AT3G58480 signalling.calcium
putative
PATCO073314 -25 -45 -49 -7.7 -54 -58 AP2domain CBF protein 2E-21 AT5G51990 RNA.regulation of

transcription.AP2/EREBP,
APETALAZ2/Ethylene-responsive
element binding protein family

* These fold change data are collated from the gene expression under nitrogen (0.1N or ON), phosphorus (0.1P or OP), or potassium (0.1K or 0K)

starvation.

Y Significant differences (fold change = 3 or fold change =

*The description is followed by the annotation in Orchidstra database.
" The function of these genes were categorized by MapMan according to their homolog in Arabidopsis.
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Table 5.3. Primers used for validation of gene expression and gene constructs.

Primer name Sequence (5' — 3)) Direction  Tm (°C) Purpose
PaActin-GF (PATC157348) GAGACTTTCAACGTGCCTGC F 56.7  housekeeping gene, included intron
PaActin-GR (PATC157348) GCAGTACGAAACAGAAGCCA R 55.4  housekeeping gene, included intron
PaActin-NF (PATC157348) ATGAGGGTTATGCACTTCCTCATGC F 59.1  housekeeping gene, excluded intron
PaActin-NR (PATC157348) TCCAATCCAGACACTGTATTTCCTCTCT R 58.8  housekeeping gene, excluded intron
PATC045332 RT_L TTCCATGCAGTGGGATTACA F 54 RT-PCR, validation
PATC045332 RT_R GTGGGATGACTGTGCCTTTC R 56.1 RT-PCR, validation
PATC045659 RT_L GGGTTTCTGGGAGTTGTTCA F 55 RT-PCR, validation
PATC045659 RT_R AAGTGCCATGAAATCCTCTGA R 54.1  RT-PCR, validation
PATC060903 RT_L GGCATGATGAATACCGCTTT F 534  RT-PCR, validation
PATC060903 RT_R GAGCCGGTGATAAGTTCCAG R 55.3  RT-PCR, validation
PATC063029 RT_L GGTCTCTTCTCGAATGGCTC F 55 RT-PCR, validation
PATC063029 RT_R TTGGTGGGATCGAGAAACTC R 54.4  RT-PCR, validation
PATCO068059 RT_L GTCGGATGGATTTGTGTAG F 50.4  RT-PCR, validation
PATC068059 RT R TGACAGGTTAAATGGCATGA R 51.9 RT-PCR, validation
PATC071900 RT_L GCTGTGTCCTTCGGTCTCAT F 57 RT-PCR, validation
PATC071900 RT_R ACGGGTTGATCCAAACTGAC R 55.2  RT-PCR, validation
PATC072900 RT L TGTCTCCCTCCTCAACCACT F 57.6 RT-PCR, validation
PATCO072900 RT_R AGTCGGTAGGGAAAGCAATG R 54.8 RT-PCR, validation
PATC073314 RT_L ATATGGCTCGGCACTTATCC F 545 RT-PCR, validation
PATC073314 RT_R AAAGTCCACGCAGAATCAGG R 55.2  RT-PCR, validation
PATCO078157 RT_L GTGGAGAGGAGGGAGGAGAG F 58.2 RT-PCR, validation
PATCO078157 RT_R CAGTTATCGCTGTCGCAGTC R 55.9 RT-PCR, validation




Primer name

Sequence (5' — 3)

Direction

Tm (°C)

Purpose

Table 5.3 continued

PATC089322 RT_L GATGTCAAGCACAGCAACTG F 545 RT-PCR, validation
PATC089322 RT_R AGAGTGCTCTTCCATCATCG R 54.2  RT-PCR, validation
PATC105076 RT_L GACGATGAGACATTGCAGGA F 54.7  RT-PCR, validation
PATC105076 RT_R CAAAGCCAGACACAGCACAT R 56 RT-PCR, validation
PATC116924 RT_L GGCTGACGATGATGATGATG F 53.4  RT-PCR, validation
PATC116924 RT_R GCACTGGACTTCGGAATACTG R 55,5  RT-PCR, validation
PATC126861 RT_L TGTCTTCGTTATGCCGTCAG F 549  RT-PCR, validation
PATC126861 RT_R CTCCTTCCTTCCACTCTCCA R 55.8 RT-PCR, validation
PATC128122 3'+713 CACAGTTTCATTACCGGAGCTAGC R 58 RT-PCR for validation, construct
PATC128122 5'-344 GCTCCAACGCCATTTTTAGAC F 55.2  RT-PCR for validation, construct
PATC128122 insitu3' +259 ATTGGAACGCCTAGTTCCTG R 54.8  clone probe
PATC128122 insitu5' +65 CAGACGAACGGCATTGTAAA F 53.4  clone probe
PATC129837 RT_L TGGAGGTGAATGTGGAGTTG F 54.7  RT-PCR, validation
PATC129837 RT_R CCATTCAGCAGCTTCATCAG R 53.9 RT-PCR, validation
PATC130846 RT L CAATGCTCTGATGCCGTCT F 55.3 RT-PCR, validation
PATC130846 RT_R AATAGTCCGTCGCCTGGTAGC R 58.9 RT-PCR, validation
PATC132945 RT_L CCCACGTGTGACCATGATT F 55.2  RT-PCR, validation
PATC132945 RT R GAAGGCTGAGATTGCAAAGG R 54.1 RT-PCR, validation
PATC133374 RT L TGGCTAGGATTGTTGGCTTT F 54.6 RT-PCR, validation
PATC133374 RT_R GGGCTTGAGCTGATAATGGA R 54.7  RT-PCR, validation
PATC138298 RT_L AAGACTCCGCCGTAGATGAA F 55.7  RT-PCR, validation
PATC138298 RT_R CCTAACCTCCCAGATTTCCA R 53.8 RT-PCR, validation
PATC139613 RT_L TCGGTAAAGGGTCTGTTGCT F 56.2 RT-PCR, validation
PATC139613 RT_R CGAACGATGATCCTGAATGA R 52.2  RT-PCR, validation
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Primer name

Sequence (5' — 3)

Direction

Tm (°C)

Purpose

Table 5.3 continued

PATC139852 RT_L
PATC139852 RT_R
PATC141818 RT_L
PATC141818 RT_R
PATC144588 5'+966
PATC144588 RT_L
PATC144588 RT_R
PATC145532 RT_L
PATC145532 RT_R
PATC146454 RT_L
PATC146454 RT_R
PATC151267 RT_L
PATC151267 RT_R
PATC153190 RT_L
PATC153190 RT_R
PATC154014 RT_L
PATC154014 RT_R
PATC154300 RT_L
PATC154300 RT_R
PATC155606 RT_L
PATC155606 RT_R
PATC156594 RT_L
PATC156594 RT_R
PATC159699 RT_L

TCCGACTTCCTTTCATCCAG
CCTCAGCTATTCGGCAACTT
CCAGCACATTAGCAGCAGAG
GGGCCTAGTGCAATTATGGA
CTTTAGCGCCATAGGATGGA
GGAACAGGACAAGGTGGAGA

GAAAGTTAGCCCGTACATCACC

GAGGCAGCAGTTGTTGTTGA
CCTGGGCTTCCTATACCTTCT
ACTCTGCATGGCTTCGACTT
ATCTTGTGAGCCAGGAGACG
AATCTGATAGCCGCAACGAC
CAAAGAAAGTGGGTGCTGCT
GCAAGCACCCTATCATGGTT
TCTGGTATGGATGGCCTCTC
TGTGAATGGTGATGGGAAGA
TAAAGCCGGATTTCCTTCCT
AGCCCTCTCTTTCCTCCTC
ATGACTCCCGGCGAACAA
GCTTCACCGAGATCAACACA
GACCAACCGGATCTACAGAA
GTGGAGTGATTGGAGGCATT
CACAAGCCTGGTCAATAGCA
CACAAGGGCTCATGGACTC

mM O MmO M X0 M AO MO T MO TMAOTAO T T AOTAOT

54.2
55
56.1
54.7
54.4
56.5
55.6
55.9
55.7
56.8
56.8
55.3
56
55.4
56
53.7
53.8
55.9
56.9
55.1
53.9
55.1
55.3
55.6

RT-PCR, validation
RT-PCR, validation
RT-PCR, validation
RT-PCR, validation, clone probe
clone probe
RT-PCR, validation
RT-PCR, validation
RT-PCR, validation
RT-PCR, validation
RT-PCR, validation
RT-PCR, validation
RT-PCR, validation
RT-PCR, validation
RT-PCR, validation
RT-PCR, validation
RT-PCR, validation
RT-PCR, validation
RT-PCR, validation
RT-PCR, validation
RT-PCR, validation
RT-PCR, validation
RT-PCR, validation
RT-PCR, validation
RT-PCR, validation
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Primer name Sequence (5" — 3) Direction  Tm (°C) Purpose

Table 5.3 continued

PATC159699 RT_R TGCTTCACACGCTTCTTCAG R 55.6  RT-PCR, validation
PATC167116 RT_L GACGCACTGACGATAGCAAG F 55.9 RT-PCR, validation
PATC167116 RT_R TGGACAGTGATGGAGCTGAC R 56.8 RT-PCR, validation
PATC181362 RT_L CTCTGGATCTCCGGTCTGTC F 56.5 RT-PCR, validation
PATC181362 RT_R CCAAAACTTGGAGAACAGAG R 51.1  RT-PCR, validation
PATC219670 RT_L TTCAAACACAGCCGAGACAG F 55.3  RT-PCR, validation
PATC219670 RT_R TGAGGCGAACTTGGTCTATG R 54.4  RT-PCR, validation
PATC225601 RT_L AGTATCTTGGCCCGGTGAGT F 58.2  RT-PCR, validation
PATC225601 RT_R AAGCCTCCCTTTCTTTCTGC R 55.3  RT-PCR, validation
PATC231430 RT_L CGCATCGGTTATGTGAGGA F 54.7  RT-PCR, validation
PATC231430 RT_R AACGGCCTTGAAATACCAGA R 54.2  RT-PCR, validation
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Table 5.4. Comparison of the expression of selected genes between microarray and RT-PCR analyses and normalized with the expression of actin.

probe ID

PATC128122
PATC154300

PATC155606
PATC126861
PATC129837
PATC156594
PATC141818
PATC089322
PATC139852
PATC138298
PATC144588

PATC151267

PATC153190
PATC154014
PATC063029

PATC145532
PATC167116
PATC045332
PATC045659
PATC139613
PATC219670
PATC159699
PATCO071900

PATC105076
PATC231430
PATC225601
PATC073314

Microarray
Fold change
in Phal. leaf
0.1P OoP
252 313
71 102
156 224
95 103
95 6.9
4.1 6.1
6.7 6.1
3.7 48
3.9 45
6.6 3.7
35 35
127 35
76 -14
65 59
-10.3 4.8

# Quantitative analysis in leaf, by RT-PCR

8 weeks 12 weeks
Bt Bopt.2 Bot.1 Bopt.2
0P OP 0I1P OP O0IP OP O0IP OP
13 16 10 18 08 13
50054 o8 14 | 36 14
15 15 12 26 15 21 15 36
17 16 08 19 13 15 21 36
12 15 12 25 13 19 22 43
14 16 09 16 16 21 20 43
12 18 08 16 18 382 17 30
24 | 45 22 | 49 53 AN a0 AN
13 13 09 20 15 19 16 42
21 21 047 17 o7 07 29 41
12 12 09 06 10 13 12 17
09 06 08 20 . 05 09 08
11 09 09 13 09 11 11 14
07 07 10 12 10 13 16 09
08 07 11 24 10 07 13 13
09 08 09 11 10 11 11 12
*
*
12 09 09 12 09 08 14 11
09 07 19 17 10 10 14 16
09 08 11 18 09 13 12 18
08 10 07 20 08 09 10 08
04028 13 30 14 20 11 09
*
08 06 08 14 11 11 15 16

Microarray # Quantitative analysis in root, by RT-PCR
Fold change 8 weeks 12 weeks
in Phal. root Bxpt.1 Bxpt.2 Bxpt.1 Bxpt.2
0.1P oP 0P O 01P OP O1P OP O0IP OP
Up-regulated candidates in leaf and root
69 61 05 05 09 10 10 PO 12 28
45 36 21 14 17 12 15 21 09 28
Up-regulated candidates in leaf
2.8 24 13 14 13 12 12 10 12 18
4.3 29 15 15 14 13 12 14 11 14
3.9 2.0 16 20 15 09 16 17 13 14
18 2.0 12 12 13 12 07 08 12 19
4.4 20 13 13 13 10 14 14 12 17
6.0 17
3.0 23 13 15 13 11 12 16 10 24
— — 0.8 14 10 | 06 10 08 07 10
22 23 0.9 12 13 12 09 11 09 15
- - 12 07 15 09 12 15 09 10
Down-regulated candidates in leaf
22 24 08 07 10 07 11 11 09 08
- - 10 11 09 08 08 08 09 10
-15 -13 08 08 06 08 13 11 19 08
Up-regulated candidates in root
66 80 10 10 11 08 09 10 11 12
21 57 16 12 11 10 14 18 10 08
52 50 09 07 13 09 26 27 23 13
39 46 16 14 13 09 22 24 10 11
23 4.5 10 10 11 08 14 12 11 | 04
3.1 4.4 12 11 13 1.0 10 10 1.0 10
45 32 07 09 10 11 21 24 08 05
212 -13 10 06 19 16 11 13 17 12
Down-regulated candidates in root
-17.3 -106 10 13 15 11 09 09 1.0 11
64 94 10 10 09 09 09 12 09 09
47 8.0
49 1.7 13 07 07 09 10 14 12 07

contig amplicon

length

1083
500

1206
706
2033
1999
1713
530
1579
1106
2430

1128

2656
710
267

3264
375
421
346
954
482
382
434

488
262
448
374

length

214
457

497
457
505
416
574
390
416
533
442

702

490
194
147

543
154
114
173
153
195
317
379

228
102
124
116

Description
0.1 1 6

| 1

zinc finger (C3HC4-type RING finger) family protein
predicted protein

hypothetical protein

predicted protein

nucleotide pyrophosphatase/phosphodiesterase
glycerol 3-phosphate permease

purple acid phosphatase

phol-like protein

predicted protein

transcription factor

phosphate transporter

WRKY76 - superfamily of TFs having WRKY and
zinc finger domains

hypothetical protein
predicted protein
putative protein

hypothetical protein

predicted protein
hypothetical protein

predicted protein
hypothetical protein
hypothetical protein

putative myb-related protein 1
unnamed protein product

hypothetical protein
predicted protein
hypothetical protein
AP2 domain CBF protein

-, fold change is not shown in microarray data. *, the band is week in gel electrophoresis analysis. #, the pixels of band are calculated by [(treatment/background) / (control/background)] , and the actin pixel is background.
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Table 5.5. Genes failed to be amplified by RT-PCR.

Microarray Microarray
Fold change in Phal. . Contig Amplicon .
Probe ID leaf Fold change in Phal. root length length Description
0.1P oP 0.1P oP
PATC078157 18.0 25.3 25 2.6 204 110 hypothetical protein
PATC181362 4.5 4.6 - - 247 228 hypothetical protein
*PATC146454 4.4 3.1 - - 4592 498 predicted protein
PATC133374 -5.6 -6.2 - - 1734 316 poly(A) polymerase, putative
PATC060903 - - -1.0 11.3 200 155 Polyketide synthase
PATC116924 - - 4.9 1.9 396 287 myb-like DNA-binding domain, SHAQKYF
class family protein
PATC130846 - - 11.0 1.6 882 478 Chain A, Resolution Of The Structure Of The
Allergenic AndAntifungal Banana Fruit
Thaumatin-Like Protein
*PATC072900 - - 9.2 -1.0 302 243 predicted protein
PATC132945 - - 4.4 -1.1 468 334 hypothetical protein
PATC068059 - - -18.1 -17.3 209 111 unnamed protein product

*, Incorrectly amplified length.
-, Fold change is not shown in microarray data.
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Table 5.6. Shoot and root fresh weight of the 11-d-old Arabidopsis thaliana wild type

and 35S::PATC128122 transgenic lines grown under various Pi supply conditions
(250, 50 or 10 pM).

Plants Shoot fresh weight (mg) Root fresh weight (mg)
(Wild type and .
355 -PATC128122 P treatment (uM) P treatment (uM)
lines) 250 50 10 250 50 10
Wild type 5.3b" 5.6 a 3.6a 1.8b 2.2ab 2.1ab
1 57b 51a 3.8a 1.7b 1.9 cde 1.9ab
2 54D 4.8a 3.6a 18D 2.0 bed 2.1a
3 52b 52a 4.1a 19b 1.9 cde 2.3a
4 52b 53a 39a 20b 2.1bc 2.1a
5 58D 53a 41a 20D 1.8 de 2.0ab
7 59b 59a 3.6a 25a 2.6a 2.4 a
8 53b 51a 4.1a 1.8b 2.2 bc 16b
10 57b 51la 3.6a 2.1Db 1.9 cde 1.9ab
16 71a 5.2a 3.8a 2.7a 17¢e 1.9ab
Significance® * NS NS ol ** NS

*The 5-d-old seedlings were transferred to new agar plates containing 250, 50, or 10
UM KH,PO, for additional 6 days.

¥ Means followed by a different letter in columns represent significant differences at P
= 0.05 by LSD test.

* NS indicates no significant difference within columns. *, **and *** indicate
significant differences according to ANOVA test at P = 0.05, 0.01 or 0.001,
respectively; n = 3.
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Table 5.7. Shoot and root Pi concentrations of the 11-d-old Arabidopsis thaliana wild

type and 35S::PATC128122 transgenic lines grown under various Pi supply
conditions (250, 50 or 10 uM).

Plants Shoot Pi concentration Root Pi concentration
(Wild type and (nmole /mg FW) (nmole /mg FW)
35S::PATC128122 P treatment (LM)? P treatment (M)
lines) 250 50 10 250 50 10
Wild type 10.4bcd”  3.6b 1.2a 4.8abc  2.8ab 1.7a
1 11.8a 4.9ab 1.3a 4.9ab 2.7ab 1.7a
2 10.5abc 5.2a 1.2a 4.9a 2.9a 1.6a
3 11.4ab 5.2a 1.3a 4.7abcd 2.7ab 1.6a
4 10.7abc 4.6ab 1.3a 4.5bcde 2.6abc 1.5a
5 10.2bcd 5.3a 1.3a 4.4cde 2.7ab 1.5a
7 10.1bcd 4.0ab 1.2a 4.3e 2.2¢C 1.5a
8 10.0cd 4.9ab 1.4a 4.4de 2.6abc 1.7a
10 8.6e 4.1ab 1.3a 4.2e 2.7ab 1.5a
16 9.0de 4.6ab 1.0a 4.2e 2.4bc 1.6a
Significance® ** NS NS *x NS NS

*The 5-d-old seedlings were transferred to new agar plates containing 250, 50, or 10
UM KH,PO, for additional 6 days.

Y Means followed by a different letter in columns represent significant differences at P
= 0.05 by LSD test.

*NS indicates no significant difference within columns. * and ** indicate significant
differences according to ANOVA testat P = 0.05, and P = 0.01, respectively; n =
3.
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Table 5.8. Shoot and root Pi content of the 11-d-old Arabidopsis thaliana wild type and

35S::PATC128122 transgenic lines grown under various Pi supply conditions (250,
50 or 10 uM).

Plants Shoot Pi content (nmole) Root Pi content (nmole)
(Wild type and .
355:-PATC128122 P treatment (uM) P treatment (uM)
lines) 250 50 10 250 50 10
Wild type 54.7cd®*  19.7a 45ab  8.5b 6.3a 3.4abc
1 67.1a 24.0a 5.0ab 8.3b 5.2bcd 3.2abcd
2 56.7bcd  25.0a 4.3ab 8.8b 5.9ab 3.3abcd
3 59.1abc  26.9a 5.1ab 9.1b 5.0cd 3.7a
4 55.1bcd  25.0a 5.1ab 9.1b 5.5abcd  3.2abcd
5 58.8bc 28.3a 5.5ab 9.0b 4.8d 3.0cd
7 59.1abc  23.6a 4.2ab  10.9a 55abcd  3.6ab
8 52.9cd 25.3a 5.8a 7.9b 5.6abc 2.8d
10 48.4d 20.3a 4.9ab 8.6b 5.1bcd 2.8cd
16 63.1ab 23.5a 3.9b 11.2a 5.1bcd 3.0bcd
Significance” xx NS NS *x * NS

*The 5-d-old seedlings were transferred to new agar plates containing 250, 50, or 10
UM KH,PO, for additional 6 days.

Y Means followed by a different letter in columns represent significant differences at P
= 0.05 by LSD test.

*NS indicates no significant difference within columns. * and ** indicate significant
differences according to ANOVA testat P = 0.05, and P = 0.01, respectively; n =
3.
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Table 5.9. Shoot and root fresh weight, Pi concentration and content of the 20-d-old

Arabidopsis thaliana wild type and 35S::PATC128122 transgenic lines grown
under various Pi supply conditions (250, 50 or 10 uM ).

Plants Shoot Root
(Wild type and P treatment (uM)? P treatment (M)
35S::PATC128122
lines) 50 10 250 50 10
Fresh weight (mg)
Wild type 69.9bc” 76.6a 63.8abc 24.7¢ 28.6a 20.3bc
1 71.6bc 67.2a 50.4c 23.8¢C 21.4b 17.2c
2 71.1bc 71.4a 73.9ab 27.3bc  245ab  26.2ab
4 66.1c 78.9a 60.9bc 24.7¢ 28.7a 20.4bc
5 79.7b 68.7a 77.5a 32.6ab  24.4ab 32.7a
7 94.0a 75.7a 71.3ab 36.2a 25.4ab  30.8a
Significance” xxx NS xx *x NS xxx
Pi concentration (nmole /mg FW)
Wild type 12.6ab 11.6a 6.2bc 7.6a 6.9a 2.5ab
1 13.1a 12.7a 8.2a 7.2a 6.8a 2.3bc
2 12.5ab 12.3a 5.9bc 7.2a 7.0a 2.4ab
4 11.5¢ 11.7a 6.6b 7.8a 7.0a 3.1a
5 11.8bc  11.8a 4.3d 7.2a 6.7ab l.4c
7 11.0c 10.4b 4.9cd 7.2a 6.4b 1.9bc
Significance® ikl * il NS NS *
Pi content (nmole)
Wild type 879bc  896a 397a 186¢ 198ab 51ab
1 937ab  850a 413a 172c¢ 145c¢ 39b
2 891bc  870a 426a 194bc 172abc  63a
4 760c 916a 398a 191c 202a 64a
5 943ab  809a 333a 238ab 165bc 46ab
7 1037a 787a 349a 259a 162bc 56ab
Significance® * NS NS *x * NS

“The 9-d-old seedlings were transferred from plates to hydroponic culture containing
250 KH,PQ, for 4 days, and then 250, 50, or 10 uM KH,PO, for additional 7 days.

Y Means followed by a different letter in columns represent significant differences at P
= 0.05 by LSD test.

*'NS indicates no significant difference within columns. *, **and *** indicate
significant differences according to ANOVA test at P = 0.05, 0.01 or 0.001,
respectively; n = 3.
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(A) 15! mature leaf
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1.5

Pi concentration
(nmole Pi mg!' FW)

0.5
0
0P |+NPK| 0.1P | 0P |+NPK 0.1P | 0P |+NPK]| 0.1P
12 week 12 week
Experiment 1 Experiment 2
5
45 - (B) Root

Pi concentration
(nmole Pi mg' FW)
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12 week 12 week
Experiment 1 Experiment 2
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kR

Fig. 5.1. Pi concentrations of the 1% mature leaf (A) and root (B) of Phalaenopsis Sogo
Yukidian “V3’ grown under normal (+NPK) or phosphate deficient (0.1P and OP)
conditions for 8 and 12 weeks. There are 2 biological replicates, in which 3 plants
were mixed as one replicate. Error bar indicates standard deviation (SD) for two
technical repeats.
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Experiment 1 Experiment 2

8 week 12 week 8 week 12 week

+NPK 0.1P OP +NPK 0.1P 0P +NPK 0.1P 0P +NPK 0.1P opP

Leaf

Root

Bl 5.2. spUiFcnE ¥ 2 3% total RNA &5

Fig. 5.2. Quality of total RNA isolated from the leaf and root of Phalaenopsis Sogo
Yukidian V3’ . Plants were grown under normal (+NPK) or phosphate deficient
(0.1P and OP) conditions for 8 and 12 weeks. There are 2 biological replicates, in
which 3 plants were mixed as one replicate. Each lane contained 500 ng of total
RNA and samples were separated by 1% agarose gel.

Experiment 1, cDNA Experiment 2, cDNA Expt. 1, gDNA

8 week 12 week 8 week 12 week 12 week
+NPK 0.1P 0P +NPK 0.1P 0P +NPK 0.1P 0P +NPK 0.1P 0P +NPK (0P

—1kb
<—700bp

Leaf
Actin
Root

1kb
700bp

B15.3. ESARN 53 2515 FHPUFE ¥ & 13252 cDNA £ gDNA s 3o
£ F) Y5 o mRNA & & cDNA % % 564 § PpEfipaps Ao » $1 R 2 5 sih
i ¥ #4228 gDNA

Fig. 5.3. RT-PCR analyses of the actin expression in leaf and root of Phalaenopsis Sogo
Yukidian ‘V3’. The primers across an intron were used for amplification. The
mMRNAs were subjected to DNAase treatment (TURBO DNA-free™ Kit) before

synthesis of cDNA. The rightmost 2 lanes were Phal. genomic DNA from as
controls.
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Experiment 1 Experiment 2 Microarray
Gene Fold change

Tissue i 7 reek eek
(eycle) 8 week 12 week 8 week 12 week 0.1P 0P

+NPK 0.1P 0P +NPK 0.1P 0P +NPK 0.1P 0P +NPK 0.1P 0P /#NPK/+NPK
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Fig. 5.4. RT-PCR analysis of the expression of selected genes (Table 5.1). Actin was
used as a control to normalize the amounts of cDNA template. The numbers under
bands were the expression level relative to +NPK [(treatment/actin) /
(+NPK/actin)].
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Fig. 5.4. (Continued) RT-PCR analysis of the expression of selected genes (Table 5.1).
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Actin was used as a control to normalize the amounts of cDNA template. The

numbers under bands were the expression level relative to +NPK [(treatment/actin)
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Fig. 5.5. RT-PCR analysis of the expression of selected genes (Table 5.2). Actin was

used as a control to normalize the amounts of cDNA template. The numbers under
level

relative to +NPK [(treatment/actin) /
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Fig. 5.5. (Continued) RT-PCR analysis of the expression of selected genes (Table 5.2).
Actin was used as a control to normalize the amounts of cDNA template. The
numbers under bands were the expression level relative to +NPK [(treatment/actin)
/ (+NPK/actin)].
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Leaf
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Root
-NPK +NPK -N -P -K - -NPK

Actin
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Fig. 5.6. RT-PCR analysis of PATC128122 gene expression in the leaf and root of Phal.
Sogo Yukidian ‘V3’ under different mineral nutrition deficiencies for 12 weeks.
+NPK, normal condition. —N, nitrogen deficiency. —P, phosphorus deficiency. —K,

potassium deficiency. Actin was used as a control to normalize the amounts of
cDNA template.
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(A)

e PATC128122 RING domain
- IEHUS’ +65 014
v
~ PATC128122
> > > PATC128122 24773
ISH probe Insitu3’ +259
214 bp
PATC128122
1083 bp
(B)
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Fig. 5.7. The schematic diagram of mRNA and the location of probes used for in situ

hybridization (ISH) in the genes of PATC128122 (A) and PATC144588(B),
respectively. Black line, untranslated region. Gray arrow, coding sequence (CDS).
Blue line, protein domain. Green arrow, primers for RT-PCR.
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Fig. 5.8. The construct for the expression of PATC12822 in the vector of pMDC32.
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Fig. 5.9. RT-PCR analysis of PATC128122 gene expression in the shoot of the 11-d-old
Arabidopsis thaliana wild type and 35S::PATC128122 transgenic lines under
various Pi supply conditions (250, 50 or 10 uM ). Actin was used as a control to
normalize the amounts of cDNA template. WT, wild-type plants. 1-5, 7, 8, 10, 16
indicate the 35S::PATC128122 transgenic lines. The smaller size of amplified
fragment is resulted from alternative splicing in transgenic plants.
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(C)10 pM Pi 358::PATC128122 transgenic lines
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Fig. 5.10. Western blot analyses of PHO1, PHT1;4, PHT1;1/2/3 proteins in the root of
11-d-old Arabidopsis thaliana wild type and 35S::PATC128122 transgenic lines
under 250 uM (A), 50 uM (B) and 10 uM (C) of Pi supplies, respectively. The
bottom panels show the total protein staining on the blots. WT, wild-type plants.
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Fig. 5.11. The morphology of 11-d-old Arabidopsis thaliana wild-type (WT) and

35S::PATC128122 transgenic lines (lines 1, 5 and 7) grown under 250 uM, 50 uM
or 10 uM Pi supply. Bar = 3 cm.
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Fig. 5.12. The morphology of 20-d-old Arabidopsis thaliana wild-type (WT) and

35S::PATC128122 transgenic lines in hydroponic culture supplemented with 250
UM, 50 UM or 10 uM Pi.
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Fig. 5.13. Identification of alternative spliced variants of the gene PATC128122 from

Phalenopsis Sogo Yukidian ‘V3’ and Arabidopsis thaliana 35S::PATC128122
transgenic plants. (A) Specific expression patterns of PATC128122 mRNA were

confirmed by RT-PCR analysis. There are 2 spliced forms (Al and A2) in
Arabidopsis 35S::PATC128122 transgenic plants and 1 spliced form (P1) in

phosphorus deficient Phalenopsis Sogo Yukidian ‘V3’. (B) Schematic structures of

MRNA spliced variants. Black lines, mRNA full length. Purple rectangles,

potential coding sequence (CDS). Blue rectangles, RING finger domain. Total size

of mRNA (bp) and potential protein (aa) are given on the right. (C) The nucleotide
sequences of upstream and downstream exons are shown in blue and green,
respectively and the introns are shown in black. Red triangles indicate the

predicted splicing sites.
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Fig. 5.14. In situ hybridization analyses of PATC128122 expression in the roots of Phalaenopsis Sogo Yukidian ‘V3’. Plants were grown
under normal (+NPK) or phosphate deficient (-P) conditions for 21 weeks. In situ hybridization with PATC128122 antisense probe

was performed on cross sections of the root 0.5 or 3 cm away from the root tip. Sense probe was used as a negative control. Signals
were detected in root cortex (arrow). Bar = 100 pm.
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Fig. 5.15. In situ hybridization analyses of PATC128122 expression in the leaves of Phalaenopsis Sogo Yukidian ‘V3’. Plants were grown
under normal (+NPK) or phosphate deficient (-P) conditions for 21 weeks. In situ hybridization was performed using PATC128122

antisense probe on cross sections of midrib in the 1st mature leaf. Sense probe was used as a negative control. Signals were detected in
midrib phloem (arrow). Bar = 10 or 100 pm.
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Fig. 5.16. In situ hybridization analyses of PATC144588 expression in the roots of Phalaenopsis Sogo Yukidian ‘V3’. Plants were grown

under normal (+NPK) or phosphate deficient (-P) conditions for 21 weeks. In situ hybridization with PATC144588 antisense probe

was performed on cross sections of the root 0.5 or 3 cm away from the root tip. Sense probe was used as a negative control. Signals
were detected in root cortex (arrow). Bar = 100 or 200 pm.
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Fig. 5.17. In situ hybridization analyses of PATC144588 expression in the leaves of Phalaenopsis Sogo Yukidian ‘V3’. Plants were grown
under normal (+NPK) or phosphate deficient (-P) conditions for 21 weeks. In situ hybridization was performed using PATC144588
antisense probe on cross sections of midrib in the 1st mature leaf. Sense probe was used as a negative control. Signals were detected in

midrib phloem (arrow). Bar = 10 or 100 um.
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