GOVP1200506493

CG3214

FEOIE LEE H AS /L8 78 RUEA Y=

Isolation of Genes Valuable for Development of
Nutrient-Efficient Transgenic Rice Plants

# 3 7 e F



ATNEAE 2147 Z2E AT AEA] T et

]

Z

rlen &

o] ¢l
A w2 73 (A

ﬂ

U
2004. 8.

=

=

CG3214)¢] GARIAE A

A f- A
=

— R

T .
L.

5}

°

o]

_”_

&

o

o

zel

of!

o

L

—_—

N

[e}

o
ol ¥ o=

]

o

g Y
: Safiq Rehman
:O]Z



e mT
) TR
o 2 S
Mo = )
£ — B rs!
~ ‘ﬂﬂ - Rl
= ~
e =
= °© o TR
el E Ao
w52 P
W = || nE
T |7 < ‘WO_L_I
w8 = = B
CRNES 1
— T | |
O T o 0 o .
o H| < B EO E o
S NPT ~ o] BO|W
ARG G U R N
. .| B ﬁ e
= R =
& o =5
<o | B
{
ﬂ@m T
W
W B |
= X
o i
=0
31
B | 10 Ho ..
| oF oo e
X o | T E|®
<o o | E|EIT
Nlo | < ob) || T
& [=o | B
DX Jl _rT
2\ e To ®O
0y g R B
™ < w®/ ~ T+ R
= | ™ = A<
| B BT AR

o
3

7

S|
q

9 &

. —

~

=

*

-
B

A4}

2 &2 500%ko]ul)

9|

f—
.

b1 9

[+]
do] Holxoz =4y

t_;]é_]‘,.
2 40049

o A

_]

AR Aag FH

s

2

3
=

FEo]8EE(NUE) 7ol

=
©

o
of
!
!

}el NUE

=3

o
=

T
ptd

A

Northern

ki3

Sl o

(CAT)

8¢
o

<

s}

A

=
o
4o
AT

N

]

Aol 4]

=

ol
NUE H&& H8id= F2NUE o

3 RNAHA}

[

1

.

8% of
ol

=

L ATA

=
K

g

< 60K microarray
[e]
=

8
A

}

3
Aol ol

A

o] A]

T

ZA(LTP), 3
Q

g 7
[e]

]

1PN

o]
[of

x| &
o 23

A

] %

S
pud

o
T

J

¥ U3 wolsge] BFe)
A

AMT), A

x

A

g5 #

FiRs

iz
‘%

e

o

—

O

Gene expression, Microarray, Mineral nutrients, Nutrient use efficiency (NUE),

Rice, Transporters

d

)

d

(# 574



A

I .

x T
‘qvll.
;iﬂ_u‘;om_/u
mHo#ﬁo.mﬂ
Efgoﬂd,z bo
,;uWM:v %%Mn%
Eiowmulﬂ.g% WE%%_E
Mﬁﬁowmo mﬁ&.me.ﬁTmﬂm W oN
%@7M &%Ms_ax ﬂf
oﬁ,;mﬂﬂ 7uwam1M maw_mdr.
ﬂnd.ﬂJI;AEMo Mq7oox ﬂ_,/u__o.m
U..L!Aﬂ_‘_ __outdﬂ:iuf dl]W
X0 ) (e Mo 50 = R o 2 o
g Ko =3 o Ho =~ 9l il Mo BO =
%mqwa <7 23 Pl o
Eooﬂww@ WMXV,VW% m.%o_a _whov ]
kﬂ; < ooC o T 0
o E_oio_é o o = OAT,G ﬁad- aﬂuu
2;05 Zﬁ ki i 52
: s o g £ .
w«wl%%ﬂw ]Vdﬁaw_m Lﬁoma aﬂaﬂﬂ ,ml,du
hkw_mq_oqu odeﬂ_,o do T ~ ,ol_dL
H,Mm7z.x m.Tﬂngodl ]o|;oaf Iﬂ% E&o
L@z_o}ﬂ o N Cl agﬁmﬂ i x
%M}LMMW ,moumﬂ,u &Mﬂﬂ]ﬂ» mﬁﬂw gao
yowzu.. abm.mnmw] L_%E - 2 s 5
e o uh Mo e i mjf oo (o o . aﬂmm
N OB A = Hin ° oy od o 50 " (- 00 o % do
wuw;ul oy %@gonn _ & ﬂov mwi
_.o_.m/hb_,_ﬂ_. Leo#ololHOf q_iz o ol
mﬂgqﬂ_ﬁ uaﬂurutog mHo_I# %# u%ﬂ_.
mawﬂmoﬂ_%% HHAT%oﬂAE iomﬂau %TZT ﬂ@
io%é%har%ﬁi%% ﬁoﬁm &%W@OT
0 < gy ol B < m 3 g By o = 5 B oW
ﬂxﬁﬁnﬁqmm.oann c) Emamc %M.ﬂwﬂﬁr
u@égxzq%%?% B 31}}H
3 042_1 L 0 o]};A_ K
,xo],IAT]Nrooo _ano E]ﬂd| ‘.w#oqfw‘_]
wm%oﬂeﬂo: : Hmn_d R °
I o° G rim xo# _Lﬂr XXH._ . o“e]ﬂm_.
aﬂ%]oﬂlﬁnﬂ*oﬂoog_ﬂﬂ < 2 J.oq\,
TLAOLAEE 3 ) ﬁxﬁor
Ehlfg4%g§ﬂ% o iﬂ%@g
xmﬂﬁimﬂ]oﬂoﬂuig & . T 5 =
HE d’ “O e} \..r_.E ﬁE ﬂNO N3 m_x )_HO 0 MmE m‘._ &
L%%Q@mmﬂ%ﬁ% o @%az.ﬂo
dﬂmﬁﬂumﬂﬂlov m% o \w_m_.idﬁ
O;o‘l‘avUrchM MH,DI U#.A
Qdmﬂmoz o ETwM‘W.o I
Owa - —~ J|1,IJ| M_Eﬁ
_@Jmc il xwo Z@.muf
on#_u = :MmfllkL
o e Jm7mm.1_..m 00
B ‘Maooéf
Mnﬁaﬂ%ﬂl
= Mm;oﬂ
" ;ﬁmg T
o _
Lﬁlﬂmgz
mré,%
7 A
Eu
g



A AN B ARAC FEEREA AAS do] Frzddl fF ApdAe g
B ARAE gAsta 44 gelAg Besle Txe 7%, 2 54 2AEAY

NUEE A3 doleg oy F79 Awgd s Z4dr. 1822 NUEE 9
& A7t e e Faxe] A4 9FE werh NUEY £34 lsig dsMe
FAA AA 2ARE 54 E ola)rt Besrh wepd o fAxe ddzd
54€ A & & microarray g ol 88kl FExol @ fHAAL] WSEEE =
Apetaat Al e st

V. A/edAas

NUE /Mg Ra3t 7|8 AR} 2418 SRsly] 9ste] gz Eoldog A
v FAAE gGAaste] Augr At g xR 7T HALE AAste & GEEA
of thatk FAAYUL] WHSEAS £ASY oo e AFE AT

1. NUE##™ {x=te] 7+xeof HdEA
A2N), JMP), ZE, vtavls, E, 283 BE GRo] 23" M AEH 23
BolE= {FAAMALAE annealing control primerZE ©] &3 ¢cDNA 43 PCRS o]
of St QAFEFZANA Bd o] ZrtslE FAAAANA7F obX cDNA library
ettt AL FAAAAA dHe] MEy FHAEA, 5ol H cDNA library
9] expressed sequence tag(EST) ¥4, 18] reverse Northern #41& F3to] NUEo]
HAE ThsAdo] e FRAHFHA 4005 oS Adsidoh

SH-FAA % phosphate transporter(PT), ammonium transporter(AMT), lipid
transport protein(LPT), catalase(CAT)9] Az} 39 FEx i3 ¥d A4S
A8 AT F 459 OsPT +RAAOsPTI, OsPT2, OsPT4, OsPT5)% +x%&
FAstL ZREAWOIAY I E5HS A AAFEA Vs s FAeAY. OsPTI
2 QA zAANA REoArt 2dHAR, A FETE 200 mMeolstE Solds g i

’

oo ek
o o

o] F7ketgth. OsPTIS 1243k ool AAAWel wgstel 24 waAol Frstaich
ole)% Avhz Wl OsPTIL ANBRZANIAY A4EFE Zdlo) 7data A 2
o ey,

FRAYzA WezAA S04 OsLTPIE ¥she] x5 28 54¢ =

Attt AF7EA] dER AR A BAEE als, bl, b2l §9 LPT9 v=A

OsLTPI A9 Qlate] A FejolA 2] Frlstgioy AR = F7tetA
T OsLPTI2 et FE 5014 & Reole olf Al fFdx=2A NEUC #ofst
A= 7Hsdol A B7rE

Catalase 42 4 B A FE HolH oz st 53], Adibdgel
o3 &/ge] oF 3u) FUMstA = F7he 89U Cat At Cat B 9859 179
5ol# od ST oldd QAP o3¢ catalase B FVHE A Rl o4



mA] A

T

st

] AF(F2, 57

A ow ol

[+}

A AL

o]
=

d

1=
[e)

|4 o] catalase®

NUEZ}

ol
=

1

7ol #H 7}

}aoh. 28 Y Ascorbate peroxidases %
(@]

ki3
o}

[o]

°

1

£38&

2 27}

o
ool

ok
FAxe] 7

1

k<)
g8l

5t2 50 mM7HA]

S

=
©
-

o

9o Cat CY

A

&

k]

R,

AHE% 7 200 mM - ]

50-80% <7}

]
ok

=

°}

J(2F 20%)3 Cat A9l Wd o]

_1
o}

*

A
=

2
AF 8F9 71%5& RNAMAIS A W& o] &

ojglor ¢
catalase

A
2

do 7T M db B M R * @ R wow T o
..w._%ﬂonﬂ.ﬁ @2% LA CUNICZING SN
T S o P m W E
CE N S T o S 5
A O o I o] o] 75 Z o
NELE g2t 2% iy s
£ y N g ;
Tk Fo o a7 o GG
N < G BT of T ok T
o oy o T 5 . AR AF
+ W W T o B ook LR X o W
Doom o WA PR @ s F
P TP m F 2 P Ca
yufﬂ_.ﬂmﬂwlbt -Mﬂ umw._mfmaﬂ_dﬂ
ﬂzﬁﬂwoﬂaﬂu{di ..QITdﬂ OUE&J
do L m o ok F X % o A WA Eo
%ﬂnﬂﬁ%&%ﬂ =y Ml_or&mr
o B g R g © W Rkl
SEmaRsyy ETes A
X o —_ e M,A ,._.._]O_L‘Drp
= R e XN w2 T o e
]ﬂov_Aeﬁc\mq.%a%MWq atc.w,mow ,Nﬁw,o%eﬂlMo
S ~ 1o RO < o O o L
zomaﬁ_ywoNWm%o_EMW Wm_,maaaﬂ I o ow R T
EzonNu%ﬂa%oh_m. Wmﬂdﬂd &uopﬁodwa
! To ‘= o 0 ﬂm‘I.,w.l‘_L. 0
AR T S S TR L RN R
CeFreiloe I35 N
H == S W o B Lo R e
SRTe " Sgmeg 45 ET w  FE g T D
B XRET 2 Celly P TR
D Z NN o W wow v B do a oo R
Zrmwes®eele +Hgs B TITEw
PITeiorr 5.8 T zei,i
I ~ ; o —
AXICET 4P dwm ol ) @mfﬂﬂé
ILIHT VR owBIL L Somul
<X WXy o oﬂis T e sawnﬂ zo,_mm
TMERF M B - W F T N ) dr ®
OWﬂEHT_\Lr\IL. o = 761r1_ﬁ
B oo ™ 5w T KR oo oy T B T g P ooy
Z g T O HYwE  WT T . Xo o
Mour AR e o N A AR = B oHE o B R

3 0]

+ed

[&)

A7 9






SUMMARY

Nutrient use efficiency (NUE) is a trait affected by mudtiple genetic factors. This study was
conducted to isolate and characterize genes involved in NUE and understand NUE at molecular
levels. About 400 putative NUE-related genes were selected by comparatively analyzing the
transcripts expressed under various nutrients deficiency conditions.  Detailed molecular
characterizations were conducted for phosphate transporter (PT), lipid transporter
protein (LTP), and catalase (CAT). Four OsPT clones were isolated and their
structural and functional characteristics were identified through expression analyses
and complementations of yeast mutants. The expression of OsP7TI1 was root-specfic
and also highly specific to phosphorus (P) deficiency. A new OsLTPl gene was
isolated and its root- and nutrient-stress-specific expression was demonstrated,
suggesting its possible involvement in NUE. Regulation of CAT expression by
mineral nutrients was clearly shown at activity, isozyme and gene expression levels.
Expression of Cat B gene was drastically increased under P deficiency, suggesting its
possible role in P use efficiency. Transgenic rice plants overexpressing PT were
developed to examine the role of PT in phosphate uptake in vivo. RNA interference
was also attempted to identify functions of unknown genes. The transgenic plants
should be useful for functional identification and eventually for the improvement of
NUE of rice and other crop plants. Responses of growth and acid phosphatases to P
deficiency indicated the quantitative nature of NUE expression. Microarray analysis
was employed to understand NUE at the whole genome level. In addition, the critical
role of potassium (K) in pollen germination was suggested by the observations of
specific distribution of K at the aperture area.

Overall, many genes of potential use in NUE study and improvement were
obtained. Together with the genetic materials, information on NUE expression
suggests the importance of major individual genes as well as minor genes in
determining NUE.
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o] Frold T& /Aol o] & F&HAAe] MRS HHor FE AP A
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#Ag A5 mRNAE 54 v&2 3t A4xd3 2323 mRNAE DNAE S}
MNFA Zvzt drivers} tester® o|-g8be] AWyt ek subtractions 2AIEFTH (Fig. 1.
Subtractiond cDNA$} subtractiondt#] &€ c¢cDNA<S cloningdt® dot-blot hybridization¥}
random sequencingS A8kt

(2) ¥4 primerst RT-PCRE ©]&3% {fAx AAA g4

A&CN), 2P, Zd(-K), Z%(-Ca), ¥(-Fe), EEGFH(TW) 29F #dHo g 5
Az A3k o] F7] BB Ao zRE AW Wit total RNARNA-Tri-reagent
o]-& MRC, USA)$} mRNA(MRNA-Oliotex mRNA mini kit)E F1H3Ath cDNAE
GeneFishing DEG Kits(Seegene, USA)E ©]-&-3fo] AAjstgom ARE$ primer— 3 1
¥z, AEFEEE GH(Fig. 2)2 cloning(pGEM-T Easy Vector System 1, Promega,
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USA)stith ¢ A @el Al 9 Dot blot® Northern blotS #)2F8F3l Gene Images
AlkPhos Direct Labelling and Detection System (Amersham Bioscience, UK)& ©] 83}
o] & gAkS AL T

Tester Driver C MK
US S US S

Fig. 1. A representative results from SSH. Secondary PCR products of unsubtracted (US)
and subtracted (S) tester (all nutrients deficiency) and driver (control) cDNAs. C, positive
control; M, 1 kb molecular weight marker. The 1 kb fragment is marked by a arrow head.

Table 1. Arbitrary ACP primers used for transcripts amplification

Primer Sequence Primer Sequence

name name

ACP1 5'-GTCTACCAGGCATTCGCTTCATXXXXXGCCATCGACC-3' ACP11 |5'-GTCTACCAGGCATTCGCTTCATXXXXXCTGCAGGACC-3'
ACP2 5'-GTCTACCAGGCATTCGCTTCATXXXXXAGGCGATGCC-3' ACP12 |5'-GTCTACCAGGCATTCGCTTCATXXXXXACCGTGGACG-3'
ACP3 5'-GTCTACCAGGCATTCGCTTCATXXXXXCCGGAGGATG~3' ACP13 |{5'-GTCTACCAGGCATTCGCTTCATXXXXXGCTTCACCGC-3'
ACP4 5'-GTCTACCAGGCATTCGCTTCATXXXXXGCTGCTCGCG~3' ACP14 |5'-GTCTACCAGGCATTCGCTTCATXXXXXGCAAGTCGGC-3'
ACP5 5'-GTCTACCAGGCATTCGCTTCATXXXXXAGTGCGCTCG-3' ACP15 [5'-GTCTACCAGGCATTCGCTTCATXXXXXCCACCGTGTG-3
ACP6 5'-GTCTACCAGGCATTCGCTTCATXXXXXGGCCACATCG-3' ACP16 |5'~-GTCTACCAGGCATTCGCTTCATXXXXXGTCGACGGTG-3'
ACP7 5'-GTCTACCAGGCATTCGCTTCATXXXXXCTGCGGATCG-3' ACP17 [5'-GTCTACCAGGCATTCGCTTCATXXXXXCAAGCCCACG-3
ACP8 5'-GTCTACCAGGCATTCGCTTCATXXXXXGGTCACGGAG-3' ACP18  [5'-GTCTACCAGGCATTCGCTTCATXXXXXCGGAGCATCC-3'
ACP9 5'-GTCTACCAGGCATTCGCTTCATXXXXXGATGCCGCTG-3' ACP19 |5'-GTCTACCAGGCATTCGCTTCATXXXXXCTCTGCGAGC-3'
ACP10  {5'-GTCTACCAGGCATTCGCTTCATXXXXXTGGTCGTGCC-3' ACP20 [5'-GTCTACCAGGCATTCGCTTCATXXXXXGACGTTGGCG-3'
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Fig 2. Representative RT-PCR products using the arbitrary primer ACP18. M:
marker. CTR, control; -N, -P, -K, -Ca, -Fe and TW; nitrogen, phosphorus,

potassium, calcium, iron and all mineral nutrient deficiency, respectively.

(3) cDNA clone E7148 &4l & &4

Oh AEAR L A

S8 E=RAE A2¥¥ FA(Hankooksamgong, Korea)E o] &3te] 24417 A%53
S22 FREAA % 4ATE AA ST 25CoAA 247 HolAZl F AFEAT AE §4
< Yoshidas* ’Hl o] @7 ZgtA" XE(385 x 465 x 245 mm)E o] 83t AR F] &
% E woz AAZ F XEY 078 x 1004 HA43tHoH,
M pHE 5002 ZAsI5, 7IX HAV|E Ao B 44 50 TYdEF F %
sttt ¢cDNA library #1232 ZAP-cDNA Gigapack III Gold Cloning kit (Stratagene,
USA)E o] &3t 3t

(1)) mRNA #32 2 cDNA &4

BE ¥ 377 Yoshida FHolA S48 F, dake] Al9w Yoshida FHolA 547 A

gt @2 ARE AFZZ AFEESiT. BedA 22 total RNAoIA FAE mRNAE
o] &35t cDNAE $A3I 5 pgd] mRNAE o] £3}o] Stratagene (USA)S] AH-&3 0 -4
3] Ist strand cDNA$} 2nd strand cDNAE #4138ttt 2nd strand cDNA®] &4 o
alkaline buffer (30 mM NaOH, 2 mM EDTA)Z 1.0% alkaline agarose gels J%I’_
Mini- Protean II (Bio-Rad, USA) #X& o] &3] 30VeA 3A17F < A9 ¥ 05
pg/ml EtBr2 @Mste] Eelstgir.

(t}) cDNA ligation % packaging

Uni-ZAP XR vector (Stratagene, USA)°] ¢cDNAZ ligationd}”] $13t4] 100 ng cDNA,

Uni-ZAP XR vector % 8] Al%kE 33 & 4ToA 297 w82 A Uni-ZAP XR A
Z3 ¥WHE WEJY. Packaging ligation® DNA$} Gigapack I Gold Packaging

extract (Stratagene, USA)S 21o] AbLo x4 2A17F 8r&3F & 500 pl SM buffere} 20 pl
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=

chloroform& % 7}3ste]
phage® SM bufferE
2o} 37T A 1587 w2417 3, 05 M IPTG, 50 mg/ml X-gal®] 3£%% NZY top agar
of wi<Fole Hybstn NZY agar plateo] ¥& F 37Tl A A7+ wjFsto] 4k&stth
(4) 971449 ¥4, Northern blot & Southern blot +4

W7D AL ANMEEN AEI e gFste] AAER o, F7IME 2F v
2.2 BigDye Terminator v3.1 Cycle Sequencing Kit(Applied Biosystems, USA)& ©]&
st s AAE  GrIMEy Fx3FH  EALS GenBank(NCBI, USA)¢
ExPASY(SIB, Switzerland)o| A A &3t TE18S o] &3t EAsATH

Total RNAE TRI reagent(MRC, USA)Z o] -8&3la] Chomczynski®} Sacchi(1987)¢]
Wl o5t Eegrt 23¥ total RNAY £EE ODx¥ 05 pg/mé EtBro] X33
1.0% formaldehyde AeA 9] A71d5 AFHE o] &3t HAASH.

Northern 412 20 pg9) total RNAS 1.0% formaldehyde oA 40VZE 3AZF A7l s}
o Southern(1975)¢] W o2 RNAZ AHo)AZl nylon membrane(Hybond N', Amersham,
UK)E olgstd  AAsigo. &3 A»y #FFs DNAY HE2  DIG
chemiluminescent nucleic acid labelling kit(Roche, Germany) %+ AlkaPhos direct
labelling and detection system(Amersham-Pharmacia Biotech, USA)S ©]&3lo] A Al3}
Ak ZFE3 e AEE AU AFSEE Azrbe] A&y met AAs.
FE5e F membranes 49| 2X washing(2X SSC, 0.1% SDS) §40.2 1583 2
3], 0.1X washing(0.1X SSC, 0.1% SDS) &H o 7 683TCoA 1583t AH3 T 478 AE
kit A|Z23|AFe] AL A wtet FEstd AEAE HEs AT

Genomic DNAE Roger 5(1989)8] Wy & o]&3ste FE3dcth #73 genomic
DNA(10 ug)8& AEAZ AHEdtd 0.8% agarose geldlAd 25V, 16A1F dA71957 %,

Northern-blot #2404 A}&3H Wb © 2 Southern-blot #41& AASA T

2% =zst9th ¢DNA library® 97F= SM buffer 9F¢] lambda
23te] Tz st 15 1 s 200 p XL1-Blue MRF'&

o]
-

(L

15 < = L K3
(1) Suppressive subtraction hybridization(SSH) clone A1
b 2EATE FARAARA A

SSH clone ¢ 120022 A3 macroarrays AN GEZAY FEAFZ79 mRNA
2 #43% cDNA probe® AM(Fig. 3)ste] 7 24 Mo FEHE 11953 oA

W E = 130% ¢ SSH clones 12 Awslgich
FRAFPAY ZANA Awr®E SSH cloned 715 #4357 98t A%E clones 5370
clolne®] 5@¢+e] AdE BEAsIgGrHTable 2). o]%F %% thAs diA#AA clone®] 14E2E 7}
F wton 7% A9 cloned] 12F0]dt) dFolgel A FAEE cloned 3FLE Ui
e ol ¥R olf &8l dAEEI DHZ BAVE IS ArtehE ARE AZtEY
] o

olgEE NS PNE dUT faxe) BEH ™o WY oz YR
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<Colony—Macroarray>
<HAHFH Blot>

(0 Z2Z23 0l 25t Down regulation
() 2ZZ23 0l 25t Up regulation

Fig. 3. Screening of SSH clones differentially expressed under different
deficiency conditions.
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Table 2. Rice root ESTs derived from SSH clones differentially expressed under

nutrient-starved conditions

RN
clone |Query o | H| &
Sort name |Length AC No Gene % 7 f‘i 7 (%)
T T
Mineral and Organic nutrient - 3%
« putative tubby protein [Oryza sativa (japonica
T| +|CO7 |685 BAC012191 cultivar-group)] 79 117 |67
_ = ATP/ADP translocator [Oryza sativa (japonica
N EO01 577 P31691 cultivar-group)) 169 179 |94
- similar to phosphate/phosphoenolpyruvate translocator
N HO6 1664 BAB86434 1 protemn {Oryza sativa (japonica cultivar-group)] 7 10170
Metabolism - 14%
alpha 1,4-glucan phosphorylase L isozyme [Oryza sativa
T| +|A03 |567 AF327055.1 (japonica cultivar-group)] 112 112 {100
~ UDP-glucuronic acid decarboxylase [Oryza sativa
T +]A05 493 BAB84334.1 (Japonica cultivar-group)] 122 122 100
T| +{A11 {386 AAM13693 1 endo-1,4-beta—glucanase [Triticum aestivum] 191 |91 79
Putative flavanone 3-hydroxylase [Oryza sativa
T| +|B02 1493 AANT748291 (yaponica cultivar-group)] 311 ISt 1100
Ti +{B04 608 AF372831 1 hexokinase I [Oryza sativa (japonica cultivar-group)] 107 {107 |100
putative glutamate/ormithine acetyltransferase
T{ +|B12 382 NP_565863 1 [Arabidopsis thalianal 28 |40 70
phosphoenolpyruvate carboxylase [Oryza sativa (Japonica
T| +|C04 (344 AB055074 1 cultrvar-group) 94 |94 100
NADP-specific isocitrate dehydrogenas [Oryza sativa
T +DOL (524 BABI16471 1 (japonica cultivar-group)] 89 (|89 100
T| +|/ D06 |736 Q42456 aspartic protease [Oryza satival 157 (158 |99
N| +|El1 427 P31924 2207194A sucrose synthase ISOTYPE=2 128 |129 |99
putative alpha-galactosidase preproprotein [Oryza sativa
N} +{F06 [337 BABI12570.1 (aponica cultivar-group)] 83 87 95
N| -|G0t 450 T00421 probable phospholipase [imported] - Arabidopsis thaliana {72 123 |58
T| -|D10 |654 Q4245 aspartic protease [Oryza satival 157 158 |99
_ putative peroxidase [Oryza sativa (yaponica
N G111  |B22 BAB39281 1 cultivar-group)) 174 |90 92
Stress/resistance -5%
T| -|A0S |368 BAC073881 putative Rad6 [Oryza sativa (japonica cultivar-group)l [374 |16 100
Ti +1C08  |961 NP_177592 1 putative AtHVA22a protein [Arabidopsis thahanal 63 96 65
_ putative pathogenesis-telated protem 1 [Oryza sativa
N FO7  |341 BAC56818 1 (yaponica cultivar-group)] 67 67 100
N -|F10 |371 Q40633 type 1 rice metallothionem-like gene [Oryza satival 40 |55 72
N -iG02  |495 AABT70546 1 metallothionein-like protein [Oryza satival 763 |37 63
Signal transduction/transcription/translation - 9%
AC027037_9 putative retinoblastoma binding protein
T| +|D02 1642 AALB81871 [Oryza satival 66 |71 92
serine/threonine-protemn kinase Mak (male germ
T +|D05  |684 BAC22209 1 cell-associated kinase)-hke [Oryza sativa (Japonica 102 (110 |92
cultivar-group)]
7| -ipog  |leas AAK73147 1 AC07%()22_20 putative RING-H2 finger protemn [Oryza 79 %5 83
sativa
N| +|E05 435 AACTB104 1 HMGI protein [Oryza sativa (indica cultivar-group)] 52 88 59
Ni -|F04  |487 102241 acid ribosomal protein P12a (Zea maysl 62 |110 |56
y putative Myb factor proten [Oryza sativa (japonica
N| +{F08 |677 BAB63829 1 cultivar-group)] 142 1202 |69
putative DNA binding proten RAV2 [Oryza sativa
N| +|G0O8 (376 BAB212181 (apomca cultvar-group)] 101 1123 |82
_ serine/threonine protein kinase [Oryza sativa (Japonica
N Hil 480 AAQ4RT44 1 cultivar-group)] 140 142 |98

_20._



N —IH04 [433 JAAC781041 HMG! protein [Oryza sativa (indica cultivar-group)] L53 |88 IGO
Cytoskeletal/Structure - 3%

_ contains EST AU173803(R3795) mtegral membrane
T AlZ 1388 BAC20797.1 protem-lke [Oryza satrva (Japonica cultivar-group)] 105|106 199
T| -|D08 |754 T03299 expansin Os-EXP3 [Oryza sativa] 76 [113 |67
Nj -|F02 422 T02241 germun-like protemn 2 [Oryza satival 197 |98 93
Other -7%
T| -]A07 700 BAB16471 1 P0024G09.18 [Oryza sativa (Japonica cultivar-group)] 133 133|100
T -|C12 |670 BABI16471 1 P0024G09 18 [Oryza sativa (japonica cultivar-group)] 123 123 100
N| +|E03 599 BAC64975 1 0J114_D06 16 [Oryza sativa (Japonica cultivar-group)l 64 118 (54
rice ESTs AA754121, AW155454, D48581 correspond to
Ni +|G06 636 BAA90498 1 a regli)n of the predicated gene, unknown protemn [Oryza |33 34 97
sativa
Nj +|G09 |681 AT71421 AF324722_1 AT4g15610 [Arabidopsis thalianal 36 123 (29
T -|D07 {399 AAL75899 1 At2g43020/MFL8.12 [Arabidopsis thalianal 72 |37 66
1| ~lcoz 205 AAK73695 1 ?:};%7632]742_1 succinate dehydrogenase subunit 3 [Oryza 119 159 %
Unknown -12%
_ AC105730_12 Unknown protemn [Oryza sattva (japonica
T| -|B07 258 AAM518381 cultivar-group)) 29 |66 43
+B09 |314 AAF05606 1 AF190770_1 EREBP-like protein {Oryza satival 45 145 100
T| -iB10  |282 NP_771643.1 blI5003 [Bradyrhizobium japonicum USDA 110} 19 |32 59
oo unnamed protem product [Oryza sativa (japonica
Tl -|Cl10 584 BAA96601.1 cultivar-group)] 72 115 |62
T -|Cl11 199 NP_197366 1 unknown protetn [Arabidopsis thalianal 37 |58 63
_ unnamed protein product [Oryza sativa (japonica
T| -|D12 |59 BAA96601 1 cultivar-group)) 72 115 |62
N| -|E06 399 NP_5641331 unknown [Arabidopsis thalianal 62 104 |59
_ unknown protemn [Oryza sativa (japonica
N} -IE09  |594 AAMI3679 1 cultvar-group)] 138 |67 88
N} -|E12 708 AALBTI231 AT3g06760/F3E22_10 [Arabidopsis thahanal 50 131 |38
5 unknown protein [Oryza sativa (yaponica
N| +|F01  |377 AAMOI3679 1 cultivar-group)] 116 |55 98
_ unknown protein [Oryza sativa (japonica
N| -{F05 |377 AAMI3679 1 cultivar-group)] 53 85 96
Nl -|F11 595 BACO7144 1 hypothetical protein predicted by GhimmerM etc [Oryza 466 |20 74

sativa (Japontca cultivar-group))

AdE clone? AEEHE A=t =& cloned thE 23S
FEHE clone 2653 AAIEE clone 4052 A3t ol T F7IAE A4 93| 7]
ol FAHE FHLAY A WAl #BA3E= Myb  factor, Serine/threonine
kinase(STK, 2F), Phosphate/phosphoenolpyruvate translocator(PPEPT),
UDP-glucuronate decarboxylase(UDP-GD), sucrose synthase(SS) clone®] &2 =x7
o o} e FFS ZAMEY T

(th) A FARRAA A o] 2 5
Myb, STK@2%)$} PPEP, UDP-GD, SS cloned] SEFZAAZAAMe o8 Udide
Northern #2418 3o} ZAgF 23, STK 1F o]9E -N, -P, -K, -Ca, -Fe 714
o] g o] Zvtatid th(Fig. 4).
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Lane 1: serine/threonine-protein kinase Mak, 2: Myb factor protein,
3: UDP-glucuronic acid decarboxylase, 4: sucrose synthase, b:
phosphate/phosphoenolpyruvate translocator protein, 6:
serine/threonine protein kinase

Fig. 4. Expression of STK(1 and 6), Myb, PPEPT, UDP-GD, and SS clones under various
nutrients deficiency conditions. CTR, control; -N, -P, -K, -Ca, -Fe and TW, nitrogen,
phosphorus, potassium, calcium, iron and all mineral nutrient deficiency, respectively.

2) 9AM Y primer $% FAAAAA] £

A E primerg ©]€3ly FEH FEZANA Ad ddEE FAAHAA S GEA
263%F < dot blot¥ EAE DNA AAMAE @Roz &t &d FE& FAHHNorthern dot
blot)dte] 1z2F A& A3t chFig. 5). 9Northern dot blot 23 16413 2629 clone®]
i EEe] FRAFzANA o] A3t 12ly HNorthern dot blotell ¥ 2pdE L&
A ALag&e 3 AFsAt wEhx] gAE doxdste] 3IMES A4t 2 g
Aol sjdate FAAE F4 3 H(Table 3).

Aol 3t o Northern dot blot® @714E EAAAE vig o2 o] o4dd
255 AAHAe] plasmid DNAE ©]83te] & Northern blot& AAst(Fig. 6) 3
(unknown), 6(lipid transfer protein), 109(metallothionein), 112(unknown), 143(unknown)%¥
G2 A 5 559 AAAE Asln, Add AAAE B3 F o] 835t Northern blotg 4
AlBtAtHFig. 7). AFuteid fAzt2 A AAR S 2E-e Belda A /1A 2
PA FEo] #A3) FrretAch W, 1099 1129 clone®] &2 dlolAM HA APA 7t
sttt 9, 3, 109, 112 cloned] 2@ ZEolv ZgZdPA oA st

olde] Aol d primer TF FHA™AMA HAE B3 FEE FAA ARRr e W
WA AP ort  3(unknown), 6(lipid transfer protein), 109(metallothionein),
112(unknown)¥ clone®] YEZAA 9 apdA wgdS &3t
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Table 3. Sequences of the

transcripts amplified using

the arbitrary primers and

differentially expressed under nutrient deficiency

Clone Length| Start AC Gene
No.
3| 297 No hits
6 377 32{NP_922663 1 putative lipid transfer protein [Oryza sativa (japonica
91 747 32|P90519| EF1A_CRYPV |ELONGATION FACTOR 1-ALPHA (EF-1-ALPHA)
11| 368 No hits
13 475 291553126 dnaK-type molecular chaperone hsp70 - rice (fragment)
15 271 No hits
351 522 No hit
40| 453 30{NP_908602.1 B1011A07.25 [Oryza sativa (japonica cultivar—group)]
47| 606 No hits
48 270 No hits
52| 437 30{NP_908602.1 B1011A07.25 [Oryza sativa (yapomca cultivar-group)]
54 358 30|NP_908602.1 B1011A07 25 [Oryza sativa (japonica cultivar-group)]
55( 437 30|NP_908602 1 B1011AQ7 25 [Oryza sativa (Japonica cultivar—group)]
57 803 716|NP_912914 1 unnamed protein product [Oryza sativa (japonica cultivar—group)]
58] 689 277|CAE04444.2 OSINBa0018J19.11 [Oryza sativa (Japonica cultivar-group)]
63 451 23|NP_9208699.1 putative peroxidase [Oryza sativa (japonica cultivar-group)]
64 412 29INP_908699 1 putative peroxidase [Oryza sativa (japomca cultivar-group)]
73| 448 29INP_908699 1 putative peroxidase [Oryza sativa (Japonica cultivar-group)]
74 620 592(NP_200323 1 expressed protemn [Arabidopsis thahana]
75 580 46|XP_329092.1 hypothetical protein [Neurospora crassa}
92| 692 692|P04353 Calmodulin
101 650 22|BAC20790.1 putative zinc finger POZ domain protemn [Oryza sativa (japonica
103 630 32|NP_915593.1 putative beta—1,3-glucanase [Oryza sativa (Japonica
1050 796 221BAC20790.1 putative zinc finger POZ domain protem [Oryza sativa (japonica
109 554 525/AAB70546.1 metallothionein-like protein [Oryza satival
112 653 526|AAB705646 1 metallothionemn-like protein [Oryza sativa]
113 652 No hits
114 539 510J|AAB70546.1 metallothionein-like protemn [Oryza satwval
115 601 2|AAP50956.1 putative allene oxide synthase [Oryza sativa (yaponica
118 627 572|EAA18424.1 S-adenosylmethionine synthetase [Plasmodium yoeli yoeln]
119 675 24ICAD41525 3 OSINBb0020011 6 [Oryza sativa (japonica cultivar—group)]
127 566 52|BAC0O5572 1 B1097D05.23 [Oryza sativa (Japonica cultivar-group)]
128 787 33|NP_922832 1 unknown protem [Oryza sativa (Japonica cultivar—group)]
129] 597 596|NP_922764 1 hypothetical protemn [Oryza sativa (Japonica cultivar-group)]
130 694 692{NP_922764.1 hypothetical protein [Oryza sativa (apomca cultivar—group)]
131 627 22|NP_922764.1 hypothetical protemn [Oryza sativa (Japonica cultivar—group)]
134 431 417|NP_199917 1 expressed protein {Arabidopsis thalianal
143 408 47I{BAC80125 1 putative beta—1,3-glucanase precursor [Oryza sativa (japonica
158 384 47|BAC80125.1 putative beta—1,3—glucanase precursor [Oryza sativa (aponica
160 366 30|BAC80125.1 putative beta—1,3-glucanase precursor [Oryza sativa (japonica
161 368 30{BAC80125 1 putative beta—1,3-glucanase precursor [Oryza sativa (japonica
162 287 No hits
173 734 39|AAS07165 1 putative symbiotic ammonium transport protein [Oryza sativa
175 305 No hits
179 725 THIAANTAB29 1 Putative flavanone 3-hydroxylase [Oryza sativa (yaponica
182 707 130|NP_914551.1 putative 60S acidic rbosomal protein P2A [Oryza sativa (Japonica
184 504 122|NP_914551 1 putative 60S acidic ribosomal protein P2A [Oryza sativa (yaponica
185 740 147|NP_914551.1 putative 60S acidic ribosomal protein P2A [Oryza sativa (Japonica
192 524 22|BAC98663 1 unknown protem [Oryza sativa (Japonica cultivar—group)]
204 579 333|AANO5491 1 Putative bHLH transcription protemn [Oryza sativa (yaponica
205 485 31AAP8b544 1 putative DIM-like protemn [Glycine max]
208 479 2911205208A heat shock protein hsp70
211 254 No hits
212 323 33]AAG32475 1 putative glutathione S-—transferase OsGSTF5 [Oryza sativa subsp
215 365 59|NP_919341.1 unknown protemn [Oryza sativa (Japonica cultivar—group)]
218 529 20|NP_909783 1 unknown protem [Oryza sativa (Japonica cultivar—group)]
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219 616 69{NP_917147 1 POO04A09 25 [Oryza sativa (japonica cultivar-group)]

221 532 23|NP_909783 1 unknown protemn [Oryza sativa (Japonica cultivar-group)]
222| 539 30(NP_919341 1 unknown protein [Oryza sativa (aponica cultivar—group)]

223 415 30|NP_919341 1 unknown protein [Oryza sativa (japonica cultivar—-group)]

225 407 4051AAL67839.1 putative ubiquitin [Pinus pinaster]

230 401 No hits

235 508 28|NP_176927 1 F12A21.27 [Arabdopsis thalianal

237 508 28|NP_176927.1 F12A21.27 [Arabidopsis thahanal

256 566 550|NP_908744.1 putative lipase homolog [Oryza sativa (Japonica cultivar—group)]
261 336 29INP_565968.1 expressed protemn [Arabidopsis thaliana]

262| 424 393|Q42443 Thioredoxin H~-type (TRX-H) (Phloem sap 13 kDa protein-1)
263 382 29|NP_565968.1 expressed protemn [Arabidopsis thalianal

264 400 29|NP_565968.1 expressed protemn [Arabidopsis thalianal
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13 14 215 16 17 18 19 20 21 22 23 24

25 26 27 28 29 30 31 32 33 34 .35 36

37 38 39 40 41 42 43 44 45 46 47 48

49 50 51 52 53 54 55 56 57 58 59 60

61 62 63 64 65 66 67 68 69 70 71 72

73 74 75 76 77 78 79 B0 81 82 83 84

85 86 87 83 89 80 91 92 93 94 95 266

96 97 98 99 100,101 102 103 104 105 106 107

108 108 110 111 pl2 13 114 115 116 117 118 119

120 121 122 123 124 125 126 127 128 129 130 131
132 133 134 135 136 137 138 139 140 141 142 143
144 145 146 147 148 149 150 151 152 153 154 155
156 157 158 159 160 161 162 163 ?64\165 166 167

168 169 170 171 172 173 174 175 176 177 178 179

180 181 182 183f$'4¥185 186 187 188 189 190 266

191 192 193 194 195 196 197 198 199 200 201 202
203 204 205 206 207 208 209 21021t 212 213 214
215 216 217 218 219 220 221 222 223 224 225 226
227 228 229 230 231 232 233 234 235 236 237 238
238 240 241 242 243 244 245 246 247 248 249 250
251 252 253 254 255 256 257 258 258 260 261 52

263 264 265 266 266

Fig 5. Reverse Northen dot blotting analysis for the differentially expressed sequences
under various nutrients deficiencies. CTR, control; N, -P, -K, ~Ca, -Fe and TW;
nitrogen, phosphorus, potassium, calcium, iron and all mineral nutrient deficiency,
respectively.
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Fig. 6. Reverse Northern analysis of differentially expressed genes under various
nutrients deficiencies. CTR, control; -N, -P, -K, and TW,; nitrogen, phosphorus,

potassium, and all mineral nutrient deficiency, respectively.

Root Shoot

Fig 7. Northern blotting analysis of differentially expressed genes under various
nutrients deficiencies. CTR, control; -N, -P, -K, -Ca, -Fe and TW; nitrogen,

phosphorus, potassium, calcium, iron and all mineral nutrient deficiency, respectively.
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(3) ¢cDNA cloned] @74 <¥ 4

AEFAE o7l B AEAY HEdx FEFF mRNAE o] &3t +53 cDNA
library®) 7] A7b= ¢ 12x10° pfu/ml, insert frequencys 70%, insert size:® BT 1.2 kb,
ZZ g librarye 97 < 1.0x10° pfu/mlo) Atk Mass excisionol ]3] €& colony & 290
TS Adste] FE cdoned 5 "R AEE AAS R FAVIMNEFH} oprt MESE
GenBank 37z A€ DBE o] &3l FAsttt. A A= & 49 Zon, FrigEdd
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Table 4. Rice root ESTs putatively identified by the database search

Sequences producing significant alignments Organism Acc No BD

EST clone };engt LC |21
number (bp) * (D

Alinersl and orgame nuirton 1R<

RRMP-1-Bl {880 |Phosphonibosyl pyrophosphate synthase isozyme 4 |Spinacia oleracea 153 77 {CAB43602 |GB

Oryza sativa
RRMP-1-C2 (792 |Putative trehalose-6-phosphate phosphatase (japonica 53 |100 |BAB63762 |{GB
cultivar-group)
RRMP-1-D6 (865 |Histidine-contaiming phosphotransfer protein Zea mays 82 |53 |BAA84993 |GB
RRMP-1-H10 (930 |Potassium transporter HAK3p g;g%?g%“hemm 89 |80 |AAK53760 |GB
RRMP-2-B12 {665 |[Two-pore calcium channel Arabidopsis thaliana |88 |29 {BAB55460 {GB
RRMP-2-B9 [864 |Calcium-binding proten ecligg‘r)lrshabdms 56 |41 |NP_492837 |GB
RRMP-2-C4 ;800 |Blue copper-binding protein homolog Tnticum aestivam {10761 |JAAD10251 |GB
RRMP-2-C6 I811 {Voltage-dependent anion channel Oryza sativa 202192 |CAC80850 {GB
Inorganic pyrophosphatase (EC 361 1),
RRMP-2-D7 |871 I(-)I+~tr§mslocat1ng, vacuolar membrane (clone Oryza sativa 127 {88 |S72526 GB
VP1
RRMP-3-A10 |852 |Protemn phosphatase - like Arabidopsis thahana [124 (69 |NP_568503 |GB
RRMP-3-B12 (858 Soluble morganic pyrophosphatase (Pyrophosphate Zea mays 211192 (048556 CB

phospho-hydrolase)(PPase)

RRMP-3-C9 (854 |Pyrophosphate-dependent phosphofructo-1-kinase |Arabidopsts thaliana |150 (70 |NP_567742 |GB

RRMP-3-D9 |834 |Protein phosphatase 2C Arabidopsts thahana {124 |69 |BAB84697 {GB
_a_ Required for invasion and pseudohyphae formation |Saccharomyces

RRMP-3-F11 1553 1n response to nitrogen starvation, Mucl cerevisiae 64 |34 NP 012284|GB

RRMP-4-C3 |877 {Phosphate-induced (phi-1) protein, putative Arabidopsis thaliana (66 (53 |NP_174746 |GB

RRMP-4-D3 |916 |Histidine-containing phosphotransfer protein Zea mays 12389 |[BAAR2874 |GB

RRMP-4-H2 11684 |Ammomum transporter 1-1 Oryza sativa 183163 {AAL05612 |GB
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RRMP-4-H3 1758 [Phosphate transporter [Oryza sativa [344]88 [AAF42956 [GB
Metaholiem 88
RRMP-1-D10 (932 fﬁfggﬂzs‘gammw dehydratase (EC 4211), Oryza sativa 11186 [T03254  |GB
RRMP-1-F3 (918 |Glyoxalase 11 Oryza sativa 64 |85 |AAL14249 |GB
RRMP-2-Cl1 (922 |Gficeraldehyde 3~ phosphate dehydrogenase, Oryza satwa 8 |70 |P08477  |GB
RRMP-2-C5 [904 [Alcohol dehydrogenase-hke protein Arabidopsis thaliana |70 |54 |BAB01222 |GB
RRMP-2-E4 [801 |Fructose-1,6-bisphosphatase Porteresta coarctata {26485 |AAF23509 |GB
RRMP-2-G9 (868 f}}{gggg}gehyde 3~ phosphate dehydrogenase, Oryza sativa 175{100 Q42977 |GB
o UDP-glucose 4-epiumerase GEPI48 Cyamopsis
RRMP-2-H12 1841 (Galactowaldenase) (UDP-galactose 4-epimerase) |tetragonoloba 247|172 065781 GB
Cyanogenic Beta-Glucosidase Mol_1d 1; Molecule.
RRMP-3-B5 845 |Cyanogenic Beta-Glucosidase, Chain Null, Ec Trifohum repens 152173 [1CBG GB
32121
Oryza sativa
RRMP-3-H10 {825 [UDP-glucuronic acid decarboxylase (Japonica 215(93 |BAB84333 |{GB
cultivar-group)
RRMP-1-H4 |839 |Polyphosphoinositide binding protein Arabidopsis thahana (133169 |NP_175980 |GB
RRMP-2-B2 |790 |Chohne kmase (EC 271.32) CK3 Glycine max 156 |67 |[T08817 GB
RRMP-2-C1 |509 |Carmitine/acylcarnitine translocase-like protein Arabidopsis thaliana [106 |70 |BAB08924 [GB
RRMP-3-B6 (857 |Lipoic acid synthase (LIP1) Arabidopsis thahana {15273 [ICBG GB
RRMP-3-D8 |845 |Phospholipase D beta 2 Oryza sativa 249 |72 |AAL78821 |GB
RRMP-3-H7 [840 |Patatin-like protein ( fcrgcg‘;r‘}g‘g 92 |75 |T10260 |GB
RRMP-4-B2 830 |Fatty acid alpha-oxidase Oryza sativa 225|838 |AAF64042 |GB
RERMP-4-F3 (8% |Acetyl-CoA carboxylase Zea mays 291|75 |AAK62313|GB
RRMP-1-F10 |931 |Threomne 3-dehydrogenase g%%%clfgﬂlss 25 160 |NP_295385|GB
RRMP-2-A2 822 |Bowman Birk trypsin inhibitor Oryza sativa 20965 {CAB88208 (GB
RRMP-2-A6 |832 |Proprotein convertase subtilisin/kexin type 2 Homo sapiens 232(70 |XP_046457 |GB
RRMP-2-D4 [827 |Glutamine-dependent asparagine synthetase 1 Hordeum vulgare 129164 |AAK49456 |GB
RRMP-3-A7 |829 gri’gfr‘g;fmmOb“Wrate transaminase subunit Arabidopsis thaliana [233 |72 |AAK52899 |GB
RRMP-3-B9 (807 ppr‘gfjggrpmtem disulfide-isomerase (EC 5341 I\ycotiana tabacum  [203(64 [T03644  |GB
RRMP-3-El11 |891 |Serine acetyltransferase Allium cepa 184180 [AAF19000 |GB
Glutamine synthetase shoot 1sozyme
RRMP-3-E5 [732 |(Glutamate--ammonia ligase) (Clone Oryza sativa 92 100 [P14656 GB
lambda-GS28)
RRMP-3-G3 [812 |Glycine dehydrogenase Yersima pestis 69 |27 |NP_404523!GB
RRMP-4-A3 |897 |Diaminopimelate decarboxylase - like protein Arabidopsis thaliana |206 |78 |NP_568252 |GB
Oryza sativa
RRMP-1-A6 (847 [Rad6 (yaponica 142100 [BAB85469 |GB
cultivar-group)
RRMP-1-D3 |839 |DnaJ protem homolog ZMD]J1 Zea mays 98 |86 101643 GB
RRMP-1-H9 [863 |Ribonuclease Il RNB family protem, dis3-like | SChuzosaccharomyce logg 49 NP-594510
RRMP-2-H10 861 |Pseudoundine synthase 1 Mus musculus 71 |35 [AAH21446 |GB
RRMP-1-B11 [910 [Putative N-hydroxycinnamoyl /benzoyl transferase |Oryza sativa 11985 |CAC08504 {GB
- ol Oryza sativa (ndica
RRMP-1-H12 (853 |Phenylalanine ammonia-lyase cultivar-group) 178 {86 |P53443 GB
RRMP-1-H6 (865 |Methylmalonyl-coA mutase ggz‘;grshabdm 14567 |NP_4977%6 |GB
RRMP-2-D8 (840 |Flavonoid 3’'~hydroxylase Eg}gg;’_gr‘};um x 206 34 |AAG49315 |GB
RRMP-2-G10 |853 |Polyphenol oxidase Malus x domestica |63 |37 |[BAA21676 |GB
RRMP-3-E4 [805 |Farnesylated protein ATFP6-like protein Arabidopsis thaliana [153 150 [NP_197247 |GB
RRMP-4-E3 [864 |Flavanone 3-hydroxylase-like protemn Arabdopsis thalana |139 (63 [NP_197841 |GB
A— : Oryza sativa (ndica
RRMP-4-G1 |894 [Nicotianamine synthase 2 cultivar-group) 154 |89 |BAB17823 |GB
RRMP-1-A9 |768 |ATP synthase FO subumt 6 Balanoglossus 184[29 [NP_008398 |GB
- Aconitate hydratase, cytoplasmic (citrate
RRMP-1-GI11 (932 hydro-lyase) (aconitase) Cucurbita maxima [130(72 (P49608 GB
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Vacuolar ATP synthase catalytic subumt A

RRMP-2-E5 853 [(V-ATPase A subumt)(Vacuolar proton pump Daucus carota 107 |93 {P09469 GB
alpha subunit) (V-ATPase 69 kDa subumt)
RRMP-2-E8 1811 |Transaldolase ~ like protein Arabidopsis thahana 26580 [NP_196846 |GB
RRMP-2-F3 820 |Vacuolar ATP synthase subumt C, putative Arabidopsis thahana {223 |77 [NP_563916 |GB
Oryza sativa
RRMP-2-F9 846 |Alternative oxidase (japonica 218160 |BAA28772 |{GB
cultivar-group)
RRMP-2-G4 (831 |Malate dehydrogenase, glyoxysomal precursor Oryza sativa 285183 Q42972 GB
o Ubiquinol-cytochrome C reductase complex 14
RRMP-3-C7 {706 kDa protemn (CR14) Solanum tuberosum [123 |71 {P48502 GB
RRMP-3-D1 |789 |NAD dependent epimerase, putative Arabidopsis thaliana {147 |66 [NP_189024 |GB
e Probable 2-dehydro-3-deoxyphosphoheptonate Petroselinum
RRMP-4-D1 1797 aldolase (EC 41215) 2, chloroplast crispum 26486 | T14898 GB
Siresy, Reswstance - 118
RRMP-1-A3 [827 |Probable peroxidase (EC 1111.7) {(clone PC44) Spinacia oleracea 16045 |T09164 GB
_1- Lycopersicon
RRMP-1-C4 (970 |Heat shock cognate protemn 80 ecculentum 80 |88 [P36181 GB
RRMP-1-E11 903 |Putative glutathione S-transferase OsGSTU3 %rg(f:icza“"a subsp. |119(86 |AAG32472 |GB
RRMP-1-E3 [851 |Acidic pathogenesis-related protein la precursor |Oryza sativa 55 |69 [JC7330 GB
RRMP-2-F2 |814 |Polyamine oxidase, putative Arabidopsis thaliana 24544 (NP_176759GB
RRMP-2-F5 1630 |Metallothionein-like protein 1 Oryza sativa 57 |71 |Q40633 GB
RRMP-3-B8 |[886 [Bactenial blight-resistance protein Xal Oryza sativa 260140 |'T00020 GB
RRMP-3-Cl11 (836 [Heat shock protein 91 Arabidopsis thahana |278 (70 |S74252 GB
RRMP-3-C8 836 |Glutathione S-transferase GST 30 Zea mays 206155 |AG34838 |GB
o Beta-1,3-glucanase (EC 321 -) precursor -
RRMP-3-G7 |877 [imported] Oryza sativa 183154 |T50563 GB
o Simular to Solanum tuberosum ci21A gene product
RRMP-4-D2 |646 encoded GB Acc Number U76610 Solanum tuberosum 50 |36 [AADO00255 |GB
Supal rausducnon/transcopnon trauslanon 38
RRMP-1-G10 909 |Polyadenylate-binding protein Triticum aestivum  |120 |85 |T06979 GB
RRMP-1-A2 |828 |Putative receptor protein kinase-like protein Oryza sativa? 25231 |BAB63567 |GB
RRMP-1-C5 [914 [APETALAZ2 protem homolog HAP2 gggggﬁgm 120 (59 |AAD22495 |GB
RRMP-1-D2 822 |Regulator protein ROM2 Phaseolus vulganis {105(27 {T10985 GB
RRMP-1-F5 849 |Serine/threonine kinase -like protem Arabidopsis thahana [159 (42 |NP_567679 {GB
RRMP-1-H7 [1017 |Calcium-dependent protein kinase-related kinase |Zea mays 142 (84 {T01694 GB
o Contains similanty to ATP binding protein . .
RRMP-2-C8 834 associated with cell differentiation gene_id K1F136 Arabidopsis thaliana 165167 |BABI0917 |GB
RRMP-2-E11 871 |Probable G-box binding factor 8 Oryza sativa 220190 |T03373 GB
RRMP-2-F7 [858 |ARGI protemn (Altered Response to Gravity) Arabidopsis thaliana |54 |51 |[NP_177004 |GB
ESTs D417SB§9(S4522),AU055999(520214)‘
e AU07588(521592 correspond to a region of the Oryza sativa
RRMP-2-G6 832 predicted gene ~Simular to Sorghum bicolor (Japonica) 189176 |BAA9G628 \GB
sermne/threonine kinase (Y12465)
RRMP-2-H3 {832 [Chaperonin gamma chain - like protein Arabidopsis thahana |208 |74 |NP_198008 [GB
RRMP-3-C3 |815 |Photolyase/blue-hght receptor (PHR2) Arabidopsis thahana [107 |58 |NP_182281 |GB
RRMP-3-D5 {770 |LIM homeobox protein 5 Danio rerio 69 130 |NP_571293 |GB
RRMP-3-E2 {856 |Glutathione-s-transferase, putative Arabidopsis thaliana |143162 {NP_1767581GB
RRMP-3-E8 |814 |Calmoduln-binding proten TCB60 Nicotiana tabacum [264 /37 |T03793 GB
RRMP-3-F5 |1004 |Protem kinase, putative Arabidopsis thahana |46 [41 |NP_177036 |GB
RRMP-3-F6 (882 |DNA-binding protemn 100K chain Homo sapiens 53 (39 (529770 GB
RRMP-3-F8 3869 |RNA binding protein Elaeis oleifera 210147 |AAL76994 |GB
RRMP-4-A4 822 |EF-hand Calcium binding protem-like Arabidopsis thaliana {183 (84 |CAC05499 |GB
RRMP-4-B4 (885 |Brassmosteroid insensitive 1 gene (BRI1) Arabidopsis thaliana |299 |42 INP_195650 |GB
RRMP-4-F1 |788 |Zinc finger transcription factor ZF1 Oryza sativa 209165 |AAKO1713 |GB
RRMP-1-Al12 |964 |Translation elongation factor EF-1 gamma African clawed 104 |51 (151237 GB
RRMP-1-A4 [857 |Myb protem Drctyostelum 66 [34 |AAG15274|GB
RRMP-1-D4 849 |Polyadenylate-binding protemn ?%gfggg“hammyce 34 |82 |NP_593377|GB
i Putative dna-directed ma polymerase in 130 kd Schizosaccharomyce
RRMP-1-E2 1938 polypeptide (ec? 2776) 2 s pombe 13957 INP_593690 |GB
RRMP-1-G12 1848 (Valyl-tRNA synthetase Aeropyrum permix |38 |36 |NP_148179 |GB
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_o_ RNA polymerase II transcription factor elongm .
RRMP-2-B7 |05 subunit A (110 kDa) Rattus norvegicus [176|26 |{NP_058799 |GB
RRMP-2-C7 {836 |LEUNIG Arabidopsis thaliana 256 |55 |AAG32022 |GB
2 - Oryza sativa
o ESTs AU032448(510057),C22614(S10057) Simular _
RRMP-2-G3 812 to Arabidopsis thaliana ASK etha gene (Y08947) (()Jfg;) meacultivar-gr 11672 |BAAJ2966 |GB
RRMP-3-A3 {796 |Flongation factor 1 -alpha(EF-1-ALPHA) Acrasis rosea 258 |68 [P14963 GB
RRMP-3-C12 |834 |Probable transcription factor SF3 Nicotiana tabacum [180 |77 |T03400 GB
RRMP-3-E6 |876 |Typical P-type R2R3 Myb protem Sorghum hicolor 40 |92 |AAL8B4765 |GB
RRMP-3-G2 (807 |Elongation factor 1 alpha Saccharum hybid. 1149197 |AAL79775 |GB
RRMP-3-G6 (891 |Homeodomaimn - like protein Arabidopsis thaliana |62 [40 [NP_195187 |GB
RRMP-4-C1 1873 |hnRNP-like protein Arahidopsis thaliana [240 162 NP _567753|GB
Al Probable methionyl-tRNA synthetase r
RRMP-4-G2 1829 (Methionme--tRNA ligase) (MetRS) Oryza sativa 74 190 1Q9ZTS1 |GB
RRMP-1-H3 [849 |RNA helicase - like protein Arabidopsis thaliana [169 |59 |NP_567558 |GB
RRMP-2-A1 |594 |FH protein mteracting protein FIP1 Arabidopsis thaliana [128 |52 |NP_174141 {GB
Cytosheletal Structure 8 %
RRMP-1-F7 (927 |Similar to extensin-like protein Homo sapiens 89 (31 [XP_063436|GB
1 Phytophthora
RRMP-1-G2 (845 |Tubulin beta chamn CIMAMONL 245169 059837 GB
RRMP-1-G4 (846 |[Histone deacetylase HDA101 Zea mays 185188 [AAK67142 [GB
RRMP-2-B3 |790 {Beta-expansin Oryza sativa 21190 |AAF72989 |GB
RRMP-2-B4 [897 |Histone H2A Euphorbia esula 93 |74 |AAF65769 |{GB
RRMP-2-D3 [816 [Major surface glycoprotemn—like Arabidopsis thaliana [217 |86 |NP_568608 |GB
RRMP-3-A6 1864 [ASIpha-N-acetylglucosamimdase Arabidopsis thahana [211 |71 INP_196873 |GB
RRMP-3-F10 [858 |Tubulin alpha-2 chain Stylonychia lemnae |72 |54 [P09243 GB
RRMP-4-F2 |815 |Transmembrane protein Oryza sativa 230198 |T04139 GB
Hool - o
RRMP-2-A5 |850 [Root-specific protein RCc3 Oryza sativa 133161 [S53012 GB
RRMP-2-E6 843 |Root-specific protein RCc3 Oryza sativa 118166 [S53012 GB
RRMP-2-H2 |779 |Root-specific protein RCc3 Oryza sativa 133 (71 {S53012 GB
RRMP-2-H4 (830 |Root-specific protein RCc3 Oryza sativa 133 (70 [Sh3012 GB
RRMP-3-G4 812 {Root-specific protein RCc3 Oryza sativa 89 |42 |S53012 GB
Otluns - 57
RRMP-1-F8 (908 |Tetracychne resistance protein. gﬁg&?&?& 98 |96 |AAA92917 |GB
RRMP-1-G8 1932 |Prohine-rich protein precursor Arabidopsis thaliana |[129 |33 |AALA49919 |GB
- 1 Ectocarpus
RRMP-1-H11 |885 |EsV-1-83 siiculosus virus 50 138 |NP_077574{GB
RRMP-1-H8 [892 |Laccase Populus balsamifera |220 |60 |CAA74105 |GB
RRMP-2-Al11 |852 [Subtilisin-like protein Toxoplasma gondn |43 |39 |AAK94670GB
RRMP-2-A12 |966 {Aquaporn Oryza sativa 94 195 |[CAAL11896 [GB
RRMP-2-A4 |819 |Adenylate kinase homolog T16B249 Arabidopsis thahana ({129 |44 |T02575 GB
RRMP-2-A7 |528 |LIM homeobox protein 6 Mus musculus 46 |34 |NP 032526 |GB
RRMP-2-Bl11 1840 [Proline-rich protein precursor Glycine max 243127 |T06336 GB
RRMP-2-E1 |851 [|Phytochelatin synthetase - like protein Arabidopsis thahana [120 [66 |[NP_568930 |GB
e Simular to internalin protein, putative peptidoglycan : -
RRMP-2-E2 833 bound protein? (LPXTG motif) Listeria innocua 96 |25 |NP_469857 |GB
RRMP-2-E3 |784 |Ribosomal protemn L15 Homo sapiens 186182 |AK67641 |GB
RRMP-2-F1 1824 |60s nbosomal protemn L3 SChuzosaccharomyee lao1 |62 |NP_594780 |GB
RRMP-2-F6 873 |Reversibly glycosylated polypeptide Oryza sativa 256168 |AAGL7438 |GB
RRMP-2-G12 828 |KIAA1110 protein Homo sapiens 53 |39 |BAAR3062 |GB
RRMP-2-G2 1820 |MtN19-like protein Arahdopsis thahana [189(55 |[BAB10082 |GB
RRMP-2-H9 |859 {Putative chloroplast inner envelope protein Oryza sativa 195199 |AAGI13554 |[GB
Oryza sativa
_a_ Proteasome subunit beta type 3 (20S proteasome ~
RRMP-3-A5 |844 "=y |(qaponica 204199 |QOLST7? |GB
alpha subumit C) (20S proteasome subunit beta-3) cultivar-group)
_a_ Vacuolar sorting protein-like, embryogenesis
RRMP-3-B2 |841 proten H beta 58-like protemn Arabidopsis thaliana [135 (69 |NP_200165 |GB
RRMP-3-C10 [862 |Reversibly glycosylated polypeptide Oryza sativa 235195 {AAG17438 |GB
RRMP-3-C4 880 |[Sec6l alpha subunit Hordeum vulgare 10879 |AAK94784 |GB
RRMP-3-C6 831 |WAS protein farmly, member 1 Homo sapiens 70 |31 |AAHI19019 |GB
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Adaptor-related protein complex 2, alpha 1
subunit, adaptin, alphaA,

RRMP-3-D10 1838 c%at};lhrm*assomated/assembly/adaptor protein, large, Homo sapiens 201 )42 \NP_055018 |GB
alpha 1
RRMP-3-D11 (884 |Ntdin Nicotiana tabacum [113 |70 |BAA8S985 |GB
o Proteasome subunit beta type 1 (20S proteasome 0644
RRMP-3-D12 848 alpha subunit F) (20S proteasome subumt beta-6) Oryza sativa 182189 64 GB
RRMP-3-E1 [835 |RNA-binding protemn-like Arabidopsis thaliana [200 |61 |NP_200425 |GB
Varanus
RRMP-3-E3 821 |Hemoglobin alpha-1I chain exanthematicus 88 |23 |P18981L GB
albigularis
RRMP-3-F1 |782 |Retimtis pigmentosa 2 homolog Mus musculus 12937 |NP_598430|{GB
RRMP-3-F12 {850 INTGP4 Nicotiana tabacum |223 (48 |AAD0918 |GB
Oryza sativa
RRMP-3-F9 803 |LEC14B like-protemn (japonica 11994 |BABB4486 |GB
cultivar-group)
RRMP-3-G1 |854 |Endo-1,4-beta-glucanase Cell Sglg);gel{’nllﬂg;rlgare 28662 |BAAY257 |GB
RRMP-3-G5 1878 |Aquaporin Oryza sativa 186 |94 |[CAA118% |GB
RRMP-3-G9 |742 |TIM17 Arabidopsis thaliana |34 [55 |AAF03749 |GB
Oryza sativa
RRMP-3-H9 821 (PPR-repeat protein -like (yaponica 244194 |BAB86412 |GB
cultivar-group)
. Oryza sativa
ESTs AU033170(S4339),D41681(S4339) Similar to |3
RMP-4- ; i
RRMP-4-Bl 1895 Pisum sattvum mRNA for plAA4/5 1 (X68215) éﬁfggf_agmup) 103146 |BAAT8739 \GB
RRMP-4-E1 |735 |Neurotrophic factor Macaca mulatta 24 |54 |[AAC99782 |GB
RRMP-4-H1 [800 |T6D22.16 Arabidopsis thaliana [195147 |AAF79337 |GB
Unknown 77 &
RRMP-1-Al (848 |No hits found GB
RRMP-1-All |893 |Hypothetical protemn Arabidopsis 15150 |G71423  |GB
RRMP-1-A8 845 |Hypothetical protem XP_097022 Homo sapiens 79 134 |XP_097022 |GB
Oryza sativa
RRMP-1-B4 {870 |Hypothetical protein (yaponica 27 |81 |BAB63849 |GB
cultivar-group)
RRMP-1-B7 (839 |Putative protemn Arabidopsis thahana |101 |48 |NP_191258 |GB
RRMP-1-C1 798 |Expressed protein Arabidopsis thaliana |232 |58 |NP_564354 |GB
RRMP-1-C12 |828 |Expressed protein Arabidopsts thaliana |78 |70 |NP_563929 |GB
Contains ESTs
s Oryza sativa
i (C98283(C1395),C98282(C1395) "similar to -
RRMP-1-C3 863 Arabidopsis haliana chromosome 4, éﬁ%ﬁgﬁf roup) 120196 |APO03504 |GB
AT4g29480 unknown protein group
Oryza sativa
RRMP-1-D1 (831 |Hypothetical protein (yaponica 43 144 |BAB16343 |GB
cultivar-group)
RRMP-1-D11 {959 |Putative protein Arabidopsis thaliana |95 (43 |AAF99740 |GB
Oryza sativa
RRMP-1-E4 |8a4 FhST AgO?gQS(%lOOB) corresponds to a region of (japonica 85 |29 |BAA%S641 |GB
e predicted gene cultivar-group)
RRMP-1-F1 835 |Auxin-induced protein, putative Arabidopsis thaliana (170157 |NP_176274|GB
RRMP-1-F2 (848 |Hypothetical protemn Oryza sativa 185190 1BAB69445 |GB
RRMP-1-F9 936 |[Atlg23310/F26F24 4 Arabidopsis thaliana {145 |80 [AAL24255 |GB
RRMP-1-G1 811 |Hypothetical protein T8O5 10 Arabidopsis thaliana [213]65 |T05462 GB
RRMP-1-GY [941 |Hypothetical 121 kDa protein pMsmaA27 Manduca sexta 99 [30 |QIU5L16 GB
RRMP-1-H1 [844 |Expressed protein Arabidopsis thaliana [162 |37 |NP_565672 |GB
RRMP-1-H2 |797 [Hypothetical proten Oryza satva subsp lo4q 139 |AAD2755 |GB
_9_ ~ Saimiriine
RRMP-2-A10 (862 |ORF 73 ECLF1 herpesvirus 2 71 {40 |NP_040275|GB
RRMP-2-A3 |806 [Hypothetical protein gcgéf;’sﬁ“hammyce 53 |41 |NP_596001 |GB
RRMP-2-A8 |822 |Y60A3A5p eclaezg‘r’l’;habdms 83 |27 |NP_507865|GB
RRMP-2-A9 (878 |Expressed protein Arabidopsis thaliana [142 |56 |NP_568653 |GB
Contains ESTs Oryza sativa
RRMP-2-Bl (622 |AU031375(E61447),AU029988(E50438) ~unknown (yaponica 73 |64 |BAB63323 |GB

protein

cultivar-group)
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Contains EST D23070(C2134) similar to Oryza

Oryza sativa

RRMP-2-B10 {850 [sativa chromosome 10, (Japonica 14979 |BAB20652 |GB
OSJNBa00261.12 21 “unknown protein cultivar-group)
RRMP-2-B5 (846 |AT5gl13750/MXE10_2 Arabidopsts thaliana [224 |49 |AAK62597 |GB
RRMP-2-B6 (829 |Expressed protemn Arabidopsis thaliana [120 {43 |NP_564810 |GB
RRMP-2-B8 (812 |F15H184 Arabidopsis thaliana [253 |44 |AAF26001 |GB
RRMP-2-C12 ({857 |Predicted protein Arabidopsis thahana |69 |53 {NP_194929 |GB
Oryza sativa
RRMP-2-C2 823 {Hypothetical protein (yaponica 16 |93 |BAB68044 {GB
cultivar-group)
RRMP-2-C3 [847 |Expressed protein Arabidopsis thahana |98 |83 [NP_565222 |GB
RRMP-2-C9 (845 |Expressed protein Arabidopsis thaliana |202 |53 |NP_564972 |GB
RRMP-2-D1 |805 |CG7649 gene product et 68 |30 |AAF55088 |GB
RRMP-2-D10 {857 |Expressed protein Arabidopsis thaliana {102 |45 |NP_565370 |{GB
H . " - . . erza sativa
Rep-2-pu (o3 [iopotieial oo omier o Arbidoosisgthea 173l |pABsu0 |G
EIST (éngStlE(a(CSBlGﬂ)S‘coqreslgongs %Qda reglorrll lof Oryza sativa
RRMP-2-D12 834 |4 o e I BAC FSHl4gonome o thahana (japomca 174|72 |BAA87841 |GB
sequencehypothetical protein (AC006234) cultivar-group)
ESTs AU077435(C12539),C26534(C12539) Oryza sativa
RRMP-2-D2 (827 |correspond to a region of the? predicted {Gaponica? 104199 |BAAR&3351 |GB
gene ~hypothetical protein cultivar—group)
RRMP-2-D6 (922 |Evidence.NAS putative unclassifiable Mus musculus 33 |48 |BAB24309 {GB
RRMP-2-E10 [864 |Hypothetical protein L23H3 30 Arabidopsis thaliana [221 |34 | T03583 GB
RRMP-2-E12 (923 |Expressed protein Arabidopsis thahana [160[{58 |NP_564483 |GB
RRMP-2-E7 {945 |No hits found GB
RRMP-2-E9 (858 |F21B7.1 Arabidopsis thaliana |184 |49 |AAF86508 |GB
RRMP-2-F10 {765 |Hypothetical protein wali7 Tnticum aestivum  |203 |79 | T06984 GB
RRMP-2-F12 |839 |At2g07350/T13E11.12 Arabidopsis thaliana (128169 |AAKS82475|GB
RRMP-2-F4 818 |Hypothetical protemn Arabidopsis thaliana |96 |53 [NP_188861 |GB
RRMP-2-F8 {851 |Expressed protein Arabidopsis thahana {209 |69 |NP_566436 |GB
RRMP-2-G1 [798 |Hypothetical protein A_IGO02P16.9 Arabidopsis thahana [129(37 |{T01770 GB
RRMP-2-G11 |882 [Hypothetical protein Arabidopsis thahana |72 |31 |NP_188488 |{GB
Yeast
RRMP-2-G7 |832 |Hypothetical protein 3 ﬁ?j;ﬁ?ﬁ%‘”ﬁiiiid 104|290 |S159%62  |GB
pSKL
RRMP-2-G8  [858 |Hypothetical protein T100870 frabidopsts 222\47 |T48158  |GB
Oryza sativa
RRMP-2-H5 |836 |Hypothetical protein (japonica 262 |85 |AB16491 |{GB
cultivar-group)
RRMP-2-H6 637 [Putative protein Arabidopsis thaliana (74 {29 [AAL61939 |GB
RRMP-2-H7 368 |Y102A5C 2%6p ggzg‘r’lrshabdltls 134[21 |NP_507297 |GB
RRMP-2-H8 (902 [ESTs gblR30459,gbIN38441 come from this gene |Arabidopsis thahana [163 |74 |AAB61100 |GB
ESTs C99736(E21196),AU030984(E60527), Oryza sativa
RRMP-3-A1 |827 |AU030985 (E60527)correspond to a region of the |(japonica 21992 |BAA90627 |GB
predicted gene. cultivar-group)
RRMP-3-A8 |860 |Hypothetical protein Arabidopsis thaliana 180 |55 [NP_173829|GB
RRMP-3-Bl 830 |Conserved hypothetical protemn Sehizosaccharomyce |11 |25 |NP_594572 |GB
RRMP-3-B4 876 |CAA3037121 protemn Oryza sativa 256 |71 |CAB53485 |GB
RRMP-3-B7 {855 |AT5g09850/MYHI 6 Arabidopsis thahana |60 {38 |AAL25557 |GB
RRMP-3-C1 |872 |F12A217 Arabidopsis thaliana |185 (65 [NP_564907 |GB
Oryza sativa
RRMP-3-C2 (884 [Hypothetical protemn (japonica 151 (90 (AA90345 |GB
cultivar-group)
ESTs AU0G9374(C61044),D24451 (R1944 Oryza satva
RRMP-3-C5 (864 (30031 800 Road) onvmre et (AL 453993) T oy | |10 [PABO3I6EIGB
RRMP-3-D2  |891 |Hypothetical protem Arabidopsis thahana [71 |30 |NP_ 195058 |GB
RRMP-3-D3 {921 |AT3g54020/F5K20_320 Arabidopsis thahana 175167 1AAK82549 |GB
RRMP-3-D6 870 |Hypothetical protein F15A17 210 Arabidopsts thalana 25 |56 |T48339 GB
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ESTs C97429(C60159),D22427(C11106), Oryza sativa
RRMP-3-D7 (845 |[AU078031(E31854), D15683(C1084) hypothetical (yaponica 248149 |BAAB3564 |GB
protein cultivar-group)
Oryza sativa
RRMP-3-E9 (882 |Contains EST D24276(R1622) unknown protein (yaponica 241176 |BAB63798 |GB
cultrivar-group)
RRMP-3-F2 (832 [Expressed protein Arabidopsis thahana (10465 |NP_564513 |GB
RRMP-3-F3 910 |Hypothetical protein wali7 Triticum aestivum {76 |71 |T06984 GB
- . Oryza sativa
RRMP-3-F4 [g72 (51 AU090087(C30149) unknown protein (japonica 179193 |BAAY6170 |GB
cultivar-group)
RRMP-3-F7 [855 [Hypothetical protein; 65754-64334 Arabidopsis thahana (184 {47 |AAG52542 |GB
RRMP-3-G8 |871 [CAA303791 protemn Oryza sativa 235153 |{CAB53482 |GB
RRMP-3-H1 {776 |Putative protein Arabidopsis thaliana {17 [82 |NP_195970|GB
RRMP-3-H5 [897 |Hypothetical protein Arabidopsis thahana |208 |59 |AAF63119 |GB
Oryza sativa
RRMP-3-H6 (902 [EST AU162599(R10504) unknown protein (japonica 158171 |BAB40155 |GB
cultivar-group)
ESTs AU082563(S20379),D15187(C0226), Oryza sativa
RRMP-4-A2 843 |AU082476(C0226), AU0B2563(S20379) putative (yaponica 264 |94 {BAA95888 |GB
RNA-binding protein (AC004561) cultivar-group)
RRMP-4-B3 852 [Hypothetical protem Methanococeus 139 |35 [NP_248514|GB
Contains ESTs Oryza sativa
RRMP-4-C2 |836 |AU062927(C51629),AU030693(E60120). unknown (japonica 121197 |BAB39954 |GB
protemn cultrvar-group)

*L.C, Length compared
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Hol FiEolg & /M o] 8T FEFHAY AES
< Hole A AAAE @At thee RS fRx AAAlE R
A2 GEAE o]ty SRS A (phosphate transport, PT$  ammonium
transporter, AMT), X &% ‘T*B“Zél( ipid transport protein, LPT), #&4+3}& 4~(catalase, CAT
9} ascorbate peroxidase, APX) FA=te] %9 7% e 4B ©E ¢dAxd EA
& FAIBl ZAL E4 5

=

gxoz G APZANN A2
%

L Gt Fd2

7t g @ upy
1 AE A=
cDNA library®] A2 2 G312 dARALE AE2AFE 353 Yoshida Fdol A Auist
T g FEe ZEAYYd ARE o) &sdth FERAFPAE N, P, K, Feoll ois 543
AT AR AE Y A dF ARE A F 0, 12, 24, 72, 120N 2] AF A
JAAFEE 0, 50, 100, 200, 320 UME Z=d3}o] 547+ Al st o] gatdth

FEUETEA TS E A 9% ARE AN FRERANA A% %1171 E
HEAE 590 FAL 239 A b O Fd4 =7 AY, © FAAHAL + 300M
FEYE 19 AE, @ ¥ AdedA ~ 3uM dEYE 3d HY, @ F 1‘*”41 + 1001
M 4EYs 1d A, @ F Z244HdL + 10M ¢EYE 3d A, @ 1000M ’*JEﬂéli
+

FARUS 19 A, @ 1000M B + RdE 5 A, © B FERA L
v Al

(2) cDNA library2] =)zt
Yoshida gH& o] &3t 3577 Aujat ¥ F2AEA 547 AAFAEE A B
E AHE 39 Uni-ZAP cDNA library synthesis kit(Stratagene, USA)-& ©]-&3to A 1
A 7H-(3)&3} 2o} ¢cDNA library2 A &3 oh
(3) Library &4
Phospahte transporter EST clone (D4629, D46042)S o]&3t9 A7 (1)&<¢ cDNA
library 1 x 10° pfu® ®M& Q) Library?) W%, plaque transfer 5-& Ao wel A A
stgom, Fsl wsy 7435E AlkPhos Direct Labelling and Detection System
(Amersham Bioscience, UK)S o] &3} A|Z3ALe] A& o) whel A A 85t
4) MEgRskE WS 0]&3) cloning
Wl Qi 52 A4S EY3] A8l GenBank tlolEiwlel2 (NCBI, USA)9 471
MES F48te] OsPT29l W3k A3 primer(5’ - ATGGCGGGATCGCAGC-3") 9 dx&t
primer(5'-GTCACTCACGTCGAGACGGC-3"), OsPT3%] vk primer
(5'-ATGGCCGGCGAGCTCA-3")¢t 93k primer(5'-GT GCGTTGCCT GGGTTGAC-3"),
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OsPT49] W&  primer(5'-ATG GCGGGCGATCAGA TG-3)¢t 9wsE  primer
(6'-ACGGACGGCGGTGG AAT-3) %5 3% primerE AZstrt. Al2gt primers}
genomic DNAE ©]&3lo e mtet PCR# STZDNAY clonings AA3H9 o PCR ¥H-&
& 25 e 242 10 mM Tris-HC, pH 8.3, 50 mM KCl, 1.5 mM MgCle, 200 nM primer,
200 pM dNTP, 8 DNA 10 ng Z#lx Tag polymerase 1 unite} it} PCR #-32 94T
A 5%3F pre-denaturation ¥H$-& AX F FZFWE(94TAA 50x, 60TAA 30%, 72T
A1 20%)E 403) AP, HE AGueE 72CAH A 72 st

s%E DNA ©HF A A FARR J4dHe 37l 9¥S Qiaquick Gel
Extraction kit(Qiagen, USA)E o]&3}o AHAS T pGEM-T Easy vector(Promega, USA)
of F29date] d71ME F4o o] &3t

(5) 9714<E ¥4, Northern blot ¥ Southern blot #4]

F7Id 2L AVINEEA AEIA ofsleste AARon, d7IME AR wk
52 BigDye Terminator v3.1 Cycle Sequencing Kit(Applied Biosystems, USA)E o]-&
stol  FsT. AdE AVIMEe 7x24H 542 GenBank(NCBI, USA)$
ExPASY(SIB, Switzerland)ol| Al A &3t= 22 aH S o] 83t X3}

Total RNA¥ TRI reagent(MRC, USA)E ©]&3t Chomczynski® Sacchi(1987)¢]
Hol osted Eelstich Ea® total RNAS 55 ODxo 05 pg/mé EtBro] Xgd
1.0% formaldehyde AdA e} #7195 Aag o]&ste] A3t

Northern 412 20 g9 total RNAE 1.0% formaldehyde AolA 40VZ 3A17F A3
o Southern(1975)9] W¥H o2 RNAE #o]* 7 nylon membrane(Hybond N', Amersham,
UK)S o83t  AAstdT. &3 A=y FEst DNAY HEL  DIG
chemiluminescent nucleic acid labelling kit(Roche, Germany) 5=+ AlkaPhos direct
labelling and detection system(Amersham-Pharmacia Biotech, USA)Z o] &3} A A3}
Ak FFE &S AL AWl ARFNEE Axs|AL AHER] mhet AAEch
FH£39-S T membranesS A9 2X washing(2X SSC, 0.1% SDS) €dog 1587 2
3], 0.1X washing(0.1X SSC, 0.1% SDS) %o 3 63T A 1587 AHS & 4719 H=E
kit A3 L] AbR AW Ao wet FEstE HaEAE AES AT

Genomic DNA+ Roger 5(1989)2] HWHE ol&ste FE33d. £8¢ genomic
DNA(O ug)E ATas2 A#sdted 0.8% agarose gelold 25V, 16417 A7|¥&5T I
Northern-blot #4o4 A}&3 W8 o2 Southern-blot 4% AA 4

(6) Yeast mutant complementation

OsPTs (OsPTI~OsPT4) cDNA2l 7]1%5< yeast mutant MB192(Osaka University,
Japan) ¢} yeast &M E 2 pYE22m(Anamnart et al., 1997)& o]-&3te] A Alstgit}h Yeast
HHAHA-E Gietz 5(1995), Ito 5(1983) E Schiestl} Gietz(1989)2] Wol what A A
=3
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2
¢

FAAEE A2 A 7 D AEE yeast mutant NS219F sucrose WAl glycerol(30
g/L)o] 28" YNB uwjA oA vj¥E & diazo-coupling(Toh-e and Oshima, 1974)& o] &
3l repressible acid phosphatase activity® A9 (Bun-ya et al, 1991). ¥§ LN
Z42 01 M acetate buffer (pH 4.0) 10 m¢9ll, 5 mg a-naphthylphosphate®} 50 mg Fast

blue salt B(o-dianisidine, 0.5% agarose°]t}t. WgHe 22 & 50CE Y3 & 2

yeast plate $jo Fo] AL ZAF F, 30T 3027 wjFste] G 2 ##e
At

FARLE AZEgA 7 FAATE yeast mutant NS219¢F Aol AEe AAEL
YNB(Difco, USA)ui Aol Yeast Synthetic Drop-out Medium (Sigma, USA), glycerol (30
g/L), 2F=S A1l mM KHPO)E FH7He wMiAlE ol&std FASAY ZARE
ODgo=1.0°] =5 wjdd & dHEEste] £ Qdibo] HA7FHA &S YNB #jA &
o}-g-ste] 23] A3t ODen=0.057} H =5 & 29 14H110 uM KH2POs)
o] H7Fg YNB uiA]o|A 30T, 250rpm o2 s 43ty 6, 12, 18, 24X A9 ODsw s

o
2
ok
#
2
off

102 A}83te) cDNA libraryE ©43te] 22 %A clone
12F5 4ok SA cloneF Ad@H Z717F 20 kb 35 disty 7ML & EA3Y
o) A
%

29 AE5Ado] =2 cloned AL3a OsPTISZ WA

A FHAE THoF 3 3% Eo| primer S ©] &3] ¥ genomic DNAZHE
=ol4o® ZEY DNA Wd(Fig. 8)& 2a4std d47I4Le A

Fig. 8 DNA fragments amplified from rice genomic DNA with

the primer pairs targeted at the 5'- and 3'-end of the open
1.6—> 17 reading frames of the rice phosphate transporter OsP72 (lane 1),
OsPT3 (lane 2) and OsPT4 (lane 3), respectively. M, 1 kb DNA

marker. Arrows are indicated in kilobases.
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He] QSR FAAR o)== OsPTl, 2, 3, 4 clone®] |7IMEm A" opnjit
MEL Fig. 9, 10, 11, 129 24 OsPTI< 1901 bpZE nt 1~ nt 15819 527749] ofw] x4t
< 933stE ORFE ¥g3la I (Fig. 9). OsPT2E 1,619 bp=E nt 1~ nt 1,584 5287}
o] ol :Abe ¢F sl ORFE &8 (Fig. 10), OsPT32 1,749 bp= nt 1~ nt 1614
o] 538702 opn]:=2HS ¢FF 3et= ORFE E¢3taL(Fig. 11), OsPT4+= 1,609 bp® nt 1~
nt 1,578l 52670} otv]:=itg k3 3tsl= ORFE @3t Joh(Fig. 12).

OsPTs® ot Ao JeAL Table 59 2T OsPT12 OsPT2% 84%° 4574
S Rola OsPT3, OsPT4¢t+= Z+7; 74, 70%2] A4S =0 OsPT2+ OsPT3, OsPT4
St 71%9 4EAdE Holi, OsPT3E OsPTl, OsPT4st ZZ 74, 71%9 A54e HAth
Paszkowski 5(2002)°] rice genome sequence® #23le] ¥ 13 13F2 ¥ A 559
vl A 2 Ao OsPT1¥% OsPT2E OsPTL, OsPT29F 7z 99%9] 354 &

31, OsPT3E OsPT49 100%9] 4% A4S OsPT4: OsPT7# 99%<] 454 & Yehldtt

B A FEAE g8 A& A4 FEAS} v A3} OsPT1L LePTI(Liu et al,
1998a)# 73%, OsPT2¢ OsPT3& NiPT1(Baek et al, 2001a)® Zvz} 74, 77%, OsPT4+
StPT1(Leggewie et al, 1997)3 75%°] FE4E& Yehhdth OsPTse dE4%9 it
SAe 4 FFEAAN 69~77% WS- 2 3F4E e dek(Table 5). &Rt
Na'/phosphate transporter(Binhui et al., 1994), sulfate transporter(Smith et al., 2001)¢] ¥
FULHE, ofvedt NEHE S YehlA Utk T wEd B =g ot
o] AsAo ZAsIY OsPTs: ArabidopsistMuchhal et al, 1996, Smith et al, 1997),
Medicago truncatula(Liu et al., 1998b), A*HLeggewie et al, 1997), Bvll(Baek et al, 2001a), &
PFE(Liu et al, 1998a) 5 &Y A8 Bud Wit £5A A 994 E fEe b

AR FHE,
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400
1255
419
1312
438
1369
457
1426
476
1483
495
1540
514
1697
1654
1711
1768
1825
1882

ATG GCG GGA GGG CAG CTC AAC GTG CTG AGC ACG CGC GAC CAG GCG AAG ACG CAA TGG
M A G G @ L N V L S T R D Q@ A K T Q W
TAC CAC TTC ATG GCG ATC GTC ATC GCC GGC ATG GGC TTC TTC ACC GAC GGG TAC GAC
Y H F M A + V I A G M G F F T 0 A Y D
CTC TTC TGG ATT TCC CTC GTC ACC AAG CTG CTC GGG CGC ATC TAC TAC ACC GAC GAT
L F ¢ I S L Vv T K t L G R I Y Y T D D
TCC AAG GAC ACC CCC GGC GCG CTC CCG CCC AAC GTG TCG GCC GCC GTC ACC GGC GTC
S K 0O T P G A L P P NV S A AV T GV
GCG CTC TGC GGC ACG CTC GCC GGC CAG CTT TTG TTC GGA TGG CTC GGG GAC AAG CTC
AL C G T L A GAQ L F F G W L 6 D0 X L
GGA CGC AAG AGC GTG TAT GGT TTC ACG CTG ATT CTG ATG GTC GTG TGC TCG GTC GCG
G R K S VY GG F T L I L MV V C S V A
TCC GGG CTC TCG TTC GGG AGC TCG GCC AAG GGC GTC GTG TCT ACG CTC TGC TTC TTC
S 6 L $ F G S S A K GV VST L CF F
CGG TTC TGG CTC GGC TTC GGG ATC GGC GGC GAC TAC CCG CTC AGC GCC ACC ATC ATG
R F WL G F G ! G GO VY P L S AT I M
TCG GAG TAC GCG AAC AAG AGG ACG CGC GGG GCC TTC ATC GCC GCC GTG TTC GGC ATG
S E Y A N K R TR GAF I A AV F A M
CAG GGG TTC GGG ATC CTC TTC GGC GCC ATC GTC GCG CTC GCG GTG TCG GCG GGG TTC
@ 6 F G I L F G A I V AL AV S A G F
CGG CAC GCG TAC CCG GCG CCG TCC TAC TCC GAC AAC CAG GCC GCG TCG CTC GTC CCG
R H A Y P A P S Y S D NHAAS L VP
CAG GCC GAC TAC GTG TGG CGC ATC ATC CTC ATG TTC GGC ACC GTC CCG GCG GGG CTC
Q A DY V WR I + L MW F G TV P A AL
ACC TAC TAC TGG CGG ATG AAG ATG CCC GAG ACG GCG CGG TAC ACG GGG CTC ATC GCC
T Y Y W AR M K M P E T A R Y T A L I A
CGC AAC GCG AAG CAG GGG GCG GCC GAC ATG TCGC AAG GTG CTG CAC ACC CAG ATT GAG
R N A K @ A A A DM S K V L H T a I E
GAG AGC GCG GAC CGC GCC GAG ACG GTG GCC GTC GGC GGC GAG AGC TGG GGG CTC TTC
E S ADRAETV AV GG E S W G L F
TCG CGC CAG TTC CTG CGC CGC CAC GGC CTC CAC CTC CTC GCC ACC ACC AGC ACG TGG
S R Q@ F LR ARHGLHLLATT S TW
TTG CTC CTC GAC ATC GCC TTC TAC AGC CAG AAC CTG TTC CAG AAG GAC ATC TTC AGC
F L L D I A F Y S Q@ N L F @ K O I F S
AAG GTC GGG TGG ATC CCG CCG GCG AAG ACC ATG AAC GCG CTC GAG GAG CTC TAC CGC
K v 6 W I P P A K T M N A L E E L Y R
ATC GCC CGC GCC CAG GCG CTC ATC GCG CTC TGC GGC ACC ATC CCG GGC TAC TGG TTC
| AR A Q A L I AL CGT I+ P G Y W F
ACC GTC GCA TTC ATC GAG ATG ATG GGC AGG TTC TGG ATC CAG ATC ATG GGC TTC GCC
T VvV AF | E I M G R F W 1 Q@ 1 MM G F A
ATG ATG ACG GCG TTG ATG CTC GGC CTC GCC ATC CCG TAC CAC CAC TGG ACG ACG CCG
M M T A F M L G L A I P Y HH W T TP
GGG CAC CAC ACC GGC TTC ATC GTC ATG TAC GGA TTC ACC TTC TTC TTC GCG AAC TTC
G HH T GF I V MY GG F T F F F A N F
GGG CCA AAGC AGC AGC ACC TTC ATC GTG CCG GCG GAG ATA TAC CCG GCG GGG CTC CGG
G P NS T TF I VP A E | Y P A R L R
TCG ACG TGC CAC GGC ATC TCC GCC GCC GCC GGG AAG GCC GGC GCC ATC ATC GGA GCG
S T ¢ H 6 1 S A A A G K A G A I | G A
TTC GGG TTC CTG TAC GCG GCG CAG GAC CAG CAC AAG CCC GAG CCT GGG TAC CCC AGG
F 6 F L Y A A Q D Q H K P E P G Y P R
GGG ATC GGC ATC AAG AAC GCG CTC TTC GTG CTC GCC GGC ACA AAC TTC CTC GGG ACG
G I 6 ! K N AL F V L A GTNZF L G T
ATC ATG ACG CTG CTC GTG CCG GAG TCC AAG GGC ACG TCG CTC GAG GTT ATC TCG CAG
b M T L L vV P E 8§ K 66 T s L E VvV t § Q
GAG GTC GCC GAC GGC GAC GAC GAG GAG GCG GCC TAC CCG AAG TAA TTT GAC CGC GCG

E vV A D G D DO E E A A Y P K St

CGT GAT CAC GCA GGG AGT GGT TGC CGC TAA CCA TTG GTG TCA TTT TTT TTC CCC ACT
GTA ACA ACT CTA GTC GTC GCT TCC GGA CGA GTG GGA GTT TTT TTT TTT TIT TGG ATA
AGT TGT AGA AAT TTC AAT TAG TGA CTA GTT TGT AGG AAA TGT GAG TGA AAT GTG GGT
ATA TGT TCT TTA AAA ATT GGT GAA CTT TTC CCT GGA TTT GAA AAA ACC GTG TAG TTT
TAA AAA AAA ATG CCA TGG ATA CTA GTA GTT CAG GAA AAA AAA AAA AAA AAA AAA AAA
AAA AAA AAA AAA AAA AAA AA

Fig. 9. The nucleotide and deduced amino acid sequences of OsPTI.
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58
20
115
39
172
58
229
77
286
96
343
1156
400
134
457
153
514
172
571
191
628
210
685
229
742
248
799
267
856
286
913
305
970
324
1027
343
1084
362
1141
381
1198
400
1255
419
1312
438
1369
457
1426
476
1483
495
1540
514
1697

ATG GCG GGA TCG CAG CTC AAC GTT TTG GTC AAG CTGC GAC CAG GCT AAG ACG CAA TGG
M A G S Q@ L NV L V KL D QA K T Q@ W
TAC CAT TTC ATG GCG ATC GTC ATC GCC GGG ATG GGG TTC TTC ACA GAC GCC TAC GAG
Y H F M A {1 VvV I A G M G F £ T 0 A Y D
CTC TTT TGC ATC GCG CTG GTC ACC AAG CTG TTG GGT CGC CTT TAC TAC ACC GAC ATC
L F C 1 A L V T K L L GGAR L Y Y T DI
ACC AAG CCC AAC CCA GGG ACA CTC CCG CCC AAC GTG TCG TCC GCC GTC ACC GGC GTC
T K P N P G T L P P N V S S AV T G V
GCG CTC TGC GGC ACG CTC GCC GGC CAG CTC TTC TTC GGA TGG CTC GGC GAC AAG CTC
AL ¢C 6T L A G Q@ L F F G W L G D K L
GGC GGC AAG AGC GTC TAT GGA TTC ACG CTC ATC CTC ATG GTC GTG TGC TCC ATC GCC
G R K & V vy ¢ F T L + L M V V ¢ S8 o A
TCC GGT CTC TCG TTT GGC CAC ACG CCC AAG AGC GTG ATT GCC ACG CTC TGC TTC TTC
s$s ¢ L § F GH T P K S V I AT L C F F
CGC TTC TGG CTC GGC TTC GGC ATC GGC GGC GAC TAC CCG CTC AGC GCC ACC ATC ATG
R F WL GF ¢ !} G 6 DO Y P L S8 A T I M
TCG GAG TAC GCG AGC AAG AAG ACC CGC GGG GCC TTC ATC GCC GCC GTG TTC GCC ATG
S E Y A S K K T R G A F | A AV F A M
CAG GGG TTC GGG ATC CTC TTC GGC GCC ATC GTC GCG CTC GTC GTC TCG GCC GGC TTC
@Q 6 F 6 I L F G A | vV A L V V S§ A G F
CGT CAC GCG TAC CCG GCG CCG TCG TAC GCC CAG AAC CCC GCC GGG TCG CTC GCG CCG
R H A Y P A P S Y A Q N P A A S L A P
CAG GCT GAC TAC ACG TGG CGG CTC ATC CTC ATG TTC GGC ACC ATC CCG GCT GGG CTC
Q AD Y T WR L J L MW F G T 1 P A G L
ACC TAC TAC TGG CGC ATG AAA ATG CCC GAG ACG GCG CGG TAC ACG GCG CTC GTC GCC
T Y Y W R M K M P E T AR Y T A L V A
CGC AAC GCC AAG CAG GCG GCG GCT GAC ATG TCC AAG GTG CTC CAC GCC GAG ATC GAG
R N A K G A A A DM S K V L H A E I E
GAG CGG CCG GAG GTG GTC GAG AGC CAG GTG GTC GCC GGG GAG ACC TGG GGC CTC TTC
E R P E VYV E S QV V A G E T W G L F
TCA CGG CAG TTC ATG AAG CGA CAC GGG ATG CAC CTC CTG GCG ACC ACC AGC ACG TGG
S R Q@ F M KR H G M H L L AT T S T W
TTC CTG CTC GAC ATC GCC TTC TAC AGC CAG AAC CTG TTC CAG AAG GAC ATC TTC AGC
F L L D I A F Y S ¢ N L F Q K D I F S
AAG GTC GGG TGG ATA CCG CCG GCG AAG ACC ATG AAC GGG CTC GAG GAA CTC TAC CGC
K v ¢ w | P P A K T M N A L E E L Y R
ATC TCC CGC GCC CAG GCA CTC ATC GCA CTC TGC GGA ACC ATC CCG GGC TAC TGG TTC
! S R AQ A L I AL CGT I P G Y W F
ACC GTC GCC TTC ATC GAC ATC GTC GGC AGG TTC TGG ATC CAG ATC ATG GGC TTC TTC
T v AAF | D I V G R F W I Q 1 M G F F
ATG ATG ACC GTG TTC ATG CTC GCG CTC GGC GTG CCC TAC GAC CAC TGG ACG CAC CCG
M M T V F M L A L GV P Y D H W T H P
GCG CAC CAC ACC GGC TTC GTC GTG CTC TAC GCA CTC ACC TTC TTC TTC GCC AAC TTC
AAH H T G F Vv V L Y A L T F F F A N F
GGG CCC AAC AGC ACC ACC TTC ATC GTG CCG GCT GAG ATC TTC CCG GCG AGG CTC GGG
G P NS T T F I VP AE I F P A R L R
TCG ACG TGC CAC GGC ATC TCC GCC GCG TCC GGC AAG GCC GGC GCG ATC ATC GGC GCG
$ T ¢C H G 1 8§ A A S G K A G A I | G A
TTC GGG TTC CTG TAC GCT GCG CAG GAC CAG CAC AAT CCC GAC GCG GGA CAC TCC CGC
F G F L Y A A Q D Q H NP D A G H S R
GGC ATC GGC ATC CGG AAC GCG CTG TTC GTG CTC GCC GGC ACA AAC TTC CTC GGT ATG
Gt G I R N A L F V L A GT N F L G M
CTC ATG ACG CTG CTG GTG CCG GAG TCC AAG GGC TTG TCG CTG GAG GAG ATG TCC AAG
L »m T L L VP E S K G L S L E E M S8 K
GAG AAC GTC GTC GAC GAG ACC GCC CAA GAA GCG ATC GCC CAA GCG TGA TGT CAT AAA
DNV V D E T A Q E A 1 A Q A Stw

CAT GCC GTC TCG ACG TGA GTG AC

Fig. 10. The nucleotide and deduced amino acid sequences of OsPTZ.
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57
19
114
38
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57
208
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58

115
39
172
58
228
7
286
96
343
115
400
134
457
153
514
172
571
191
628
210
685
229
742
248
799
267
856
286
913
305
970
324
1027
343
1084
362
1141
381
1198
400
1255
419
1312
438
1369
457
1426
476
1483
495
1640
514
1597
533
1654
1711

ATG GCC GGC GAG CTC AAG GTG CTG AAC GOG CTC GAC TCG GCG AAG ACG CAG TGG TAC
M A G E L K V L N A L D S A K T a WY
CAT TTC ACG GCG ATC GTG ATC GCC GGC ATG GGG TTC TTC ACC GAC GCC TAC GAC CTC

H F T A 1 VvV I A G M G F F T D A Y D L
TTC TCC ATC TCC CTC GTC ACC AAG CTG CTC GGC CGC ATC TAC TAC TTC AAC CCG GCG
F S { 8 L V T K L L GARA I Y Y F N P A

TCC AAG AGC CCC GGC TCC CTC CCG CCC AAC GTC TCC GCC GCC GIG AAT GGC GTC GCC
S K $ P G S L P P NV S A AV N GV A
TTC TGC GGC ACC CTC GCC GGC CAG CTC TTC TTC GGT TGG CTC GGC GAGC AAG ATG GGG
F C G T L A G Q L F F G W L G D K M G
CGC AAG AAG GTG TAC GGC ATG ACG CTC ATG CTC ATG GTC ATC TGC TGC CTC GCT TCC
R K K Vv Y G M T L M L M Vv I G G L A S
GGC CTC TCG TTC GGG TCG TCG GCG AAA GGC GTC ATG GCC ACG CTC TGC TTC TTC CGC
G L $S F G S S A K GV M AT L C F F R
TTC TGG CTC GGC TTC GGC ATC GGC GGC GAC TAC CCG CTC TCG GCG ACC ATC ATG TCG
F WL GF G I G GO Y P L S A T I M S
GAG TAC GCT AAT AAG CGC ACC CGT GGA GCG TTG ATC GCC GCC GTG TTC GCC ATG CAG
E Y AN KR TR G AF I A AV F A MQ
GGC TTC GGC AAC CTC ACC GGC GGC ATC GTG GCC ATC ATC GTG TCC GCC GCG TTC AAG
G F G N L T G G I VA I + V S A A F K
TCG CGG TTC GAC GCG CCG GCG TAC AGG GAC GAG CGG ACC GGC TCC ACC GTG CCG CAG
S R F D AP A Y R DDA RTGS T V P Q
GCC GAC TAC GCG TGG CGC ATC GTG CTC ATG TTC GGC GCC ATC CCG GCG CTG CTC ACC
AAD Y A W R | VL MW F G A I P A L LT
TAC TAC TGG CGG ATG AAG ATG CCG GAG ACG GCG CGC TAC ACC GCG CTG GTC GCC AAG
Y Y W R M K M P E T A R Y T A L V A K
AAC GCG AAG CAG GCC GCC GCG GAC ATG ACG CAG GTG CTC AAC GTC GAG ATC GTG GAG
N A K Q@ A A A D MTOQQV L NV E | V E
GAG CAG GAG AAG GCT GAC GAG GTC GCG CGG CGC GAG CAG TTC GGG CTC TTC TCC CGC
E @Q E K A D E V A RBREQF G L F S R
CAG TTT TTG AGA CGC CAT GGG CGC CAC CTG CTG GGC ACG ACG GTG TGC TGG TTC GTG
Q F L R R H GAR H L L G T T V C W F V
CTG GAC ATC GCC TTC TAC TCG TCG AAC CTG TTC CAG AAG GAC ATC TAC ACG GCG GTG

L bl AF Y S S N L F QKD I Y T AV
CAG TGG CTG CCC AAG GCG GAC ACC ATG AGC GCC CTG GAG GAG ATG TTC AAG ATC TCC
Q W L P K A D T M S A L E E M F K I S
CGG GCA CAG ACG CTC GTG GCG CTG TGC GGC ACC ATT CCG GGC TAC TGG TTC ACT GTC
R A Q T L V AL CGT I P G Y W F TV
TTC TTC ATC GAC ATGC ATC GGC CGC TTC GTC ATC CAG CTC GGC GGC TTC TTC TTC ATG
F F I D I + G R F V I @ L G G F F F M

ACG GCG TTG ATG CTC GGC CTC GCC GTG CCG TAC CAC CAC TGG ACG ACG CCG GGG AAC
T A F M L G L AV P Y HHWT TP G N
CAC ATC GGC TTC GTG GTC ATG TAC GCC TTC ACC TTC TTC TTC GCC AAC TTC GGG CCC
H I 6 F V vV MY A F T F F F A N F G P
AAC TCC ACG ACC TTC ATC GTG CCG GCG GAG ATC TTC CCG GGG AGG CTG CGT TCC ACC
N S T T F I V P A E I F P A R L AR S T
TGC CAC GGC ATC TCG GCG GCG GCG GGG AAG GCC GGC GCC ATC GTG GGG TCG TTC GGG
C H G 1 8§ A A A G K A G A I V G S F G
TTC CTG TAC GCG GCG CAG AGC ACG GAC GCG AGC AAG ACG GAC GCC GGC TAC CCG CCG
F L Y A A Q S T D AS K T DA G Y P P
GGC ATC GGC GTG CGC AAC TCG CTC TTC TTC CTC GCC GGA TGC AAC GTC ATC GGG TTC
G | G vV AR N S L F F L A G C N V I G F
TTC TTC ACG TTC CTG GTG CCG GAG TCG AAG GGG AAG TCG CTG GAG GAG CTC TCC GGC
F F T F L VP E S K G K S L E E L S @
GAG AAC GAG GAC GAT GAC GAT GTG CCG GAA GCG CCC GCG ACG GCC GAT CAC CGG ACT
E N EDDODODODV P EAP AT ADHRT
GCG CCG GGG CCG CCA GCT TGA TAC CCC GGG GCA AAA CCC AAA TGG TCA ATC ATC AGT

AP A P P A Stw
GTT TTG TTG TAA TAT ATG TGC AAT GGA TGA TTA TTC TGG TTC TGC TAG TGT ACC AAA
CAA AAT TAC AAA TAC TAG TCG TCA ACC CAG GCA ACG CAC

Fig. 11. The nucleotide and deduced amino acid sequences of OsP713.
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58
20
115
39
172
58
229
7
286
96
343
115
400
134
457
153
514
172
571
191
628
210
685
229
742
248
799
267
856
286
913
305
970
324
1027
343
1084
362
141
381
1198
400
1255
419
1312
438
1369
457
1426
476
1483
405
1540
514
1587

ATG GCG GGC GAT CAG ATG CAC GTG CTC TCC GCG CTG GAC AGC GCC AAG ACG CAG TGG
M A G D Q@ M H V L S A L D S A K T Q@ W
TAC CAC TTC ACC GCC ATC GTC ATC GCC GGC ATG GGC TTC TTC ACC GAC GCC TAC GAC

Y H F T A | v | A 6 MW G F F T 0 A Y D
CTC TTC TGC ATC TCC CTC GTC ACC AAG CTC ATC GGC CGC GTC TAC TAC ACC GCC GAC
t F C 1§ L V T K L I 66 R V Y Y T A D

GGC GCG TCC AAG CCG GGC AGC CTG CCG CCC AAC GTC TCG GCG GCC GTG AAC GGC GTC
G AS K P @S L PP NV S A AV NGV
GCC TTC GTC GGC ACG CTC ACG GGG CAG CTC TTC TTC GGG TGG CTC GGC GAC AGG GTC
AFV G T L T GQ@ L F F GW L G D R V
GGC CGG AAG AGC GTC TAC GGC ATG ACG CTG CTC TTG ATG ATC ATC TGC TCC GTC GCG
G R K S VY M T L L L M I I ¢ S§ V A
TCG GGG CTG TCG TTC GGG GAC ACG CCG ACG AGC GTC ATG GCC ACG CTC TGC TTC TTC
s 6 L S F GO TP T SV MW AT L CF F
CGC TTC TGG CTC GGC TTC GGC ATC GGC GGC GAC TAC CCG CTC AGGC GCC ACC ATGC ATG
R F W L GF G I G G DY P L S A T I M
TCG GAG TAC GCG AAC AAG CGG ACG CGC GGG GCG TTG ATC GCC GCC GTG TTC GCG ATG
S E Y A N K R T R G A F I A AV F A M
CAG GGG TTC GGG ATC CTC GCC GGC GGC GCG GTG GCG ATC GGG ATC ACC GGG ATC TTC
@ 6 F G I L A GG AV A I G I T A oI F
AGG AGC CGG TTC CCC GCG CCG CCG TTC GCC GCC GAG CCG GCG GGT CCC ACC CCG CCC
R S R F P AP P F A A DGP A G P T P P
CAG GCC GAC TAC GTG TGG CGG CTC ATC CTC ATG TTC GGC GCG CTT CCC GCG GCG CTC
@ AD Y VW GR L I L M F G AL P A A L
ACC TTC TAC TGG CGG ATG AGG ATG CCG GAG ACG GCG CGG TAC ACC GGC ATC GTC GCGC
T F Y W R M R M P E T A R Y T A | V A
AAG AAC GCG GAG CGC GCC GCG GCC GAC ATG TCC AAG GTG CTC CAG GTG AAG ATC ACG
K N A E R A A A D M S K V L Q@ VvV K | T
GCG GAG CAG GCG GAG ATG GCC TCG CCG GTG GAC AAG CCC TTC ACC AGC AAG CCC TTC
AAE @ A E M A S P V D K P F T S K P F
GGC CTC TTC TCC GGC GAG TTC GCG CGG CGC CAC GGG TTC CAC CTC CTG GGG ACG ACG
G L F S GE F A RBRBUHGF H L L G T T
TCG ACG TGG CTC CTC CTG GAC ATC GCC TAC TAC TCC CAG AAC CTG TTC CAG AAG GAC
s T w L L L D I A Y Y S Q@ N L F Q@ K D
ATC TTC AGC GCC ATC GGG TGG ATC CCG GAG GCG AAG ACG ATG AGC GCG CTG GAC GAG
P F S A L G W I P E A K T M S A L D E
CTG TAC CAC ATC GCG CGC GCG CAG AGG CTG ATC GCG CTG TGC GGG ACG GTG CCG GGC
LY H I AR A QT LI AL CGTV P G
TAC TGG TTC ACG GTG GCG CTG ATC GAC GTG GTC GGG CGG TTC AAG ATC CAG GCG GCG
Yy W F T V A L I D V V G R F K I Q@ A A
GGG TTC TTC GTG ATG ACG GCG TTC ATG CTG GCG CTG GCG GTG CCG TAC GAC CAC TGG
G F F VWWT A F MWL A L AV P Y D H W
ACG GCG GCG GGG AAC CAG ATC GGG TTC GTG GTG CTG TAC GCG CTC ACC TTC T1C T1C
T A A G N G ¢+ 6 F VvV ¥V L Y A L T F F F
GCC AAC TTC GGG CCG AAC GCG ACG ACG TTC ATC GTG CCG GCG GAG ATA TAC CCG GCG
AN F G P N AT T F I vV P A E | Y P A
AGG CTG CGC GCG ACG TGC CAC GGG ATA TCG GCG GCG TCG GGG AAG GTG GGC GCG ATC
R LR AT CHG I S A A S G K V G A |
GTC GGG TCT TTC GGG TTC CTG TAC CTG GCG CAG AGC CCC GTC CCG GCC AAG GCG GCG
v 6 $ F 6 F L Y L A Q S P V P A K A A
GCG CAC GGC TAC CCG CCG GGC ATC GGC GTC CGC AAC TCG CTC TTC GCG CTC GCC GGC
AAH 6 Y P P 6 I GV R N S L F A L A G
TGC AGC TTG CTC GGC TTC CTC CTC ACC TTC CTT GTG CCG GAG CCC AAG GGC AAG TCG
¢ s ¢t L G F L L T F L V P E P K G K S
CTC GAG GAG ATG TCA CGG GAG AAC GAG GTC GGC CAG CCG TGA TCC ACC CGT TAA TTC
L E E M S R E N E V G Q@ P Stw

CAG CGC CGT CCG T

Fig. 12. The nucleotide and deduced amino acid sequences of OsPT4.
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Table 5. Similarity of the deduced amino acid sequences of OsPTs to the amino acid

sequences of other plant phosphate transporters

Identity (%6)

Protein
OsPT1 OsPT2 OsPT3 OsPT4

OsPT1 160 84 74 70
OsPT2 34 100 71 71
OsPT3 74 71 100 73
OsPT4 70 71 73 100
AtPT1 72 72 74 72
AtPT?2 69 71 72 73
LePT1 73 72 76 74
LePT?2 73 72 74 71
NtPT1 72 74 71 74
StPT1 72 73 76 75
StPT2 ! 71 71 69

AtPT1 and AtPT2, Arabidopsis thaliana, LePT1 and LePT2, Lycopersicon esculentum;
NtPT1, Nicotiana tabacum; OsPT1, OsPT2, OsPT3 and OsPT4, Oryza Sativa, StPT1 and

StPT2, Solanum tuberosum

OsPTs+= 2, 9@ul, EvlE, Arabidopsis, M. truncatula®l S12++42¢ AE 84
Folgt ol &3t it FEAE BAGAETH AAGAETY 279 Fo2 FHHIA
THFig. 13). ol D497 AAFe F% 24 ol FAAI Aoz E/HAUS 7}
A4S AAMETH(Paszkowski &, 2002).

_42_.



i OsPT1
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0sPT2

OsPi3

asPT4

NEPTL

GEPTL

|| LePTL

= ALPT2
ﬁl—— HEPTL
BLPTL

2

SLET2

LePFT2

Fig. 13. Phylogenetic relationship of 12 phosphate transporters. Amino acid sequences
were aligned and a parsimonious tree was constructed using the Phylip program of
GeneBee. Bootstrap support values are indicated above the branch lines. Abbreviations
for the sequences are Oryza Sativa (OsPT1, OsPT2, OsPT3 and OsPT4), Arabidopsis
thaliana (AtPT1 and AtPT2), Lycopersicon esculentum (LePT1 and LePT2), Medicago
truncatula (MtPT1), Nicotiana tabacum (NtPT1) and Solanum tuberosum (StPT1 and

StPT2) transporters, respectively.

W Qlab E2 Gild & 12 membrane-spanning domains (MSDs)& X33l AEH
A Aol FxA 54 HYY (Fig. 14 and 15). OsPTsY 127 &FA 99L&
NtPT1(Baek et al., 2001a)3 593} Hi hydropathy As7F 1.3 B} & 1721709 of
neitez A o] dia(Kyte and Doolittle, 1982), %2 44 4 o (hydrophilic
domain)& S22 67§19 N-terminal domains® 6719 C-terminal domains©.2 # €t}
OsPTs otvlit NEE b2 A& dabedats) vkt 2 4tstel g3t #AE X
tH, d4kste] F599 [STl-x-[RK]E OsPT1, OsPT2 ¥ OsPT4E 239~241 1A,
OsPT32 238~240 91Xl protein kinase C ¢14F3 912 &A%k T3 Qitse] F&59
] [STI-x(2)-IDElE= OsPT1, OsPT2E 421~424, OsPT32 419~422, OsPT4T 423~426
Aol casien kinase II 148t #A = S48, FE59Y9 N-{PH[STI-{P}%] N-23} 59

oli

of

— 11:3 —



= OsPT1, OsPT2& 507~510, OsPT3& 513~516, OsPT4&= 509~512 Ao &A%},
ol 5 <litsl RS9t N-23F H9E 28 1904 Hug 2E A FEANA G A
HEHo] Jth(Muchhal et al., 1996; Leggewie et al., 1997; Smith et al, 1997, Liu et al,
1998a; Baek et al.,, 2001a).
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Fig. 14. Hydrophobicity profiles of OsPTs (OsPT1, OsPT2, OsPT3 and OsPT4) and
NtPT1 (Baek et al, 200la). Hydropathy values for a window of 21 residues were
calculated by TopPred (Claros and von Heijne, 1994) using algorithms of Kyte and
Doolittle (1982). Hydrophobic regions correspond to the positive index numbers. The

roman numerals refer to putative membrane-spanning domains.
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I I

OsPT7 MAGGQLNVLSTROQAKTQWYHEMA | VI AGMGFFTDAYDLFCISLVTKLLGRI YYTiJDSKi)TPGALPPNVSAAVTGVALCGTLAGQLFFGW
0sPT2 MAGSGLNVLVKLDQAKTOWYHFMA1V | AGMGFF TOAYDLFC 1 ALVTKLLGRLYYTD | TKPNPGTLPPNYSSAVTGVAL CGTLAGOLFFGH
OsPT3 MAG-ELKVLNALDSAKTQWYHFTA LV I AGMGFF TDAYDLFS | SLVTKLLGR 1 YYFNPASKSPGSLPPNVSAAVNGVAFCGTLAGQLFFGW
OsP74 MAGDQMHVLSALDSAKTQWYHFTA |V I AGMGFF TBAYDLFG I SLVTKL | GRVYYTADGASKPGSLPPNVSAAVNGVAFVGTL TGQLFFGW
NtPT7 MAKDQLQVLNALDVAKTQLYHF TA TV AGMGFF TDAYDLFC | SLVTKLLGR 1 YYHHDGAPKPGTLPPNVSAAVNGYAFCGTLAGOLFFGW
StPTT MAN-DLQVLNALDVAKTQLYHFTATV I AGMGFF TDAYDLFC I SMVTKLLGR 1 YYHHDNALKPGSLPPNVSAAVNGYAFCGTLAGQLFFGW
LePT 1 MAN-DLQVLNALDVAKTQLYHE TA IV | AGMGEF TDAYDLFC | SHVTKLLGRLYYHHDGALKPGSLPPNVSAAVNGVAFCGTLAGQLFFGI
AtPT1 MAEQQLGVLKALDVAKTOLYHFTA |V | AGMGFF TDAYDLFCVSLVTKLLGR | YYFNPESAKPGSLPPHVAAAVNGVALCGTLSGOLFFGW
AtPT2 MAREQLQVULNALDVAKTQWYHF TAT { TAGMGFFTOAYDLFG | SLVTKLLGRI YYHVEGAQKPGTLPPNVAAAVNGVAFCGTLAGOLFFGN
MEPT T MSG-ELGYLNALDVAKTQLYHFTT IV I AGMGFFTDAYDLFCISLVTKLLGR | YYTEPNRTRPGTLPPSAQSAVTGVALVGTLAGQLFFGW

I v

OsPT7 LGOKLGRKSYYGE TL 1L MVVOSYASGLSFGSSAKGVVSTLCFFRFWLGFG I GGDYPLSAT | MSEYANKRTRGAF [ AAVFAMQGFG I LEGA
0sPT2 LGDKLGRKSVYGFTL | LMVVCS | ASGLSFGHTPKSV [ ATLCFFRFWLGFG 1 GGDYPLSAT | MSEYASKKTRGAF | AAVFAMQGFG | LFGA
0sPT3 LGOKMGRKKVYGMTLMLMV [ CCLASGLSFGSSAKGYMATLCFFRFWLGFG | GGDYPLSAT | MSE YANKRTRGAF | AAVFAMQGFGNL TGG
OsPT74 | GDRVGRKSYYGMTLL(M! |CSVASGLSFGOTPTSVMATLCFFRFWLGFGIGGDYPLSAT IMSEYANKRTRGAF tAAVFAMOGFG 1L AGG
NPT LGDKMGRKRY YGMTLMMMY | CS [ ASGLSFGHTPKSYMTTLCFFRFWLGFGI GGDYPLSAT IMSEYANKKTRGAF | AAVFAMQGFG {LAGG
StPTT LGDKMGRKKVYGMTLM MV {CS [ASGLSF GHTPKSYMTTLCFFRFNLGFG | GGDYPLSAT | MSEYANKKTRGAF | AAVF AMQGF G ILAGG
LePT] LGDKMGRKKVYGMTLMIMV 1 CS [ASGLSFGHTPKGVMTTL.CFFRFWLGFG1 GGDYPLSAT | MSEYANKKTRGAF | AAVFAMQGFG | LAGG
AtPT7 LGDKLGRKKVYGLTL | MM LCSVASGLSFGNEAKGYMTTLCFFRFWLGFGTGGOYPLSAT IMSEYANKKTRGAF | AAVFAMQGVG | LAGG
AtPT2 LGOKLGRKKVYGMTUMYMYLCS | ASGLSFGHEPKAVMATLCFFRFWLGFG | GGDYPLSAT | MSE YANKKTRGAFVSAVF AMOGF G IMAGG
MiPT7 LGDKLGRKKVYGLTL | LMVVCSVGSGLSFGSSPKSVMATLCFFRFWLGFG ) GGDYPLSAT I MSEYANKKTRGAF | AAVFAMQGFG [LGGG

v VI

OsPTT VALAVSAGFRHAYPAPSYSONHAAS-LVPQADYVHR | {LMFGTVPAALTYYWRNMKMPETARYTAL | ARNAKQAAADMSKVLHTQ I EESA
OsPT2 | VALVVSAGFRHAYPAPSYAGNPAAS—|_APQADYTWRL | L MFGT | PAGL TYYWRIKMPETARY TAL VARNAKQAAADMSKVLHAE | EERP
OsPT3 IVALIYSAAFKSRFDAPAYRDDRTGS-TVPQADYAWR | VLMFGA | PALLTYYWRYKMPETARYTALVAKNAKQAAADMTQVLNVE | VEEQ
0sPT4 AVAIGITAIFRSRFPAPPFAADPAGP-TPPQADY VWAL | LMFGALPAAL TFYWRMRMPETARYTA | VAKNAERAAADMSKVLQVK I TAEQ
NPT MVAT IVSAAFKGAFPAQTYQTDPLGS-TVSQADFVWR T 1LMFGA | PAAMTYYWRYKMPE TARY TALVAKNLKQAANDMSKVLQVD | EEEQ
SIPTT MVAI IVSSAFKGAFPAPAYEVDALAS~TVSQADFVWR T [LMFGA IPAGLT KMPETARYTALVAKNLKQAANDMSKVLQVE | EAEP
LePTT MVA) IVSAAFKGAFPAPAYEVDA| GS-TVPQADFVWR T I LMFGA | PAGL TYYWRIKMPE TARYTALVAKNLKQAANDMSKVLQVE [ EAEP
AtPTT FVALAVSS | FDKKFPAPTYAVNRALS-TPPQVDY WR | | VMFGALPAAL TYYWRMKMPETARYTALVAKN IKQATADMSKVLQTD | ELEE
AtPT2 \FAL 1 ISSAFEAKFPSPAYADDALGS-T IPQADLVWR | | LMAGA | PAAMTYIY SREKMPETARYTALVAKDAKQAASDMSKVLQVE | EPEQ
MEPTT \VALIVAS I FDHKYKVPTFEENPATS | LVPQFOYVIVAL | LMFGALPAAL TYYWRIKMPE TARY TALVAKNAKQAAADMSKVLQVELEVEE

vl VII

OsPT7 DRAETV-~AVGGESWGLFSRAFLRRHGLHLLATTSTWFLLD | AFYSQNLFQKD | FSKVGW | PPAKTMNALEEL YR | ABAQAL I ALCGT | P

OsPT2 EVVESQVVAG-—ETWGLF SROFMKRHGMHLLATTSTWELL DI AFYSONLFQKD | FSKVGH | PPAKTMNALEEL YR ) SRAQAL | ALCGT 1P
0sP13 EKADEVARRE—-QFGLFSRQFLRRHGRHLLGTTYCOWFYLO L AFYSSNLFGKD | Y TAVQWLPKADTMSALEEMFK | SRAQTLVALCGT 1P
0sPT4 EMASPVDKPFTSKPFGLFSGEF ARRHGFHLLGTTSTWLLLD | AYYSONLFQKD | FSA ] GIWI PEAKTMSALDEL YHI ARAQTL 1 ALCGTVP
NPT T EKVENVSQNT-RNEFGLFSKEFLRRHGLHLLGTASTWFLLD FAFYSQNLFQKD [ FSA| GWIPPAQTMNALEEVYK | ARAQTL JALCSTVP
StPTT EKVGA| SEAKGANEFGLFSKEFLRRHGLHLLGTASTWRLLD {AFYSQNLFQKD |FSA | GW I PPAQTMNALEEVYK | ARAQTL IALCSTVP
LePT7 EKVTAISEAKGANOFGLF TKEFLRRHGLHLLGTASTWELLD [AFYSQNLFQKO LESALGH | PPAQTMNAL EEVYKI ARAQTL LALCSTVP
AtPT7 —RVEDDVKDP-RONYGLFSKEFLRRHGLHLLGTTSTWFLLD | AFYSQNLFQKD | FSATGIWI PKAATMNATHEVFR | ARAQTL IALCSTVP
AtPT2 QKLEE | SKEK-SKAFGLFSKEFMSRHGLH! | GTTSTWFLLD [ AFYSQNLFQKD IFSA | GWIPPAQSMNAT QEVFK | ARAQTL [ALCSTVP
MPTT EKVOKMTSDK-RNSYGLFSKQFAARHGLALFGTCSTWFLLD | AFYSONLFQKD I FSATGIVI PPAKEMNA THEVYK | ARAQTL I ALCSTVP
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IX X

OsPT7 GYWETVAF | E IMGRFW1Q | MGFAMMTAFMLGLA | PYHHWT TPGHHTGF | VMY(-EFTFFFANFGPNSTTF IVPAEIYPARLRSTCHGISAAA 447

0sPT2 GYWETVAF 1D IVGRFW!Q | MGFEMMTVFMLAL GVPYDHWTHPAHHTGFVVLYALTFFFANFGPNSTTF | VPAE IFPARLRSTCHG ISAAS 447

OsPT3 GYWETVEF 10| 1GRFV QL GGEFFMTAFMLGLAVPYHHWTTPGNHI GFV\MYAFT'FFFANFGPNSTTF IVPAE IFPARLRSTCHGISAAA 445

0sPT4 GYWFTVAL | DVVGRFK | QAAGEFVMTAFMLALAVPYDHWTAAGNQ | GFVVLYALTFFFANFGPNATTF | VPAE | YPARLRATCHGISAAS 449

NEPTT GYWFTVFF 10K 1 GRFA | QLMGFFFMTVFMFALA | PYHHIWTLKONR | GFV IMYSLTFFFANFGPNATTFVVPAE IFPARLRSTCHGISAAA - 448
StPT1 GYWFTVAF |DR1GRFA [QLMGFFFMTVFMFALALPYHHWTLKONR | GFVVMYSLTFFFANFGPNATTFVVPAE 1FPARLRSTCHGISAAA - 448
LePT7 GYWFTVAF | DK | GRFA | QLMGFFFMTVFMFALA | PYHHWTLKDHR | GFVVMYSF TEFFANFGPNATTFVVPAE IFPARLRSTCHG ISAAA - 448
ALPT] GYWFTVAF IDTIGRFK 1QLNGFFMMTVFMEA | AFPYNHW [ KPENR | GFVVMYSLTFFFANLGPNATTF | VPAE IFPARLRSTCHG ISAAA - 447
AtPT2 GYWFTVAF 1DV | GRFAIQMMGF FEMTVEMFALA L PYNHWTHKENR 1 GFY | MYSLTFFFANFGPNATTFVVPAE IFPARFRSTCHGISAAS 448
MEPTT GYWFTVAF | DHMGRIA L OMMGFFFMTVFMFGLA | PYDHWSKEENR | GFVWMYSLTFFFSNFGPNAATFVVPAE IFPARLASTCHG ISAMA 448

XI X1
OsPT1 GKAGAL |GAFGFLYAAQ——DOHKPEPGYPRGIGlKNALFVLAGTNFLGTII MTLLVPESKGTSLEV | SQEVADGDDEEAAYPK~—————=——— 527
OsPT2 GKAGA |GAFGFLYAAQ——DQHNPDAGHSRGIGIRNALFVLAGTNFLGMMTL | VPESKGLSLEEMSKONVVDETAQEA | AQA-————~——— 528

OsPT3 GKAGA|VGSFGFLYAAQSTDASKTOAGYPPG | GVRNSLFFLAGCNV I GF

FFTF{ VPESKGKSLEELSGENEDODDVPEAPATADHRTAPAPPA 538

OsPT4 GKVGAIVGSFGFL YLAQSPVPAKAAAGYPPG | GVRNSLFALAGCSLLGF

L TFQVPEPKGKSLEEMSRENEVGQP 526

NEPTT GKAGAM | GAFGFLYAAQPTDRKKADAGYPAG | GVRNSL | VL.GCYNFLGM

FTFLYPESKGK SLEEMSRENEGEEESGTEMKNS-GRTVPY-— 537

StPTT GKAGAMYGAFGFLYAAQPTDPKKTDAGYPPG | GVRANSL 1 VL GCYNFLGM].F TF{ VPESNGKSLEEMSRENEGEEETVAEMRATSGRTVLF-KF 537
LePT1 GKAGAMVGAFGFLYAAQPTOPTKTDAGYPPG I GVRNSL | VLGCYNFLGMLF TFLYPESNGKSLEDLSRENEGEEETVAE IRATSGRTVPV-~— 537
AtPTT GKAGA T | GAFGFLYAAQNQDKAKVDAGYPPG | GYKNSL | VLGVLNF | GMLF TF{ VPEPKGK SLEEL SGEAEVSHDEK —————-———-——— 525

I

AIPT2 GKLGAMVGAFGFLYLAQNPOKDKTDAGYPPG 1 GVRNSL | VL GVWNFLG I LF TFL VPESKGKSLEEMSGENEDNEN--——SNNDSRTVP -V 532

MIPTT GKAGATVGAFGFLYAAQSKOPTKTOKGYPTG IGIKNSL IMLGY INFVGMLCTL

Fig. 15. Alignments of amino acid sequences of OsPTs to Arabidopsis thaliana (AtPT1
and AtPT2), Lycopersicon esculentum (LePT1), Medicago truncatula (MtPT1), Nicotiana
tabacum (NtPT1) and Solanum tuberosum (StPT1) phosphate transporter sequences. The
membrane-spanning domains of OsPTs as predicted by TopPred (Claros and von Heijne,
1994) are underlined and their numbering is indicated by roman numerals (I-XII). The
solid line-boxed sequences are consensus sites for protein kinase C (238 or 239), the
broken line-boxed sequences are consensus sites for N-glycosylation (419, 421 or 423),
and solid line-boxed and shaded sequences are consensus sites for casein kinase II (507

or 513). Numbers in the parenthesis are the amino acid positions numbered on OsPTs

sequerice.
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Fig. 16. Acid phosphatase activity tests were conducted with yeast mutant strain, MB

192 (E) and transformants of YOsPT1 (A), YOsPT2 (B), YOsPT3 (C) and YOsPT4 (D).

Cells were grown on YNB medium-high-phosphate (11 mM) plates for 4 days before

staining for acid phosphatase activity. The red color indicates the presence of acid

phosphatase activity.
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Fig. 17. Growth of mutant strain MB192 compared with transformants of YOsPT1
YOsPT?2, YOsPT3 and YOsPT4 in YNB medium-low phosphate (110 uM).
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R+ P+ P- K- Fe- N-

P-
P+ 12H 1D 3D 5D 0 50 100 200 320uM

Fig. 18. Expression patterns of OsPTI. A, Total RNAs from leaves (L) or roots (R) of
rice plants grown in the hydroponic solution containing 320 uM (+) or no phosphate (-)
were hybridized with the alkaline phosphatase-labeled OsPTI probe. B, Effect of
different nutrient starvation on the expression of OsPTI. The roots of rice plants were
grown in the hydroponic solution containing 320 uM phosphate (P+), no phosphate (P-),
no potassium (K-), no iron (Fe-) or no nitrogen (N-), respectively. C, Expression in
roots grown in the hydroponic solution containing 0 (P-) or 320 uM Pi (P+). Pi
starvation was imposed for 12h (12H), 1, 3, and 5 day (D), respectively. D, Effect of
different concentration of Pi on the expression of OsPTI. The roots of rice plants were

grown in the hydroponic solution containing different concentrations of Pi for 5 d.
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Fig. 19. Southern-blot analyses of OsPT1 (A), OsPT2 (B), OsPT3 (C), and OsPT4 (D)
with rice genomic DNA digested with the restriction enzyme, EcoR 1 (R), Hind I (H)
or Xba I (X). After hybridization the membrane was washed in a primary wash buffer
(2 M urea, 0.1% SDS, 50 mM NaH:PO; 150 mM NaCl, 1 mM MgCl,, 0.2% blocking
reagent) at 70C for 20 min.

Fig. 20. Southern-blot analysis of rice genomic DNA digested with EcoR I (R), Hind III
(H) or Xba I (X). Blots were hybridized with OsPTI- (A), OsPT2- (B), OsPT3- (C),
and OsPT4-specific (D) DNA fragments.
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Fig. 21. A. Nucleotide and deduced amino acid sequences of OsAMTI cDNA clone. B.
Hydrophobicity of polypeptide deduced from OsAMTI cDNA.
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Fig. 22. Phylogenetic relationship among the plant ammonium transporters.

OsAMT: Oryza sativa AMT, TaAMT: Triticum aestivum AMT, CsAMT: Camellia
sinensis var. sinensis AMT, LeAMT: Lycopersicon esculentum AMT, AtAMT:
Arabidopsis thaliana AMT LjAMT: Lotus japonicus AMT, BnAMT: Brassica napus
AMT, NaAMT: Nepenthes alata AMT, CsAMT1: Cucumis sativus.
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Fig. 23. Expression of OsAMTI-CB mRNA in the leaves and roots of young rice
seedlings under various nitrogen conditions. Seedlings treated with solution with no
nitrogen for 5 day were returned to solutions containing 1, no nitrate and 30uM
ammonium for 3 day; 2, no nitrate and 30uUM ammonium for 1 day; 3, no nitrate and
ammonium for 1 day; 4, no nitrate and 100uM ammonium for 1 day; 5, no nitrate and
100pM ammonium for 3 day; 6, 100uM nitrate and no ammonium for 1 day; 7, 100uM
nitrate and no ammonium for 3 day, and 100uM nitrate and 100uM ammonium for 1 day,

respectively. Ethidium bromide-stained rRNA bands as an indicator of equal loading.
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2 2y 5L ¥IvkFig. 27, 28). Hole Aok 3-5%F9 AR LTPRAAR o] EAl5hH
o]E2] WL FAAY FF{o wel 237, s2E AR 2o Uizt EdRkgo] v
o= Vignols et al., 1997). OsLPTI® 7V A%Ao] & Class 1ol 38t OsLTPal5e

22 47 139 Mol &8s bId b21e rloﬂ/ﬂ FA = e o] TAEA 3k
K Fig. 27). &3], OsLPTIS AA9 AAAFAZ majo| e wado] AAF =7
el NE FAASHA @itk BEEABASH SA)H @, TEFEN A Jaqre Lo
A @l 97 ofgbe] BAFIHE AYstne FeElot Yolx wdel FheHA ek skrk(Fig. 28).
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WA JrHGe et al, 2003, Kader 1996). 18]y FiEol g T_L% LTPE= 0]-3! EJ_Q
v glom B AT Axbe OsLTPIS] dEolg#d 2848 AANsHe Mz Bt

1 ACG AGG CAA GCA GCA GCA AGC TCG AGC TAC TAG CTA GCT ACA CTA GCT 48
49 CGA TTA GTT GCA GCA ATG GCG GCG AAG GCG GCG CIT GTIG CTG GCG GTG %6
1 M A A K A A L V L A V 11
97 AGC CTC CTG GTG GIG GCC ATG GCC GTG GCC TGC CCG GAC TGC CCT TCG 144
12 8 L L VvV vV A M A V A C P D C P s 27
145 CCG AAG CCA CCG GCG CCG AGG CCG AAG CCG CCG ACG CCT CAC TAC GGC 192
28 P K P P A P R P K P P T P H Y G 43
193 B6C GGG TCG TCG TGC CCG6 CGC GAC GCG CTIG AAG CTG CAC GIG TGC GCC 240
44 G 6 S 8§ C P R D A L K L H VvV C A 59
241 AAC GTG CTIG GGC CTC GTC AAG GCC AAG GTC GGC GCC GIG TCG CCG TAC 288
60 N VvV L 6 L VvV X A X V 6 A V S P Y 75
289 GAG CCC TGC TGC TCG CTG CTC GAC GGC CTC GTC GAC CIC GAC GCC GCC 336
"% E P ¢ ¢ S L L D 6 L VvV D L D A A 91
337 GIC TGC CTC TGC ACC GCC ATC AAG GCC AAC GTG CTG GGC ATC AAG CTC 384
92 vV C L C T & 1 K A N V L 6 I X L 107
385 AAC CTC CCC ATC GAC CTC AGC CTIC ATC CTC AAC AAC TGC GGC AAG ATC 432
108 N L P I D L S8 L I L N N C G K I 123
433 TGC CCA TCC GAC TAC CAG TGC GTG CAC TAG ATC GAG ATC TAG AGA GCT 480
124 ¢ P S D Y Q@ C V H 132

481 AGT GIT GCA CTT GAT CAC TCC ATG GCT GGG AGT ACC GTA TCT TCA TGT 528
529 TGT TTT TAC CCC CAA TAT CTT GAT GIG TTG TTA ATT TCT TGC TTT TIT 576
577 TIT CIT TTG ATT CTA TGG TTC GTG ATC CGT TGG TAG CGC TAT GAT CAT 624
625 TGT ATT TTT TIT TGT TTC TCA TGA TTT GIT ATA GIT TCG TCA ATA AAA 672
673 TGG AAA TGT ATT TTT TGT CGC ATA AAA AAA AAA AAA AA 710

Fig. 24. Nucleotide and deduced amino acid sequences of OsLTPI cDNA clone.
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Fig. 25. Comparisons of OsLTP1 with other known rice L'TPs.

Fig. 26. A proposed 3-D structure of OsLTP1 protein.
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b21

Fig. 27. Comparisons of rice LPT gene expression in response to phosphorus(P)
deficiency. C, control. Non-reverse-transcribed RNA (RNA) and genomic DNA

(gDNA) controls, respectively. al5; OsLTPlalb, bl; OsLTP1bl, b21; OsLTPIb2I, LTP;
OsLTPI1, respectively.

Root Shoot
P K -Ca -FeWaterCTR -N -P -K -Ca -Fe Water

CTR -M

Root Shoot

CTR ABA NaCl SA YE CTR ABA NaCl Sa& YE

Fig. 28. Expression of OsLPTI in response to nutrient deficiency, hormones, and biotic
and abiotic stresses. CTR, control; -N, -P, -K, -Ca, -Fe and Water; nitrogen,
phosphorus, potassium, calcium, iron and all mineral nutrient deficiency, respectively.
ABA, abscisic acid; SA, salicylic acid, YE, veast extract, respectively.
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100
[e] 1~ =
CmEbA] R ZA g CATH APXY 484, $984 2 f3A &
BEAste] FRAFZANAMY ol a9 TS FHe LA s

7h As 2Oy
(1) A& A=

W AEAe] Auiet dRARADE A28 17 2ol AASHAT
(2) Northern blot #4]

FAATE 2ALE 918 Northern 42 A2@-1-7-(5)33 o] A5tk Catalase
isoform A, B, Coll 5022 probe: isoform &°]& primer(Iwamoto et al, 20000 A}&-3}
o] B mRNAE HHAlste] A2 (DNAE FPo 2 FEg dAS ARSI $35% 9
o] A7 L E AAFA isoform ]34 probeE &3

3 g284 AA

Catalase(E.C. 1.11.1.6; CAT)®} ascorbate peroxidase(E.C. 1.11.1.11 ; APX) 4%+
£ @=L 100 mM sodium phosphate(pH 7.8), 1 mM ethylenediaminetetraacetic acid
(EDTA), 1 mM PMSF, 10mg/ml PVPP7} E3d FE2L&HLS o] &3t FZ3o
APX 9 EXS e 55899 5 mM ascorbateS F71stAth AlETEAE 40C
ol A 16000 g2 2083 AAEE A x, FAAe FA glycerol(40%, v/v) & H7tste]
g &Aool AFE39 tHAderson et al., 1995).

AA CAT &4 Beers9Sizerd 3 (1952)0] whel H:0:2] ©] 3284 240 nmoll A
=A%) AAsATE 9 LA AL 50 mM potassium phosphate(pH 6.9)9} 100
mM HoO: v} #-8-8 F4AFEd9 Hold 28] AlFstdnt A APX €4-& Nakano
and Asada(1981) ¢} W e wie} ascorbate’} A& = o] HAFHE 4E 290 nmolA 4
sl AAsY T wreg Mo AL 50 mM potassium phosphate(pH 7.5)¢ 05 mM
ascorbate, 0.1 mM EDTA°Ilt}h 62L& 02 mM HzO: F7tell 28] A]zstaot

CAT isozymes< 10% glycerol2 % 7F3 nondenaturing polyacrylamide gel(7% T)
S o]g3le] 4oColA 80VE 22A417HEoF ®& 5 th. 5X loading bufferdl & 60 mM
DTTE #7tedth. 984 842 327 mM HOzo 2583t AAT F 22 AHE
t}e 1%(w/v) potassium ferricyanide, 1%(w/v) ferric chloride £¥ox dA3tSth
(Woodbury et al., 1971). APX isozymes< 10% glycerol2 #7}3 nondenaturing
polyacrylamide gel(10% T, 3% C) & o]&3t 4Teol|A 220VE 6AFE< #& st
Mittler ¢} Zilinskas(1993)9] #go wet dMACE GelE ®EE 1(20% methanol,
200 mM glycine, 25 mM trizma base, 0.19% sodium dodecyl sulfate)oll A 20%5 <t ¥l %
% kg ol 2(50 mM sodium phosphate(pH 7.0), 2 mM ascorbate)S 10%vic}h 35t
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0 AAEEIY. 2 & -3 3(50 mM sodium phosphate buffer(pH 7.0), 4 mM
ascorbate, 2mM HxOz)oll 4 20%-7F #4313, 50 mM sodium phosphate buffer(pH 7.0)
2 2133 AAHSAY. Geld dA8949(50 mM sodium phosphate(pH 7.8), 28 mM
N,N,N’ )N’ -tetramethylethylenediamine(TEMED), 2.45 mM NBT)& ©]§3le AM3H

3, 10% acetic acid 3027 AR dto] A}

FEe) CAT 242 22z Sojdon w3sie] wslsigivh CAT 42 4, 2
BE FEEAxAME 747, 3,15 B 2¥) A= SUbskAvh ey Aa g, dE

Holx= CAT A9 HHaAirt 843 SrrstdthFig. 29). ol# s

Cat-A F22] 2] F7h8kch(Fig. 29).
AiEagxAel gk CAT &4 gL dibs=e S

A2 A7 547A S71EeE gL AdHog S e, by Ert 50 mM<l

AollA 2do] 71t =okvh(Fig. 30). ol#e AAl7]¢

TRl wd el ols] vrelyith(Fig. 30). ©

Ape] AAPE H2H, Aa 20 AxE FHaLd

2
2 ®
Fom
iy}
(]
[U[O r
Lo
=)
e
i

L=
209 F7ktglont BeARel e oF 2006 AadATh BE FEe AR elsiAE
2840 ¢ WA @gith waHol WEA 2 A% o] BARE L F
T Ae) Waka @tchFig. 3D,
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Control P -Ca Fe Tap Water
Nutrient deficiency treated

CAT activity (umolimg protein/min)
)

Fig. 29. Effects of nutrients on the activities (1), isozymes (II) and transcripts (I
IV andV) of CAT in the root of rice seedlings at the 3rd leaf stage. Cat-A (1),
Cat-B (IV) and Cat-C gene (V), respectively. VI: rRNA. Seedlings were grown in

the solution deprived of the specific nutrients for 5 days.
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Fig. 30. Effects of phosphorus deprivation on the activities (I ), isozymes (II) and
Cat-B mRNA transcripts (II) of CAT in the root of rice seedlings at the tillering
stage. The plants were grown in the solution deprived of phosphorus for 0.5, 1, 3 and
5 d, respectively. Some plants were grown for 5 d in the solution containing
phosphorus at 50, 100, 200 and 320 uM, respectively.
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Fig. 31. Effect of nutrient deficiency on APX activity, isozyme and gene expression
in rice roots. A: APX activities, B: APX isozymes, C: APX-A mRNA, D: rRNA.
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FAL AEARAA Y 75 G FAA Hde FX TE oAd WE AEAY U
S ZA} BAgle) gd £ vk NUEE thaAlg whgol o3 das wou iAo
FEEFFOA Y Qe wET B AFE Fito] fHx A7 Ry O 237 He] =
g FRESF FAR F AMEEaly i ER5te fAAY FREEFVISAE ZARE
sholatat HAASAEA Mtatdt £ NUEHA Faxe] gae 5ot v 7l
A A7 A2HA) ols 75 HA FAA F 8%9 715S RNAA S o]&d)
o] ZRlstazr A =sdtt
7h s g 3y

b ZAY = {17
Mzare] 942 AAST 2% sodium hypochlorite (100 ul Tween 20 F7hel 5027F oLy
st ZW ’%%0}” Q42 53] ol MAHE 5, Table 62 Ns (Chu et al, 1975) callus
% WA o) 1584 AAstArh 25T, 42ANA 4570 WS §F ddstHAE AR
A= callusE £33t A N callus SEHR o] &7 497F 25T, gZ70A A aj¥s}

of FAAZ e o]&et .
(\}) Agrobacteriume ©]-8-3F 23

pGA-NtPT 432 AZgA7F =UH A tumefaciens LBA 44045 4 mg/L tetracycline©l
2338 AB(Table 6) AAujA o)A 28C, F2ACZ 7247 B¢ Aol (250 rpm) st
Agrobacterium WS QAR ste] £&3 F 100 UM acetosyringone®l #H7IE AAM
(Table 6) Aol 4uf 323 F 447 AWFE callusel] 308 HFFA.
Agrobacterium® %3 calluse Ng co-culture ¥iX|of} XJ4ste} 21C, g 3¢z
Trudatgth 2489 callusE 13 ALds] fste] e AA2E 250 mg/L
cefotaximeo] A7Hd BFEFE o] 43to] 53] ol AH3t etazutH & AAT F, A
2 7] (Table 6)o) ARAE 7)1 25°C, G2ANAM 3097 wigatgivh 12 Adujx] o)A
A& callusE AALEy] et FAA FErF BE& 23 AEufx(Table 6)° &3 F
kAl 257 25°C, ¢=1 Oﬂ/‘i ajoksl s, 22F Agujxo]A LA FA8E callus T A
2wl Aol 4 25C, B2AN dxzHoR wIsan. 238 AEAE H f71
Ao &A HEANE Az 4'5}7*1 3tm, AEAZ TEC olAste 2HAA &3 F FA

= HAsAh

ol
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Table 6. Media used for tissue culture and transformation of rice

Medium

Composition

Ns callus induction

AB medium

AAM medium

Ns co-culture

First selection

Second selection

Regeneration
medium

Root induction

N¢ salts and vitamins, 30 g/L sucrose, 1 g/L casamino
acid, 2 mg/L 24-D, 2 g/L phytagel, pH 56

3 g/L KoHPO4 1 g/L NaH2POs 1 g/ NH(CI, 0.15 g/L
KCl, 02 g/L MgSO4/H20, 0012 g/ CaCl2Hz0, 0.025
g/L FeSO,H20, 5 g/L glucose, 4 mg/L tetracycline, pH
70

AA? salts and amino acids, MS vitamin, 685 g/L
sucrose, 36 g/L glucose, 0.5 g/L casamino acid, 20 mg/L
acetosyringone, pH 5.2

Ng* salts and vitamins, 30 g/L sucrose, 1 g/L casamino
acid, 10 g/L glucose, 20 mg/L acetosyrin gone, 2 mg/L
24-D, 2 g/L phytagel, pH 5.2

Ng' salts and vitamins, 30 g/L sucrose, 1 g/L casamino
acid, 40 mg/L hygromycin B, 250 mg/L cefotaxime, 2
mg/L 2,4-D, 2 g/L phytagel, pH 5.6

N¢' salts and vitamins, 20 g/L sucrose, 30 g/L sorbitol, 2
g/l casamino acid, 50 mg/L hygromycin B, 250 mg/L
cefotaxime, 2 mg/L 24-D, 05 mg/L BAP, 2 g/L phytagel,
pH 5.6

MS® salts and vitamins, 40 g/L sucrose, 20 g/L sorbitol,
125 mg/L cefotaxime, 0.1 mg/L NAA, 2.0 mg/L kinetin, 12
g/L agar, pH 56

MS® salts and vitamins, 30 g/L sucrose, 125 mg/L
cefotaxime, 2 g/L phytagel, pH 56

'Chu et al., 1975, 2Toriyama and Hinata, 1985; 3Murashege and Skoog, 1962
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(oh =t Az=gA e 24
TEE QAFEAe XL o FREFFE FHVITE FAEILA NPT

A AZFAE obefet o] A FEHATHFig. 32).

pNOS tNOS

tNOS  p35S

Fig. 32. Partial structure of the binary vector containing NtPT1 expression cassette,
pGA-NtPT. Abbreviations wused are: pNOS, nopaline synthase promoter; HPT,
hygromycin phosphotransferase gene; tNOS, polyadenylation signal of the nopaline
synthase gene; p35S, CaMV35S promoter; NtPT1, Nicotiana tabacum phosphate
transporter, RB, T-DNA right border; LB, T-DNA left border.

15 = K L
(DEFREFE2 A2 408 83 |4

CaMV35S promoterol] 2]s] Fdo] 4= = pGA-NtPT1E Agrobacteriums ©] &3}
o o FAHGAZL s HFAA Add ¥ TO FZARA 5AZEL st
(Fig. 33). TO ASS AAAA TIANE AAAHeH TiA A NPTIZEF¢S
Northern ¥4]& E3to BA4359 (Fig. 33).

Northern Z23& 7|E o2 FAA Tdo] 43 7hAE Adste T2Ad AFS &
Al Ak T2 Al 7HAl 9] transgene-homozygous 2 heterozygous FAAH L o) &

o] YAAD AA A% FF 2L olgHES AAT F AL Aoz 4wk
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€ 1.7 kb

Fig. 33. Development of transgenic rice plants expressing NtPT1 to test the role of
PT in P uptake and phosphate use efficiency. 1) Transformation and regeneration of
transgenic rice plants. 2) PCR analysis of NtPT1 cDNA in To transgenic plants. 3 and
4) DNA and RNA gel blot analysis of Ti progeny in the transgenic rice. Lane 1,
nontransgenic plant; lane 2 to 7, transgenic plants transformed with pGA-NtPT. An
ethidium bromide-stained gel picture indicating uniform loading and integrity of RNA
samples is shown at the bottom. 5) Normal and abnormal phenotypes of some T1

plants.
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(2) RNASA(RNADN 2g 71%5m ] {34 75 27

Fradel SolHQl e na J5uAe FARAAAY 715 BAs) 5 8
Z9] AARAA cloneol] et RNAI W& A =ahgo.

(7)) RNAi 28 A=A A=}

RNAI 2d AZ3AH= ds RNA vetore! pMCG 161(ChromDB, USA, Fig. 34)& A&
stad. 715 vAl FAxAAA 1A1 1B4 1C3 1D1 1E4 1F2 1HZ 2C2¢ €714 <$
Axsta, AzFA Ao dast Adaiaert 238 7+ cloned| 5o]24<Ql primerE
A&t (Table 7). PrimerE o] 83l Z} clone® plasmid DNAZREH FZd o#H
(Fig. 35 29 wgt TA cloning vectorell cloning3t9th. 2+ clone®] plasmid DNA
£ AFELE ddste] pMCG 1616 Aste] RNAI Az3FAE st 8 JA A3
AH-8-3F 1 o}

EcoRt (14185) Kpnt {328) Sactl (499)/93mHl(864)

Acct (11668)
Har) (11471)

EcoMl {18995)

Sun} (18570)

BsiNi (18578) PMCG161

(14105 bp)

wal (48183
Aotll (5176)

Pmel {73556 )/
HindIH (7346)
Sbft (?333)

&7 Blest Primen

Spst e
ZXAUT AGT GOC UG CORY YEX AXX XXV ¥R 4K

3 -%lngt Primer
prig fonli
FHUCE ATCUUC TAG QU FXE X IV MR XXX

Fig. 34. Map of pMCG161 vector
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Table 7. Primer sequences specific for the cloning of the selected unknown
into the dsRNA vector

clones

Primer name Sequence (5° to 3')
1A1-F CCACTAGTGGCGCGCCCATAATGGCTTCCGCCGTGGTG
1A1-R TGGCGATCGCCGGTCCGCGTCCTCACGTTCAGCTACCC
1B4-F CAACTAGTGGCGCGCCTTGGTCGGCTGGATTGATTGA
1B4-R GGGCGATCGCCGGTCCGAGAAGGTGGATGACAGGGGTA
1C3-F CCACTAGTGGCGCGCCGAGGCTGGCGCAGCTACGGTC
1C3-R GAGCGATCGCCGGTCCGGGGGTGCAACGATTGGACATC
1D1-F TGACTAGTGGCGCGCCCGCTCCGCCCGCCCCTCCGCT
1D1-R GGGCGATCGCCGGTCCGAGGAGAACTTAAATAAATATT
1E4-F TGACTAGTGGCGCGCCTCATTTGCTCAGTGCTCCGTTT
1E4-R CCGCGATCGCCGGTCCGAAGGGTATGATGGATCTGATG
1F2-F GTACTAGTGGCGCGCCCTAGTGGAAACAGCAAACTGG
1F2~-R CAGCGATCGCCGGTCCGGACCTTCTGAAATAAGGTTTA
1H2~-F GAACTAGTGGCGCGCCTTATCAAACCAGGAAATGCAT
1H2-R TTGCGATCGCCGGTCCGAAGTCCGTAATGCGTCAGCCA
2C2-F GCACTAGTGGCGCGCCATCATCTCTGGCGTTCTTGTCT
2C2-R GGGCGATCGCCGGTCCGGGCGGTGACCGATAATCAGCC

A Amplification of target sequences B. Cloning intn dsRNA vector

Fig. 35. Amplification of RNAI target sequences using the target-sequence specific
primer pairs (A) and cloning their amplified fragments into the dsRNA vector (B).
1A1, 1B4, 1C3, 1D1, 1E4, 1F2, 1H2, and 2C2: expressed sequence clones of unknown

functions.

e
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NUES: 19324 Rl el ¥ addel B u} Wb NUE %S 919
2.qle] zA7ae] BAR gust Basteh FEzdel g NUERR Fa 34

T
o] ko AARA FAiure 2 @ global gene expression ¥41& F3te] NUEY 23

=V

o t}Ak 4H], Palawan
3

5 4RE A% 9oz FAASAG. £ R FeaPAs A 1E-13
2ol AN FF F oF 0Q 4T KRS QAW Astel A ¥ 3 7, 14 219
of ARAL ABARY 2AIE o5 Attt

(1) QA z2QoA e AF B4

9 F 30U Be) ASHIo] B Agw gAF) F7hs 26w Fatulst Palawan
nr} W3k Palawane AN AWAY 39 olFel s ARAY AzAL AR ATl 3
4 gAY ARt Be BAS Uehigt 424 AATl d@ ¥ AAFe mge

7)o Anju7t weka ohaked Palawan©] Bl&stg ot 219 Ad o]FoE b 7t
wrerch(Fig. 36).
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Fig. 36. The responses of shoot weight (A) and percent weight due to root (B) to
P deprivation. The relative values of shoot weight in P-deprived plants compared to
P-sufficient plants (P-/P+ ratio) for Dasan (), Sobi (@), and Palawan (A) are as
indicated. Three-week-old seedlings were grown for the additional days as indicated
in the standard (P+) or P-free (P-) solutions. * and #**. the paired means of the P+

and P- treatments are significantly different at P < 0.05 and P < 0.01, respectively.
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Fig. 37. The responses of contents of shoot protein (A), root protein (B), and protein
secreted from roots (C) to P deprivation. The relative values of P-deprived plants
compared to P-sufficient plants (P-/P+ ratio) for Dasan (IR, Sobi (@), and Palawan
(A) are as indicated. Three-weeck-old seedlings were grown for the additional days
as indicated in the standard (P+) or P-free (P-) solutions. * and **: the paired means
of the P+ and P- treatments are significantly different at P < 0.05 and P < 0.01,
respectively.
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Fig. 38. The responses of contents of chlorophyll in leaves (A) and anthocyanin in
roots (B) to P deprivation. The relative values of P-deprived plants compared to
P-sufficient plants (P-/P+ ratio) for chlorophyll (&) and anthocyanin (M) are as
indicated. Three-week-old seedlings were grown for the additional days as indicated
in the standard (P+) or P-free (P-) solutions. * and **. the paired means of the P+

and P- treatments are significantly different at P < 0.05 and P < 0.01, respectively.

(Inthapanya et al., 2000; Wissuwa and Ae, 2001).
AiEFEZ=AgA Gibe ARt o B2 g9uzs Bz Ry Bu)skg e,
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A tH(Yun and Kaeppler, 2001).
HE49  anthocyanin 32 JAHEPXZAGNA  Frkske o] ANk o
(Bergmann, 1992; Halsted and Lynch, 1996; Yun and Kaeppler, 2001) £ <172 A= <l
AFEZAGNA olE MAEA ] FEIL F5 et aA OE S dS eI

o)) A3 AMAREANAL Aol G A& FHH Mol EATE o)
Sk WA Aol EST BAE F2 2dd T olF BET M AWFEE

L_%\_

(e}
AR QT Aastele 47

st
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O]jﬁj

o"]%‘é‘g’] bR Zo e AF W EAS 2AE] Ygte] tHY, &H], Palawan
FEE 44 °§°o“—‘12i A A st 57 Al 2 °c}:—‘?7é*'éﬂﬂ% A1E-183 2
°] ”’\10}015} WE 5 o 30U A FRE ANAAAGSY A F 3, 7, 14, 2140
acid phosphatase(APase)®] B4 E9&s Hd FFe ZAEIAT APase 242
p-nitrophenol phosphateE 71 A2 Algste] ZAstglon x)gRe} e 27 ) &493 ¥
golq BulEE g4 4L 439 rHYun and Kaeppler, 2001). #H|&4:¢ 24L& ¥
UA2(0.025%) 2 Eashs 8 R E 30-60837 Mg & F ujdd T §28HE

=45tk

ANAY A I Halo] A Eu|E= APase E4RHS-9 Aol FE &

o} olrt Ak e WAFF TAEAHL FF) T3 Zo)rt flo] AFAR 3 =
7behe Aol ot tzAed g e auuolA 7 ZAckFig. 39A). AT
FAgHe QAR o3 A AT 14U o)FHE Frstded dixel HE It A
T o)A =& Aol AhFig. 39A).
BAo] ®Elzr Ui EAsHE APase B4S ANEIATH e
F484 thisl 2uWy Palawan 2l 28] o Ekoh 1aF A A o B

AW APase 842 ot Trketgow 7t AxE FF Wl FAFEHItHFig. 40A, B).
AAge o8 B o|re] APase BAEF NS W, BErlE, F 5t HE00M
72 = M Tadano and Sakai, 1991).

2
1

B AEF e o A YR EAsHE APase TAE ZAEATh o =AW EAS=
&84 te Palawan R &uEyb dgich ik AgAel o8 o =AW
APase B4& A7) 3ol At Fretglont 79 o Fole o3l Aadion $7F BE
e ARy FF0 FASIATHFg. 41A, B). ©l21¥ APasedl % % A ©E v
EAe 254 S #zd Aukel FAFSHYun and Kaeppler, 2001).

o)A ARAHo 3t FAEZ APase TYEA W3S native gelE o] &3 FAHEN
& E3le] ARSI BE TAEEY Ry dole AVAF TAELI 3F AL
gy IRAE 5YaLE B3 mE @43 o e 2ok e 4§ ZRAE
major isoforme] T 2% Palawan 1% EA8 o Aol = EA 0}7(] ) = Ky
ﬁmﬂﬁloﬂ 3t B gie] whee Fa HAAa AN EAstE T FHoRE oF

Ztske Wstol, A4 whee aulslolA 21U QAR HHF IEAF THERL 1T
O] kA FEEE WS ol WaE JERA] FUTHFig. 42).
A ABEANA TEHFH APases?] L@ Fuhs o AEdAN #AZHEAH
(Tadano and Sakai, 1991). 18} APase T@%S #AEZFd wet & Ao]& HolH
Lupin® EvtEXE 2288 APase Aol 1% H(Tadano and Sakai, 1991, Watt

O
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and Evans, 1999; Miller et al,, 2001). ¥, ¥, &4 5 9xd JE5& 2E8]E APase
gAJo] w2 HoltH(Tadano and Sakai, 1991; Yun and Kaeppler, 2001).
2 A7 2= JAEHAl APase B4 A L FF: Aolrt EAFTES
Aok ool =AY APase®t B8]3 APase @42 thile] v FE3nRT =34 &
19 APased] #FF7 Aolw wl¢ Zith thite =& 4L 239 98 FHaa
PARZAANAM 9 Hx 1 7kl o etk mebA APase@/d o) FE3F Ao
B FARY B FdH xR 98 Yepdon & 5 gl

A F W APasey ?_]J-J A} o] -&-(Smyth and Chevalier, 1984; Duff et al., 1994)3 ¥
Y APasew™ 718l QAbe] &9 #do] Q& Aow d#A AHGoldstein et al.,
1989; Lefevre et al, 1990). 13122 AN E W APase?} #H]38 APase@A 9 Z7l= ¢4t
o Fo ol 8EES UM 79T & Aok 2y Fo AakAgA e H84
I APase @A olE= AAV e AoE BuEAHYan et al., 2001). stA19F gl ako)
SRE0] FF, A%, Aoj&A 93] AAHEIZ APase’t ite] F9h AR ulo
7198 7hsd e AT = 1S Aog2 AMAAF(Duff et al., 1994; Marschner, 1995).

A7 Zaes 9717 QAP AQLbEF e e APased] @4WE A= F
Zoll mEt & AolE Rojud Al APase AL FA tE2x &L Aoz eyt
kA, APased] 9] tidt HIME Y= FAH APase B F%2 APase &
o) 24 g FZT A7t FRT A5 g o]go] oY Aog AZdAr) EI
AU ol 3 APase®] whgo] A9 JMFES UEtRE 4F9 FF

A

olg & HHA ¥ YT FARTEAAM Ao daids

Su

o ok
oﬁror‘-{n‘.
Lz =

rr

R
A Hle Exoz o]
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Fig. 39. Response of secretory acid phosphatase activity to phosphorus deprivationin
roots. Enzyme activity was expressed on root fresh weight (A) and total secreted
protein bases (B). The relative values of P-deprived plants to that of P-sufficient
plants (P-/P+ ratio) for Dasan (H), Sobi (@), and Palawan (&) are indicated.
Three-wk old seedlings were grown for the additional days as indicated, in the
standard (P+) or P-free (P-) solution. * and #*%*. the paired means of P+ and P-

treatment are significantly different at P<0.05 and P<0.01, respectively.
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Fig. 40. Response of intracellular acid phosphatase in roots to phosphorus deprivation.
Enzyme activity was expressed in unit fresh weight (A) and unit protein basis (B).
The relative values of P-deprived plants to that of P-sufficient plants (P-/P+ ratio)
for Dasan (I, Sobi (@), and Palawan (&) are indicated. Three-wk old seedlings
were grownfor the additional days as indicated, in the standard (P+) or P-free (P-)

solution. * and **! the paired means of P+ and P- treatment are significantly
different at P<0.05 and P<0.01, respectively.
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Fig. 41. Response of intracellular acid phosphatase in shoots to phosphorus
deprivation. Enzyme activity was expressed in unit fresh weight (A) and unit protein
basis (B). The relative values of P-deprived plants to that of P-sufficient plants
(P-/P+ ratio) for Dasan (H), Sobi (@), and Palawan (A) are indicated. Three-wk old
seedlings were grown for the additional days as indicated, in the standard (P+) or
P-free (P-) solution. * and **: the paired means of P+ and P- treatment are
significantly different at P<0.05 and P<0.01, respectively.
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Fig. 42. Response of acid phosphatase isoforms in leaf and root to phosphorus
deprivation. Twenty micrograms of proteins from seedlings grown for three-wk in the
standard (P+) or P-free (P-) solutions were separated on 10% polyacrylamide gel,
and acid phosphatase activity was stained. Arrowheads indicate isoforms induced
under P deprivation. DS Dasan-byeo, SB Sobi-byeo, PL Palawan.

_81_



2
f
o r
ol

o o
2

(s
10
B
ol
—t—‘L

o2l
=

b
s
ol

7h s 2
BE(cv. ME)Y o2t F4 A2FE2RE FES AFeH A A AHEsRAT. s
o AFNATN PALTE CCD camera’t F2€ FeHE w33 PTI system (Photon
Technology International, South Brunswick, NJ, USA)& ¢]&3le] ZAsH}h s
21 & Multicap and Videotizer LT(Darim Vision Co., Taejeon, South Korea)& ©]-83 %
ot AEEAAENE o) gte] R FFo BFEE, JEYe FRAEEE FAE
=3

g2 g EA5E Z2FK)S Macallum(1905)2] W& o] &3te] FAstd o st
S A =8 ¥y AExEe BYste Ko EA fAE FUsAY. Energy
dispersive X-ray analysis(EDX)7} ¥2d dAa3 07 (SEM, JEOL JSM-6400)& °]-§
ste] K9 ki ] #XgAE £43tat.

CCD camera £9A< o] &3le] 243 37 T4 2 AFETE oF 1/10002 A%
3t tHFig. 43). o} 3 F£3 389 T4 BFL 7)E FRAAN FANAA Y &

gt B o9t ml¢ tF=H(Cresti et al., 1977; Matsui et al., 2000).

SR Fae 3R gy & F3o s olFoiAM, F53 FEBF T
He AR u) 4 F8o] Jd 940 g8 15 Aolg= st e o
TFe EAste FUI4EY BEE FAAY 2 A% Kb S5 350 A"
AEA BYo] Eolxdog EAFS LAY Fig. 44). 389 A5 7HE A4
3 298 ol FHF § UAEA AT F Jdou Ke A&EE AFEd 84=
o# A thHFisher, 1971; Heslop-Harrison and Heslop-Harrison, 1996). T3t 3 ¥ AL
el zo £1e o]Ee Ko 98 =HHA}(Moore et al, 1995). oA Ko &5 F
Aot FFol AAY ATAY EolF &A= K7t 39 FEFF #Fd #HoAstn
R 7S VERIT
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Fig. 43. Barley pollen before and after hydration with distilled water. (A) Images of
barley (H. vulgare) pollen at various stages of swelling. These images (A, B, C, D,
E, F) were captured by CCD camera after hydration. Pollen wall fully stretched after
300-400ms while cytoplasmic material (inner circle) swelled to maximum size in
600ms. (B) Pollen size as a function of time at various stages upon hydration,
compared to fresh barley pollen.

Fig. 44. Pollen stained with Macallum's solution. Arrowhead indicates the K staining
(black stain). Potassium is concentrated in the aperture area of pollen. Barley pollen
at various stages of splitting. Notice the K stains at the wall of aperture area (w)

and cytoplasm (ct) adjacent to the aperture (A) arrowhead indicates the initiation of
pollen breakage (B) just before separation (a) Outer wall (w) and (b) cytoplasm (ct)
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(C) at separated stage (a) outer wall (w) (b) cytoplasm (ct) (D) pollen was crushed
with bit heavy force to make clear the K stained at aperture and cytoplasmic area
attached with aperture. Details of K crystals at the aperture area of (a) outer wall
(w) (b) cytoplasm (ct). It shows that the central area (lid like making structure) was
probably the part of cytoplasm, which was displaced from aperture with cytoplasm
during breaking of pollen. It was fully stained with K.

B ic

Fig. 45. The EDX spectrum of the aperture/furrow area of (A) barley (B) sesame and
(C) pine pollen. Lines show the chart of K peak after X-ray beam was passed across
the aperture/furrow and pollen aperture/furrow is shown below the chart of K traces.
Higher peaks indicate the concentrated areas of K at the furrow (f) areas of while

lower peaks were observed between furrows.

Brue] EAsE Ke P9 303 (oculer fluid) £58 Aoz A4d
o SRGSY K REFFE ATGH PPoz 457 o ¢ EDX¥AS F3
o ZAsAT Ke A28 %% $58 e 3370 LA Fig. 45). A%
B AFERAA Kb $E0F3 a6 dd8 AEde dFRoz REatE AHde
K7b 3Hee] §5 A% 388 982 $951 4% 54 otk d<o) Ke 3
el Age] DAY BFGF22 ol §H} B Frae] N P AE Ru=
A% FAEE o Be Sl Basl @k wed s 1Fd HolHez
At Ke 2o §4 2 S¥8 A4 A5 AF2Ra2% JFroRAY
BgA /)5S 2e Aoz AgHn,

AEAOR R dATe AR Kb sibwelst shEwel A u$ F2dE v
s},
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2 ¥ AAHHA microarray® o]-&o] 7FEstA Hol FAF A< NUEY A #
PO dezzle) wE 9E S diirRE FAGH) NUEHH J29 244 =
de] osfel Has 7|2 FEE FHstuA vk

7h Als E oy
1) A& A=
FRzA T FAA T S FAE] AT AEet PHE A2H-1-7HE 2ol
A st
(2) cDNA 4 2 Cy-Dye labelling
A QAQAAR BAANBEZXRE  Tri-reagentMMRC, USA)E ©] 8314 total RNAE ¥
21593 mRNAE Oliotex mRNA mini kite °]83t9 AAsI. AAE mRNAS
cDNAZ A 3382 F A= CyScribe Post-Labelling Kit(Amersham Bioscience, UK)
S o] &3l AZz3s|ALe) AL Fdte] A AT
(3) Hybridization
Hybridization® CyScribe Post-Labelling Kit2] Hybridization bufferg ©]-8-3}<]
Cy-Dye labelling ¢cDNA probeZ ZH|std Slide$} cover slipAheldl F¢ista Slide®
Hybridization chamberol] &% 8}3, chamberZ 42°C waterbatholl 16417k w3t A A
3t o}, Hybridizations "% Slided 1x43L& 55T 1X SSC, 02%(w/v) SDS
washing buffer2 102 %9 A2 A rotary shaker® ©¢]&3to HASAT. Cover
slips2 ¢ washing bufferol] sildeZ 943 ET & AANAT 23A4HLE 55T Y
0.1X SSC, 0.2%(w/v) SDS washing buffer2 10%%5<¢F 23] AAlstirh o]o] 55T
0.1X SSC washing buffer2 A&olx 1259t 23] AH&, 252 10273 Age
At SlideE AAENE ol &5t A2AIZ F E4 AHEstAH.
(4) Scanning % ZAF}EX
Slide Scanning& ArrayWoRx Biochip Reader-Standard(AppliedPrecision, USA)E ©]-&
3t} A EtY 2™, Image analysis®} Data mining< Imagene 50 and Genesight 3.2
(BioDiscovery, USA)E o] &3] A A3ttt Microarray hybridization® 2 #3412 3
3 wrEEoh wtE AnE 45 ua AES 28] o)t AAAS 2 T EE
HAE Bolv HAE At
Slide®) scanningg %3t 22 gpote] Cy-Dyeol th3t intensityE ©}8-3+o] spot
image? grid® %A 349t Empty spotE AA3SHAL error spotS ¥AIEH ZF spot kel
Al background#t-g A A3t EZ83 3 logates 79t 4 Cy-Dyed log#s o] 838t
o] Cy-5/Cy-3 ratio 7-8ko] Ao 93 FAaxe Fd HAEE FASATL

2) da %

¥ 60K microarrayS o] &3ste] SIAFAAAl e whS FAS RAEAC FEswt
298 433 o]F microarray?] AL Fig. 467 Zgon FF3 T ZF fAAY LE
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G Fig. 473 2th AAZARA Y A BE o]E3ste) 33 W Microarray &40l
A AEAEQ FAR B FU £ AAE B FAE 7H 3% 21FeR O
7F w9 A A (Table 8).

HEo] F7H3 FAXE EF 715vAY EST cloneol Rt} &deo] AT FHAF
7150l FAH FAAE Myb factor, HSP104, S-adenosyl-L-methionine:salicylic acid
carboxyl methyltransferase, Leucyl-tRNA synthetase, Copine %22 FiEo]8d AH
BAstA] FE AR dFEEeldh

Microarray #2239} wbE 7k & Wolx= microarray® 4 71&9 Z71F A ANA
s AgERg 2Fol 71A% v & Aoz o=, vets A9 microarray
BaAute] Aol wj§ e Ao FAAGD ALAAA AR dilMe 139
microarray #41& AA o oM A Ao NEAH FAZ HIE AAGHA
3ie=

=

Microarray 24123 GEZ2Fo) 98 ve FAxe] 2do] Wstety AAHE
FAA7F 2R E FAARY 09 2L vegdn § dRol 858 A v
9 FAA B gley, ol FHX F d¥e TdEHY JAxHEE Fted NUE
Foll 7lddsta e Ao MEnh et FEAPYZRANA LdHo FAHE 7
Ak ol AAEE FAAY FEREAC U FARPLE =HEZES GAT A}
sto] NUES 727 ols)gt o2 Ed|E 3 NUE /H Az o] da¥ so2 A
Z-ad,
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Fig.46. Image of Rice 60K Oligomeric DNA Microatray. A; A slide B: B slide.

on 1Mean (0cBOB)

Condition 1Mean {10cBSE)

Fig. 47. Expression profiles of 60K probes in rice seedlings under P deficiency., A; A
slide B: B slide.
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Table 8. Rice genes differentially

expressed under phosphorus deficiency

Differential expession
levelx Spot Annotation Accession Number
Rep 1 Rep 2 position
-2.22095 | -2.47677 | A01040126 |Annotation unknown
-212277 | -2.47261 | A01040324 jAnnotation unknown
-3.33938 | -243914 | AQ1030112 |EST clone of unknown function CB647545
198802 | 240254 | Aol0doz0p |Caperone HSPI04 and related AU055083
ATP-dependent Clp proteases
-3.82678 | -2.39111 | A08042326 |{EST clone of unknown function AU100965
-1.94371 -2.05849 | B10012218 |Annotation unknown
-2.59 -2.0573 AQ01040125 |EST clone of unknown function CB636049
-3.05953 | -1.95419 | A01040117 |EST clone of unknown function CB670466
-3.67016 | -1.80081 | A08041726 |Predicted metal-binding protein |AK102917.1
-2.5047 -1.78523 | A01041520 |A Unnamed protein AKO061171.1 |CB647214
Similar to
245649 | -1.73492 | A09040226 |(S-adenosyl-L-methionine:salicylic CA753046
acid carboxyl methyltransferase
-37664 -1.67917 | A01041926 |A Calmodulin-binding protein AK107123.1 |JCAT62181
A Receptor-like protein kinase,
-3.74187 | -1.61974 | A04021013 . ) . AK064541.1
contains lectin domains
-3.29865 | -1.49145 | A01040410 |Leucyl-tRNA synthetase CB676414
-3.01401 -1.48389 B12021205 |Annotation unknown
-2.7705 -1.44832 | A01030216 |Annotation unknown
Transcription factor, Myb
-3.14453 | -1.43699 | A01040103 ) CB643957
superfamily
-2.96591 | -1.40616 | A01030205 [EST clone of unknown function AU083409
-3.19052 | -1.31965 | B11032325 |Annotation unknown
-6.88731 -1.22882 | A02011114 !Annotation unknown
-3.5436 -1.2108 A01030117 |Copine CB618200
3.346993 | 1.303107 | A01030203 |EST clone of unknown function |AK062897.1 {AU172780
2.812639 1.626689 B07012311 |EST clone of unknown function [CB676113
2.095136 | 2.419103 | A06010817 |EST clone of unknown function |AK110295.1 |AU067920

* LogCy-5/LogCy-3.
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AR ATEES F 38 LE(SCL 2, T DAAT. FBHoE ATEES oF 90%E
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