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Functional implications of gene expression analysis from rice tonoplast
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Abstract Rice seed maturation and germination involve
drastic changes in water and nutrient transport, in which
tonoplast aquaporins may play an important role. In the
present study, gene expression profiles of 10 tonoplast
intrinsic proteins (TIP) from rice were investigated by
RT-PCR during seed development and germination.
OsTIP3;1 and OsTIP3,;2 were specifically expressed in
mature seeds. Their transcript level rapidly decreased
after onset of seed germination and gene expression was
induced by ABA treatment. In contrast, expression of
OsTIP2;1 and OsTIP4;3 was not seed specific as
transcripts were found in vegetative tissues as well.
Their respective transcript levels decreased at an early
stage of seed development, whereas they increased at a
later stage of seed germination and elongation of embryonic
roots and shoots. When seed germination was inhibited
by various stress conditions and ABA, expression of
OsTIP2;1 and OsTIP4,;3 was completely suppressed. In
contrast, the expression level of OsTIP2; 2 rapidly increased
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after seed imbibition and the transcript level was maintained
under conditions inhibiting seed germination. These results
implicate that tissue specific and developmental transcriptional
regulation of OsTIPs in rice seeds depends on their specific
function. In addition, OsTIPs can be discriminated by
different potential phosphorylation and methylation sites
in their protein structures. OsTIP3;1 and OsTIP3;2 possess
unique phosphorylation signatures at their N-terminal
domain, loop B and loop E, respectively. OsTIP2;1 and
OsTIP4;3 have a potential methylation site at their N-
terminal domain. This suggests that activity of specific
tonoplast aquaporins may be regulated by post-translational
modification as well as by transcriptional control.
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Aquaporine 23-31 kDa 7|2 67]2] “hjA|A] (transmembrane)
= QS 7H e & dhE ol AE P FEo] &
A A3kt (Maurel et al. 2008). 4150 4] %% aquarorin
= o717l ] v-TIP (4eTIP1;1)0] ™, A5 7HA] o
2] 7FA] AEoll Al theFet £79] aquaporino] 2] o] 1
715l et A-5ol M=o A ek Aquaporin 7
A oh7Ig ol A= 3570, BlolMe 33707 EAsk=
oz dHA glon F&Eo] Hs| @ aquaporing 2t
e Aer Hol X ot 752 3T Aoz
Z} =] o] 2t} (Maurel et al. 2008). Aquaporin THE} 2L 7]
Fzxof wet 4719 15, = PIP (plamamembrane intrinsic
proteins), TIP (tonoplast intrinsic proteins), NIP (nodule 26-like
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intrinsic proteins) “L2]1l SIP (small and basic intrinsic proteins)
2 ULo Xt (Sakurai et al. 2005). PIP 152 A xdtof,
TIP 152 Hxufof, NIP 152 Al29 52 43X
(endoplasmic reticulum) 2}ojl, SIP+= A 3EA|9bof 223}
= Ao w &R 9t} (Kaldenhoff et al. 2007).
I e 29 AdF o]Fo Fagt

g aquaporin®} #HEH & £
Al Aol g, ?X} ol T2 ARE2EARAY T8
Ao g deA Utk (Gomes et al.
7;101]/\1 aquaporin (PIP) 9] &Ajo]
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conductivity) T}
2006; Parent et al. 2009), HLJ OsPIP2; 73 M Zo] 4=
e TAAA, AZLEG 2 AFS SAAI E}J—’— H
& Qlth (Li et al. 2008b). TE3F 23}0] A-8-Z 2] (fiber) A
7} AASE o] GhPIPI-29} Ghy-TIP12) Y& o] Z7}5}¢]
Az ko] dast e 5 ¢35 FAAYIEH T8
g 71%S shohn el A 9k (Liv et al. 2008). of 7] & o
o pTIPL Aot W] 223 GHe] Z7]0]A] Wlo]
F7bstel A% 4ol Tofgichn B v 9tk (Ludevid
et al. 1992). 3t L] K 1152 aquaporin®] E3H T of
Ue Zetol 4%, Seloh gmuiol, ojdseia, goba,
TS T 22 oYY 2EY AlE Y olFel ud
Sttt A& Boj&t) (Liu et al. 2003; Niemietz and Tyerman
2000; Jahn et al. 2004; Boursia et al. 2005; Tournaire-Roux et
al. 2003; Hanba et al. 2004). ©]+= aquaporin®| T3] & £
2249 75 o] ohd theret RE 4L 98
on|al Aolth ATIPZ1TH A(TIP23-S of 32 ulof| A] u1
HINH9F NH: S 6oto] Y-S HEZYo +
3}t g gukslar 9ith (Loquéet al. 2005). E9
GmNod26-> NH; 449 932 gtslo] Aa 41 o
o Fofglon Hul o) NtAQP1 CO, 453 AatEof 3l
t} (Maurel 2007; Flexas et al. 2006; Uehlein et al. 2003). ©f
7178 ATIPLL7E A E S A9 dSA 25 e @3t
GBS Eo] FoaHRL §24 U] G| HEss
S8 S & BA7h FEFEE ol ATPLI Ha B
270] FolFThs AL AIAFETH (Ma et al. 2004).
AtTIP1;13+ A(TIP1:27} H,0, o] E0] Tolste] AEd|
NE AT S 7|2 Fa3 4TS iy B
"} 91t} (Bienert et al. 2007). NIP A & 2] aquaporin®l 7
2] HWIP2;1+= &4 (boron)E Hj&E3t= 71%5°] k= A

o] FL 4HAH O™ (Schnurbusch et al. 2010), ¥W&] Lsil

(o3
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(OsNIP2;1)-2 #2] 9] H| 2 (arsenite) HjZof o] gtc} (Zao
et al. 2010). o] A= NIP A Q9] aquaporin®] A&
o] F5& 54 AlAA o]&HI ke AS HojEth
Aquaporin®] 4% 74 A3 o2l werel 4
50 )5 2AHOI A, S5 AR 2ERE of
Y2}, 214k} (phosphorylation), 4>4~0]-23} (protonation), ]
213} (methylation) -2 w2 o] AAF & 24 7] 2 (post-
translational regulation)of] &J3jA &AJo] AT &
Z] 91t} (Chaumont et al. 2005; Maurel et al. 1995; Santoni et
al. 2006; Tornroth-Horsefield et al. 2006). A= 32| SoPIP2;19]
AL C-Zeho) Y13k 270 9] serine ZF7] (Ser 1152} Ser 274)
7b ERlAtstE oA | A T fd o] FRIF S A= 7%
o] 7% H} Qlt} (Johansson et al. 1998). thFol Al F2}
Bo| aTIPe] A4S} 2284 BHS 2L 1
TEHE 9l on (Maurel et al. 1995), N-H9] serine 27|
(Ser 7) 7} CDPKe]l &JaiA AArSHEtH= A& in vitrool]
A 23k v} 9lth (Daniels et al. 2005). E3F A 322 9] pH
7F Yol ™ PIP &/o] A==, of 7]t AtPIP2;2
o] AL z B2 histidine ZH7] (His 197)9] 44023}
7} THEo] Qlgo] BEQlth (Tournaire-Roux et al
2003). X-A1 AAGLZEA A= A|FA] SoPIP2;19] &
27} d# 9& o histidine Zt7] (His 193)¢] $=20]23}
7} B 4 ERVF deltts AL HolZt) (Tornroth-
Horsefield et al. 2006). E9F9] pH ¥H3}o] 2]3$t aquaporin
244 A= e & S Adshs aclo] HER 5
Aoz Fast ogu|E 7RIt QARSI o] 23 o]
o 71 %t &) AtPIP2;20f A] lysine Z+7] (Lys 3)@} glutamlc
acid Z+7] (Glu 6)7} H|A3}tH o] SQlx =1, thulF o
Beju A% 2R 29T A0 AL o ot
(Santoni et al. 2006). o] A& T}eFsh Thl A =] 3}of o3}
aquaporin B/ 2L AlEo] SRS Wt FFA 2
Z YAt A= 5
a3 Ve 98t A
SA ol - E SR EE AZ
Zloﬂ A
olFol AeH oz dojuA Hrt (Gao et al.
1999). 0H7]XH’4194 Z217} dro}st uff PIP, TIP 5 t}oFsh
%5 9] aquaporin %12} @& o] W}t aquaporin T4
S oA Aolel] ME Fulo] 74, o2 He] BE
5ol A3 Ect (Vander Willigen et al. 2006). ©]+= aquaporin
o] FAhotol| Fa37t AT trh= Ae HoEt of
714 olefol = B, b, FAjo A FAEol} HE

M
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1

Ay



J Plant Biotechnol (2010) 37:517-528

519

PIP A ¥ aquaporin F-AA7F EarE vF Qlth (Gao et al.
1999; Liu et al. 2007). HojlA| FA} olg FEsl= 4F3t
A4 (NO)YZ A8t OsPIPI;1, OsPIPI;2, OsPIPI;3%}
OsPIP2;89] Welo] B2, theFet PIP7} FA} o}
o ToiFHe o 4 AT} (Liu et al. 2007), 2] ] of A
W& &) = aquaporin A2} B4 of |8}, PsPIPI; 1S ¢
2ape] 27] W8 Yol Tolsto] PsPIPL T S
FH oA Hf (embryo)® &2 HEsl= 7|5S Frhal Al
OF=] T} (Schuurmans et al. 2003). PIP A& aquaporin £] o]
TIP QA 29| Wek o oo}l e o] gl Ao
2 Helrh o7, o718 & A2 AEolA o-TIP=

@ £A50) s oo A gosl, B3t b 4
+9 7158 gdd Ao g AorE 1 9lth (Johnson et al.
1989). 2| FF7I1HS o83t off 7] 4T o] AtTIP3;17}
FA4 %719 ot 27] ©Ao] H] (embryo)ol 4 2
ot H 1 E v} It} (Gattolin et al. 2010). B ol = 1071 9
TIP SA 27} glom S Az} dHy o] 27| Eo|A 3} 3+A
AEF A g3t e A So] dH HyE v 9o}
(Sakurai et al. 2005; Li et al. 2008), ==&} 7]-5of tisfA
74—4 0*34*1 WA @} o] =EolAE W AR
Apurert wrolsh ATHE OSTIPE T

—ll‘l

ot AEHA X2 I AHHY

H (OVyza sativa L. Japonica cv. Dongin) $25 THAE
= 2
= fid

%9 (50 mM potassium phosphate)©] &0+= ¢

’EﬂHH A A] (petridish)o]] @i 9FZ 7, 30°Col| A 1-3Y4 7

oAl ZiTh AL AEF A 20°Co A A sl e, 150
7}

mM NaCl 3-8 3 uM ABA7} Z3tE oo A Z+ A7}
HE WopA 7l B FA9 vl (embryo)E A Edto] AR
Ee AR W fH7] A fAA dEE 2
Absl7] fste] 9 Ak ?‘& SAE 12 MS v A]of] 2] /4}s}
o], 28°C vl QF Ao A 27 52 Y= (16L: 8D)o A 2
T2 71 5 E719F Belol A ZHZ RNAE =83l

FAE @A o] R AR FHE 2ALS] SJEte] XA =
AdA 24712 7|20 8 A% dAER 22 Y75t
k.

Table 1 Sequences of oligonucleotide primers used for RT-PCR
analysis

Name Sequence of oligonucleotides (5°-3°) Size (mer)
TIP1;1Fr TGGTGCTGGAGATCGTCAT 19
TIP1;1Re TAAACGGTTGGATCGGAGTC 20
TIP1;2Fr CGTCTGCTCCCAGTCTCAAT 20
TIP1;2Re CAAGGACGTGAAGAACGACA 20
TIP2;1Fr TGCCTCCTCCTCAAGTTTGT 20
TIP2;1Re TATGAGCCGATGAACACGTC 20
TIP2;2Fr GCTTCGATGACTCCTTCAGC 20
TIP2;2Re TGGGCGATCCAGTAGAAGAC 20
TIP3;1Fr GAGGCACCACTGGGTGTACT 20
TIP3;1Re TCCGAGTAACCAACCAACAA 20
TIP3;2Fr GCTGCTCGAGGTCGTCAT 18
TIP3;2Re TGCAGGTGCTATGATTCAGC 20
TIP4;1Fr CCTTCGTCTTCGTCTTCACC 20
TIP4;1Re CTATCCCTGAGCCCAGAGTG 20
TIP4;2Fr GCCACATCACGCTCTTCC 18
TIP4;2Re ACCCAGTAGACCCAGTGGTG 20
TIP4;3Fr GCTCACCTTCTCCCTCCTCT 20
TIP4;3Re AGAAGTCGCCGTCATTCCTA 20
TIP5;1Fr CGTACTTCGCCGAGTTCTTC 20
TIP5;1Re GCGGAGATGTAGTGGAGGAC 20

RNA F&2 RT-PCR

H 212 A Ao & 7F 5 TLE 242N (0.2 M Tris,
0.1 M LiCL, 5 mM EDTA, pH 82)0.2 AES JA A7
A5 o] A TRIZOL £ (Invitrogen)2 ©]-83}¢] RNA
&5kl 353 RNA 5 ugoll Al Oligo (dT)iz.1s primer
o] &3l I HALE A (SuperScript III, Invitrogen)Z 50°C
A 1AIZE HE8-31o] cDNAES FHAI3FATh 94 % cDNA
3] X 5}o] PCR WHg-of AR&3ith B 9] o Zut aquapoin
IP) F-AAF 1059 A7IAFell et Sof primers A2
F9.3L (Table 1), ©]& ©]&3}o] PCRS 33}tk PCR %
72 94°C 5., 30 cycles (94°C 302, 57°C 302, 72°C 40%)
a8]al 72°C 7202 Jh2 AAT Y actin 57} (OSINBa
0078A17.12)0] WHLS thzZLo s AFLE1%Th

o = 1 T

ol

=

i

Of

TIPs SHAE T2

¥ O] TIPS olu]| At A E-& ClustalW2 (http://www.ebi.ac.uk/
Tools/clustalw2/)& ©] &3] Bla EA35}% 1, thela A%

EX2 ClustalW/Treeview program (http:/align.genome.jp/sit-bin/
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clustalw) S 0] &-3}o] ZHAEFAT ¢1Akel7F Lo 4= Q=
Z}7]E NetPhos 2.0 Server (http:/www.cbs.dtu.dk/services/
NetPhos/)E ©]-&35}o] o3}tk

R
H OsTIP CHEZS S 24

B eb of 7] o AA TIP whud o] ofm|ie it M A
Clustal W2 &2 EA3 A7 374 47 1808 BF & o
Aok (Fig. 1). 18 12 39 «-TIP, AtTIP3;1, OsTIP3;1 1
231 OsTIP3;27} 43t 1808 tfjHE aTIPY EAS
UEHTE o-TIP= FAb| A o4 o= Wa wfn chafd
A A ol uko] thako @ ZA|skc}. OsTIP3;1= AtTIP3;12}
64%9] AHEAS Bl o OsTIP3; 2= AtTIP3;13} 54% 9]
AL Bt 1E & A(TIPL;1, OsTIP1;12} OsTIPS;1
sE5ksla glom] OsTIPL; 1= AtTIPL; 19} 80%9) AHs
S Ho|1 gt} of 7| At AtTIPI;1S y-TIPO R HF
o, v-TIPE YEAE 244 T s = 545 U
Wl 25 1S OsTIP2; 13} AtTIP227} 438 9lom o] 58
77%9] AFEAS Kol gtk 18 IVE OsTIP4;3 1} AtTIP4;1
S mZHEL Qo 59%9) AHEAS H Gtk OsTIP2l
S.0sTIP3;1, OsTIP3;29} Z+ZF 49%, 44%9] AEAS H
om OsTIP4;3 E3F o] ZH7F 46%, 43%9] AHEAS

L ER T
AtTIP3 1 ALPHA-TIP
AtTIP3 2 BETA-TIP
1 Bean alpha—TIP
0sTIP3 1
OsTIP3 2
AtTIPS 1

AtTIP1 1 GCAMMA-TIP
AtTIP1 2

oz
off

e
o

rice gamma—Tip
OsTIP1 1

Tl

OsTIPS 1

[—ALTIP1 3
L osripr 2
ALTIPZ 2
ALTIPZ 8
0sTIP2 1
ALTIP2 1 DELTA-TIP
OsTIP2 2
OsTIP4 1
0sTIP4 2
OsTIP4 3
ALTIP4 1

[T

|

Fig. 1 Phylogenetic analysis of the deduced amino acid
sequences of rice and Arabidopsis TIPs. Phylogenetic analysis
of the deduced amino acid sequences was performed using
Clustal W/Treeview program (http://align.genome.jp/sit-bin/clustalw)

=X} ol M2 OsTIP SN whsd QAF B3}

Mo Aol S8 GRRYE AZE0], $49
ob7k MBI F3k B3, %, W, W) 5 54 2o
A 2o Fao oo MeHoz dojus Hrk
Figure 2A+= 30 CollA] v F219] Whol Al HojF:=
ARl of e}, dhof & 24 A1 7ko]| o o] F&o] wHEE
T2A bl of 9 Biel e} £7]9) 4lFfe] ghdhsfRith & A
Fol| A= Fopste Hjoll A TIP Ald F44 1059 T
kineticsE RT-PCR {2 H|w £ 4 35}% T} Figure 2B+

H FAPoF ThHA|of whebA] TIP F-4A; Wdo] A58 o=
2HHA Ad5e Fool BoEnh oAl /7Y TIP -4
A} (OsTIPI;1, OsTIP2;1, OsTIP2;2, OsTIP4;3 2 OsTIPS;1)
7b SApEobrh Zd ol whek AR W o] Flekes
7S W} OsTIPI;2, OsTIP2;29} OsTIPS;1 AR =
offl #o] F&o] AAE7] Al ol 2447k o] ol &
dol F7tEER 27] fEFSo] ToIT 7HsAdE AlAL
Bt} OsTIP2; 13} OsTIP4,3-S 48A) 7k o] 3o Wt o] G
He Aog Hop drop & whEA AP E = of7 £7]9}
el 22 9] Ao Hold 7Hs/dol Atk ¥ OsTIPI;2
OsTIP3;13} OsTIP3;2 A= FAEMo} 27| chA o A

AR EE o] FA3] AR = Sold e Aol

~
\S]
—_
=
~

OsTIP1;1
OsTIP1;2
OsTIP2;1
OsTIP2;2
OsTIP3;1
OsTIP3;2
OsTIP4;1
OsTIP4,2
OsTIP4;3

OsTIPS; 1
Actin

Fig. 2 Expression of OsTIP genes during seed germination
(A) Photographs of rice seeds at different germination stages at
30C. D, 0 hr; T and II, 0-24 hr; T 24-48 hr; IV, 48-72 hr
(B) RT-PCR analysis of changes in the OsTIP transcripts levels
in rice seed embryos during germination. Rice seeds were
geminated at 30°C for the indicated time period. Seed embryos
were excised and total RNAs were extracted and used for
RT-PCR analysis. Actin was used as a control
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2, A8 ddo] Srkste TIP 253 A8 thE 7ls =8t A& 9 5 Ak 4 dot Al A T
£ $3et Ao R dl=H ) OsTIP4,12}F OsTIP42 23 AF o] w2 A A}e}R| &= OsTIPI;2, OsTIP3;131} OsTIP3;2 -7
© Toprt A= B A7l AL FEEA okt Ae BF EolstAE ABAY oA HHo] fEE=
S4& HAY (Fig. 3B). & A& % o 2EH L =4
SAHZOR| Mot OsTIP FEIAIS] 28 S Sl AA ol FAA THLE A& T wHo| AhHe FA
= Helou, Ao vlasiA 24 kinetics7F 551 0]
AE 9 20 S ARG ABAS W S Lgn00 o 4 gk olwl AR R 0TI SRR
& 200 ok Ao Yol U B WS NT FApgotst Auste] 27 39 £1FOR L >
A2, 150 mM NaCl ¥ 3 uM ABA He]of &g olr} # olon 7+ SRR EX ExpulobAlalol AbE|o] A=
e FAE 47 B Aot RSl 9Tt Ao g QAR WEaZ A 7|0l ZHHT 9L Ao
Mol WA ofd el TF 5 2 AN RIS o 2xguy L ze 2008) 0sTIPL27E 471 o] 27]
o8 A== Aol Hlsf ofdl £7]9F Frej o A A 9} #Ma)oj Al NaCl Z-S ABA #&]o] o]3] uralo] <A
2 &As A Eon, o]d Ait= AEFH A wiet 07 I/ SEEE AL B 5|, o] OsTIPI29]
Zzjatol o7 okAbo] zpol7} Wk Ao qu*r’} 7150 FAbdot] A E A Ytk AZ AARTH
o|A 7 FAPHo7E A oA wio A TIP A
o) IS ARSI A Aol FATOE 710 osTp QEXI| AR Wi O

S AR W o] 34 $ =9 OsTIP2; 13} OsTIP4,39)
45, FAEoL7} “Xﬂﬂh e }_73_01]*% TR 2
|

ql9ltth (Fig. 3B). 21
L AR
% Aol w211
Bt OsTIP5; 12 NaCl %
oA 5|9l oL}, ABA F
48-724 7ko] HFE o] &

A
B Cold (20°C) 150 mM NaCl 3 uM ABA
0 7 24 48 72 7 24 48 72 7 24 48 72 (h)

Fig. 3 Changes in the expression level of OsTIP genes in
germinating seeds under stress conditions. (A) Photographs of
rice seeds germinated under various stress conditions or in the
presence of ABA. (B) RT-PCR analysis of changes in the
OsTIP transcripts levels in germination rice seeds under various
stress conditions or ABA treatment. Seeds were germinated at
20°C, or incubated in a buffer containing 150 mM NaCl or 3
UM ABA. Total RNAs were extracted from seed embryos and
used for RT-PCR analysis. Actin was used as a control

OsTIP2;12} OsTIP4;30] ZFA}dto}l &7)of Ergo] S x &
W, Wolrt AelH e o 2A0A FEACR §4
2} Hha o] oAk AT} (Fig. 2B, Fig. 3B)2HE, o] &
$AR7E o7 B9} o) A o) WE AR ol
A2 2ot} Figure 4+= OsTIP2;13} OsTIP4;3 &
it Lol SART ot el fol 2

N

N
_tfl
4=
o
=2
>
f1r
_|>L
{127
_,>:
EE
el
i
El
i&
Hu)
rlr
pacy
[o

. E3] 0sTIP2;1& TFA °1W - e IS B
2, ma|o] A 24 7% 5 hi|
oz AtrEth gH FApEolrt AP%EJ‘{W A
ol FA3 AAEAE 0sTIP3; 13} O A
H

el o}

s ruEa pou) ln v

711 s TFEA ¢

m°1'
o Fll"
o |
fru
e f”“’
2

v 4 5ol 752 £33

OsTIP2;1
OsTIP3;1
OsTIP3;2

OsTIP4;3

Actin

Fig. 4 Expression of OsTIP genes in various tissues. Total
RNAs were extracted from various tissues and used for
RT-PCR analysis. Actin was used as a control. Seed (0 hr), dry
seeds: Seed (24 hr) and Seed (embryo), 24 hr germinating seeds:
Shoot (green) and Root, two-week grown green seedlings; Shoot
(etiolated): ten-day grown seedlings under dark condition
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(Fig. 4). Sakura 52 (2005) ¥ 9] aquaporin -3-ZZ}0] =
A Eo|z wrdokAS Ho|w, OsPIP2 Z]]Oﬂ O;ﬂ;qg.
OSTIP2; 17} W] Wele] B Sdyt AnE
Holoka gk up qlch
SA 2| T2 OsTIP FHAF U A H3)
Fdot A2 B4 AR
TR pubE Y $A; dg ) A 05Tl
uhgl P B 9lste] BN B4 %‘f— NE
3ol whel £A4E 3 5to] RNAS 528k, RTPCRS
285191t Figure SO Al OsTIP3; 13} OsTIP3;27} 1] A<
FAN A= A A A ghth7k 25 DAHSF 45 DAH]
A §43) walo] F7kstas, ot olF $447 &

A7t A4 o)A BAE L S0 AN,

&)

o)
:lo o
(N

_ﬁ
o 2

0 3-6 25 45 DAH
e

OsTIP2;]
OsTIP3; 1
OsTIP3;2

OsTIP4,3

Actin

Fig. 5§ Changes in the expression of OsTIPs genes during rice
seed development. Rice was planted in the paddy field and
heading date was checked. Seeds were harvested at different
stages after heading (DAH) as indicated. Total RNAs were
extracted from whole seeds and used for RT-PCR analysis.
Actin was used as a control (DAH: Day after Heading)

A c E
(O
)
/\ /\
™1 ™2 ™3 ™4 T

(%

COOH

=

5 TM6

Fig. 6 Schematic diagram of OsTIP protein structure The figure
shows the six transmembrane segments (TM1-TM6), 5 connecting
loops (A-E), N-terminal domain and C-terminal domain. Highly
conserved potential phosphorylation sites (serine, S) and NPA
[Asparagine(N)-Proline(P)-Alanine(A)] motives in loop B and
loop E were indicated. The C-terminal tyrosine (Y) residue is
a potential phosphorylation site predicted by NetPhos 2.0
Server. Putative protonation site (Histidine, H) in loop D or
methylation site (Lysine, K) in N-terminal domain were found
in several OsTIPs and indicated

o)o} BT 2 OsTIP 2;13+ OsTIP43-2- 25 DAHZFA] -7 2}
wHlo] A3 FAsH7} 45 DAHO] 77| 27| glet
(Fig. 5). L2} 45 DAHOA TR OsTIP2;1 A 9
S oE A7l TEE AAA R 2717F 24 Ve
W Aoz Hof, WYL FAA HA7| 7 285t
I Qi A HE RT-PCR EA4 17 FYLSH RNA =&
0]-8-3t microarray -4] (Agillent rice 44K oligo chip) Z T}-of|
A OsTIP2: 13} OsTIP439) ©- A2} ¥F& o] 45 DAHO| A=

A&HoE Fasts A0 ehonz (Ax v

A, o5& EATF A4 H A AR S8l Ao
2 magd,
OsTIP TRHZIO| QlAIS, Z7| Bl 2A

%ﬂloﬂ/\i A= %‘?ﬂ—igi 2 o] ZWE] @
(Fig. 2B, Fig HREH o5 @AY 7]5o] =
e T4 4= Qley. S Ao 22 Aol 5 &4
13| Figure 7oﬂA1 OsTIP T A E 9] ofn| i Ab A H-& H]
astar, QI4Fe7E Aol & 4= Sl %H7]E NetPhos 2.0
ServerE ©]-&3}o] o =35}% ). Aquaporin, €3] PIP= T}
&t Mmool A Qlitsl e e Sholw gl o, QlAksto
osff Aol 2EEHE= AL® & A Ut (Niittyla et
al. 2007; Nyblom et al. 2009; Amezcua-Romero et al. 2010;
Kline et al. 2010). A5 2] SoPIP2;19] 7% C-Utof ¢
Z| gt 271 9] serine ZF7] (Ser 1152} Ser 274)7} & Q1435
AAWA 1 AYe] F2v} DaAE s2o] FEH}
Qlt} (Johansson et al. 1998). PIPQ}= =] TIPS <lAFS}
Ao defjA= ol delA A Fou, ti oA
AE0] 0 TIPS QUALSHT} £EES BHE ZATUTT
RO EHF 91O (Maurel et al. 1995), PYTIP3;1 (a-TIP)<]
N-Ttho] Ser 70] CDPKof| 24 QASIEITH: AL in
vztr00ﬂ/\1 Z 3%t v} @Itk (Daniels and Yeager 2005). 3+

o QIAFSE Z2EE Ao A OsTIPL;L, OsTIP2;20] <l
Absh chal A 2 3kl % |} It (Whiteman et al. 2008). ©]
H HISE TIPY 24 A Qlitstof o) =dd 7}

o\

1_,

N

ohm] 1Ak 1°§OI]J~1 §2=5]= OsTIP THH 21 9] transmembrane
topology S E413}%-S uf, PIPQ} npzb7Fx =2 2 B A E 67
of uf Tw ol 57H4 A7 2x A-E)Z TAHY e
= ¢ 4 Uk B TIP @A o] thF WA= Figure 69
Atk N-Uehy) C-eh BeF D £Z = A Al

l:1~1 il
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0sTIP1; 1 MPIRN-—TAVGSHQEVYHPGALKAALAEFISTLIFVFAGQGSGMARSK-LTGGG 51 0lo] o Es ) A]_ ;(].7 el 7
0sTIP5; 1 MPIRN- TAVGSHQEVYHPGALKAALAEFTSTLIFVFAGQGSGMAFSK LTGGG 51 90, 53] loop B} QI4Fs} | (Ser &-& Thr) 7}
0sTIPI1;2 MPVSR - TAVGAPGELEHPDINKAAVAEF TSMLIFVFAGSGSGMAFSK LTDGG 51 = A 5T
0sTIP2;1 MVQ - LAFGBLGDEFSATEYKAYVAEFIATLLFVFAGVGSATAYGQ LTNGG 49 At KA o] QlqlTh (Fig. 6, Fig. 7 3H4F ). 1ot
0sTIP2:2 SGN-— IAFGREDDEF SAAB]KAYVAEFTSTLVFVFAGVGSATAYTK-LTGGA 50
0sTIP3; 1 T GREFDATHPD) RAATSEFLATATFVFAAEGSTLSLGK-LYQDM 57 OsTIP3;13} OsTIP3;29] ¢ th2 OsTIPT} ] loop BYJ
0sTIP3;2 MLPGRHIPRRADAAAAAAAMEPLVPGATRAALBEFVATAVRVFAAEGSVYGLWK-MYRDT 59
0sTIP4:2 ~LELGHRGEAWEPGCLRAVAGELLFTFLEVFIGVASTITAGK—AAGG 48 O] AF3} motif7} RX X)S/ITe e 2 2235+ o Fig. 7)
0sTIP4;3 A ~LALGHHREATDPGCLRAVVAELLLTFLEVESGVGSAMAAAK—LGGG 48 ki) i (X)S/Te] =Ashem (Fig. 7),
0sTIP4;1 -] MARE:—VDPCDHGEVVDAGCVRAVLAELVLTRVEVFTGVAATMAAGVPEVAGA 51 ° oL E
ST loop E] Q14FS} Ser 2717} WAIE|o] 91X 9t 4L
‘ - -
0sTIPI ;1 ATTPAGLIAAAVAHARALFVAVSVGANISGGHYNIRY TFGAFVGON T TLFRGLLYWIAQL 111 Heonmg olAgl %4 7]Zo| thE Ao E o =EH Qi)
0sTIP5; 1 A1TPAGLIAAAVAHARALFVAVSVGANTSGGHENPAN TRGARVGGNTTLFRGLLYWIAQL 111 )
0sTIPL;2 GTTPSGLIAASLAHALALFVAVAVGANISGGHNPAY TFGAFVGGNISLVKAVVYWVAQL 111 o 71 Aol (AtPIP2;1), 24> (ZmPIP2;1, ZmPIP2;6), A| =4
0sTIP2;1 ALDPAGLVATATAHALALFVGVSVAAN [SGGHINPAY TFGLAVGGHI TILTGLFYWIAQL 109 e 7 e
0sTIP2;2 PLDPAGLVAVAVCHGFGLFVAVATGANISGGHENPA TFGLALGGQI TILTGVFYWIAQL 110 1o AR TR =1 = o] Ol ALE
0sTIP3; 1 S~TPGGLVAVSLAHALALAVAVAVAVNISGGHENPAY TFGALLGGRI B IRALFYWLAQL 116 (SoPIP2;1)2] PIP Thuf o C-Utof 5= 7§9] <43} Ser
0sTIP3;2 G- TLGGLLVVAVAHALAL AAAVAVSRNASGGHYNPAY TFGVLVGRRIFFARAALYWAAQL 118 _
0sTIP4;2 AGEAAAVTAAAMAQALVVAVLATAGFHVSGGHENPAY TLSLAVGGITI TLFRSALYVAAQL 108 ZE717) & HAHEo] 9lon, C-ET e QA4S PIP T
0sTTP4:3 GDTIMGLTAVAAAHALVVAVMVSAGLHVSGGHENPAY TLGLAAGGHITLFRSALYAAAQL 108 . _ o ~ ]
0sTIP4: 1 AW\IAAU\GVAIATALAAGVLVTA(FHV:iir;n ETIVAHARCHTTAFRSAL*YVAiikL 111 Ao Mzut Bz 2 A3t HE v} 9t) (Prak et
Loop B B % R Lo SR
0sTIPI; 1 LGSTVACFLLRFEIGG-LATGTRGLTG-\VWEALVLEIVMTFGLYYTVYATAVDPKKGS 169 al. 2008). Z12{1} OsTIP Tuf 2 of C-Thof= o] f frARRE
0sTIP5; 1 LGSTVACFLLRFRINGG T ATGTFGLTG-\@VWEALVLETVMTFGLVYTVYATAVDPKKGS 169
0sTIPL:2 LGSVVACLLLKTATGG-AAVGAFRLSAGVGAWNAVVFETVMTFGLVYTVYATAVDPKKGD 170 Q1AkS) Ser ZH717F HEAEA] ko, thAl QlAks) Tyr ZF
0sTIP2; 1 LGASTACLLLKFVTHG-KATPTHGVAG- JFLEGVVMETVITFALVYTVYATAADPKKGS 167
0sTIP2;2 LGATVGAVLVQFCT-G-VATPTHGI[§o-VGAFEGVVMEI TVIFGLVYTVYATAADPKKGS 167 717F OsTIP1:1. OsTIPS5:1, OsTIP2:1. OsTIP3:1. OsTIP3:20]| &
b ] b ] b ] b ] b
0sTIP3; 1 LGAVVATLLLRLTTGG-MRPPGFALASGVCDWHAVLLEATHTFGLMYAYYATVIDPKRGH 175
0sTIP3;2 LGAVLAVLLLRLASGG-MRPMGF TLGHR THERHALLLEVVMTFGLVYTVYATAVD-RRE} 176 71 7F ol =] ol : 3 i =) o] N.TF
0sTIP4;2 AGSSLACLLLRCLTGG-ANTPVHALADGVGPVQGVAAEAVFTFTLLLVICATTLDPRRAA 167 2y 7} of| =% Qlth (Fig. 7). SFH OsTIP Tl & o] N-thof
0sTTP4;3 LGSSLACLLLAALTGGEEAVPVHAPAPGVGAARAVAMEAVLTFSLLFAVYATVVDRRRAY 168 _ - =
; o = =
0sTTP4; 1 LASSLACILLRYLTCG MATPVHTLGSGIGPMQGLVMETILTFSLLFVVYATILDPREE} 170 H l:} o]:?_]' ?_]/‘\_]' E]’ ;ﬂ' 7 ] 7]' Oﬂé‘ﬂ %QA—D—E, N- E]- ‘%Ol T
* ek ok dele ok -
2 4T RYY AR 2EHT Fo FAE0| a-TIP
0sTIPI; 1 LGTIAPTAIGFIVGANILVGGAFDGASYNIAEBF GPAL\RMEVESQWVYWVGPLIGGGLA 229
0sTIP5; 1 LGTIAPTAIGRIVGANILVGGAFDGASYNPAIfSFGPAL ESQWVYWVGPLIGGGLA 229 o U]—D}- X o] o
0sTIP1;2 LGVIAPTATGFTVGANILAGGARDGASNNPAS[SI-GPAVVTGVWDNHWVYWLGPFVGAATA 230 2 PVTIP3;19] 735 N- ol A1 RXXS/T motifQl Ser 70]
0sTIP; 1 LGTIAPTATGFIVGANILAAGPFSGGSHNPAREF GPAVAAGNFAGNWVYWVGPLIGGELA 227 = o AN Z A o
0sTIP2;2 LGTIAPTATGFIVGANILVAGPFSGESMNPAFFGPAVASGI[ININTYWVGPLVGGGLA 227 ?_]/?_} §]’ E] U:] = T §]' A 4 as E_?j.-q—jl Xﬂ 1_]' Q 9»11:]'
0sTIP3 ;1 VGTIAPLAVGFLLGANMLAGGPFDGAGYNPARVFGPALVGYRWRHHWVYWLGPFVGAGLA 235 .
0sTIP3;2 GGDIAPLATGLVAGANILAGGPFDGAANPARAFGPALYGWNWRHHWVYNLGPLIGAGHA 236 (Maurel et al. 1995; Daniels and Yeager 2005). OsTIP3;12] 7
0sTIP4;2 PPGTGPLLTGLLVGANTVAGGALTGASNNPARSF GPALATGEWAHHWVYWVGPLAGGPLA 227
0sTIP4;3 G- ALGPLLVGLVVGANILAGGP\SG@NPM@GP/\LMGEMDHWIYWVGPLIGGPLA 227 fe) o 15} N_ul—r;]— O AL motif (RRFT T A
0sTIP4; 1 P GFGPLLTGLIVGANTIAGG\H‘bGAbMNl’A}@*Gl’ALAlGVWlHHWIYWLGPLIGGFLA 229 19 AR o Qlatst ( 1) @&, Al
Cee e B e v o) SoPIPY;1 o) A pHo| ©]ak 8% o] Projgich T o
0sTIPI; 1 GVIYEVLFIS————-] HTHEQLPTTIE-— 250 . .
0sTIP5 ;1 GVIYEVLFTS——————HTHEQLPTTI} - 250 ] Al (Tournaire-Roux et al. 2003; Tornroth-Horsefield et al.
0sTIP1;2 ALTYDITFTGQ--——~-RPHDQLPTAI]}-- 252 ] ; -
0sTIPZ; 1 GLVYGDVFIG— ~SYQPVADQIA- 248 2006) D loop2] His ZF7] (OsTIP3:12] H175) A+7| 7} ©
0sTIP2;2 GLVYRYVYMCG———————] DHAPVASSEF— 248 ) p—J 7] ( o ) A 17F 2
0sTIP3; 1 GLLYEYLVIPSADAAPHGGAHQPLAPEI]-— 264 ol o T . L0 215 W oltl 7 Al
0sTIP3;2 GALYEFVMAEQPEPPAAADTRLPVAAEI[T}-— 265 Hlon® (Fig. 7), 71 7le<& 2AFE a7t slckar A
0sTIP4;2 VVAYELLFMDVEDA———GGAHQPLPQE——~ 251 _ -
0sTIP4;3 GLVYEGLEMGPP—————GHEPLPRNDGDE 251 etk FA; ol o] W E o] E7]9 Hejo A
0sTIP4; 1 GLVYESLFLVKR—————— THEPLLDNSF— 251 o o
1l =] 1. . .
C—terminus ol #ofsts Ao AZEE = OsTIP2; 19} OsTIP4;3-2

Fig. 7 Alignment of the amino acid sequences of OsTIP proteins.
The amino acid sequences of OsTIPs were aligned by using
ClustalW2 (http://www.ebi.ac.uk/Tools/clustalw2/) and potential
phosphorylation sites were predicted by NetPhos 2.0 Server
(http://www.cbs.dtu.dk/services/NetPhos/). The six conserved
transmenbrane segments were marked as bold letters. The
asterisks (*) indicate conserved residues among all OsTIPs. The
highly conserved two NPA (Asparagine-Proline-Alanine) motives
were indicated as dashed boxes. Amino acid residues of potential
phosphorylation sites (serine, threonine, tyrosine) were boxed.
The N-terminal potential methylation sites (Lys) were indicated
as circled letter. The potential protonation His residue in the
loop D of OsTIP3;1 was marked as a bold letter

A HOo2 ACE FLE NI chal g o] whgko] of
gQleh I3y 0sTIP1;29] 7S T2 TIPS= E2] 9o
A wr A o) wako] WhlQl Ao o2 E et (23}
") 75 o] A 21 g4el Bak Ao
£ TIPOJ| A] aquaporin®] 7= o] =23t
93@?% Sl+= NPA motif7} loop B} loop Eof] 2 H 2 & o

A

oZ‘:
N
1
s
5
1o
H
o

1l

N-eto] off 7] o] AtPIP2;10f| 4] &ef Xl w3} (methylation)
Lys 3 k7] (Santoni et al. 2006)7} Eo]& o2 drAE QO
b8 1 7% gelo] dastet ghH Faf FopA] f-4k
U3 sl o] zpo]E H g OsTIP2;19} OsTIP2,2E H I
3191S wj, OsTIP2;2 el 2 o] N-Zrthof = OsTIP2;1 0 &
QAAARS} Ser 7] 9F WE S} Lys X7|7F AAEH &

A8t

g Bt

1

wo| A F} BT drols BT kR ke 47
ot WstE ukele 58 AP0 R, ofdt a5t
WS Fogtth FE, vAE, AE 5 AY ZE A
ZoA cESER EHA aquaporl % ohoFet S92 o
AR LA E o] glon, 1 5 TIPE A Eu &4 3t
+ Hxut g g ofr), Aquaporln# % ojelo = F7] 4
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olut 524 o] & o)) Folati Qo] T misol
(Gerbeau et al. 1999; Liu et al. 2003; Jahn et al. 2004),
aquaporin®] 7]%50] T B Sedo] BHEA 93 of
Felths AL AALRT H4EAe] o), vpel B3
ol ohFet FEY @HE A AE (protein storage
vacuole, PSV)7} Whehefof ik AMAA thF, of 717
S o8 AEolA TP F8 FA50] duld =z a4
Ao, 3 A= 59 7lee ERE AL A
OF=] 31 @)t} (Johnson et al. 1990). Ludevid 5-2 (1992) of
714l A aTIPo] FAHE0] 4141 PSVe §]|3taL Qe
B, 1 TIPE 9, Be, £7] 5 71Ol T2 BT
o, & 7Y TIPS F20} 7]5o] dathe A&
Rk HE Qlok & Aol A= W ALY A%t dotnt
oA AR Fdo] FutHor AR = OsTIPE T3
o] &S 4= It OsTIP3; 13} OsTIP3, 2= A9 A
&7l HAA dEo] g5t *47} Zrolst e A
AAAZE -] AbepAe, £7]9F 8] T FF7IHel
A B E R o= EXSE H Yt (Fig. 2B, Fig. 3B, Fig.
4). Tz A A A= OsTIP3;137} OsTIP3;27} off 7]
e a-TIPT FAHI o] ke A& Holzt (Fig. 1)
Uk ofy e} ABAZF Qe 2704 T4 Hiol A #-%
A o] FE=E U (Fig 3B). old Aa=2 0sT1P3;13'1L
OsTIP3;20] 22} E0]A4 07 Wd L= TIPEZA] ABAY] &
M 2dEE AL Fast 7 %% TS 74
= ASHA AlAbSkE Aol 2
TFATNE o7 FY FAHd s o Piﬂqﬁlﬂ af of A
22 a-TIPHte] &5t 9122 HoJ&Et}h (Hunter et al
2007). Ad<=F 4] v ol A a-TIPo] PSVoll 9x|skaL Qleh7t,
FAPEol7E A3 E of wolo] Apeky] AlZketkel| whe} of =
AT AT ol °‘°1"}““1 PSV7} AREpA] AL 4231
OB 3L (Iytic vacuole, LV)2 HEE|HA y-TIPT} 6-TIPO 2
2=kl B Qo) (Hunter et al. 2007). 0]} ulzlk7}X]
2 OsTIP3; 17} OsTIP3 2= PSVO} AA7E 2R Eo0]F 7|
3 Aoz o =Erh Li S& (2008) OsTIP32 7}
glycerol T*%W of § &2 Ao =
ExAdy Hx Ao 11F

024.. b et q

o]

1]0}5}3} Ack.

29| aquaporine E73] 1%/\1]:594 2}
RO}E} Hirupo] EAst= TIPE Q3] &0
N3 ‘HE w7 FY4d 4 oy Ujra}/ﬂ M|z o] 3y
I} Fe-8-x o] B3 ¢4H (turgor)o] &R th OsTIP2;1
I} OsTIP4;3> ot FU2A ) Al A o] Hagh

=

BE RASE /%S i A
o A OsTIP2; 19} OsTIP4;30)
At ol F7)0) A% wrEe

1 (Fig. 2B), ®rop7h oA =)=

K

e >
o

o pg AT
2 o
ek

N O
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(R
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:?é
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ohokel 2ol A=

AAAZE b Al gk ew (Fig. 3B), ERF

E7)19 e 5 FAd7ITolA A IR

AFA (Fig. 4)0] o] & St st} 3] 0sTIP2, 1S &

7] E‘rt Bejo] A WEo] Bt SHS

gl AR A AR 7)so] ki FE (Fig 4).

Sakurai 52 (2005) PIPQJo|| = OsTIP2;19] F-A A} W& o]

W Bojo|A 077 B E0R Wt B 4d W}
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]_

\-Eru

shelof ek mnah ok 489 v-
A 22 Bu Aoz ~Eill 7|52 3 o
A Tt (Maurel et al. 1993). of 7| At 1-TIPS F
G|l e 53] dAFel #
ol A ZFatA A AR e Foh A ol A
B}t A] 9F=t} (Hunter et al. 2007). 24>
ZmTIP1E 719 82, 3}7]of A] —E—‘?—EZ: 2 gl of
= A Ay 3
How S8E AT HEA U 152
St 2 1% itk (Chaumont et al. 1998). Li 52
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EolAo] @Yo Aoz HIH HF Qo) (Sakurai et al
2005; Li et al. 2008), 7} 2o} Z7]o] oH 7]5& 3}

At I M7 G S Aok R el
A AR WE F S dojuet oluf OsTIP229]
20 58 @ FsAo] Atk ARt

wpeba] o) FAprotak o A OsTIP 2;1, OsTIP4,3%t
OsTIP 2,29] 9go] 717} tarhes A% 5% 4 Stk
OsTIP2; 2= FA+0] ol 7] & F= ©HA|o Tojstal
Qlow OsTIP2;13} OsTIP4;3= 4o} SHbE o Al &9
welo} 27 249 443 BAEol %k AL 10l
o 0|50l 42 ol9lo|E £ WolsAA A i
Sl S 4 Sl Beloh] 9974 dashy
Chaumont 52 (2005) A & t}E £3& 9] aquaporin monomer
7} o144 ELxﬂ (heteromers) S F-43t0] +EF2E A
rehal A AT HE Qe o] & Hig o2 W ol A &
A3t oFANS Kol OsTIP3;1/0sTIP3;2 E= OsTIP2;1/
OsTIP4;37+2] heteromer A 7[5ALS XA & Z o7}
At

o4F kT2 vho] 2R W] Fx wE wol
of et Az o F/9 TIP7F SojAor o
8 SAste Ao AZE. 3
29| aquaporino] 22t 7] %54}
" 7% BwE chopat 222 PAST
A& AAFStT). Aquaporin tetramer 2 TLA] E] o] Q1o
monomer 7} & FAJskaL itk XAl 274 2o wh
aquaporin monomer+ 6712 2t | ¢l¥} 5712 <4
(A-E)i T e itk & A+ @ topolog
Fo WOl TIP &l §AIT 7R TEE B4
o 4~ 9)Qlt} (Fig. 6). AquaporinS ThoFal 3
Sl A 23 240 o] agFor dof
= Ao Birgch

= U T72 aquaporin T o] 1Y

7N (gating)= ?ﬁéﬂﬂ% T8 7172 A AT (Maurel
A9l a-TIP7} Q14ke} e dojehs A2
SHHTE A Ao, 2o QA4S ZRE S
oLt AE9] PIPU TIP7} ABA, &, 7HE = 34 A=
of osf At} Fo] Hshe T dolgts AL Ko
2t} (Prack et al. 2008, Whiteman et al. 2008; Hsu et al. 2009;
Kline et al. 2010). 712 A2E A Z A A A|F2]2] aquaporin
(SoPIP2;1)& C-Tretof Q) 2|3t 2711 9] serine ZF7] (Ser 115
O} Ser 274)7} &1 AF3lE| o] X)W A ©& &t} (Johansson et
al. 1998). Prak S-& (2008) & ~Ed|~of ]3] AtPIP212]

lm*
il B )

Mr Hu

y
&
%!

A

_{
R NS N [ = A A o e VR LR e )

e

C-Zehol| ohF (multiple) Q14FS7F dojub=H, 1 F Ser
2839] Q14k3}7L AtPIP2;1 THl & o] A2 ut o & o) F 5l
g e ﬂﬁﬁ}tﬁ mag sk ek oY AkEe
aquaporin®] 2] %z

30 b

PA motif7} 2 A ¥ loop BL} loop B A &2} &
&%= OsTIP3;13} OsTIP3;2 9] O1ALS} 77| o
Ch2 TIP 123 2}o]2 ¥ 9t} OsTIP3:1 T+ OsTIP32
loop Boj| Al CDPK/CRK 2] ¢lA1H 92 A&7l (Vlad et
. 2008) RXXS/T B2 RXS/T A &o] Eo]doz urAg
J\a loop E©] NPA 23 91413} Ser 27|17} Zaat7] o
obt}. o]d ABSL QlAkske] st OsTIP3 4| Thil
A2 7)o A, Az e FRo Ansl

A7F Zodd AL AAFSI= Ao|tl E3F OsTIP 115
Zholl N-ho A o S| QIAFSE 2717} Aol & Hof A
(Fig. 7), 24 7]&o] A& Wo] o5& Zo8 FZHT)
o[ olof = PIPS] B4z o 7t
o] =8 Ao7 HE D loop? —’Fﬁ\_olii} (protonation)
histidine #7]7b OsTIP3:10] gk BF7A =915, N-meho)
H € 3} (metylation) lysine ZF7] 7} OsTIP4 :l_-ﬂ—} OsTIP2;3
o Aut HAFECH= AL & 4 ATt (Fig. 7). o] A

o
LU
HWE

O
S L o4n do pe
i\l’

= Flo ox

O

bo{ng

= OsTIP Z} 17 EolZQl &4 2d2rgo] 3 Al
AFgETE. whebs] OsTIPS] Tz s=2lof o]t &/dx4
7120l wj- theFet Eo]AQl 7]53 WA ] AHE o
Us AoE AztETE B Aol A 8he OsTIP7}F &
Apo] Wy} ol g oA oH 7|5S =3P otm 2t
g Z=of 9 o2 EolFor Aol 2AEE=
Ao 3t A& 7t I asict

o Q

—

TA g} Wots R i T G438 WEE
FHbet= S0 AAo|th 2 Ao A= A T
A o A2 v BAE Fof W SAbe] Woret
g3 o] ol MEul aquaporin (tonoplast intrinsic

protein)S 8 SF St} OsTIP3,1, OsTIP3; 2= £A} E0| A
ATIPE FAZF A& 5= A7lo] @ HAT7E FA7F
TopstH Al A ZF AbetAl= e E o, ABA
Aol o8 wo] fEe gt B T2 o5 2
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