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Characteristics and functions of shaker like potassium channels in rice
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Abstract Potassium (K") is one of the most abundant
cations in higher plant. It comprises about 10% of plant dry
weight and it plays roles in numerous functions such as
osmo- and turgor regulation, charge balance of plasma mem-
brane and control of stomata and organ movement. Several
potassium transporters and potassium channels regulate K
homeostasis in response to K uptake systems. In this review,
we describe the biological, biochemical and physiological
characteristics of shaker like potassium channels in higher
plant. Especially, we searched the rice genome databases
and analysized expressed genes, genome structures and
protein domain characteristics of shaker like potassium
channels.
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AE Ao B9l B7] Y¥a F K (potassium) ©]
2o AgA YolX Ab Bia gfoleozA 2ol
Ao et 24U mM 3 FERE AE Ao &
At K o] &8 553 FotAo] Bad axge o
AzA, Azar 92} (plasmamembrane potential) 2] 24,
i SOl AFWY M4 F43 52 sl Al
o] A /AL BY 24, AlE A, 71E A dA=
oA ZQ3st 98-S 43Y3tc} (Lebaudy et al. 2007, Gam-
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bale and Uozumi 2006). o]2|3t K* &4, vj& 9 o] %o
o3t A S-S K -28H4 (potassium transpoter) 2}
3, o 713} 9] genomeol &= oF 357 2] 4 AH7L KT &
A S rastelal Qluka A E o] K 244
L 2% 209] K’ channels, Trk/HKT transporter, KUP/HAK/KT
transporter, 22 1L K'/H" antiporter &2} o (family) &
BEh K L5 & K channel & A &4 W ¢} Az}
A9l 7%, dela Ko $WEAD W7 Aest
Exo] 7ha 2 &7 K kAo th K channel-& g
A Fz9 zo]E AR KCO (two-pore K channel)&}
shaker like potassium channel (1P/6TM K" channel) & 7}
o] oA} Fo g TEET} (Maser et al. 2001). K~ 0] 2L
BYE 33 SEHAT dutdor AlzAY o =7t
oF 100-200 mME =11 o]o] Hhe]] EoFo] K' o] & srl
oF 1-10 uM ©]7] tj o] 5= Frufjof] ¥kslof o] F & ofof
Stoh o] A ARAE ALBE K'Y o]F AEH
ATPaseol| OJsA A/JH oF -150 mV ] Ajazut 9|2} 9l
Alzuf of, @Fo Al of 2% =9 AfolE Hol= pHA}O]
of A WA= A= A¥T 4= glom, ojggt
Al sz ute] A 9Jake]l §h-g-sho] 8/ 3}E| = voltage dependent
potassium channel 2 4] shaker like potassium channel 59| 7}
A AubF oo}, B =RoAs AE K F49k ujEof
A FQ3t 752 495} shaker like potassium channel
o gt L5A =AY AFATES Ayt 53
Hol tfsto] ol5 FHAE2 genomet £} T E do-
mainEA 5 XAFSHe] ¥ 9] shaker like potassium channel
TR 7 Ao 7 x AmE SE5kalA; g

do o

Al=29| Shaker like potassium channel SXXEQ| 22|
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L Bl 2utele A9 FHAE
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2ol ofsf ¢tzst =of 9l whHo] KT A (Tempel
et al. 1987)0]2}= A o] v}& X H Ashaker potassium channel
2 oLk o) thake A% oAl $AHE potassium
channel 50| WALl 0] 5L shaker like potassium channel
olebm WysTh AlEY A9 Ewe K B4 e A
FH SAHOAE I EAIZ 4= QU= cDNATZ} o 7| A =
HE BEoEglon, ojAo] Zubz]9] shaker potassium
chamnel} hol 2 P27} $ASEHE A Eatol A2
2HE 29| shaker like K channel¢]l KATI1Z} AKT10]
EZ) = ATt (Anderson et al. 1992; Schachtman et al. 1992).
1 & ZFA}F (SKT family) (Zimmermann et al. 1998), E o}
E (LKTI) (Hartje et al. 2000), @< (DKT, KDC family)
(Downey et al. 2000; Formentin et al. 2004), 24 (KZM,
ZMK family) (Buchsenschutz et al. 2005; Philippar et al. 2003)
1 2] (Boscari et al. 2009) & w (OsAKTI, OsKATI) (Fuchs
et al. 2005; Obata et al. 2007) 59 o8 ttE2 A& F£o 7
FLE] shaker like potassium 9 Tz So] R o] ¢
2E 3 Q) o]E SAAESL F2 o 7| AT 9] shaker like
potassium channel53}9] H7|AE AEA 18 aRE
0] 83} functional complementation 2! patch clampE ©]-83+
A7) WEsrE ATE Este] 9ARSo| B £4 U
=4 RHo] olRojzth. Hole therd ABAS
g AA G714 E E4o] R H| mrat §HA o o
A& Eote] ol FAAE e EI 3l

o

M

AlZ9| Shaker like potassium channel & CHHZEIS| E4

1]

=

A
A

129

M oobrrlo do 3w

Shaker like potassium g T 22 EZ 33
=9 Aol AA FAA ol gt &
A AR oAl A 24 3579 K
ARGl EAse AoE §REL gou, o
KCO, shaker, Kir like®} 22 g Tl A 53} 7|l 4=
A EE LA E of 0111} (Very and Sentenac 2003).
= shaker like K channel 52 47]¢] ©h A 50| homo &
< hetero A 2 HIAAE o] FoE2HN |5 36t
A Erh zF ¢l 2 alpha-subunitso] 2} B2 m] A A 2 o
2 S1-S62h= 6719 9 3ot =19l (transmembrane domain)
TZ2E o|Fo|A St} AFEH O 2= B2 N- terminal A
o, voltage sensor (FF=2 S1-S4 Z| ), pore (P) domains (S5-
S6AFo] 9] A1 ¥) 12| C-terminal domain (CNBD (cyclic
nucleotide binding domain)®} ankyrin repeat domain)E =
A= o] 9lth (Fig. 1A). K channels®] P domains U] o] =
GYGD/E motifg}= selective filter7} 2 HEE]0] Q)11 47)
9] P domainE©| o]20| E3}3 4= 9] = channel conduction
pathwayE F2A 02 FHFO 2N H 2L BA 4=
7HE 4 Q= Ao 2 RIEo] it} (Heginbotham et al.
1992; Hille 1986). Potassium channelo] W A A x}& Q14]5}
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do & oly
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or—|~

el
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_IZL bl

£ R9E FEAE O onAEE F4H 4vA
transmembrane domain (S4)2] voltage sensor 5-9]©]t} (Bannister
et al. 2005). A|ZZ &Zo 7 A/ W JLXE 311 Q=
C-terminal domainS I E719] A5 2L, olALsQl &9l
AFstol| o3t EAJ 2 o] o] FolR = A qo g2 A Sl
t}. Shaker like potassium channel 1&2 37 KAT 1&1}
AKT 71208 225, KAT 187} AKT 189 12
Aol X]-O]L C-terminal A9 T ol =
ZHdle) fREA dA & 5 Utk

% ankyrin repeat

Al29| shaker like potassium channel® ME3H 7|5

WS BAK o] Lo F4
ofl 7] A tff shaker like potassium channelE 5 AKT1-2 #ig]
S A 43| a M o) 4] 2 WAE 0] tetrameric 7%
£ FA5t= US4 (inward rectifying) 2d ol do|t},
AKT1& EQfo2RE K' o9 Z45 @dsis K
channelo]t}, AKT1-S A|EuFo] A7} ZHE3] hyperpo-
larization %|o] Q& Al S o] AEZ Q7 F EQFY]
K o|& %7} nfo]3 2 B £F0F U
b5 e, K ol 2ol et e Al H<
g 23 glo] B8 A FEO| K o]&g
£ BolAl K g0l $08 e w
(Cheong et al. 2007; Li et al. 2006). o] o= regulatory
subunit®l KC1 A9 w22 AKT1 Ad w8 23} hetero-
£ PAste] Bl FulAEof A2 K o]
L 22%kct . 48l A T} (Reintanz et al. 2002).

tetramer -3

g58 o

K9] 914 & o] % (long distance transport)

1998 o] reverse genetics I O 2 o 7| AN ZEE T4
H 93FA (outward rectifying) zjd T} o] SKOR H
2] 9] stellar A|EHTE ofy el pericycleT} xylem parenchyma
A Eof ZA15HH xylem sap O & K 0] &% & A A 2|3}
oA FE K F oF 50%Es ARE o] F A
AKT29} KAT2E #|TH5o] Z2j5he AKT2: o3} ®e]
o] Ao A K 0] &L sink organ O & HjZA] 7], KAT2
A 3<] companion A|E o] EAJstv] K o] &L 9o} o}
HEZZ HiEA 7= Ao R &3 A 9t} (Cherel et al.
2002; Michard et al. 2005).

fu rr

THAZNM K 9 F42-0 73 A 2H

Shaker like K channel 52 M|z E3| wj< w24 K
oleg BIANPON FUAL Bohe 2ste] 7]
2o S H5sHA she e FRT J1ae] 4ol
ATt FHA| ] HZutolA] K'9] =X (conductance) S
ZAsts A A G of 7| Y = HE A
o= Ral, FAHYUY WA AW el KATL,
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Fig. 1 Diagram and functional types of plant shaker like potassium channels. A. Schematic representation of the six transmembrane
segments, p-loop segment and the CNBD characterizing the entire shaker like K™ channel subunit in plants. B. Upper panel: After
expression of K' channel in heterologous system, channel activity is measured by patch clamp analysis. Lower panel: Current-voltage
(I-V curve) relationship illustrate the functional types encountered in the plant shaker K channel families. Channels forming
inwardly-rectifying, outwardly-rectifying, weakly-rectifying conductance are found in the shaker K’ channel family. Abbreviations:
EXT/CYT, extracellular/cytoplasmic side; MB, membrane; CNBD, cyclic nucleotide binding domain; ++++, positively charged amino

acids in the channel voltage sensor

KAT29} 93k g o219l GORK (guard cell outward
rectifying K channel)o]t}. ABA A& A atg o] <& A
SLACI Ad e g o] Z43lE o] o] o] jEE L ¥
H A 3Eof depolarization®] oF7| =™ GORK7} E43}E o]
K’ o]2o] vj&s a1 1 AxtZ 2 A|Z 9] water potential
o] Qo v])lo] =olA water loss7} dojut 1 Ax}
7ge) geo] o)t i 7129 A8 Aol 9 5
o] 95 g 9lo] oJ5te] Al EuFe] H ATPase7} 243} ﬂ
o] H' o]&o] uj& = 11 A 3Z49+2] hyperpolarization©] OF7|
T o] KATIZ 72 W&3 K channelo] A3ty o] K
o] 2 F4F RN T A9 water potentialo] o}
FUEL 2 AN 3 Ax27F FAsk 7]y
S fEot= AoE g AT (Kwak et al. 2001).
o] A shaker like potassium channel> 3HF A|3EZo]A 7}
A Fast AEZEA (osmolyte) £A AL Fh= K 9]
2= A4 s S5 HiEche 9285 e RN 7]
- MH 284S QR VM 8% tidE S stUEA 4
FE a7 9t} (Kwak et al. 2001).

Al29] shaker like potassium channel£2| F7| Mz|5HE0]
=4
1O

Al 9] shaker like potassium channel5-& 1 E & K Al
Zolm o] 59 7] et S wehA LH?*X—*.
(inward rectifying) @} ]3F4] (outward rectifying) 12|31 oF
SHA AHA (weakly inward rectifying) & 2 FEE T} A&
shaker like potassium Il A EL = A2 2 2}
o o) EAJo] A== voltage gated selective K channel
Solth Azt X919 hyperpolarization©f 2|3l 2/ 3}
L shaker like potassium xjg whuiz Fo] v}Z U3F4
(inward rectifier) A d o]t o 7| AN 2 HE FHE A H
A Y2 K channel> KATIZ} AKTlo|t} o] S-HAS
o % K F5e Ao (uptake deficient) R =AW
ool g A A AFE Fale] 1 715 A £Ao] o]
o] At} (Anderson et al. 1992; Schachtman et al. 1992). = ¥
A shaker like potassium A'd T2 15-L |8F3 (outward
rectifier) Zj'd &l o]t} o] 15 of = depolarization activated
K" channel 2] SKOR (stellar K outward rectifier)} GORK (guard
cell outward rectifying potassium channel)7} A<E o] Qlth
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(Gaymard et al. 1998). 1 9]o]| &= AKT29} -2 oF5HA A
S 2 (weakly inward rectifier) Xjd Thild OF o2 JLH

g % gk

o HuE Ao Ay u o] ozt 47| 4
54 478 Bool 98 4 U S ST g
i3 A 131'4%_21_4 Z{ 7] A ﬂ‘Eﬂ—X4 _E_‘—"_Ac-)]
A] patch clamp HHo] =2
9] Ad AL heterologous
o =Agetn Auol @
159 shaker like potassium
Ast7] 91gt A EEA
Xenopus oocytes7} =2 AFEE|QoH, o] Qo= LA
Eu EGE A3 (S/9, COS, CHO or HEK cell cultures) 5
o] o] &= It} (Fig. 1B).

Heterologous AJA®S Fsto] o] Ad Zh7+e] E4
= Alds] A4 FAlo theFet A& AlZu 24 (root
cortex, root hairs, xylem parenchyma, guard cell, mesophyll
SyollA AA 1 BHS ZAsto] A=A shaker like
potassium channel & 2] E/‘é—%o] ZH &t (Hurst et al.
2004; Bei and Luan 1998; Hosy et al. 2005) (Fig. 1B).
Al=29| shaker like potassium channel THHZEIC| EH £H
0] Ak3}9} BFol Ak} WS- (Phosphorylation and dephosphory-
lation)

ATP 2] A] mesophyll A]3Z oA K channel®] EH4Jo] ¥z}
=S BAsto 2 Q1A &4 (kinase)7} K channel &
Ao 243 AL ST 4~ 918 AAFE 4= Q1Yo
I, bovine PKA (protein kinase A)E 24 Vicia faba (F+5F)
mesophyll A|3Z o] 32¢]8}o] outward K current®] Z7}=
golstct w2 FEof| A AF&%+= PKA (protein kinase
A) ASA A2 A K current7} A= AL STt
(Spalding and Goldsmith 1993; Li et al. 1994). T3St phos-
phatase B2} A3 A2l cyclosporine A2} FK506 complex&
A 2] sto] 25 (Vicia faba) 3 A)3Eol| 4] inward K current
o faE wEstlon, phosphatase 1 3 2A9] A 3f A ¢l
calyculin A®} okadaic acidE * 2] A] 3 A 3L | A] inward
K" currentE A 3|8} 1L, outward currento]] = &8-S 0] 2] %]
ok 0 i, phosphatase 2C2] €2l ABII-1 dominant negative
A A o A 2 A Z] K current”} ABA]| insensitive
Sttt AL dokoh 99F e U # 9 pharamacological
Ham 77 st el ofsiAl Qlarskel erelakat
7} shaker like potassium channel®] E-Ad3lQ} w|&Adslof
83 9L site= A2 o 4 AT (Luan et al. 1993;
Armstrong et al. 1995; Wu and Assmann 1995). ©] 2% shaker

like potassium channel2] Q1A ﬁ} 2 gFolAkg) ¢lol 8A A}
£ #95t7] flgk A0l X3y ‘Ri"%- °H71Zo”41 AKT2
9] AZA YA C-terminal A3} AtPP2CA 2] C-terminal
catalytic domain A}o] 2] A& ZF8-0] yeast two hybridization
ol ofalA] Bel =%, Xenopus oocyte & o] §3fe] 7}
of Sl g A WIS A9 AKT2 A chul o)
ghigo] HatE o] o] oF3l leak like conductanceE U
SFA (inward rectifying) A&A 2 HIA| 71Tl YR AT
o] o] phosphatase$} shaker like K™ channelZ}] ]2 ¢l
&% 2h-g-o] channel B/ HSIA|XIth= 229 Higl
t} (Cherel et al. 2002). 3t calcium 23t thul 2ol CBL
(calcineurin B like protein)i} A& AF-2-5}+= CIPK23¢] AKTI
channel?} A}5 223131 AKT1S QAbStslo] EAS %
AgttyE= Zlo] B E QA CIPK232 calcium A g2
2l CBL13} CBLY®] O]sfjA] &A3}Em, A|izuto g o]F
Hth= Ao] BHi1x o] CBL-CIPK-AKT19] complex network
of &siA Ad o] xEHT= Zol HiEG
(Cheong et al. 2007; Li et al. 2006). 3t &ALl § 49l
PP2CA7} XM A0 & AKTITF A3 2H8ato] AKTIO] &
e eAHoR A= AL B0 2 H, o]
Wol e Ae A AT e BAH A S del %
Al =it} (Lee et al. 2007). ABAo] ]3] &A35}E]= SnRK
2.6 kinase F3F KATI channel &4 243ttt 74 7o gf
3] 2] A (Sato et al. 2009) ©]E kinase2} phosphatase 1 2]
1! shaker like potassium channel & 9] 2] %] 9l Ar& 283}
o1AFS} W EFQlALSL7} shaker like potassium channel®] ¥

REAQl B=d fAYSde] wraAA =3k

Shaker like potassium channelsT} ©] 2} A} & A&
9 Apo] of 27

o] ol A wujde] 24 @ FAo] AHHoE o
FS A B AW EZ A (3 subunit (Tang et al.
1996; Zhang et al. 1999), actin skeleton proteins (Hwang et al.
1997), G proteins (Fairley-Grenot and Assmann 1991; Wang et
al. 2001), syntaxins (Leyman et al. 1999), 14-3-3 protein
(Saalbach et al. 1997; Sottocornola et al. 2006)5¢] B 1% 31
o8, o5 7t7he] g So] dhete] AAs] Abulw
R !

ZEA Lo A HA AFEH vfo] o5} oxidoreductase
g3l Y E B subunito] shaker K~ A whe A (a subunit)
9] =& Z C-terminal X| 93} ZA3sto g BIAE
FAsla o] BEbAL Ay thalE o] AL Z7hA| 7=
Aoz dyFct o]& AEA S 3 subunit (KABITH
) GAF el Ak AlE shaker K 2d thl A KATIS
Xenopus oocytes | A FA] THA|FH L 7o = gating %
ol zlo]7F gl ey K current®] F7) 7} Z7stch=
Hu7l gJomz A2 A% B subunito] KW Ad Tz

s o
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I ERAE ATkl A e 24T A ¥
= Q81Th (Zhang et al. 1999). Gl A 14-3-3 Tl A& ¥
4+ A] mesophyll2] & A A o A outward K conductance
b S7tE = As HETglen, of 71 o KATI ¥}
14-3-3-2 Xenopus oocyteo| Al FA| THA A 7L KATI19]
AF7F S7He = Ae ST o 2H, 14-3-30] AF A0
2 shaker like potassium channel®} Agltslo] 1 A4S %
A 3itts AL AT 4~ AT} (Saalbach et al. 1997;
Sottocornola et al. 2006).

5 (Vicia faba)ol| A1 G protein®] &/d A2l GRPYS+= &
H A 32 9] inward rectifying K'$} mesophyll A 3Z2] outward
K’ current® ZrAAIZA O™ BFHE G protein®] A A 2l
GDPBS= xylem parenchyma AJ3Zo]| 4] K'] inward conductance
£ 57MAF T} (Li and Assmann 1993; Wegner and De Boer 1997).
olgfgt e &l Ag AE 53514 G protein?} K channel
2 Afole] AUTAT} SL Q3o $H5H

WS F31o] G protein alpha subunit®l GPAL knock-out
EAddo| 7o) 7] FHIE K currentS FALSE A3} ABAY
o1&k K current®] Z+AS Ho|z] oFQFO H & G protein Al
SAGHAHL ko] 7139 inward K channel @] 4] o]
2AHGE Ao] ZHE9lth (Wang et al. 2001)

AZ W Behe] W3k= K’ current®} actin filament2]
zo0| 93-S u] X2 actin skeleton A Z 2] K channel
gy e 2ARTRL Y2 AT o2 ZWap] Slatol

actin S9HA] F4 A 247 M 24 Aol
25t A3t Vicia faba W M| 30| A inward K channel 52
actin depolymerizationg =3} cytochalasin Dof| 2] 3} A]
A3} AL actin polymerizationS ¢F4 3}A] 7]+= phalloidin
off o8] H ATk Ro] e Fck (Hwang et al. 1997)
Sl o] syntaxin T 9] S}L<) NeSyrl o] Q13 o]
QANHE Hufoll IpEHA A A ABAA E|A] FHIAE K current
7 elAIE)7) gk AAbo] TRE oM, Eak ABA Az
Al A|3z9to] Q)= KATI channel®] A1 & 2l endocytosisS
9s}o] endosomal membrane &2 AT A A A AT of A
9] KAT] channel 84L& ZFAA7|= A8-L 31 endosomal
membrane®] KAT1 channel> ThA] A|Zzufo g o1 =)
= ZAo] g ATl (Hurst et al. 2004; Meckel et al. 2004;
Sutter et al. 2007). o] 2|3t g whh 2 KAT19 trafficking
2 SNARE ©uiz o] yroj2 HhAEm KATI T d o]
C-terminal Z| ¥ 9] di-acidic motif¢] DXE/DXDo] Agls}o]
ZAEE AoRE 4HA T} (Sutter et al. 2006; Mikosch
et al. 2006). ©] 2 E3}o] vesicle trafficking 3+ K channel

L 2dsts 3T 2498 & 4 ST
9| Shaker like potassium channel REAI1E

AT O AT ATHE AR o7 ATy ofo] 44,

, Bl S Hd 250 A o G T} (reverse genetics) B
£3}o] shaker like potassium channelo] &4 F 11
Jol dF HIE AN A2 T AE B
AlA St =8 A& 5 sl BolA &
54 £4E A2 HE gle AAolrh BERH
A = shaker like potassium g Thill A& L7t
A WA AZ (inward rectifying)®] AKT1 (Fuchs et al.
2005)7} KATI (Obata et al. 2007) = QM Mojn] =&
salt stress@} ATE AL A2 A shaker A thafz 2
ol 54 &4 A+t vXIgE Holrf 20059 Har
¥l 9] OsAKTI o 7]t Hefof 4 2 2Hg-5l= AKTI
W AEEe de WEFH A9 potassium channel T4
AN GH7] #o ol 294 (coleoptiles)ol] Al &
ol WAEH salt stresssholl A HAFo] Hake Ao
2 g A k. HEK293 AJ3Eof| A 9] expression system I}
HaE (root hair)] ZI|ANEZE F3l| voltage dependent
inward rectifying K~ channel 2 4] 2] EA4Jo] 2Helg]g] om
Al 9]9] Ca¥'9} pHO| o8] o] 2HEHW E3] salt

Mr ox p2 N o ng
e =

MW ko e

sress ahol A W EH Bo] Ak st WAL o
918} 2= 919l T} (Fuchs et al. 2005). 20074 o H Loz &
1% WO OsKATI-E salt sensitivedt EAS 721= a1 E
ol 43t AR S B3 AU K T4 o] 2@H
anE 58] 7t A 0 2 inward rectifier2 A 2] E#Jo] <
Ao anel v HEoAe shitdo] K'/Na" v &S
Z7MN S Z M salt stress sF| Al A AL SAAZL 5
Ql2o] H1Eth (Obata et al. 2007).

1 9] shaker like potassium channels A A& E& &
3

Rice genome® 2 F-¥| shaker like potassium channelS 5%
5}7] &J5ke] WA GRAMENE database (http:/www.gramene.org/
Oryza_sativa/Info/Index)®} 4]E membrane THE}A database
2] ARAMENONE (http://aramemnon.botanik.uni-koeln.de/index.ep)
& o|&35}¢4 potassium channel2 EF319ct 1 A=
357019 623t potassium channel THHAES FAT 4=
919lal o]#st ¥ K channel Tl & 2 cyclic nucleotide
gated channel (CNGC), two-pore K channel (KCO) A& 9] ¢
w2 1552 A ASEL 24 shaker like potassium channel
Suhe Awels] 919 of 714 el KATI shid Aol %
ion transport domaine A}-&35}4] Rice Genome Annotation
Project Database (http://rice.plantbiology.msu.edu/)ol| A A&
S} Genes in MUS Osal Rice Pseudomolecules-protein data-
baseZ 0] 83}0] BLASTP2.0 AZEo]2 Agafo] &
A5kelek o] H ek WRlE F5F0] E-value 1o e-150]/4 2=
cut-off 3+ A3} 357]9] K' channel Thel & 2 Table 1] 4]
2l & 4 Aol o7l EAsH= 9719 shaker)
Y GAREC W2 [17]9] shaker like potassium channel
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Fig. 2 Genomic distribution of shaker like potassium channels
on rice chromosomes. The rice K’ channel genes are numbered
1 to 11. Chromosome numbers are indicated at the lower of each
bar. The position of shaker like potassium genes search on

gramene database
AtKATZ
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Fig. 3 Phyrogenic tree of Arabidopsis and rice shaker like po-
tassium channel sequences. The tree was generated by the Mega
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Table 1 The shaker like potassium channel gene family in rice

TIGR Loc id Gene Name Accession No Hit Score E value cDNA size (bp)
0s01g55200 OsKATI1 NM_001050825 863 4.8e-87 1509
Os01g11250 OsKAT2 NM_001048905 614 1.2e-60 1707
0s02g14840 OsKAT3 NM_001052957 884 2.9¢-89 2157
0Os01g45990 OsAKT1 NM 001050248 724 2.6e-72 2808
0s07g07910 OsAKT1.2 - 681 9.3e-68 2676
0s05g35410 OsAKT2 NM_001062149 573 2.6e-56 2112
0s01g52070 OsKCl1 NM 191783 528 1.5e-51 1782
0s04g02720 OsKC1.2 AL606631 391 5.0e-37 1107
Os06g14310 OsKCl1.3 - 537 2.6e-56 1776
0Os04g36740 OsSKOR NM_001059433 386 1.0e-35 2169
0Os06g14030 OsGORK NM_001063828 401 4.1e-15 2577
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Table 2 Distribution of the introns in the Shaker like potassium channels in rice

Position 1 1I 111 v \%

I:e(f::;ecie“ Phase OSKATI OsKAT2 OsKAT3 OsAKTl OsAKTI.2 OsAKT2 OsGORK OsSKOR OsKCl ~OsKCl.2
1 102R 2 0 0 0 0 — — 0 0 0 —
2 174R 2 0 0 0 — — — 0 0 0 0
3 180K 2 — - — _ _ _ o o B B
4 24R 2 — — — 0 0 0 — — 0 0
5 243C 0 — — — 0 0 0 — — 0 0
6 263R 2 0 0 0 — — - — — _ _
72698 0 0 0 0 — — - — — _ _
8§ 301V 1 — — — — — _ 0 o _ _
9 349y 0 0 0 0 0 0 0 _ _ o o
10 39E 0 — — - - — _ _ _ _ 0
11 39K 0 — — — - — _ 0 0 _ _
12 4BIL 0 0 0 0 0 0 0 0 0 0 —
13 464V 0 0 0 0 0 0 0 0 0 0 —
14 475Q 0 0 0 0 0 — — — — 0 —
15 518 0 — — - - — — _ _ 0 _
16 537Q 0 — 0 0 0 0 — 0 0 — —
17 603L 0 — — — 0 0 0 0 0 — —
18 629R 1 — — — 0 0 0 0 0 — —
19 7R 1 — — — - — _ _ 0 _ _
20 889A 1 — 0 0 — — 0 — — 0 0

Intron No 8 10 10 10 8 8 10 11 10 6

The 20 possible intron positions within the shaker like potassium channel genes are presented by reference to amino acid sequence.
The intron positions were localized in the multiple sequence alignment according to the OsAKT1 protein sequence, used here as a
reference. The numbers (0,1,2) in the ‘phase’ refer to the the position of the introns within the codon ; 0 (phase zero introns), 1
(first base codon), 2 (second base codon), respectively. O means present, - means absent
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