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Abstract: [ Objective | The SKOR (Stelar K* outward rectifier) family of potassium channels is an
important channel involved in the transport and distribution of potassium ions.Furthermore, K™ plays a decisive
role in plant physiological process and response to abiotic stress. The aim is to investigate the function of
outward rectifying potassium ion channel SKOR in the development and salt stress process of potassium rich (.
tumidinoda. | Method ] SKOR gene was cloned from the seedlings of (). tumidinoda by RACE technique and
called QtSKORI (gene number: MT078984). Then analyzed its biological information and gene expression
characteristics. [ Result | The results showed that the open reading frame (1 923 bp) of the QtSKORI gene
encodes 641 amino acids. QtSKOR1 protein has cNMP and ankyloprotein repeat domain (ANK) , belonging to
Shake subfamily, and its relative molecular weight is 157.27 kD. The theoretical isoelectric point is 4.94, it
contains 3 transmembrane regions, but there is no signal peptide, and it is a hydrophobic protein.In addition,
Subcellular localization analysis showed that QtSKOR1 protein mainly existed in mitochondria (30.4%) and
cytoplasm (26.1%). Homology and evolutionary analyses showed that QtSKORI had high homology with
Brachypodium distachyum and Zea mays , with 89.06% and 87.91%, respectively.The qPCR results showed that
the QtSKORI gene was expressed in all tissues of (. tumidinoda, and the expression levels was in the order of
leaf>root>stem>shoot from high to low. Compared with the control, with the increase of potassium stress time,
the expression level of QtSKORI was significantly increased in roots and significantly decreased in the stems
and leaves.With the increase of sodium stress time, the expression level of QtSKORI showed a decreasing trend
in roots, stems , and leaves.[ Conclusion | The QtSKORI gene belongs to the Shake subfamily and is involved in
potassium transport in various tissues of (). tumidinoda, especially in leaves. At the same time, the QtSKOR1
gene played an active role in root under potassium stress.
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KORI®™ FHJK CmSKOR™' ./NETSF PiSKOR™ F %] VoiSKOR" S5 A4 bt S AL DN 7R AR R AR BT A 38
T A A ZESR A SRR A MR IR A SN, AR NeSKOR & H AN LLHT % PAbSKOR
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KOR™"HIHA R MIAT LrSKOR™HE H i) 2 35 w0 U 52 B0 v IR #a A . L mT UL, SKOR JE PR 1) 2 38 52 8wl 32 1
B FZE , HSAE YRS A8 AR SE

(AW S T AW, SKOR J& T Shaker F % , 1% F 1 K3l 18 4 4 WOR 3 i KA H 5
VEFAPY, HiZ 3k R ek 2 (1 T REAS S Al 4 A SR WD 56T KAz Bt SKOR JE P 7R S5 A i 46 Hp 2 75
HEAE F ARG 6 A WL AR A o [P0 DR i) S S R R | AR B 5 AR AT S A B A BFE X 42, s B 53 BT QeSKOR 1
B IHAEARAE YA R (NaClL KCO)BFFE /B 5547 3 N ALZL IR, 28, ) RO TR HRAE , A QuSKOR T E 15
K32 i R 1 S8 2 Tt B 1 S SR 0 0 R AT B 3 it R K A
1 #EFTFE
1.1 R AR AR I A 12

DAV R MM 2 i L 1 AR A A P S A v R B b R, R IR B — 30 T0 e U Y 3 AR SR AT AR K
Sy BUEAT AR 2R SRR E IR S E I AR AT 80 CUKAR ] T 5 ZLAR U RNA . AR R
R AT A IS 25 0 U A A Ab B SR FH 1/2 Hoagland B FR ROV ERAT S A 1 HEATH5 9% 2 J (2 K
1 B SR , FEXT S A P 43 R4 T AL R (FE 1/2 Hoagland 55 32 U3 il 50 mmol/L KC1YE A1 500 mmol/L
NaClIAO . 7EARFRO, 12,24 hBF 43 FPR O AR AR 25 (I ARAF T -80 "CokAi F T )5 e e i o
1.2 I ERNAWIRBEFER DNAWEK

FREL0.5 g AL ZURE TR R TS0 P S , 2 B RNA AR BGA57) & (OMEGA) 136 B 5 3 BURL RNA
28 J A I 52 % (1) RNA ) FH R & (Takara) 5 8055 — 4 cDNA . ROV AR R AP TRAIT : 1 pL Oligo dT
primer, 1 wL ANTP Mixture 4.0 WL RNA , #&J5 F ddH,0 #M 2 % 20 pL, ¥ PCR & B T PCR{XH1 65 °C
8 5 min J5 , B AE VK VA, BEJS 7E PCRAS H BRI L 20 wL 1 S WAK & 2 10 pL SR K , 4.0 wL 5%
Prime Script Il Buffer,0.5 L RNase Inhibitor 4.0 wL Prime Script II Rtase 1 1.5 wL. RNase free H,0, %X J5
EAT SCFE S UK, 5 Je BT -20 “CUKAR A -

1.3 #{7 QtSKOR1 E R ¥ 18 55 %

F % Genebank "1 EL FIHLBE I+ WA BORABHE P K FE . BoK N2 EY R SKOR FEH 31, F FH Vec-
torNTL AT 5 90 43 1 Luxt , B RE S PE 5 19, 51 e 90 an e 1 R o 3l 5140 QeSKORI-F F1 514 QiS-
KORI-RY" 1 cDNA F Bt , e WK & 3£ 25 wh: 1 pL cDNA #5547 , 12.5 WL Premix Taq, 3% . Fi#E51 9%

#1 PCRYHEMIHEES| WS

Tab.1 Related primers and sequences of PCR amplification

IR 1 (5-3")
Primer name Primer sequence(5'-3")
QiSKOR1-F 5'-GCAACAAATCCAGGCTAA-3’
QISKOR1-R 5'~AGGTACAGAAAGAACTGTC-3'
QISKOR1-3'-F 5'-GCTTCCCACCAAGGAGTTAT-3’
QtSKOR1-3'-R 5'-CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT-3’
QtSKOR1-3'-F1 5'-GGATAATCACGAGCACCA-3’
QtSKOR1-3'-R2 5'-CTAATACGACTCACTATAGGGC-3'
QtSKOR1-5"-F 5'-CGTTTGAAGAACACCACCT-3’
QtSKOR1-5"-R 5'-CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT-3’
QtSKOR1-5"-F1 5'-TACGTCGAAACCGTTTAGCTC-3'
QISKOR1-5"-R2 5'-CTAATACGACTCACTATAGGGC-3’
QtSKOR1-F1 5'-GCAACAAATCCAGGCTAA-3’
QtSKOR1-R1 5'-=AATCAAGTACACGTGCATCTG-3'
QtSKOR1-F2 5'-CTTTCGTCTTCACCGGCAT-3'
QtSKOR1-R2 5'-AGAAATACAGTCCCGGCAAC-3’
NTB-F 5'-TCTTGTTTGACACCGAAGAGGAG-3'

NTB-R 5'-AATAGCTGTCCCTGGAGGAGTTT-3'
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0.5 pL,10.5 wL ddH,0. PCR 4" HFEF 4 :94 °C 2 min, 35 cycles,94 ‘C 305,50 °C 50 5,72 °C 10 min, H
[ 257 5K Fil Mini BEST Agarose Gel DNA Extraction Kit 3871 &5 #5417 I 1, 3% 4% 24K (pMD-19 vector)
JEHACTKIAFT T TOP10 B2 S A b, 1R A Tl A7 20N (Amp) B9 LB [ {455 57 & B % (I [A] - 16 b,
5 237 °C) , PRI A TR v HE AT PCR %8, 8 B 4 o e B 0% B T Y o A 5'-RACE
A1 3'-RACE e 7 18 328 7] & 19 5 51 ) 5 5'-RACE 1 3'-RACE 5] #) %F QtSKORI 1) 5'-RACE
F13'-RACE Fr Bib 479 34 . FIFH Vector NTI 12 Bf 4279 2K 5, #IIH QeSKORI-F1 1 QtSKORI-R1 %}
ERITTE.
1.4 iET QtSKORI ERFE IR E 457

RIRGEIENT 3L QeSKOR [ FRIRFHE , B3T3 1) QtSKORI-F2 Fl QtSKOR1-R2 X i #4743 B
(£1), RWMAEZRI20 pL(10 pL TB Green Premix ExTaq I, | F #5474 0.8 pL,2.0 wL cDNA Fif
6.4 wL ddH,0) , ¥ # 7 H:95 °C,5 s 57 °C,30 s,40 cycles,95 °C,5 s 60 °C, 1 min 95 °C,50 °C,30s. NTB
(PR 8575+ 011242381788 A 48 SR L PR R A T 888 , B, SR 27 O IR AR X 3k kP2
L5 E£WEEFESH

JH DNAMANO.0 K %o 28 H 18 3 91 36 A7 [R5 L 38 43 B o FIFH ProtParam (http://web. Expasy. Org/prot-
param/) T QiSKOR1 f#) J& 4% # Ak P4 ™, 3 1 Signal 1P5.0 (http://www. cbs. dut. dk/services/SignalP/) |
TMHMM?2.0 (http://www.cbs.dtu.dk/servicessTMHMMY/. ) | ProtScale (https://web.expasy.org/protscale/) | Predit-
protein (http://www.predictprotein.org/) . SMART (http://smart.embl—heidelberg.de/) 43 5! 7l QtSKOR1 £ I
AT IR B IS H  EAT 2K PR AT RS R RSP E5 A I ™. MEGA 6.0 B HG AN ) Al
Yy FEIR B 7 R G R T

2 HERESMH

2.1 iEf7QtSKORI EE £ 1K cDNA HIIRB R F I

WS F H RACE 5 4 DA AT 52 A6 1 1Y ¢ DNA A5 AR
P14 QeSKORI hia] |y B, SR I i 3t P 4 PCR 43 314
BT 0 R B, PCR 7™ e 0 56 i PR VK 3R AR — 28 R/
K11 900 bp 247 SR 25 (81 1), B B i DFHE RS
BN AK . WE 2BT7R, QtSKORT 3K 42K A2 150 bp
(M5 : MT078984) , AL FEFF A5 1524 A 1 923 bp, Ziihd

641 LRI o0mm
2.2 QtSKOR1EBMEMERFEST 132%

SMART 43 H7 22 B QiSKOR 1 2K [ 4 {5 <7 45 44 18 77 500bp
TEAZAT IR (cNMP) 4 8 H 5 2 251 8 (ANK) , J& T 250bp
Shake V. 5% J (181 3) . QiSKOR1 & [ 1 73 7 K 100bp

CoriHos5N 192301305810 FHXT 73 F T 8 47 157.27 kD, 55 HL 45,
(pI) g 4.94, 35K 2B K 0.776 (K 4A) , AFaEPEFE M:2000 bp DNA Marker: 1:PCR 74
(1D 47.75, SKIB ARG E AHRPESR P . dnfel 4B mlL, M:2000 bp DNA Marker; 1:PCR products.
QISKOR1 2 AR SRR, (B30 34N IR X (FE 26 K1 QiSKORI R4 1 3k /047
23-45.80-102.109-131 IR Z [0]) . k-NNFIEXFI.  Fig.l QSKORI gene amplification electropherogram
20 R TIOIN 25 SR S R R 1 R B TR A (30.4% )
FAHAE T (26.1% ) o

TR S REER TN L (8 5) , QiSKORT & 14 8 1 12 5E (305 4N ) A i, 7 = 2% &5 # S He 45
) 47.66% , [ 5, 47 27.66% 9 TG HL I 4 1l (177 4~ ) L 15.94% 4 ZE i 4% (102 4~ ) Fil 8.75% B B4 A
(561).
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ATGAAGETCGCAGAATTCTTCAAGAGT TTEGAARAGEACATCCGTGTGAATTACCTETTCACAAGEATAGTEAAA
MK MR CUESGE: B OK Saul BEOK DT BN NS LE TR TN K
CTCATAGTTGTGEAGCTCTACTGCACACACACAGCAGCGTGTATCTTCTATTACCTGGUCACGACACTTCCTGAA
BT MW Bl W B STEGHE R A AeEs BOCE ARG R R SRR B R B
TCAATGRAAGGETATACATGGATAGGGAGT TTGCAGTTGEGAGACGACAALTATTCTGATT TCAGGGAGATTGAT
S5 M EGY T W I OGS LOQLGDUDNTYSDTFRETITHD
CTTGCCAAGCATTATATAACATCATTGTACTTTGCCATTGTCACCATGGCTACTGTCGGTTACGGTGACATTCAC
Ll KR C¥GT T 5 ey BOA CTEN T M GALT WOR CNohE: DT GH
GLTGTAAATATCAGGGAAATGATGTTTATCATGATTTATGTTTCCTTTGATATGATTATTGEAGCTTACCTCATC
A YW NTIGREMMT FEFTIMTIYUVYSTFUDMTITIUGATYILTI
GETAACATGACTGCACTTATTGTCAAAGGCTCGAAAACCGAGCGATTTAGEGACAAAATGAAAGAAGCTATCAGG
G N MTALTIVYIEKMGS KTEHRTFRIDIEKMIEKTEATTR
TATATGAACAGAAATAAACTTERAAAGGACAT AAGAGAACAGATCAAGGGACACTTEAGGT TRCAGTATGAGAGT
¥ M N R N K LG KDIRE®QTIIEKT GHTLTERILUD®DQYES
AGCTACACTGAAGCTTCCGTACTTCAGGATATCCCAATTTCTATTCETGCAAAGATTTCTCAAACACTGTACANG
S T B amecdSn M CGE ey EOCR OIS EOR GATE E S CGEET B Y K
COATATATTGAAAGCATTCCACTGTTCAAAGEETGT TCAGCAGAATTCATTCAACAGATTGTGATCAGGLTECAA
oo EOE 5ol B OGL JESE G € Seif B OCFE TS Q0 T WETs ROGE
GAAGAGTTCTTCCTACCAGGAGAGATTATTTTGRAGCAAGGAAGCGCAGT TRATCAGTTATACTTTGTCTGTCAT
EivE: F B MCTRE & E Tasl B OE QG S5 A ML g L YiE: WOE GH
GETECGLTEEAAGGTGT TEECATTGETGAAGATGGTCAAGAAGAGACCATTTTAATGCTGRAGCCTGAGAGTTCT
Gid L E 6°M G I ‘GBI B °E E T T W L ESF E 5 5
TTCEEAGARATTECTGTTCTTTGCAATAT TCCACAGCCCTACACTGTTCGTERCTGCGAACTTTGTCRGLTCTTG
F'& EI ANV L ENIPOQPY TN R &ECELCRLL
COECTORATAAACAGTCCTTCACAAACATATTGRAGATCTATT TCGT TGACERAAGAARAAATTTTGAGCAACCTT
RL D KQS5FTNILETIXY FNMDGERIEKTI LS NIL
TCTGAGAGCAATGAATATGGTGEEAGEATCAAACAACTAGAACCCGATATCACATTCCATATAGGEAAGCAAGAG
S5vE:5 N E¥Y 6 B -R:I K Q0 L EF DT T F H T G K Q E
GOEEAGCTCACCTTAAGAGT AAATAGTGCAGCCTTTTACGETGACCTTCATCAGCTCARAAGT TTAATCCGEGLT
BodE: BT GECHRD NN SESA: B CFE O WGE: D E cHGRE L KOSl TR G
GEAGCGEATCCAAAGAACACTGATTATGATGEEGATCTCCTCTGCATCT TRCAGCT TCCAAAGGETACGAAGAT
G A DP K NTUDYD GGRSPLMHLAASI EKGYED
GTCGTGCAGTTCCTTATCCACGAAGGEET TGATATCGATCTTACCGATAAATTTGGRAACACACCCTTGLTEGAG
¥ ¥ 0 F LIHETUGVYDTIUDIULTWDIEKTFIGNTWRPTLLE
GCAGTCAAGCAGEEGCATEACCERGTEECCACACTGCTCTTTAGCAAAGGAGCTCAACTGATCCTCAAGAATGLT
A VW KQGHUDRUYATILILEFSEKIGAG QQILTIULIEKHNA
GGCAGCCATCTCTGCACGGAAGT TTCAAAGGRAGACTCGGATTTCATTCGRAGGGCTCTAACTTATGROGTOGAC
G S HL CTEUVSKabDSs5DTFTIRRALTYSGUVYD
CCARACTOGAAAGACTACGACCACOGCACTCCTCTCCACATAGCCGETGOREAGGECTTGTATCTGATOGCAANG
P NS5 KDY DHURTPILMHTIAAAETGLJY LI AK
ATECTGATAGACGCAGECGCAARCGTGT TCGCAACAGACAGATGRGECACCACTCCACT TRACGAAGRGLGCAAG
M L I DAGASVYF ATU DA RMKNMIGTTUPLIDETGT RLEK
TETEETAGCAAGTCGCTRATGCTEC TG TEGAACAAGCGAAAGCCGACGAGCTCTCCAAGT TCCCCACACGOGET
C'6 5 K 5L M L LL EQ aAaKADELSKFPTRG
GAAGAAATGAGAGATAAAATGCACCCAAGACGATGCTCGTTET TCCCTTACCATCCATGGRACGCTGATGACAAA
EE MRDIKMHPRRTCSILFPYHPMNDATDTDK
CGRAAAGAAGGEETGGT TCTGTERATTCCTCACACGATCGAGRGACTCATCAGGTCAGCCCAGGAGAAGLTCAAC
R K EG ¥ v L §I PHTTIZEOGLTIHRSAOQEIEKILHNHN
TITTCOEECTCATGCCTECGCTTECTCTGLGAGGATGEAGCGAGGGTACAGGACGTEEGACATEGGTCAATGACGEC
F S G5 CLRLLCEDOGARYDQDDUVYDMVYNIDSG
CAGAAGCTETACCTGGTCRGAGRCGAGRECACGRAGCAGAGCGALTAG

g K L ¥ L ¥ G666 E'GTE QS5 D *

B2 AT QISKORT SEE YRR 751 R0 ) SRR 51

Nucleotide sequence and predicted amino acid sequence of QtSKORI in Q. tumidinoda
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Fig.3 QtSKOR1 conserved domain analysis of (. tumidinoda

2.3 QtSKOR1 EZEHMEERFF ISR G H T

[A] P50 B 45 R 87, QiSKOR 1 & JE 182 51 5 — B8 56 4l ¥ ( Brachypodium distachyum) . £ K (Zea
mays) JKFG (Oryza sativa) 7577 2% (Aegilops tauschii) .22 J& (Panicum miliaceum) ./NK (Setaria italica) | J5E
F (Panicum hallii) F1 K 2 (Hordeum vulgare) {4 7] J5PE 32 15, 431 24 89.06% , 87.91%, 87.84%, 87.21%,
86.57%,87.21%,87.17% F1 82.81% . {HH13 ¥ (Ananas comosus) . 17 55 (Asparagus officinalis ) W [ 5155
1%, 535310 78.13% F172.17% (1 6) .
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ProtScale output for user sequence
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Position

TMHMM posterior probabilities for WEBSEQUENCE

Probability

0 100 200 300 400 500 600
outside

transmembrane inside
K4 EAT QISKORT HE Y 2 K P TIUI (A ) Fl g Bk 2 Py 47 5 5% DX 00 (B )
Fig.4  Prediction of hydrophilicity (A )and transmembrane amino acid sequence(B)of QISKOR1 protein

A o~ BRI FE (00 , B M Gk (0 o S 2L (3 TR i S8 3 .
In Fig.A ,the a—Spiral is shown in blue, the B—corner is shown in green, the extended chain is shown in red,
and the irregular curl is shown in purple.
5 ST QISKORTER 1 — A5 K 43 (A) Fl =45 00 (B)
Fig.5 Secondary structure analysis(A )and tertiary structure prediction(B)of QtSKOR1 protein
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PEAER 3T 7, 11 RHAE ) 9 SKOR JE R 3 H 70 426
LRGSR ARG , 5 P B R S G R A (7)) o

AR AU s , T ]G

AT QISKOR1 5 R & JBEF /N KALE K

Aegilops_tauschii_subsp. tauschii.txt HVESTH 459
Ananas_comosus.txt  CSSVEMERRV....................... ; L e < 326
Oryza_sativa_L.subsp.japonica.txt mrxn:xs*nmecsu g G e : 474
Panicum_hallii.txt ISCTLYKPYVESVPLFKGCSAEFICS 5 < 461
Qiongzhuea_tumidinoda.txt GALE! < 263
Setaria_italica.txt 466
Zea_mays.txt 458
Asparagus_officinalis.txt 365
Brachypodium_distachyum.txt 437
Hordeum_vulgare.txt 456

458

Panicum_miliaceum.mxt
Consensus.

Aegilops_tauschii_subsp._tauschii.txt
Ananas_comosus.ixt
Oryza_sativa_L.subsp.japonica.txt
Pamcum hallii.txt
Qiongzhuea_tumidinoda,txt
Setaria_italica.txt

Zea_mays.txt
Asparagus_officinalis.txt
Brachypodium_distachyum txt
Hordeum_vulgare.txt
Panicum_miliaceum.txt
Consensus

Aegilops_tauschii_subsp. tauschii.txt
Ananas comosus.txt
Oryza_sativa_L.subsp.japonica.txt
Panicum_halli.txt
Qiongzhuca_tumidinoda.ixt
Setaria_italica.txt

Zea_mays.txt

Asparagus officinalis.txt
Brachypodium_distachyum.txt
Hordeum_vulgare.txt
Panicum_miliaceum.txt
Consensus.

Aegilops_tauschii_subsp,_tauschii.txt
Ananas_comosus.txt
Oryza_sativa_L.subsp japonica.ixt
Panicum_hallii.txt

Qiongzhuea tumidinoda.txt
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