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1 E. ASGEEA 13 FAEYANETT. KRG, Bk, KT, BUR. B b, EE . D% BAE. B . MERSE . BAAY
) ) Shaker B K 38 38 #E7A4E W15 B2 BT AR BR 751 LA, BERE C i IX kS il C4 HEHIRFAE AY T FLIF OB K il
TIE ZmK2.1, # T itk ZmK2. 1 (T TR 2R (OE#3 . OE#5 . OE#11), [FII LLEF A2 1 Col-0 Sy BRI AR, BIF5T i 33k ZmK2. 1
PR TFARAR 18 R A FHRAE o R0 R AR SR SRR B R SR AR A 107k, 1 & (K4(0.1 mmol/L KC1). Hf(1 mmol/L KC) 121
#1110 mmol/L KC)3 MAFIHLHIK T, MEEMRE Y . ARG, 8, %ﬁ]fﬂ%’i SIS GEER KB ERE, IR RE
B, TEEFREANT, SR, 3K Zmk2. 1 PIEIFARE . AW #ie s SRR R BN RN, Sk Zmk2.1
EEFE BRI AL ShG R EBHOR WA il ﬁﬁt%ﬁﬂ?ﬁ/iﬁ’ﬂmﬁT , EIFEE TRTFBOd FA ZmK2.1 3EH
Al R R AR, IR E R R AROR, X5 ZmK2.1 o BRI RR A SAL R, SR S O SRR
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Genetic Engineering Approaches to Improve Plant Potassium Utilization Efficiency Take
Overexpressing ZmK?2.1 as an Example

WANG Jiajin'?, YANG Shunying', SU Yanhua'"

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Through bioinformatics clustering analysis of shaker-type potassium channels in 13 kinds of plants (4drabidopsis
thaliana, Orysa sativa, Zea mays, Soybean, Cucumis melo L., Daucus carota Linn., Vitis vinifera, Solanum tuberosum,
Ammopiptanthus mongolicus, Medicago truncatula, Puccinellia tenuiflora, Cucumis sativus, and Populus tremula), Selected the
C-terminal region reflect the characteristics of the C4 plants stomata open of Zea mays potassium ion absorption channel ZmK?2.1,
build the ZmK2.1 Arabidopsis thaliana overexpression of strains (OE#3, OE#5, OE#11), ZmK2.1-overexpressed Arabidopsis
thaliana strain (OE#3, OE#5, OE#11) were constructed, and col-0 was used as control material to study potassium utilization
efficiency of Arabidopsis thaliana ZmK2.1 overexpressed plants. Biomass, root length, K* content and accumulation, stomatal
conductance, photosynthetic rate and transpiration rate were determined at low K (0.1 mmol/L KC1), medium K (1 mmol/L KCI)
and high K (10 mmol/L KCl) levels by solid medium and hydroponic culture. Compared with the control, the results show that
root length, biomass, K" content and accumulation of ZmK2.1-overexpressed Arabidopsis thaliana are significantly increased
compared with the control under sufficient K content. Meanwhile, stomatal conductance, photosynthetic and transpiration rates
of ZmK2.1-overexpressed Arabidopsis thaliana are significantly increased. The results of this study indicate that ZmK2.1
overexpression can significantly promote the growth and potassium utilization efficiency of Arabidopsis thaliana plants under the

condition of sufficient potassium supply, which is closely related to the fact that ZmK2.1 can significantly increase stomatal
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conductance, and thus improve photosynthetic efficiency and transpiration rate.

Key words: Stomatal opening controlling K" uptake channel ZmK2.1; Arabidopsis thaliana; Biomass; Potassium utilization
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MK E B PREEEEEENER". K25
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R 08 AW OB A R, S e rp T i i
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AR TR [ BRI B AL R TR PR R TE 300 T3 ~ 400 7 t
Zedy, EARTIR E AP LT SR X AMKAEEE 2000 4F-1
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AR ISP ERE K DA K 7ER 4
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ARG K i M K fFaiaa St mw,
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e Shaker BUSEE AR Y K WL iz
AN P 20 25 A ik B ) — 28 am E UY

— A5 #E 1Y Shaker 8 K 3838 J2& HY 4 /8 H 3
FEI B8 R DU SR AR, BRI S A — 4 N Ui, 6
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M. H C B/ EAPA XL, G
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M —A 8 T HKRIERILMN Ky B, KZH
Shaker %! K™ i# 3 (19 C ¥fi cNBD Fl Ky Z AL —
AN457E 1 X (ankyrin-related domain, ANK)!'™ ) H3 4l 4
Yy Shaker K SHIEMY T . FER G5 FIDIRERAE, X
B =R 5 N4 Group I (AKT1 WS %) . Group
Il (KAT W5 0#%) . Group Il (AKT2 W.%ji%), Group IV
(AtKC1 W ). Group V (SKOR/GORK 5 ji%)!"),
Group | ', DA AKT1 AfUF, ZTEMY M L3R
OEP 5 A5 b 2 4R FHEY Group IV LA AtKC1 AR
R, FEPEE KT WRCE T8 M4 B AR 2R AR A
W2 Group I Hp B FLIFACE K W liciEif
KAT1 Fil KAT2 FEAESFLR PAMIh Rk, R
A3 1 ) S O FLICEE TR, I A i g A
Wi GORK 2 55 4L sy iiE); Group T
o DLSSRE R E AKT2 WA, REAER) R
ik, ol T KT RPN AR A i K
TER MR N K FE 2 %0 ; Group V iiy4he K id
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Jram i S . B AtSKOR JE[H 1l I i
B LU AR ALY 50% BY, X BB ST AR
T K HEEXEY AR K F RO

ARk, WA TEREY RIS K REY A
R VAR IER Wi 231 R i e g i 243K 3
TR FE TR RIOER 25 K I B A4 ) K 3l I (P4 )
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FHBCR I FEARXT D A5 N E K (Zea mays) 5T}
958 HTEfE T KAT1 &I K' jilii ZmK2.1, F7EfrIT
Wit IR ZmK2.1, WA TR T4 ZmK2.1 Wit 3
AU I Al R ARl AR AR TR, S5
ik ZmK2.1 WRITHRE . e S E . R
B UATOCAROREG bR, BRI K i iE
ZmK2.1 AEP SRR, MR TR A R
Pt 0 2R FH AR AR AT 25 TR

1 #MREREZE

1.1 IRIE ZmK2.1 8T+ FHH 6§

1.1.1 K ilif ZmK2.1 BRI bt
B ZmK2.1 FrlEfY K" A28, AWF5E M plant
membrane protein database K& T 13 FiAE Y L5/
IFL KRR, Ok, KRG BRI N AA . D8
BLWAEH . . IMERS . KRRt E A
WIRA D REALFIHRIE Y Shake % K 3@ i M MR T
H, Horp ZmK2.1 (7512 88 Su P H6E . FIH
MEGAI11.0 & R4 & & e, Fl
DNAMAN JR A4 X 2 3 78 13 51 i 47 X 5347

1.1.2  1FE ZmK2.1 PRI AR R A
SEH EARAFH) pCambial301-35s-nos Kyt Feih A H
B PLEKFFE 958 1 cDNA WM, SR Su 4P
HRIE K ZmK2.1 (#) CDS J¥31, Ffifit CE Design 7
Lo Wi H R R R B 1Y #E1T PCR §73, PCR
RNARZR A 50 ul: SR EFHEAY) 2 x Phanta Max
Master Mix(Vazyme, #7%5 P515-01)% 25 ul, [, F
HE7 1910 pmol/L)& 4 1 pl, BN 1 pl, JK#bSF
% 50 ul, PCR 7 : 95 C TALYE 5 min; 95 C
5 30s, 60 CiEk 30s, 72 C ZEf# 2 min, 30
AMEFR; 72 °C FEAH 10 ming 4 C {RAF. Bl
I ZmK2.1 F B, FFi8ad Bam HI Fl Xba 1 B§Y)
8K Zmk2.1 BB g R ® Gk &R
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Sl S AU F S, LRI i ik
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4 C ARIEREEIRAT 48 h, RIGHEFITEFRIE(10 cm
x 10 cm) 2B, F 85 IR ML S M s T R 548
H, AR BUIR R M T AR
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1.2.3  A[REIBEER AT B R B0 g QR BT
AR TR P2 BE , IRIRAEEE 2 d J5 35040 T [
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JEBEBUE R BN — S BIRE TG, 53 588 AN A B
WREERE SR |, AR gR 7 d J MR AT A D
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A SR A A - (DLK(R4)0.1 mmol/L
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Na,MoOy. 0.5 g/L MES-KOH(2-fMkEAfHR) . 1% (m/V)
HERE . 0.8%(m/V)BiflR, NaOH i pH £ 5.8, &b
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Fig. 1 Clustering analysis of ZmK2.1
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Fig. 2 Structural domain comparison analysis of ZmK2.1
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