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Molecular and Functional Characterization of lon Transporters in Rice and Barley: Roles in Salinity
- Stress Tolerance
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This thesis addresses how cereal crops regulate ion transport at the molecular and electrophysiological levels to cope
with salinity stress, with a particular focus on rice and barley. Soil salinity imposes severe ionic challenges, and plant
survival depends on precise control of Na¥, K¥, and associated ion fluxes across cellular membranes. Building on this
context, the present work investigates key ion transporters and channels to clarify their functional diversity, regulatory
mechanisms, and contributions to salt-related ion management in monocot crops. The thesis integrates molecular biology,
electrophysiology, and expression analysis to develop a mechanistic framework for understanding transporter behavior
under saline conditions. After the general introduction in Chapter 1, Chapter 2 focuses on the rice High-Affinity Potassium
Transporter OsHKTI;1, a gene historically associated with Na™ exclusion and salt tolerance. This chapter reveals
unexpected functional diversity arising from alternative splicing, particularly the OsHKTI, 1-V?2 isoform, a truncated 172-
amino-acid protein that localizes to the plasma membrane despite lacking canonical HKT structural features.
Electrophysiological analyses in Xenopus laevis oocytes demonstrate that while the full-length OsHKT1;1 functions as a
typical Na*-selective transporter, OsHKT1;1-V2 conducts large bidirectional currents primarily carried by CI.
Differential expression of this variant in salt-tolerant and salt-sensitive cultivars suggests that the balance between cation-
and anion-permeable HKT isoforms may influence cultivar-specific salinity responses. Chapter 3 extends this
investigation to barley by examining HvHKTI;1, a homologous Na' transporter implicated in salt tolerance. Multiple
HvHKTI;1 splice variants are identified, and their expression patterns reveal rapid, coordinated induction during early
salt stress. Functional characterization shows that, unlike rice, barley splice variants retain Na* selectivity but exhibit
progressively reduced transport capacity, indicating that alternative splicing in barley fine-tunes Na* flux rather than
altering ion preference. Chapter 4 shifts focus to cyclic nucleotide-gated channels, presenting the first detailed
electrophysiological characterization of rice OsCNGC2. The channel displays an unusual dual-gating mechanism,
requiring both cyclic nucleotide activation and the coexistence of Na* and K* for conductance, suggesting a tightly
regulated pathway for Na* entry under balanced ionic conditions. Collectively, the findings demonstrate how transporter
diversification, species-specific splicing outcomes, and conditional channel activation cooperate to regulate ion
movement in cereals, providing new insights into plant strategies for managing salinity stress and offering conceptual

foundations for improving crop resilience.




MXBEBROERE

W (HY A B L R) IEMAEEAZ R FE L RERBREA ML AD—2Th D, HETIIA A (FL L
TNa & Cl) ERBEIZE DA RNV ARIZL > THEW O EGFOAEBTITEN N 5, THEEE-CHIEMEEREIZ SV
TIESESERMENRRINTE T2, ANV AFIMNCA F U DHEYMIIZER D IAEND A =X LITDNT
X, A A gkt T 7 7R U v, HKT(High-affinity potassium transporter)#iis A&, CNGC(cyclic-nucleotide-
gated channel)fii 5RO B 525 STV D08, RIRIADE 3R Z N, AL TIEA R DOsHKTL;1, A A A
FOHKTL;1, A R OOsCNGC2UI DV THIRFEE & 2 DA, 36 LOFBMEI 47872, 1 ROsHKTL;1iZ
ONWTWEANE T T 4 T AT T A ZITREINT 20sHKTL1-V2IZHER Lz, 77 U A A B )V IR
CB T2 ERAEFFEHOMITIC LY . 2 ROsHKTL T MA ) 22 Na BIRE R 5 R & L CHERES 2 — 7,
OsHKTL;1-V2i3Cl ik ¢ DRERE A FF > Z L BFERES e, AT TA L 7 & o THEE N ED D 2 &
LW TH Y | MY OMPIEHESEICET 2 8- 2l a2t 5 b0 TH 5, Z DR ILInternational
Journal of Molecular Sciencesi&lZH#E STz A LXFDOHVHKTLID AT T A 230 7 o b iENa@Z IR M 2 1%
FFLOONa A ZIRIHIE L TV D Z LR ST, & DR IXPhyton-International Journal of Experimental
Botany st ZFG# S AL72, OsCNGC2DAFZE Tk, CNGC DR F ) 70 T A A B R AR &2 A % THID T B niT
L7z,

AIFFETA LT U RIT, ZRETHLNTW Do oA A VEEROZRIEZ B H M2 LT, It
Z RS 5 e O OISR FN LA IER Lo, MFERR O TR AR STV T, FALUTET 2 L flfrEan b,



