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Molecular Mechanisms and Improvement of Salinity Tolerance in Rice
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Abstract: Saline-alkali field is an important reserve of arable land resource in agriculture. However, high
salinity-alkalinity severely limits the cultivation of crops on saline-alkali soil. The development of crops suitable
for growing in saline-alkali soil would be of significant importance in ensuring the food security. In recent years,
salt-tolerant rice varieties have become primary candidates for improvement and exploitation of saline-alkali soil.
Therefore, the genetic improvement of salinity tolerance has become an important research area in rice breeding.
High-level salt stress inhibits the growth and development of rice at all different stages, causing significant
reduction in yield and quality. Study on the molecular mechanism of salinity tolerance is of theoretical significance
in guiding the development of salinity-tolerant rice varieties. In this review, we summarize the progress of
studies on molecular mechanisms of salinity tolerance in rice which involve ion homeostasis regulation, osmotic
regulation, antioxidant regulation, stomatal regulation, and signaling regulation. We further summarize the
progress of genetic improvements of salinity tolerance in rice, especially highlighting the characterization of
functional genes as negative regulators in salinity tolerance and candidates for genome editing-based molecular
improvement. We also discuss future research focuses and experimental strategies that would provide a reference
for developing highly salt-tolerant rice varieties with elite agronomic traits.
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Table 1 Funtional genes negatively regulating salinity tolerance in rice
HHS e P IR A AYETRE IRERAIE E= BTN
Gene ID Gene name Coding protein Bilogical function Experimental confirmation Reference
LOC_0s01g10840 OsGSK1 WG JET BR 5 5k T-DNA ffi AL KT R [62]
W
LOC 0s01g49290 OsRACK14 PR FKES C P Na™/K*™ 4 . ABA RNAI AT P 58 [63]
ZAk {55kt
LOC_Os01g50370  OsMaPKKK63 — 22Z50GALEHMAE 1Y MAPK (75442 T-DNA i AZAS AT £h 1 [64]
G Wi
LOC_Os01g61380 OsMDH1 SRR Sl BRI 44 3 B6 CRISPR/Cas9 4l 5875 14 [65]
R T Eh PG R
LOC_0s01g64000 OsABIS bZIP % 5K T ND S RNA HEBRTER PG5 | [66]
H AR
LOC 0s02g42780 SITI IS AR LT JE1 ROS FLE RNAi, T-DNA i A 48 i [67]
EOX bl
LOC_0s03g03920 OsDSK2a EEELSEN P GA (5@t T-DNA i AZ<ZE {4 | CRISPR/ [68]
Cas9 Fiilf S AR AR £R M 1 5
LOC_0s03g20790 OsEILI LIEAE S I F [ RERA i Eaep e RNAI FE PRI ER PSS 58 [69]
LOC_0s03g57240 DST FHE T P75 ROS B & AFLIF B EMS ZEA5 A £ i [40]
LOC_0s03g60430 IDS1 AP2/ERF #5H 1 V5 LEAT M1 SOST 51 RNAI, T-DNA 1 A S8 141} [70]
ik bR
LOC_0s04g43200 OsClo5 IMREEEE VA R R e A DG BE T-DNA i A G i Eh [71]
Fik Wi
LOC 050445810 Oshox22 [ 5 S R I, - =2 4R P ABA [55&1% T-DNA ffi A (Jash+IX ) 58 [72]
FIBEER AT £ PESG R
LOC 0s04g56430 OsRMC B G Nl ND RNAi FERRTER 1G5 [73]
LOC_Os04g56580 OsIPK] 1,3,4,5,6- LR JE1 ROS FLE CRISPR/Cas9 Fifi 545 (4 [74]
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