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Regulation of Nitrogen Uptake and Yield in Rice by the Alanine Aminotransferase Gene
OsAlaAT4
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Abstract: [Objective] The investigation of Os4laAT4-mediated nitrogen utilization, contributes to an insight into the rice
nitrogen regulatory network and supports the breeding of high nitrogen use efficiency rice varieties [Method] Based on
the amino acid sequence of OsAlaAT1, homologous genes were searched in the NCBI database. A knockout vector was
constructed and transformed into Nipponbare (NIP) callus via Agrobacterium-mediated genetic transformation to obtain
transgenic rice plants. Homozygous mutants were subsequently obtained. Wild-type Nipponbare (NIP) and mutant
lines were grown in hydroponic systems at different nitrogen concentrations and in field trials to examine the relationship
between OsAlaAT4 and nitrogen uptake and utilization. [Result] The homologous gene OsAlaAT4 was identified, and the
knockout vector was successfully constructed and introduced into Nipponbare (NIP), resulting in two homozygous
mutant lines. Hydroponic experiments at different nitrogen concentrations showed that the plant height, dry weight, and
fresh weight of the mutant lines were lower than those of the wild-type under the same treatment, while the root length of
mutant lines was higher. Under 1/2 standard nitrogen (N1/2), 4 times standard nitrogen (N4), and 8 times standard
nitrogen (N8) treatments, the total nitrogen content of the mutant lines (alaat4-1 and alaat4-2) increased by 27.7%, 6.6%,
7.7% and 26.0%, 7.8%, 4.5%, respectively. The grain protein content of the mutant lines decreased by 3.0% and 3.3%
under standard nitrogen conditions, respectively. Under low nitrogen field conditions, the plant height of the mutant lines
was significantly lower than that of the wild-type. Compared to the wild-type, the nitrogen content in the leaves and
stems of the two mutant lines increased by 12.1%, 13.5% and 14.4%, 6.9%, respectively, while the nitrogen content in the
panicles decreased by 2.6% and 4.1%, and the yield decreased by 7.2% and 7.6%. Under high nitrogen field conditions,
the number of tillers in the mutant lines was significantly higher than that of the wild-type. Compared to the wild-type,
the nitrogen content in the leaves and stems of the mutant lines increased by 7.9%, 6.7% and 16.6%, 16.1%, respectively,
while the nitrogen content in the panicles decreased by 4.9% and 4.5%, and the yield decreased by 6.5% and 5.4%. Under
both low and high nitrogen conditions, the nitrogen use efficiency (NUE) of the mutant lines was lower than that of the
wild-type. [Conclusion] Knockout of OsAlaAT4 resulted in increased nitrogen content in the leaves and stems of rice,
but reduced nitrogen content in the panicles, protein content, and yield, resulting in reduced nitrogen use efficiency
(NUE).

Key words: rice; nitrogen content; Os4laAT4; nitrogen use efficiency; yield
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L o
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XP 021301869.1 Sorghum bicolor
KXG38638.1 Sorghum bicolor 0.00
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NP 001314697.1 Zea mays
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A, Phylogenetic tree analysis, with red font indicating the AlaAT family genes in rice; B, Relative expression levels of OsAlaAT4 in different tissues; DAF,

Days after fertilization; C, Conserved domain analysis, with conserved amino acid sequences under the blue lines.
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Fig. 1. Phylogenetic tree, expression analysis, and conserved domain analysis
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A2 DNRAZZRIBEERE, - FORBURIBREE S, LRI RIE:; B2 NMRARMNFEE R, C: HAERSRER OsAladT4 FikE.

A, Base types of the two mutant lines, --- indicates the deleted base sequence, and red font indicates the inserted bases; B, Sequencing results of the two mutant

lines; C, Expression levels of Os4laAT4 in the wild-type and mutant lines.
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Fig. 2. Identification of Os4laAT4 mutant lines
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A: JFAETRN OsAlaAT4 FAF FoKEE 14 d Hdb L3, #7R=10 cm; B: BF AN OsdlaAT4 R4 ZKEr 14 d RS, bR R=10 cm; C: BFABYFN OsAladT4
RABRME: D: FFAEBIR OsdladAT4 FERMTFE: B FAERIR OsdlaAT4 RAERMEEFE: F: BARM OsdladT4 FERIORE: G: B4E
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A, Above-ground part of wild-type and OsA4laAT4 mutant lines after 14 days of hydroponic cultivation, bar=10 cm; B, Root length of wild-type and OsAlaAT4
mutant lines after 14 days of hydroponic cultivation, bar=10 cm; C, Seedling height of wild-type and OsAlaAT4 mutant lines; D, Dry weight of wild-type and
OsAlaAT4 mutant lines; E, Fresh weight of wild-type and OsAlaAT4 mutant lines; F, Root length of wild-type and OsA4laAT4 mutant lines; G, Nitrogen content
of wild-type and OsAlaAT4 mutant lines. Ny, No nitrogen; Ny, 1/2 standard nitrogen; Ny, 4 times standard nitrogen; Ng, 8 times standard nitrogen.

3 REZAYEHRERASE
Fig. 3. Phenotype and nitrogen content of mutant seedlings
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Fig. 5. Field phenotype, nitrogen content, and yield of mutant lines
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