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Innovation in life sciences 
 

SSW1 
Yield and Quality 

 

Increased seed size and protein content associated 
with increased Amino Acid Permease activity 

 

Achievable by modification of a single amino acid residue 
 

Dr Yunhai Li and his team at the Institute of Genetics and 

Developmental Biology, Chinese Academy of Sciences, Beijing, have 

isolated the first major QTL for seed size and seed weight located on 

Arabidopsis chromosome 1 (SSW1).  It encodes an amino acid 

permease (AAP8) that transports organic nitrogen to seeds.  Natural 

genetic variation in this gene is associated with larger, heavier seeds 

and at the same time more free amino acids, higher storage protein content and increased AAP amino acid 

transport activity.  Intriguingly, and significant for crop enhancement strategy, variation in a single amino 

acid residue is the cause of the allelic variation and determines amino acid transport activity. 

 

Delivery of nitrogen to developing grain/seeds is vital for seed development.  Grain nitrogen content, in the forms of free 

amino acid and seed storage proteins, is a major indicator of harvested crop quality on most grain crops, for a range of 

direct and indirect, crop-specific reasons.  However, commonly, such crop quality is negatively associated with overall 

crop yield.  Approaches to influence positively both yield and quality parameters are rare and thus of special significance 

for crop enhancement.  The role of amino acid permeases (AAPs) in amino acid transport and the supply of nitrogen to 

the developing seeds is known (eg Santiago and Tegeder 2016 Plant Phys 171:508-521).  However, the IGDB team’s 

finding that the modification of a single amino acid residue in AAP8 determines the amino acid transport activity, and 

consequently seed size, seed weight and seed quality, provides a crop enhancement strategy that is amenable to 

conventional mutation breeding, gene-editing and screening for existing genetic variation. 

 

The IGDB team created NILs to analyse a seed size QTL that had been previously mapped to chromosome 1 in 

Arabidopsis (Alonso-Blanco et al. 1999 PNAS 96:4710-4717).  Reciprocal crosses indicated that SSW1 acts maternally 

to determine seed size and that the increased seed size allele is dominant.  The inventors showed that larger seed size 

is associated with increased cell proliferation, rather than cell expansion, in the maternal integuments.  Map-based 

cloning identified a clear candidate gene, which was confirmed as the SSW1 gene by transgenic complementation 

experiments overexpressing the candidate gene in the small seeded parent from the QTL analysis.  Overexpressing the 

genomic fragment containing the candidate gene from the small seed parent in the small seed parent itself had no effect 

on seed size, indicating the absence of a dosage effect and that the effect must be a qualitative difference in the SSW 

gene.  The group also showed that SSW1 acts independently of the Da1 pathway and its effect is incremental to the 

effects of da1. 

 

The SSW1 gene encodes AAP8, the amino acid permease already mentioned above.  T-DNA loss-of-function aap8 

mutants have small, light seeds.  The IGDB group confirmed other work showing that AAP8 is expressed mainly in roots, 

inflorescences and developing siliques.  The subcellular localization of AAP8 had not been previously described, and the 

IGDB team now show that it is a plasma membrane protein.  

 

Natural variants of SSW1/AAP8 in Arabidopsis were studied in a yeast mutant strain that cannot use certain amino acid 

sources and which AAP8 is known to complement.  Using this strain as the basis for an activity assay, the inventors 

found that a single amino acid in the AAP8 sequence is critical for determining amino acid transport activity. 
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Mature seeds of plants with the large-seeded allele contain more free amino acids and storage proteins.  In young 

siliques, amino acids such as alanine, serine, aspartic acid, asparagine and glutamic acid were significantly increased.  

In mature seeds, however, amino acids such as valine, alanine, serine, glycine, glutamic acid and tryptophan, as well as 

total amino acid content, were all significantly increased compared to the small seeded type.  Soluble proteins (globulins 

and albumins) were also significantly higher in mature seeds of the large seeded phenotype. 

 

SSW1/AAP8 has homologues in other plant species, both dicots and monocots.  The sequence conservation between 

plant species means that the particular target residue affecting amino acid permease activity can be identified and 

modified, by a range of possible mutation and editing approaches, to achieve beneficial alleles for crop enhancement.  

 

 
Fig 1: Left: Large, heavy seeds of SSW1   Right: Amino acid permease activity of specific 

genetic alleles (yeast assay) 

 

 

 
Fig 2: Increased free amino acid content in mature seeds due to SSW1 variation 

 

 

 

The SSW1 technology is patented by PBL on behalf of IGDB.  For more information or licensing interest, please 

contact PBL. 
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