Supplementary Material S6
Assessment of sequence novelty and potential memorisation in generated sequences
This analysis assessed whether MGS-HCT generated novel sequence combinations or reproduced sequences encountered during training. The analysis included 100 LoRA-conditioned NLR candidates and 1,000 de novo generated sequences. LoRA candidates were searched separately against the MGS-HCT pretraining corpus and the NLR adapter-training set. De novo sequences were searched against the MGS-HCT pretraining corpus. Only sequences belonging to the corresponding training partitions were included in the reference databases.
Sequence comparisons were performed using NCBI BLAST+ v2.15.0 with blastn and the blastn task. The E-value threshold was 0.5, low-complexity filtering was disabled (dust = no and soft_masking = false), and up to 50 target sequences and 50 HSPs were retained per query. Results were exported in tabular format (outfmt 6). These permissive search settings were used to maximise sensitivity to potentially copied regions, while duplicate classification was based on stringent identity and query-coverage criteria.
For each query-subject pair, non-overlapping HSPs were combined. Query coverage was calculated as the number of non-overlapping query bases covered by the retained HSPs divided by the query length and multiplied by 100%. Identity was calculated as the sum of identical aligned bases across the retained HSPs divided by their total alignment length and multiplied by 100%. The subject with the highest total bit score was retained as the nearest neighbour. The longest exact match was defined as the longest contiguous identical nucleotide stretch among the retained HSPs.
Generated sequences were assigned to mutually exclusive categories in the following order. Exact duplicates had 100% nucleotide identity and 100% query coverage. Near duplicates had at least 95% nucleotide identity and at least 80% query coverage, excluding exact duplicates. Partial homology required at least 95% nucleotide identity, less than 80% query coverage, and an aligned length of at least 100 bp, excluding exact and near duplicates. All remaining sequences, including sequences without BLASTN hits, were classified as having no close match.
Table S6.1. Main results of the nearest-neighbour assessment 
Counts of exact and near duplicates against each training database, together with median nearest-neighbour identity, query coverage, and longest contiguous exact-match length.
	Generation task
	Reference database
	n
	Exactduplicates
	Nearduplicates
	Median bestidentity (%)
	Median querycoverage (%)
	Median longestmatch (bp)

	LoRA-conditioned NLR
	MGS-HCT pretraining training partition
	100
	0 (0.0%)
	4 (4%)
	78.5
	41.0
	317

	LoRA-conditioned NLR
	LoRA NLR adapter-training set
	100
	0 (0.0%)
	7 (7.0%)
	82.3
	46.0
	282

	De novo generation
	MGS-HCT pretraining training partition
	1000
	0 (0.0%)
	20 (2.0%）
	74.1
	38.0
	204


Note: n denotes the number of generated query sequences. The two LoRA rows are separate searches of the same 100 candidates and are not additive. Across the union of the two training databases, 8 of the 100 LoRA candidates were near duplicates of at least one database; 3 met the criterion against both databases
No exact duplicates were identified in either generative task. Among the 100 LoRA-conditioned NLR candidates, 4.0% were near duplicates of the pretraining corpus and 7.0% were near duplicates of the adapter-training set. Across both databases, 8 unique candidates (8.0%) met the near-duplicate criterion, including 3 candidates that met the criterion against both databases. The higher median identity and coverage against the adapter-training set are consistent with adaptation to the target NLR family.
Among the 1,000 de novo sequences, 20 (2.0%) met the near-duplicate criterion against the pretraining corpus, while no exact duplicates were detected. Their lower median identity, coverage, and longest exact-match length indicate lower overall nearest-neighbour similarity than observed for the LoRA-conditioned sequences.
Table S6.2. Distribution of nearest-neighbour similarity categories
	Similarity category
	Definition
	LoRA vs pretraining, n (%)
	LoRA vs NLR adapter training, n (%))
	De novo vs pretraining, n (%)

	Exact duplicate
	100% identity and 100% coverage
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)

	Near duplicate
	≥95% identity and ≥80% coverage
	4 (4.0%)
	7 (7.0%)
	20 (2.0%)

	Partial homology
	High local identity but <80% coverage
	15 (15.0%)
	22 (22.0%)
	140 (14.0%)

	No close match
	Does not meet the above criteria
	81 (81.0%)
	71 (71.0%)
	840 (84.0%)

	Total
	—
	100 (100.0%)
	100 (100.0%)
	1000 (100.0%)


Note:Categories were applied sequentially as exact duplicate, near duplicate, partial homology, and no close match. Each sequence was assigned to one category within each reference-database comparison, and each column sums to the corresponding number of generated queries.
Most generated sequences did not meet the exact- or near-duplicate criteria. The no-close-match category contained 81.0% of LoRA candidates against the pretraining corpus, 71.0% against the adapter-training set, and 84.0% of de novo sequences against the pretraining corpus. Partial homology was more frequent against the adapter-training set, which is consistent with the conserved sequence features expected within the NLR family.
Taken together, the absence of exact duplicates and the low frequency of near duplicates showed no evidence of widespread verbatim or near-verbatim memorisation under the predefined criteria. Nevertheless, the 8 LoRA and 20 de novo near-duplicate sequences were retained as potential memorisation cases and should not be described as fully novel. The results therefore support sequence-level novelty for the majority of generated outputs without claiming that memorisation was completely excluded.
