Supplementary Methods S3. Coding procedure, dual review and disagreement resolution
S3.1 Coding procedure
The coding procedure was designed to translate previously identified space genes into governance-oriented analytical units. First, the five categories of space genes were treated as baseline coding units. These categories included the spatial-pattern gene, street-and-lane morphology gene, public-node gene, courtyard-space gene and construction-material gene.
Second, each space gene was linked to its spatial carriers. For example, the spatial-pattern gene was linked to mountains, forests, water systems, farmland and settlement boundaries; the street-and-lane morphology gene was linked to main streets, branch lanes, lane width and street interfaces; and the construction-material gene was linked to walls, roofs, timber frames, brick masonry, colour and texture.
Third, each space gene was recoded into a governance attribute. The spatial-pattern gene was recoded as control boundary; the street-and-lane morphology gene as organisational skeleton; the public-node gene as public node; the courtyard-space gene as architectural unit; and the construction-material gene as material interface.
Fourth, each governance attribute was assessed through the four diagnostic variables of stability, identifiability, relationality and disturbance. Stability, identifiability and relationality were used to calculate the value score, while disturbance was used as the risk score.
S3.2 Dual review procedure
To reduce subjective bias, two researchers with backgrounds in urban–rural planning and rural spatial studies independently reviewed the evidence and scored the five categories of space genes. The evidence included spatial maps, UAV images, field photographs, interview records, planning documents and project-related materials.
Each researcher independently assigned scores from 1 to 5 for stability, identifiability, relationality and disturbance according to the predefined scoring criteria. After the independent scoring process, the two sets of scores were compared.
S3.3 Disagreement resolution
Where the score difference between the two researchers was no greater than one point, the final score was determined through evidence rechecking and consensus discussion. Where the score difference exceeded one point, the corresponding spatial maps, UAV images, photographs, interview notes and planning documents were re-examined. The final score was determined only after both researchers reached agreement.
This procedure was used to improve the transparency and traceability of the diagnosis. Because the scoring was intended for evidence-based diagnostic classification rather than statistical inference, no inter-rater reliability coefficient was calculated.
S3.4 Calculation and classification
The overall value score was calculated using the arithmetic mean of stability, identifiability and relationality:
V= (S+I+A) / 3
where V represents the overall value score, S represents stability, I represents identifiability and A represents relationality.
The risk score was represented directly by the disturbance score:
R=D
[bookmark: _GoBack]where R represents the risk score and D represents disturbance.
The combination of V and R was used to classify each space gene into one of four governance states: continuation, repair, adaptation or replacement. These governance states then provided the basis for adaptive rule translation and tool embedding.
S3.5 Governance-state classification logic
Governance states were determined by jointly interpreting the value score and the risk score in the value–risk matrix. Continuation was assigned to space genes with high value and low or moderate disturbance, indicating that their spatial structure should be maintained as a governance baseline. Repair was assigned to space genes with high value and high disturbance, indicating that their core spatial relationships remain important but have been damaged or fragmented by renewal activities. Adaptation was assigned to space genes that retained recognisable value but required functional adjustment under ongoing rural renewal, such as housing renovation, guesthouse conversion or public-service insertion. Replacement was retained as a possible governance state for space genes with low value, weak identifiability and severely damaged spatial relationships; however, no space gene in Shichuangou Village was classified as fully replacement-oriented.
This classification was not used as a statistical clustering result. Rather, it was an evidence-based diagnostic classification derived from the combination of the value score, risk score, field evidence and consensus review.




