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Supplementary Table 1. Primers used for real time PCR in this study
	Gene
	Forward primer
	Reverse primer

	
	Name
	Sequence (5' to 3')
	Name
	Sequence (5′ to 3′)

	HXT7
	HXT7_120(F)
	AGCTTATGGTGAAGGTGAAGAGC
	HXT7_225(R)
	ACCAAAGGCGATCATGATACAC

	HXK2
	HXK2_52(F)
	GATGTGCCAAAGGAATTGATGC
	HXK2_171(R)
	GGACAAACCCTTTTCCAATTCG

	PGI1
	PGI1_433(F)
	GTTCGTTCTGGTGAATGGAAGG
	PGI1_579(R)
	GGAAACGAAGTGGACATCCAAG

	PFK1
	PFK1_219(F)
	GGTTGATGCTTCTGGGTTCC
	PFK1_342(R)
	GTTGGTGTCGAAAGTTTCATCG

	PFK2
	PFK2_549(F)
	CACCTATCCATCTCTGCCAAAG
	PFK2_695(R)
	ACAACAAAGGCACGACAACC

	FBA1
	FBA1_930(F)
	CATAATGTCCCCAGTCGGTAAC
	FBA1_1036(R)
	TCTTAGCACCCATGGTCTTTTC

	TPI1
	TPI1_398(F)
	AAAAGAAGGCCGGTAAGACTTTGG
	TPI1_500(R)
	ACTGGTTCGTAAGCGACAACGAC

	TDH3
	TDH3_25(F)
	TTCGGTAGAATCGGTAGATTGG
	TDH3_124(R)
	CAGCGTAGTCGTTGGTGATG

	PGK1
	PGK1_48(F)
	CAAGCGTGTCTTCATCAGAGTTGAC
	PGK1_178(R)
	AGACAACGTATCTTGGGTGGTGTTC

	GPM1
	GPM1_112(F)
	AGAGCCGGTGAATTGTTGAAGG
	GPM1_260(R)
	TCGTTCAATCTCCAGGATCTGTTG

	ENO2
	ENO2_531(F)
	TAAGACCTTCGCTGAAGCCATG
	ENO2_664(R) 
	CGGTTTGAATGTTTGGAGCAAC

	PYK2
	PYK2_64(F)
	CGCACCTCCATAATAGGTACCATTG
	PYK2_180(R) 
	TTCGTAGGAGCCATGGGAAAAG

	D-LDH
	D-LDH_365(F)
	AGGCTTTGGATGCCAAGATTG
	D-LDH_458(R) 
	GTACCAATTACACCAACGGTTTGC

	PDA1
	PDA1_497(F)
	CTTATGGTAAGGGTGGTTCCATG
	PDA1_605(R)
	TGGTGAGCAAAAGCTAAACCTG





Supplementary Table 2. The coefficient of determination, the maximum predicted D-lactic acid productivity and classification for each algorithm
The coefficient of determination, the maximum predicted value of D-lactic acid productivity, and the classification for each algorithm are summarized. In this table, the results are listed in descending order of the maximum predicted D-lactic acid productivity.
The direction of stacking is to set machine learning models with high prediction maximum and prediction accuracy as meta-models, and aim to improve accuracy by setting sub-models mainly with models built with decision tree-based algorithms with high prediction accuracy. Since many models with low predictive value are selected for the sub-models, it is desirable to train the meta-model with an algorithm that produces a fairly high predictive value. Therefore, MLP Regressor was selected for this study.
After removing outliers, the machine learning model was built without any data transformation. Random values were generated in Excel to produce 10,000 explanatory variable-only unknown data to make predictions.

	algorithm
	R2 (train)
	R2 (test)
	Expected max
D-lactic acid productivity [g/L/OD600]
	category
(scikit-learn)

	Passive Aggressive Regressor
	-4.01
	-13.56
	26.05
	Linear

	TheilSen Regressor
	-0.75
	0.04
	14.18
	Linear

	Kernel Ridge
	-2.68
	-0.25
	12.64
	Kernel_ridge

	Random Sample Consensus
	-4.33
	0.28
	11.02
	Linear

	MLP Regressor
	0.21
	0.20
	10.97
	Neural_network

	Huber Regressor
	0.23
	0.37
	8.22
	Linear

	Linear Regression
	0.27
	0.40
	7.60
	Linear

	Least Angle Regression
	0.27
	-0.03
	7.60
	Linear

	Lasso Regression
	-0.08
	0.40
	7.60
	Linear

	Ridge Regression
	0.28
	0.41
	7.50
	Linear

	Bayesian Ridge
	0.31
	0.42
	6.69
	Linear

	Automatic Relevance Determination
	0.35
	0.42
	6.37
	Linear

	Orthogonal Matching Pursuit
	0.21
	0.26
	4.57
	Linear

	Decision Tree Regressor
	-0.28
	0.05
	4.37
	Tree

	Gradient Boosting Regressor
	0.31
	0.59
	4.18
	Tree (ensemble)

	Extreme Gradient Boosting
	0.16
	0.48
	4.04
	Tree (ensemble)

	Light Gradient Boosting Machine
	0.27
	0.63
	3.99
	Tree (ensemble)

	K Neighbors Regressor
	0.20
	0.47
	3.79
	Neighbors

	AdaBoost Regressor
	0.27
	0.68
	3.75
	Ensemble

	Random Forest Regressor
	0.36
	0.64
	3.66
	Tree (ensemble)

	CatBoost Regressor
	0.34
	0.66
	3.54
	Tree (ensemble)

	Extra Trees Regressor
	0.33
	0.62
	3.47
	Tree (ensemble)

	Support Vector Regression
	0.37
	0.51
	2.91
	Svm

	Elastic Net
	-0.01
	0.05
	2.77
	Linear

	Lasso Least Angle Regression
	-0.08
	-0.03
	2.29
	Linear






Supplementary Fig. 1. Construction and selection of D-lactic acid producing strain.
Strain YPH499/dPdA, in which ADH1 and PDC1 were disrupted to reduce ethanol formation (Yamada et al. 2017c), was transformed with D-LDH expressing plasmid pδU_LibDLDH. Then, 96 transformants were cultivated and their D-lactic acid production after 18 h cultivation was evaluated. The highest D-lactic acid producing strain was selected and named YPH499/dPdA/DLDH/A5.


Supplementary Fig. 2. Residual glucose concentration of yeast transformants after 16 h of cultivation.
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