	Gene
(accession number)
	Forward 5’-3’
	Reverse 5’-3’
	Annealing temperature  (°C)
	Study

	actin
(XM_623378)
	TGCCAACACTGTCCTTTCTG
	AGAATTGACCCACCAATCCA
	55.0
	(Alaux et al., 2011)

	vitellogenin (vg)
(AJ517411)
	GTTGGAGAGCAACATGCAGA
	TCGATCCATTCCTTGATGGT
	57.5
	(Salmela et al., 2016)

	Lactobacillus
Firm 5 16S rRNA
(JX099547)
	GCAACCTGCCCTWTAGCTTG
	GCCCATCCTKTAGTGACAGC
	60.0
	(Kešnerová et al., 2017)

	Lactobacillus
Firm 4 16S rRNA
(DQ837632)
	AGTCGAGCGCGGGAAGTCA
	AGCCGTCTTTCAACCAGCACT
	60.0
	(Kešnerová et al., 2017)

	Bifidobacterium 16S rRNA
(AB437355)
	ATGCAAGTCGAACGGGATCC
	CATCCCATRCCGGTAAACCC
	60.0
	(Kešnerová et al., 2017)

	Gilliamella 16S rRNA
(JQ936674)
	CTTTGTTGCCATCGGTTAGGCC
	CCGCTTGCTCTCGCGAGG
	60.0
	(Kešnerová et al., 2017)

	Nosema ceranae rRNA
(DQ486027)

	AAGAGTGAGACCTATCAGCTAGTTG
	CCGTCTCTCAGGCTCCTTCTC
	58.0
	(Bourgeois et al., 2010)

	Deformed wing virus (DWVA)
(AY292384.1)

	GAGATTGAA GCGCATGAACA

	TGAATTCAG TGTCGCCCA TA

	60.0
	(Boncristiani et al., 2012)


Table S1. Quantitative PCR primers used in this study


	Diet
	Manufacturer
	Ingredients

	Global
	Global Patties
	sugar, soy, yeast, lipid mix, vitamins, minerals, and sterilized wildflower pollen (15% by dry weight)


	Ultra Bee
	Mann Lake Ltd.
	plant protein, high fructose corn syrup, sugar, canola oil, soybean oil, palm oil, lemongrass oil, spearmint extract, probiotics, wheat flour, vitamins, and minerals


	Bulk Soft
	Mann Lake Ltd.
	plant protein products, fructose, processed grain by-products, dextrose, sugar, water, canola oil, vegetable shortening, lemongrass oil, spearmint oil, lecithin, thymol, sodium chloride, vitamin A, vitamin D3, vitamin E, ascorbic acid, zinc, menadione, riboflavin, pyridoxine, folic acid, and biotin

	Mega Bee
	Castle Dome Solutions
	plant protein products, sugar, processed grain by-products, citric acid, potassium sorbate, sodium propionate

	AP23
	Dadant
	plant protein products, sugar, grain products, dried egg product, lecithin, dl-methionine, potassium chloride, choline chloride, natural flavoring, mixed tocopherols, d-alpha tocopheryl acetate, ascorbic acid

	Homebrew
	Custom formulation (this study)
	Soy isolate, soy flour, yeast, sugar, canola oil, lysine, zinc, essential oils, and pollen (20% by dry weight)

	Healthy Bees
	Healthy Bees LLC
	spirulina, corn gluten, brewer's yeast, dextrose, invert sucrose syrup, coconut oil, canola oil, essential oils, natural plant extracts


Table S2. List of diet ingredients provided by the manufacturers  
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Figure S1.  A) Suggested proportions of essential amino acids according to honey bee growth requirements established by de Groot 1953. B) Leucine percentage of total EAAs in the tested diets. 
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Figure S2. Protein to lipid ratios of the test diets.
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Figure S3. Normalization of dietary EAA content to leucine.


[image: ]
Figure S4. Relative Deformed Wing Virus A (DWVA) abundance in colonies fed the different diets. 
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Dietary EAA (percent composition)

Global Homebrew Bulk Soft AP23 MegaBee UltraBee Healthy Bee
Arginine 0.940 1.300 0.721 0.547 0.882 0.778 0.696
Histidine 0.410 0.505 0.324 0.288 0.472 0.444 0.282
Isoleucine 0.733 0.944 0.636 0.638 0.854 0.835 0.690
Leucine 1.234 1.514 1.544 1.414 2.457 2.684 1.661
Lysine 0.993 2.020 1.465 0.821 0.765 1.975 0.487
Methionine 0.247 0.258 0.222 0.332 0.393 0.401 0.343
Cysteine 0.210 0.250 0.206 0.165 0.307 0.323 0.155
Phenylalanine 0.764 0.991 0.768 0.684 1.123 1.163 0.768
Tyrosine 0.392 0.393 0.508 0.328 0.503 0.584 0.362
Threonine 0.622 0.807 0.553 0.571 0.745 0.727 0.600
Tryptophan 0.212 0.257 0.142 0.129 0.172 0.161 0.141
Valine 0.818 1.018 0.718 0.778 1.006 0.963 0.780

EAAs normalized to leucine by dividing by leucine

Global Homebrew Bulk Soft AP23 MegaBee UltraBee Healthy Bee
Arginine 0.762 0.859 0.467 0.387 0.359 0.290 0.419
Histidine 0.332 0.334 0.210 0.204 0.192 0.165 0.170
Isoleucine 0.594 0.624 0.412 0.451 0.348 0.311 0.415
Leucine 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Lysine 0.805 1.334 0.949 0.581 0.311 0.736 0.293
Methionine + cysteine 0.370 0.336 0.277 0.351 0.285 0.270 0.300
Phenylalanine + tyrosine 0.937 0.914 0.826 0.716 0.662 0.651 0.680
Threonine 0.504 0.533 0.358 0.404 0.303 0.271 0.361
Tryptophan 0.172 0.170 0.092 0.091 0.070 0.060 0.085
Valine 0.663 0.672 0.465 0.550 0.409 0.359 0.470

Proportional deficiency according to proportions established by de Groot 1953

Global Homebrew Bulk Soft AP23 MegaBee UltraBee Healthy Bee
Arginine 0.143 0.288 -0.300 -0.420 -0.462 -0.565 -0.371
Histidine -0.003 0.001 -0.370 -0.389 -0.424 -0.504 -0.491
Isoleucine -0.332 -0.299 -0.537 -0.492 -0.609 -0.650 -0.533
Leucine 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Lysine 0.207 1.001 0.423 -0.129 -0.533 0.104 -0.560
Methionine + cysteine 0.111 0.007 -0.168 0.054 -0.145 -0.191 -0.101
Phenylalanine + tyrosine 0.686 0.645 0.488 0.288 0.191 0.172 0.225
Threonine -0.244 -0.200 -0.463 -0.394 -0.545 -0.594 -0.458
Tryptophan -0.227 -0.236 -0.586 -0.589 -0.685 -0.730 -0.618
Valine -0.254 -0.244 -0.477 -0.381 -0.539 -0.596 -0.472

Sum of EAA deficiences -1.060 -0.979 -2.901 -2.795 -3.942 -3.830 -3.603
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Histidine -0.003 0.001 -0.370 -0.389 -0.424 -0.504 -0.491

Isoleucine -0.332 -0.299 -0.537 -0.492 -0.609 -0.650 -0.533
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