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Supplementary Form S1
Owner informed consent form for participation of cats in the study.
UNIVERSIDADE FEDERAL DO ESPÍRITO SANTO (UFES)
OWNER INFORMED CONSENT FORM
Research project: Metabolomic Evaluation and Proposed Treatment in Cats with Sporotrichosis
1. STUDY IDENTIFICATION
Study title: Metabolomic Study of Cats with Sporotrichosis Compared with Healthy Cats
Principal investigator: Joice Olinda do Couto, veterinarian and master's student in the Graduate Program in Veterinary Sciences at UFES
Advisor: Prof. Dr. Mário Ferreira Conceição Santos, Department of Chemistry, UFES.
2. BRIEF DESCRIPTION OF THE STUDY
You are invited to authorize the participation of your animal(s) in this study, which aims to analyze the metabolomic profile of cats with a clinical and laboratory diagnosis of sporotrichosis and compare it with that of healthy cats. The study also seeks to evaluate responses to antifungal treatment, thereby contributing to improvements in veterinary therapy and public health, because sporotrichosis is an increasingly important zoonosis. During the study, venous blood (up to 3 mL) will be collected for biochemical and metabolomic analyses, and the animals will undergo clinical monitoring to assess their response to treatment. In the analyses reported in the accompanying article, however, the healthy cats were characterized descriptively and were not included in the PLS-DA, which was restricted to paired T0 and T60 samples from the seven infected cats.
3. ANIMAL IDENTIFICATION
Species: Domestic cat (Felis catus)
Sex: ☐ Male ☐ Female   Breed: __________________________
Age: _______   Animal's name: __________________________
4. PARTICIPATION IN THE STUDY
The animal's participation consists of blood collection by jugular or cephalic venipuncture, performed by a qualified professional using aseptic technique and disposable materials. The owner is entirely free to refuse or discontinue the animal's participation at any time without affecting clinical care. Questions may be clarified at any time using the contact information below.
5. RISKS AND DISCOMFORT
Blood collection may cause mild local discomfort and minor bruising. The risk is minimal, and all precautions will be taken to safeguard animal welfare. The study follows the ethical standards of the Brazilian National Council for the Control of Animal Experimentation (CONCEA) and Law No. 11,794/2008.
6. CONFIDENTIALITY
All information collected will be kept strictly confidential. No information that could identify the owner or the animal will be disclosed.
7. BENEFITS
The results may advance the understanding of feline sporotrichosis and support the identification of new biomarkers and therapeutic strategies. The owner will receive clinical feedback on the examinations performed, and the animal may benefit from improved health.
8. PAYMENT AND COSTS
Participation is voluntary and free of charge. The owner will incur no costs and will receive no financial compensation. All study-related procedures will be fully funded by the project.
9. INFORMED CONSENT
I declare that I have been duly informed about the objectives and procedures of the study, as well as its possible risks and benefits, and I voluntarily authorize my animal(s) to participate in the study.
Owner's name: ______________________________________
CPF/RG identification number: ______________________________________
Address: ______________________________________
Telephone: ______________________________________
Owner's signature: ____________________________
Principal investigator's signature: ____________________________
Date: ____/_____/______
CONTACT INFORMATION
Principal investigator: Joice Olinda do Couto, tel. +55 (21) 98034-6722
Advisor: Prof. Dr. Mário Ferreira Conceição Santos
Animal Use Ethics Committee (CEUA/UFES):
CEUA-Alegre protocols No. 0007/2025 and 0008/2025.

















Supplementary Table S1
	WEEK 1

	Animal
	Mucous membranes
	Abdominal palpation
	Rectal temperature
	Cardiac auscultation
	Respiratory auscultation
	Lesions
	Owner interview

	F1
	Normal color
	No abnormalities
	38.5 °C
	Normal
	Wheezing
	>2 lesions
	No abnormalities

	F2
	Normal color
	Tympanic
	39.1 °C
	Normal
	Wheezing
	>2 lesions
	No abnormalities

	F3
	Normal color
	No abnormalities
	37.8 °C
	Normal
	No abnormal sounds
	1 lesion
	No abnormalities

	F4
	Normal color
	No abnormalities
	38 °C
	Normal
	Wheezing
	1 lesion
	No abnormalities

	F5
	Normal color
	No abnormalities
	37.9 °C
	Normal
	Wheezing
	>2 lesions
	No abnormalities

	F6
	Normal color
	No abnormalities
	38 °C
	Normal
	No abnormal sounds
	1 lesion
	No abnormalities

	F7
	Normal color
	No abnormalities
	38.3 °C
	Normal
	No abnormal sounds
	1 lesion
	No abnormalities

	F8
	Normal color
	No abnormalities
	38 °C
	Normal
	No abnormal sounds
	No lesions
	No abnormalities

	F9
	Normal color
	No abnormalities
	38.5 °C
	Normal
	No abnormal sounds
	No lesions
	No abnormalities

	F10
	Normal color
	No abnormalities
	39 °C
	Normal
	No abnormal sounds
	No lesions
	No abnormalities

	WEEK 2

	Animal
	Mucous membranes
	Abdominal palpation
	Rectal temperature
	Cardiac auscultation
	Respiratory auscultation
	Lesions
	Owner interview

	F1
	Normal color
	No abnormalities
	37.5 °C
	Normal
	Wheezing
	>2 lesions
	No abnormalities

	F2
	Normal color
	No abnormalities
	39 °C
	Normal
	Wheezing
	>2 lesions
	No abnormalities

	F3
	Normal color
	No abnormalities
	38 °C
	Normal
	No abnormal sounds
	1 lesion
	No abnormalities

	F4
	Normal color
	No abnormalities
	38.2 °C
	Normal
	Wheezing
	1 lesion
	No abnormalities

	F5
	Normal color
	No abnormalities
	38.9 °C
	Normal
	Wheezing
	>2 lesions
	No abnormalities

	F6
	Normal color
	No abnormalities
	39 °C
	Normal
	No abnormal sounds
	1 lesion
	No abnormalities

	F7
	Normal color
	No abnormalities
	37 °C
	Normal
	No abnormal sounds
	1 lesion
	No abnormalities

	F8
	Normal color
	No abnormalities
	38.5 °C
	Normal
	No abnormal sounds
	No lesions
	No abnormalities

	F9
	Normal color
	No abnormalities
	38.4 °C
	Normal
	No abnormal sounds
	No lesions
	No abnormalities

	F10
	Normal color
	No abnormalities
	39.1 °C
	Normal
	No abnormal sounds
	No lesions
	No abnormalities

	WEEK 3

	Animal
	Mucous membranes
	Abdominal palpation
	Rectal temperature
	Cardiac auscultation
	Respiratory auscultation
	Lesions
	Owner interview

	F1
	Normal color
	No abnormalities
	38 °C
	Normal
	Wheezing
	>2 lesions
	No abnormalities

	F2
	Normal color
	No abnormalities
	38.6 °C
	Normal
	Wheezing
	>2 lesions
	No abnormalities

	F3
	Normal color
	No abnormalities
	38.2 °C
	Normal
	No abnormal sounds
	1 lesion
	No abnormalities

	F4
	Normal color
	No abnormalities
	39 °C
	Normal
	Wheezing
	1 lesion
	No abnormalities

	F5
	Normal color
	No abnormalities
	38.9 °C
	Normal
	Wheezing
	>2 lesions
	No abnormalities

	F6
	Normal color
	No abnormalities
	37.8 °C
	Normal
	No abnormal sounds
	1 lesion
	No abnormalities

	F7
	Normal color
	No abnormalities
	38 °C
	Normal
	No abnormal sounds
	1 lesion
	No abnormalities

	F8
	Normal color
	No abnormalities
	37.8 °C
	Normal
	No abnormal sounds
	No lesions
	No abnormalities

	F9
	Normal color
	No abnormalities
	38 °C
	Normal
	No abnormal sounds
	No lesions
	No abnormalities

	F10
	Normal color
	No abnormalities
	38.9 °C
	Normal
	No abnormal sounds
	No lesions
	No abnormalities

	WEEK 4

	Animal
	Mucous membranes
	Abdominal palpation
	Rectal temperature
	Cardiac auscultation
	Respiratory auscultation
	Lesions
	Owner interview

	

	F1
	Pale
	Pain on palpation
	38.5 °C
	Normal
	Wheezing
	>2 lesions
	Loss of appetite

	F2
	Normal color
	No abnormalities
	39.1 °C
	Normal
	Wheezing
	>2 lesions
	No abnormalities

	F3
	Normal color
	No abnormalities
	37.8 °C
	Normal
	No abnormal sounds
	1 lesion
	No abnormalities

	F4
	Normal color
	No abnormalities
	38 °C
	Normal
	Wheezing
	1 lesion
	No abnormalities

	F5
	Normal color
	Tympanic
	37.9 °C
	Normal
	Wheezing
	>2 lesions
	No abnormalities

	F6
	Normal color
	No abnormalities
	38 °C
	Normal
	No abnormal sounds
	1 lesion
	No abnormalities

	F7
	Normal color
	No abnormalities
	38.3 °C
	Normal
	No abnormal sounds
	1 lesion
	No abnormalities

	F8
	Normal color
	No abnormalities
	38 °C
	Normal
	No abnormal sounds
	No lesions
	No abnormalities

	F9
	Normal color
	No abnormalities
	38.5 °C
	Normal
	No abnormal sounds
	No lesions
	No abnormalities

	F10
	Normal color
	No abnormalities
	39 °C
	Normal
	No abnormal sounds
	No lesions
	No abnormalities

	WEEK 5

	Animal
	Mucous membranes
	Abdominal palpation
	Rectal temperature
	Cardiac auscultation
	Respiratory auscultation
	Lesions
	Owner interview

	

	F1
	Pale
	No abnormalities
	39.1 °C
	Normal
	Wheezing
	>2 lesions
	Urinary abnormality

	F2
	Normal color
	No abnormalities
	38.9 °C
	Normal
	Wheezing
	>2 lesions
	No abnormalities

	F3
	Normal color
	No abnormalities
	38.8 °C
	Normal
	No abnormal sounds
	1 lesion
	No abnormalities

	F4
	Normal color
	No abnormalities
	38.1 °C
	Normal
	Wheezing
	1 lesion
	No abnormalities

	F5
	Normal color
	No abnormalities
	39.1 °C
	Normal
	No abnormal sounds
	>2 lesions
	No abnormalities

	F6
	Normal color
	No abnormalities
	38.6 °C
	Normal
	No abnormal sounds
	1 lesion
	No abnormalities

	F7
	Normal color
	No abnormalities
	38.9 °C
	Normal
	No abnormal sounds
	1 lesion
	No abnormalities

	F8
	Normal color
	No abnormalities
	38.8 °C
	Normal
	No abnormal sounds
	No lesions
	Urinary abnormality

	F9
	Normal color
	No abnormalities
	39 °C
	Normal
	No abnormal sounds
	No lesions
	No abnormalities

	F10
	Normal color
	No abnormalities
	39.2 °C
	Normal
	No abnormal sounds
	No lesions
	Inappetent

	WEEK 6

	Animal
	Mucous membranes
	Abdominal palpation
	Rectal temperature
	Cardiac auscultation
	Respiratory auscultation
	Lesions
	Owner interview

	F1
	Normal color
	No abnormalities
	38.5 °C
	Normal
	Wheezing
	1 lesion
	No abnormalities

	F2
	Pale
	No abnormalities
	39.1 °C
	Normal
	Wheezing
	>2 lesions
	Inappetent

	F3
	Normal color
	No abnormalities
	38 °C
	Normal
	No abnormal sounds
	1 lesion
	No abnormalities

	F4
	Normal color
	No abnormalities
	38.1 °C
	Normal
	Wheezing
	1 lesion
	No abnormalities

	F5
	Pale
	No abnormalities
	39.1 °C
	Normal
	No abnormal sounds
	>2 lesions
	Inappetent

	F6
	Normal color
	No abnormalities
	38.6 °C
	Normal
	No abnormal sounds
	1 lesion
	No abnormalities

	F7
	Normal color
	No abnormalities
	38.9 °C
	Normal
	No abnormal sounds
	1 lesion
	No abnormalities

	F8
	Normal color
	No abnormalities
	38.8 °C
	Normal
	No abnormal sounds
	No lesions
	Urinary abnormality

	F9
	Normal color
	No abnormalities
	39 °C
	Normal
	No abnormal sounds
	No lesions
	No abnormalities

	F10
	Normal color
	No abnormalities
	39 °C
	Normal
	No abnormal sounds
	No lesions
	No abnormalities

	WEEK 7

	Animal
	Mucous membranes
	Abdominal palpation
	Rectal temperature
	Cardiac auscultation
	Respiratory auscultation
	Lesions
	Owner interview

	F1
	Normal color
	No abnormalities
	39 °C
	Normal
	Wheezing
	>2 lesions
	Urinary abnormality

	F2
	Icteric
	No abnormalities
	37.9 °C
	Normal
	Wheezing
	>2 lesions
	Inappetent

	F3
	Normal color
	No abnormalities
	38.8 °C
	Normal
	No abnormal sounds
	1 lesion
	No abnormalities

	F4
	Normal color
	No abnormalities
	38.1 °C
	Normal
	Wheezing
	1 lesion
	No abnormalities

	F5
	Normal color
	No abnormalities
	38 °C
	Normal
	No abnormal sounds
	>2 lesions
	No abnormalities

	F6
	Normal color
	No abnormalities
	38.2 °C
	Normal
	No abnormal sounds
	1 lesion
	No abnormalities

	F7
	Normal color
	No abnormalities
	38 °C
	Normal
	No abnormal sounds
	1 lesion
	No abnormalities

	F8
	Normal color
	No abnormalities
	38.5 °C
	Normal
	No abnormal sounds
	No lesions
	Urinary abnormality

	F9
	Normal color
	No abnormalities
	38.7 °C
	Normal
	No abnormal sounds
	No lesions
	No abnormalities

	F10
	Normal color
	No abnormalities
	38.5 °C
	Normal
	No abnormal sounds
	No lesions
	No abnormalities

	WEEK 8

	Animal
	Mucous membranes
	Abdominal palpation
	Rectal temperature
	Cardiac auscultation
	Respiratory auscultation
	Lesions
	Owner interview

	F1
	Normal color
	No abnormalities
	39.1 °C
	Normal
	No abnormal sounds
	1 lesion
	No abnormalities

	F2
	Icteric
	No abnormalities
	38.9 °C
	Normal
	Wheezing
	1 lesion
	Inappetent

	F3
	Normal color
	No abnormalities
	38.8 °C
	Normal
	No abnormal sounds
	1 lesion
	No abnormalities

	F4
	Normal color
	No abnormalities
	38.1 °C
	Normal
	Wheezing
	1 lesion
	No abnormalities

	F5
	Normal color
	No abnormalities
	39 °C
	Normal
	No abnormal sounds
	1 lesion
	No abnormalities

	F6
	Normal color
	No abnormalities
	38.4 °C
	Normal
	No abnormal sounds
	No lesions
	No abnormalities

	F7
	Normal color
	No abnormalities
	38.1 °C
	Normal
	No abnormal sounds
	No lesions
	No abnormalities

	F8
	Normal color
	No abnormalities
	38.8 °C
	Normal
	No abnormal sounds
	No lesions
	Urinary abnormality

	F9
	Normal color
	No abnormalities
	39 °C
	Normal
	No abnormal sounds
	No lesions
	No abnormalities

	F10
	Normal color
	No abnormalities
	39 °C
	Normal
	No abnormal sounds
	No lesions
	No abnormalities


Animal identifiers were standardized to match the article: F1–F7 identify the infected cats, and F8–F10 identify the healthy controls.

Supplementary Material S2: PLS-DA dataset and analysis script
Block 1 of 3 (columns 1–11 of the original spreadsheet)
	Sample ID
	Dodecane
	Pentacosane
	Undecane
	N-Octadecane
	Docosane
	Pentadecane
	3-Ethyl-2,6,10-trimethylundecane
	2,3-Nonanedione
	1-Tetradecene
	Tetrahydrolavandulol
	2-Hydroxyisobutyric acid
	Class

	D0-2A-1
	40,002.75
	39,166.06
	14,501.13
	12,197.19
	28,372.63
	10,251.88
	17,136.38
	9,021.38
	3,809.06
	4,234.88
	7,219.06
	1

	D0-2A-2
	21,506.06
	23,073.00
	7,984.94
	7,145.25
	14,823.81
	5,407.56
	8,451.94
	4,873.31
	2,084.50
	2,674.88
	7,958.50
	1

	D0-2A-3
	44,547.19
	42,690.06
	15,807.44
	12,636.44
	27,213.63
	9,815.19
	15,872.00
	10,194.00
	4,265.31
	4,454.50
	7,196.25
	1

	D0-2B-1
	38,894.13
	39,468.13
	13,663.63
	12,455.94
	27,580.81
	9,684.69
	16,352.69
	8,941.12
	3,673.06
	4,101.00
	3,599.44
	1

	D0-2B-2
	21,729.38
	25,661.25
	8,168.44
	8,290.69
	16,776.44
	6,444.00
	10,334.63
	5,021.00
	2,216.75
	2,952.12
	3,556.94
	1

	D0-2B-3
	34,301.38
	38,917.50
	13,312.88
	11,911.44
	27,795.81
	9,554.44
	15,867.25
	7,824.69
	3,469.62
	4,086.62
	3,518.50
	1

	D0-2C-1
	43,486.31
	42,230.19
	15,510.56
	12,627.06
	27,850.94
	10,061.63
	16,632.88
	10,019.44
	4,013.44
	4,287.62
	2,826.81
	1

	D0-2C-2
	19,103.38
	22,948.81
	7,677.44
	7,288.12
	14,953.31
	5,641.31
	9,182.56
	4,351.44
	2,037.06
	2,228.69
	2,006.38
	1

	D0-2C-3
	18,362.19
	22,457.50
	7,633.06
	7,313.12
	16,370.06
	6,121.00
	9,850.31
	4,348.44
	1,865.25
	2,263.69
	2,097.31
	1

	D0-3A-1
	42,321.06
	42,830.50
	15,081.44
	12,768.50
	29,749.56
	11,085.63
	18,155.19
	9,748.06
	3,907.50
	4,195.12
	1,003.56
	1

	D0-3A-2
	21,499.13
	21,953.25
	7,769.94
	6,680.56
	14,381.81
	5,199.00
	7,986.88
	4,930.69
	2,018.06
	2,280.75
	1,088.25
	1

	D0-3A-3
	18,753.75
	21,703.38
	7,068.44
	7,089.19
	15,886.69
	5,792.50
	9,705.94
	4,350.75
	1,887.25
	2,476.50
	1,760.56
	1

	D0-3B-1
	43,619.19
	46,427.75
	16,422.81
	14,125.00
	33,195.38
	12,239.06
	20,960.56
	9,785.75
	4,160.69
	4,729.88
	2,022.06
	1

	D0-3B-2
	39,030.81
	40,120.56
	14,231.50
	12,536.81
	30,130.13
	10,485.94
	18,311.19
	8,883.94
	3,807.25
	4,269.31
	2,346.44
	1

	D0-3B-3
	21,173.88
	26,063.81
	8,437.94
	8,086.31
	17,281.69
	6,293.31
	10,328.06
	4,984.38
	2,263.75
	2,667.00
	1,965.44
	1

	D0-3C-1
	21,405.63
	23,840.44
	8,123.31
	7,743.38
	17,490.69
	6,419.06
	10,339.56
	5,072.50
	2,100.75
	2,710.00
	3,335.81
	1

	D0-3C-2
	43,320.94
	41,822.38
	15,113.50
	12,529.75
	28,689.63
	10,152.81
	16,737.00
	9,893.25
	4,028.69
	4,481.12
	3,337.06
	1

	D0-3C-3
	19,295.06
	21,101.38
	7,150.31
	6,635.75
	14,928.19
	5,327.38
	8,651.44
	4,395.75
	2,008.81
	2,788.19
	3,621.69
	1

	D0-3D-1
	19,407.19
	23,498.06
	7,760.31
	7,548.94
	16,556.25
	6,081.19
	9,924.31
	4,455.50
	2,103.25
	2,766.69
	1,915.25
	1

	D0-3D-2
	19,041.13
	21,066.25
	7,247.50
	6,844.38
	14,446.69
	5,284.94
	8,197.38
	4,349.56
	1,892.38
	2,228.62
	1,992.88
	1

	D0-3D-3
	32,041.44
	38,877.50
	11,855.69
	13,973.56
	31,489.44
	11,897.38
	20,576.81
	7,653.94
	2,917.50
	3,135.12
	705.31
	1

	D60-2A-1
	5,635.31
	7,197.12
	13,997.38
	13,793.19
	4,807.00
	8,953.94
	2,465.75
	9,107.94
	20,990.50
	24,268.44
	7,907.75
	2

	D60-2A-2
	5,074.06
	6,168.12
	12,442.38
	11,456.38
	4,031.75
	7,572.44
	2,116.88
	8,408.56
	18,957.31
	21,365.94
	5,325.12
	2

	D60-2A-3
	6,121.75
	7,499.06
	14,514.25
	12,471.63
	4,898.56
	9,203.38
	2,720.88
	9,900.88
	22,292.63
	24,685.38
	8,326.38
	2

	D60-2B-1
	5,248.19
	6,957.88
	13,334.44
	12,602.88
	4,509.12
	8,537.25
	2,525.00
	8,582.19
	20,030.19
	22,421.38
	5,259.75
	2

	D60-2B-2
	5,904.62
	7,862.88
	14,861.00
	13,252.19
	5,325.19
	9,845.38
	2,914.94
	9,814.06
	22,917.31
	25,101.38
	8,338.44
	2

	D60-2B-3
	5,248.19
	6,957.88
	13,334.44
	12,602.88
	4,509.12
	8,537.25
	2,525.00
	8,582.19
	20,030.19
	22,421.38
	5,259.75
	2

	D60-2C-1
	3,701.69
	4,216.25
	6,792.69
	5,979.81
	3,037.69
	4,711.38
	2,400.06
	4,879.25
	6,343.81
	6,866.88
	5,907.19
	2

	D60-2C-2
	3,078.06
	3,058.62
	6,058.81
	5,629.25
	2,336.94
	3,625.38
	1,878.81
	4,352.94
	9,337.12
	10,676.38
	6,892.00
	2

	D60-2C-3
	2,906.88
	2,904.50
	5,693.00
	5,453.25
	2,089.75
	3,150.44
	1,719.62
	3,563.06
	8,700.06
	9,956.75
	6,455.12
	2

	D60-3A-1
	3,053.44
	3,590.00
	6,571.81
	6,232.88
	2,673.19
	4,275.88
	2,044.88
	4,364.00
	9,833.12
	11,994.25
	19,030.13
	2

	D60-3A-2
	7,338.00
	9,623.31
	15,297.75
	13,337.50
	6,090.44
	10,596.50
	3,706.62
	11,548.88
	14,502.31
	16,273.38
	16,451.56
	2

	D60-3A-3
	6,465.25
	7,830.56
	15,284.31
	12,989.75
	4,679.38
	9,421.00
	2,543.94
	10,537.69
	23,420.88
	26,325.88
	18,548.69
	2

	D60-3B-1
	9,335.00
	278.50
	1,442.38
	1,834.88
	854.19
	1,839.06
	989.31
	1,535.62
	2,753.94
	3,101.56
	943.00
	2

	D60-3B-2
	5,962.25
	6,915.00
	14,104.94
	12,628.94
	4,469.75
	8,533.19
	2,637.94
	9,899.75
	21,690.56
	24,525.88
	4,715.94
	2

	D60-3B-3
	3,145.69
	3,037.56
	6,133.00
	5,977.75
	2,400.75
	3,847.38
	1,808.19
	4,310.00
	9,383.31
	11,419.06
	5,808.06
	2

	D60-3C-1
	3,550.81
	5,451.00
	9,652.06
	10,657.50
	4,438.81
	7,889.06
	2,379.62
	5,718.12
	15,170.81
	16,955.00
	2,722.50
	2

	D60-3C-2
	3,099.50
	3,051.38
	6,077.94
	5,451.44
	2,162.31
	3,407.44
	1,631.69
	4,426.94
	8,950.00
	10,221.00
	4,129.56
	2

	D60-3C-3
	2,684.62
	2,779.00
	5,219.75
	4,992.62
	1,938.56
	3,800.31
	1,499.62
	3,584.56
	7,945.75
	9,414.38
	3,262.69
	2

	D60-3D-1
	5,490.31
	6,539.19
	12,830.19
	12,001.75
	4,324.62
	7,801.31
	2,428.19
	8,776.75
	19,893.63
	21,807.06
	3,309.81
	2

	D60-3D-2
	5,906.31
	7,024.81
	13,771.88
	12,495.44
	3,808.75
	8,592.25
	2,510.50
	9,749.69
	21,391.13
	24,002.69
	3,111.62
	2

	D60-3D-3
	2,834.69
	2,996.81
	6,102.38
	5,741.44
	2,509.94
	3,581.50
	1,953.56
	4,047.88
	9,264.44
	10,257.06
	3,033.75
	2




Block 2 of 3 (columns 12–22 of the original spreadsheet)
	Sample ID
	DL-Beta-hydroxybutyric acid
	Isothreonic acid
	5,6-Dihydrouracil
	L-Asparagine
	L-5-Oxoproline
	Urea
	Glycerol
	Glyceric acid
	D-Xylulose
	D-(-)-Ribose
	D-(-)-Fructose
	Class

	D0-2A-1
	11,663.69
	14,282.75
	440,697.10
	1,797,050.00
	11,396.81
	150,117.60
	69,132.06
	4,766.31
	6,016.56
	2,719.19
	11,202.19
	1

	D0-2A-2
	14,715.56
	23,993.31
	361,042.30
	1,731,347.00
	19,680.81
	202,832.80
	69,251.94
	7,055.31
	4,406.75
	2,991.88
	22,816.94
	1

	D0-2A-3
	15,031.94
	20,053.94
	533,230.50
	457,421.30
	15,552.38
	158,686.40
	67,293.44
	7,744.00
	7,030.12
	3,114.81
	14,522.31
	1

	D0-2B-1
	5,727.81
	66,765.63
	437,071.10
	1,844,683.00
	16,352.50
	130,579.10
	71,421.94
	18,007.69
	21,354.44
	2,094.88
	23,803.88
	1

	D0-2B-2
	7,292.81
	57,921.63
	466,318.50
	1,749,712.00
	30,050.38
	225,311.70
	66,208.31
	18,870.06
	9,500.06
	1,487.25
	35,596.75
	1

	D0-2B-3
	5,860.12
	58,734.50
	430,173.80
	1,882,318.00
	20,192.69
	188,395.90
	69,502.00
	17,612.94
	38,611.25
	1,640.38
	33,048.44
	1

	D0-2C-1
	7,209.69
	44,356.44
	398,970.80
	1,181,305.00
	13,963.75
	81,587.88
	76,623.44
	13,218.38
	10,552.50
	3,786.12
	17,848.00
	1

	D0-2C-2
	5,542.06
	21,963.88
	315,974.50
	497,477.40
	15,179.75
	134,074.80
	55,202.81
	6,086.06
	3,025.94
	4,498.62
	16,460.38
	1

	D0-2C-3
	6,378.81
	56,405.81
	475,216.00
	710,325.10
	17,378.19
	98,647.06
	56,205.81
	18,656.06
	5,502.12
	2,263.69
	53,598.00
	1

	D0-3A-1
	2,672.75
	24,998.88
	397,364.30
	549,715.40
	8,091.19
	50,853.31
	61,961.06
	7,579.12
	5,910.06
	3,095.12
	15,227.50
	1

	D0-3A-2
	2,246.38
	15,417.88
	538,234.60
	1,083,396.00
	9,311.38
	87,239.19
	46,153.50
	4,483.38
	2,105.88
	1,594.25
	18,233.38
	1

	D0-3A-3
	3,578.75
	41,754.81
	320,817.40
	1,763,771.00
	17,163.56
	219,266.70
	50,564.19
	11,374.75
	3,556.94
	1,465.56
	20,903.63
	1

	D0-3B-1
	4,172.06
	49,307.13
	401,535.20
	718,359.70
	6,954.38
	37,152.25
	87,763.25
	22,545.94
	9,748.06
	5,152.25
	45,939.81
	1

	D0-3B-2
	4,150.81
	54,854.56
	531,388.70
	1,117,894.00
	12,660.75
	197,301.80
	52,923.44
	24,041.00
	8,662.44
	3,023.25
	45,159.88
	1

	D0-3B-3
	4,171.69
	53,505.44
	530,049.20
	878,989.90
	14,796.94
	165,324.40
	51,877.81
	22,504.00
	4,537.81
	2,506.06
	53,471.88
	1

	D0-3C-1
	3,543.50
	44,028.50
	591,225.70
	688,469.40
	19,460.94
	266,456.80
	69,133.69
	22,747.63
	4,908.69
	2,849.00
	62,694.44
	1

	D0-3C-2
	3,313.69
	31,477.19
	584,373.80
	1,254,259.00
	14,020.13
	130,371.70
	66,447.25
	13,565.88
	12,940.94
	3,638.25
	40,396.56
	1

	D0-3C-3
	3,575.69
	43,070.06
	352,973.20
	1,666,646.00
	20,982.63
	237,414.30
	67,329.69
	19,243.50
	6,638.50
	1,263.50
	52,393.88
	1

	D0-3D-1
	4,327.56
	41,745.44
	355,180.40
	1,703,745.00
	22,493.06
	250,260.20
	55,100.94
	15,643.44
	3,730.62
	944.44
	32,469.13
	1

	D0-3D-2
	5,666.56
	52,282.56
	433,744.10
	818,122.10
	22,950.50
	263,829.80
	46,387.88
	21,136.19
	3,992.94
	2,370.50
	41,276.31
	1

	D0-3D-3
	1,061.00
	279.19
	320.19
	135.81
	3,424.06
	154.38
	32,387.44
	288.56
	7,931.06
	4,181.88
	36,362.13
	1

	D60-2A-1
	19,829.00
	87,460.56
	1,181,893.00
	162,206.80
	61,877.94
	583,150.80
	98,419.94
	41,004.06
	19,694.81
	2,666.00
	35,732.00
	2

	D60-2A-2
	12,670.06
	43,414.13
	766,367.60
	101,934.40
	24,929.13
	200,659.10
	65,422.44
	15,678.38
	18,041.94
	2,365.81
	24,850.94
	2

	D60-2A-3
	19,923.00
	67,709.38
	1,040,242.00
	123,694.80
	56,696.63
	535,865.80
	95,916.50
	27,743.38
	18,338.13
	2,813.44
	28,058.88
	2

	D60-2B-1
	12,882.00
	19,672.25
	617,283.40
	117,970.10
	34,779.88
	388,694.30
	95,579.13
	9,788.19
	4,372.19
	5,094.44
	22,564.19
	2

	D60-2B-2
	19,663.88
	77,260.06
	925,900.90
	138,177.50
	36,752.94
	463,336.40
	170,983.90
	22,423.25
	4,139.25
	17,020.00
	37,911.19
	2

	D60-2B-3
	12,882.00
	19,672.25
	617,283.40
	117,970.10
	34,779.88
	388,694.30
	95,579.13
	9,788.19
	4,372.19
	5,094.44
	22,564.19
	2

	D60-2C-1
	28,811.63
	27,761.06
	474,894.10
	1,623,170.00
	23,812.81
	179,063.90
	52,974.25
	8,797.44
	7,211.38
	4,231.38
	7,050.75
	2

	D60-2C-2
	33,391.56
	35,090.06
	699,220.00
	1,594,537.00
	33,365.06
	276,207.70
	64,853.38
	10,265.56
	7,983.62
	4,855.31
	8,006.94
	2

	D60-2C-3
	29,761.81
	14,008.38
	562,325.40
	1,717,276.00
	29,033.25
	272,970.20
	54,886.56
	4,424.31
	1,760.88
	2,615.88
	9,732.56
	2

	D60-3A-1
	27,008.06
	111,817.10
	727,318.00
	1,567,759.00
	59,414.13
	293,654.20
	85,456.31
	41,888.38
	18,082.81
	3,776.62
	35,336.63
	2

	D60-3A-2
	24,066.81
	65,043.63
	866,935.50
	89,689.56
	43,974.19
	249,134.70
	73,313.75
	20,803.25
	25,008.56
	4,106.62
	31,525.13
	2

	D60-3A-3
	25,247.81
	55,564.88
	837,118.10
	115,033.20
	68,611.69
	325,157.30
	85,152.88
	19,687.94
	21,013.69
	4,352.94
	44,756.63
	2

	D60-3B-1
	2,433.50
	5,007.94
	80,898.38
	16,391.81
	1,726.12
	37,816.75
	6,929.19
	1,859.75
	2,561.81
	927.81
	2,008.94
	2

	D60-3B-2
	21,104.56
	54,548.25
	724,308.60
	163,944.50
	39,498.88
	332,421.50
	72,834.25
	15,342.25
	15,028.81
	4,289.50
	13,317.56
	2

	D60-3B-3
	19,297.88
	48,083.56
	564,585.00
	1,632,628.00
	33,337.00
	244,589.20
	52,306.50
	12,853.44
	16,869.63
	2,800.38
	14,065.56
	2

	D60-3C-1
	2,636.00
	6,004.31
	407,578.90
	9,342.25
	6,320.69
	3,206.94
	51,333.00
	3,082.25
	1,770.38
	2,227.62
	6,501.12
	2

	D60-3C-2
	3,911.81
	8,206.44
	527,791.90
	1,619,122.00
	13,763.81
	246,012.80
	50,211.44
	2,776.81
	1,038.62
	2,364.81
	4,662.50
	2

	D60-3C-3
	2,541.19
	5,719.50
	541,936.20
	1,447,504.00
	11,341.06
	165,901.20
	40,186.75
	2,390.50
	1,088.00
	1,372.00
	4,841.81
	2

	D60-3D-1
	7,188.00
	26,856.00
	791,184.20
	120,926.40
	43,384.56
	382,671.10
	68,927.44
	10,539.56
	5,011.50
	1,662.75
	12,206.63
	2

	D60-3D-2
	8,022.56
	39,738.25
	578,178.30
	53,860.31
	41,987.00
	388,773.30
	68,023.56
	16,890.81
	8,801.06
	1,949.19
	20,854.13
	2

	D60-3D-3
	6,559.81
	27,553.88
	671,619.60
	514,207.40
	26,753.19
	235,276.90
	51,806.88
	10,348.69
	4,857.38
	2,023.69
	15,222.94
	2




Block 3 of 3 (columns 23–30 of the original spreadsheet)
	Sample ID
	D-(+)-Glucose
	D-(+)-Galactose
	Sucrose
	L-Iditol
	Stearic acid
	Palmitic acid
	Myo-Inositol
	Chlorogenic acid
	Class

	D0-2A-1
	487,162.60
	87,972.31
	87,422.81
	1,165.25
	45,412.63
	97,472.19
	19,262.88
	9,894.94
	1

	D0-2A-2
	576,120.40
	125,672.40
	97,404.81
	1,760.81
	50,095.63
	93,849.69
	28,985.06
	9,428.44
	1

	D0-2A-3
	556,991.90
	107,557.10
	88,195.50
	902.81
	41,833.06
	91,599.31
	23,550.19
	7,078.88
	1

	D0-2B-1
	588,435.30
	116,345.20
	100,045.80
	1,467.06
	45,215.06
	101,261.10
	28,178.50
	11,820.63
	1

	D0-2B-2
	640,853.40
	146,328.90
	102,478.80
	2,917.81
	60,369.38
	116,790.30
	39,658.50
	13,686.38
	1

	D0-2B-3
	587,597.40
	117,653.80
	92,380.19
	885.94
	51,142.69
	107,660.50
	27,388.25
	9,328.81
	1

	D0-2C-1
	583,861.40
	114,328.40
	93,687.19
	1,422.81
	43,640.69
	101,248.30
	23,525.00
	14,959.00
	1

	D0-2C-2
	432,996.80
	85,200.19
	83,533.00
	1,311.06
	46,282.50
	84,443.94
	20,340.94
	18,244.06
	1

	D0-2C-3
	601,128.10
	137,072.60
	268,424.80
	3,811.88
	53,388.81
	103,496.60
	28,971.00
	7,856.19
	1

	D0-3A-1
	440,546.90
	79,685.56
	90,039.19
	1,077.62
	38,214.19
	90,671.69
	13,718.81
	20,065.81
	1

	D0-3A-2
	336,386.90
	64,035.44
	135,270.30
	2,697.62
	41,304.56
	79,197.00
	13,641.13
	7,943.56
	1

	D0-3A-3
	510,163.10
	105,920.20
	86,720.94
	1,523.88
	47,938.31
	86,766.06
	19,758.31
	11,560.63
	1

	D0-3B-1
	635,474.50
	133,474.90
	97,199.75
	1,288.12
	36,720.56
	95,756.25
	21,800.38
	28,552.88
	1

	D0-3B-2
	652,100.60
	134,537.90
	81,764.56
	1,112.69
	52,213.00
	107,271.00
	20,090.13
	11,694.13
	1

	D0-3B-3
	622,243.40
	141,809.30
	92,724.44
	1,779.69
	53,763.63
	103,135.80
	24,942.94
	12,347.63
	1

	D0-3C-1
	731,634.90
	176,649.10
	75,483.06
	3,642.31
	50,735.75
	95,352.56
	19,825.75
	7,596.12
	1

	D0-3C-2
	681,238.30
	140,705.80
	87,679.00
	1,196.94
	44,568.00
	95,848.38
	16,832.06
	6,000.75
	1

	D0-3C-3
	719,748.30
	168,230.80
	78,593.88
	1,819.56
	43,387.06
	80,684.75
	21,825.00
	6,918.06
	1

	D0-3D-1
	521,394.60
	107,194.80
	95,100.19
	2,208.81
	52,020.94
	95,689.88
	22,620.69
	12,024.69
	1

	D0-3D-2
	623,398.30
	139,378.90
	87,711.25
	3,770.56
	50,480.56
	88,436.56
	20,850.63
	8,046.12
	1

	D0-3D-3
	371,775.10
	67,996.94
	81,359.31
	5,504.81
	115.56
	28.94
	17,173.13
	5,484.69
	1

	D60-2A-1
	784,792.90
	177,124.90
	82,664.88
	15,997.25
	227,259.40
	163,243.40
	53,697.13
	13,855.25
	2

	D60-2A-2
	680,113.80
	141,085.90
	132,183.10
	8,850.31
	151,446.10
	122,358.90
	36,833.13
	22,323.31
	2

	D60-2A-3
	826,546.60
	193,521.80
	73,941.69
	3,341.56
	216,502.60
	169,682.80
	55,209.19
	22,724.13
	2

	D60-2B-1
	919,199.30
	255,533.30
	83,639.31
	8,601.69
	189,052.00
	127,037.20
	60,204.31
	29,712.75
	2

	D60-2B-2
	1,126,109.00
	399,885.80
	79,115.50
	12,186.50
	250,643.30
	162,348.60
	75,257.38
	28,376.44
	2

	D60-2B-3
	919,199.30
	255,533.30
	83,639.31
	8,601.69
	189,052.00
	127,037.20
	60,204.31
	29,712.75
	2

	D60-2C-1
	485,187.40
	88,023.63
	63,025.13
	3,193.88
	26,219.56
	56,719.94
	37,635.06
	18,555.63
	2

	D60-2C-2
	573,955.20
	109,244.80
	64,085.44
	13,833.69
	41,709.00
	46,814.31
	43,973.44
	20,606.63
	2

	D60-2C-3
	578,850.80
	111,561.30
	88,085.06
	10,157.31
	36,403.81
	42,268.69
	40,069.13
	14,050.69
	2

	D60-3A-1
	945,372.30
	263,468.60
	82,814.88
	10,049.13
	66,090.94
	65,339.06
	76,135.38
	29,997.00
	2

	D60-3A-2
	900,213.60
	242,490.70
	102,114.60
	2,013.31
	137,838.30
	225,076.90
	60,880.94
	35,610.13
	2

	D60-3A-3
	1,024,231.00
	317,683.20
	83,382.25
	9,062.50
	226,475.30
	157,051.20
	72,582.19
	46,837.31
	2

	D60-3B-1
	105,932.70
	16,978.38
	214,925.10
	3,732.00
	15,582.19
	13,533.81
	12,108.25
	4,128.56
	2

	D60-3B-2
	602,439.60
	122,733.30
	87,558.00
	5,891.31
	185,717.40
	130,577.80
	61,161.56
	16,625.06
	2

	D60-3B-3
	651,678.70
	134,449.80
	73,441.25
	5,305.00
	48,731.31
	57,164.75
	57,569.88
	16,051.75
	2

	D60-3C-1
	415,388.90
	75,090.06
	58,847.50
	22,184.81
	97,640.94
	66,769.19
	25,321.06
	26,739.06
	2

	D60-3C-2
	365,055.40
	63,632.19
	55,973.44
	2,058.38
	32,573.00
	35,120.75
	19,487.31
	28,078.25
	2

	D60-3C-3
	342,499.70
	58,793.38
	53,056.94
	5,891.00
	25,010.00
	31,191.69
	18,635.56
	17,467.81
	2

	D60-3D-1
	483,176.10
	92,093.25
	83,856.31
	12,853.56
	167,730.80
	124,910.50
	29,201.31
	21,647.38
	2

	D60-3D-2
	489,030.70
	93,591.81
	76,437.75
	7,645.00
	191,516.90
	133,182.20
	29,761.19
	17,770.00
	2

	D60-3D-3
	447,921.40
	82,041.25
	92,605.63
	54,587.88
	37,241.06
	48,169.06
	22,853.69
	15,517.31
	2



Supplementary Script S1
"""Paired PLS-DA for the feline sporotrichosis T0–T60 dataset.
This supplementary script reproduces the analysis reported in the article:
seven paired animals, three technical injections averaged per animal/time point,
two latent variables, leave-one-animal-out cross-validation with fold-specific
autoscaling, and the exact 2**7 paired-label permutation test.
"""
from itertools import product
from pathlib import Path
import re
import matplotlib
matplotlib.use("Agg")
import matplotlib.pyplot as plt
from matplotlib.patches import Ellipse, Patch
import numpy as np
import pandas as pd
from sklearn.cross_decomposition import PLSRegression
from sklearn.preprocessing import StandardScaler
DATA_PLSDA = Path("metabogatosPLSDA(5).xlsx")
OUTPUT_DIR = Path("plsda_outputs")
N_COMPONENTS = 2
T0_COLOR = "#356895"
T60_COLOR = "#DE7F25"
def parse_sample_id(sample_id):
    """Return time point, animal ID, and injection number from e.g. D60-3A-2."""
    match = re.fullmatch(r"D(0|60)-(\d[A-D])-(\d+)", str(sample_id).strip())
    if match is None:
        raise ValueError(f"Unexpected sample identifier: {sample_id!r}")
    return int(match.group(1)), match.group(2), int(match.group(3))
def load_biological_averages(path):
    raw = pd.read_excel(path)
    sample_col = raw.columns[0]
    class_col = "Class"
    metabolite_cols = [c for c in raw.columns if c not in (sample_col, class_col)]
    parsed = raw[sample_col].map(parse_sample_id)
    raw[["Time", "Animal", "Injection"]] = pd.DataFrame(parsed.tolist(), index=raw.index)
    expected_class = raw["Time"].map({0: 1, 60: 2})
    if not np.array_equal(raw[class_col].to_numpy(), expected_class.to_numpy()):
        raise ValueError("The Class column is inconsistent with the sample identifiers.")
    injection_counts = raw.groupby(["Animal", "Time"])["Injection"].nunique()
    if len(injection_counts) != 14 or not (injection_counts == 3).all():
        raise ValueError("Expected seven paired animals and three technical injections per animal/time point.")
    averaged = raw.groupby(["Animal", "Time"], sort=True)[metabolite_cols].mean().reset_index()
    paired_counts = averaged.groupby("Animal")["Time"].nunique()
    if len(paired_counts) != 7 or not (paired_counts == 2).all():
        raise ValueError("Expected seven animals with both T0 and T60 observations.")
    averaged["Class"] = (averaged["Time"] == 60).astype(int)
    return averaged, metabolite_cols
def fit_full_model(X, y):
    scaler = StandardScaler()
    X_scaled = scaler.fit_transform(X)
    model = PLSRegression(n_components=N_COMPONENTS, scale=False)
    model.fit(X_scaled, y)
    prediction = model.predict(X_scaled).ravel()
    ss_total = np.sum((y - y.mean()) ** 2)
    r2y = 1.0 - np.sum((y - prediction) ** 2) / ss_total
    scores = model.transform(X_scaled)
    return scaler, model, scores, r2y
def leave_one_animal_out_q2(X, y, animals):
    predictions = np.empty_like(y, dtype=float)
    for animal in np.unique(animals):
        test = animals == animal
        train = ~test
        scaler = StandardScaler()
        X_train = scaler.fit_transform(X[train])
        X_test = scaler.transform(X[test])
        model = PLSRegression(n_components=N_COMPONENTS, scale=False)
        model.fit(X_train, y[train])
        predictions[test] = model.predict(X_test).ravel()
    ss_total = np.sum((y - y.mean()) ** 2)
    q2 = 1.0 - np.sum((y - predictions) ** 2) / ss_total
    return q2, predictions
def exact_paired_permutation(X, y, animals, observed_q2):
    unique_animals = np.unique(animals)
    q2_null = []
    for swaps in product((False, True), repeat=len(unique_animals)):
        permuted = y.copy()
        for animal, swap in zip(unique_animals, swaps):
            if swap:
                positions = np.flatnonzero(animals == animal)
                permuted[positions] = permuted[positions[::-1]]
        q2, _ = leave_one_animal_out_q2(X, permuted, animals)
        q2_null.append(q2)
    q2_null = np.asarray(q2_null)
    p_value = np.count_nonzero(q2_null >= observed_q2 - 1e-12) / q2_null.size
    return p_value, q2_null
def vip_scores(model, X_scaled, y):
    """Calculate VIP scores across all fitted latent variables."""
    t = model.x_scores_
    w = model.x_weights_
    q = model.y_loadings_.ravel()
    explained_y = np.sum(t * t, axis=0) * (q * q)
    weighted = (w * w) / np.sum(w * w, axis=0)
    return np.sqrt(X_scaled.shape[1] * (weighted @ explained_y) / explained_y.sum())
def add_distribution_ellipse(ax, points, color):
    """Add the same kind of shaded visual distribution guide used in Figure 1."""
    covariance = np.cov(points, rowvar=False)
    values, vectors = np.linalg.eigh(covariance)
    order = values.argsort()[::-1]
    values, vectors = values[order], vectors[:, order]
    angle = np.degrees(np.arctan2(vectors[1, 0], vectors[0, 0]))
    width, height = 4.0 * np.sqrt(np.maximum(values, 0))
    ellipse = Ellipse(points.mean(axis=0), width, height, angle=angle,
                      facecolor=color, edgecolor=color, alpha=0.12, linewidth=2)
    ax.add_patch(ellipse)
def plot_score_figure(scores, y):
    fig, ax = plt.subplots(figsize=(10.5, 9.0))
    for cls, color, label in [(0, T0_COLOR, "T0 (baseline)"), (1, T60_COLOR, "T60 (post-treatment)")]:
        selected = scores[y == cls, :2]
        add_distribution_ellipse(ax, selected, color)
        ax.scatter(selected[:, 0], selected[:, 1], s=220, color=color,
                   edgecolor="black", linewidth=1.2, label=label, zorder=3)
    ax.axhline(0, color="#888888", linewidth=0.9)
    ax.axvline(0, color="#888888", linewidth=0.9)
    ax.set_xlabel("Latent Variable 1", fontsize=15)
    ax.set_ylabel("Latent Variable 2", fontsize=15)
    ax.legend(frameon=False, fontsize=14, loc="upper right")
    ax.spines[["top", "right"]].set_visible(False)
    fig.tight_layout()
    fig.savefig(OUTPUT_DIR / "Figure_1_PLSDA_scores.png", dpi=240, bbox_inches="tight")
    plt.close(fig)
def plot_coefficients_and_vip(model, X_scaled, y, metabolite_cols, vip):
    coefficients = model.coef_.ravel()
    order = np.argsort(vip)[::-1]
    names = np.asarray(metabolite_cols)[order]
    coefficients = coefficients[order]
    vip = vip[order]
    colors = np.where(coefficients < 0, T0_COLOR, T60_COLOR)
    positions = np.arange(len(names))
    fig, axes = plt.subplots(1, 2, figsize=(14.5, 11), sharey=True,
                             gridspec_kw={"wspace": 0.07})
    axes[0].barh(positions, coefficients, color=colors, edgecolor="#333333", linewidth=0.5)
    axes[0].axvline(0, color="black", linewidth=1)
    axes[0].set_xlabel("PLS-DA regression coefficient")
    axes[0].set_yticks(positions, names)
    axes[0].invert_yaxis()
    axes[0].set_title("A", loc="left", fontweight="bold", fontsize=16)
    axes[1].barh(positions, vip, color=colors, edgecolor="#333333", linewidth=0.5)
    axes[1].axvline(1.0, color="#C62828", linestyle="--", linewidth=1.4)
    axes[1].text(1.03, 0.7, "VIP = 1.0", color="#C62828", fontsize=10)
    axes[1].set_xlabel("Variable Importance in Projection (VIP)")
    axes[1].set_title("B", loc="left", fontweight="bold", fontsize=16)
    for ax in axes:
        ax.spines[["top", "right"]].set_visible(False)
    fig.legend(handles=[Patch(facecolor=T0_COLOR, edgecolor="black", label="Greater at T0"),
                        Patch(facecolor=T60_COLOR, edgecolor="black", label="Greater at T60")],
               loc="lower center", ncol=2, frameon=False)
    fig.tight_layout(rect=(0, 0.035, 1, 1))
    fig.savefig(OUTPUT_DIR / "Figure_2_coefficients_VIP.png", dpi=240, bbox_inches="tight")
    plt.close(fig)
def main():
    averaged, metabolites = load_biological_averages(DATA_PLSDA)
    X = averaged[metabolites].to_numpy(dtype=float)
    y = averaged["Class"].to_numpy(dtype=float)
    animals = averaged["Animal"].to_numpy()
    scaler, model, scores, r2y = fit_full_model(X, y)
    q2, cv_predictions = leave_one_animal_out_q2(X, y, animals)
    paired_p, q2_null = exact_paired_permutation(X, y, animals, q2)
    vip = vip_scores(model, scaler.transform(X), y)
    OUTPUT_DIR.mkdir(parents=True, exist_ok=True)
    results = pd.DataFrame({"Metric": ["R2Y", "Q2_LOAO", "Exact_paired_permutation_p"],
                            "Value": [r2y, q2, paired_p]})
    results.to_csv(OUTPUT_DIR / "PLSDA_validation_metrics.csv", index=False)
    pd.DataFrame({"Animal": animals, "Time": averaged["Time"], "Observed": y,
                  "Cross_validated_prediction": cv_predictions}).to_csv(
        OUTPUT_DIR / "PLSDA_cross_validated_predictions.csv", index=False)
    pd.DataFrame({"Metabolite": metabolites, "Coefficient": model.coef_.ravel(),
                  "VIP": vip}).sort_values("VIP", ascending=False).to_csv(
        OUTPUT_DIR / "PLSDA_coefficients_VIP.csv", index=False)
    pd.DataFrame({"Q2_permuted": q2_null}).to_csv(
        OUTPUT_DIR / "PLSDA_exact_permutation_distribution.csv", index=False)
    plot_score_figure(scores, y)
    plot_coefficients_and_vip(model, scaler.transform(X), y, metabolites, vip)
    print(f"R2Y={r2y:.3f}")
    print(f"Q2 (leave-one-animal-out)={q2:.3f}")
    print(f"Exact paired permutation p={paired_p:.3f} ({len(q2_null)} permutations)")
if __name__ == "__main__":
    main()
