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Supplementary Methods

Exclusion criteria and clinical evaluation scales

Exclusion criteria for all subjects: (1) disease duration over 10 years, (2) age under 30 or over 75 years old, (3) history of taking antibiotics and probiotic supplements within two months prior to sample collection, (4) patients who cannot eat and receive assisted feeding, (5) history of other neurological and psychiatric illness such as epilepsy, head trauma, brain tumor, stroke, dementia, depressive disorder and so on, (6) chronic associated diseases (e.g., cardiovascular disease, diabetes, obesity, malnutrition, irritable bowel syndrome (IBS), gastroenteric tumor, liver cirrhosis, chronic nephrosis, malignancy, and autoimmune diseases) that might affect gut microbiota. Particularly, we used Rome III Criteria and 17-item Hamilton Rating Scale for Depression (HAMD-17) to exclude the IBS and depressive disorder.


Motor symptoms were assessed by the Unified Multiple System Atrophy Rating Scale-II (UMSARS-II). Non-motor symptoms were evaluated with a battery of neurological assessment scales: (1) 17-item Hamilton Rating Scale for Depression (HAMD-17); (2) Hamilton Anxiety Scale (HAMA); (3) Mini-Mental State Examination (MMSE) for cognitive function; (4) The Scale for Outcomes in PD autonomic dysfunction (SCOPA-AUT) for autonomic function. The Wexner Scale was used to assess the severity degree of constipation. 
Sample collection

Subjects were allowed to excrete feces into a clean container, the contamination from urine and toilet wall should be avoided. In order to avoid the pollution of urine, urine can be drained before collecting stools. The samples should be sent to the hospital for sample dispensing within 4 hours using an ice box (foam box + dry ice + ice pack) to ensure a cryogenic environment. Fecal samples should be taken from the inside of the feces as much as possible with a sterile spoon (the surface of the excrement is easily changed when exposed to air), and dispensed into sterile tubes on the aseptic table, with 5g/tube, in triplicate, and stored at -80(C. The sample was protected from freezing and thawing repeatedly. All fresh venous blood samples were collected in sterile EDTA anticoagulant tubes. The concentration of DNA in each blood and fecal samples was detected using a NanoDrop 2000 spectrophotometer.
Amplification and sequencing processes of microbial DNA
1. Genetic quality control. We took 3(l sample DNA for 1.2% agarose gel electrophoresis, all DNA concentrations were greater than 10ng/(L.
2. Primer design. Fusion primers with "5' Miseq linker-barcode-sequencing primer-specific primer-3 '" for bidirectional sequencing was designed. We amplified the V3-V4 functional regions of the bacterial 16S rRNA gene with specific primer sequences (357F 5'-ACTCCTACGGGAGGCAGCAG-3 'and 806R 5'-GGACTACHVGGGTWTCTAAT-3').
3. PCR amplification and product purification. We performed a total of two PCR reactions (ABI9700 PCR instrument), cycling conditions for both PCR reactions included an initial denaturation at 94°C for 2 min, followed by 25 and 8 cycles respectively at 94°C for 30 s, 56°C for 30 s, and 72°C for 30 s, and then a final extension at 72°C for 5 min. The PCR products were purified with the Axyprep DNA Gel Recovery Kit (AXYGEN company).

4. Quantification of PCR Products and DNA Sequencing. The purified PCR products were quantified with real-time fluorescence using the FTC-3000 real-time PCR instrument, and sequenced on a high-throughput IllUmina Miseq instrument (2x300 bp).
Analysis process of microbial information


The raw sequences were deposited in the Sequence Read Archive at National Center of Biotechnology Information (NCBI) Data Center. The effective sequences were identified according to barcode sequences which represented the sample source information. After sequence quality control (Trimmomatic software), mergence (FLASH software), and screening unqualified sequences (ambiguous, homologous, and chimeras), the optimized sequences were selected for further analysis. Then the sequences were clustered into operational taxonomic units (OTU) at 97% similarity (USEARCH software). Each OTU was classified into different levels of taxa (phylum, class, order, family, genus, species) according to 16s bacterial database such as Silva 128 (mothur software). And the relative abundances of different bacteria for taxa with a prevalence ≥10% were calculated at each taxonomic level.α-diversity was measured by chao, ace, Shannon, and Simpson indexes for microbial diversity and richness based on OTU level. Wilcoxon test was used to compare α-diversity indexes between the two groups. β-diversity represented the difference between samples calculated by Bray-Curtis, unweighted and weighted UniFrac. β-diversity indexes were plotted in the principal coordinate analysis (PCoA), and compared by analyses of similarities (ANOSIMs).
Process of Real-Time PCR

The PCR reactions were performed in a total volume of 10 µl using SYBR green mixture (Takara, Japan) comprising 200 nM (each) forward and reverse primers and 1 µl of sample DNA. The reaction conditions for amplification were 95°C for 3 min and 95°C for 10 s and 58°C for 30 s and 39 cycles at 95°C for 10 s. The amplification step was followed by a melting curve step according to the manufacturer’s instructions (from 60°C~95°C). Regarding potential contamination from reagents or experimenters, a negative control was set up with ddH2O instead of DNA samples, and three parallel accessory holes were made in each sample at the same time. The specific primer target sites for the quantitative analysis were performed using Primer 5. Universal 16S rRNA gene was used as the internal control and an abundance of genus were expressed as relative levels to 16S rRNA. The PCR reaction and condition were the same with 16S rRNA gene quantification.
Statistical analysis

Microbes specific to MSA or HC were identified using the linear discriminant analysis (LDA) effect size (LEfSe) method (http://huttenhower.sph.harvard.edu/lefse/) with an effect size cut-off of 2.0. Generalized linear models (GLM) adjusting for confounding factors (age, gender, BMI, constipation, LEDD, depression, and anxiety) was used to model the difference between patients and controls. The differences in relative abundance of the genera by real-time PCR were analyzed using the Wilcoxon rank-sum test. We used PICRUSt (Phylogenetic Investigation of Communities by Reconstruction of Unobserved States) to perform functional predictions. Significant differences in Kyoto Encyclopedia of Genes and Genomes (KEGG) ortholog (KO) pathways between groups were analyzed with STAMP, and P values were calculated with White’s rank-sum t-test. Associations of differential genera with clinical features and KO pathways were performed using Spearman’s rank-correlation analysis, and adjusted for different confounders by GLM analysis. Receiving operational curve (ROC) was established to evaluate the discriminative power of different taxa between MSA and HC subjects. All tests were 2-sided, and the results were considered statistically significant at p <0.05.

Supplementary Table 1. Optimized sequence data of all subjects.

	Samples
	Optimized sequences
	Samples
	Optimized sequences

	FM1
	45368
	FC1
	40335

	FM2
	27821
	FC2
	41449

	FM3
	38495
	FC3
	39422

	FM4
	42882
	FC4
	41823

	FM5
	41553
	FC5
	44306

	FM6
	42185
	FC6
	44494

	FM7
	42000
	FC7
	44684

	FM8
	45889
	FC8
	43960

	FM9
	41898
	FC9
	39458

	FM10
	33295
	FC10
	44485

	FM11
	40154
	FC11
	41528

	FM12
	43276
	FC12
	39571

	FM13
	40545
	FC13
	41594

	FM14
	33464
	FC14
	40904

	FM15
	35691
	FC15
	42657

	FM16
	40500
	FC16
	46559

	FM17
	45108
	FC17
	42941

	FM18
	41345
	FC18
	44494

	FM19
	40127
	FC19
	40664

	FM20
	36869
	FC20
	43099

	FM21
	26012
	FC21
	44630

	FM22
	40753
	FC22
	43596

	FM23
	38434
	FC23
	42298

	FM24
	37413
	FC24
	31048

	FM25
	42591
	FC25
	34953

	FM26
	34561
	FC26
	29670

	FM27
	42290
	FC27
	40188

	FM28
	47194
	FC28
	42635

	FM29
	43420
	FC29
	43871

	FM30
	32262
	FC30
	34906

	FM31
	38390
	FC31
	41029

	FM32
	35579
	FC32
	36689

	FM33
	39538
	FC33
	31245

	FM34
	42093
	FC34
	35713

	FM35
	41881
	FC35
	32755

	FM36
	42191
	FC36
	42656

	FM37
	45291
	FC37
	24656

	FM38
	39170
	FC38
	41675

	FM39
	41792
	FC39
	34908

	FM40
	41607
	FC40
	30338

	M1
	27827
	C1
	33872

	M2
	26428
	C2
	34114

	M3
	24023
	C3
	35118

	M4
	27041
	C4
	38228

	M5
	31840
	C5
	38787

	M6
	29999
	C6
	36148

	M7
	28185
	C7
	36388

	M8
	34846
	C8
	32925

	M9
	38473
	C9
	36760

	M10
	35115
	C10
	35567

	M11
	35283
	C11
	32355

	M12
	37745
	C12
	34675

	M13
	38305
	C13
	37534

	M14
	34050
	C14
	39960

	M15
	35857
	C15
	35882

	M16
	22300
	C16
	41917

	M17
	39898
	C17
	36969

	M18
	38410
	C18
	38012

	M19
	35449
	C19
	39127

	M20
	39683
	C20
	40605

	M21
	40361
	C21
	34036

	M22
	35369
	C22
	37248

	M23
	34703
	C23
	32252

	M24
	37568
	C24
	37128

	M25
	29962
	C25
	37849

	M26
	37344
	C26
	36517

	M27
	36292
	C27
	39871

	M28
	38364
	C28
	32244

	M29
	35116
	C29
	39195

	M30
	36857
	C30
	36198

	M31
	40433
	C31
	37729

	M32
	41969
	C32
	38115

	M33
	31018
	C33
	36936

	M34
	38473
	C34
	37444

	M35
	36726
	C35
	39355

	M36
	35332
	C36
	36887

	M37
	23544
	C37
	40534

	M38
	39289
	C38
	34072

	M39
	40590
	C39
	41741

	M40
	40187
	C40
	32285


FM: fecal multiple system atrophy, FC: fecal controls; M: blood multiple system atrophy, C: blood controls

Supplementary Table 2. Genus-specific 16S rRNA gene target primers of real-time PCR.

	Genus
	Primer (5’-3’)
	Annealing Temperature

	16S-F
	GCTCGTGTCGTGAGATGTT
	58

	16S-R
	TGTAGCCCAGGTCATAAGG
	

	phascolarctobacterium-F
	TGGAGTATGTGGTTTAATTCG
	58

	phascolarctobacterium-R
	CTGGAGCGTTCATTCAAT
	

	Ruminococcus-F
	TAACTACGTGCCAGCAGC
	58

	Ruminococcus-R
	AATCCCGCCTACGCT
	

	lactobacillus-F
	GGAGCATGTGGTTTAATTC
	58

	lactobacillus-R
	GGAACGCCTAATCTCTTA
	

	Haemophilus-F
	GCATTTCAGACTGGGTAACT
	58

	Haemophilus-R
	TATTCCTCCACATCTCTACG
	

	Gordonibacter-F
	TGGCGAACGGGTGAGTAAC
	58

	Gordonibacter-R
	CAGGAGCAGGGGAAGGAGTA
	


Supplementary Table 3. GLM results for the differences of fecal and blood microbiota between MSA and HC groups.
	
	Genus
	Estimates
	95%CI
	Wald Chi-Square
	p value

	Fecala
	Scardovia
	-0.084
	[-0.961, 0.792]
	0.036
	0.850

	
	Lactobacillus
	2.731
	[2.552, 2.910]
	894.382
	<0.001

	
	Gordonibacter
	-2.474
	[-4.579,-0.368]
	5.301
	<0.001

	
	Phascolarctobacterium
	0.596
	[0.556, 0.636]
	859.570
	<0.001

	
	Haemophilus
	0.432
	[0.285, 0.578]
	33.308
	<0.001

	Blooda
	Bacteroides
	4.036
	[3.948, 4.125]
	8038.961
	<0.001

	
	Leucobacter
	-0.100
	[-0.136, -0.064]
	29.981
	<0.001


MSA: Multiple system atrophy, HC: Health controls, GLM: generalized linear models.

aAdjusted for age, gender, BMI, constipation, LEDD, HAMD-17, and HAMA scores.

Negative binomial distribution for Scardovia. Poisson distribution for Lactobacillus, Gordonibacter, Phascolarctobacterium, Haemophilus, Bacteroides, and Leucobacter. 

Results were shown as: estimates, 95%CI, Wald Chi-Square, p-value.

Supplementary Table 4. GLM results for the differences of fecal and blood microbiota between MSA subtypes.
	
	Genus
	Estimates
	95%CI
	Wald Chi-Square
	p value

	Fecala
	Ruminococcus
	2.177
	[2.139, 2.215]
	12632.48
	<0.001

	
	Phascolarctobacterium
	0.200
	[0.168, 0.232]
	147.692
	<0.001

	Blooda
	Blastococcus
	-1.281
	[-3.564,1.002]
	1.210
	0.027

	
	Bacillus
	-0.159
	[-0.200,-0.119]
	59.027
	<0.001

	
	Acinetobacter
	0.530
	[0.508, 0.552]
	2221.241
	<0.001


MSA: Multiple system atrophy, GLM: generalized linear models.

aAdjusted for age, gender, BMI, constipation, LEDD, disease duration, HAMD-17, HAMA, and UMSARS-II scores.
Poisson distribution for Ruminococcus, Phascolarctobacterium, Blastococcus, Bacillus, and Acinetobacter. 

Results were shown as: estimates, 95%CI, Wald Chi-Square, p-value.

Supplementary Table 5. Demographic data in another independent group.

	
	MSA

(n = 40)
	MSA-P

(n = 21)
	MSA-C

(n = 19)
	HC

(n = 40)
	p valuec
	p valued

	Age (y)a
	64.13±7.30
	64.33±6.05
	63.89±8.64)
	65.75±6.34
	0.291
	0.852

	Male% (male/female)b
	57.5% (22/18)
	61.9% (13/8)
	47.4% (9/10)
	42.5% (19/21)
	0.655
	0.545

	BMI (kg/cm2)a
	24.45±3.15
	23.81±2.95
	25.43±3.33
	23.32±2.27
	0.096
	0.163


a Data were shown as mean±SD, compared by Wilcoxon test. b Data were shown as number%, compared by (2 test. c Compared between MSA and HC. d Compared between MSA-P vs MSA-C.

MSA: Multiple system atrophy, MSA-P: multiple system atrophy with predominately parkinsonism, MSA-C: multiple system atrophy with predominately cerebellar ataxia, HC: Health controls, BMI: Body Mass Index.

Supplementary Table 6. GLM results for the relations of gut differential microbiota with clinical features.
	
	Genus
	Estimates
	95%CI
	Wald (2
	p value

	Durationa
	Haemophilus
	-0.164
	[-0.216,-0.112]
	37.707
	<0.001

	UMSARS-IIb
	Haemophilus
	-0.0005
	[-0.001,0.0002]
	1.831
	0.176

	HAMD-17b
	Haemophilus
	-0.0001
	[-0.0009,0.0007]
	0.063
	0.801

	HAMAb
	Lactobacillus
	-2.691 e-05
	[-9.241e-05,3.857 e-05]
	0.649
	0.420

	
	Phascolarctobacterium
	0.0003
	[9.989e-05,0.0004]
	9.930
	0.002

	
	Haemophilus
	-7.463e-04
	[-0.002,0.0002]
	2.179
	0.140

	SCOPA-AUTb
	Gordonibacter
	0.071
	[0.029,0.113]
	11.157
	<0.001


GLM: generalized linear models, UMSARS-II: the Unified Multiple System Atrophy Rating Scale-II, HAMD-17: 17-item Hamilton Rating Scale for Depression, HAMA: Hamilton Anxiety Scale, SCOPA-AUT: The Scale for Outcomes in PD autonomic dysfunction.

aAdjusted for age, gender, BMI, and LEDD. Haemophilus was used as a dependent variable here

bAdjusted for age, gender, BMI, LEDD, and disease duration.

Results were shown as: estimates, 95%CI, Wald (2, p-value.

Supplementary Table 7. GLM results for the relations of blood differential microbiota with clinical features.
	
	Genus
	Estimates
	95%CI
	Wald (2
	p value

	Durationa
	Citricoccus
	0.099
	[0.063,0.135]
	29.018
	<0.001

	UMSARS-IIb
	Citricoccus
	0.002
	[-0.0001,0.004]
	3.403
	0.065

	SCOPA-AUTb
	Veillonella
	0.021
	[0.002,0.040]
	4.729
	0.030


GLM: generalized linear models, UMSARS-II: the Unified Multiple System Atrophy Rating Scale-II, SCOPA-AUT: The Scale for Outcomes in PD autonomic dysfunction.

aAdjusted for age, gender, BMI, and LEDD. Citricoccus was used as a dependent variable here

bAdjusted for age, gender, BMI, LEDD, and disease duration.

Results were shown as: estimates, 95%CI, Wald (2, p-value.
