Tutorial for the FastST software

1. Introduction
FastST is a microbial source tracking tool which makes fast inference for the relative contributions of source environments to sink microbiomes.

2. Preparation
Before running the script, you need to 
(1) make sure R packages "npreg" and "gtools" have been installed. If not, please run the following lines in R:
install.packages("npreg")
install.packages("gtools")
(2) make sure "FastST" is the current working directory. If not, please modify the following line using your home directory and run it in R:
setwd("C:/Users/username/Documents/Work/FastST")
(3) make sure environment variables are correctly set, e.g., for windows “C:\Program Files\R\R-4.5.1\bin” is included.
(4) If you are running our tools in Linux or Mac, please change the permission for the standalone files running “chmod +x standalone_file” command, for example :
chmod +x ./Code/FastST
chmod +x ./Code/Demo_GenData
chmod +x ./Code/Demo_EstProp

3. Code description
All code, including R scripts and standalone commands, are listed in the following table:
	For demonstration
	For simulation
	For real data analysis

	Demo.R
Demo_GenData
Demo_EstProp
	Simu_Scen1a.R
Simu_Scen1b.R
Simu_Scen2.R
	Real.R
FastSt



--Demo.R: R script for demonstrating a simple example of generating sink/source data and estimating proportions of source contribution.
--Demo_GenData: standalone command for demonstrating the data generation procedure.
--Demo_EstProp: standalone command for demonstrating the proportion estimation procedure.
--Simu_Scen1a.R: R script for Scenario 1a (proportion estimation) with fully simulated microbiome data.
--Simu_Scen1b.R: R script for Scenario 1b (directionality inference) with fully simulated microbiome data.
--Simu_Scen2.R: R script for Scenario 2 with semi-synthetic data generated from the Knights et al. dataset.
study.
--Real.R: R script for real data analysis based on the Knights et al. dataset.
--FastSt: standalone command for analyzing user specified data.

Note: Users may simply run “./Code/FastST userdata.txt” to analyze their own microbiome data. The file “userdata.txt” contains an N by K matrix where the 1st column is the observed sink counts on N taxa, and the rest columns are the counts of the observed K sources.

After running FastST, a “Result” directory will be created in the current working directory, containing the output file “./Result /results.txt”. In this file, the first column represents the estimated proportions computed by FastST, and the second column shows the standard errors. The first row corresponds to the unknown source. 

4. Demonstration.
The demo code contains two parts: generating sink data and estimating source proportions. It can be executed in two different modes:
(1) [image: ]as one R script, please run "./Code/Demo_FastST.R". For example, in RStudio terminal pane (first, you will need to set correct environment variables in the Shell for the Rscript command),
Below is the generated figure “demo.jpg”
	[image: ]



For more help, please see
	[image: ]



(2) as two standalone commands which allow the specification of input arguments, please run the following commands in RStudio terminal pane:
	[image: ]

	            After running Demo_GenData, “./Result/demo_data.txt”, 
         will be created, where the first column represents the 
         sink and the rest column represent the sources.


	[image: ]


 

5. Simulation.
The simulation study contains three parts:
(1) Scenario 1a (proportion estimation) with fully simulated microbiome data, please run the following commands in RStudio terminal pane:
[image: ]
(2) Scenario 1b (directionality inference) with fully simulated microbiome data, please run the following commands in RStudio terminal pane:
[image: ]
(3) Scenario 2 with semi-synthetic data generated from the Knights et al. dataset, please run the following commands in RStudio terminal pane:
[image: ]
6. Real data analysis using the Knights et al. dataset. Please run the following commands in RStudio terminal pane:
[image: ]
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$ Rscript ./Code/Simu_scenla.R

[1] "Number of observed sources: 2, number of major sources: 2"

[1] "amae.observed: 0.0167, amae.major: 0.0167, amae.unobserved: 2e-04"
[1] "running time: 469.39"

[1] "Number of observed sources: 5, number of major sources: 2"

[1] "amae.observed: 0.0033, amae.major: 0.0046, amae.unobserved: 0"

[1] "running time: 475.35"

[1] "Number of observed sources: 5, number of major sources: 5"
"amae.observed: 0.0059, amae.major: 0.0059, amae.unobserved: 2e-04"
nning time: 487.34"

Number of observed sources: 10, number of major sources: 2"

[1] "amae.observed: 0.0023, amae.major: 0.0035, amae.unobserved: 0"

[1] "running time: 479.13"

[1] "Number of observed sources: 10, number of major sources: 5"

[1] "amae.observed: 0.0027, amae.major: 0.003, amae.unobserved: 0"

[1] "running time: 494.67"

[1] "Number of observed sources: 50, number of major sources: 2"
mae.observed: 0.0017, amae.major: 0.0031, amae.unobserved: 0"
nning time: 507.89"

Number of observed sources: 50, number of major sources: 5"

[1] "amae.observed: 0.002, amae.major: 0.0029, amae.unobserved: le-04"
[1] "running time: 515.25"

[1] "Number of observed sources: 100, number of major sources: 2"

[1] "amae.observed: 0.0016, amae.major: 0.0031, amae.unobserved: 3e-04"
[1] "running time: 536.3"

"Number of observed sources: 100, number of major sources: 5"
mae.observed: 0.0018, amae.major: 0.0031, amae.unobserved: 0.001"
running time: 569.119999999999™
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$ Rscript ./Code/simu_scenlb.R
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"Number of observed sources:

"Accuracy rate: 1"
"running time: 139.19"

"Number of observed sources:

"Accuracy rate: 1"
"running time: 279.61"

"Number of observed sources:

"Accuracy rate: 1"
"running time: 283.97"

"Number of observed sources:

"Accuracy rate: 1"
"running time: 520.19"

"Number of observed sources:

"Accuracy rate: 1"
"running time: 520.62"

"Number of observed sources:

"Accuracy rate: 1"
"running time: 2531.73"

"Number of observed sources:

"Accuracy rate: 1"
"running time: 2532.55"

"Number of observed sources:

"Accuracy rate: 0.99"
"running time: 5423.49"

"Number of observed sources:

"Accuracy rate: 1"
"running time: 5312.76"

2, number of major sources: 2"

5, number of major sources: 2"

5, number of major sources: 5"

10, number of major sources: 2"

10, number of major sources: 5"

50, number of major sources: 2"

50, number of major sources: 5"

100, number of major sources: 2"

100, number of major sources: 5"
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$ Rscr1pt ./Code/simu_scen2.R
[

number of major sources: 2"

"Number of known sources: 5, number of major sources: 2"

"amae.observed: 0.0462, amae.major: 0.0879, amae.unobserved:

"running time: 3100.86"
"Number of known sources: 5, number of major sources: 5"

"amae.observed: 0.0494, amae.major: 0.0494, amae.unobserved:

"running time: 3078.36"
mber of known sources: 10, number of major sources: 2"

running time: 5654.81"
"Number "of known sources: 10, number of major sources: 5"

"amae.observed: 0.0341, amae.major: 0.0542, amae.unobserved:

"running time: 5653.22"
"Number of known sources: 50, number of major sources: 2"

"amae.observed: 0.0203, amae.major: 0.1156, amae.unobserved:

"running time: 20687.1"
"Number of known sources: 50, number of major sources: 5"

mae.observed: 0.0187, amae.major: 0.0708, amae.unobserved:

.major: 0.0767, amae.unobserved:

mae.observed: 0.0295, amae.major: 0.0888, amae.unobserved:

1le-04"

o

o

o

o

o
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$ Rscript ./Code/Real.R
Source proportion estimation result:
Proportion Env Sample

1 8.103813e-01 Gut Labl
2 7.678504e-02 oral Labl
3 7.996472e-02 skin  Labl
4 3.250904e-02 Soil Labl
5 3.593297e-14 Gut Lab2
6 7.868799e-04 oral Lab2
7 9.99213le-01 Skin  Lab2
8 6.152996e-16 Soil  Lab2
9 3.310359e-01 Gut NICU
10 1.106833e-01 Ooral  NICU
11 2.976999e-01 Skin  NICU
12 2.597919e-01 Soil  NICU
13 8.711873e-02 Gut Office
14 1.324253e-01 oral Office
15 5.171520e-01 skin office
16 2.629512e-01 soil office

Result saved. File name: ./Result/real_result.txt
Elapsed time: 2236.95 seconds

Figure generated. File name: ./Result/real.jpg




image1.png
$ Rscript ./Code/Demo.R -O aemo

Simulating sink data using the following settings:
-- Number of taxa: 500

Number of sources: 10

Total taxa counts: le+05

Number of major sources: 5; From #2 to #6

sum of major proportions: 0 9

-- Lower bound of major proportions: 0.1

Data simulated. File name: ./Result/demo_data.txt

Estimating source proportions...
Source proportion estimation result:
alpha.vec alpha.est.vec alpha.se.vec

[1,] 0.007792197 1.298414e-13 4.046102e-18
[2,] 0.130415146 1.334002e-01 1.014275e-05
[3,] 0.140247685 1.425375e-01 9.920739e-06
[4,] 0.249716862 2.461985e-01 1.094615e-05
[5,] 0.168248442 1.700776e-01 1.102688e-05
[6,] 0.211371865 2.103408e-01 1.063118e-05
[7,] 0.012745285 1.308475e-02 9.782197e-06
[8,] 0.043526330 4.004945e-02 1.041347e-05
[9,] 0.002257817 2.604285e-03 8.633296e-06
[10,] 0.011159470 1.376863e-02 8.792001e-06
[11,] 0.022518900 2.224257e-02 9.440351e-06

Result saved. File name: ./Result/demo_result.txt
Elapsed time: 0.4 seconds

Figure generated. File name: ./Result/demo.jpg
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$ Rscript ./Code/Demo.R -h
Usage: ./Code/Demo.R [options]

Options:
-0 FILENAME, --filename=FILENAME
File name of simulated data and result [default = demo]

-h, --help
show this help message and exit
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$ ./Code/Demo_GenData

Simulating sink data using the following settings:
- Number of taxa: 500

Number of sources: 10

Total taxa counts: 100000

Number of major sources: 5; From #2 to #6

sum of major proportions: 0.9

Lower bound of major proportions: 0.1

Command: ./Code/Demo_GenData -N 500 -K 10 -C 100000
-M 5 -P 0.9 -L 0.1 -0 'demo_data.txt"
Data simulated. File name: ./Result/demo_data.txt
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./Code/Demo_EstProp -F demo_data.txt
Est1mat1ng source proportions. .
Source proportion estimation result:

alpha.est.vec alpha.se.vec

[1,] 1.298414e-13 4.046102e-18
2,] 1.334002e-01 1.014275e-05
[3,] 1.425375e-01 9.920739e-06
[4,] 2.461985e-01 1.094615e-05
[5,] 1.700776e-01 1.102688e-05
[6,] 2.103408e-01 1.063118e-05
[7,] 1.308475e-02 9.782197e-06
[8,] 4.004945e-02 1.041347e-05
[9,] 2.604285e-03 8.633296e-06
[10,] 1.376863e-02 8.792001e-06
[11,] 2.224257e-02 9.440351e-06

Result saved. File name: ./Result/demo_data_result.txt
Elapsed time: 0.37 seconds




