VSEARCH pipeline for 16S rDNA amplicon sequencing
There are many programs to analyze 16S sequencing data, and we will be using VSEARCH and MicrobiomeAnalyst. VSEARCH will be used to make the OTU table and MicrobiomeAnalyst will be used to visualize the data and test hypotheses.
Before beginning to run vsearch pipeline, you should make a directory (i.e., win16s) in windows (i.e. D driver) to store files related to this section of the class. Then copy the raw sequencing data (raw_reads.zip) into this folder.
The pipeline was run at the bash terminal of Linux subsystem of Windows (“$” represents bash prompt).
Software and Dataset
1.1 VSEARCH installation
(1)	$sudo apt-get install vsearch

1.2 16S rRNA reference databases
(1)	$wget -c http://drive5.com/uchime/rdp_gold.fa
(2)	$wget -c https://www.drive5.com/sintax/rdp_16s_v16.fa.gz
(3)	$gunzip rdp_16s_v16.fa.gz

VSEARCH pipeline
16S amplicon sequencing analysis steps include: Join paired-end reads；Quality control； Dereplication；Chimeras detecting；OUT clustering；Taxonomy annotation.
Obtain raw reads
After samples were sequenced in Illumina MiSeq platform, the paired-end sequencing would return one forward reads ("_R1.fastq.gz") and one Reverse reads ("_R2.fastq.gz") for each sample. Please copy the forward and reverse fastq files of your sample into your working folder (i.e. win16s).
(1)	$cd /mnt/d/win16s/
(2)	$unzip raw_reads.zip

Merge the paired-end reads
The sequenced V3/V4 region should be around 465 bp (by E. coli numbering). Because we sequenced 600 bp in total (300bp from each end), there should be some overlap in the middle that can be used to align the read pairs and created merged read.
(1)	$vsearch --fastq_mergepairs AS1_R1.fastq.gz --reverse AS1_R2.fastq.gz --fastqout AS1_merged.fastq

Output message：
# Merging reads 100%
42715	Pairs
41240	Merged (96.5%)
1475	Not merged (3.5%)
# Statistics of all reads:
237.00	Mean read length
# Statistics of merged reads:
417.55	Mean fragment length
If the number of reads is large, you can run the above processing command multiple times, or run the following command to combine multiple sample data:
(1)	$ls -v raw_reads >|sample_list.txt
(2)	$for i in `cat sample_list.txt | cut -d _ -f 1`; do vsearch --fastq_mergepairs raw_data/${i}_R1.fastq --reverse raw_data/${i}_R2.fastq --fastqout ${i}_merged.fastq ; done


Quality filtering
Quality filtering is critical in reducing the abundance and impact of spurious sequences. Our samples have already been demultiplexed and the barcodes have been trimmed off.	We are also going to filter out sequences that seem unusually short or long, contain unknown bases (N), and keep reads error rates less than 1%.
(1)	$vsearch --fastq_filter AS1_merged.fastq --fastq_maxee_rate
0.01 -fastq_minlen 380 --fastq_maxns 0 --fastaout AS1_filtered.fastq

Output message：
# 33619 sequences kept (of which 0 truncated), 7621 sequences discarded.
If the number of reads is large, you can run the above processing command multiple times, or run the following command to combine multiple sample data:
(1)	$for i in `cat sample_list.txt |cut -d _ -f 1`; do vsearch --fastq_filter ${i}_merged.fastq --fastq_maxee_rate 0.01 -fastq_minlen 380 --fastq_maxns 0 --fastqout ${i}_filtered.fastq ; done

Dereplication
The dereplication step collapses all identical sequences to one and simply keeps track of how many there were.
(1)	$vsearch --derep_fulllength AS1_filtered.fastq --sizeout -- minuniquesize 2 --output AS1_derep.fastq

When miniuniquesize set to 2, discards singletons; reads that occur only once are likely to be errors.
Output message：
#1371 uniques written, 7560 clusters discarded (84.6%)
If the number of reads is large, you can run the above processing command multiple times, or run the following command to combine multiple sample data:
(1)	$for i in `cat sample_list.txt | cut -d _ -f 1`; do vsearch --derep_fulllength ${i}_filtered.fastq --sizeout --minuniquesize 2 --output ${i}_derep.fastq ; done

Remove chimera
Chimeras are artifact sequences formed by two or more biological sequences incorrectly joined together. These often occurs during 16S rRNA gene PCR reactions by joining of two or more different DNA templates. Reference-guided chimera removal was performed using the rdp_gold.fa reference in vsearch.
(1)	$vsearch --uchime_ref AS1_derep.fastq --db rdp_gold.fa -- sizein --sizeout --nonchimeras AS1_nochimeras.fastq

Output message：
#Found 138 (10.1%) chimeras, 1212 (88.4%) non-chimeras,
and 21 (1.5%) borderline sequences in 1371 unique sequences.
If the number of reads is large, you can run the above processing command multiple times, or run the following command to combine multiple sample data:
(1)	$for i in `cat sample_list.txt |cut -d _ -f 1`; do vsearch --uchime_ref ${i}_derep.fastq --db rdp_gold.fa -- sizein --sizeout --nonchimeras ${i}_nochimeras.fastq ; done


OTU clustering
OTUs refer to “operational taxonomic units” that are made by grouping sequences into clusters based on similarity. Then for each cluster, a sequence from that cluster is selected to be the representative sequence of that cluster.
(1)	$vsearch --cluster_fast AS1_nochimeras.fastq --id 0.97 -- centroids AS1_otus.fastq --relabel OTU_ --sizein --sizeout

The longest sequence is picked as the cluster representative. The parameter sizeout and sizein hold the read counts and the sequences are renamed with “OTU_” so they will be OTU_1, OTU_2, etc.
Output messages：
#Clusters: 121 Size min 2, max 6924, avg 10.0
If the number of reads is large, you can run the above processing command multiple times, or run the following command to combine multiple sample data:
(1)	$for i in `cat sample_list.txt | cut -d _ -f 1 `; do vsearch --cluster_fast ${i}_nochimeras.fastq --id 0.97 --centroids ${i}_otus.fastq --relabel OTU_ --sizein --sizeout ; done

Generating a count table
The count table is what tells us how many times each sequence appears in each sample. Map all of merged reads back to the OTUs to generate count table.
(1)	$vsearch --usearch_global AS1_nochimeras.fastq --db AS1_otus.fastq --id 0.97	--otutabout AS1_otutab.txt

Output message：
Matching unique query sequences: 1212 of 1212 (100.00%) Writing OTU table (classic) 100%
If the number of reads is large, you can run the above processing command multiple times, or run the following command to combine multiple sample data:
(1)	$for i in `cat sample_list.txt | cut -d _ -f 1 `; do vsearch --usearch_global ${i}_nochimeras.fastq --db ${i}_otus.fastq --id 0.97 --otutabout ${i}_otutab.txt ; done

Assigning taxonomy
The final step is to assign taxonomy to our OTU sequences. The OTU taxonomy is determined using the RDP database of the Ribosomal Database Project.
(1)	$vsearch --sintax AS1_otus.fastq --db rdp_16s_v16.fa	-- tabbedout AS1_otus_rdp.txt	--sintax_cutoff 0.5 --strand both

The output taxonomy file, “AS1_otus_rdp.txt”, contains 4 columns: the OTU ID; taxonomic lineage with confidence scores for each tier; the orientation of the match to the reference; and then an abridged taxonomic lineage including only tiers with confidence scores above the 0.5 cutoff we specified in the command.
If the number of reads is large, you can run the above processing command multiple times, or run the following command to combine multiple sample data:
(1)	$for i in `cat sample_list.txt | cut -d _ -f 1`; do vsearch --sintax ${i}_otus.fastq --db rdp_16s_v16.fa --tabbedout ${i}_otus_rdp.txt --sintax_cutoff 0.5 --strand both ; done

Formating OTU taxonomy files
The OTU table and its taxonomy annotation file could be used for downstream microbial community analyses. In this tutorial, we use EXCEL to modify the OTU annotation file (*_otus_rdp.txt) to obtain an OTU taxonomy file (*_otus_taxa.csv) in correct format. The row name is taxonomy, and column is sample name.
[image: ]

QUESTION:
(1) What is the most abundant microbe species (genus) in your sample? Please hypothesize the function of this microbe in saliva.
(2) Do we all have the same salivary microbiome? What’s the impacting factors shaping the salivary microbiome composition?
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