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Introduction
Determining genome sequences of SARS-CoV-2 samples 
quickly and accurately is critical to real-time monitoring 
of the progression and evolution of the current 
pandemic.

FLACO is an integrated analysis and reporting pipeline to 
analyze samples collected as part of  the large-scale 
genomic surveillance of SARS-CoV-2 cases under way at 
the University of Florida.
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Sequencing and initial analysis
Sequencing is performed on an Illumina NovaSeq
6000, S1 or SP flowcell, in 2x100 configuration. 

Initial analysis takes place on the Illumina Basespace
cloud platform, using the “RNA Pathogen Detection” 
DRAGEN-accelerated app.  

Output consists of a full-length consensus sequence 
and alignment statistics for each sample.

Main analysis
The main analysis pipeline run on UF’s 
HiPerGator cluster computer, and performs 
the following steps:
1. Extract quality control parameters and use 

them to filter out low-quality consensus 
sequences;

2. Align good-quality consensus sequences to 
SARS-CoV-2 reference sequence;

3. Assign lineages to samples using Pangolin.
QC parameters and analysis results for each 
sample are stored in the FLACO database. The 
database structure allows storing multiple 
analysis results for each sample, in case it is 
sequenced more than once.

The FLACO database
The FLACO database is a relational database designed to store 
both metadata on analysis results for all samples processed by 
the pipeline. 

Metadata fields include: sample name, date and location of 
collection, donor sex, age, and vaccination status (when 
known).

Analysis result fields include: total number of reads, reads 
mapped to SARS-CoV-2 and to human RNA controls, average 
and median SARS-CoV-2 genome coverage, fraction of spike 
protein covered, Pangolin lineage call.
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Downstream analysis
The pipeline includes a command-line program 
to query the FLACO database and extract 
sample data for downstream phylogenetic 
analysis.

Samples can be filtered by geographical origin, 
vaccination status, range of sampling dates. 
Any combination of metadata and data fields 
can be queried

The tool is designed to be easily included in 
automated analysis scripts. 

GISAID submission
The pipeline extracts consensus sequences and 
metadata for successful samples in the format 
suitable for submission to GISAID.

Reports generation
Full reports, formatted as web pages and as 
machine-readable tables, are automatically 
generated and uploaded to a public website. 
Reports are organized by sequencing run, and 
by geographical origin of the samples.
Four types of report are generated:
• Sequencing statistics (total number of 

reads, mapping to genome);
• Genome coverage statistics (average and 

median coverage, spike protein coverage) –
Figure 1;

• Lineage frequency;
• Temporal distribution of lineages – Figure 2.
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Figure 1. Extract from report showing genome coverage statistics.

Figure 2. Plot showing frequency of COVID lineages over time.

Summary
FLACO is a fully automated pipeline to process genomic samples from large-scale SARS-CoV-2 surveillance. It 
performs quality control, alignment of consensus sequences to reference genome, lineage assignment, and 
generation of tabular and graphical reports.

FLACO relies on a relational database to store sample metadata and analysis results, and provides command-
line tools for convenient integration in downstream analysis scripts. 

Since March 2021 the pipeline has processed over 18,000 samples, of which about 13,000 received a valid 
COVID lineage call. All results are available on a publicly accessible website.
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