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ABSTRACT 

The Average Nucleotide Identity (ANI) was proposed as a standard for 

taxonomic affiliation of newly sequenced bacterial genomes. However, 

usage of ANI value as a means of strains phenotypic diversity offers a 

relatively easy way for studding bacterial phylogeny. Here we present a 

simple approach to bacterial genomes comparison based on ANI using 

fastANI and ANIclustermap. Both programs are available as an open-source 

tools and can be run using simple command lines. We present protocol for 

programs installation as a conda packages, that facilitate it utilization. 

Further, we explain how to prepare commands to perform the analysis. We 

believed our work could be useful for young scientist that begin their 

experience with bioinformatics. 
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Introduction 

Growing accessibility of bacterial 

genomes sequences through recent 

development on next generation 

sequencing (NGS) technology result in 

higher number of studies exploited this 

data (Buermans and den Dunnen, 2014; 

Edwards and Holt, 2013; Gmiter et al., 

2021; Hodkinson and Grice, 2015). Use of 

bacterial whole genome sequences shed a 

new light on our understanding of 

bacterial diversity, evolution and 

mechanisms of virulence and 

environmental adaptation (Deurenberg et 

al., 2017; Gmiter et al., 2021; Kobras et 

al., 2021). However, use of NGS data 

might be challenging, as it requires not 

only knowledge about microbial genetics, 

but also appropriate hardware and, more 

importantly, at least basic computational 

skills (Edwards and Holt, 2013; Gmiter et 

al., 2021). Much software is shared as an 

open-source tools, that based on usage of 

relatively simple, but not always intuitive, 

commands (Edwards and Holt, 2013; 

Gmiter et al., 2021). The programs usage 

might be problematic, especially from the 

point of view of young scientist who have 
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just started they journey with 

bioinformatics. 

Previously, we presented a short 

review of programs used for pan-genome 

analysis with a beginner’s guide of how to 

work with them. We believe that it might 

be good introduction into the studies 

focused on bacterial pan-genomes 

(Gmiter et al., 2021). 

Within this paper we would like to 

present a simple approach to bacterial 

genomes comparison based on Average 

Nucleotide Identity (ANI) using fastANI 

(Jain et al., 2018) and ANIclustermap 

(https://github.com/moshi4/ANIclusterm

ap). The ANI was proposed as a standard 

for taxonomic affiliation of newly 

sequenced genomes. It is a similarity 

index between a given pair of genomes 

that can be applicable to prokaryotic 

organisms independently of their G+C 

content, and a cut-off score of > 95% 

indicates that they belong to the same 

species (Figueras et al., 2014) 

Nevertheless, the usage of ANI value as a 

mean of strains phenotypic diversity 

offers a relatively easy way for studding 

bacterial phylogeny. The proposed 

programs can be used for study the 

phylogeny of complete as well as DRAFT 

bacterial genomes. The biggest advantage 

of the programs is their relative simplicity 

in use. However, programs allow for basic 

phylogenetic analysis, and do not consider 

the differences between coding and non-

coding regions or recombination regions. 

More detailed analysis will require 

another approach. 

Average Nucleotide Identity (ANI) 

As mentioned, ANI is generally used 

to confirm the affiliation of new genome 

to proposed genus. A general rule of 95% 

cut-off of ANI similarity closely reflects 

the traditional microbiological concept of 

DNA–DNA hybridization relatedness for 

defining species, where recommended 

cut-off point is 70% (Goris et al., 2007; 

Jain et al., 2018). As it is based on 

comparison of multiple genes it provides 

higher resolution comparing to other 

standard methods, such as 16S rRNA 

sequence comparison (Arahal, 2014). 

Online tools for calculation ANI value 

might be used, however, they not always 

offer flexibility in terms of data curation. 

Therefore, we propose the usage of 

fastANI and ANIclustermap, depending 

on a need of the researcher. 

Installation as a conda packages 

The presented programs are open-

source tools, which means they are 

available for download free of charge. 

Their use by the PC (Windows) users 

requires the installation of the latest 

version of Ubuntu (Linux program based 

on Debian), which we strongly 

recommend. It can be installed as a dual 

boot with Windows (Gmiter et al., 2021). 

On the others hand, both programs can be 

used also on the computers with the 

macOS. 

The easiest way for installing the 

programs is through their installation as a 

conda packages. Conda is an open-source 

package and environment management 

system that works on Windows, Linux 

and macOS. For more details about conda 

installation please see (Gmiter et al., 

2021). After conda is properly installed, 

you can simply download and install 

fastANI and ANIclustermaps by typing 

following commands typed into the 

Terminal (Fig. 1): 

conda install bioconda::fastani 

or 

conda install bioconda/label/cf201901::fastani 

and 

conda install -c conda-forge -c bioconda 

aniclustermap 

Usage protocol 

For presented work, we use 10 

complete genome sequences of 
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Escherichia coli strains obtained from 

National Centre of Biotechnological 

Information (NCBI) (Availability: 

04.10.2024) – see Table 1. 

Table 1. Escherichia coli genome sequences used in 

this work. 

Strain ID 

91H1 NZ_CP149810.1 

2023CK-01687 NZ_CP149850.1 

11128 AP010960.1 

EH53 NZ_CP146512.1 

JS01 NZ_CP148986.1 

LF82 CU651637.1 

MDP9-27 NZ_CP146515.1 

SLDY13 NZ_CP149967.1 

Z1322HEC0001 NZ_CP148583.1 

Z1323CEC0007 NZ_CP148463.1 

fastANI 

The fastANI allows for the one-to-one, 

one-to-many and many-to-many genomes 

comparison. For one-to-one analysis 

simply type following command: 

fastANI -q [QUERY_GENOME] -r 

[REFERENCE_GENOME] -o 

[OUTPUT_FILE] 

The -q flag (flags provides the 

software the options to be used) stands for 

the query genome, a newly sequenced 

genome. Meanwhile, -r and -o flags 

provide the reference genome and 

localization of output files (results of 

analysis), respectively. It is expected that 

the input files will be genome assemblies 

in FASTA or multiFASTA format. To 

inform the program about localization of 

files, one must simply type the pathway to 

the file, for example: 

-q /user/Desktop/genomes/new_genome.fasta 

For one-to-many and many-to-many 

genomes comparison users must provide a 

pathway to text file containing directory 

paths to reference and/or query genomes, 

one per line: 

/user/Desktop/genomes/genome1.fasta 

/user/Desktop/genomes/genome2.fasta 

/user/Desktop/genomes/genome3.fasta 

In this situation, the flags --ql and --rl 

are required. It means that users must 

provide a path to the localization of 

genome list: 

--ql or--rl /user/Desktop/geneme_list.txt 

 

Figure 1. The command line required for installation of (A) fastANI and (B) ANIclustermap as conda packages 

on PC with Linux system. 
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Users might use different or the same 

genome list as query and reference. To run 

the analysis the following commands 

should be used: 

fastANI -q [QUERY_GENOME] --rl 

[REFERENCE_LIST] -o [OUTPUT_FILE] 

fastANI --ql [QUERY_LIST] --rl 

[REFERENCE_LIST] -o [OUTPUT_FILE] 

In all above cases, OUTPUT_FILE 

will contain tab delimited row(s) with 

query genome, reference genome, ANI 

value, count of bidirectional fragment 

mappings, and total query fragments. 

Alignment fraction (wrt. the query 

genome) is simply the ratio of mappings 

and total fragments. 

Optional, to use the fastANI as a tool 

of genomes similarity investigation, users 

might supply –matrix parameter, which 

generate identity values arranged in a 

PHYLIP-formatted lower triangular 

matrix. The result of analysis of used E. 

coli genome sequences is presented as a 

similarity matrix in Table 2. The fastANI 

generates matrix in .txt format, which 

might be used in publication after manual 

correction (e.g. deletion of paths to 

genome sequences is required). The 

fastANI offers some option to be modified 

and the possible parameters are available 

after usage of -h flag. For more details, 

please see https://github.com/ParBLiSS/ 

FastANI (Availability: 04.10.2024). 

ANIclustermap 

The fastANI provides only a numerical 

data, which are useful in many cases. 

However, ANI values might be visualized 

as a heat map of all-vs-all microbial 

genomes to better insight using 

ANIclustermap 

(https://github.com/moshi4/ANIclusterm

ap). When ANIclustermap is used, ANI 

values are calculated by fastANI and 

clustermap is drawn using Seaborn. 

Additionally, ANIclustermap generate 

Newick format clustering dendrogram. 

The usage of ANIclustermap requires 

following basic command: 

ANIclustermap -i [Genome fasta directory] -o 

[output directory] 

However, in contrary to fastANI, 

where input data is provided as a direct 

path to genome file or genomes list, here 

the path to folder containing all studied 

genome sequences is expected. 

ANIclustermap outputs 3 types of files: 

 ANIclustermap.[png|svg] – ANI 

clustermap result figure, 

 ANIclustermap_matrix.tsv  

– Clustered all-vs-all ANI matrix, 

 ANIclustermap_dendrogram.nwk  

– Newick format clustering 

dendrogram. 

Example of basic command required 

to run ANIclustermap is presented below: 

ANIclustermap -i /user/Desktop/genomes -o 

/user/Desktop/genomes_results 

Table 2. Matrix presenting ANI similarity between 10 used E. coli genome sequences obtained with fastANI. 

Strain ANI Values 

91H1          
2023CK-01687 98.88         

11128 98.20 98.14        

EH53 98.35 98.27 98.75       

JS01 98.34 98.33 98.83 99.37      

LF82 96.80 96.65 96.45 96.72 96.71     

MDP9-27 98.33 98.30 98.79 99.72 99.45 96.70    

SLDY13 99.04 98.85 98.22 98.23 98.27 96.85 98.28   

Z1322HEC0001 98.36 98.26 98.87 99.06 99.05 96.67 99.05 98.27  

Z1323CEC0007 99.04 98.77 98.00 98.22 98.30 96.69 98.16 99.34 98.20 
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The resulted ANI clustermap of the 

analysis of 10 E. coli sequences is 

presented on Figure 3. Obtained heat map 

can be easily modified. Program offers 

possibility to alter map colours, its size, 

addition of annotation (drawing ANI 

values) by simple modification of 

command line. All parameters are 

available with -h flag. For more details, 

please see https://github.com/moshi4/ 

ANIclustermap (Availability: 

04.10.2024). 

Conclusions 

In this work we presented a simple 

protocol for utilization of fastANI and 

ANIclustermap as tools allowing direct 

approach to study biodiversity of bacterial 

genome sequences. We understand that 

even though both programs are relatively 

easy in performance, their usage might be 

problematic for people without previous 

bioinformatics experience. We believe 

that this review and protocol will be a 

solid introduction in the issue. 
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