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Authenticated Microbial Reference Genomes for Microbiome 
Analysis

Figure 2: Comparison of the summary statistics for 5 whole-genome sequenced microbiome samples
generated using both versions of the ATCC microbiome module (one using NCBI reference assemblies and
the other using ATCC Genome Portal assemblies). The data depict (A) Overall relative abundance, (B) number
of true positives, (C) number of false positives, and (D) the number of unclassified reads.

Shotgun metagenomic and targeted amplicon sequencing are two widely used methods to study the
human and environmental microbiome. ATCC has collaborated with One Codex to provide analysis
modules for ATCC Microbiome Standards that enable researchers to analyze shotgun and 16S rRNA
sequencing data. These modules come with pre-loaded ATCC Microbiome Standards metadata;
sequences for shotgun or 16S comparative analyses; and a set of scores assessing the relative
abundance, true positives, and false positives of the microbiome sample.

Previously, these microbiome modules used NCBI sequences to classify reads, but as the ATCC Genome
Portal has expanded its collection of high-quality and authenticated genome sequences, the latest
versions of these modules have switched to using ATCC-derived sequences due to their high fidelity and
traceability. Here, we demonstrate the differences between the One Codex microbiome module versions
and highlight the discrepancies between ATCC genomic data sets and publicly available genomes cited as
“ATCC” or with identical strain designations.

Background

ATCC®

Number Species GenBank 
Accession 

Number of 
Contigs
ATCC / 

GenBank

16S copies
ATCC / 

GenBank

Completeness
ATCC / 

GenBank

# SNPs / 
Indels

BAA-816™ Deinococcus 
radiodurans

GCA_000687
895.1 5 / 51 3 / 0 99.15% / 

99.57% 83 / 6 

BAA-611™ Streptococcus 
agalactiae

GCA_000007
265.1 1 / 1 7 / 7 100.00% / 

100.00% 5 / 2

700802™ Enterococcus 
faecalis

GCA_000007
785.1 4 / 4 4 /  4 99.53% / 

99.53% 16 / 24

25285™ Bacteriodes 
fragilis

GCA_001997
325.1 25 / 59 5 / 1 99.26% / 

99.26% 15 / 6 

14393™ Pseudoalteromon
as haloplanktis

GCA_000238
355.2 8 / 56 8 / 0 100.00% / 

100.00%
122,005 / 

20,057

35676™ Halobacillus 
halophilus

GCA_000284
515.1 3 / 3 7 / 7 99.33% / 

99.33% 51 / 13

Table 2: A selection of differences between ATCC Genome Portal sequences and GenBank
assemblies.

Evaluation of ATCC sequences to GenBank assemblies

Taxonomic Profiling of De Novo Contigs

Overall Improvements in Microbiome Measures

Improvements in Reads Classification

Figure 3: Comparison of read taxonomic classification done by both versions of the ATCC microbiome module
(one using NCBI reference assemblies and the other using ATCC Genome Portal assemblies).

ATCC Microbiome Standards

ATCC® Number Preparation Number of Organisms Importance

MSA-1000™

Genomic DNA

10

Standards for assay 
development and 

optimization

MSA-1001™ 10

MSA-1002™ 20

MSA-1003™ 20

MSA-2002™
Whole Cell

10

MSA-2003™ 20

MSA-3000™

Genomic DNA

6

Environmental studiesMSA-3001™ 10

MSA-3002™ 10

Conclusion

Table 1: A sample of the ATCC mock microbial communities used in this analysis.

Availability of high-fidelity reference genomes can lead to improvements in standardized
analyses and better reproducibility in microbiome research. Based on our comparisons of the
One Codex microbiome analysis modules, we discovered many improvements in both relative
abundance and true and false positive scores using the newer version of the module. These
differences can be attributed to discrepancies between ATCC genome portal sequences and
public assemblies.

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Expected NCBI Assemblies ATCC Assemblies NCBI Assemblies ATCC Assemblies

Expected Proportion of Reads WGS 16S

Pe
rc

en
ta

ge
 o

f R
ea

ds

Sequencing Type

Percentage of Reads for ATCC MSA-3001 components 

Staphylococcus epidermidis
Pseudomonas fluorescens
Pseudoalteromonas haloplanktis
Micrococcus luteus
Haloferax volcanii
Halobacillus halophilus
Escherichia coli
Enterococcus faecalis
Chromobacterium violaceum
Bacillus subtilis
Organism

ATCC Genome Portal

0.27%

0.20%

0.04%
0.06%

0.56%

0.01% 0.01% 0.01% 0.02% 0.02%

0.00%

0.10%

0.20%

0.30%

0.40%

0.50%

0.60%

MSA-1000™ MSA-1002™ MSA-2002™ MSA-2003™ MSA-3001™

%
 o

f F
al

se
 P

os
iti

ve
s

ATCC Microbiome Product

False Positives

1.35%
1.49%

1.96%

1.15%

1.69%

0.24%
0.09%

0.20% 0.25% 0.24%

0.00%

0.50%

1.00%

1.50%

2.00%

2.50%

MSA-1000™ MSA-1002™ MSA-2002™ MSA-2003™ MSA-3001™

%
 o

f U
nc

la
ss

ifi
ed

 R
ea

ds

ATCC Microbiome Product

Unclassified Reads

52%

59%
55%

28%

37%

89% 88%

74%

53%

91%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

MSA-1000™ MSA-1002™ MSA-2002™ MSA-2003™ MSA-3001™

Pe
rc

en
ta

ge
 o

f R
el

at
iv

e 
Ab

un
da

nc
e

ATCC Microbiome Product

Overall Relative AbundanceA
98% 98% 98% 99% 98%100% 100% 100% 100% 100%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

MSA-1000™ MSA-1002™ MSA-2002™ MSA-2003™ MSA-3001™

%
 o

f T
ru

e 
Po

si
tiv

es

ATCC Microbiome Product

True PositivesB

C D

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Ab
ud

na
ce

ATCC Assemblies

Abundance in ATCC MSA-3001 using ATCC Assemblies

Staphylococcus epidermidis
Pseudomonas fluorescens
Pseudoalteromonas haloplanktis
Micrococcus luteus
Haloferax volcanii
Halobacillus halophilus
Escherichia coli
Enterococcus faecalis
Chromobacterium violaceum
Bacillus subtilis

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Ab
un

da
nc

e

NCBI Assemblies

Abundance in ATCC MSA-3001 using NCBI Assemblies

Streptococcus mutans
Staphylococcus epidermidis
Pseudomonas fluorescens
Micrococcus luteus
Haloferax volcanii
Halobacillus halophilus
Escherichia; Escherichia coli
Enterococcus faecalis
Chromobacterium violaceum
Bacillus subtilis

Figure 4: Comparison of de novo contig taxonomic classification using NCBI Assemblies and ATCC
Assemblies. The classification using NCBI Assemblies detected a component not present in ATCC MSA-3001
(Streptococcus mutans).

Figure 1: The ATCC genome portal workflow used to produce high-quality, authenticated genomes.
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