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ATCC – Life science innovations that touch people

 Founded in 1925 — we have been supplying scientists with 
essential scientific resources, services, and standards for 
nearly a century

 ATCC is ISO 9001 and ISO 13485 certified and ISO/IEC 
17025 and ISO 17034 accredited 

 Leading global supplier of authenticated cell models and 
viral and microbial standards

 An innovative R&D company that provides better models
o Gene editing, microbiome, NGS, primary cells, and 

advanced cell models
 Services provider 

o Customer base in diagnostics, drug discovery, and 
applied markets; cGMP and Biorepository Services

 Patent repository consists of >90% of all USA bio-patents
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The value of a diverse collection
Case Study: Zika Virus

ATCC ® VR-1838  — Isolated from the blood of a rhesus monkey that became infected while stationed as a 
sentinel in forest near Entebbe, Uganda. Deposited in 1947. 
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ATCC®’s comprehensive collection of microbes 

5

• Comprehensive microbial collection with 
enhanced authentication

• 70,000+ bacteria, fungi, viruses, and protozoa
• Over 1,300 microbial type strains

• Brand recognition
• Organizations and regulatory agencies specify ATCC® 

cultures in their standards and guidelines 
• USP, ISO, FDA, CLSI, USDA, ASTM, AOAC, WHO
• Over 475 reference strains recommended for use in 

quality control

• ATCC® has live microbes and derivatives, including 
inactivated materials and nucleic acids 

• ATCC® uses a variety of advanced techniques to 
characterize and authenticate biomaterials—no 
single method of identification is sufficient

Bacteriology 
1226 genera

Mycology 
1864 genera

Virology
200 genera
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The economic burden of fungi: Human pathogens

 The economic burden of fungal diseases in the US 
alone is around $11.5 billion.

 WHO released fungal priority pathogens list to guide 
research, development and public health action.

https://www.who.int/publications/i/item/9789240060241

https://www.atcc.org/blogs/2022/who-releases-priority-fungal-pathogens-list

ATCC® Items on the WHO Priority Fungal Pathogens List
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Traceability and reproducibility crisis
Laboratory passages can lead to various genetic and phenotypic changes.

1990

2001

1997

1999

2006

Published 
sequence 

data

2019
2007

2005

Case study
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Product NCBI existing 
reference genomes 

NCBI assembly level
(plasmids)

Sequencing 
technology and 

coverage
# of SNPs # of indels

Average 
coverage
 (variants)

Acinetobacter 
baumannii

(ATCC® 17978 )

GCA_001593425.2 Complete Genome Illumina (300.0x) 14 5 210.1
GCA_000015425.1* Complete Genome (2) Not available 118 656 152.7
GCA_014672775.1 Complete Genome (1) PacBio (399.24x) 15 87 170.4

GCA_013372085.1 Complete Genome (2) Illumina, 
Nanopore (80x) 14 2 210.2

GCA_004797155.2 Complete Genome (2) PacBio (247.19x) 28 62 162.1

GCA_001077675.1 Complete Genome (1) Illumina, PacBio 
(153x) 15 6 135.9

GCA_011067065.1 Complete Genome (2) PacBio (231.08x) 60227 2486 165.6

Candida albicans
(ATCC® 10231 )

GCA_015227795.1 3, 081 Contigs NovaSeq (16x) 10174 1573 265.6
GCA_002276455.1 2,219 Scaffolds HiSeq (95x) 13408 2390 274.6

Meyerozyma 
guilliermondii

(ATCC® 6260 )

GCF_000149425.1 9 RefSeq Scaffolds Not available 505 1973 278.2

GCA_006942155.1 9 Contigs ONT+MiSeq 
(240x) 74 386 223.3

Clavispora lusitaniae
(ATCC® 42720 )

GCF_000003835.1 9 RefSeq Scaffolds Not available 587 2336 265.6
GCA_003675505.1 109 Scaffolds NextSeq (182x) 102 5142 236.9

Evaluation of genome sequences from public databases

Traceability and reproducibility crisis



Phenotypic Identification and 
Characterization



WHO fungal priority pathogens list

• Serves to inform clinicians, 
researchers, and governments on 
fungal pathogen

• Priority
• Public health importance
• Unmet research and development needs

https://www.who.int/publications/i/item/9789240060241 https://www.who.int/publications/i/item/9789240060241



WHO fungal priority pathogens list
• Chose 11 species including

• 4 Critical Priority Group
• Cryptococcus neoformans, Candida auris, 

Candida albicans, Aspergillus fumigatus
• 3 High Priority Group

• Candida glabrata, Candida tropicalis, 
Candida parapsilosis

• 4 Medium Priority Group
• Scedosporium prolificans, Talaromyces 

marneffei, Candida krusei, Cryptococcus 
gattii

• Two isolates of each used to 
generate phenotypic ID profiles

https://www.who.int/publications/i/item/9789240060241
https://www.who.int/publications/i/item/9789240060241



• Designed for Sporulating Fungi (FF) and 
Yeast (YT)

• Cells are collected directly from agar solid 
media

• Spores/mycelia/yeast suspended in Biolog 
inoculation fluid and inoculated onto FF or 
YT Microplates

– No DNA extraction needed

• Incubation and kinetic reading every 20 
minutes for up to 96 hours

– Many ID in 24 hours

The FF and YT Microplate



Biolog’s systems for microbial identification

• Biolog uses a unique single dye, single color chemistry
• This chemistry can be used to measure metabolism of any nutrient substrate
• Analysis of both color development (OD490 or OD590) and turbidity (OD740) provides for accurate 

identifications to the species level in one to three days
• The Odin  database contains the unique metabolic patterns for over 2900 unique taxa 

comprising more than 1500 aerobes, 360 anaerobes, 260 yeast, and 700 filamentous fungi

Biolog FF 
MicroPlate

Biolog YT 
MicroPlate



Adding the pathogens to the Biolog Phenotypic ID Database

11 Fungal 
pathogens

• 2-4 unique 
strains per 
species

Run on 5 YT or FF 
Microplates

• To capture day-
to-day variation

Compile ID profiles 
and test

• Ensures robust, 
reliable profiles

New ID profiles 
available on Odin

• Species and 
some strain-level 
ID



Differentiating Candida auris strains



• Candida auris is a 
naturally multidrug-
resistant pathogen that 
has garnered significant 
attention.

• It is notoriously difficult 
to ID to the strain level.

• We can differentiate the 
4 major clades with this 
phenotypic method!

Metabolism Growth

Area Under the Curve 
(OD590) after 72 hours 

on YT plate

Odin can differentiate the 4 major clades of C. auris



PM analyses of WHO pathogens



Comprehensive panels for phenotypic characterization

Each well probes a specific 
biochemical pathway or 
sensitivity

Odin  monitors up to 4,800 
conditions in one experiment

Microplates with pre-selected 
substrates and inhibitors



Metabolism of C-sources produces an electron flow

glutamine

fructose

Growth = Functional Readout

Testing sub-circuits within 
the cell’s master circuitry



Additional info from the kinetic reading in Odin

• Each well exhibits a different rate of dye 
formation, so single endpoint reads for 
an entire plate are not ideal

• Odin  software computes multiple 
parameters for phenotypic 
characterization and comparison



Phenotype microarray setup
• PM plates 1-10 & 21-25

• Composed of C, N, S, and P substrates; pH and osmotic stress; antifungal resistance

• Measuring growth (no dye needed)
• OD590 read every 20 minutes
• S. prolificans, T. marneffei, and A. nidulans 

• 26°C for 96 hours
• C. albicans, C. auris, C. neoformans

• 30°C for 72 hours



Summary of results
• Growth was measured for each of the 6 species on at least one plate
• Numerous nutritional substrates were identified as preferred for each 

species
• Each species demonstrated unique susceptibility profiles to various 

antifungal drugs and stress conditions



Aspergillus nidulans: stress resistance

Sodium benzoate pH 5.2 
20mM-100 mM

Malic acid 
1.6mM-44 mM

OD590

T: 0-96hrs

Values indicate Average Curve Height

NaCl 1-10%

Urea 2-7%

Tobramycin
0.05-1.5 mM

Avg. height



Scedosporium prolificans: stress resistance

Alkaline pH (9.5) causes growth to be 
stalled

CCCP 
0.0023-0.061 mM

OD590

T: 0-96hrs

Avg. height

Values indicate Average Curve Height

Sodium metavanadate
0.19-5.3 mM



Talaromyces marneffei: stress resistance

Domiphen bromide 
0.0005-0.0147 mM

Bereberine 
0.01-0.269 mM

OD590

T: 0-96hrs

Avg. height

Values indicate Average Curve Height



Candida albicans: stress resistance
Dodecyltrimethyl ammonium bromide 
0.02-0.54 mM

Zaragozic acid A 
0.0003-0.0079 mM

OD590

T: 0-72hrs

Avg. height

Diamide
0.05-1.3 mM 

Zinc chloride
0.65-17.4 mM

Values indicate Average Curve Height

Fluconazole
.0016-0.042 mM



Candida auris: nutrition
D-Mannose

Sulfur compounds

OD590

T: 0-72hrs

Avg. height

D-Fructose

Maltotrioseα-D-Glucose

Phosphourus 
compounds

Values indicate Average Curve Height



Candida auris: stress resistance
Decreased growth with increasing pH (3.5-10)

Triclosan 
Range of 0.038-1.036mM

OD590

T: 0-72hrs

Avg. height

Sodium Benzoate
pH 5.2 20mM-200mM Thallium acetate

Values indicate Average Curve Height



Take home message: 
 

Comprehensive phenotypic profiles for important and 
emerging fungal pathogens with Odin  can allow for fast 

characterization and identification beyond the species level.



Monitoring Phenotypic Drift in Bacterial 
Production Strains with Odin



Monitoring drift is a challenge
• Genetic monitoring is time consuming and often expensive

• Phenotypic monitoring can be prohibitive as dozens to hundreds of traits 
must be assessed

• Biolog Phenotype MicroArrays with Odin  allow early and rapid phenotypic 
testing of >2000 unique conditions testing growth or metabolic output



Monitoring both genotype and phenotype is necessary for the 
whole story of how organisms change over time

Genetic changes
(Genome sequencing)

Phenotypic changes
(Biolog PM with Odin )

Few direct links of 
genotype to 
phenotype



Overview
• We know that genetic drift occurs over time as mutations accumulate at 

measurable rates; however, it is unclear how this translates to phenotypic drift as 
strains are continually passaged.

• Hypothesis: If bacterial strains are passaged many times, we will be able to detect 
phenotypic variation relative to the original strain using Odin  L and Phenotype 
Microarrays PM 1-20.

• Experiment: passage Escherichia coli (ATCC® 11775 ), Streptococcus 
thermophilus (ATCC® 19258 ), and Lactocaseibacillus casei (ATCC® 393 ) on 
solid media every 24 hours. Samples will be taken at P0, P20, and P40 and 
screened for phenotypic drift and genomes sequenced.



PM experimental setup
• E. coli (ATCC® 11775 ) streaked on BUG+ 5% blood

• Incubate 24 hours 36°C
• Pick colony for subculture and repeat

• S. thermophilus (ATCC® 19258 )
• M17 + 0.5% lactose incubated with 5% CO2
• Passaged every 24 hours 

• L. casei (ATCC® 393 )
• Medium #416 incubated with 5% CO2
• Passaged every 48 hours



Escherichia coli
(ATCC® 11775  )



Results from passaging E. coli

• Passage 0 (P0) and P20 strains were 
assessed with PM1-20 with dye and 
incubated in Odin  for 24 hours at 
36°C and reads were taken every 20 
minutes

• Significant phenotypes on PM 3, 10, 11, 
12, 14, &15 (triplicate verified)

• P40 strain screened on PM3, 10, 11, 12, 
14, &15 to assess stability of 
phenotypes (triplicate verified)

When phenotype 
appeared

# of significantly changed 
substrates

Metabolics Sensitivities

P20 and increased 
in P40 1 2

P20 and preserved 
in P40 4 20

P40 18 27



Comparison of metabolism in E. coli strains
• E. coli strain P20 and P40 showed decreasing abilities to metabolize a variety of nitrogen 

sources 
• Amino acids and amines
• Pink in both indicates worsening phenotype

Values reported Reference – Test Area Under the Curve (AUC)

P0P20 P40 P20

OD590

T: 0-24hrs

Area Under 
Curve



Comparison of metabolism in E. coli strains
• Overall decrease in ability to metabolize nitrogen 

sources is statistically significant (Sidak’s MCT) by 
passage 40

Well Substrate Diff. AUC p-val
A8 L-arginine -19.468 <0.0001

A9 L-asparagine -11.567 <0.0001

A11 L-cysteine -20.029 <0.0001

B2 Glycine -12.056 <0.0001

B5 L-leucine -11.465 <0.0001

B6 L-lysine -16.383 <0.0001

B7 L-methionine -31.412 <0.0001

B8 L-phenylalanine -19.034 <0.0001

B9 L-proline -16.757 <0.0001

B10 L-serine -24.323 <0.0001

B11 L-threonine -24.004 <0.0001

P0P40

OD590

T: 0-24hrs

Area Under 
Curve



Changes in sensitivities (Response to inhibitory compounds)

P0

• All values reported are Area Under the 
Curve (AUC)

• Values are averaged from triplicate runs

P20 v P0

P40 v P0

P20/P
40

Legend:

Chlortetracycline 

P20 v P0

P40 v P0

Fusaric acid 

Sodium cyanate 

P20 v P0

P40 v P0

Cefemetazol 

2-nitroimidizol

OD590

T: 0-24hrs

Area Under 
Curve



Monitoring genetic drift by sequencing

• Using whole-genome sequencing, we identified a total of 10 genetic variants in P20 that comprised 7 SNPs 
and 3 deletions when the reads were aligned to the P0 reference sequence. 

• P40 exhibited 4 additional SNPs and 1 insertion. Among these variants, there were four affected coding 
sequences: Actin cross-linking toxin VgrG1, Galactoside O-acetyltransferase, and two hypothetical proteins.

   

   
 

    
   

     
  

  
 

  
   

  
 

  
  

  
  

    

   
   

Variant P20 Frequency P40 Frequency Af fected proteins

C>A 56.65% 60.30% type VI secret ion system t ip protein TssI/ VgrG
A>T 7.49% 7.69% galactoside O-acetylt ransferase
G>T 33.62% 33.56% 16S ribosomal RNA

 

  
   

    
  

  

 

E. coli

 

 

Top 3 Variants



Conclusions for E. coli
• Phenotypic drift occurs more rapidly 

than expected in only 20 passages (or 
less)

• While some changes are stable once 
they appeared, others get more 
exaggerated

When phenotype 
appeared

# of significantly changed 
substrates

Metabolics Sensitivities

P20 and increased 
in P40 1 2

P20 and preserved 
in P40 4 20

P40 18 27



Streptococcus thermophilus
(ATCC® 19258  )



Results from passaging S. thermophilus

• Passage 0 (P0) and P20 strains were 
assessed with PM1-20 with dye and 
incubated in Odin  for 24 hours at 
36°C and reads were taken every 20 
minutes

• Significant phenotypes on PM20, 19, 18, 
17, 16, 15, 14, 10, & 9

• P40 strain screened on PM 9, 10, & 14-
20 to assess stability of phenotypes 
(triplicate verified)

When Phenotype 
appeared

# of Sensitivity 
phenotypes

P20 14

P40 12



General trends for S. thermophilus
• S. thermophilus appeared to gather phenotypes rather than exacerbating existing ones
• Typically, no significant changes in phenotypes identified in P20

Values reported Reference – Test Area Under the Curve (AUC)

P0P40 P40 P0

OD590

T: 0-24hrs

Area Under 
Curve



Changes in sensitivities (Response to inhibitory compounds)

P0

• All values reported are Area Under the 
Curve (AUC)

• Values are averaged from triplicate runs

P20 v P0

P40 v P0

P20/P
40

Legend:

Iodonitrotetrazolium (INT)
 

P20 v P0

P40 v P0

Thiosalicilate

Ferric chloride

P20 v P0

P40 v P0

Sodium azide

3,6-Diaminoacridine

OD590

T: 0-24hrs

Area Under 
Curve



S. thermophilus P40 has gathered 
quite a few significant phenotypes.

• Most extreme seem to be related to 
cation resistance and a shift away 
from respiration (INT)

Summary of phenotypic changes in S. thermophilus



Genetic drift

• Using whole-genome sequencing, we identified a total of 5 SNPs in P20 when 
the reads were aligned to the P0 reference sequence. 

• P40 exhibited 20 additional SNPs and 1 deletion. These variants affected 19 
protein coding genes and 5 ribosomal RNAs.



Lactobacillus casei
(ATCC® 393  )



L. casei

• Passage 0 (P0) and P15 strains were 
assessed with PM1-20 anaerobically 
without dye and incubated in Odin for 
24 hours at 36°C and reads were taken 
every 20 minutes

When phenotype 
appeared

# of significantly changed 
substrates

Metabolics Sensitivities

P15 0 8

D,L-Thioctic acid

P15 v P0

Chlorambucil

P0

• All values reported are Area Under the 
Curve (AUC)

• Values are averaged from triplicate runs

P20/P
40

Legend:

OD590

T: 0-24hrs

Area Under 
Curve



Genetic drift

• P15 exhibited 7 SNPs and a deletion mutation compared to P0. These 
variants affected 5 protein coding genes.  



Monitoring both genotype and phenotype revealed unique 
changes in all three production strains

Genetic changes
(Genome sequencing)
A few dozen SNPs and 

indels

Phenotypic changes
(Biolog PM with Odin )

Several dozen altered 
phenotypes

Only a few mutations 
in genes related to 

detected phenotypes



Phenotypic and genotypic drift monitoring is critical for reproducible 
and consistent results

• Strains are passaged frequently as 
part of normal lab operations

• Drift in genome sequence happens 
at predictable rates

• Phenotypic drift can be 
independent of mutations and 
occur randomly

• Monitoring for both while 
minimizing passages reduces risk



Establish a baseline for important strains
• Whether WHO-listed fungal pathogens, or high value production strains, 

having a solid phenotypic foundation is critical
• Biolog Phenotype MicroArrays with Odin  can streamline screening by 

screening >2000 unique conditions simultaneously
• ATCC® microbial stocks provide traceable and reliable points of reference
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Authenticated physical material
Always start your research and bioproduction with reliable authenticated material

1 3 54
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Thank you!

For more information: 
biolog.com & ATCC.org

Email us: info@biolog.com or sales@atcc.org

mailto:info@biolog.com
mailto:sales@atcc.org
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