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Microbial Genomics and Other Omics
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C U L T U R E  D E P E N D E N T

E N R I C H M E N T  C U L T U R E  M I C R O B I O L O G Y

• Inoculum

• The sample from which microorganisms is isolated

• Enrichment cultures are used to isolate bacteria from diverse and densely populated 

samples, such as feces or soil

• Isolation

• The separation of individual populations from the mixed community

• Enrichment cultures

• Select for desired organisms through manipulation of medium and incubation conditions. 

This means favoring the growth of target organisms while inhibiting the growth of non-

target organisms.



The Isolation of 
Azotobacter

C U L T U R E  D E P E N D E N T



C U L T U R E  D E P E N D E N T

E N R I C H M E N T  C U L T U R E  M I C R O B I O L O G Y

• Enrichment Culture Outcomes

• Successful enrichment cultures have appropriate resources (nutrients) and conditions (temperature, p H, oxygen, 

osmotic considerations) that are needed for the target organisms to grow

• Enrichment cultures can demonstrate the presence of an organism in a habitat

• They cannot prove that an organism does not inhabit an environment

• Note: The ability to isolate an organism from an environment says nothing about its ecological importance or 

relative abundance in nature



S o m e  E n r i c h m e n t  C u l t u r e  M e t h o d s  f o r  P h o t o t r o p h i c  
B a c t e r i a  ( M a i n  C  S o u r c e  -  C O 2 )

Incubation in air

Incubation condition Organisms enriched Inoculum

N2 as nitrogen source Cyanobacteria Pond or lake water; sulfide-rich muds; 
stagnant water; raw sewage; moist, 
decomposing leaf litter; moist soil exposed 
to light

N O3
− as nitrogen source, 55°Celsius Thermophilic cyanobacteria Hot spring microbial mat

Anoxic incubation

Incubation condition Organisms enriched Inoculum

H2 or organic acids; N2 as 
sole nitrogen source

Purple nonsulfur bacteria, 
heliobacteria

Same as above plus hypolimnetic lake water; pasteurized 
soil (heliobacteria); microbial mats for thermophilic species

H2S as electron donor Purple and green sulfur 
bacteria

Blank

F e2+, N  O2
− as electron donor Purple bacteria Blank



C U L T U R E  D E P E N D E N T

E N R I C H M E N T  C U L T U R E  M I C R O B I O L O G Y

• Enrichment bias

• Microorganisms cultured in the lab are frequently only minor 

components of the microbial ecosystem

o Reason: quantity of nutrients available in the lab culture 

are typically much higher than in nature

o Dilution of inoculum may be used to eliminate rapidly 

growing, but quantitatively insignificant, “weed” species



C U L T U R E  D E P E N D E N T

C L A S S I C A L  P R O C E D U R E S  F O R  I S O L A T I N G  
M I C R O B E S
Pure cultures contain a single kind of microorganism

• Can then be used for molecular and physiological experiments

Streak plate

• A well-isolated colony is selected and restreaked several 
successive times in order to obtain a pure culture

Agar dilution tubes are mixed cultures diluted in molten agar

• Useful for purifying anaerobic organisms



C U L T U R E  I N D E P E N D E N T

C U L T U R E - I N D E P E N D E N T  A N A L Y S E S  O F  
M I C R O B I A L  C O M M U N I T I E S

Microscopic Analyses

Genetic Analyses



C U L T U R E  I N D E P E N D E N T

M I C R O S C O P Y  A N A L Y S E S  O F  M I C R O B I A L  
C O M M U N I T I E S

Fluorescent staining

• DAPI-stained cells fluoresce bright blue (DNA)

• AO-stained cells fluoresce orange (RNA) or green (DNA)

• SYBR-stained cells fluoresce green (DNA)

• Fluoresce under UV light

• Enumeration of microorganisms in samples

• Nonspecific and stain nucleic acids, such as DNA

• Stain nonspecifically

• cannot differentiate between live and dead cells



C U L T U R E  I N D E P E N D E N T

V I A B I L I T Y  S T A I N S  D I F F E R E N T I A T E  B E T W E E N  
L I V E  A N D  D E A D  C E L L S

Two dyes are used

 one that stains live cells and the other that 
stains dead cells, based on integrity of cell 
membrane

Green cells are live

Red cells are dead

This method may stain background 
nonspecifically with environmental samples





C U L T U R E  I N D E P E N D E N T

C U L T U R E - I N D E P E N D E N T  A N A L Y S E S  O F  
M I C R O B I A L  C O M M U N I T I E S

Microscopic Analyses

Genetic Analyses



C u l t u r e - I n d e p e n d e n t  G e n e t i c  A n a l y s e s  o f  
M i c r o b i a l  C o m m u n i t i e s

• P C R Methods of Microbial Community Analysis

• Environmental Multi-omics



P C R  M e t h o d s  o f  M i c r o b i a l  
C o m m u n i t y  A n a l y s i s

Specific genes can be used as a measure of diversity: marker genes

• 16S – bacteria and archaea

• ITS – fungi

• Functional genes – antibiotic production, biogeochemical cycles, 
etc.

Marker gene



R i b o s o m a l  R N A

Ribosomal RNA (rRNA) – RNA molecules that associate 
with ribosomal proteins to form the ribosomes

Ribosomes are responsible for protein synthesis in the cell

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/rna


Marker gene for bacteria and archaea



P C R  M e t h o d s  o f  M i c r o b i a l  
C o m m u n i t y  A n a l y s i s

• ITS – fungi
Marker gene



• fewer than 0.1% of bacteria have been cultured

• enrichment bias is a real problem to culture-based 

methods

r R N A sequences in environmental samples 
differ from those of all known laboratory 
cultures



Hug et al. 2016

A new view of the tree of life



M e t a g e n o m i c s

• Metagenomics – Environmental 

genomics

• The study of the structure and 

function of all nucleotide sequences 

from all the organisms in a bulk 

sample.

  -structure of the microbial community 

(who is there)

  -function of the microbial community 

(what can they do)

Metagenome: total gene content of microbial 
community



M e t a g e n o m i c s
• DNA is isolated from the entire microbial 

community and sequenced

• Detects as many genes as possible

• Yields picture of gene pool in environment 

• Can detect genes that are not amplified by 

current PCR primers

• Powerful tool for assessing the phylogenetic 

and metabolic diversity of an environment



M e t a g e n o m i c s  a n d  t h e  M i c r o b i o m e



M e t a g e n o m i c s  a n d  t h e  M i c r o b i o m e



G e n o m e  A s s e m b l y  F r o m  a  C o a s t a l  M a r i n e  M e t a g e n o m e  
C o n s i s t i n g  o f  5 8 . 5  B i l l i o n  N u c l e o t i d e s  o f  S e q u e n c e



S i n g l e - G e n e  V e r s u s  E n v i r o n m e n t a l  G e n o m i c  A p p r o a c h e s  t o  
M i c r o b i a l  C o m m u n i t y  A n a l y s i s



Functionally active portion of the 

community

• Analyzes community R  N  A and proteins 

• (who are the active members)

• Reveals genes/proteins in a community 

that are actually expressed 

• (what they are actually doing)

M e t a t r a n s c r i p t o m i c s  a n d  
M e t a p r o t e o m i c s



M e t a t r a n s c r i p t o m i c  A n a l y s i s  o f  C o a s t a l  M a r i n e  
S u r f a c e  W a t e r s



I N T R O D U C T I O N  T O  
G E N O M I C S

• “Omics”: Broad discipline integrating different 
methodologies to characterize and quantify large 
pools of biomolecules

• Genome: entire complement of genetic 
information includes genes encoding proteins, 
RNA, and regulatory sequences, and noncoding 
DNA

• Major omic themes: genomics, transcriptomics, 
proteomics, metabolomics, metagenomics

• Genomics: discipline of mapping, sequencing, 
analyzing, and comparing genomes



I N T R O D U C T I O N  T O  
G E N O M I C S

• Advances rely on improvements in molecular technologies and 

computing power

• Number of sequenced genomes has grown rapidly

• Bottleneck is vast amounts of nucleic acid sequence data

• Genomics: Then and Now

• First genomes sequenced were small viruses

• First bacterial genome published in 1995

• Today, D  N  A sequences from 125,000+ Bacteria, Archaea, 

and viruses are available publicly 

• Many eukaryotic genomes sequenced, including human 

genome





G e n o m e s  o f  S e l e c t  S p e c i e s  o f  B a c t e r i a  a n d  
A r c h a e a

Organism Lifestyle 

b Size (b p) O R F s 

c Features

Nasuia deltocephalinicola E 112,091 137 Degenerate sap-feeding insect 
endosymbiont

Tremblaya princeps E 138,931 121 Degenerate mealybug 
endosymbiont

Hodgkinia cicadicola E 143,795 169 Degenerate cicada 
endosymbiont

Mycoplasma genitalium P 580,070 525 Smallest nonsymbiotic bacterial 
genome

Rickettsia prowazekii P 1,111,523 834 Obligate intracellular parasite, 
causes epidemic typhus

Treponema pallidum P 1,138,006 1,041 Spirochete, causes syphilis

Methylophilaceae family, 
strain H T C C 2181

F L 1,304,428 1,354 Marine methylotroph, smallest 
free-living genome

Thermotoga maritima F L 1,860,725 1,877 Hyperthermophile



G e n o m e s  o f  S e l e c t  S p e c i e s  o f  B a c t e r i a  a n d  
A r c h a e a

Organism Lifestyle 

b Size (b p) O R F s 

c Features

Deinococcus radiodurans F L 3,284,156 2,185 Radiation resistant, multiple 
chromosomes

Bacillus subtilis F L 4,214,810 4,100 Gram-positive genetic model

Mycobacterium 
tuberculosis

P 4,411,529 3,924 Causes tuberculosis

Escherichia coli K-12 F L 4,639,221 4,288 Gram-negative genetic model

Escherichia coli O157:H7 F L 5,594,477 5,361 Enteropathogenic strain of E. coli

Bradyrhizobium japonicum F L 9,105,828 8,317 Nitrogen fixation, nodulates 
soybeans

Sorangium cellulosum F L 14,782,125 11,559 Forms multicellular fruiting 
bodies

Minicystis rosea F L 16,040,666 14,018 Forms multicellular fruiting 
bodies



G e n o m e s  o f  S e l e c t  S p e c i e s  o f  B a c t e r i a  a n d  
A r c h a e a

Archaea

Organism Lifestyle b Size (bp) O R F s 

c Features

Nanoarchaeum equitans P 490,885 552 Smallest nonsymbiotic cellular genome

Methanocaldococcus jannaschii F L 1,664,976 1,738 Methanogen, hyperthermophile

Pyrococcus horikoshii F L 1,738,505 2,061 Hyperthermophile

Sulfolobus solfataricus F L 2,992,245 2,977 Hyperthermophile, sulphur 
chemolithotroph

Haloarcula marismortui F L 4,274,642 4,242 Extreme halophile, bacteriorhodopsin

Methanosarcina acetivorans F L 5,751,000 4,252 Acetate using methanogen

a Information on prokaryotic genomes can be found at

https://gold.jgi.doe.gov.

b
 E, endosymbiont; P, parasite; F  L, free-living.

c
 Open reading frames. Genes encoding known proteins are included, as well as ORFs that could encode a protein greater than 

100 amino acid residues.

https://gold.jgi.doe.gov/


G e n o m e  S i z e s  o f  M i c r o b i a l  C e l l s  a n d  H i g h e r  
O r g a n i s m s



G e n o m i c s

What Can Genomes Tell Us?

• Modern microbiology thrives on sequences

• Heat-stable enzymes to virulence factors

• Studying gene expression, detecting horizontal 
transfer, monitoring and diagnosing disease 
outbreaks,  anti-bacteriophage systems, 
understanding metabolism, and determining 
growth requirements…….

• Solving medical mysteries (e.g., cause of 
“Black Death”)

• Identifying new microbial phyla

Yersinia pestis
marine ammonia-

oxidizing archaeon 

Nitrosopumilus assigned 

to a new phylum: 
Thaumarchaeota



What Can Genomes Tell Us?

• How do certain organism are able to 

exist in their environments

• Determine adaptation strategies

• How do certain organism contribute 

to biogeochemical cycles

G e n o m i c s



S e q u e n c i n g  a n d  A n n o t a t i n g  G e n o m e s

• Sequencing: determining the precise order of nucleotides 

in a D N A or R N A molecule

• Genome annotation: converting raw sequence data into a 

list of genes and other functional sequences present in the 

genome

• Bioinformatics: storing and analyzing sequences and 

structures of nucleic acids and proteins

• Annotation is “bottleneck” in genomics



S e q u e n c i n g  a n d  A n n o t a t i n g  G e n o m e s

Genome Assembly and Annotation

Genome assembly consists of putting fragments in 
the correct order and eliminating overlaps

 

Annotation identifies genes

 Highly computational

  - Map of complete genome is generated

  - Bacterial and archaeal genomes are a 
series of open reading frames (O R F s)

  - Functional O R F: encodes a protein



C o m p u t e r  I d e n t i f i c a t i o n  o f  P o s s i b l e  O  R  F  s



S e q u e n c i n g  a n d  A n n o t a t i n g  G e n o m e s

Never 100 percent identification; many genes encode proteins of unknown function

Number of genes with role that can be clearly identified in a given genome is ~70% or less of total 

ORFs detected

Hypothetical proteins: uncharacterized ORFs; proteins that likely exist but whose function is currently 

unknown

• lack sufficient amino acid sequence homology with known proteins for identification

• assign to family or general function



S e q u e n c i n g  a n d  A n n o t a t i n g  G e n o m e s

Some genes encode R  N A that is not translated (noncoding R  N A)

• lack start codons and may have multiple stop codons

  - transfer R N A (t  R N A)

  - ribosomal R N A (r R N A)

  - noncoding regulatory R  N A molecules



G e n e  C o n t e n t  o f  B a c t e r i a l  G e n o m e s

Complement of genes in a particular organism defines its capabilities

Genomes are also influenced by an organism’s lifestyle (or vice-versa?)

Enzymes in the genome can be related to lifestyle of the microorganism

Metabolic genes typically most abundant in bacterial genomes



F u n c t i o n a l  a n d  M e t a b o l i c  P r e d i c t i o n s  f o r  V a m p i r o v i b r i o  
c h l o r e l l a v o r u s  B a s e d  o n  G e n o m i c  A n n o t a t i o n

Secretion

Chemotaxis and 
movement

Secretion

Pumps and transporters

Electron transport



G e n e  F u n c t i o n  i n  S o m e  G e n o m e s  o f  B a c t e r i a

Functional
categories

Percentage of genes
Escherichia coli

(4.64 M b p)a

Percentage of genes
Haemophilus influenzae

(1.83 M b p)a

Percentage of genes
Mycoplasma genitalium

(0.58 M b p)a

Metabolism 21.0 19.0 14.6

Structure 5.5 4.7 3.6

Transport 10.0 7.0 7.3

Regulation 8.5 6.6 6.0

Translation 4.5 8.0 21.6

Transcription 1.3 1.5 2.6

Replication 2.7 4.9 6.8

Other, known 8.5 5.2 5.8

Unknown 38.1 43.0 32.0

a
 Chromosome size, in megabase pairs. Each organism listed contains only a single circular chromosome.



P R O J E C T  R E P O R T

• Research paper 

Based on data collected during the course

Intro, Methods, Results, Discussion, Conclusion, References

• 25 % of the grade
• In groups or individual



P R O J E C T  R E P O R T

Isolated microorganism

What is its taxonomy?

What kind of metabolism does it have?

How does it acquire Nitrogen and Carbon?

Can it produce greenhouse gases? Which?

What kind of metabolites does it make/excrete?

Can it detoxify metal contamination?

Does it have antibiotic resistance genes?

How can it potentially interact with other organisms?

• 25 % of the grade
• In groups or individual

Field Data

Use the data gathered in the field to 

contextualize the analysis of your isolate.

• Does the chemistry/temperature/gas flux of 

the environment where you isolated your 

organism from  make sense with what you 

know about four organism microorganism 

(from your results and literature)?

Use published literature and your results. 
Compare results to published data in the Discussion 
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