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How To Make A
Dichotomous Key

Introductio
n:
Unlocking
Bacterial
Identity
with a
Simple Tool

In the vast and
invisible world of
microbiology,
identifying bacteria is
a fundamental skill for
students, lab
technicians,
researchers,
healthcare

and

professianals. . With.

thousands of bacterial
species ranging from
beneficial probiotics to
deadly pathogens,
having a reliable
method to distinguish
one microbe from
another is essential.

This is where a
dichotomous key
becomes an
invaluable tool. But if
you have ever
wondered how to
make a

dichotomous key
for bacteria, you are
not alone. The process
can seem intimidating
at first, yet it is one of
the most logical and

. rewarding. exercises in
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biological
classification.

A dichotomous key is
a step-by-step
identification guide
that presents the user
with a series of paired
statements or
questions. At each
step, the user chooses
the statement that
best describes the
unknown bacterium,
moving progressively
toward a definitive
identification. Think of
it as a choose-your-
own-adventure story
for microbes. In this
article, we will walk
you through the entire
process of
constructing your own
bacterial dichotomous
key, from
understanding the
foundational principles
to testing your
finished product.
Whether you are a

student preparing for
a lab exam or a
professional

developing a key for a
specific environmental
sample, this guide will
provide the clarity and
detail you need.

What
Exactly Is a
Dichotomou

Before diving into
how to make a
dichotomous key
for bacteria, it is
crucial to understand
what a dichotomous
key is and why it
works so well for

biological
classification. The
term "dichotomous"

comes from the Greek
word "dichotomia,"
meaning "cutting in
two." True to its
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key offers exactly two
choices at every
decision point. Each

choice leads to
another pair of
options, gradually

narrowing down the
possibilities until a
single organism
remains.

For bacteria, this
process relies heavily
on observable
characteristics such as
Gram stain reaction,
cell shape, motility,
oxygen requirements,
and biochemical test
results. Unlike keys for
plants or animals,
which often rely on
visual traits alone,
bacterial keys
frequently incorporate
the results of
laboratory tests. This
makes the key not
only a reference tool

but .also.a guide for,

procedure. A well-
constructed key is a
roadmap through the
complex landscape of
bacterial taxonomy.

Why Use a
Dichotomous
Key for Bacteria?

The primary
advantage of a
dichotomous key is its
simplicity and
reproducibility.
Anyone with basic
training can follow the
same logical path and
arrive at the same
identification,
provided the tests are
performed correctly.
This standardization is
critical in clinical
settings, where
misidentification of a
pathogen can have
serious consequences.

.Additiopally, creating
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a key deepens your
own understanding of
bacterial
characteristics. When
you build a key, you
are forced to think
about which traits are
truly diagnostic and
which are variable or
shared among many
species.

Preparing
to Build
Your Key:
What You
Need to

Now that vyou
appreciate the value
of this tool, let us
discuss the essential
groundwork. Knowing
how to make a
dichotomous key
for bacteria begins
long before you write

your first couplet. You
must first assemble a
list of the bacteria you
wish to include and
determine which
characteristics will
reliably separate
them. This step is
often overlooked but
is the most critical for
creating a functional
key.

Step 1: Define
Your Scope

Decide which bacterial
species your key will
cover. Are you
working with a specific
set of «clinically
relevant bacteria,
such as common
urinary tract
pathogens? Or are you
trying to identify
unknown isolates from
a soil sample? Your
scope will determine
the characteristics you
need to include. A key
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closely related species
will  require  finer
distinctions than a key
for a broad survey of
bacterial genera.
Write down your list of
target bacteria. For
this example, let us
consider a set of
common bacteria:
Escherichia coli,
Pseudomonas
aeruginosa,
Staphylococcus
aureus, Streptococcus
pyogenes, Bacillus
subtilis, and Neisseria
gonorrhoeae.

Step 2: Gather
Reliable
Characteristic
Data

For each bacterium on
your list, compile a
profile  of reliable
diagnostic features.
The most commonly

bacterial dichotomous
keys include:

e Gram stain
reaction:
Gram-positive
(purple) or
Gram-negative
(pink/red). This
is often the first
and most
powerful
dividing
characteristic.

 Cell
morphology:
Cocci
(spherical),
bacilli (rod-
shaped), spirilla
(spiral), or vibrio
(comma-
shaped). Also
note
arrangement:
chains, clusters,
or pairs.

e Motility: Does
the bacterium
move using
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flagella? This is
typically
assessed using
a wet mount or
motility agar.
Oxygen
requirements:
Obligate aerobe,
obligate
anaerobe,
facultative
anaerobe, or
microaerophile.
Catalase test:
Does the
bacterium
produce the
enzyme
catalase? A
positive result
shows bubble
formation when
hydrogen
peroxide is
added.
Oxidase test:
Important for
differentiating
certain Gram-
negative
bacteria.

e Fermentation

patterns: Does
the bacterium
ferment lactose,
glucose, or
sucrose? This is
often assessed
on MacConkey
agar or triple
sugar iron (TSI)
agar.

Spore
formation:
Does the
bacterium
produce
endospores?
This is a key
characteristic
for genera like
Bacillus and
Clostridium.
Hemolysis
pattern: On
blood agar, does
the bacterium
produce alpha
(greenish), beta
(clear zone), or
gamma (no)
hemolysis?
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morphology:
Color, texture,
size, and shape
of colonies on
solid media.

Use authoritative
sources such as
Bergey's Manual of

Systematic
Bacteriology or
reputable online

databases to verify
your data. Accuracy at
this stage directly
determines the
reliability of your key.
The Step-
by-Step
Process of
How To
Make A

Dichotomou

Bacteria

With your preparation
complete, you are
ready to build. The
process is methodical
and, if done correctly,
produces a key that is
both easy to use and
scientifically ~ sound.
Here is the detailed
procedure for how to
make a
dichotomous key
for bacteria.

Step 3: Choose
Your First
Dividing
Characteristic

The first couplet in
your key should use a
characteristic that
splits your entire list
of bacteria into two
roughly equal groups.
Gram stain reaction is
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almost always the
best starting point
because it is a
fundamental and
highly reliable test.
Write your first pair of
statements:

la. Gram-positive
(bacteria retain crystal
violet stain, appearing
purple) Go to
couplet 2.

1b. Gram-negative
(bacteria do not retain
crystal violet stain,
appearing pink or red)
... Go to couplet 5.

Notice that each
choice directs the user
to another couplet
number, not directly
to a species name.
This is the "branching"
structure of a
dichotomous key. The
numbers do not need
to be sequential; they
simply need to guide
the user logically

through the key.

Step 4: Continue
Branching Within
Each Group

Now take the Gram-
positive group and
choose another
characteristic to split
it further. For
example, cell shape is
an excellent next
step. Gram-positive
cocci are very
different from Gram-
positive bacilli:

2a. Cells are spherical
(cocci) Go to
couplet 3.
2b. Cells are rod-
shaped (bacilli) ... Go
to couplet 4.

Continue this process
for each subgroup. For
the Gram-positive
cocci, you might next
use the catalase test
to separate
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(catalase-positive)
from Streptococcus
(catalase-negative).
For the Gram-positive
bacilli, endospore
formation
distinguishes Bacillus
(spore-forming) from
many other genera.
For the Gram-negative
group, you might use
oxidase test, lactose
fermentation, or
motility as your next
branching point.

Step 5: Create
Terminal
Couplets That
Lead to Species
Names

When you reach a
point where only one
bacterium remains on
a branch, your couplet
should lead directly to
the species name
rather than to another

example:

3a. Catalase-positive;
cells in grape-like
clusters; coagulase-
positive
Staphylococcus
aureus.

3b. Catalase-positive;
cells in grape-like
clusters; coagulase-
negative
Staphylococcus
epidermidis.

If you have more than
one species
remaining, insert an
additional couplet with
a distinguishing
characteristic.
Continue adding
couplets until every
species has its own
unique path.

Step 6: Use
Clear,
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Observable, and
Binary
Characteristics

A common mistake
when learning how to
make a
dichotomous key
for bacteria is using
vague or non-binary
characteristics. Each
statement in a couplet
must be mutually
exclusive. Do not use
"small" versus "large"
without defining what
small and large mean.
Avoid characteristics
that require subjective
interpretation.
Instead, use test-
based results such as
"catalase-positive"
versus ‘"catalase-
negative" or "lactose
fermenter" versus
"non-lactose
fermenter." This
ensures that different
users will get the

same result from the
same organism.

Step 7: Test Your
Key with Known
and Unknown
Organisms

Before finalizing your
key, test it rigorously.
First, use it to identify
each of the bacteria
you included. Does
the key correctly
identify Escherichia
coli as a Gram-
negative, lactose-
fermenting, oxidase-
negative rod? Does it
correctly identify
Pseudomonas

aeruginosa as a Gram-
negative, non-lactose-
fermenting, oxidase-
positive rod? If your
key leads to the
wrong species, trace
back through your
couplets to find where
the branching logic
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key with an unknown
culture. Ask a
colleague or
classmate to use your
key to identify an
unknown bacterium.
Observe where they
hesitate or make an
incorrect choice.
Revise your
statements for clarity
if necessary.

Example: A
Simple
Dichotomou
s Key for
Six Bacteria

To illustrate how to
make a
dichotomous key
for bacteria, here is
a complete example
based on our six
target species. This
key uses only a few

demonstrates the
branching structure
clearly.

la. Gram-positive ...
Go to couplet 2.
1b. Gram-negative ...
Go to couplet 5.

2a. Cells are spherical

cocci; arranged in
clusters ... Go to
couplet 3.

2b. Cells are rod-
shaped bacilli; forms
endospores ... Bacillus
subtilis.

3a. Catalase-positive
Staphylococcus

aureus.

3b. Catalase-negative

... Go to couplet 4.

4a. Beta-hemolytic on
blood agar; group A
streptococcus
Streptococcus
pyogenes.

4b. Alpha-hemolytic

Downloaded from ges.cursor.cl by Williamson & Livia ¢
Explore the unseen. * Page 11



or gamma-hemolytic
- (Other
Streptococcus
species).

5a. Rod-shaped
bacilli; oxidase-
positive; non-lactose
fermenter on
MacConkey agar ...
Pseudomonas
aeruginosa.

5b. Rod-shaped
bacilli; oxidase-
negative; lactose
fermenter on
MacConkey agar ...
Escherichia coli.

5c. Kidney-bean-
shaped diplococci;
oxidase-positive;
requires enriched
media ... Neisseria

gonorrhoeae.

This is a simplified
example. A
comprehensive key
would include many
more species and

additional
confirmatory tests.
However, the

structure remains the
same regardless of

the number of
organisms.
Common
Pitfalls and
How to

Avoid Them

Even experienced
microbiologists can



