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Significance Statement
The impact of the intestinal microbiota on human wellbeing is being increasingly recognized. The
composition of the resident intestinal microbiome has been shown to impact key biological
processes such as immunity, development and mental health. However, due to the immense
number of microbes associated with the human gut, studying the role of specific bacteria on
human health is a challenge. To unravel the intricate network of signals regulating host-microbe

interactions, we need animal models in which we can easily manipulate the microbiota. For this
purpose, the fruit fly Drosophila melanogaster serves as an excellent candidate, as it has a
relatively simple intestinal bacterial composition and, as explained here, can be reared germ-free
or axenic in standard equipped laboratories.
ABSTRACT
As several diseases have been linked to dysbiosis of the human intestinal microflora,
manipulation of the microbiota has emerged as an exciting new strategy for potentially treating
and preventing diseases. However, the human microbiota consists of a plethora of different
species, and distinguishing the impact of a specific bacterial species on human health is
challenging. In tackling this challenge, the fruit fly Drosophila melanogaster, with its far simpler
microbial composition, has emerged as a powerful model for unraveling host-microbe
interactions. To study the interplay between the resident commensal microbiome and the host,
flies can be made germ-free, or axenic. To elucidate the impact of specific bacteria, axenic flies
can then be re-introduced to specific microbial species. In this unit, we provide a step-by-step
protocol on how to rear Drosophila melanogaster under axenic conditions and confirm the
axenity of flies.
Keywords: axenic, bacteria, commensal, Drosophila melanogaster, microbiota
INTRODUCTION
Humans have developed a close symbiotic relationship with the microbial community residing in
and on our bodies during evolution, and microbiota has been shown to be tightly linked to overall
human health and disease (Clemente et al., 2012). Largely due to the complexity of the human
microbiome, with up to 100 trillion microbes residing in the human intestinal tract and with a
composition varying greatly between individuals (Ley et al., 2006), the details of host-microbe
interactions remain elusive. To shed light on the molecular mechanisms regulating this intricate
network, simpler animal models with a more manageable microbiome are of great use. The fruit
fly, Drosophila melanogaster, is a well-studied model organism that has recently emerged as a
powerful tool to study host-commensal biology (Ryu et al., 2010). The intestinal physiology of the
fly shares striking similarities with that of mammals and the bacterial composition of the
Drosophila intestine is relatively simple, with usually only four to eight aerobe or aerotolerant
bacterial species associated with a given fly population (Erkosar et al., 2013).
To study the details of host-microbe interactions, a fly’s microbiota needs to be manipulated. By
removing the outermost layer of the embryo, the chorion, and transferring embryos onto sterile
food in a sterile environment, flies can be made germ-free, or axenic (Bakula, 1969). By further
re-introducing specific bacteria to axenic flies, the impact of a particular bacterial strain can be
investigated. An organism treated in this way is termed gnotobiotic. In this unit, we describe how
Drosophila are reared under axenic conditions, by dechorionating fly embryos and letting them
develop in a sterile environment. We also provide protocols to confirm the axenity of flies by
growing fly homogenates on agar plates and by performing PCR on bacteria-specific 16S
ribosomal DNA.

BASIC PROTOCOL 1
AXENIC FLY CULTURE
This protocol describes how Drosophila embryos are made germ-free, or axenic, by removing the
outermost layer of the egg, the chorion, and transferring the dechorionated eggs to sterile food
in a sterile environment. Marion Bakula first described in 1969 how to obtain axenic flies by
dechorionating embryos using bleach. The method has been implemented by several groups
since then, although with slightly varying protocols, regarding time points and washing steps in
particular (Brummel et al., 2004, Ryu et al., 2008, Shin et al., 2011, Storelli et al., 2011, Ridley et
al., 2012, Blum et al., 2013). In the protocol described here, Drosophila embryos are treated with
1% active chlorine, after which the embryos are washed twice in 70% ethanol and Milli-Q-purified
water. To wash the embryos, we use round-bottom culture tubes with a fine-meshed nylon cloth
attached to the bottom. This set-up is “homemade” and further optimization is possible.
Materials
Experiments were conducted in Drosophila melanogaster strain CantonS (Lindsley & Grell, 1967)
Jazz Mix™ Drosophila food (Thermo Fischer Scientific, AS153), for food preparation see Reagents
and Solutions
1% active chlorine (50% bleach, Klorilli, KiiltoClean, 8110)
70% ethanol (Altia, Etax Aa)
Milli-Q-purified water (MQ-H2O)
Autoclavable polypropylene Drosophila food vials (FlyStuff, 32-113)
Closures (FlyStuff, Droso-plug™, 59-200)
Autoclave
Laminar hood
Conical centrifuge tubes (50 ml, Greiner Bio-one, 227261)
Round-bottom culture tubes (14 ml, BD Biosciences, 352059)
Fine-meshed nylon cloth, pore size 20 µm
Spatula
Dechorionation of fly embryos and axenic fly culture
1. Perform a Drosophila egg lay according to support protocol 1.
2. Prepare fly food in autoclavable vials and autoclave the food.
Use polypropylene vials that are autoclavable. (Polystyrene and K-Resin® fly vials melts
in the autoclave).
3. Surface-sterilize food vials and plugs in laminar hood under UV-light for 20 minutes
before embryo collection.
Surface sterilize all tools and wipe all surfaces and tools with 70% ethanol before use.
Wear gloves while collecting the embryos.

4. Prepare three 50 ml conical centrifuge tubes: one with 10 ml 1% active chlorine, one
with 10 ml 70% ethanol and one with 10 ml MQ-H2O. Put thereafter the conical
centrifuge tubes in a rack.
5. Prepare a collection tube for the embryos with a piece of fine-meshed nylon cloth in
the bottom (Fig. 1A and B).
To make collection tubes, we have cut off the bottom tip of a 14 ml round-bottom
culture tube and attached the piece of fine-meshed nylon to the bottom of the tube
with tape (Fig. 1A and B). Remember to surface sterilize the tubes before use.
6. Collect embryos by removing the adult flies, and carefully scraping the embryos from
the agar plates with a spatula. Transfer the embryos into the collection tube with the
fine-meshed nylon in the bottom.
7. Place the collection tube containing the embryos inside the 50 ml conical centrifuge
tube containing 1% active chlorine (Fig. 1C) and dechorionate the embryos for 5
minutes. After dechorionation, transfer the collection tube to 70% ethanol for 1
minute and thereafter to MQ-H2O for 1 minute. Repeat the washing steps in ethanol
and water.
After dechorionation, work in laminar hood, when possible, to avoid contamination.
8. Transfer the dechorionated embryos to autoclaved food.
9. To make controls, transfer the embryos directly to autoclaved food after the egg-lay,
without performing the wash steps.
We advise against performing any washing of control embryos, as rinsing the embryos
sometimes removes bacteria, rendering also the control flies axenic.

BASIC PROTOCOL 2
CONFIRMING AXENIC FLIES
Confirming that your axenic flies are bacteria free can be done in several ways. A simple method
is to plate fly homogenates on agar plates and check for colony formation. Here we describe how
to plate fly homogenates on LB-plates. Note that not all bacteria can grow on LB, hence the use
of plates with other growth medium, such as nutrient agar or MRS agar is also needed to confirm
the loss of all bacterial species. To detect any species of bacteria in a highly sensitive way, we
suggest performing PCR on bacterial 16S ribosomal DNA. 16S is the small ribosomal subunit of
the prokaryote ribosome, which is conserved between bacterial species (Weisburg et al., 1991).
The universal 16S primers used here are 8F and 519R, but there are several other 16S primers,
which can be used to detect bacterial DNA (Turner et al., 1999). To make a microbe-free control
for your 16S PCR, flies developed on food supplemented with the antibiotic tetracycline can be

used (support protocol 2). To isolate DNA from fly samples and set up the PCR reaction, we have
used the Phire Animal Tissue Direct PCR kit from ThermoFisher Scientific.
Materials
Milli-Q-purified water (MQ-H2O)
Agar-agar, granulated (Merck, 101614)
LB Broth tablets (Sigma, L7275)
Agarose, Molecular Grade (Bioline, BIO-41025)
Phire Animal Tissue Direct kit (ThermoFisher Scientific, F140WH)
Forward primer: 8F 5’-AGAGTTTGATCCTGGCTCAG-3’ (TAG Copenhagen, S20)
Reverse primer: 519R 5’ GWATTACCGCGGCKGCTG-3’ (TAG Copenhagen, A18)
GelRed™ (Biotium, 41003)
1xTAE buffer (see Reagents and Solutions)
DNA Gel Loading Dye (6x) (ThermoFisher Scientific, R0611)
GeneRuler 1 kb DNA ladder (ThermoFisher Scientific, SM0311)
Autoclave
Petri dishes (92 mm, Sarstedt, 82.1472.001)
Microcentrifuge tubes (1.5 ml, Greiner Bio-one, 623201)
Cordless pestle motor (VWR, 47747-370)
Pestles (VWR, 47747-358)
Plastic spreaders (Microspec, E3)
PCR tubes (Nippon Genetics, FG-016DC)
Heat plate
PCR machine
Microwave
Chamber for agarose gel and electrophoresis unit
Growing fly homogenates on LB-plates
1. To make LB-plates, autoclave a mixture of 10 g agar, 10 LB-tablets and 500 ml MQH2O. Cast the agar solution in 92 mm Petri dishes and let polymerize for 20 minutes.
Use a 1000 ml bottle as agar boils heavily when autoclaved. Avoid forming bubbles
when pouring the agar onto the plates.
2. Homogenize three axenic flies in a sterile microcentrifuge tube containing 100 µl LBmedia, using a pestle. LB-media is made by dissolving 20 LB-tablets in 1000 ml MQH2O (according to manufacturer’s instructions) and autoclaving the solution.
3. Pipette the homogenized flies onto the LB-plate and spread the homogenization
evenly over the plate with a plastic spreader. Incubate the plates upside down for 2448 hours in room temperature, then check for colonies (Fig. 2).

16S PCR of fly homogenates
1. Put three flies per sample in a sterile microcentrifuge tube.
Sterilize your work place and tools with ethanol and work on ice.
2. Make a master mix of 20 µl DNA Dilution Buffer per sample and 0.5 µl DNA Release
Additive per sample.
The DNA Dilution Buffer and DNA Release Additive is part of the Phire Animal Tissue
Direct PCR kit from Thermo Scientific.
3. Homogenize the flies with a sterile pestle and quick spin down the samples.
4. Incubate the samples for 5 minutes at room temperature and thereafter 2 minutes at
98˚C. Spin down the samples.
If you are not using the samples immediately, store them at -20˚C.
5. Prepare a master mix of all PCR reagents listed in Table 1, except for the template, in
a microcentrifuge tube. Add 19 µl of the master mix in PCR tubes and finally add 1 µl
of template to the tubes.
Remember to make a negative control for your PCR by adding 1 µl of MQ-H2O instead
of the template. All reagents needed for the PCR, except primers, are found in the Phire
Animal Tissue Direct PCR kit from Thermo Scientific.
6. Vortex briefly and spin down your samples before running your PCR reaction
according to the protocol in Table 2.
7. Make a 1% agarose gel by dissolving 1.5 g agarose in 150 ml 1xTAE buffer by heating
the solution in a microwave until the agarose has dissolved completely.
Avoid excessive boiling of the solution as evaporation of the buffer changes the
percentage of agarose in the gel.
8. Add 7.5 µl GelRed to the agarose solution and cast it in a gel mold, avoiding forming
bubbles. Let the gel polymerize for 20 minutes.
Bubbles formed in the gel can be pushed to the edges with a pipette tip.
9. Take your PCR samples and pipette 4 µl of 6x DNA Gel Loading dye to each sample.
10. Make a DNA ladder by mixing 2 µl GeneRuler DNA ladder, 2 µl 6x DNA Gel Loading dye
and 8 µl MQ-H2O in a microcentrifuge tube.
11. Put the gel in the electrophoresis unit and cover the gel in 1xTAE buffer. Pipet 12 µl
of the ladder and samples to the gel, and run the gel at 70 V for 1.5 h.
12. To visualize you DNA bands, use a UV-light (Fig. 3).

SUPPORT PROTOCOL 1
DROSOPHILA EGG LAY
One of the advantages of using Drosophila as a model organism is the fly’s fast reproduction and
high number of offspring. By performing egg lays using specific fly cages and juice agar plates, a
large number of fly embryos can be retained and monitored at once. In this supporting protocol,
we describe how to perform a Drosophila egg lay. This method can be useful when doing lifespan
experiments, studying early development, microinjecting flies or, as explained in this unit, rearing
flies under axenic conditions.
Materials
Milli-Q-purified water (MQ-H2O)
Agar-agar, granulated (Merck, 101614)
Tegosept (methyl paraben, Apex, 20-258)
Grape juice (Eckes-Granini, Kesko)
Table sugar, sucrose (DanSukker, Kesko)
Dry baker’s yeast (Pirkka, Kesko)
Petri dishes (60 mm, Sarstedt, 82.1194.500)
Cages for egg lay (FlyStuff, 59-100)
Incubator at 25°C
Preparation of juice agar plates and egg-lay
1. Autoclave 140 ml MQ-H2O together with 6 g agar
Use a 500 ml glass bottle, as agar boils heavily when autoclaved.
2. Boil 1 ml 10% Tegosept diluted in 100% ethanol, with 60 ml grape juice and 6 g sucrose
until the sucrose has dissolved.
Other fruit juices can also be used, but the light red colour of the grape juice makes it
easier to spot the eggs.
3. Mix the agar and juice solution, and cast in 60 mm Petri dishes. Let set for 20 minutes.
Be careful not to make bubbles when mixing the agar and juice.
4. Make a yeast paste by mixing 70 µg of dry yeast with 25 µl MQ-H2O and add yeast
paste in the size of a pea to the agar plates (Fig. 4A).
5. Transfer at least ten male and female flies into an egg lay cage and attach an agar
plate to the bottom (Fig. 4B).
6. Leave the cages at 25 °C for desired times, in this protocol 12-16 hours.

SUPPORT PROTOCOL 2
TETRACYLINE TREATMENT OF DROSOPHILA
The tetracycline family of antibiotics is broad-spectrum, showing activity against a wide range of
Gram-negative and Gram-positive bacteria (Chopra et al., 2001). By letting flies develop in
autoclaved food supplemented with 50 µg/ml tetracycline, on average >99% of culturable
bacteria can be eliminated (Ridley et al., 2013). Hence, flies treated with antibiotics can serve as
a microbe-free control for your axenic flies. However, bear in mind that treating flies with
antibiotics might have physiological side effects that are absent in axenic flies (Ridley et al., 2013).
Materials
Tetracycline hydrochloride, powder (Sigma, T7660)
Milli-Q-purified water (MQ-H2O)
Jazz Mix™ Drosophila food (Thermo Fischer Scientific, AS153), for food preparation see
Reagents and Solutions
Autoclavable polypropylene Drosophila food vials (FlyStuff, 32-113)
Treating flies with tetracycline
1. Make a 25 mg/ml stock solution of tetracycline hydrochloride by dissolving 25 mg
tetracycline in 1 ml MQ-H2O.
The stock solution can be stored at -20°C.
2. Prepare Jazz Mix™ fly food according to the protocol (see Reagents and Solutions) in
autoclavable polypropylene vials and autoclave the food. To make food supplemented
with 50 µg/ml tetracycline, pipette, before allowing the food to set, 10 µl of the
tetracycline stock solution to 5 ml fly food and mix thoroughly. Let the fly food set
overnight.
3. Transfer flies into the food with tetracycline and let the flies lay eggs in the food.
Remove flies and let the eggs develop.
REAGENTS AND SOLUTIONS
50xTAE stock solution
Total volume: 1000 ml
242.28 g Tris base (Sigma, T1503)
57.1 ml Glacial Acetic Acid (Avantor, 9526)
100 ml 0.5 M Ethylenediaminetetraacetic acid (EDTA), pH 8.0 (Sigma, ED)
Milli-Q-purified water (MQ-H2O)

Dissolve Tris base in 600 ml H2O and add the Glacial Acetic Acid. Add EDTA to the solution and
bring the final volume up to 1000 ml by adding MQ-H2O. Store the buffer in room temperature.
Dilute the stock solution 50x before use.
Preparation of Jazz Mix™ Drosophila Food
Total yield: Approximately 200 vials containing 5 ml food
226.8 g of Jazz Mix™ (Thermo Fischer Scientific, AS153)
1200 ml distilled H2O
Heat plate
Pour the Jazz Mix™ and distilled H2O into a pan and stir out any lumps. Bring the food solution to
a boil and let boil for 10 minutes while stirring. Dispense the food into vials using a 50 ml pipette.
Seal the food vials with closures and let the food set at room temperature overnight. The food
can be stored in the fridge at 4°C. Do not, however, transfer flies into cold food, as the flies might
become drowsy and get stuck in the food. Fly food made according to other manufacturers’
instructions or other protocols can also be used.

COMMENTARY
Background Information
All metazoans live in symbiosis with microorganisms and the spectra of microbes have been
shown to affect both human health and disease. In mammals, the epithelial layers of the skin and
mucosa are permanently colonized with large microbial communities that influence the
physiology of the host. The immune system of the organism interacts with both pathogenic and
symbiotic microbes, which do not only induce local immune responses in mucosal membranes,
but also systemic immune responses in major immune tissues as spleen and bone marrow (Brown
and Clarke, 2017). To study the role of resident microbiota on animal physiology, germ-free and
gnotobiotic animals (germ-free animals to which specific bacteria have been introduced) need to
be generated. The germ-free mouse is a commonly used model, due to its physiological similarity
to humans. However, as mice experiments can be time consuming and maintenance fees high,
invertebrate models, such as the fruit fly, serve as welcomed alternatives to mice when studying
host-microbe interactions. As in mammals, the epithelia of the fly gut and airways, or trachea,
harbor commensal bacterial communities (Tzou et al., 2000). The physiology of the fly gut and
tracheal epithelia shares striking similarities with the one of mammalian intestine and lungs,
making these organs attractive models when studying host-microbe interactions and immunity
(Apidianakis and Rahme, 2011, Wagner et al., 2008). Also the fly exoskeleton acts as a barrier
against pathogens, similarly as the mammalian skin. However, it is different in structure and
characteristics and may not be as suitable to use as model for investigating host-microbe
interactions.

The mechanisms regulating host-microbe interactions have been studied by manipulating the
microbiome of Drosophila, and complex physiological systems seem to be affected by the
resident microbiota. An altered microbial composition has been shown to impact larval
development, mating behavior, immune responses, lifespan and energy homeostasis in
Drosophila (Brummel et al., 2004, Ren et al., 2007, Sharon et al., 2010, Shin et al., 2011, Storelli
et al., 2011, Ridley et al., 2012). As many of the molecules controlling the cellular signaling
pathways regulating these processes are well-conserved through evolution, axenic flies provides
an elegant tool for studying the different aspects of host-microbe interplay.
Critical Parameters
Marion Bakula first described the method of dechorionating Drosophila embryos with bleach to
produce germ-free flies in 1969. Since then, several groups have used the same procedure to
culture axenic flies (Brummel et al., 2004, Ryu et al., 2008, Shin et al., 2011, Storelli et al., 2011,
Ridley et al., 2012, Blum et al., 2013). The standard protocols for dechorionating embryos include
a dechorionating step using diluted bleach and one to three wash steps with ethanol and/or
water. The concentration of bleach and the washing steps differs between protocols and groups.
It is important that, regardless of the sterilisation process, the axenic-reared flies are confirmed
to be microbe-free. As the main issue when making axenic flies is contamination, proper controls
are needed to support the effects of the axenity. Contamination can occur at any step after
dechorionation of the embryos. To avoid contamination, work with fresh reagents, fresh MQH2O, sterile equipment and in a laminar hood, when possible. Also let the axenic flies develop in
a sterile environment. Finally, it has been shown that the bacterial load and composition changes
upon aging in flies (Ren et al., 2007). Hence, ensure that all flies used for experiments are of the
same age.
Troubleshooting
Bacterial contaminations of axenic cultures can be spotted on the LB-plates, but other agar plates
such as nutrient agar or MRS agar, for Lactobacilli, can be done in parallel to ensure detection of
a wide range of bacterial species. Bacterial species that might be resistant to culture and possible
anaerobic species can be detected by 16S PCR. Be sure to use proper controls when plating and
during the PCR, to rule out possible contaminations in any of the reagents used for testing.
Time Considerations
To obtain comparable results, aim at using flies of the same age in every experiment. Therefore,
when planning your experiments, consider that the presence of microbiota has been shown to
affect the time of development in flies. Flies reared under germ-free conditions, or flies
developed on a diet containing antibiotics, have been shown to have a prolonged development
time of approximately two days, compared to conventionally reared flies or to flies on a normal
diet (Shin et al., 2011, Ridley et al., 2012, Ridley et al., 2013). We have seen that concentrations
higher than 50 µg/ml of tetracycline correlates with an even further prolonged development.
Starting an axenic fly culture, including an egg lay and dechorionation of the embryos, takes two
days due to the 12-hour egg lay. (The egg lay periods can be shortened by increasing the amount

of egg laying females). However, the actual working time is only approximately two hours, with
the egg lay preparation on day one and dechorionation of the embryos on day two, taking one
hour each. The axenic flies hatch after approximately 12 days.
Confirming that the flies are axenic takes further two days, due to the overnight incubation of
the LB-plates. The preparation of LB-plates and plating of homogenized flies takes roughly two
hours, including the time for the LB-plates to set. To do the 16S PCR, one hour is needed to
prepare the fly samples and to set up the PCR reaction. The PCR program lasts approximately 40
minutes, and running the samples on an agarose gel takes 1 hour.
Understanding Results
The fruit fly relies on innate immune responses to fend off invading microorganisms. Depending
on the infecting pathogen, either the Toll or the immune deficiency (IMD) pathway is activated
(Ferrandon et al., 2007). Gram-negative bacteria activate the IMD pathway, which culminates in
the translocation of the NF-κB transcription factor Relish to the nucleus. Relish stimulates the
expression of antimicrobial peptide genes (AMPs), which are used to fight off the invading
microorganisms (Hedengren et al., 1999, Tzou et al., 2000). The expression levels of AMPs can
also be used as a readout for innate immune responses in Drosophila. To show how the loss of
microbes in axenic flies affects immune responses, we have measured the mRNA levels of the
AMPs Diptericin, Attacin A and Drosocin in conventionally reared and axenic flies by quantitative
RT-PCR (Fig. 5). The protocol used to measure the AMP expression is described previously
(Meinander et al., 2012). The results show a significant reduction in the expression of AMPs in
axenic flies compared to conventionally reared flies (p<0.0001). This indicates that the basal
immune responsive IMD activity requires the presence of resident bacteria. To compare the
expression levels of the different AMPs to the normalized controls a two-way ANOVA with the
Bonferroni post hoc test was performed.
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FIGURE LEGENDS
Figure 1. Set-up for the dechorionation and washing of Drosophila eggs. A, B) To make a
collection tube for the fly embryos, cut the bottom off of a 14 ml culture tube and attach a finemeshed nylon cloth to the bottom with tape. C) Dechorionate and wash your embryos by dipping
the culture tube in 50 ml conical centrifuge tubes containing 1% active chlorine, 70% ethanol or
MQ-H2O.

Figure 2. Confirming axenity of flies with LB-plates. Bacterial growth from fly homogenates made
of A) conventionally reared flies and B) axenic flies.

Figure 3. Confirming axenity of flies with 16S PCR. A) 16S PCR of a successful experiment as no
bacterial DNA is detected in axenic flies (lane 2). B) 16S PCR of contaminated axenic flies. Lanes:
1: conventionally reared flies, 2: axenic flies, 3: flies treated with 50 µg/ml tetracycline and 4:
negative control.

Figure 4. Drosophila egg lay. A) Grape juice agar with yeast paste. B) Egg lay cage with grape juice
agar and flies.

Figure 5. The expression of AMPs is significantly reduced in axenic flies. Quantitative RT-PCR
analysis of the AMPs Diptericin, Attacin A and Drosocin in conventionally reared and in axenic
wild type CantonS flies. The housekeeping gene rp49 was used as the experimental expression
standard. Shown are the relative ratios of Diptericin/rp49, Attacin A/rp49 and Drosocin/rp49.
Values are normalized to conventionally reared CantonS flies. Error bars indicate SEM from four
independent experimental repeats using ten flies per repeat (****: p<0.0001).

TABLES
Table 1. Volumes of reagents needed for 16S PCR reaction
Reagent
Volume (µl)
H2 O

6,6

2 x Phire reaction buffer

10

10 µM 8F

1

10 µM 519R

1

Polymerase Phire

0,4

Template

1 µl

Table 2. 16S PCR reaction set-up
Step
Temperature

Time

1. Initial
denaturation

98 ˚C

5 minutes

2. Denaturation

98 ˚C

5 seconds

3. Annealing

52 ˚C

5 seconds

4. Extension

72 ˚C

20 seconds

5. Final extension

72 ˚C

1 minute

6. Hold

4 ˚C

Cycles
1

20

1
infinity

