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1. PURPOSE
The purpose of this procedure is to describe of molecular characterization of African
swine fever virus (ASFV) isolates for genotyping purposes.

2. SCOPE
This procedure is applied to the ASFV DNA extracted following the procedure
described in the SOP/CISA/ASF/DNA EXTRACTION/1 (“Standard operating
procedure for the extraction of African Swine Fever Virus (ASFV) DNA”) in any kind
of porcine clinical sample such as EDTA-blood, serum and tissue homogenates
and in cell culture supernatants.
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•
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Procedure of samples processing for African swine fever (ASF) diagnosis
(SOP/CISA/SAMPLE/1)
Procedure for the extraction of African Swine Fever Virus (ASFV) DNA
(SOP/CISA/ASF/DNA EXTRACTION/1)
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E, Thomson GR (2003) Genotyping field strains of African swine fever virus by partial
p72 gene characterisation. Arch Virol 148: 693–706
Boshoff CI, Bastos AD, Gerber LJ, Vosloo W. (2007). Genetic characterisation of
African swine fever viruses from outbreaks in southern Africa (1973-1999). Vet
Microbiol. Mar 31;121(1-2):45-55.
Gallardo C, Mwaengo DM, Macharia JM, Arias M, Taracha EA, Soler A, Okoth E,
Martín E, Kasiti J, Bishop RP (2009) “Enhanced discrimination of African swine fever
virus isolates through nucleotide sequencing of the p54, p72, and pB602L (CVR)
genes” Virus Genes , Feb;38(1):85-95.
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4. BACKGROUND INFORMATION
4.1. ABBREVIATION
ASF: African swine fever
ASFV: African swine fever virus
Bp: base pairs
CVR: central variable region
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DNA: Deoxyribonucleic acid
E+: ASFV positive extraction control
E-: ASFV negative extraction control
Kbp: kilobase pairs
PCR: polymerase chain reaction.
R+: ASFV DNA reaction positive control
R-: ASFV DNA reaction negative control
r.p.m.: revolutions per minute

4.2. BACKGROUND
Molecular epidemiology has proved useful in investigating epidemiological
patterns of ASF as well as the likely origin of the disease when introduced into
new regions. The ASFV genome consists in a double-stranded DNA molecule of
170 to 193 kilobase pairs encoding among 151 to 167 genes depending on ASFV
strain. Restriction enzyme site mapping and sequence analysis of virus genomes
have established that the central region is conserved but large length variations
occur at the terminal ends, particularly within 40 kbp of the left end of the
genome, but also within 15 kbp from the right end of the genome.
The current approach for ASFV genotyping is based on the analysis of three
independent regions located at the conserved central area of the ASFV genome
comprising; i) partially sequence of the C-terminal end of the gene B646L
encoding the major protein p72 (Bastos et al., 2003) which allow us to classify
the ASFV in 22 major genotypes, ii) to sequence the full E183L-gene encoding
the p54 protein (Gallardo et al., 2009) as a valuable additional genotyping
method for molecular epidemiological studies of p72 genotype I viruses,
particularly in West Africa where this genotype predominates, and iii) the
sequencing of the central variable region within B602L-gene (CVR) characterized
by the presence of amino acid tandem repeats. The CVR remains the genome
target of choice when attempting to determine the origin and map the spread of
closely related virus.
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5. PROCEDURE DESCRIPTION
5.1. EQUIPMENT AND MATERIALS
MATERIALS
•
•
•
•
•
•
•
•
•
•
•
•

•
•
•
•
•
•
•
•
•
•
•

Analytical Balance.
Adsorbent paper.
Conventional thermocycler with heated lid.
Freezer <-10ºC.
Freezer <-70ºC.
Fridge 4±3ºC
Glass or plastic pipettes for volume of 1-10 ml.
Heating block or water bath (72±2ºC).
Latex or nitrile gloves
Microcentrifuge for eppendorf tubes.
Microcentrifuge tubes of volumes 0.2, 0.5, 1.5, and 2 ml, sterile.
Micropipette disposable tips with aerosol resistant filter of 1-20, 20-200
and 200-1000 µl, sterile
Single channel pipette 1-10µl
Single channel pipette 10-100µl.
Single channel pipette 10-200µl.
Single channel pipette 200-1000µl
Photograph camera and printer.
Pipetboy acu or equivalent.
Power supply.
Tray for horizontal agarose gels, tank, combs, and powder leads.
Tube racks.
UV transiluminator.
Vortex.
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•

(Roche) or similar characteristics]). Store

•
•
•

[Ref.: N8080243

at <-10ºC.
ASFV genotpying primers Store <-10ºC in aliquots (expiry date: 1 year).
Three different set of primers are using to amply three independent
regions of the ASFV genome comprising:

⇒
⇒
⇒
⇒
⇒
⇒

p72- U
p72-D
PPA89
PPA722
CVR1
CVR2
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B) Reagents for amplified DNA detection step:
• Agarose MP 100 [Ref. 1 388 983001 (Roche) or similar

REAGENTS.
A) Reagents for DNA amplification step:
• AmpliTaq Gold® DNA polimerase with buffer II and Cl2Mg

SOP/CISA/ASF/GENOTYPING/1/

[5´- GGCACAAGTTCGGACATGT - 3´]
[5´- GTACTGTAACGCAGCACAG- 3´]
[5´- TGTAATTTCATTGCGCCACAAC - 3´]
[5´- CGAAGTGCATGTAATAAACGTC - 3´].
[5´- ACTTTGAAACAGGAAAC (AT) AATGATG -3´]
[5´- ATATTTTGTAATATGTGGGCTGCTG- 3´]

Deoxyribonucleotide triphosphate (dNTP) mix containing 10 mM of each
dNTP [Ref.: 11581295001 (Roche) or similar characteristics]. Store at <-10ºC.
Nuclease-free sterile H2O, PCR grade.
Positive and negative controls: the following controls must be included
in each PCR run:
⇒ E+→ ASFV positive sample target control for the extraction:
positive ASFV isolate. Store <-10ºC in aliquots (expiry date: 6
months).
⇒ E-→ negative sample control for the extraction: distilled water
which is included during the extraction process to exclude
contaminations.
⇒ R+→ASFV positive DNA target control for the reaction: ASFV
positive DNA. Store <-10ºC in aliquots (expiry date: 6 months).
⇒ R-→ negative DNA target control for the reaction: distilled water
which is included during the PCR process to exclude contaminations.

•
•
•

•
•
•

characteristics]. Store at room
temperature.
Bromophenol blue [Ref.: 1.08122.0025 (Merck) or similar characteristics]. Store at room
temperature.
Ethidium bromide 0.625 mg/ml [Ref.: E406 (Amresco) or similar characteristics]. Store at
4ºC (±3ºC).
Glycerol 87% [Ref. 1.4094.2500 (MERCK) or similar characteristics]. Store at room
temperature.
Molecular Weight Marker VI DNA [Ref.: 11062590001 (Roche) or similar characteristics].
Store at <-10ºC.
TAE buffer 50x (Tris base, acetic acid and EDTA) [Ref.: A16911000 (AppliChem) or
similar characteristics]. Store at room temperature.
Xylene cyanol [Ref.: X4126 (Sigma) or similar characteristics]. Store at room temperature.

5.2. PREPARATION
5.2.1. REAGENTS PREPARATION
• Agarose 2% solution → Disolve 2gr (±0.1gr) of agarose MP in 100 ml of
•

•
•

TAE 1x and heat in microowen until the agarose appears completely
melted.
Loading sample buffer 6x [bromophenol blue 0.25%, xylene cyanol 0.25%, glycerol 30%] →
Disolve 0.1gr (±0.01gr) bromophenol blue + 0.1 gr (± 0.01gr) xylene
cyanol in 17.24 ml of glycerol. Adjust with distilled water to a final
volume of 50ml. Store at <-10ºC in aliquots (expiry date: 1 year).
Electroforesis buffer 1x→ Dilute 40 ml of TAE (50x) in 1,960 liter of
distilled water. Store at room temperature (expiry date: 2 months).
Molecular Weight Marker VI DNA → 200 µl of Marker VI + 200 µl of
loading buffer 6x + 400 µl electrophoresis buffer 1x. Store at 4ºC (±3ºC)
(expiry date: 6 months).
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5.3. METHODS
5.3.1 DNA amplification procedures.
A.

PCR amplification of the C-terminal region of p72 protein using primers
p72- U and p72-D. These primers amplify 478 bp from the protein p72 of the
Ba71V ASFV isolate (GenBank accession no. ASU18466- Figure 1) and have
been previously described by Bastos et al., 2003.

B.
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PCR amplification of the full E183L-gene encoding the p54 protein using
primers PPA89 and PPA722. These primers amplify 676 bp flanking the
complete VP54 sequence of the Ba71V ASFV isolate (GenBank accession no.
ASU18466- Figure 2) and have been previously described by Gallardo et al.,
2009.
Fig. 2: Sequence obtained using ASF89/722 primers set (marked in yellow) flanking the P54 protein

Fig. 1: Sequence obtained using p72U/D primers set (marked in yellow) inside P72 protein.

In a sterile 1.5 ml microcentrifuge tube prepare the PCR reaction mixtures described
below for the number of samples to be assayed (including R+ and R- controls)
allowing for at least two extra samples.
Pippeting
1x VOLUME
FINAL
MASTER MIX REAGENTS
step
CONCENTRATION
(reaction 25µl)
1
H2O
16.375µl
2
PCR Buffer 10X
1X
2.5µl
3
Cl2Mg 25 mM
2.5 mM
2.5µl
4
dNTPs 10 mM
0.2 mM
0.5µl
5
Primers p72U 20 µM
0.5µl
0.4 µM
6
Primer p72D 20 µM
0.5µl
0.4 µM
7
Taq Gold 5 U/µl
0.125µl
0.025 U/µl
Master mix volume
23 µl
Add 2µl of DNA template to each PCR tube. Include R+ control and R- control

In a sterile 1.5 ml microcentrifuge tube prepare the PCR reaction mixtures described
below for the number of samples to be assayed (including R+ and R- controls)
allowing for at least two extra samples.
Pippeting
1x VOLUME
FINAL
MASTER MIX REAGENTS
step
CONCENTRATION
(reaction 25µl)
1
H2O
16.375µ
2
PCR Buffer 10X
1X
2.5µl
3
Cl2Mg 25 mM
2.5 mM
2.5µl
4
dNTPs 10 mM
0.2 mM
0.5µl
5
Primers PPA89 20 µM
0.5µl
0.4 µM
6
Primer PPA722 20 µM
0.5µl
0.4 µM
7
Taq Gold 5 U/µl
0.125µl
0.025 U/µl
Master mix volume
23 µl
Add 2µl of DNA template to each PCR tube. Include R+ control and R- control

CENTRO DE INVESTIGACIÓN EN SANIDAD ANIMAL
(CISA – INIA)

C.

PROCEDURE FOR THE GENOTYPING OF AFRICAN SWINE FEVER VIRUS (ASFV) ISOLATES
REV. 2013

PCR amplification of the CVR within the B602L gen using the primer set
CVR1 and CVR2. These primers amplify 665 bp of the Ba71V ASFV isolate
(GenBank accession no. ASU18466- Figure 3) containing the amino acid
tandem repeats and have been previously described by Gallardo et al., 2011.
Fig. 3: Sequence obtained after PCR amplification of primers set ORF9L/9F (marked in yellow) within B602L
gene.
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After addition of the DNA template, close the reaction tubes and spin down the
PCR mix. Place all tubes in an automated thermocycler equipped with heated lid.
Run the incubation program detailed below.

PCR CYCLE CONDITIONS.
PCR STEP
Activation of TaqGold DNA pol
DNA denaturation
Primer annealing
Elongation DNA
Extra elongation step
Hold at 4°C.

Temperature
95ºC
95ºC
55ºC
72ºC
72ºC

Time
10 min
30 sec
1 min
1 min
10 min

Nª cycles
1x
40 x
1x

Keep the amplified products at 4±3ºC until proceed with the electrophoresis
(maximun 18 hours).

5.3.2 Agarose gel electrophoresis
In a sterile 1.5 ml microcentrifuge tube prepare the PCR reaction mixtures described
below for the number of samples to be assayed (including R+ and R- controls)
allowing for at least two extra samples.
Pippeting
1x VOLUME
FINAL
MASTER MIX REAGENTS
step
CONCENTRATION
(reaction 25µl)
1
H2O
16.375µl
2
PCR Buffer 10X
1X
2.5µl
3
Cl2Mg 25 mM
2.5 mM
2.5µl
4
dNTPs 10 mM
0.2 mM
0.5µl
5
Primers CVR1 20 µM
0.5µl
0.4 µM
6
Primer CVR2 20 µM
0.5µl
0.4 µM
7
Taq Gold 5 U/µl
0.125µl
0.025 U/µl
Master mix volume
23 µl
Add 2µl of DNA template to each PCR tube. Include R+ control and R- control

1.

Make a 2% agarose solution in 1x TAE buffer. Heat the solution in a
microwave oven until the agarose appears completely melted and add the
ethidium bromide (BrEt) at a final concentration of 0.5 µg/ml. Shake
carefully to homogenate.

2.

Prepare the gel tray, sealing the ends and placing the adequate number of
combs. Pour the melted agarose into the gel tray. Wait until the gel become
solid (aprox 20 minutes).

3.

Carefully remove the sealing of the tray and place it in the tank. Add the
electroforesis buffer until gel is covered. Remove carefully the combs.

4.

Add 1 µl of 6x loading buffer to 5 µl of the PCR amplified product.

5.

Load 6 µl of each sample to one well of the gel.
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6.

Add 6µl of molecular weight marker DNA VI to one well on each lane of
the gel.

7.

Connect to power supply (DNA samples will move towards positive
electrode). Run the gel at a constant voltage of 150-200 volts for about 30 –
40 minutes.

NOTE: the voltage depends on the percentage and size of the agarose gel. As general rule, it must
be considered that for 2% agarose gels set the voltage at 5-10 V/cm2

8.

Finally, place the gel on an ultraviolet transilluminator to visualize the
bands.

5.4. ANALYSIS AND INTERPRETATION OF RESULTS
The figure 4 shows an example of the result obtained in the molecular
characterization of one ASFV isolate (S) obtained from the Caucasus regions
compared with the positive ASFV DNA controls belonging to p72 genotype II (II)
and I (I). The p72 U/D primers amplify a fragment of ~478 bp within the Cterminal end of the p72 viral protein. Sequence comparisons with published
homologous sequences of the PCR product amplified allow us to place the ASFV
isolate object of study in one of the XII major p72 genotypes.
Fig. 4: ASF molecular caharacterization results by PCR using the genotyping primers
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The primers PPA89/722 amplify the whole sequence of the p54 viral protein
giving raised amplicons of ~676 bp. Small size variation can be observed in the
agarose gel due to the presence of aminoacid repeats within the p54 protein
sequence. The p54 sequencing is a valuable additional genotyping method for
molecular epidemiological studies of genotype I viruses, particularly in West
Africa where this genotype predominates.
Although the p72 and p54 genes are useful for identifying the major genotypes,
higher resolution discrimination of virus relationships enables more detailed
dissection of the epidemiology. The hypervariable CVR whithin the B602L gene
amplified with primers CVR1/2 has been shown the most useful region for tracing
the source of the outbreak. As it can be observed in the figure 4, the PCR
amplification using primers CVR1/2 allow us to establish size variations depending
on the ASFV isolate. So, the isolate studied (S) present identical size to the ASFV
positive control of genotype II and differes to the ASFV positive control belonging
to genotype I. The comparison of the CVR aminoacid sequences indicate that size
variation observed is due to the insertions or deletions of aminoacid tetramer
repeat sequences (indentified by colours in figure 5) present in the B602L gene .
The analysis of the CVR allows to perform a fine tunnig for subtyping of the
ASFV isolates.
Fig.5. CVR Alignment sequence of different ASFV isoaltes. ID colours represents the aminoacid tandem
repeats
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5.5. CRITICAL POINTS
Because of PCR is a highly sensitive technique, the most critical point along all the
analysis procedure is the considerable risk of carry-over contamination, and the
false positive results that could be obtained in this situation. The contamination
could be due to the ASFV itself present in the positive analysed samples or in the
positive controls included in the DNA extraction procedure; also, it could be due
to ASFV DNA obtained after amplification and manipulated by agarose gel
electrophoresis during the amplicon analysis of a previous PCR. It is mandatory
that personnel working on PCR follow and carry out some strict work rules in
order to minimize the contamination risk associated to PCR technique:






All steps of sample analysis by PCR should be performed in separate
locations, using equipment and material specific for each one: sample
preparation, DNA extraction, PCR mix preparation, and analysis of PCR
products by agarose gel electrophoresis.
Personnel must work always with clean nitrile or latex gloves in the PCR
laboratory.
Whenever personnel goes into a different PCR area, should be remove the
gloves and take clean ones.
The material will be of exclusive use for the PCR procedure step in which is
located/labeled.
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Use a new pippete tip each time that a tube containing any sample or DNA is
manipulated.
Tubes containing amplified product should never be opened and
manipulated in other laboratory distinct to that exclusively assigned to their
analysis by electrophoresis.

5.6. SECURITY MEASURES










Read and follow carefully the complete procedure.
Keep reagents to the appropriate temperature before and after use.
Do not pool reagents or instructions from different kits.
Avoid any contamination of reagents.
Do not use any reagent after it expiration date has passed.
Do not eat, drink or smoke in the laboratory.
Do not pipette by mouth.
Wear always protective disposable nitrile or latex gloves.
Ethidium bromide (BrEt) is a known mutagen, mainly when powdered format,
and should be handled as a hazardous chemical. It is highly recommended to
order as dropper solution to minimize its manipulation. BrEt handling must be
performed exclusively in the lab assigned to it following the security measures
ordered by the biological security service (gloves, coat, sleeves, protective
glasses). In case of any unintended contact, wash immediately with abundant
water and call to the biological security service. Also, contact them if any
accidental spillage of any reagent containing BrEt occurs.

