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1. Purpose and background
1)

This protocol describes standardized procedures for determining the infecting Leishmania
species in clinical, biological, or cultured samples. It does not cover the actual molecular
diagnostic procedures for DNA extraction and parasite detection PCR.

2)

Typing is based upon DNA sequencing of PCR-amplified fragments of the heat-shock protein 70
gene (hsp70). In Leishmania species, several copies of this gene are present in a tandem-array
organization in the genome, and all copies generally have identical coding sequences. In some
species, more than one allele is present, as evidenced by the presence of 2 nucleotides at
identical sequence positions.

3)

The PCRs described in this protocol were initially designed for RFLP analysis (Garcia et al., 2004;
Montalvo et al., 2010; Montalvo et al., 2012), and the target was proven to be suited for
discriminating most medically relevant species and species complexes. Nevertheless, sequencing
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followed by comparative cluster analysis is able to discriminate more groups (Fraga et al., 2010),
and is less error-prone as compared to the SNP-based RFLP technique. For this reason it
generates more trustworthy results, and it is the method of choice for clinical differential
diagnosis.
4)

Several gene targets and molecular methods are and have been employed for Leishmania
species typing. Most of these use antigenic targets such as the surface proteins cysteine
proteinase B and glycoprotein 63, but also the mini-exon, rDNA-ITS1, and spliced leaders have
been used. For various reasons hsp70 was chosen for this protocol: it is easily comparable across
all Leishmania species world-wide (there is no size variation); it has a good discriminatory power
in both subgenera L. (Viannia) and L. (Leishmania); the degree of conservation precludes
amplification of other members of the same gene family; and its multi-copy nature allows direct
amplification from most clinical samples.

5)

Even though some of the here described hsp70 PCRs were proven specific for the Leishmania
genus (Montalvo et al., 2012), they are less sensitive as compared to diagnostic PCRs generally
amplifying shorter fragments of high copy number genes. It is therefore recommended to start
molecular analysis with a diagnostic PCR to confirm Leishmania infection, and only in second line
to apply this protocol for the purpose of species identification.

6)

Finally, it must be stressed that the use of hsp70 for species typing has been extensively
validated on a globally representative panel of Leishmania species, thereby taking into account
inter- as well as intra-species variability (Fraga et al., 2010; Montalvo et al., 2010; Montalvo et
al., 2012). Up to now, an erroneous typing has not been encountered, even though some subspecies are not clearly defined and typed rather at the species complex level (see Section 2.8). In
addition, it cannot be excluded that an erroneous typing would be found when analyzing
naturally circulating inter-species hybrids, as these derive parts of their genome from different
species, which is not necessarily evidenced in all genes.

7)

When comparing hsp70 with other markers used for genotyping by sequencing, i.e. the miniexon, rDNA-ITS1, 7SL, and the high resolution MLST, the results are perfectly congruent
(unpublished results). Many assays described in literature however are based on in-house tests
validated only in a particular country or region. It cannot be precluded that these would not
perfectly correlate with the methods presented here. As for comparison with MLEE, which is still
considered the gold standard by many, there is perfect agreement with the methods described
here (manuscript in preparation).

8)

This protocol assumes the reader is familiar with PCR amplification and DNA sequence analysis.

9)

The reader is encouraged to read through the entire protocol prior to initiating analyses.

2. Methods
2.1. Primer outline in hsp70
The following figure represents a schematic overview of the PCR fragments analyzed in this SOP, and
the sequencing primers used. The annealing position of each of the primers is given relative to
GenBank accession XM001684512.1 (L. major strain Friedlin, Peacock et al., 2007). The 5’  3’
direction is shown with triangles ( or ). The blue arrow represents the complete coding region of
HSP70. For primer sequences please refer to Section 2.3.
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2.2. Typing scheme overview
The following universal straight-forward typing algorithm can be adopted in most settings:

1.

Each of the steps in the flowchart is detailed in the corresponding sections mentioned in the
figure. In short, following a positive diagnostic PCR (procedure not covered in this SOP), the
PCR-F fragment (Section 2.1) is amplified and sequenced. Typing is based upon comparison of
the sequence with a reference set.
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2.

In practice, most typings are achieved only with PCR-F. If this PCR does not amplify a sufficient
amount of product for sequencing, the following options are available. Please refer to the text
below the chart for a good comprehension of the complicated diagram.

3.

The preferred option is to amplify fragments PCR-N and PCR-T (see Section 2.1) directly from the
sample. These fragments are shorter than PCR-F and therefore easier to amplify, and as they
overlap their sequences allow analysis of the entire PCR-F fragment.

4.

If amplification is still insufficient for sequencing purposes, PCR-N and PCR-T can be used as a
nested PCR, with PCR-F as first round product.

5.

Another alternative exists in case of a suspect infection with the L. (Viannia) subgenus (Section
2.8): PCR-G can be run as a first round PCR, followed by a nested PCR to amplify fragment PCR-F,
or one of the shorter fragments PCR-N/T/C.

6.

Fragment C can be used as an additional supplement to aid in obtaining additional sequence
information in case PCR-N or PCR-T show insufficient amplification. PCR-C is usable either as a
direct or nested (PCR-F or PCR-G as first round) PCR.

7.

All these options generally allow obtaining a complete sequence of fragment PCR-F based on
overlapping fragments, which forms the basis for parasite typing. If a complete sequence is not
obtained, typing can be done one the basis of fragments PCR-N/T/C, or a combination of all
available sequences from these fragments. It is highly recommended to base species typing on
as much sequence information as possible, as smaller fragments do not discriminate some of
the species (please refer to Section 2.9).
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2.3. Reagents and materials
Only materials specific for this SOP are listed. Common items in a molecular biology laboratory are
not mentioned.
1)

Sample DNA. Depending on the clinical sampling and DNA extraction method, it may be
beneficial to process in parallel the concentrated sample and a 1/10 dilution in water. This will
dilute the DNA, but also PCR inhibitors.

2)

HotStarTaq Plus DNA polymerase kit (includes reaction buffer, Q-buffer, polymerase)
(www.qiagen.com, catalogue numbers 203601 / 203603 / 203605 / 203607 / 20360)
Evidently other types and brands of Taq polymerase may be used, but the protocols described in
this SOP have been tested only with HotStarTaq Plus DNA polymerase.

3)

Appropriate DNA agarose gel size marker in the range 100 – 1500 bp
(e.g. GeneRuler 100bp Plus, www.fermentas.com, catalogue numbers SM0323 / SM0324)

4)

Primers: these are not all needed for each typing, depending on which PCR generates a
sufficient amount of amplicon for sequencing (see algorithm above and Section 2.5).

Annealing start
(5' of primer)*

Annealing end
(3' of primer)*

sense

435

455

sense

480

498

22

sense

489

510

GACAACCGCCTCGTCACGTTC

21

sense

706

726

Sequencing

CTTCASCGAGGAGTTCAAGCG

21

sense

726

746

Sequencing

CACGCTGTCGTCCGCGACG

19

sense

825

843

Sequencing

AACAGGTCGCCGCACAGCTCC

21

antisense

938

918

HSP70-6F

PCR

GTGCACGACGTGGTGCTGGTG

21

sense

1000

1020

HSP70-7F

Sequencing

GCATCCCGAAGGTGCAGTCC

20

sense

1034

1053

HSP70-4R

Sequencing

GACTGCACCTTCGGGATGCG

20

antisense

1052

1033

CGAAGAAGTCCGATACGAGGGA

22

antisense

1072

1051

Primer name

Use

HSP70-sen

PCR

GACGGTGCCTGCCTACTTCAA

21

HSP70-F25

PCR

GGACGCCGGCACGATTKCT

19

HSP70-4F

Sequencing

CACGATTKCTGGSCTGGAGGTG

PCR

HSP70-5F
HSP70-F335
HSP70-R429

HSP70-F251

HSP70-R617

PCR

Sequence (5'-3')

Length Orientation

HSP70-2F

Sequencing

CTGAACAAGAGCATCAACCC

20

sense

1084

1103

HSP70-2R

Sequencing

CTTGATCAGCGCCGTCATCAC

21

antisense

1254

1234

HSP70-3F

Sequencing

CAGATCTTCTCGACGTACGC

20

sense

1285

1304

HSP70-5R

Sequencing

CGTCACCTCGATCTGCGGTAC

21

antisense

1440

1420

HSP70-R991

PCR

GTCGAACGTCACCTCGATCTGC

22

antisense

1446

1425

HSP70-R1005

Sequencing

GTGATCTGGTTGCGCTTGCC

20

antisense

1514

1495

HSP70-6R

Sequencing

GTTGTTGTTCAGCCACTCCAGC

22

antisense

1761

1740

HSP70-R1310

PCR

CCTGGTTGTTGTTCAGCCACTC

22

antisense

1765

1744

HSP70-ant

PCR

CCGCCCATGCTCTGGTACATC

21

antisense

1856

1836

* Annealing position in GenBank accession XM001684512.1 (hsp70 of L. major Friedlin strain). Primers are
listed in order of annealing in the coding sequence of the gene, from 5’-3’ terminus. See Section 2.1 for a
schematic overview.
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2.4. PCR
1.

Determine which PCRs you will run on your samples, using the guidelines in Section 2.2. If time
is a critical factor, different PCRs can be run in parallel to ensure a timely result (e.g. PCR-F,
PCR-N, and PCR-T).

2.

Make a list of the DNAs you will use, using a unique code for each DNA prep.
 Negative controls: no-template control is a minimum, DNA elution buffer and/or blank
extraction are an asset. In case you run a nested PCR, re-amplify the undiluted negative
control of the first round in the nested PCR, along with a no-template control of the nested
PCR itself. As nested PCRs are particularly prone to contamination, both sets of negative
controls must remain negative in order for a nested PCR to be valid.
 Positive controls: reference Leishmania DNA at limiting concentration. This serves to check
for efficient amplification. In case the reaction is not properly set up, or suboptimal thermal
cycling conditions are used, this control must not amplify. If too much DNA is used,
suboptimal conditions will not prevent amplification of the control. This is why only a
minimal amount must be added to the reaction, which typically results in a faint
amplification product when assayed on gel. This is determined in each setting and for each
PCR. Expected detection limits for the here described PCRs are in the range of 10-100 fg,
except for PCR-G able to amplify the L. (Leishmania) subgenus only from > 1 ng DNA. Please
refer to Montalvo et al. (2012) for more information on sensitivities.
 Clinical sample DNA: When analyzing clinical samples, up to 2.5 µl sample DNA can be used
in the PCRs. The optimal amount depends on the DNA extraction procedure used, the sample
size, parasitaemia in the sample, and the elution volume used in the DNA extraction. As many
parameters are involved, it is hard to predict which volume is optimal, but in most cases it is
not a critical factor. Especially for samples with low expected DNA amounts, it is
recommended to process a 1/10 dilution in water in parallel with the undiluted sample. Even
though such dilution may decrease the chance of picking up DNA in many cases, in some
cases it improves PCR performance as also PCR inhibitors are diluted out.
 Cultured parasite DNA: When amplifying DNA from cultured parasites, as a general rule use
1 ng of DNA or more, in a total of maximum 2.5 µl.
 Nested PCR: As a guideline, use 1 µl of first round PCR product as template. Often the first
round PCR product must be diluted for use in the nested PCR. In case no product is observed
on gel after the first round, undiluted and a 1:10 dilution can be used. If a faint product is
seen after the first round, dilute it 1:10 and 1:100. Use water for your dilutions.

3.

Using the following table, calculate the composition of your PCR mixes. The table shows the
amounts for 1 PCR. An excel file is provided as supplementary information to aid in the
calculations (see Section 7).
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PCRs
Components
Nuclease-free water
Standard PCR buffer including
1.5 mM MgCl2
Extra MgCl2
Qiagen Q solution
Each dNTP
HSP70-sen
HSP70-F25
HSP70-F251
HSP70-6F
Primers
HSP70-R617
HSP70-R991
HSP70-R1310
HSP70-ant
HotStarTaq Plus DNA
polymerase

G
To 25 µl

F
To 25 µl

N
To 25 µl

T
To 25 µl

C
To 25 µl

1x

1x

1x

1x

1x

1 mM
1x
200 µM
0.8 µM
0.8 µM

1 mM
1x
200 µM
0.8 µM
0.8 µM
-

1 mM
1x
200 µM
0.8 µM
0.8 µM
-

1 mM
1x
200 µM
0.8 µM
0.8 µM
-

1 mM
1x
200 µM
0.8 µM
0.8 µM
-

1U

1U

1U

1U

1U

0.5-2.5
0.5-2.5
0.5-2.5
0.5-2.5
0.5-2.5
µl
µl
µl
µl
µl
Total volume
25 µl
25 µl
25 µl
25 µl
25 µl
Primers (Section 2.3) are listed in order of annealing position in hsp70. The green shaded
areas present a schematic overview of outer and nested PCR fragments, when read across
the PCRs (as in Section 2.1).
Template

4.

During the following procedures, follow GLP guidelines for PCR.

5.

Prepare your PCR master mix, including all reagents except the template.

6.

Aliquot the master mix in separate tubes or wells.

7.

Add your template.

8.

Run the cycling program as follows:
PCR-G
Initial denaturation
Denaturation
Annealing
Elongation

1 min
61°C
2 min
72°C

Final elongation

PCR-F

PCR-N
5 min 95°C
40 sec 94°C
1 min
1 min
61°C
61°C
2 min
1 min
72°C
72°C
10 min 72°C

PCR-T

PCR-C

1 min
61°C
1 min
72°C

1 min
65°C
1 min
72°C

Cycles
1x

35x

1x

If several PCRs are run in parallel, use the conditions for PCR-F. When running only PCR-N/T/C in
parallel, the cycling protocol of PCR-N can be used.
9.

Analyze 5 µl of the PCR-product on a 2% agarose gel, along with an appropriate DNA size marker
(size range 100 – 1500 bp, e.g. GeneRuler 100bp Plus from Fermentas).

10. Take a picture for your records.
11. Score for the presence of specific bands of the following sizes in each PCR:
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Expected amplicon size
1422
1286
593
766
741

12. Validate your PCRs as follows:
 Ensure that the respective bands are absent in the negative controls, and repeat the PCR if
this is not the case.
 If a sample did not amplify sufficiently for sequencing, but the positive controls did, use an
alternative PCR as outlined in Section 2.2, and/or refer to the trouble shooting guide in
Section 2.9.
 If the positive controls did not amplify, repeat the PCR of the negative or weakly amplified
samples.
 If some non-specific fragments are observed, there is usually no need to repeat the PCR.
Sequencing primers are internal of the PCR fragments, and are not expected to hybridize to
the non-specific amplicons.
13. If not using the samples for sequencing immediately, store them at -20°C.
14. Sequence your PCR product, as outlined in Section 2.5.

2.5. Sequencing
1.

This protocol does not cover the actual sequencing reactions. Nowadays, most labs outsource
their sequencing work, and the ideal protocol for sequencing is best discussed with the
sequencing facility at hand.

2.

As a general rule of thumb, the amount of template needed for sequencing is between 100-500
ng at a concentration of about 20-50 ng/µl. Nevertheless, this in many cases is not critical.

3.

Preferably sequencing primers internal in the PCR product are used, to avoid interference of
non-specific PCR products, on which internal hsp70 primers will not anneal. The primers listed in
the table below can be used for the different PCRs (see also primers in Section 2.1).

4.

Evidently, other primers can be used, as long as they give a clear sequence reaction, and each
nucleotide position is determined twice (except for the terminal nucleotides). To avoid
interference from non-specific PCR amplicons, it is always recommended to use sequencing
primers internal in the PCR product, rather than the PCR primers used during amplification.

5.

Manual editing and analysis of the sequences following automatic base calling are described in
Section 2.6.
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HSP70-4F 
HSP70-5F 
HSP70-F335 
HSP70-R429 
HSP70-7F 
HSP70-4R 
HSP70-2F 
HSP70-2R 
HSP70-3F 
HSP70-5R 
HSP70-R1005 
geauw-HSP70-6R 
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PCR-C















Primers are given from top to bottom in the order they appear in the gene.
The arrows following the primer names indicate the sequence direction from
5’ to 3’ end, either sense () or antisense (). In the columns, the resulting
sequence direction is indicated up for upstream (antisense), down for
downstream (sense).
* Two sets of primers are suited to sequence PCR-F. In the first set (left),
every nucleotide is sequenced twice, but from the same direction at the
ends. In the second option, nucleotides are determined from both sides, but
the terminal parts are sequenced only once.

2.6. Contig assembly
All obtained sequences must be assembled into one sequence contig (= contiguous sequence), for
which several commercial software packages are available. This protocol assumes the user is familiar
with sequence analysis and contig assembly, and the following steps describe the specific
requirements for analysis of the here determined hsp70 sequences.
1.

Manually check each sequence you want to include in the sequence contig:
1) Clip off uncertain regions at the front and end of the sequence.
2) Correct obvious mistakes of the automatic base calling protocol. This particularly applies to
problem areas caused by dye blops, miscounted homopolymer tracks, and background
corrections.
3) Pay particular attention to double peaks, which are often missed by automatic base calling
protocols. Occasionally two nucleotides are observed at the same position, although rarely
with the same intensity. This may indicate the presence of two different hsp70 alleles in the
sample at hand. Even though base calling in such case will often be subjective, at this stage of
the analysis it is recommended to use the respective IUPAC ambiguity codes (W/S/R/Y/M/K,
see Section 5) to indicate the presence of 2 nucleotides, if the second nucleotide is at least
20-25% the intensity of the primary product. If in doubt, it is better to use the ambiguity
code at this stage rather than to call a single nucleotide, as any errors will be corrected
further during contig assembly. If a lot of background is present in the sequence reaction, the
detection of secondary peaks may at times be problematic (see below).

2.

Build one sequence contig based on all edited sequence fragments, and ensure the correct
(sense) orientation of the contig.
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3.

Remove all sequences that correspond to the PCR primers you used to amplify your sequenced
fragment, situated at the termini of the amplicons. For instance, if you are building your contig
from sequences determined on the basis of PCR-F (Section 2.1), remove primers HSP70-F25 and
HSP70-R1310. If you are building your contig from PCR-N and PCR-T, remove primers HSP70-F25
and HSP70-R617 from the PCR-N sequences; and primers HSP70-6F and HSP70-R1310 from the
PCR-T sequences. The reason is that these sequences do not reflect the DNA sequence of the
strain at hand, but those of the PCR primers that are incorporated in the amplicons, which do
not necessarily mirror exactly the primer annealing site.

4.

Resolve any conflict between the individual sequence reactions, ideally by comparing the
aligned sequence chromatograms:
1) Manually check each nucleotide that was sequenced only in one reaction. These should only
be the terminal fragments, as all other nucleotides are covered in at least 2 reactions. Ensure
these single reads or of excellent quality, and do an extra reaction if this is not the case.
2) In case bad quality or high background sequences are present, ensure that each nucleotide is
sequenced at least once on the basis of a clear sequence read.
3) Pay particular attention to double peaks, which may indicate the presence of different hsp70
alleles in the parasite genome. Genuine double peaks are seen in all sequence reactions. We
recommend to indicate these by the respective IUPAC symbols S (G+C), W (A+T), R (G+A),
Y (C+T), M (A+C), and K (T+G), only if:


They appear in each sequence read of the respective nucleotide.



The intensity of the secondary nucleotide is at least 20-25% of the main nucleotide in
each sequence read.



The sequences are relatively free of artifacts.



There is no significant background that could be mistaken for double signals.

In all other cases the secondary peak can be disregarded as sequence background. Where no
genuine double peaks are present, indicate only one nucleotide, which is resolved on the
basis of comparing the individual sequence chromatograms. Even though some subjective
interpretation in calling double peaks cannot be avoided, in our experience the vast majority
of cases does not present any doubt in this respect. Some examples are shown below:

4) In case conflicts cannot be resolved, indicate this by putting an N rather than an ambiguity
code. We recommend restricting the use of ambiguity codes only for indicating genuine
sequence ambiguities.
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5) In case of unresolved conflicts in the contig, it is highly recommended to re-sequence the
uncertain region, either with the same or other primers.
5.

It is absolutely necessary that your sequence is error-free when proceeding to the next stage of
the analysis. The reason is that some species or groups are discriminated based only on a few
single nucleotide polymorphisms. If in doubt, re-sequence.

6.

Compare your sequence with other hsp70 genes sequenced in your lab, in order to check for
possible contaminations. In view of the relatively conserved nature of hsp70, identical
sequences are by no means proof of contamination, but it is better to be aware of possible
problems.

2.7. Cluster analysis
In this step of the analysis, the determined sequence is compared to a set of reference sequences,
and a dendrogram is constructed that determines the relationship of the new sequence with the
reference set. For this analysis, we use the freely available software package MEGA5
(www.megasoftware.net), and the user is assumed to be familiar with the software in order to
conduct the analyses outlined below.
1.

Using a text editor program, copy your new sequence in the reference file provided with this
SOP (please refer to Section 7), and save it under a different name. This file is in fasta format, in
which each sequence is identified as follows:
> Sequence_name
Sequence
Only the region amplified with the PCR-F primers is included in this alignment. The primers
themselves are excluded, as explained in Section 2.6.

2.

Open this file in MEGA5, and align your sequence. If you are aligning a complete PCR-F
sequence, it should already be aligned as there is no size-variation of hsp70 among different
Leishmania isolates.

3.

In case you do not have a complete PCR-F sequence, trim away the parts of the alignment that
do not match your sequence (mostly the terminal regions). In most cases your sequence will
match the size of the alignment, which is 1245 bp, and which is the region between PCR primers
HSP70-F25 and HSP70-R1310 (Section 2.1). If your sequence does not contain the entire PCR-F
fragment, please refer to Section 2.9.

4.

With the exception of 3 nucleotide deletions in isolate HU3 (L. donovani), we have so far not
identified any size variation in hsp70. If your sequence contains deletions or insertions
compared to the reference sequences, this should ring an alarm bell, and strongly indicates
errors in your sequence. In such case please go back to analyzing your sequence reactions and
contigs (Sections 2.5 and 2.6).

5.

After saving your alignment as a MEGA file (extension .meg), open it in MEGA5 to construct your
dendrogram with the following options from the phylogeny menu:
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6.

The obtained dendrogram shows the relationship to other sequences in the alignment, and
serves as the basis for species identification as explained in Section 2.8 below.

7.

Make sure to note the reference alignment version used to construct the dendrogram.

2.8. Typing
1.

The following groups can be identified in the dendrogram below. Three levels of typing are
shown, with varying resolution. Typing is performed on the basis of clustering of your sequence
with one of the groups. The sequences in the dendrogram below are identified as follows:
1)

GenBank accession number (xxx if not yet submitted)

2)

Abbreviation of the species:

aet
ama
bra
braO
don
gar
guy
inf
lai
maj

L. aethiopica
L. amazonensis
L. braziliensis
L. braziliensis outlier (see below)
L. donovani (includes L. archibaldi)
L. garnhami
L. guyanensis
L. infantum (includes L. chagasi)
L. lainsoni
L. major
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nai
pan
per
tarentolae
tro

3)
2.
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L. mexicana
L. naiffi
L. panamensis
L. peruviana
L. tarentolae
L. tropica

Isolate identification (WHO code if known)

There are 5 particular instances that warrant additional explanation (see also Fraga et al., 2010):
 Leishmania infantum: this species belongs to the L. donovani species complex, and forms a
subcluster in the L. donovani clade. In hsp70, sequences from the L. infantum subcluster have
been found all identical. Therefore, if your sequence clusters with this clade, but is not
identical to the L. infantum sequences, it should be reported as belonging to the “L. donovani
species complex”, rather than typing it as L. infantum.
 Leishmania panamensis: Following the same reasoning, sequences clustering with
L. panamensis but not being identical to it, should be reported as belonging to the
L. guyanensis species complex.
 Leishmania peruviana: Again the same rule applies when discriminating L. peruviana from
the rest of the L. braziliensis species complex.
 Leishmania braziliensis outlier: These isolates have been identified as Leishmania braziliensis
using MLEE, but in all molecular analyses cluster separately from the main L. braziliensisL. peruviana clade (Odiwuor et al., 2012). The clinical relevance hereof is uncertain.
 Leishmania mexicana species complex: Within this complex, it seems possible to
discriminate L. mexicana on the one hand, from L. amazonensis and L. garnhami on the other
hand. Isolates diverging in between both groups are better typed as belonging to the
L. mexicana complex.
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3.

As can be seen in the dendrogram, 3 levels of typing apply, from left to right these represent
more to less defined taxonomy. Whenever in doubt (e.g. your sequences clusters in between
two groups), one should adhere to the “better safe than sorry” strategy, and report the more
general level rather than an erroneous more specific level, as illustrated by the specific cases of
L. infantum, L. peruviana, and L. panamensis above.

4.

As can be observed in the dendrogram above, the bootstrap support for some of the clusters (as
shown at the internodes in percentages when higher than 50%) is low. This is a consequence of
the high conservation level in the hsp70 gene. This should not interfere with typing any
unknown strains, if the above outlined precautionary measures are taken.

2.9. Trouble-shooting guide
Even though we have found species typing using this protocol straight-forward in the majority of
cases, several problems can be encountered during the analysis, especially in clinical and biological
samples. The following suggestions can be used as a guideline to solve particular issues:
1.

Low PCR yield: Especially in samples with low parasitaemia or PCR inhibitors, the PCR product
yield may not be sufficient for sequencing. In such case, as explained in Section 2.2, one can
use nested PCRs, or shorter fragments. Diluting the DNA is another option in order to
counteract PCR inhibition. Finally, one could increase the number of cycles in the PCR up to 40.

2.

Non-specific PCR fragments: As this protocol recommends the use of internal sequencing
primers, non-specific PCR products are not likely to interfere with the sequence quality as they
will not anneal to non-specific products. Should the non-specific amplification yield be very
high in relation to the specific product, it may be worthwhile trying to raise the primer
annealing temperature for PCR.

3.

Incomplete sequence: As a result of insufficient PCR product yield, one might not be able to
obtain the full PCR-F fragment sequence. In such case, a dendrogram can be built upon the
available sequence region(s). In such case it is of prime importance that the entire alignment is
truncated to cover the available sequence region (step 3 of Section 2.7), meaning that all
regions with missing data in the analyzed sequence must be deleted in the entire alignment in
order to construct the dendrogram. Nevertheless, building a dendrogram on the basis of
partial sequence information increases the chance of an erroneous typification, in particular
when comparing closely related groups, which differ sometimes only in a few nucleotides:






L. infantum – L. donovani
L. panamensis – L. guyanensis
L. peruviana – L. braziliensis
L. tropica – L. aethiopica
L. amazonensis/L.garnhami – L. mexicana

4.

Unreadable sequence: Incomplete sequences can also result from stretches of sequences with
many artifacts and high background. If this occurs regularly, it is highly recommended to
discuss the sequencing protocol with your service provider, as in our experience very clear
sequences can be obtained with the primers listed in this protocol. Should the problem arise
from the PCR amplification itself (non-specific bands), try using a different set of primers for
PCR or sequencing when available, but refrain from using the PCR primers for sequencing,
which will anneal on the non-specific products as well.

5.

Low read length: If the fluorescence intensity of the sequencing reaction declines rapidly
towards the end, try using less PCR template for the sequencing reaction. Also discuss the
sequencing protocol with your sequence provider.
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6.

Unexpected species: In view of the presumable epidemiology of the suspected region where
the patient got infected, you may find a species that was not previously encountered in that
particular area. Even though such outcome may be perfectly genuine, in such case it is
definitely worthwhile to check whether your PCR could have been contaminated with other
DNA. This could be a strain frequently handled in your lab, a previously amplified PCR product,
or your positive control. It is never a bad idea to routinely check your new sequences against
sequences previously determined in your lab, see also Section 2.6.

7.

RFLP: The here described PCR-G, PCR-F, PCR-N, and PCR-C can also be used for RFLP analysis
instead of sequencing (Montalvo et al., 2012). As such analysis relies on the presence or
absence of a few particular single nucleotide polymorphisms, there is a higher chance of errors
in case of an accidental mutation in the endonuclease recognition site. Some groups seem
easier to identify using RFLP, such as L. infantum, L. panamensis, and L. peruviana. The reason
is that RFLP does not analyze any sites outside the endonuclease recognition sequence, and
hence excludes sites that may contain conflicting information in sequencing reactions.

8.

PCR-G: This PCR generates a slightly bigger fragment as does PCR-F, but does not discriminate
extra groups. It was designed to amplify the Leishmania (Viannia) subgenus and other
trypanosomatid genera (Garcia et al., 2004). PCR-G can occasionally be used on parasites from
the L. (Leishmania) subgenus, but only if at least 1-10 ng parasite DNA is added to the PCR, an
amount not present in clinical DNA extracts.

9.

PCR-T: Contrary to the other PCRs in this protocol, PCR-T was never tested for specificity on
Leishmania DNA, nor in RFLP analyses. As the amplicon is sequenced, any non-specific
amplification would surely be detected.

3. Disclaimer
This SOP is intended as a guideline for Leishmania species typing on the basis of the hsp70 gene. Even
though every possible precaution has been taken to avoid errors or misinterpretation of the
protocol, the authors will not accept any liability should a sample be erroneously typed using this
strategy. It is up to the user to take full responsibility for the use of the methods here presented,
based on the provided evidence here and in the scientific literature.
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5. Glossary and abbreviations
bp

Base pairs.

GenBank

Free sequence repository (www.ncbi.nlm.nih.gov/genbank/). Accessions
are mirrored in the EBI data base EMBL (www.ebi.ac.uk/embl/).

GLP

Good Laboratory Practice.

hsp70

Heat-shock protein 70 gene or locus.

MLEE

Multilocus Enzyme Electrophoresis. By many still considered the gold
standard of Leishmania species typing. Based upon the relative
electrophoretic mobility of a set of proteins.

MLST

Multilocus Sequence Typing. High resolution typing method based upon
sequencing of several household genes.
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PCR

Polymerase chain reaction.

PCR-G/F/N/T/C

Amplify the hsp70 fragments as in Section 2.1.

rDNA-ITS1

Internal Transcribed Spacer 1 of the ribosomal DNA array.

RFLP

Restriction fragment length polymorphism. Technique using size
polymorphisms of restriction endonuclease digested fragments for
identification purposes.

7SL

Spliced Leader 7.

SNP

Single-nucleotide polymorphism.

SOP

Standard operating procedure.

UIPAC ambiguity codes

W (weak)
S (strong)
M (amino)
K (keto)
R (purine)
Y (pyrimidine)
B (not A)
D (not C)
H (not G)
V (not T)
N (any)

WHO

World Health Organization

A or T
G or C
A or C
G or T
G or A
C or T
C, G, or T
A, G, or T
A, C, or T
A, C, or G
A, C, G, or T

6. Reporting problems and errors
Although utmost care was taken to prevent errors in the protocol or accompanying files, and to
validate and check the here supplied procedures, we realize that nothing is perfect. Please contact us
for reporting any mistakes or problems you experience with this protocol or the supplementary files,
so we can further improve them:
Gert Van der Auwera
Institute of Tropical Medicine Antwerp – Department of Biomedical Sciences
Nationalestraat 155 – 2000 Antwerp – Belgium
e-mail gvdauwera@itg.be

7. Supplementary files
Two files are provided with this protocol:
1) ITMA_HSP70_version.xls: Excel file to calculate all master mixes for the PCRs
2) ITMA_HSP70_version.fas: reference alignment for typing new sequences
where “version” refers to the actual version of the files, which will be updated upon later revisions.
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