Article DOI: https://doi.org/10.3201/eid2905.221456

EID cannot ensure accessibility for supplementary materials supplied by authors.
Readers who have difficulty accessing supplementary content should contact the authors for

assistance.

Genome Analysis of Triploid Hybrid
Leishmania Parasite from Neotropics

Appendix 1

The following pages provide further details from the Asp70 analysis of a hybrid L.

guyanensis complex—L. braziliensis complex strain isolated in 2020 from Costa Rica.
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Heat-shock protein 70 gene analysis of isolate MHOM/CR/2020/StPierre

Returning cutaneous leishmaniasis patient from Costa Rica.

Partial heat-shock protein 70 gene (hsp70) sequence (1245 bp) of the isolated parasite contained fER:LHLE with
more than 1 nucleotide present, resulting from sequence variation between the multiple copies of the tandemly

repeated gene (GenBank accession 0Q200658):
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Example of sequence electropherogram for each ambiguous position
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GTGCTCATCT 100
TTGGCGGCGA 200
GCGCCGCCTG 300
CAGGCCAACA 400
ACAAGCGCTC 500
CAAGAGCATC 600
CTGGATGTGA 700
TCTTCTCGAC 800
CTTGTCCGGC 900
GGCACCGGCA 1000
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CAAGCTGGAG 1200
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= Sequence comparison excluding the ambiguous sites from the alignment links the isolate with the L. guyanensis and
L. braziliensis species complexes.
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631EU599094 MHOM/PA/71/LS94 L. panamensis

.

FN395055 MCHO/PA/00/M4039 L. panamensis

FN395051 MHOM/PE/02/LH2372 L. guyanensis
FN395052 MHOM/GF/85/LEM699 L. guyanensis

FN395053 MHOM/BR/07/029-ZAV L. guyanensis

EU599093 MHOM/BR/75/M4177 L. guyanensis

FN395046 MHOM/PE/90/LC468 L. peruviana

FN395045 MHOM/PE/03/LH2439 L. peruviana

FN395044 MHOM/PE/03/LH2864 L. peruviana L
EU599089 MHOM/PE/90/LCAO8CL2 L. peruviana

XM 001566275.1 MHOM/BR/75/M2904 L. braziliensis L
M87878 MHOM/BR/--/M2903 L. braziliensis L
FN395043 MHOM/BR/06/ICA L. braziliensis
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FR872759 UA2813 27 L. braziliensis

FR872758 MHOM/BO/--/CUM68 L. braziliensis

B MHOM/CR/2020/stpierre COSTa Rica isolate

braziliensis
peruviana
guyanensis
panamensis

Evolutionary relationships of taxa

The evolutionary history was inferred using the Neighbor-Joining method [1]. The
optimal tree with the sum of branch length = 0,02257800 is shown. The percentage of
replicate trees in which the associated taxa clustered together in the bootstrap test
(2000 replicates) are shown next to the branches [2]. The tree is drawn to scale, with
branch lengths in the same units as those of the evolutionary distances used to infer
the phylogenetic tree. The evolutionary distances were computed using the p-distance
method [3] and are in the units of the number of base differences per site. The analysis
involved 34 nucleotide sequences. Codon positions included were
1st+2nd+3rd+Noncoding. All positions containing gaps and missing data were
eliminated. There were a total of 1218 positions in the final dataset. Evolutionary
analyses were conducted in MEGA?7 [4].

1. Saitou N. and Nei M. (1987). The neighbor-joining method: A new method for
reconstructing phylogenetic trees. Molecular Biology and Evolution 4:406-425.

2. Felsenstein J. (1985). Confidence limits on phylogenies: An approach using the
bootstrap. Evolution 39:783-791.

3. Nei M. and Kumar S. (2000). Molecular Evolution and Phylogenetics. Oxford
University Press, New York.

4. Kumar S., Stecher G., and Tamura K. (2016). MEGA7: Molecular Evolutionary
Genetics Analysis version 7.0 for bigger datasets.Molecular Biology and Evolution
33:1870-1874.
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= This indicates either a hybrid strain or mixed infection.



= To identify the parental sequences of the hybrid or the mix, all hsp70 sequences spanning the full 1245 bp fragment
from GenBank were analyzed (January 31, 2022), supplemented with patient sequences from the Institute of Tropical
Medicine (Antwerp, Belgium).

* |n the 11 ambiguous positions, several nucleotides were found only in a subset of L. guyanensis from Ecuador
(further called parent 1b), and equally so in an unidentified group of sequences from Panama (published in Miranda
et al. 2021) (parent 1a).

= |f these sequences are indeed a parent, all other nucleotides in the ambiguous positions need be accounted for by
the second parent, leaving only a subgroup of L. braziliensis as the second possible parent (called further parent 2).

Table: comparison of MHOM/CR/2020/StPierre with putative parental sequences at the 11 ambiguous sites. Identification of the parental sequences: please
refer to legend of figure on next page. Number of identical sequences in the analysis is in brackets following sequence descriptions.

Position in partial 1245 bp fragment of hsp70 -> 6 233 264 675 1078 1102 1134 1168 1171 1181 1236
Position in HSP70 CDS of whole genome -> 504 731 762 1173 1576 1600 1632 1666 1679
MHOM/CR/2020/StPierre R S R R K R Y R K R S
Parent1b 1 L guyanensis complex Panama(1) A C G A G G T A G G G
Parent1b 2 L guyanensis complex Panama(22) A C G A G G T A G G G
Parent1b 3 L guyanensis complex Panama(1) A C G A G G T A G “ G
Parent1b 4 L guyanensis complex Panama(13) A C G A G G T A G G G
Parent1b 5 L guyanensis complex Colombia(1) A C G m T A G R S
Parent1a 6 L guyanensis complex Ecuador(1) A C G A G G T A R R G
Parent1a 7 L guyanensis complex Ecuador(1) A C G A G G T A G R G
Parent1a 8 L guyanensis complex Ecuador(2) A C G A G G T A R R G
Parent1a 9 L guyanensis complex Ecuador(1) A C G A G G T A G G G
Parent1a 10 L guyanensis complex Ecuador(2) A C G A G G T A G n G
Parent2 11 L brazliensis Guatemala(3) G G A G T A C G T A (o}
Parent2 12 L brazliensis Panama(1) G G A G T A (¢} G T A C
Parent2 13 L brazliensis Panama(1) G G A G T A (¢} G T A C
Parent2 14 L brazliensis(1) G G A G T A C G T A C
Parent2 15 L brazliensis Brazil(7) Panama(1) G G A G T A C G T A C

= Not only could the hypothetical parental lines account for all 11 of the ambiguous positions, but conversely, every
single one of the 1245 positions in the mix/hybrid showed the nucleotide(s) present in both parents. In other words:
all sequence variation in the parents was accounted for in the hybrid/mix sequence.

= Phylogenetic analysis of these hypothetical parental sequences gave the following results:
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Figure legend: next page



Only 15 unique parental sequences were retained, each of these is identified as follows:

Parent (1a/1b/2) — unique sequence number (1-15) — species — country of origin (number of identical sequences represented in brackets).

Dendrogram method

The evolutionary history was inferred using the Neighbor-Joining method [1]. The optimal tree with the sum of branch length = 0.04003125 is shown. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (2000
replicates) are shown next to the branches when exceeding 50% [2]. The tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were computed using
the p-distance method [3] and are in the units of the number of base differences per site. The analysis involved 48 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All ambiguous positions were removed for each sequence
pair. There were a total of 1245 positions in the final dataset. Evolutionary analyses were conducted in MEGA7 [4].

1. Saitou N. and Nei M. (1987). The neighbor-joining method: A new method for reconstructing phylogenetic trees. Molecular Biology and Evolution 4:406-425.

2. Felsenstein J. (1985). Confidence limits on phylogenies: An approach using the bootstrap. Evolution 39:783-791.

3. Nei M. and Kumar S. (2000). Molecular Evolution and Phylogenetics. Oxford University Press, New York.

4. Kumar S., Stecher G., and Tamura K. (2016). MEGA7: Molecular Evolutionary Genetics Analysis version 7.0 for bigger datasets.Molecular Biology and Evolution 33:1870-1874.
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KX574005.1:1-1245_Leishmania_sp._isolate_PA_444_heat_shock_protein_70_(hsp70)_gene_partial_cds
KX574006.1:1-1245_Leishmania_sp._isolate_PA_445_heat_shock_protein_70_(hsp70)_gene_partial_cds
KX574012.1:1-1245_Leishmania_sp._isolate_PA_469_heat_shock_protein_70_(hsp70)_gene_partial_cds

The following entries are represented by sequences 1-15:
(if from GenBank, description starts with accession number)

1_L_guy is_t lex_F (1) KX574014.1:1-1245_Leishmania_sp._isolate_PA_530_heat_shock_protein_70_(hsp70)_gene_partial_cds
KX574009.1:1-1245_Leishmania_sp._isolate_PA_462_heat_shock_protein_70_(hsp70)_gene_partial_cds KX574015.1:1-1245_Leishmania_sp._isolate_PA_539_heat_shock_protein_70_(hsp70)_gene_partial_cds

2_L_guy is_complex_P (22) 5_L_guy is_complex_Colombia(1)
KX573944.1:1-1245_Leishmania_sp._isolate_PA_026_heat_shock_protein_70_(hsp70)_gene_partial_cds LN907837.1:1-1245_Leishmania_sp._MHOM/CO/88/UA316_partial_hsp70_gene_for_heat-
KX573946.1:1-1245_Leishmania_sp._isolate_PA_066_heat_shock_protein_70_(hsp70)_gene_partial_cds shock_protein_70_kDa_strain_MHOM)/CO/88/UA316
KX573947.1:1-1245_Leishmania_sp._isolate_PA_067_heat_shock_protein_70_(hsp70)_gene_partial_cds 6_L_guy is_c lex_Ecuador(1)
KX573949.1:1-1245_Leishmania_sp._isolate_PA_073_heat_shock_protein_70_(hsp70)_gene_partial_cds MHOMY/EC/2015/ITM15102466_organism_Leishmania_guyanensis
KX573952.1:1-1245_Leishmania_sp._isolate_PA_086_heat_shock_protein_70_(hsp70)_gene_partial_cds 7_L_guy is_C lex_Ecuador(1)
KX573953.1:1-1245_Leishmania_sp._isolate_PA_090_heat_shock_protein_70_(hsp70)_gene_partial_cds MHOM/EC/2015/ITM15121151_organism_Leishmania_guyanensis_complex
KX573957.1:1-1245_Leishmania_sp._isolate_PA_108_heat_shock_protein_70_(hsp70)_gene_partial_cds 8_L_guy is_ lex_| dor(2)
KX573959.1:1-1245_Leishmania_sp._isolate_PA_113_heat_shock_protein_70_(hsp70)_gene_partial_cds MHOM/EC/2015/ITM15121974_organism_Leishmania_guyanensis
KX573961.1:1-1245_Leishmania_sp._isolate_PA_119_heat_shock_protein_70_(hsp70)_gene_partial_cds MHOMY/EC/2017/ITM17113319_organism_Leishmania_guyanensis
KX573964.1:1-1245_Leishmania_sp._isolate_PA_131_heat_shock_protein_70_(hsp70)_gene_partial_cds 9_L_guy is_ lex_| dor(1)
KX573965.1:1-1245_Leishmania_sp._isolate_PA_133_heat_shock_protein_70_(hsp70)_gene_partial_cds MHOM/EC/2018/ITM18093159_organism_Leishmania_guyanensis_complex
KX573966.1:1-1245_Leishmania_sp._isolate_PA_137_heat_shock_protein_70_(hsp70)_gene_partial_cds 10_L_guyanensis_complex_Ecuador(2)
KX573967.1:1-1245_Leishmania_sp._isolate_PA_145_heat_shock_protein_70_(hsp70)_gene_partial_cds MN688569.1:1-1245_Leishmania_guyanensis_isolate_ MHOM/EC/2016/BCN-885_heat-shock_protein_70_(hsp70)_gene_partial_cds
KX573969.1:1-1245_Leishmania_sp._isolate_PA_162_heat_shock_protein_70_(hsp70)_gene_partial_cds MT498900.1:1-1245_Leishmania_guyanensis_isolate_ MHOM/EC/2016/BCN-885_heat_shock_protein_70_(hsp70)_gene_partial_cds
KX573970.1:1-1245_Leishmania_sp._isolate_PA_163_heat_shock_protein_70_(hsp70)_gene_partial_cds 11_L_braziliensis_Guatemala(3)
KX573972.1:1-1245_Leishmania_sp._isolate_PA_169_heat_shock_protein_70_(hsp70)_gene_partial_cds MHOM/GT/2018/ITM18070595_organism_Leishmania_braziliensis

MN688566.1:1-1245_Leishmania_braziliensis_isolate_ MHOM/GT/2005/BCN-717_heat-shock_protein_70_(hsp70)_gene_partial_cds
MT498877.1:1-1245_Leishmania_braziliensis_isolate_ MHOM/GT/2005/BCN-717_heat_shock_protein_70_(hsp70)_gene_partial_cds

KX573973.1:1-1245_Leishmania_sp._isolate_PA_171_heat_shock_protein_70_(hsp70)_gene_partial_cds
KX573976.1:1-1245_Leishmania_sp._isolate_PA_197_I2_heat_shock_protein_70_(hsp70)_gene_partial_cds

KX573978.1:1-1245_Leishmania_sp._isolate_PA_224_|1_heat_shock_protein_70_(hsp70)_gene_partial_cds 12_L_braziliensis_Panama(1)
KX573980.1:1-1245_Leishmania_sp._isolate_PA_233_heat_shock_protein_70_(hsp70)_gene_partial_cds KX573943.1:1-1245_Leishmania_sp._isolate_PA_024_heat_shock_protein_70_(hsp70)_gene_partial_cds
KX573982.1:1-1245_Leishmania_sp._isolate_PA_284_heat_shock_protein_70_(hsp70)_gene_partial_cds 13_L_braziliensis_Panama(1)
KX573988.1:1-1245_Leishmania_sp._isolate_PA_357_heat_shock_protein_70_(hsp70)_gene_partial_cds KX573956.1:1-1245_Leishmania_sp._isolate_PA_107_heat_shock_protein_70_(hsp70)_gene_partial_cds
3_L_guy is_t plex_P (1) 14_L_braziliensis(1)
KX573990.1:1-1245_Leishmania_sp._isolate_PA_368_heat_shock_protein_70_(hsp70)_gene_partial_cds MHOM)/--/2017/ITM17092834_organism_Leishmania_braziliensis

4_L_guy i plex_P (13) 15_L_braziliensis_Brazil(7)_Panama(1)

KX573993.1:1-1245_Leishmania_sp._isolate_PA_397_heat_shock_protein_70_(hsp70)_gene_partial_cds
KX573994.1:1-1245_Leishmania_sp._isolate_PA_407_heat_shock_protein_70_(hsp70)_gene_partial_cds
KX573997.1:1-1245_Leishmania_sp._isolate_PA_415_heat_shock_protein_70_(hsp70)_gene_partial_cds
KX573998.1:1-1245_Leishmania_sp._isolate_PA_418_heat_shock_protein_70_(hsp70)_gene_partial_cds
KX573999.1:1-1245_Leishmania_sp._isolate_PA_425_heat_shock_protein_70_(hsp70)_gene_partial_cds
KX574002.1:1-1245_Leishmania_sp._isolate_PA_438_heat_shock_protein_70_(hsp70)_gene_partial_cds
KX574003.1:1-1245_Leishmania_sp._isolate_PA_439_heat_shock_protein_70_(hsp70)_gene_partial_cds
KX574004.1:1-1245_Leishmania_sp._isolate_PA_443_heat_shock_protein_70_(hsp70)_gene_partial_cds

KX573991.1:1-1245_Leishmania_sp._isolate_PA_372_heat_shock_protein_70_(hsp70)_gene_partial_cds
MH745179.1:1-1245_Leishmania_braziliensis_strain_MHOM/BR/2001/BA788_heat_shock_protein_70_gene_partial_cds
MH745180.1:1-1245_Leishmania_braziliensis_strain_IWELL/BR/1981/M8401_heat_shock_protein_70_gene_partial_cds
MH745181.1:1-1245_Leishmania_braziliensis_strain_MHOM/BR/1996/M15991_heat_shock_protein_70_gene_partial_cds
MH745182.1:1-1245_Leishmania_braziliensis_strain_MHOM/BR/1995/RR80_heat_shock_protein_70_gene_partial_cds
MH745183.1:1-1245_Leishmania_braziliensis_strain_MHOM/BR/2008/426_heat_shock_protein_70_gene_partial_cds
MH745184.1:1-1245_Leishmania_braziliensis_strain_MHOM/BR/1995/RR051_heat_shock_protein_70_gene_partial_cds
MH745185.1:1-1245_Leishmania_braziliensis_strain_ MHOM/BR/1975/M2903_heat_shock_protein_70_gene_partial_cds



= The putative parental haplotypes were confirmed partly by whole genome sequencing, using sequence reads
covering several ambiguous sites.

» |nterestingly, 7 sequences previously reported from Panama (3 of which published in Miranda et al. 2021) share
up to 10 ambiguous positions with the Costa Rica sequence.

» The following figure shows (dash representing similarity with top sequence)
o The ambiguous sites in the Costa Rica sequence.

o The nucleotides in the 7 previously reported sequences from Panama (identified with GenBank entry).

Position in partial 1245 bp fragment of hsp70 > 6 233 264 675 1078 1102 1134 1168 1171 1181 1236
Position in HSP70 CDS of whole genome - 504 731 762 1173 1576 1600 1632 1666 1669 1679 1734
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