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Abstract
Leishmaniasis, caused by Leishmania parasites, is a significant global health issue with limited treatment

options. This study focuses on investigating the association between single nucleotide polymorphisms (SNPs)
and resistance to fluorinated pyrimidines in Leishmania mexicana and Leishmania major. Multiple datasets
were analyzed for each species, assessing resistance to specific drugs. The aim is to identify SNPs that
contribute to drug resistance in Leishmania. Through full genome sequencing, numerous SNPs were detected
in resistant cell lines compared to wild-type strains. The dataset provides comprehensive lists of high-
confidence SNPs and their genomic positions. Further research is necessary to understand the functional
implications of these SNPs and their role in conferring resistance to fluorinated pyrimidines. By exploring the
molecular mechanisms of drug resistance, we can gain insights and potentially uncover new therapeutic targets
for leishmaniasis.

Keywords: Leishmania, SNPs, Fluorinated pyrimidines, Genome.
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1-Introduction

Cutaneous leishmaniasis exhibits a broad
geographical distribution, posing a significant
risk to millions of individuals worldwide, with
an estimated one million new cases annually
(WHO, 2022). The disease has become
prevalent and widely spread throughout
various regions of Libya, especially in the
northwestern area (Amro et al.,, 2012; El-
Badry et al., 2017). Historically, antimonial
compounds have been the preferred treatment
for kinetoplastid infections. However, reports
indicate that leishmania parasites have
developed resistance to these drugs (Ponte-
Sucre et al., 2017). Consequently, there is an
urgent need to develop new, effective
treatments for leishmaniasis. Resistance of
kinetoplastids to drugs can occur through
various  mechanisms.  One  possible
mechanism involves the loss of specific
transport functions in the parasite’s cell
membrane (De Koning, 2001). Additionally,
the drug can be inactivated, excreted, or
modified within the cytoplasm of the parasite
(Borst and Ouellette, 1995). In a study
conducted by Ali et al. (2013), it was
demonstrated that pyrimidine analogues
possess  antimetabolite activity against
kinetoplastids. Furthermore, research has
been carried out to investigate the potential
mechanisms of resistance to these drugs
(Alzahrani et al., 2017).

In a previous study conducted by Verma et
al. (2017), a comparison was made between
leishmania cell lines resistant to paromomycin
and their parental wildtype strains. This study
revealed changes in the expression of several
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genes associated with drug resistance. Recent
advancements in technology have made it
possible to sequence entire genomes,
providing a valuable approach to investigate
drug resistance. Ghosh et al. (2020)
highlighted the significance of whole genome
sequencing in studying drug resistance
mechanisms.

However, the exploration of single
nucleotide  polymorphisms  (SNPs) in
Leishmania strains resistant to pyrimidine
analogues remains limited. Therefore, the
objective of this current study is to identify
SNPs that are specifically associated with
resistance to fluorinated pyrimidines in both
L. mexicana and L. major. By analyzing these
SNPs, we aim to enhance our understanding
of the genetic basis of drug resistance in
Leishmania and potentially identify new
targets for effective treatment strategies.

2. Materials and Methods

The methods employed to generate
Leishmania strains resistant to fluorinated
pyrimidines were outlined in the study conducted
by Alzahrani et al. (2017). Specifically, the
resistance to fluorinated pyrimidines in L.
mexicana was investigated, resulting in the
generation of four datasets associated with
intermediate resistance to 5-fluorouracil (Lmex-
Int-5FURes) and three datasets associated with
final resistance to 5-fluorouracil (Lmex-Fin-
5FURes). Additionally, for L. major, one dataset
was generated for resistance to 5-fluorouracil
(Lmaj-5FURes), and another dataset was
generated for resistance to 5-fluoro-2'-
deoxyuridine (Lmaj-5F2'dURes).

In this study, the objective was to identify
genetic variations known as single nucleotide
polymorphisms (SNPs) in a specific strain of
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Leishmania. The focus was on comparing
resistant strains to their respective parental wild-
type strains (L. mexicana strain M379 and L.
major strain Friedlin) to uncover SNPs associated
with resistance to fluorinated pyrimidines in
Leishmania species.

To achieve this, the study employed a set of
specific criteria for the identification and analysis
of SNPs. These criteria included minimum
thresholds for high-quality base calls, coverage
depth, quality scores, mapping quality, and
second-best  genotype likelihood  values.
Additionally, the study considered the maximum
fraction of conflicting base calls for homozygous
genotypes and the minimum percentage of base
calls mapping to the forward or reverse strand to
address potential biases.

By applying these rigorous criteria, the
researcher successfully identified and analyzed
SNPs in the Leishmania strains. This approach
enabled the detection of genetic variations
associated with resistance to fluorinated
pyrimidines,  contributing to a  better
understanding of drug response mechanisms and
the development of more effective treatment
strategies for Leishmania infections. By applying
these stringent criteria, the study ensured the
selection of high-quality SNPs associated with
resistance to fluorinated pyrimidines in
Leishmania species.

In the study, the researcher conducted
searches for amino acid and nucleotide sequences
using the Gene DB and Tri Tryp DB websites.
These databases provide comprehensive
collections of genetic information for various
organisms, including trypanosomes and related
parasites. The researcher likely utilized these
databases to access and retrieve relevant
sequences for their analysis. By searching these
databases, they could compare and analyze the
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sequences of interest, potentially identifying
specific genes or genetic variations associated
with the study's focus on pyrimidine metabolism
or biosynthesis.

The TMHMM server at
http://www.cbs.dtu.dk/servicess TMHMM/  was
utilized in the study to estimate the number of
transmembrane domains (TMDs) in the specified
genes. This information is crucial as the study
focused on identifying single nucleotide
polymorphisms (SNPs) that occur within TMDs.
Such SNPs may potentially be associated with
alterations in pyrimidine transport. Additionally,
the researcher employed the Basic Local
Alighment Search Tool (BLAST) available on
Gene DB or Tri Tryp DB websites to compare
gene sequences. This facilitated the identification
of sequence similarities and differences.
Furthermore, the CLC workbench software was
utilized for sequence alignments, aiding in the
analysis and visualization of sequence data. The
study specifically targeted SNPs within genes
known to be involved in pyrimidine metabolism
or biosynthesis.

3. Results and Discussion

In the study, a substantial number of single
nucleotide polymorphisms (SNPs) were
observed in each resistant strain. However, the
researcher focused on including SNPs that
met certain criteria to ensure high confidence
and functional relevance. Specifically, they
considered SNPs that resulted in non-
synonymous changes in the coding sequences,
indicating potential impact on protein
function. The collected data included
information about each SNP, such as the
genomic position where the SNP was
identified and its associated chromosome
name and position. Additionally, the predicted
number of transmembrane domains (TMDs)
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for each SNP was recorded, as this
information was relevant to the study's focus
on SNPs within TMDs. The style of mapping
sequence reads to the reference genome was
also noted, indicating the approach used for
alignment and analysis.

To ensure the reliability and significance
of the identified SNPs, only those deemed
high confidence were included in the analysis.
These  high-confidence  SNPs  likely
underwent stringent quality control measures
and met specific criteria for selection,
ensuring their reliability and relevance to the
study's objectives. For each strain analyzed in
the study, the researcher provided information
on the genotype of the reference sequence
obtained from GeneDB, as well as the inferred
diploid genotypes of both the parental wild-
type strain and the drug-resistant strain.
Additionally, details regarding the indicated
strain and its associated GenelD were
included.

Regarding the SNPs, the following
information was provided:

1. Position of open reading frame (ORF):
The genomic position of the ORF where the
SNP was located.

2. Affected triplet in the reference
sequence: The specific nucleotide triplet
(codon) in the reference sequence that was
altered by the SNP.

3. Changed amino acid between wild-type
and resistant line: The amino acid substitution
resulting from the SNP between the wild-type
and drug-resistant strains.

4. Filtering status: Whether the SNP call
passed the applied filtering criteria (it should
always be indicated as "OK").

5. Genotype differences: Whether there
were differences in the genotypes between the

Rwafed Al- Maerefah 12 -2024
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wild-type and drug-resistant strains (it should
always provide informative data).

6. Chromosomal location: For non-
Leishmania organisms, it would indicate
whether the SNP was located in the
subtelomere ("end") or the chromosome
"cores." However, this information may not be
applicable for Leishmania.

7. Quality control indicators: Information
related to the quality control measures applied
during the mapping of sequence reads to the
reference genome.

8. SNPs in protein coding sequences:
Details about SNPs occurring within protein-
coding sequences.

9. SNPs in 5'UTRs: Information on SNPs
located within the 5' untranslated regions
(UTRs) of genes, including the length of the
5'UTR as defined by George Cross' data or a
default length of 115 bp.

10. SNPs in 3'UTRs: Details on SNPs
found within the 3'UTRs of genes, including
the length of the 3'UTR as defined by George
Cross' data or a default length of 480 bp.

Finally, by providing this comprehensive
information, the study aimed to present a
detailed analysis of the SNPs identified, their
locations, and their potential implications for
the wild-type and drug-resistant strains.

The summary tables provided in the study
contained seven columns with the following
headings:

1. Strains: This column listed the cell line
or strain name associated with the SNP.

2. GenelD: The column denoted the gene
identification, allowing for easy identification
of the specific gene associated with the SNP.

3. TM (Transmembrane domains): This
column provided information on the number
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of predicted transmembrane  domains
associated with the gene.

4. ORF (Open Reading Frame) position:
The column indicated the position of the open
reading frame where the SNP was located
within the gene.

5. GeneDB: This column specified
whether the indicated nucleotide information
was obtained from GeneDB.

6. WT (Wild Type): The column indicated
the nucleotide associated with the wild-type
strain for the given SNP.

7. Resis (Resistant Line): This column
provided the nucleotide associated with the
drug-resistant strain for the given SNP.

Additionally, the following columns were
included to describe the amino acid mutation
and codon changes:

- Amino acid mutation: This column
detailed the variation between the wild-type
and resistant line, with a focus on non-
synonymous (non-syn) codon changes.

- Codon: The genetic code of the codon
was represented in this column. The capital
letter indicated the changed nucleotide in the
parental wild-type strain based on the
GeneDB code. When the nucleotide was the
same, it indicated that it was located on the
regular strand, while when it was
complementary, it indicated that it was located
on the reverse strand.

- Change: This column assigned a
numerical value to the type of change based
on the resulting amino acid. Each type of
change was assigned a specific number,
ranging from 0 to 9, or denoted with "S" for
changes involving stop codons.

Therefore, by organizing the SNP
information in this tabular format, the study
aimed to provide a clear and structured

Rwafed Al- Maerefah 12 -2024
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overview of the SNPs, their associated genes,
and the specific changes observed between
wild-type and drug-resistant strains. The
additional information on amino acid changes
and codon variations further enhanced the
understanding of the functional impact of
these SNPs.

In Table 1 of the study, the researcher
performed pairwise BLAST comparisons to
identify similar genes that contained SNPs in
both L. mexicana and L. major. However, due
to the large number of hits obtained in each
species, only the closest homologues were
listed in the table. The selection criteria for
inclusion in the table were based on genes that
had transmembrane domains (TMDs) and/or
were associated with nucleotide metabolism.
Among the interesting findings, the study
highlighted some hypothetical proteins from
both L. mexicana and L. major. These
hypothetical proteins likely lacked functional
annotations or were poorly characterized.
However, the researcher noted that the only
near-identical match found was a 5 TMD-
protein with the gene ID LmxM.03.0370 in L.
mexicana and its counterpart LmjF.03.0370 in
L. major. This suggests a high degree of
similarity between the two species in terms of
this specific gene.

By focusing on genes with TMDs and
those associated with nucleotide metabolism,
the study aimed to identify potential candidate
genes that could be linked to the observed
SNPs and their impact on pyrimidine
transport. The inclusion of hypothetical
proteins and the discovery of near-identical
matches between L. mexicana and L. major
provided valuable insights into potentially
important genes for further investigation in
the study. Additionally, it was observed that
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the gene mentioned (LmxM.03.0370 in L.
mexicana and its counterpart LmjF.03.0370 in
L. major) was mutated in two of the final-
adapted L. mexicana lines, specifically the
Fin2-Lmex-5FURes and Fin3-Lmex-5FURes
lines. However, none of the intermediate lines
showed mutations in this gene. This finding
suggests that the mutation in this particular
gene may be associated with the development
of resistance to 5-fluorouracil (5-FU) in L.
mexicana. To further investigate high-
confidence SNPs that led to non-synonymous
changes in coding sequences with five or more
transmembrane (TM) domains, the study
summarized the relevant information in tables
2-5. These tables likely provided details on the
genomic positions, affected triplets, amino
acid mutations, codon changes, and other
relevant information for the identified SNPs in
genes with five or more TM domains.

Furthermore, the study also summarized
high-confidence SNPs that led to non-
synonymous changes in coding sequences but
had no TM domains in tables 6 and 7. These
tables likely included information on the
genomic positions, affected triplets, amino
acid mutations, codon changes, and other
relevant details for the identified SNPs in
genes without TM domains.

In General, the generation of genome
sequences for Leishmania species resistant to
fluorinated pyrimidines, as described in the
study, revealed a significant number of
changes in each resistant strain. In
comparison, a previous study conducted by
Ghosh et al. in 2020 identified 240 single
nucleotide  polymorphisms  (SNPs) in
artesunate-resistant Leishmania donovani
parasites when compared to their sensitive
wild-type counterparts. However, in the
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current study, the number of SNPs found in
the resistant Leishmania strains was
considerably higher. This difference in the
number of SNPs between the two studies
suggests that the mechanisms of resistance
and the genomic changes associated with
resistance can vary depending on the specific
drug and the Leishmania species being
studied. The fluorinated pyrimidines used in
the current study likely induced a broader
range of genomic alterations in the resistant
strains compared to artesunate.

The larger number of SNPs identified in
the current study emphasizes the complexity
and diversity of genetic changes involved in
drug resistance mechanisms in Leishmania.
Understanding these genomic alterations can
provide valuable insights into the
development and spread of drug resistance,
aiding in the identification of potential targets
for therapeutic interventions.

By categorizing and presenting the high-
confidence SNPs in separate tables based on
the presence or absence of TM domains, the
study aimed to highlight the potential
functional implications of these SNPs and
their association with drug resistance in L.
mexicana. In the study, four intermediate
strains of L. mexicana resistant to 5-
fluorouracil (5-FU) were analyzed. The
number of single nucleotide polymorphisms
(SNPs) observed in these strains were as
follows:

- Lmex-5FURes-Int-1: 849 SNPs

- Lmex-5FURes-Int-2: 868 SNPs

- Lmex-5FURes-Int-3: 618 SNPs

- Lmex-5FURes-Int-4: 1018 SNPs

Out of these SNPs, only a subset was
considered high-confidence and led to non-
synonymous changes in coding sequences.
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The numbers of such high-confidence SNPs
for the intermediate strains were:

- Lmex-5FURes-Int-1: 204 SNPs

- Lmex-5FURes-Int-2: 197 SNPs

- Lmex-5FURes-Int-3: 138 SNPs

- Lmex-5FURes-Int-4: 208 SNPs

Similarly, three final strains of L. mexicana
with high levels of resistance to 5-FU (Lmex-
5FURes-Fin 1, 2, and 3) were examined. The
number of SNPs observed in these final strains
were:

- Lmex-5FURes-Fin-1: 1748 SNPs

- Lmex-5FURes-Fin-2: 953 SNPs

- Lmex-5FURes-Fin-3: 926 SNPs

Among these SNPs, the high-confidence
SNPs that led to non-synonymous changes in
coding sequences were:

- Lmex-5FURes-Fin-1: 447 SNPs

- Lmex-5FURes-Fin-2: 210 SNPs

- Lmex-5FURes-Fin-3: 208 SNPs

These findings indicate that as the
resistance to 5-FU increased from
intermediate to final strains, the number of
SNPs and high-confidence SNPs leading to
non-synonymous  changes in  coding
sequences also increased. The accumulation
of these genomic alterations may play a role
in the development of high-level resistance to
5-FU in L. mexicana strains. In addition to L.
mexicana, SNPs changes were also observed
in the genome of L. major strains resistant to
fluorinated pyrimidines. Specifically, the
number of SNPs identified in the Lmaj-
5FURes strain was 212, while in the Lmaj-
5F2'dURes strain, it was 466. However, when
considering only high-confidence SNPs that
resulted in non-synonymous changes in
coding sequences, the numbers were 74 and
116, respectively.
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Based on these findings, the study
recommends further investigations to identify
the specific genetic changes that are
associated with resistance to fluorinated
pyrimidines. The high-confidence SNPs
identified in multiple resistant lines can serve
as starting points for these investigations. By
studying these SNPs in more detail and
understanding their functional implications,
researchers can gain insights into the
mechanisms  underlying  resistance to
fluorinated  pyrimidines in  Leishmania
species, particularly L. major. In this frame,
Identifying the specific genetic changes
responsible for resistance is crucial for
developing effective strategies to overcome
drug resistance and improve treatment
outcomes. Further investigations and in-depth
analysis of the observed SNPs can provide
valuable information for targeted
interventions and the development of novel
therapeutics against Leishmania infections.
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Table 1: Pair-wise blast comparisons among Leishmania to identify the closest homologues of genes of particular interest, with TM
domain(s) or associated with pyrimidine biosynthesis.

GenelD- L. major | GenelD-L. mexicana I'_I'rII]/IacJI I'_I'T/Ie(;( Ide(;:'ty
LmjF.03.0370 LmxM.03.0370 5 5 79.04
LmjF.03.0370 LmxM.03.0380 5 6 27.98
LmjF.32.0810 LmxM.08_29.2570 3 0 27.49

Table 2: SNPs with >5 TM domains and known function genes, which are divided into groups based on the gene product; the
blank gray line separates groups. This table lists the SNPs in identical (Gene ID) and/or highly similar genes. NB: in the change
column change is listed for both alleles of this gene.

Strains Gene ID ™ ORF | GeneDB WT Resis. Amino acid mutation Codon | Change
Lmex-Intl-5FURes LmxM.27.0970 14 4151 G G AG nonsyn_Thr1384Met/Thr aCg 9/0
Lmex-Int3-5FURes LmxM.11.1290 13 3463 T T GT nonsyn_Phel155Phe/Val Ttt 0/9
Lmex-Int4-5FURes LmxM.33.0990 9 53 G AG G nonsyn_Glul8Ala/Glu gAg 3/0
Lmex-Intl1-5FURes 11 1309 G G GT nonsyn_Ala437Ala/Ser Gcee 0/9
Lmex-Int2-5FURes 11 1309 G G GT nonsyn_Ala437Ala/Ser Gcee 0/9
LmxM.36.4480
Lmex-Int3-5FURes 11 1309 G G GT nonsyn_Ala437Ala/Ser Gcee 0/9
Lmex-Int4-5FURes 11 5089 G G GT nonsyn_Leu/Val1697Leu Ctg 9/0
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Lmex-Fin1-5FURes 11 1309 G G GT nonsyn_Ala437Ala/Ser Gcee 0/9
Lmex-Fin2-5FURes 11 1309 G G GT nonsyn_Ala437Ala/Ser Gcee 0/9
Lmex-Fin3-5FURes 11 1309 G G GT nonsyn_Ala437Ala/Ser Gcee 0/9
Lmex-Intl-5FURes LmxM.30.0350 11 1421 G G CG nonsyn_Thr474Ser/Thr aCt 9/0
Lmex-Int4-5FURes LmxM.30.0350 11 628 G G CG nonsyn_His/Tyr210Tyr Cat 9/0
Lmex-Fin1-5FURes LmxM.30.0350 11 1421 G G CG nonsyn_Thr474Ser/Thr aCt 9/0
Lmex-Fin1-5FURes LmxM.22.0230 10 557 T T AT nonsyn_Asn186lle/Asn aAc 9/0
Lmex-Int2-5FURes LmxM.27.1580 10 800 A A AG nonsyn_Asn267Asn/Ser aAc 0/9
Lmex-Int3-5FURes LmxM.27.1580 10 800 A A AG nonsyn_Asn267Asn/Ser aAc 0/9
Lmex-Int4-5FURes LmxM.27.1580 10 1198 A A AG nonsyn_lle/\Val400lle Gtc 0/9
Lmex-Intl-5FURes 6 934 T CT C nonsyn_Phe/Leu312Leu Ttc 9/0
Lmex-Int2-5FURes 6 934 T CT C nonsyn_Phe/Leu312Leu Ttc 9/0
Lmex-Int3-5FURes 6 934 T CT C nonsyn_Phe/Leu312Leu Ttc 9/0
Lmex-Int4-5FURes LmxM.32.3200 6 686 T CT C nonsyn_Glu229Ala/Glu gAg 3/0
Lmex-Fin1-5FURes 6 934 T CT C nonsyn_Phe/Leu312Leu Ttc 9/0
Lmex-Fin2-5FURes 6 934 T CT C nonsyn_Phe/Leu312Leu Ttc 9/0
Lmex-Fin3-5FURes 6 934 T CT C nonsyn_Phe/Leu312Leu Ttc 9/0
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Table 3: SNPs in genes of known function with >5 TM domains that occurred in only one strain (unique mutations).

Table 3: SNPs in genes of known function with >5 TM domains that occurred in only one strain (unique mutations).

Strains Gene ID TM | ORF GeneDB | WT Resis. Amino acid mutation Codon | Change
Lmaj-5F2dURes LmjF.17.0600 6 3142 T T GT nonsyn_Thr1048Pro/Thr Act 9/0
Lmex-Intl-5FURes LmxM.21.1810 7 536 A A AC nonsyn_Lys179Lys/Thr aAg 0/4
Lmex-Intl-5FURes LmxM.13.1210 11 493 A A AC nonsyn_Phel65Phe/Val Ttt 0/9
Lmex-Int2-5FURes LmxM.18.0040 11 103 A A AG nonsyn_Trp35Arg/Trp Tag 6/0
Lmex-Int4-5FURes LmxM.06.0080 6 1011 T T GT nonsyn_STOP/Tyr337Tyr taC 3S/0
Lmex-Fin1-5FURes LmxM.24.1090 10 1402 G AG G nonsyn_lle/VVal468Val Gtc 9/0
Lmex-Fin2-5FURes LmxM.23.0830 12 2248 A A AC nonsyn_Phe750Phe/Val Ttt 0/9

Table 4: SNPs in genes of unknown function with >5 TM domains that are found in multiple resistant strains; mutations

are divided into groups based on gene ID.
Strains Gene ID TM | ORF GeneDB | WT Resis. Amino acid mutation Codon | Change
Lmex-Intl-5FURes 12 1455 | C CG C nonsyn_lle/Met485Met atG 9/0
Lmex-Fin2-5FURes | LmxM.10.0380 12 1455 | C CG C nonsyn_lle/Met485Met atG 9/0
Lmex-Fin3-5FURes 12 1455 [ C CG C nonsyn_lle/Met485Met atG 9/0
Lmex-Intl-5FURes 20 479 ( T CT T nonsyn_Ala/VVall60Val gTc 9/0
Lmex-Int2-5FURes | LmxM.17.1440 20 479 (T CT T nonsyn_Ala/Vall60Val gTc 9/0
Lmex-Int3-5FURes 20 479 (T CT T nonsyn_Ala/Vall60Val gTc 9/0
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Lmex-Int4-5FURes 20 1028 | T CT T nonsyn_Leu343Leu/Pro cTg 0/9
Lmex-Fin1-5FURes 20 479 ( T CT T nonsyn_Ala/Vall60Val gTc 9/0
Lmex-Fin2-5FURes 20 479 (T CT T nonsyn_Ala/VVall60Val gTc 9/0
Lmex-Fin3-5FURes 20 479 | T CT T nonsyn_Ala/Vall60Val gTc 9/0
Lmex-Intl-5FURes 14 857 | C CT nonsyn_Asp286Asp/Gly gGe 0/3
Lmex-Int4-5FURes | LmxM.30.0030 14 3745 | C CT nonsyn_lle/Leul249L eu Tta 9/0
Lmex-Fin1-5FURes 14 857 | C CT nonsyn_Asp286Asp/Gly gGc 0/3
Lmex-Intl-5FURes 10 730 T CT nonsyn_Trp244Arg/Trp Tgg 6/0
LmxM.32.0710
Lmex-Fin2-5FURes 10 191 T CT C nonsyn_Ala/Val64Ala gTt 0/9
Lmex-Intl-5FURes 9 2438 | C AC C nonsyn_STOP/Ser813Ser | tCg 3S/0
Lmex-Int2-5FURes 9 2438 | C AC C nonsyn_STOP/Ser813Ser | tCg 3S/0
Lmex-Int3-5FURes 9 2438 | C AC Cc nonsyn_STOP/Ser813Ser | tCg 3S/0
Lmex-Int4-5FURes | LmxM.32.1940 9 3028 | C AC C nonsyn_His/Asn1010Asn | Cac 9/0
Lmex-Fin1-5FURes 9 2438 | C AC C nonsyn_STOP/Ser813Ser | tCg 3S/0
Lmex-Fin2-5FURes 9 2438 | C AC C nonsyn_STOP/Ser813Ser | tCg 3S/0
Lmex-Fin3-5FURes 9 2438 | C AC C nonsyn_STOP/Ser813Ser | tCg 3S/0
Lmex-Int2-5FURes | LmxM.30.0800 5 1457 | C CT C nonsyn_Asn/Ser486Ser aGc 9/0
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Lmex-Int2-5FURes 5 892 | A A AC nonsyn_Phe298Phe/Val Ttt 0/9
Lmex-Int2-5FURes 5 125 | C CT C nonsyn_GIlu/Gly42Gly gGg 3/0
Lmex-Int3-5FURes 5 892 | A A AC nonsyn_Phe298Phe/Val Ttt 0/9
Lmex-Int3-5FURes 5 125 ( C CT C nonsyn_Glu/Gly42Gly 0Gg 3/0
Lmex-Intl-5FURes 5 521 (T T CT nonsyn_Glul74Glu/Gly gAg 0/3
Lmex-Int4-5FURes 5 1343 | A AG G nonsyn_Ala/Gly448Ala gGt 9/0
Lmex-Int4-5FURes | LmxM.34.3190 5 1334 | C AC A nonsyn_Ala/Gly445Gly gCg 9/0
Lmex-Fin1-5FURes 5 2588 | A AG G nonsyn_L eu/Ser863Ser tTg 9/0
Lmex-Fin1-5FURes 5 2438 | C AC A nonsyn_Gly/Val813Val gGce 9/0
Lmex-Int4-5FURes 9 935 G CG G nonsyn_GIn312GIn/Arg cAg 0/6
Lmex-Int4-5FURes | LmxM.33.1070 9 437 (T CT T nonsyn_GInl146Leu/Gln cAg 9/0
Lmex-Int4-5FURes 1265 | C AC C nonsyn_Cys/Tyr422Cys tAc 0/9
Lmex-Fin1-5FURes 11 2480 | C AC A nonsyn_Ala/Glu827Glu gCa 5/0
Lmex-Fin1-5FURes 11 3187 | A AG G nonsyn_Ala/Thrl063Ala | Aca 0/9
Lmex-Fin1-5FURes LmxM.24.145¢ 11 4384 | G AG G nonsyn_Gly/Ser1462Gly | Ggt 9/0
Lmex-Fin1-5FURes 11 5806 | G GT G nonsyn_Cys/Gly1936Gly | Ggt 9/0
Lmex-Fin1-5FURes 1562 | G AG A nonsyn_His/Arg521His cGt 0/4
Lmex-Fin3-5FURes LmxM.26.2590 1562 | G AG A nonsyn_His/Arg521His cGt 0/4
Lmex-Fin1-5FURes | LmxM.30.0300 12 3030 | T CT T nonsyn_Ille/Met1010lle atA 0/9
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Lmex-Fin1-5FURes 12 3026 | C CG C nonsyn_Ala/Gly1009Gly | gGg 9/0
Lmex-Fin1-5FURes 12 2531 | G GT G nonsyn_Ala/Glu844Ala gCa 0/3
Lmex-Fin1-5FURes 12 818 [ C CT C nonsyn_Asn/Ser273Ser aGc 9/0
Lmex-Fin1-5FURes 12 454 | C CT C nonsyn_Gly/Ser152Gly Ggc 0/9
Lmex-Fin1-5FURes 12 3032 | T CT T nonsyn_Asp/Gly1011Asp | gAc 0/5
Lmex-Fin1-5FURes | LmxM.30.0310 12 1792 | C CT C nonsyn_lle/Val598Val Gtt 9/0
Lmex-Fin1-5FURes 12 171 | T CT T nonsyn_Gly/Ser391Ser Agt 9/0
Lmex-Fin2-5FURes 665 | C C A nonsyn_Thr222Asn aCt

- LmxM.03.0370
Lmex-Fin3-5FURes 5 665 | C C A nonsyn_Thr222Asn aCt
Lmex-Fin2-5FURes 692 | C CT T nonsyn_Phe/Ser231Phe tCc 0/9

- LmxM.03.0380
Lmex-Fin3-5FURes 692 | C CT T nonsyn_Phe/Ser231Phe tCc 0/9

Table 5: SNPs with >5 TM domains in genes of unknown function; these mutations are unique for the indicated strain only.

Strains Gene ID TM | ORF | GeneDB [ WT | Resis. | Amino acid mutation | Codon | Change
Lmaj- LmjF.03.0370 859 A A C nonsyn_Thr287Pro Acc 9
SFURes | mjF.32.2310 790 A A | AC nonsyn_Ser264Ala/Ser Tcg 9/0

LmjF.08.0190 13 | 2116 G G AG nonsyn_Val706lle/Val Gtt 9/0
Lmaj- -
5E2dURes LmjF.25.1160 1438 T T GT nonsyn_Ser480Arg/Ser Agc 6/0
LmjF.26.0520 2335 T T CT nonsyn_Lys779Glu/Lys Aag 2/0
LmxM.01.0440 | 10 | 421 C CT C nonsyn_Phe/Leul4lleu Ctc 9/0
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Lmex-

Intl- LmxM.27.1510 5 | 1376 T T GT nonsyn_Val459Gly/Val gTg 9/0
5FURes

LmxM.14.0640 6 904 T AC C nonsyn_Pro/Ser302Pro Ccg 0/9

'—I':]“tzx' LmxM.14.0730 | 7 | 427 C CT| C nonsyn_Pro/Ser143Pro Ccg 0/9

5FURes LmxM.33.1270 13 | 4196 T CT T nonsyn_Asp/Gly1399Asp | gGc 0/5
LmxM.34.3320 5 | 2423 T CT T nonsyn_Ala/Glu808Glu gCg 5/0

Fin2- LmxM.34.2810b 11 530 T T CT nonsyn_Tyrl77Cys/Tyr tAt 9/0
Lmex-
5FURes LmxM.25.0790 6 3503 A AG A nonsyn_Asp/Gly1168Asp | gAc 0/5
Table 6: SNPs that are associated with the pyrimidine biosynthesis and salvage pathways.

. . . Type
Strains Gene ID ORF | GDB | WT | Resist | A.A. mutation Codon change
Lmex-Int3-
5FURes
I5_'r:nueé—el?n2— LmxM.28.0890 | 1918 | C C AC nonsyn_Arg640Arg/Ser | Cgc 0/4
Lmex-Fin3-
5FURes
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Continued Table 6 SNPs that are associated with the pyrimidine biosynthesis and salvage pathways; the gray line divides the groups
based on gene function

Rwafed Al- Maerefah 12 -2024

. . . Type
Strains Gene ID ORF | GDB | WT | Resis. A.A. mutation Codon change
Lmaj-5F2dURes | LmjF.30.1960 | 1522 T T GT nonsyn_STOP508STOP/Glu Tag 0/1s
Lmex-Finl-
5FURes LmxM.16.0550 | 434 T T GT nonsyn_GIn145Pro/Gln cAg 9/0
Lmex-Find- || m101010 | 601 | T | T | cT nonsyn_Thr201Ala/Thr Acc | 90
5FURes
Table 7: SNPs in genes, without TMDs, involved in nucleotide metabolism, with unigue mutation for the indicated strain only.
Strains GeneID | ORF | GDB | WT | Resist A.A. mutation Codon ng’ﬁgee
Lmaj- .
5E2dURes LmjF.23.1590 | 788 C C CT | nonsyn_Ser263Leu/ Ser | tCa 9/0
Lmex-Finl- nonsyn_Glul66Ala/
SFURes | LMXM.36.0330 | 497 | T | T | GT Glu gAg | 300
Lmex PNl | mxm.344800 | 281 | G | G | AG | nonsyn ArgoaHis/ Arg | cGe | 40
5FURes
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