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Single	
  celled	
  
	
  
PromasIgote	
  in	
  vector	
  
AmasIgote	
  in	
  host	
  
	
  
	
  
Vector	
  =	
  Phlebotominus	
  argen4pes	
  (sandfly)	
  	
  
	
  
Leishmania	
  donovani	
  =	
  AnthroponoIc	
  
	
  
Spleen	
  aspirate	
  microscopy	
  	
  

Leishmania	
  



1.	
  Leishmania	
  epidemiology	
  

350	
  million	
  people	
  at	
  risk	
  
12	
  million	
  infecIons	
  (Alvar	
  et	
  al	
  2012	
  Plos	
  One)	
  
	
  
Cutaneous	
  (CL)	
  and	
  visceral	
  (VL)	
  leishmaniasis	
  
	
  
Each	
  year:	
  200-­‐400k	
  new	
  VL,	
  700-­‐1,200k	
  new	
  CL	
  
	
  
98	
  countries	
  
90%	
  VL:	
  India/Bangladesh;	
  Sudan/Ethiopia;	
  Brazil	
  
90%	
  =	
  asymptomaIc	
  (India/Nepal,	
  Ostyn	
  et	
  al	
  2011)	
  



Leishmania	
  in	
  Bangladesh	
  

VL	
  in	
  1824	
  in	
  Jessore	
  (Bern	
  and	
  Chowdhury	
  2006)	
  
75k	
  dead	
  in	
  1824-­‐7	
  

Data	
  from	
  Alvar	
  et	
  al	
  2012	
  Plos	
  One	
  

1	
  million	
  cases	
  reported	
  in	
  
Bengal	
  in	
  1931-­‐43	
  
	
  
1968-­‐80:	
  59	
  cases	
  (Rahman	
  
&	
  Islam	
  1983)	
  
VL	
  gone	
  in	
  1970s?	
  
	
  
1994-­‐2004:	
  74k	
  cases	
  
50%	
  of	
  cases	
  in	
  Mymensingh	
  	
  



Leishmania	
  in	
  Bangladesh	
  

50%	
  of	
  cases	
  in	
  
Mymensingh	
  	
  

Data	
  from	
  Alvar	
  et	
  al	
  2012	
  Plos	
  One	
  

2007:	
  137k	
  acIve	
  cases	
  
	
   	
  but	
  5k	
  actually	
  reported	
  

	
  
Fulbaria:	
  1.56%	
  person	
  years	
  
(Bern	
  et	
  al	
  2007)	
  
Godagari/Rajshahi:	
  2.7%	
  
(Mondal	
  et	
  al	
  2009)	
  
	
  
Miltefosine	
  since	
  2008	
  	
  
Sodium	
  sIbogluconate	
  (SSG)	
  
2nd	
  line:	
  Amphotericin	
  B	
  	
  
	
  

Godagari  
Rajshahi  

Fulbaria  



Leishmania	
  in	
  India	
  

VL	
  common	
  unIl	
  1947	
  unIl	
  
1960s	
  Malaria	
  EradicaIon	
  
Program	
  &	
  DDT	
  spraying	
  
	
  

Data	
  from	
  Alvar	
  et	
  
al	
  2012	
  Plos	
  One	
  

1869	
  Garo	
  Hills	
  outbreak	
  
1899	
  (Purnea	
  in	
  Bihar)	
  
	
  
No	
  reports	
  in	
  1962/3	
  
	
  
100k	
  cases	
  in	
  1977	
  
40k	
  in	
  1978	
  
	
  
4.2-­‐fold	
  underesImaIon	
  
(Singh	
  et	
  al	
  2006)	
  
	
  



Leishmania	
  in	
  India	
  

Data	
  from	
  Alvar	
  et	
  al	
  2012	
  Plos	
  One	
  

~271k	
  in	
  2007	
  (45k	
  cases)	
  
Miltefosine	
  in	
  2012:	
  6%	
  non-­‐cure	
  
2nd	
  line:	
  Amphotericin	
  B:	
  2%	
  
AnImonial-­‐R	
  up	
  to	
  60%	
  in	
  Bihar	
  
SSG	
  used	
  50%	
  =>	
  40%	
  2nd	
  course	
  



Leishmania	
  in	
  Nepal	
  

Common	
  before	
  1958	
  unIl	
  
1960s	
  Malaria	
  EradicaIon	
  
Program	
  &	
  DDT	
  spraying	
  

Data	
  from	
  Alvar	
  et	
  al	
  2012	
  Plos	
  One	
  

VL	
  (CL	
  is	
  rare)	
  
	
  
Found	
  again	
  1980	
  
	
  
Spread	
  via	
  1977	
  outbreak	
  
in	
  Bihar	
  (Bista	
  1998)	
  
	
  
1.5	
  higher	
  than	
  reported	
  
numbers	
  (BPKHIS	
  2010)	
  	
  
	
  



Leishmania	
  in	
  Nepal	
  

1980-­‐9	
  =>	
  0.01%	
  (years)	
  
Now	
  0.043-­‐55%	
  (Schenkel	
  et	
  al	
  2006)	
  
	
  
1980-­‐2006:	
  26k	
  cases	
  in	
  16	
  districts	
  
	
  
2007-­‐10	
  VL	
  in	
  26	
  districts	
  

Data	
  from	
  Alvar	
  et	
  al	
  2012	
  Plos	
  One	
  



Leishmania	
  in	
  Nepal	
  

Miltefosine	
  in	
  2012:	
  11%	
  relapse,	
  1.5%	
  death	
  
SSG	
  sIll	
  used	
  in	
  4	
  districts	
  
2nd	
  line:	
  Amphotericin	
  B	
  	
  
23%	
  of	
  people	
  use	
  indigenous	
  healers!	
  (Mondal	
  et	
  al	
  ‘09)	
  
	
  
	
  

Data	
  from	
  Alvar	
  et	
  
al	
  2012	
  Plos	
  One	
  



2.	
  Leishmania	
  reproduc-on	
  &	
  biology	
  

Figure 1  in Rougeron V, De Meeûs T, Kako Ouraga S, Hide M, et al. (2010) “Everything You Always Wanted to Know about Sex (but 
Were Afraid to Ask)” in Leishmania after Two Decades of Laboratory and Field Analyses. PLoS Pathog 6(8): e1001004.  



Teixeira DE, Benchimol M, Rodrigues JCF, Crepaldi PH, et al. (2013) The Cell Biology of Leishmania: How to Teach Using Animations. PLoS 
Pathog 9(10): e1003594.  

2.	
  Leishmania	
  in	
  the	
  vector	
  



Teixeira DE, Benchimol M, Rodrigues JCF, Crepaldi PH, et al. (2013) The Cell Biology of Leishmania: How to Teach Using Animations. PLoS 
Pathog 9(10): e1003594.  

2.	
  Leishmania	
  in	
  the	
  host	
  



Clonality	
  =	
  binary	
  fission	
  =>	
  heterozygosity	
  fixed	
  WRONG	
  
(Meselson	
  effect)	
  
	
  
Autogamous	
  =	
  selfing	
  =>	
  mixed	
  haplotypes	
  RIGHT	
  
	
  
Leishmania	
  are	
  sexual	
  but	
  vector	
  co-­‐infecIon	
  is	
  rare	
  
	
  
Apparent	
  “clonal”	
  paqern	
  
	
  
Parasexuality	
  with	
  aneuploidy,	
  peculiar	
  combinaIons	
  

Akopyants et al 2009 Science 

2.	
  Leishmania	
  reproduc-on	
  &	
  biology	
  



3.	
  Gene-cs	
  of	
  Leishmania	
  donovani	
  

Downing,	
  Imamura	
  et	
  al	
  2011.	
  Genome	
  Research.	
  

Sauro	
  vs	
  Old	
  World	
  vs	
  Viannia	
  species	
  
	
  
	
  
	
  
	
  
L.	
  donovani:	
  
36	
  chromosomes	
  
8,252	
  chromosomal	
  genes	
  
Aneuploidy	
  



Chrom	
  copy	
  
number	
  
change	
  is	
  	
  
universal	
  in	
  
Leishmania	
  

Mannaert,	
  Downing	
  et	
  al.	
  
2012.	
  Trends	
  Parasitol.	
  



3.	
  Gene-cs	
  of	
  Leishmania	
  donovani	
  

Downing,	
  Imamura	
  et	
  al	
  
2011.	
  Genome	
  Research.	
  

CNVs,	
  episomes	
  
flanked	
  by	
  short	
  	
  	
  
direct	
  repeats	
  or	
  
ribosomal	
  mobile	
  
elements	
  
	
  
SSG:	
  MAPK-­‐locus	
  
(chr36)	
  	
  
822-­‐bp	
  -­‐	
  acid	
  	
  
phosphatase	
  genes	
  
	
  
	
  



3	
  SNPs	
  to	
  detect	
  SSG	
  treatment	
  failure	
  paIents	
  
	
  
SNPs	
  at	
  chr13:442924,	
  chr24:26882,	
  chr35:1619958	
  
	
  
SensiIvity	
  of	
  77.8%	
  (40.2%–96.1%)	
  
Specificity	
  of	
  100.0%	
  (82.2%–100.0%)	
  
	
  
Not	
  SSG-­‐R	
  vs	
  SSG-­‐S:	
  infrapopulaIon	
  heterogeneity?	
  
	
  

Vanaerschot,	
  Decuypere,	
  Downing	
  et	
  al.	
  2012.	
  J	
  Infect	
  Dis.	
  

3.	
  Gene-cs	
  of	
  Leishmania	
  donovani	
  



L.	
  donovani	
  
complex	
  

30k	
  SNPs	
  

Cyprus	
  

Turkish	
  &	
  Cypriot	
  
hybrids	
  

Europe	
  

Middle	
  East	
  
South	
  America	
  

Sudan	
  
Ethiopia	
  

India	
  
Kenya	
  

Saudi	
  Arabia	
  
Ethiopia	
  

India	
  
Nepal	
  

Nepal	
  

1.  Clinical	
  outbreaks	
  	
  
2.  Hybrids	
  
3.  Geography	
  

Phylogenomic	
  neighbournet	
  network	
  of	
  uncorrected	
  
P	
  values	
  for	
  126	
  strains	
  for	
  399,934	
  genomic	
  SNPs	
  

Sri	
  Lanka	
  



3.	
  Gene-cs	
  of	
  Leishmania	
  donovani	
  

Adapted	
  from	
  Downing,	
  Rogers	
  et	
  al	
  2014.	
  Plos	
  GeneIcs.	
  

Genomes	
  of	
  12	
  Leishmania:	
  
11	
  from	
  sand	
  flies	
  (Phlebotomus	
  tobbi)	
  and	
  1	
  from	
  a	
  
paIent	
  (all	
  isolates,	
  cell	
  populaIon)	
  
	
  
Single	
  focus	
  of	
  CL	
  in	
  Çukurova	
  (southeast	
  Turkey)	
  
	
  
Cross	
  of	
  two	
  diverse	
  strains	
  +	
  F1	
  selfing	
  	
  
Bimodal	
  divergence	
  compared	
  to	
  reference	
  (related)	
  
PhylogeneIc	
  incompaIbility	
  	
  
Sexual	
  and	
  asexual	
  reproducIon	
  within	
  populaIon	
  



3.	
  Gene-cs	
  of	
  Leishmania	
  donovani	
  

Adapted	
  from	
  Downing,	
  Rogers	
  et	
  al	
  2014.	
  Plos	
  GeneIcs.	
  



4.	
  Popula-on	
  structure	
  in	
  India/Nepal	
  



98	
  Bihar,	
  98	
  Terai,	
  8	
  Bangladesh	
  
	
  
In	
  191: 	
  2,418	
  SNPs	
  (62%	
  are	
  in	
  one	
  sample	
  only)	
  

	
   	
   	
  749	
  amino	
  acid	
  changes	
  

55,857	
  SNPs	
  
45,743	
  SNPs	
  

SPAIN	
  

ETHIOPIA	
  

NEPAL	
  

4.	
  Popula-on	
  structure	
  in	
  India/Nepal	
  



	
  
	
  

1	
  SNP	
  per	
  100	
  kb	
  
Mean	
  88	
  SNPs	
  b/w	
  pairs	
  
	
  
Only	
  566	
  genes	
  have	
  1+	
  non-­‐singleton	
  SNPs	
  
Only	
  63	
  genes	
  have	
  2+	
  non-­‐singleton	
  SNPs	
  
Only	
  12	
  genes	
  have	
  3+	
  non-­‐singleton	
  SNPs	
  
	
  
46.5%	
  SNPs	
  in	
  CDS	
  
Nonsyn/syn	
  ~	
  749/364	
  =>	
  recent	
  populaIon	
  expansion	
  	
  	
  	
  

4.	
  Popula-on	
  structure	
  in	
  India/Nepal	
  



SSGR	
  

4.	
  Popula-on	
  structure	
  in	
  India/Nepal	
  



4.	
  Popula-on	
  structure	
  in	
  India/Nepal	
  



How	
  old?	
  
	
  
Full	
  marginal	
  	
  
posterior	
  
densiIes	
  of	
  ages	
  
of	
  the	
  oldest	
  
split	
  in	
  each	
  
group	
  (months)	
  
183	
  non-­‐hybrid	
  
samples	
  
	
  
red	
  (strict)	
  and	
  
pink	
  (relaxed)	
  
lines	
  =	
  medians	
  

1880s	
  

1960s	
  

2000	
  

1960s	
  

1970s	
  

1920s	
  

1980s	
  

1940s	
  

1850s	
  1940s	
  

James	
  Coqon	
  
(Sanger	
  UK)	
  



Phylogenomic	
  
tree	
  

1977	
  
1992	
  
2007	
  

1960s	
  

2000	
  

	
  P=0.89	
  India	
  	
  

P=0.997	
  
India	
  	
  

Quinine	
  
AnImonials	
  1915	
  

1960s	
   1979	
  



SSG-­‐S 	
  SSG-­‐R	
  
-­‐ 	
   	
   	
  -­‐	
  
1 	
   	
   	
  1	
  
11 	
   	
  4	
  
2 	
   	
   	
  10	
  
4 	
   	
   	
  3	
  
-­‐ 	
   	
   	
  -­‐	
  
-­‐ 	
   	
   	
  -­‐	
  
0 	
   	
   	
  1	
  
1 	
   	
   	
  1	
  
3 	
   	
   	
  6	
  



21	
  strains	
  with	
  no	
  clear	
  populaIon	
  membership	
  shown	
  
with	
  ancestry	
  proporIons	
  for	
  K=7	
  populaIons	
  

Unassigned	
  samples:	
  hybrids	
  or	
  rare?	
  

4.	
  Popula-on	
  structure	
  in	
  India/Nepal	
  



A	
  hybrid	
  will	
  have:	
  
Few	
  new	
  SNPs	
  
Many	
  heterozygous	
  SNPs	
  
New	
  haplotypes	
  from	
  known	
  ones	
  

A	
  rare	
  lineage	
  will	
  have:	
  
Many	
  new	
  SNPs	
  
Few	
  heterozygous	
  SNPs	
  
New	
  haplotypes	
  



A	
  hybrid	
  will	
  have:	
  
Few	
  or	
  no	
  new	
  SNPs	
  
Many	
  heterozygous	
  SNPs	
  
New	
  haplotypes	
  from	
  known	
  ones	
  

A	
  rare	
  lineage	
  will	
  have:	
  
A	
  few	
  new	
  SNPs	
  
Few	
  heterozygous	
  SNPs	
  
New	
  haplotypes	
  

191	
  here	
  are	
  
homogeneous	
  



Recombina-on	
  
	
  
Rare	
  
	
  
62+	
  events	
  
	
  
four	
  gamete	
  test:	
  
9,876	
  from	
  
2,029,105	
  SNP	
  
pairs	
  (0.5%)	
  
	
  
Pervasive	
  LD	
  
	
  
Pairwise	
  haplotype	
  
sharing	
  in	
  191	
  
samples	
  =>	
  right	
  
	
  
Lawson	
  et	
  al	
  2012	
  	
  



Pairwise	
  
haplotype	
  sharing	
  
in	
  191	
  samples	
  
	
  
610	
  SNPs	
  



PCA	
  of	
  haplotype	
  pa[erns	
  scales	
  across	
  ISC004/5/6/7	
  

4.	
  Popula-on	
  structure	
  in	
  India/Nepal	
  



ISC	
  group	
   Origin	
   002	
   High	
   003	
   High	
   004	
   High	
   005	
   High	
   006	
   High	
   007	
   High	
  
BHU770A1	
   ISC004	
   1	
   0	
   2	
   1	
   13	
   8	
   1	
   0	
   0	
   0	
   0	
   0	
  
BHU1011A1	
   ISC004	
   1	
   0	
   2	
   1	
   13	
   8	
   2	
   0	
   1	
   0	
   0	
   0	
  
BPK035A1	
   ISC004	
   1	
   0	
   2	
   1	
   13	
   8	
   2	
   0	
   1	
   0	
   0	
   0	
  
BPK043A1	
   ISC004	
   1	
   0	
   2	
   1	
   13	
   8	
   2	
   0	
   1	
   0	
   0	
   0	
  
BPK280A1	
   ISC004	
   1	
   0	
   1	
   0	
   21	
   11	
   1	
   0	
   0	
   0	
   0	
   0	
  
BPK615A1	
   ISC004	
   1	
   0	
   1	
   0	
   21	
   11	
   1	
   0	
   0	
   0	
   0	
   0	
  
BPK158A1	
   ISC004	
   1	
   0	
   1	
   0	
   61	
   35	
   1	
   0	
   0	
   0	
   0	
   0	
  
BHU815A1	
   ISC005/6	
   0	
   0	
   1	
   1	
   0	
   0	
   21	
   14	
   8	
   0	
   2	
   0	
  
BHU574A1	
   ISC005/6	
   0	
   0	
   0	
   0	
   1	
   0	
   15	
   10	
   11	
   0	
   10	
   0	
  
BHU581A1	
   ISC005/6	
   0	
   0	
   0	
   0	
   1	
   0	
   19	
   15	
   14	
   0	
   32	
   10	
  
BHU764A1	
   ISC005/6	
   0	
   0	
   0	
   0	
   1	
   0	
   25	
   15	
   19	
   1	
   11	
   0	
  
BHU572A1	
   ISC005/6	
   0	
   0	
   0	
   0	
   1	
   0	
   35	
   24	
   20	
   0	
   23	
   6	
  
BHU274A1	
   ISC005/6	
   0	
   0	
   2	
   1	
   2	
   0	
   30	
   18	
   14	
   0	
   12	
   2	
  
BHU1092A1	
   ISC006/7	
   0	
   0	
   0	
   0	
   0	
   0	
   0	
   0	
   26	
   0	
   20	
   0	
  
BHU774A1	
   ISC006/7	
   0	
   0	
   0	
   0	
   0	
   0	
   0	
   0	
   32	
   0	
   35	
   6	
  
BHU844A1	
   ISC006/7	
   0	
   0	
   0	
   0	
   0	
   0	
   0	
   0	
   44	
   2	
   27	
   0	
  
BHU1064A1	
   ISC006/7	
   0	
   0	
   0	
   0	
   0	
   0	
   1	
   0	
   27	
   0	
   20	
   0	
  
BHU1032A1	
   ISC006/7	
   0	
   0	
   0	
   0	
   0	
   0	
   1	
   0	
   28	
   1	
   20	
   0	
  
BHU592A1	
   ISC006/7	
   0	
   0	
   0	
   0	
   0	
   0	
   1	
   0	
   28	
   1	
   20	
   0	
  
BPK609A1	
   ISC006/7	
   0	
   0	
   0	
   0	
   0	
   0	
   1	
   0	
   45	
   2	
   27	
   0	
  
BHU744A1	
   ISC006/7	
   1	
   0	
   1	
   1	
   1	
   0	
   1	
   1	
   26	
   1	
   25	
   4	
  

4.	
  Popula-on	
  structure	
  in	
  India/Nepal	
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35
-1
41
39
83

Ld
35
-1
41
47
42

Ld
35
-1
43
93
18

Ld
35
-1
45
93
56

Ld
35
-1
45
96
49

Ld
35
-1
47
80
28

Ld
35
-1
54
93
87

Ld
35
-1
55
32
58

Ld
35
-1
59
84
42

Ld
35
-1
61
99
58

Ld
35
-1
65
53
21

Ld
35
-1
65
61
69

Ld
35
-1
75
56
58

Ld
35
-1
77
37
62

Ld
35
-1
96
86
99

Ld
35
-2
02
58
34

Ld
36
-1
06
59
3

Ld
36
-1
97
15
9

Ld
36
-2
73
71
2

Ld
36
-3
30
12
2

Ld
36
-3
43
93
4

Ld
36
-3
44
16
7

Ld
36
-3
48
37
6

Ld
36
-3
48
53
9

Ld
36
-4
47
59
6

Ld
36
-4
63
67
0

Ld
36
-5
26
23
3

Ld
36
-5
26
31
1

Ld
36
-6
35
31
2

Ld
36
-7
54
80
6

Ld
36
-7
85
94
8

Ld
36
-7
89
50
2

Ld
36
-8
86
12
6

Ld
36
-9
59
52
6

Ld
36
-9
62
88
1

Ld
36
-1
13
10
26

Ld
36
-1
46
49
55

Ld
36
-1
48
89
71

Ld
36
-1
48
92
31

Ld
36
-1
73
41
89

Ld
36
-1
74
68
25

Ld
36
-1
89
46
68

Ld
36
-1
92
88
88

Ld
36
-2
14
05
17

Ld
36
-2
18
45
13

Ld
36
-2
26
60
23

Ld
36
-2
26
94
79

Ld
36
-2
41
72
05

Ld
36
-2
45
54
89

Ld
36
-2
46
58
91

Ld
36
-2
46
59
52

Ld
36
-2
47
22
93

Ld
36
-2
48
55
10

Ld
36
-2
57
50
79

Ld
36
-2
70
62
28

BD09 BD
BD12 BD
BD14 BD
BD15 BD
BD17 BD
BD21 BD
BD24 BD
BD25 BD
BHU1139A1 OTH
BHU872A1 OTH
BPK066A1 OTH
BPK067A1 OTH
BPK507A1 OTH
BPK515A1 OTH
BPK518A1 OTH
BPK519A1 OTH
NEP123A1 OTH
BHU1146A1 NEP
BPK025A1 NEP
BPK029A1 NEP
BPK080A1 NEP
BPK081A1 NEP
BPK087A1 NEP
BPK090A1 NEP
BPK091A1 NEP
BPK190A1 NEP
BPK206A1 NEP
BPK208A1 NEP
BPK274A1 NEP
BPK276A1 NEP
BPK279A1 NEP
BPK293A1 NEP
BPK298A1 NEP
BPK455A1 NEP
BPK455B2 NEP
BPK471A1 NEP
BPK475A1 NEP
BPK495A1 NEP
BPK496A1 NEP
BPK501A1 NEP
BPK509A1 NEP
BPK509B2 NEP
BPK514A1 NEP
BPK516A1 NEP
BPK526A1 NEP
BHU1042A1 SSGR
BHU1080A1 SSGR
BHU1081A1 SSGR
BHU1104A1 SSGR
BHU1163A1 SSGR
BHU1164A1 SSGR
BHU1216A1 SSGR
BHU171A1 SSGR
BHU172A1 SSGR
BHU180A1 SSGR
BHU188A1 SSGR
BHU198A1 SSGR
BHU210A1 SSGR
BHU213A1 SSGR
BHU215A1 SSGR
BHU239A1 SSGR
BHU241A1 SSGR
BHU254A1 SSGR
BHU267A1 SSGR
BHU268A1 SSGR
BHU269A1 SSGR
BHU271A1 SSGR
BHU273A1 SSGR
BHU275A1 SSGR
BHU278A1 SSGR
BHU281A1 SSGR
BHU293A1 SSGR
BHU296A1 SSGR
BHU297A1 SSGR
BHU315A1 SSGR
BHU339A1 SSGR
BHU568A1 SSGR
BHU569A1 SSGR
BHU573A1 SSGR
BHU575A1 SSGR
BHU741A1 SSGR
BHU777A1 SSGR
BHU782A1 SSGR
BHU796A1 SSGR
BHU800A1 SSGR
BHU850A1 SSGR
BHU975A1 SSGR
BHU994A1 SSGR
BPK164A1 SSGR
BPK173A1 SSGR
BPK173B2 SSGR
BPK177A1 SSGR
BPK275A1 SSGR
BPK275B2 SSGR
BPK498A1 SSGR
BPK649A1 SSGR
NEP098A1 SSGR
BPK077A1 REF-NP
BPK085A1 REF-NP
BPK178A1 REF-NP
BPK181A1 REF-NP
BPK181B2 REF-NP
BPK282B2 REF-NP
BPK288B2 REF-NP
BPK295A1 REF-NP
BPK375A1 REF-NP
BPK433A1 REF-NP
BPK486A1 REF-NP
BPK491A1 REF-NP
BPK497A1 REF-NP
BPK499A1 REF-NP
BPK500A1 REF-NP
BPK502A1 REF-NP
BPK505A1 REF-NP
BPK506A1 REF-NP
BPK513A1 REF-NP
BPK520A1 REF-NP
BPK530A1 REF-NP
BPK562A1 REF-NP
BPK569A1 REF-NP
BPK619A1 REF-NP
BPK650A1 REF-NP
NEP021A1 REF-NP
NEP053A1 REF-NP
NEP107A1 REF-NP
BHU200A1 REF-IN
BHU201A1 REF-IN
BHU202A1 REF-IN
BHU205A1 REF-IN
BHU216A1 REF-IN
BHU220A1 REF-IN
BHU222A1 REF-IN
BHU224A1 REF-IN
BHU230A1 REF-IN
BHU233A1 REF-IN
BHU234A1 REF-IN
BHU238A1 REF-IN
BHU242A1 REF-IN
BHU250A1 REF-IN
BHU283A1 REF-IN
BHU298A1 REF-IN
BHU301A1 REF-IN
BHU798A1 REF-IN
BHU808A1 REF-IN
BHU824A1 REF-IN
BHU889A1 REF-IN
BHU1052A1 REF-rel
BHU1065A1 REF-rel
BHU797A1 REF-rel
BHU828A1 REF-rel
BHU869A1 REF-rel
BHU902A1 REF-rel
BHU906A1 REF-rel
BHU931A1 REF-rel
BHU1153A1 MIX12
BHU1199A1 MIX12
BHU345A1 MIX12
BHU982A1 MIX12
BPK157A1 MIX12
BPK294A1 MIX12
BPK344A1 MIX12
BPK345A1 MIX12
BPK380A1 MIX12
BPK602A1 MIX12
BPK608A1 MIX12
BPK616A1 MIX12
BHU1137A1 MIX4
BHU783A1 MIX4
BHU814A1 MIX4
BHU816A1 MIX4
BHU1011A1 Undefined
BHU1032A1 Undefined
BHU1064A1 Undefined
BHU1092A1 Undefined
BHU274A1 Undefined
BHU572A1 Undefined
BHU574A1 Undefined
BHU581A1 Undefined
BHU592A1 Undefined
BHU744A1 Undefined
BHU764A1 Undefined
BHU770A1 Undefined
BHU774A1 Undefined
BHU815A1 Undefined
BHU844A1 Undefined
BPK035A1 Undefined
BPK043A1 Undefined
BPK158A1 Undefined
BPK280A1 Undefined
BPK609A1 Undefined
BPK615A1 Undefined

Painted	
  genomes	
  
610	
  informa-ve	
  SNPs	
  



SNPs	
  in	
  ISC005-­‐
associated	
  
haplotypes	
  using	
  
the	
  sample-­‐
populaIon	
  model	
  



Expected	
  copying	
  
probabiliIes	
  for	
  all	
  SNPs	
  in	
  
BPK275/0cl18	
  (ISC005)	
  



Expected	
  copying	
  
probabiliIes	
  for	
  all	
  SNPs	
  in	
  
BPK158/0cl9	
  (ISC999)	
  



Expected	
  copying	
  
probabiliIes	
  for	
  all	
  SNPs	
  in	
  
BHU1011/0	
  (ISC999)	
  







Phylogeny	
  of	
  phased	
  chr35	
  
haplotypes	
  of	
  191	
  samples	
  
	
  
We	
  found	
  hybrids	
  between:	
  
	
  
ISC005-­‐ISC006	
  
ISC005-­‐ISC007	
  
ISC005-­‐ISC009	
  
ISC005-­‐ISC010	
  
ISC008-­‐ISC009	
  
ISC008-­‐ISC010	
  
	
  
Many	
  independent	
  events	
  
Many	
  half-­‐siblings	
  
	
  
RecombinaIon	
   	
  	
  	
  	
  	
  	
  	
  	
  
within	
  groups	
   May	
  2009	
  

Dec	
  2009	
  

Feb	
  2007	
  

Feb	
  2009	
  

Feb	
  2010	
  



Phylogeny	
  
of	
  phased	
  
chr32	
  
haplotypes	
  
of	
  191	
  
samples	
  
	
  



MAPK	
  (3)	
  &	
  H-­‐locus	
  (2)	
  episomes	
  have	
  het	
  SNPs	
  
	
  
17	
  out	
  of	
  167	
  small	
  indels	
  in	
  CDS	
  
	
  
CNVs	
  	
   	
  duplicaIons,	
  tandem	
  arrays,	
  sub-­‐telomeric	
  
	
   	
   	
  3.6	
  Mb	
  (11%	
  of	
  genome)	
  	
  

5.	
  Genome	
  plas-city	
  and	
  drug	
  tolerance	
  



MAPK-­‐locus	
  (chr36)	
  and	
  SSG	
  
5.	
  Genome	
  plas-city	
  and	
  drug	
  tolerance	
  



	
  
2	
  bp	
  inserIon	
  	
  
=>	
  premature	
  stop	
  
Aquaglyceroporin	
  1	
  (AQP1)	
  
	
  
AnImonial	
  transporter	
  	
  
Gourbal	
  et	
  al	
  2004	
  J	
  Biol	
  Chem	
  	
  
	
  
All	
  ISC005	
  strains	
  =	
  near-­‐fixed	
  
	
   	
   	
   	
   	
  	
  
	
   	
   	
   	
   	
   	
  6	
  hybrids	
  =	
  kinda	
  

5.	
  Genome	
  plas-city	
  
and	
  drug	
  tolerance	
  







Summary	
  

① Leishmaniasis	
  is	
  an	
  understudied	
  problem	
  

② 	
  Leishmania	
  produce	
  hybrids	
  at	
  every	
  scale	
  

③ Many	
  mechanisms	
  of	
  drug	
  tolerance	
  and	
  origins	
  	
  

④ Drug-­‐R:	
  Gene?	
  Trunk?	
  Genealogies?	
  L-­‐staIsIcs?	
  


