
GENOME	
  PLASTICITY	
  AND	
  GENETIC	
  EXCHANGE	
  

IN	
  LEISHMANIA	
  TROPICA	
  

	
  

Stefano	
  Iantorno	
  

Gonville	
  and	
  Caius	
  College	
  

	
  

This	
  dissertation	
  is	
  submitted	
  for	
  the	
  title	
  of	
  	
  

Doctor	
  of	
  Philosophy	
  

at	
  the	
  University	
  of	
  Cambridge	
  

June	
  30th,	
  2015	
  

	
  

	
  

	
  



2	
  

	
  

	
  

	
  

Declaration	
  

	
  

I	
  hereby	
  declare	
  that	
  this	
  dissertation	
  is	
  entirely	
  the	
  product	
  of	
  my	
  own	
  work	
  and	
  

contains	
  nothing	
  that	
  is	
  the	
  product	
  of	
  work	
  done	
  in	
  collaboration	
  with	
  others	
  

except	
  when	
  explicitly	
  stated	
  here	
  and	
  in	
  the	
  main	
  text.	
  

	
  

The	
  sequence	
  data	
  that	
  was	
  used	
  in	
  this	
  thesis	
  was	
  produced	
  by	
  the	
  core	
  Sequencing	
  

production	
  teams	
  at	
  the	
  Wellcome	
  Trust	
  Sanger	
  Institute.	
  

	
  

None	
  of	
  the	
  work	
  presented	
  has	
  been	
  submitted	
  for	
  the	
  purpose	
  of	
  obtaining	
  

another	
  degree.	
  This	
  dissertation	
  does	
  not	
  exceed	
  60,000	
  words	
  in	
  length,	
  as	
  

required	
  by	
  the	
  School	
  of	
  Biological	
  Sciences.	
  

	
  

Stefano	
  Iantorno,	
  June	
  2015	
  

	
  

	
  



3	
  

	
  

	
  

	
  

To	
  my	
  parents	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  



4	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  



5	
  

ACKNOWLEDGEMENTS	
  

	
  

Although	
   the	
   work	
   presented	
   in	
   this	
   dissertation	
   is	
   my	
   own,	
   this	
   thesis	
   is	
   the	
  

product	
   of	
   concerted	
   efforts	
   by	
   many	
   different	
   people.	
   I	
   thank	
   my	
   supervisors,	
  

David	
   Sacks,	
   Michael	
   Grigg,	
   Matt	
   Berriman,	
   and	
   James	
   Cotton	
   for	
   their	
   unfailing	
  

support	
   and	
   critical	
   insight	
   in	
   both	
   the	
   experimental	
   and	
   analytic	
   portions	
   of	
  my	
  

thesis,	
   and	
   for	
   always	
   being	
   able	
   to	
   provide	
   a	
   high	
   level	
   perspective	
   to	
   guide	
   the	
  

direction	
   of	
   the	
   research.	
   Among	
   those	
   who	
   helped	
   carry	
   this	
   research	
   project	
  

forward	
  at	
  NIH,	
  I	
  am	
  greatly	
  indebted	
  to	
  Audrey	
  Romano	
  and	
  Ehud	
  Inbar	
  for	
  their	
  

humour	
   and	
   for	
   their	
   assistance	
  with	
   a	
   range	
   of	
   experimental	
   procedures,	
   and	
   to	
  

Kim	
  Beacht	
  for	
  assistance	
  with	
  the	
  mouse	
  work.	
  Phillip	
  Lawyer’s	
  wisdom	
  provided	
  

countless	
   opportunities	
   to	
   deepen	
  my	
   knowledge	
   of	
   medical	
   entomology	
   and	
   his	
  

technical	
  skills	
  proved	
  essential	
  in	
  maintaining	
  the	
  laboratory	
  colonies	
  for	
  the	
  sand	
  

fly	
   feeding	
   assays.	
   Kashinath	
   Ghosh	
   also	
   provided	
   assistance	
   with	
   the	
   sand	
   fly	
  

colonies	
  and	
  sand	
  fly	
  midgut	
  dissections.	
  Alain	
  Debrabant	
  offered	
  crucial	
  assistance	
  

with	
   transfection	
   procedures	
   and	
  with	
   genetic	
  modification	
   of	
   parasite	
   strains.	
   At	
  

the	
  Wellcome	
  Trust	
  Sanger	
  Institute,	
  Caroline	
  Durrant’s	
  firm	
  grasp	
  on	
  statistics	
  was	
  

essential	
  to	
  some	
  of	
  the	
  more	
  complicated	
  analyses.	
  Adam	
  Reid	
  provided	
  guidance	
  

with	
  the	
  RNA-­‐seq	
  analyses.	
  Mandy	
  Sanders	
  oversaw	
  all	
  sequencing	
  procedures	
  and	
  

facilitated	
   communications	
   with	
   the	
   core	
   sequencing	
   teams.	
   All	
   of	
   the	
   analyses	
  

performed	
  in	
  this	
  thesis	
  would	
  not	
  have	
  been	
  possible	
  if	
  not	
  for	
  the	
  essential	
  work	
  

done	
   by	
   Alan	
   Tracey	
   and	
   Karen	
   Brooks	
   in	
   the	
   pathogen	
   genome	
   finishing	
   team	
  



6	
  

improving	
   the	
   L.	
   tropica	
   reference	
   assembly.	
   Lastly,	
   I	
   thank	
   the	
   NIH-­‐OXCAM	
  

program	
   for	
   generous	
   funding	
   and	
   for	
   providing	
   excellent	
   career	
   development	
  

opportunities	
  throughout	
  my	
  graduate	
  studies.	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  



7	
  

SUMMARY	
  

	
  

Leishmania	
   is	
   a	
   genus	
   of	
   unicellular	
   eukaryotic	
   parasites	
   responsible	
   for	
   a	
   wide	
  

range	
   of	
   human	
   diseases,	
   from	
   cutaneous	
   (CL)	
   and	
  mucocutaneous	
   leishmaniasis	
  

(MCL)	
   to	
   life-­‐threatening	
   visceral	
   leishmaniasis	
   (VL).	
   Leishmania	
   tropica	
   is	
  

responsible	
  for	
  significant	
  CL	
  in	
  endemic	
  areas	
  in	
  North	
  and	
  East	
  Africa,	
  the	
  Middle	
  

East,	
  and	
  the	
  Indian	
  subcontinent,	
  and	
  has	
  also	
  been	
  associated	
  with	
  a	
  variant	
  form	
  

of	
   VL	
   called	
   viscerotropic	
   leishmaniasis.	
   Significant	
   heterogeneity	
   has	
   been	
  

observed	
  in	
  L.	
  tropica	
  in	
  both	
  clinical	
  course	
  of	
  disease	
  and	
  in	
  response	
  to	
  treatment,	
  

and	
   published	
   data	
   suggests	
   there	
   is	
   great	
   genetic	
   diversity	
   within	
   this	
   species.	
  

RNA-­‐seq	
  analysis	
  of	
  12	
  clinical	
  isolates	
  of	
  Leishmania	
  tropica	
  revealed	
  considerable	
  

intraspecific	
   differences	
   in	
   gene	
   expression.	
   Comparison	
   with	
   whole-­‐genome	
  

sequence	
  data	
  generated	
  from	
  the	
  same	
  12	
  isolates	
  using	
  a	
  new	
  reference	
  genome	
  

assembly	
  suggests	
  that	
  most	
  variation	
  in	
  gene	
  expression	
  is	
  explainable	
  by	
  variation	
  

in	
   copy	
   number	
   at	
   the	
   level	
   of	
   individual	
   genes,	
   or	
   at	
   the	
   level	
   of	
   whole	
  

chromosomes.	
   Most	
   field	
   isolates	
   appear	
   to	
   be	
   near	
   diploid,	
   but	
   some	
   degree	
   of	
  

aneuploidy	
   is	
   seen	
   in	
   all	
   isolates.	
   Cloning	
   of	
   single	
   cells	
   from	
   4	
   of	
   these	
   isolates	
  

showed	
   variable	
   ploidy	
   within	
   the	
   same	
   clinical	
   isolate,	
   a	
   condition	
   that	
   in	
  

Leishmania	
   has	
   been	
   called	
  mosaic	
   aneuploidy.	
   The	
  most	
   significant	
   differentially	
  

expressed	
   genes	
   in	
   this	
   set	
   of	
   isolates	
   code	
   for	
   membrane-­‐bound	
   transporter	
  

proteins,	
   which	
   are	
   known	
   to	
   be	
   involved	
   in	
   uptake	
   of	
   nutrients	
   and	
   drug	
  

compounds	
  from	
  the	
  extracellular	
  environment.	
  We	
  identify	
  copy	
  number	
  variation	
  

in	
   these	
  genes	
  suggesting	
   that	
  a	
   certain	
  degree	
  of	
  plasticity	
   is	
  observed	
   in	
  natural	
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populations	
   of	
   Leishmania,	
   creating	
   the	
   conditions	
   necessary	
   for	
   rapid	
  

downregulation	
   or	
   upregulation	
   of	
   different	
   transporter	
   proteins	
   over	
   a	
   limited	
  

number	
  of	
  mitotic	
  generations	
  in	
  the	
  presence	
  of	
  environmental	
  stressors.	
  Such	
  an	
  

evolutionary	
  phenomenon	
  could	
  be	
  important	
  in	
  mediating	
  decreased	
  susceptibility	
  

to	
  drug	
  treatment	
  in	
  endemic	
  areas.	
  To	
  further	
  understand	
  how	
  such	
  large	
  genetic	
  

variation	
  can	
  be	
  generated	
  and	
  the	
  role	
  of	
  genetic	
  exchange	
  in	
  shaping	
  the	
  genomic	
  

landscape	
   in	
   this	
   important	
  pathogen,	
  we	
  have	
  carried	
  out	
  a	
  controlled	
   laboratory	
  

cross	
   between	
   one	
   isolate	
   collected	
   in	
   Israel	
   and	
   one	
   collected	
   in	
   Lebanon.	
   Ten	
  

hybrid	
   lines	
  were	
  recovered	
  from	
  crosses	
  we	
  performed	
  in	
  sand	
  flies.	
  The	
  present	
  

study	
   provides	
   the	
   first	
   in-­‐depth,	
   complete	
   description	
   of	
   structural	
   genome	
  

changes	
  and	
   recombination	
  occurring	
  during	
  hybridization	
   in	
  an	
  artificial	
   cross	
  of	
  

Leishmania	
   tropica.	
   The	
   implications	
   of	
   this	
   structural	
   variation	
   for	
   parasite	
  

evolution	
   in	
   natural	
   populations	
   in	
   response	
   to	
   drug	
   pressure	
   due	
   to	
   increased	
  

elimination	
  efforts	
  will	
  be	
  discussed.	
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