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ligand	
  (hedgehog),	
  a	
  receptor	
  (patched),	
  related	
  

intracellular	
  molecules	
  (fused	
  and	
  costal2),	
  and	
  the	
  

direct	
  effector	
  of	
  transcription	
  (gli).	
  Relative	
  to	
  

parental	
  tissues,	
  hedgehog	
  ligand	
  expression	
  is	
  

downregulated	
  in	
  the	
  PTZ	
  while	
  all	
  other	
  candidate	
  

genes	
  are	
  upregulated	
  in	
  the	
  PTZ	
  and	
  the	
  developing	
  

bud	
  (Figure	
  7).	
  In	
  contrast,	
  the	
  hedgehog	
  ligand	
  is	
  

upregulated	
  in	
  the	
  bud	
  

compared	
  to	
  the	
  

parental	
  tissues.	
  These	
  

data	
  suggest	
  that	
  

Hedgehog	
  signaling	
  is	
  

downregulated	
  in	
  

apolar	
  tissue	
  regions	
  

but	
  signaling	
  appears	
  

active	
  in	
  tissues	
  where	
  

polarity	
  is	
  present.	
  	
  

	
  
	
  
	
  
	
  
	
  

	
  
RNAi	
  
	
  
While	
  chemical	
  genetic	
  data	
  suggest	
  Hedgehog	
  signaling	
  modulates	
  polarity	
  in	
  adult	
  tissues	
  

of	
  Convolutriloba,	
  off-­‐target	
  effects	
  from	
  administrating	
  drug	
  treatments	
  are	
  possible,	
  	
  

Figure	
  5:	
  cDNA	
  synthesized	
  from	
  
three	
  tissue	
  regions	
  were	
  used	
  in	
  
the	
  qPCR	
  trials:	
  the	
  parental	
  region	
  
(left	
  square),	
  the	
  PTZ	
  (middle	
  
square),	
  and	
  the	
  bud	
  region	
  (right	
  
square).	
  
	
  

Figure	
  6:	
  Candidate	
  Hedgehog	
  signaling	
  genes	
  targeted	
  for	
  
qualitative	
  analysis.	
  Modified	
  from	
  Pan	
  et	
  al.	
  2013.	
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potentially	
  producing	
  phenotypes	
  not	
  directly	
  resulting	
  from	
  perturbation	
  of	
  Hedgehog	
  

signaling.	
  In	
  order	
  to	
  confirm	
  the	
  role	
  of	
  Hedgehog	
  signaling	
  in	
  polarity	
  maintenance	
  and	
  

loss	
  during	
  budding	
  in	
  Convolutriloba,	
  we	
  conducted	
  RNAi	
  mediated	
  gene	
  knockdown	
  of	
  	
  

specific	
  Hedgehog	
  signaling	
  genes.	
  Following	
  microinjection	
  of	
  dsRNA	
  into	
  the	
  gut	
  of	
  

budding	
  C.	
  macropyga,	
  we	
  made	
  a	
  qualitative	
  assessment	
  of	
  alterations	
  to	
  the	
  budding	
  

process.	
  RNAi	
  experiments	
  to	
  knockdown	
  fused,	
  hedgehog,	
  or	
  gli	
  each	
  resulted	
  in	
  delayed	
  

bud	
  detachment	
  or	
  lack	
  of	
  budding	
  phenotype	
  relative	
  to	
  control	
  RNAi	
  (data	
  not	
  shown).	
  

While	
  these	
  data	
  were	
  not	
  quantitative	
  in	
  nature,	
  these	
  results	
  suggest	
  Hedgehog	
  signaling	
  

may	
  play	
  a	
  role	
  in	
  maintaining	
  the	
  PTZ	
  and	
  the	
  subsequent	
  initiation	
  of	
  future	
  budding	
  

events.	
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Figure	
  7:	
  Log	
  change	
  in	
  gene	
  expression	
  in	
  the	
  bud	
  tissues	
  and	
  the	
  PTZ	
  tissues	
  standardized	
  to	
  parental	
  
tissues.	
  Error	
  bars	
  represent	
  standard	
  deviations.	
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Discussion	
  
	
  
	
  
Few	
  animals	
  have	
  the	
  potential	
  to	
  modify	
  or	
  manipulate	
  preexisting	
  axial	
  polarity.	
  The	
  

mechanisms	
  allowing	
  for	
  this	
  modification	
  are	
  central	
  to	
  understanding	
  the	
  evolution	
  and	
  

development	
  of	
  diverse	
  asexual	
  reproduction	
  strategies.	
  We	
  have	
  further	
  developed	
  

Convolutriloba	
  acoels	
  as	
  models	
  to	
  elucidate	
  the	
  molecular	
  signals	
  that	
  mediate	
  changes	
  in	
  

axis	
  polarity	
  in	
  vivo	
  during	
  reversed	
  polarity	
  budding.	
  While	
  budding	
  in	
  Convolutriloba	
  

appears	
  as	
  linked	
  reversed	
  AP	
  axes,	
  a	
  region	
  of	
  apolar	
  tissue	
  termed	
  the	
  polarity	
  transition	
  

zone	
  separates	
  the	
  two	
  juxtaposed	
  axes.	
  This	
  study	
  characterizes	
  Hedgehog	
  signaling	
  as	
  a	
  

key	
  regulator	
  in	
  the	
  maintenance	
  and	
  loss	
  of	
  polarity	
  that	
  drives	
  reversed	
  polarity	
  budding.	
  

Hedgehog	
  has	
  been	
  shown	
  in	
  planarians	
  to	
  affect	
  the	
  reestablishment	
  of	
  AP	
  axis	
  polarity	
  by	
  

directly	
  modulating	
  Wnt	
  expression	
  (Rink	
  et	
  al.	
  2009).	
  Given	
  these	
  data	
  and	
  the	
  highly	
  

conserved	
  role	
  of	
  Wnt	
  signal	
  transduction	
  in	
  the	
  development	
  of	
  AP	
  axial	
  polarity	
  during	
  

embryogenesis	
  and	
  regenerative	
  outgrowth	
  (Martindale	
  2005),	
  we	
  expected	
  Wnt	
  signaling	
  

to	
  play	
  a	
  key	
  role	
  in	
  reversed	
  polarity	
  budding.	
  However,	
  perturbation	
  of	
  Wnt	
  signaling	
  had	
  

no	
  effect	
  on	
  axial	
  polarity.	
  Acoels	
  occupy	
  a	
  unique	
  phylogenetic	
  position	
  basal	
  to	
  all	
  other	
  

bilaterians	
  (Ruiz-­‐Trillo	
  et	
  al.	
  1999;	
  Paps	
  et	
  al.	
  2009),	
  suggesting	
  a	
  possible	
  pleseomorphic	
  

condition	
  in	
  which	
  AP	
  axes	
  may	
  be	
  patterned	
  in	
  the	
  absence	
  of	
  Wnt	
  signaling.	
  Yet,	
  Wnt	
  

signaling	
  controls	
  regeneration	
  of	
  the	
  AP	
  axis	
  in	
  Hofstenia	
  miamia,	
  a	
  derived	
  acoel	
  species	
  

(Srivastava	
  et	
  al.	
  2014).	
  While	
  our	
  data	
  do	
  not	
  implicate	
  Wnt	
  signaling,	
  the	
  nature	
  of	
  

chemical	
  genetic	
  screens,	
  and	
  mode	
  of	
  action	
  of	
  specific	
  drugs	
  limit	
  our	
  attempts	
  to	
  

definitively	
  identify	
  all	
  candidate	
  signaling	
  mechanisms.	
  Targeted	
  RNAi	
  of	
  Wnt	
  components	
  

may	
  demonstrate	
  a	
  role	
  of	
  Wnt	
  signaling	
  in	
  this	
  process.	
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The	
  expression	
  of	
  hedgehog	
  is	
  downregulated	
  in	
  tissues	
  lacking	
  polarity	
  suggesting	
  that	
  

Hedgehog	
  signaling	
  maintains	
  polarity	
  within	
  Convolutriloba	
  tissues.	
  While	
  quantitative	
  

analysis	
  of	
  the	
  expression	
  of	
  other	
  Hedgehog	
  signaling	
  genes	
  shows	
  increases	
  in	
  expression	
  

in	
  both	
  the	
  PTZ	
  and	
  budding	
  tissues,	
  the	
  upregulation	
  of	
  the	
  hedgehog	
  ligand	
  is	
  requisite	
  

for	
  Hedgehog	
  signaling.	
  A	
  downregulation	
  of	
  hedgehog	
  alone	
  correlates	
  to	
  a	
  reduction	
  in	
  

signaling	
  that	
  potentially	
  mediates	
  a	
  transient	
  and	
  spatially	
  restricted	
  loss	
  of	
  polarity	
  

within	
  the	
  PTZ.	
  Significant	
  upregulation	
  of	
  Hedgehog	
  signaling	
  in	
  the	
  bud	
  is	
  not	
  surprising	
  

given	
  the	
  active	
  developmental	
  processes	
  that	
  are	
  patterning	
  asexual	
  progeny.	
  	
  

	
  

The	
  body-­‐wide	
  loss	
  of	
  polarity	
  resulting	
  from	
  pharmacological	
  inhibition	
  is	
  not	
  

phenocopied	
  by	
  gene-­‐targeted	
  knockdown	
  of	
  specific	
  Hedgehog	
  signaling	
  components.	
  

However,	
  initiation	
  of	
  subsequent	
  budding	
  events	
  and	
  modifications	
  of	
  the	
  timing	
  of	
  bud	
  

detachment	
  seem	
  to	
  be	
  affected	
  when	
  Hedgehog	
  signaling	
  is	
  downregulated	
  by	
  RNAi.	
  The	
  

absence	
  of	
  subsequent	
  budding	
  events	
  upon	
  Hedgehog	
  knockdown	
  is	
  likely	
  a	
  result	
  of	
  

failed	
  axis	
  development	
  given	
  the	
  upregulation	
  of	
  the	
  increase	
  in	
  hedgehog	
  expression	
  in	
  

actively	
  developing	
  buds.	
  The	
  temporal	
  delay	
  in	
  bud	
  detachment	
  may	
  be	
  due	
  to	
  a	
  loss	
  of	
  the	
  

PTZ	
  due	
  to	
  changes	
  in	
  Hedgehog	
  signals.	
  Without	
  a	
  localized	
  PTZ	
  with	
  disorganized	
  muscle	
  

fibers,	
  characteristic	
  tearing	
  of	
  tissue	
  is	
  likely	
  to	
  be	
  hindered	
  thus	
  delaying	
  bud	
  

detachment.	
  These	
  data	
  suggest	
  that	
  Hedgehog	
  knockdown	
  limits	
  the	
  presence	
  of	
  a	
  PTZ,	
  

which	
  seems	
  to	
  contradict	
  both	
  the	
  chemical	
  genetics	
  data	
  and	
  the	
  changes	
  in	
  Hedgehog	
  

signaling	
  expression	
  levels	
  assayed	
  by	
  qPCR.	
  Given	
  the	
  qualitative	
  nature	
  of	
  the	
  data,	
  we	
  

need	
  to	
  quantify	
  the	
  timing	
  of	
  bud	
  detachment	
  in	
  both	
  control	
  and	
  RNAi	
  treated	
  animals	
  to	
  

determine	
  the	
  extent	
  to	
  which	
  bud	
  detachment	
  is	
  delayed.	
  	
  In	
  addition,	
  phalloidin	
  staining	
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of	
  RNAi	
  treated	
  animals	
  would	
  determine	
  if	
  the	
  pattern	
  of	
  muscle	
  organization	
  is	
  altered	
  

from	
  that	
  of	
  a	
  normal	
  PTZ.	
  This	
  would	
  provide	
  further	
  evidence	
  for	
  elucidating	
  the	
  function	
  

of	
  each	
  gene	
  product.	
  

	
  

While	
  this	
  study	
  implicates	
  Hedgehog	
  signaling,	
  alteration	
  in	
  the	
  transcription	
  of	
  countless	
  

other	
  genes	
  may	
  mediate	
  in	
  vivo	
  changes	
  in	
  axial	
  polarity	
  in	
  addition	
  to	
  Hedgehog	
  signals.	
  A	
  

forward	
  genetics	
  approach	
  utilizing	
  RNAseq	
  to	
  compare	
  transcriptomes	
  of	
  polarized	
  tissue	
  

and	
  the	
  PTZ	
  will	
  identify	
  candidates	
  differentially	
  expressed	
  within	
  these	
  tissues.	
  In	
  

addition,	
  further	
  RNA	
  sequencing	
  of	
  Hedgehog	
  RNAi	
  samples	
  compared	
  to	
  control	
  RNAi	
  

samples	
  would	
  identify	
  potential	
  downstream	
  targets	
  of	
  Hedgehog	
  signaling	
  that	
  may	
  

mediate	
  the	
  polarity	
  modifications	
  that	
  we	
  have	
  described.	
  

	
  

Given	
  previously	
  limited	
  data	
  on	
  polarity	
  modifications	
  during	
  asexual	
  reproductive	
  

events,	
  this	
  study	
  suggests	
  that	
  Hedgehog	
  is	
  important	
  for	
  in	
  vivo	
  modification	
  of	
  already	
  

existing	
  axes.	
  Prior	
  studies	
  have	
  implicated	
  Wnt	
  in	
  regenerative	
  and	
  embryonic	
  patterning	
  

events,	
  but	
  this	
  study	
  provides	
  the	
  first	
  evidence	
  for	
  the	
  modification	
  and	
  even	
  loss	
  of	
  axial	
  

polarity	
  due	
  to	
  tissue-­‐specific	
  alterations	
  of	
  paracrine	
  signaling.	
  Reversed	
  polarity	
  budding	
  

represents	
  one	
  of	
  the	
  most	
  radical	
  postembryonic	
  modifications	
  of	
  axial	
  polarity	
  that	
  seems	
  

to	
  be	
  mediated	
  by	
  Hedgehog	
  signaling.	
  Potential	
  alterations	
  of	
  Hedgehog	
  or	
  similar	
  signals	
  

in	
  polarized	
  tissue	
  may	
  mediate	
  modifications	
  that	
  could	
  alter	
  the	
  potential	
  for	
  

postembryonic	
  development	
  in	
  a	
  variety	
  of	
  animal	
  taxa.	
  Harnessing	
  the	
  ability	
  to	
  alter	
  

tissue	
  polarity	
  in	
  vivo	
  has	
  unique	
  potential	
  to	
  one	
  day	
  allow	
  for	
  the	
  re-­‐initiation	
  of	
  

development	
  in	
  the	
  adult	
  soma,	
  a	
  critical	
  first	
  step	
  in	
  regenerative	
  medicine.	
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Methods	
  

	
  
	
  
Animal	
  Culture	
  
	
  
Acoels	
  were	
  cultured	
  as	
  isogenic	
  lines	
  (originally	
  established	
  from	
  a	
  single	
  individual)	
  in	
  12	
  

gallon	
  aquaria	
  at	
  24°C	
  with	
  a	
  12	
  h:12	
  h	
  light:dark	
  cycle	
  in	
  34ppt	
  artificial	
  seawater	
  (ASW,	
  

Instant	
  Ocean).	
  Artemia	
  nauplii	
  were	
  provided	
  weekly	
  as	
  food.	
  

	
  
	
  
Pharmacological	
  Inhibition	
  Trials	
  
	
  
All	
  pharmacological	
  reagents	
  were	
  obtained	
  from	
  Santa	
  Cruz	
  Biotechnology.	
  Stocks	
  of	
  all	
  

drugs	
  were	
  made	
  in	
  DMSO	
  and	
  then	
  diluted	
  in	
  ASW	
  to	
  working	
  concentrations	
  of	
  1-­‐2	
  μM.	
  

Control	
  animals	
  were	
  exposed	
  only	
  to	
  DMSO	
  and	
  ASW.	
  Water	
  and	
  drugs	
  were	
  changed	
  

daily.	
  	
  	
  After	
  four	
  days	
  of	
  soaking,	
  polarity	
  loss	
  was	
  observed	
  in	
  the	
  animals	
  exposed	
  to	
  

pharmacological	
  reagents.	
  Phenotypes	
  were	
  scored	
  by	
  a	
  loss	
  of	
  the	
  trilobe	
  tail	
  in	
  the	
  

posterior	
  region,	
  a	
  loss	
  of	
  eyespots	
  in	
  the	
  anterior	
  region,	
  and	
  the	
  presence	
  of	
  radialized	
  

morphology.	
  

	
  

	
  
qPCR	
  
	
  
To	
  examine	
  transcript	
  levels	
  across	
  the	
  budding	
  region,	
  RNA	
  was	
  extracted	
  using	
  TRIzol	
  

(Ambion)	
  reagent	
  and	
  Direct-­‐zol	
  RNA	
  Miniprep	
  kit	
  (Zymo)	
  from	
  ten	
  tissue	
  fragments	
  

excised	
  from	
  the	
  parent,	
  PTZ,	
  and	
  bud.	
  Following	
  DNase	
  treatment	
  (DNA-­‐free	
  RNA	
  Kit,	
  

Zymo	
  Research),	
  reverse	
  transcription	
  was	
  performed	
  using	
  Postscript	
  II	
  Reverse	
  

Transcriptase	
  (New	
  England	
  Biolabs)and	
  quantitative	
  PCR	
  was	
  conducted	
  using	
  GoTaq	
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SYBRgreen	
  qPCR	
  mastermix	
  	
  (Promega)	
  and	
  a	
  CFX96	
  (Biorad).	
  Two	
  biological	
  replicates	
  

were	
  performed	
  and	
  all	
  samples	
  were	
  measured	
  in	
  triplicate	
  to	
  account	
  for	
  pipetting	
  error.	
  

Absolute	
  quantities	
  of	
  each	
  transcript	
  were	
  determined	
  for	
  each	
  gene	
  and	
  normalized	
  to	
  

the	
  level	
  of	
  GAPDH	
  in	
  each	
  sample.	
  The	
  mean	
  value	
  for	
  each	
  amputated	
  treatment	
  was	
  then	
  

normalized	
  to	
  the	
  parental	
  tissue	
  fragments.	
  Primers	
  used	
  for	
  qPCR	
  are	
  included	
  in	
  Table	
  1.	
  

	
  

Table	
  1.	
  Oligonucleotides	
  used	
  to	
  amplify	
  C.	
  Macropyga	
  cDNA	
  and	
  to	
  conduct	
  qPCR	
  

Gene	
   Forward	
  Primer	
   Reverse	
  Primer	
  

cm-­‐Hh	
   CCCGTCGTTGTACATTGGTCCC	
   ACAGGGGGATTTTTCAGGGTGCA	
  
cm-­‐cos2	
   ACGCAACTGTGGACCAAATC	
   TCATTGCACTGGTGTTGCAC	
  
cm-­‐fus	
   AGGCGCGAGATCGAGATCATGAA	
   CGGCAGAGTTCCATCATCCTCCA	
  
cm-­‐ptc	
   TTGTAAACGACGGCCAGATC	
   TTGACCGTGCTGACAATCTG	
  
cm-­‐gli	
   AAAGCGTTCACGGATTGCAC	
   GGATGTTGTTGGTCGGTGTTG	
  

cm-­‐GAPDH	
   AACAGCGATTGCAGTTCACG	
   AGTAGTGAAAACGCCAGTCG	
  
	
  

Cloning	
  

For	
  cDNA	
  preparations,	
  RNA	
  was	
  extracted	
  using	
  TRIzol	
  Reagent	
  (Ambion).	
  Candidate	
  

genes	
  were	
  PCR	
  amplified	
  from	
  cDNA	
  generated	
  from	
  total	
  RNA	
  using	
  Postscript	
  II	
  Reverse	
  

Transcriptase	
  (New	
  England	
  Biolabs).	
  For	
  cloning,	
  2–3 µl	
  of	
  PCR	
  product	
  was	
  ligated	
  with	
  

70ng	
  of	
  Eam1105I-­‐digested	
  pJC53.2	
  (Collins	
  et	
  al.	
  2010)	
  using	
  T4	
  DNA	
  ligase	
  (New	
  England	
  

Biolabs)	
  and	
  used	
  to	
  transform	
  JM109	
  Escherichia	
  coli	
  cells.	
  All	
  primers	
  to	
  amplify	
  

candidate	
  genes	
  were	
  designed	
  based	
  on	
  a	
  previously	
  sequenced	
  C.	
  macropyga	
  assembly	
  

and	
  are	
  included	
  in	
  Table	
  2.	
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Table	
  2.	
  Oligonucleotides	
  used	
  to	
  amplify	
  C.	
  Macropyga	
  cDNA	
  and	
  in	
  the	
  cloning	
  procedure.	
  
	
  

Gene	
   Forward	
  Primer	
   Reverse	
  Primer	
  

cm-­‐Hh	
   CCAGAGACAGGGGGATTTTTCA	
   GGGCCTCTTCGCATTAATTAGC	
  
cm-­‐cos2	
   ATTTGGCCCCAGTAGTTCTCAG	
   GTTGCATACACTTCTCCTGGGA	
  
cm-­‐fus	
   TTTATGGTCTCTGGGCTGCATT	
   TCTGTTGAAGCATGATCGGTGA	
  
cm-­‐gli	
   ATTCACTGGAGGGTACGAACAC	
   TGTTTAGCCCTGTCTGATGCAT	
  

	
  
	
  

RNAi	
  trials	
  

To	
  generate	
  dsRNA,	
  templates	
  cloned	
  into	
  pJC53.2	
  (Collins	
  et	
  al.	
  2010)	
  were	
  amplified	
  with	
  

a	
  modified	
  T7	
  oligonucleotide	
  (GGATCCTAATACGACTCACTATAGGG),	
  purified	
  using	
  a	
  DNA	
  

Clean	
  &	
  Concentrator	
  kit	
  (Zymo	
  Research),	
  and	
  eluted	
  in	
  15 µl	
  of	
  water.	
  10.5 µl	
  of	
  each	
  

PCR	
  product	
  was	
  used	
  as	
  template	
  for	
  in	
  vitro	
  transcription	
  in	
  a	
  reaction	
  containing	
  5 µl	
  

100 mM	
  mix	
  of	
  ribonucleotide	
  triphosphates	
  (rNTPs)	
  (Promega),	
  1 µl	
  high-­‐yield	
  

transcription	
  buffer	
  (0.4 M	
  Tris	
  pH 8.0,	
  0.1 M	
  MgCl2,	
  20 mM	
  spermidine,	
  0.1 M	
  DTT),	
  1 

µl	
  thermostable	
  inorganic	
  pyrophosphatase	
  (New	
  England	
  Biolabs),	
  0.5 µl	
  RNAse	
  in	
  Plus	
  

RNAse	
  Inhibitor	
  (Promega),	
  and	
  2 µl	
  T7	
  RNA	
  polymerase.	
  Samples	
  were	
  incubated	
  at	
  37°C	
  

for	
  12 h	
  and	
  then	
  treated	
  with	
  RNase-­‐free	
  DNase	
  and	
  cleaned/concentrated	
  via	
  

ammonium	
  acetate	
  precipitation.	
  Synthesized	
  RNA	
  was	
  then	
  annealed	
  by	
  heating	
  at	
  95 °C,	
  

75°C	
  and	
  50°C	
  each	
  for	
  3 min.	
  dsRNA	
  solution	
  was	
  mixed	
  with	
  dye	
  and	
  65 nl	
  (~1μg/μL)	
  

was	
  microinjected	
  into	
  the	
  gut	
  of	
  midstage	
  budding	
  adult	
  C.	
  macropyga	
  four	
  times	
  over	
  the	
  

course	
  of	
  1	
  week	
  using	
  a	
  Nanoject	
  II	
  micromanipulator	
  (Drummond	
  Scientific).	
  As	
  a	
  

negative	
  control,	
  animals	
  were	
  injected	
  with	
  dsRNA	
  synthesized	
  from	
  the	
  ccdB-­‐	
  and	
  camR-­‐

containing	
  insert	
  of	
  pJC53.2	
  (Collins	
  et	
  al.	
  2010).	
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Phalloidin	
  Staining	
  

Worms	
  were	
  relaxed	
  in	
  4%	
  formaldehyde	
  in	
  artificial	
  seawater	
  for	
  30	
  min,	
  washed	
  at	
  least	
  

three	
  times	
  in	
  PBS,	
  washed	
  in	
  PBTx	
  (PBS+0.1%	
  Triton	
  X),	
  incubated	
  with	
  Alexa	
  Fluor-­‐488	
  

phalloidin	
  (Invitrogen)	
  at	
  1:100	
  in	
  PBTx	
  for	
  2	
  hours,	
  and	
  then	
  washed	
  three	
  times	
  in	
  PBS.	
  

Samples	
  were	
  mounted	
  in	
  Vectashield	
  (Vector	
  Labs).	
  

	
  

Microscopy	
  and	
  Imaging	
  

Samples	
  from	
  the	
  pharmacological	
  trials	
  were	
  imaged	
  with	
  a	
  Nikon	
  SMZ-­‐745T	
  

stereomicroscope	
  equipped	
  with	
  a	
  Nikon	
  DS-­‐Fi2	
  camera	
  interfaced	
  through	
  ViewNX2	
  

(Nikon).	
  Phalloidin	
  samples	
  were	
  imaged	
  using	
  a	
  Zeiss	
  LSM-­‐500	
  confocal	
  laser-­‐scanning	
  

microscope	
  using	
  the	
  Zen	
  Black	
  edition	
  (Zeiss).	
  Image	
  processing	
  was	
  performed	
  with	
  

Adobe	
  Photoshop	
  CS6	
  (v.	
  13.0).	
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