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The	
  lizard	
  Zootoca	
  vivipara	
  (Figure	
  1)	
  
is	
  one	
  on	
  the	
  few	
  example	
  in	
  Nature	
  
which	
   shows,	
   within	
   the	
   same	
  
species,	
   popula>ons	
   with	
   different	
  
reproduc>ve	
   modali>es.	
   Oviparous	
  
popula>ons	
  live	
  in	
  the	
  southern	
  part	
  
of	
  its	
  distribu>onal	
  range	
  (the	
  newly	
  
discovered	
   Z.v.carniolica	
   in	
   Eastern-­‐
Italian	
  Alps	
  and	
  Z.v.louislantzi	
   in	
   the	
  
Py renees ) ,	
   wh i l e	
   v i v i pa rous	
  
subspecies	
   (e.g.	
   Z.v.vivipara	
   and	
  
Z.v .sachal inens is )	
   are	
   widely	
  
distributed	
   from	
   Bri>sh	
   Isles	
   and	
  
central	
   France	
   to	
   Scandinavia	
   and	
  
north-­‐eastern	
  Asia	
  (Figure	
  2)	
  [1].	
  This	
  
species	
   is,	
   therefore,	
   par>cularly	
  
well	
   suited	
   for	
   	
   	
   	
   studying	
   the	
  
evolu>onary	
   shiZ	
   in	
   reproduc>ve	
  
mode.	
  	
  

Figure 1: The process of RADSeq. (A) Genomic DNA is sheared with a restriction enzyme of choice (SbfI
in this example). (B) P1 adapter is ligated to SbfI-cut fragments. The P1 adapter is adapted from the Illumina
sequencing adapter (full sequence not shown here), with a molecular identifier (MID; CGATA in this example)
and a cut site overhang at the end (TGCA in this example). (C) Samples from multiple individuals are pooled
together and all fragments are randomly sheared. Only a subset of the resulting fragments contains restric-
tion sites and P1 adapters. (D) P2 adapter is ligated to all fragments. The P2 adapter has a divergent end.
(E) PCR amplification with P1 and P2 primers. The P2 adapter will be completed only in the fragments ligated
with P1 adapter, and so only these fragments will be fully amplified. (F) Pooled samples with different MIDs are
separated bioinformatically and SNPs called (C/G SNP underlined). (G) As fragments are sheared randomly, paired
end sequences from each sequenced fragment will cover a 300^400bp region downstream of the restriction site.
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Materials	
  and	
  Methods	
  

A	
   Next	
   Genera>on	
   Sequencing	
   technique	
   was	
   used	
   to	
   analyse	
   40	
  
samples	
  of	
  Zootoca	
  vivipara	
  to	
  cover	
  the	
  overall	
  gene>c	
  varia>on	
  of	
  
the	
   species.	
   RADtag	
   sequencing	
   (Figure	
   3)	
   uses	
   Illumina	
   HiSeq	
  
technology	
   to	
   simultaneously	
   discover	
   and	
   analyse	
   thousands	
   of	
  
SNPs	
   at	
   genome	
   level	
   [6].	
   Bioinforma>c	
   analyses	
   have	
   been	
  
conducted	
  using	
  the	
  pipeline	
  soZware	
  Stacks	
  v1.02	
  [7].	
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Fig.2	
  Zootoca	
  vivipara	
  European	
  distribu>on	
  and	
  subspecific	
  pacern	
  (modified	
  from	
  [2])	
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Bioinforma>c	
   analysis	
   performed	
   using	
   the	
   pipeline	
   soZware	
   Stacks	
   produced	
  
about	
   100.000	
   local	
   alignments	
   and	
   about	
   260.000	
   Single	
   Nucleo>de	
  
Polymorphisms	
   (SNPs).	
   87.385	
   SNPs,	
   selected	
   from	
   the	
   75bp	
   single-­‐end	
   reads	
  
showing	
  no	
  more	
  than	
  5	
  SNPs,	
  were	
  used	
  to	
  describe	
  the	
  overall	
  gene>c	
  varia>on	
  
between	
  subspecies.	
  The	
   result	
  of	
  MDS	
   (Figure	
  2)	
   seems	
   to	
  confirm	
  (according	
   to	
  
[1])	
  the	
  existence	
  of	
  two	
  oviparous	
  clades	
  (Z.v.carniolica	
  and	
  Z.v.louislantzi)	
  and	
  one	
  
viviparous	
  clade	
  (composed	
  by	
  Z.v.vivipara	
  and	
  Z.v.sachalinensis).	
  	
  
We	
   addi>onally	
   analyzed	
   a	
   restricted	
  marker-­‐set	
   (4908	
   SNP)	
   in	
   order	
   to	
   have	
   at	
  
least	
  50%	
  of	
  present	
  data	
  in	
  each	
  clade,	
  for	
  trying	
  to	
  inves>gate	
  the	
  gene>c	
  basis	
  of	
  
evolu>on	
  of	
  viviparity	
  dividing	
  our	
  dataset	
  according	
  to	
  reproduc>ve	
  mode.	
  	
  
We	
  adopted	
  three	
  different	
  approaches	
  (Figure	
  5):	
  	
  
	
  
(1) Fst	
  Outlier	
  (intersec>on	
  of	
  markers	
  with	
  paiwise	
  Fst	
  ≥	
  0.5	
  between	
  vivipara	
   (V)	
  

and	
   carniolica	
   (O)	
   and	
   vivipara	
   (V)	
   and	
   lousilantzi	
   (O)	
   and	
   Fst	
   ≤	
   0.05	
   within	
  
vivipara	
  (V));	
  	
  

(2) Tassel	
  (genotype-­‐phenotype	
  associa>on	
  using	
  Mixed	
  Linear	
  Model)	
  [3];	
  	
  
(3) Gemma	
   (soZware	
   implemen>ng	
   the	
   Genome-­‐wide	
   Effcient	
   Mixed	
   Model	
  

Associa>on	
  algorithm)[4].	
  
	
  
We	
   selected	
   217	
   SNPs	
   that	
   were	
   iden>fied	
   in	
   at	
   least	
   two	
   methods.	
   Genomic	
  
sequences	
  (200-­‐500	
  bp	
  long,	
  achieved	
  with	
  Illumina	
  Paired-­‐end	
  protocol)	
  physically	
  
linked	
  to	
  these	
  markers	
  were	
  then	
  BLASTed	
  against	
  the	
  Anolis	
  Carolinensis	
  genome	
  
[5]	
  (the	
  only	
  rep>le	
  genome	
  available	
  at	
  the	
  moment;	
  A.	
  carolinensis	
  and	
  Z.	
  vivipara	
  
share	
  the	
  most	
  recent	
  common	
  ancestor	
  about	
  180	
  mya).	
  	
  

Fig.4	
  Mul>Dimensional	
   Scaling	
  based	
  on	
  gene>c	
  distances	
  
between	
  individuals	
  according	
  to	
  87k	
  SNPs.	
  
	
  
	
  

Fig.5	
   GWAS	
   approach.	
   Puta>ve	
   SNPs	
   (217)	
   were	
   chosen	
  
among	
   4908	
   markers	
   that	
   showed	
   significant	
   signal	
   of	
  
selec>on	
  in	
  at	
  least	
  two	
  methods.	
  

Fig.5	
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Conclusions	
  
Looking	
  for	
  genes	
  and	
  markers	
  showing	
  signals	
  of	
  selec>on	
  
is	
   becoming	
   rela>vely	
   straighrorward	
  with	
   the	
   advent	
   of	
  
NGS;	
   RADtag,	
   together	
   with	
   Paired-­‐end	
   sequencing,	
   is	
   a	
  
useful	
  method	
  to	
  assemble	
  millions	
  of	
  genomic	
  reads	
  into	
  
con>gs	
   which	
   can	
   be	
   compared	
   to	
   known	
   sequences	
   in	
  
exis>ng	
   databases.	
   However,	
   not	
   all	
   genes	
   can	
   be	
  
iden>fied,	
  since	
  non-­‐model	
  species	
  may	
  contain	
  unknown	
  
genes	
   or	
   the	
   closest	
   reference	
   genome	
   may	
   not	
   be	
   so	
  
close.	
  
We	
   analyzed	
   con>gs	
   physically	
   linked	
   to	
   217	
   SNPs	
  which	
  
showed	
   signal	
   of	
   selec>on	
   and	
   we	
   found	
   sequence	
  
similari>es	
  in	
  about	
  60%	
  of	
  them	
  (max	
  E-­‐value	
  0.5,	
  against	
  
A.	
   carolinensis	
   genome).	
   Among	
   the	
   predicted	
   proteins	
  
observed,	
   eight	
   genes	
   could	
   be	
   possibly	
   related	
   to	
  
reproduc>ve	
   mode	
   according	
   to	
   previous	
   studies	
   that	
  
focused	
   on	
   different	
   physiological	
   pathways	
   that	
   differ	
  
between	
  oviparous	
  and	
  viviparous	
  reproduc>ve	
  mode	
  [8].	
  	
  
Evolu>on	
  of	
  viviparity	
  poses	
  a	
  major	
  immunological	
  hurdle	
  
for	
  mother	
   and	
   foetus.	
   For	
   instance,	
   cytokines	
   and	
  other	
  
proteins	
  involved	
  in	
  immunological	
  response	
  seem	
  to	
  play	
  
a	
   similar	
   role	
   in	
   mammals	
   and	
   viviparous	
   squamates.	
  
Hormone	
  receptors	
  have	
  an	
  essen>al	
  part	
   in	
  evolu>on	
  of	
  
viviparity,	
  in	
  fact	
  they	
  may	
  regulate	
  follicular	
  development	
  
and	
  oocyte	
  matura>on.	
  Also	
  proteins	
  involved	
  in	
  placental	
  
development	
   and	
   vasculariza>on	
   are	
   peculiar	
   elements	
  
that	
   characterize	
   	
   mammals	
   and	
   viviparous	
   squamates.	
  
Examples	
  of	
   these	
  gene	
  categories	
  were	
   iden>fied	
   in	
   this	
  
study	
  and	
  listed	
  in	
  Table	
  1.	
  	
  
So	
   far,	
   only	
   gene-­‐by-­‐gene	
   or	
   protein-­‐by-­‐protein	
  
approaches	
  have	
  been	
  taken;	
  this	
  study	
  is	
  the	
  first	
  acempt	
  
to	
   analyze	
   the	
   oviparity/viviparity	
   transi>on	
   at	
   genomic	
  
level,	
   with	
   the	
   consciousness	
   that	
   this	
   shiZ	
   is	
   a	
   very	
  
complex	
   physiological	
   process,	
   probably	
   mediated	
   by	
  
hundreds	
  of	
  genes.	
  	
  

Genes	
  (predicted	
  proteins)	
   FuncEon	
  

Immunoglobulin	
  light	
  chain	
  	
  

Immune	
  system	
  

Suppressor	
  of	
  cytokine	
  signaling	
  

V-­‐set	
  and	
  immunoglobulin	
  domain	
  

Immunoglobulin	
  superfamily	
  member	
  

Interferon	
  induced	
  protein	
  

Vasopressin	
  V1A	
  
Vasculariza>on	
  

Angiopoie>n-­‐related	
  protein	
  

Progesterone	
  binding	
  factor	
   Hormone	
  receptor	
  

Fst	
  
Outliers	
  

TASSEL	
   GEMMA	
  

Tab.	
  1	
  Examples	
  of	
  iden>fied	
  genes	
  possibly	
  related	
  to	
  reproduc>ve	
  mode	
  

Fig.1	
  Adult	
  individual	
  of	
  
Zootoca	
  vivipara	
  (photo	
  by	
  
K.	
  Tabarelli	
  de	
  Fa>s)	
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Z. v. vivipara from Central Europe (V) 
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