


1.  Sources	
  of	
  DNA	
  in	
  animals	
  
2.  The	
  types	
  of	
  DNA	
  data	
  we	
  collect:	
  

•  Single	
  nucleo>de	
  polymorphisms	
  (SNPs)	
  
•  Microsatellites	
  
•  DNA	
  sequence	
  data	
  

3.  Visualiza>on	
  and	
  interpreta>on	
  of	
  the	
  data	
  
•  Phylogene>c	
  trees	
  
•  Cluster	
  assignment	
  plots	
  

4.  Measuring	
  gene>c	
  diversity:	
  
Case	
  study:	
  Conserva>on	
  gene>cs	
  of	
  the	
  California	
  red-­‐legged	
  frog	
  
Rana	
  draytonii	
  

	
  

Outline:	
  



•  Nuclear	
  DNA	
  	
  
–  Contained	
  within	
  the	
  cell	
  nucleus	
  of	
  eukaryo>c	
  organisms	
  	
  
–  Bi-­‐parentally	
  transmiNed	
  from	
  parent	
  to	
  offspring	
  
–  Undergoes	
  recombina>on	
  
	
  

•  Mitochondrial	
  DNA	
  (mtDNA)	
  
–  Located	
  in	
  organelles	
  called	
  mitochondria	
  within	
  cells	
  	
  
–  Derived	
  from	
  the	
  circular	
  genomes	
  of	
  the	
  bacteria	
  that	
  
were	
  engulfed	
  by	
  the	
  early	
  ancestors	
  of	
  today's	
  eukaryo>c	
  
cells	
  

– Maternally	
  inherited	
  
–  No	
  recombina>on	
  

Two	
  main	
  sources	
  of	
  DNA	
  in	
  animals:	
  















TTTC25	
  tetramer	
  mo>f	
  

What	
  is	
  a	
  microsatellite?	
  





The	
  DNA	
  sequences	
  of	
  closely	
  related	
  individuals	
  are	
  more	
  similar	
  than	
  
distantly	
  related	
  individuals.	
  	
  

























How	
  are	
  R.	
  draytonii	
  popula>ons	
  gene>cally	
  structured	
  across	
  the	
  landscape?	
  

Some	
  of	
  our	
  research	
  ques>ons:	
  





How	
  are	
  R.	
  draytonii	
  popula>ons	
  gene>cally	
  structured	
  across	
  the	
  landscape?	
  
	
  
How	
  does	
  within-­‐popula>on	
  gene>c	
  diversity	
  change	
  with	
  respect	
  to	
  
proximity	
  to	
  the	
  range	
  edge?	
  
	
  
What	
  factors	
  determine	
  the	
  levels	
  of	
  within-­‐popula>on	
  gene>c	
  diversity	
  in	
  
California	
  Red-­‐legged	
  frogs,	
  par>cularly	
  at	
  the	
  range	
  edge?	
  	
  
	
  
How	
  can	
  we	
  iden>fy	
  suitable	
  source	
  popula>ons	
  for	
  transloca>on	
  to	
  areas	
  
formerly	
  occupied	
  by	
  R.	
  draytonii	
  in	
  California?	
  

Some	
  of	
  our	
  research	
  ques>ons:	
  





1.  Mitochondrial	
  DNA	
  sequence	
  data	
  (1013	
  nucleo>des	
  for	
  the	
  cytb	
  gene)	
  
•  Es>mated	
  a	
  phylogene>c	
  tree	
  to	
  assess	
  the	
  rela>onships	
  of	
  frogs	
  from	
  
different	
  sampling	
  loca>ons	
  

•  Iden>fy	
  contact	
  zones	
  between	
  evolu>onarily	
  divergent	
  groups	
  
	
  

2.  Allele	
  frequency	
  data	
  from	
  15	
  rapidly-­‐evolving	
  microsatellite	
  loci	
  
•  Iden>fy	
  natural	
  gene>c	
  groups,	
  or	
  clusters	
  based	
  on	
  the	
  allele	
  frequencies	
  
•  Iden>fy	
  zones	
  of	
  admixture	
  
•  Test	
  for	
  trends	
  in	
  gene>c	
  diversity	
  with	
  respect	
  to	
  proximity	
  the	
  range	
  edge	
  

	
  

What	
  types	
  of	
  data	
  did	
  we	
  use?	
  











Allelic	
  richness	
  Ar	
  =	
  number	
  of	
  alleles	
  at	
  locus	
  for	
  a	
  given	
  
sample	
  
	
  
Heterozygosity	
  H	
  =	
  frequency	
  of	
  heterozygotes	
  in	
  a	
  sample	
  	
  

•  H	
  ranges	
  from	
  zero	
  (no	
  heterozygosity)	
  to	
  nearly	
  1.0	
  (for	
  a	
  system	
  with	
  a	
  
large	
  number	
  of	
  equally	
  frequent	
  alleles)	
  	
  	
  

•  	
  HO	
  is	
  the	
  observed	
  frequency	
  of	
  heterozygotes	
  in	
  a	
  sample	
  
•  	
  HE	
  is	
  the	
  expected	
  heterozygosity	
  under	
  HWP	
  

Relatedness	
  =	
  average	
  pairwise	
  measure	
  of	
  gene>c	
  similarity	
  
between	
  individuals	
  

How	
  can	
  we	
  measure	
  gene>c	
  diversity?	
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Comparison of genetic diversity indices by year  (San Francisquito Canyon) 

Comparison of pairwise Fst values across years 



It's	
  true	
  that	
  most	
  popula>ons	
  are	
  large,	
  but	
  they	
  don't	
  
necessarily	
  act	
  large…	
  

	
  This	
  is	
  because	
  individuals	
  vary	
  in	
  their	
  ability	
  to	
  pass	
  their	
  genes	
  on	
  
	
  to	
  the	
  next	
  genera>on.	
  

	
  

So	
  it	
  is	
  important	
  to	
  dis>nguish	
  between	
  	
  
•  The	
  census	
  (actual)	
  popula>on	
  size	
  N	
  

•  and	
  the	
  effec>ve	
  popula>on	
  size	
  Ne	
  (used	
  for	
  gene>c	
  calcula>ons)	
  
	
  
	
  
Anything	
  that	
  increases	
  the	
  variance	
  among	
  individuals	
  in	
  reproduc>ve	
  
success	
  will	
  reduce	
  Ne	
  

What	
  about	
  effec>ve	
  popula>on	
  size?	
  





Why	
  don’t	
  we	
  see	
  convincing	
  evidence	
  of	
  a	
  gene3c	
  decline	
  following	
  
the	
  fire-­‐flood	
  event,	
  even	
  though	
  census	
  surveys	
  indicate	
  that	
  the	
  
popula3on	
  declined	
  drama3cally?	
  

1.  The	
  popula>on	
  was	
  boNlenecked	
  to	
  begin	
  with,	
  so	
  only	
  common	
  alleles	
  
were	
  present	
  before	
  the	
  fire.	
  	
  

2.  Frogs	
  can	
  and	
  do	
  survive	
  the	
  fires.	
  

3.  Long	
  genera>on	
  >me	
  causes	
  gene>c	
  iner>a,	
  delaying	
  the	
  signature	
  of	
  a	
  
boNleneck	
  in	
  allele	
  frequency	
  data.	
  	
  















Current	
  state	
  of	
  knowledge	
  
	
  
1.  Isola>on,	
  depauperate	
  gene>c	
  diversity,	
  lack	
  of	
  current	
  gene	
  flow,	
  inability	
  for	
  

new	
  immigrants	
  to	
  enter	
  range	
  boundary	
  popula>ons,	
  and	
  suscep>bility	
  to	
  
fire/flood	
  events	
  suggests	
  that	
  	
  peripheral	
  popula>ons	
  in	
  southern	
  California	
  
are	
  in	
  an	
  unstable	
  condi>on	
  and	
  need	
  to	
  be	
  managed.	
  

2.  Con>nued	
  gene>c	
  monitoring	
  for	
  popula>ons	
  that	
  have	
  undergone	
  known,	
  
severe	
  declines	
  would	
  go	
  a	
  long	
  way	
  towards	
  understanding	
  the	
  severity	
  of	
  
boNlenecks	
  and	
  their	
  implica>ons	
  for	
  long	
  term	
  survival.	
  

3.  Spa>al	
  gene>c	
  data	
  can	
  and	
  are	
  being	
  used	
  to	
  inform	
  transloca>on	
  efforts	
  in	
  
manner	
  consistent	
  with	
  the	
  evolu>onary	
  dynamics	
  of	
  the	
  species	
  at	
  the	
  
southern	
  range	
  boundary.	
  	
  




