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Shared	
  patterns	
  of	
  repeat	
  composition	
  
in	
  Helianthus	
  provide	
  insight	
  into	
  the	
  
history	
  of	
  sunflower	
  genomes	
  



•  Fine-­‐scale	
  structure	
  of	
  the	
  TEs	
  in	
  the	
  
sunflower	
  genome	
  has	
  been	
  thoroughly	
  
analyzed	
  

– Time	
  scales	
  of	
  ac;vity	
  
– Dele;on	
  rates	
  
– Characteris;cs	
  of	
  inser;on	
  to	
  describe	
  genomic	
  
bias	
  

– Differen;al	
  gain/loss	
  of	
  TEs	
  over	
  ;me	
  

Common	
  sunflower	
  genome	
  descrip;on	
   



	
  
What	
  is	
  the	
  ;me	
  scale	
  
over	
  which	
  sunflower	
  
LTR	
  elements	
  have	
  
been	
  ac;ve?	
  

Est.	
  origin	
  of	
  H.	
  annuus	
  (Strasburg	
  and	
  Rieseberg	
  2008)	
  



Gold:	
  Chromoviruses	
  
Grey:	
  Copia	
  

	
  
Fine-­‐scale	
  structure	
  of	
  a	
  H.	
  annuus	
  BAC	
  clone	
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  recombina;on	
  events 
2980 2990 3000 3010 3020

RLC-jiliwu-1
RLC-jiliwu-2
RLC-jiliwu-3
RLC-jiliwu-4
RLC-jiliwu-5
RLC-jiliwu-6

A G T A G G T A A T G A A G C C A C A C G T C A A C T A C G A C G A G A - T C T A C T G A A G A A A G A A T T C
T A A A G G A C A A G T C G C A A C C A G C C A A T C A T C C A C C G A C T C T T C C - - - - - - - - A A C T T
C G A G G G A A G T G A G A G C A T G - G T T A A A A G C A A A A A G G C A T T A C T C A A G A A A G A G T T C
T G C A C G G A T T G - - - - - - - - - A T C A A G A T T G A - - - - - - - - - - T T G A A C A G T C A G T T T
T C G T G G T A G T G A A G A A A T G - G T C A A A A G C A A G A A A T C G C T T C T A A A G A A A G A G T T T
T A C T G G A A G T G A C G A T A T G - C T T A G G A A T A A G A T G T C T C T C A T T A A A A A G G A A T T T

Consensus

T G + A G G A A G T G A + G + + A T G - G T C A A + A A + A A + A A G + C T C T + C T G A A G A A A G A + T T T11256 11266 11276 11286 11296

RLG-kefe-1
RLG-kefe-2
RLG-kefe-3
RLG-kefe-4

A A T C T A A T C A T C A - T C G A - - - - - - - - - - - A C T C G A G A C T C G A A T T A C G T G A A T T T T G G G G C
A A T C G A A C C A T C A C T C G A - - - - - - - - - - - A C T C G A A A C T C - A A T T A T G C G - A C T T T G G T G T
A A T T T C A T C G A C A A T C G A A T C G A A G T C G C A C T C G C A A C T C G A A T T A C A C - - A T T T T G G T - T
A A T C T A T T T G G T A C T T G A - - - - - - - - - - C T C T T C A G A C T C G C G A A A C T T G A T T C T T G G T T A

Consensus

A A T C T A A T C + T C A C T C G A - - - - - - - - - - C A C T C G A + A C T C G A A T T A C G + G A A T T T T G G T G T

3’	
  LTR	
  

5’ LTR	
  

1.  Global	
  alignment	
  
2.  Construct	
  global	
  HMM	
  (only	
  in	
  HMMER2)	
  
3.  Search	
  BACs/Scaffolds/etc.	
  that	
  have	
  been	
  

masked	
  with	
  the	
  fl	
  LTR-­‐RTs	
  	
  
	
  

	
  

Is	
  there	
  any	
  pa[ern	
  
with	
  respect	
  to	
  
element	
  loss?	
  

0.14	
  :	
  1.0	
  :	
  0.6	
  	
  
solo	
  :	
  intact	
  :	
  truncated	
  
	
  

0.2	
  :	
  1.0	
  maize	
  
	
  



	
  
DNA	
  removal	
  in	
  the	
  H.	
  annuus	
  genome	
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1	
  –	
  Lengths	
  are	
  presented	
  as	
  the	
  average	
  (in	
  bp).	
  	
  	
  
2	
  –	
  Percent	
  composi;on	
  of	
  BAC	
  clones	
  and	
  WGS	
  reads	
  along	
  with	
  the	
  standard	
  devia;on	
  for	
  each	
  superfamily.	
  	
  	
  
3	
  –	
  Ra;o	
  of	
  solo	
  LTRs	
  (Solo)	
  to	
  full-­‐length	
  (FL)	
  to	
  truncated	
  (TR)	
  LTR	
  retrotransposon	
  copies.	
  	
  	
  
4	
  –	
  The	
  ra;o	
  of	
  BLAST	
  hits	
  for	
  LTR	
  sequences	
  (LTR)	
  to	
  reverse	
  transcriptase	
  (RVT)	
  sequences	
  from	
  the	
  WGS	
  reads.	
  
	
  
	
  



Primary research questions 

I.  How	
  do	
  the	
  pa[erns	
  in	
  H.	
  annuus	
  compare	
  with	
  
other	
  Asteraceae	
  

I.  Do	
  we	
  see	
  predominant	
  pa[ern	
  of	
  Gypsy	
  bias?	
  
II.  Is	
  there	
  any	
  phylogene;c	
  signal	
  in	
  TE	
  ac;vity?	
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other	
  Asteraceae	
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  we	
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  predominant	
  pa[ern	
  of	
  Gypsy	
  bias?	
  
II.  Is	
  there	
  any	
  phylogene;c	
  signal	
  in	
  TE	
  ac;vity?	
  

II. What	
  level	
  of	
  genome	
  varia;on	
  is	
  there	
  across	
  all	
  
breeding	
  lines	
  of	
  H.	
  annuus?	
  



Calyeraceae	
  (outgroup)	
  	
  

Taxon	
  sampling	
  for	
  WGS	
  sequencing 

Subfamily	
   Species	
  

0.04

Barnadesioideae	
  

Mu;sioideae	
  

Carduoideae	
  

Asteroideae	
  

Helianthus	
  argophyllus	
  

Helianthus	
  annuus	
  

Helianthus	
  porteri	
  

Helianthus	
  ver2cillatus	
  

Helianthus	
  niveus	
  ssp.	
  tephrodes	
  

Phoebanthus	
  tenufolius	
  

Conoclinium	
  coeles3num	
  

Pseduognaphalium	
  helleri	
  

Senecio	
  vulgaris	
  

Taraxacum	
  kok-­‐saghyz	
  

Centrapalus	
  pauciflorus	
  

Carthamus	
  3nctorius	
  

Gerbera	
  hybrida	
  

Fulcaldea	
  stuessyi	
  

Nasanthus	
  patagonicus	
  

Cichorioideae	
  

Sequencing	
  
	
  
Every	
  major	
  subfamily	
  
represented	
  
	
  
Six	
  species	
  in	
  the	
  tribe	
  
Heliantheae	
  	
  
	
  
1-­‐5X	
  100	
  bp	
  Illumina	
  
paired-­‐end	
  WGS	
  
	
  
763	
  nuclear	
  loci	
  
targeted	
  by	
  sequence	
  
capture	
  
	
  

>75%	
  bootstrap	
  support	
  



Taxon	
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•  WGS	
  reads	
  offer	
  a	
  non-­‐biased	
  sample	
  of	
  the	
  genome	
  
	
  
•  Increased	
  data	
  size	
  means	
  greater	
  computa;onal	
  demands	
  -­‐-­‐	
  
performance	
  that	
  scales	
  with	
  modern	
  data	
  (i.e.,	
  Illumina)	
  

Determining	
  the	
  community	
  structure	
  of	
  repeats 

Staton	
  and	
  Burke	
  2015,	
  Bioinforma3cs	
  
sestaton.github.io/Transposome	
  



•  WGS	
  reads	
  offer	
  a	
  non-­‐biased	
  sample	
  of	
  the	
  genome	
  
	
  
•  Increased	
  data	
  size	
  means	
  greater	
  computa;onal	
  demands	
  -­‐-­‐	
  
performance	
  that	
  scales	
  with	
  modern	
  data	
  (i.e.,	
  Illumina)	
  

Determining	
  the	
  community	
  structure	
  of	
  repeats 

1)  Highly	
  parallel	
  BLAST	
  to	
  determine	
  graph	
  edges	
  
2)  Graph-­‐based	
  clustering	
  with	
  edge	
  weights	
  using	
  Louvain	
  method	
  
3)  Use	
  paired-­‐end	
  informa;on	
  to	
  merge	
  clusters	
  
4)  Annota;on	
  to	
  the	
  family-­‐level	
  using	
  defined	
  repeat	
  ontology	
  
	
  

Staton	
  and	
  Burke	
  2015,	
  Bioinforma3cs	
  
sestaton.github.io/Transposome	
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Non-­‐random	
  pa[erns	
  of	
  change	
  in	
  TE	
  
superfamily	
  abundance 

Genomic	
  abundance	
  [%]	
   Genomic	
  abundance	
  [%]	
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Measuring	
  dynamics	
  with	
  rank	
  abundance/
dominance	
  (RAD)	
  plots 

Geometric	
  series	
  (a.k.a.	
  Niche-­‐
preemp;on)	
  –	
  predicts	
  extremely	
  
uneven	
  abundances	
  

Log-­‐normal	
  –	
  predicts	
  even	
  
abundances	
  with	
  low	
  propor;on	
  of	
  
rare	
  species	
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Community	
  level	
  changes	
  in	
  TE	
  proper;es	
  in	
  the	
  Heliantheae	
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TE	
  richness	
  is	
  nega;vely	
  correlated	
  with	
  genome	
  size 
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Conclusions 

I.  How	
  do	
  the	
  pa[erns	
  in	
  H.	
  annuus	
  compare	
  with	
  
other	
  Asteraceae	
  

I.  Do	
  we	
  see	
  predominant	
  pa[ern	
  of	
  Gypsy	
  bias?	
  
II.  Is	
  there	
  any	
  phylogene;c	
  signal	
  in	
  TE	
  ac;vity?	
  

-­‐  The	
  genomic	
  proper-es	
  of	
  H.	
  annuus	
  are	
  lineage-­‐
specific	
  

-­‐  Few	
  Gypsy	
  families	
  are	
  contribu-ng	
  a	
  large	
  
por-on	
  of	
  Helianthus	
  genomes	
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Intraspecific	
  varia;on	
  in	
  Helianthus	
  annuus 

Compare	
  266	
  sunflower	
  breeding	
  lines	
  represen;ng	
  USDA,	
  
INRA,	
  Oil	
  and	
  non-­‐Oil	
  and	
  “core	
  12”	
  (Mandel	
  et	
  al.	
  2013)	
  

1) What	
  is	
  the	
  total	
  level	
  of	
  TE	
  varia3on	
  between	
  lines?	
  

	
  
	
  



Intraspecific	
  varia;on	
  in	
  Helianthus	
  annuus 

Compare	
  266	
  sunflower	
  breeding	
  lines	
  represen;ng	
  USDA,	
  
INRA,	
  Oil	
  and	
  non-­‐Oil	
  and	
  “core	
  12”	
  (Mandel	
  et	
  al.	
  2013)	
  

1) What	
  is	
  the	
  total	
  level	
  of	
  TE	
  varia3on	
  between	
  lines?	
  

2)  Is	
  there	
  significant	
  varia3on	
  in	
  TE	
  family	
  abundance	
  
between	
  lines?	
  	
  

3)  Is	
  there	
  any	
  difference	
  between	
  Oil	
  and	
  non-­‐Oil	
  lines?	
  

	
  
	
  



Intraspecific	
  varia;on	
  in	
  Helianthus	
  annuus 
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   Kruskal-­‐Wallis	
  test	
  for	
  sign.	
  family-­‐	
  
level	
  abundance	
  varia;on	
  
	
  

No	
  sta-s-cally	
  significant	
  
varia-on	
  of	
  families	
  between	
  
lines	
  
	
  
Enormous	
  varia-on	
  exists	
  
*	
  Two	
  lines	
  differ	
  by	
  144	
  Mbp	
  
of	
  just	
  one	
  family	
  
	
  



Intraspecific	
  varia;on	
  in	
  Helianthus	
  annuus 

Mann-­‐Whitney-­‐Wilcoxon	
  test	
  for	
  	
  
sign.	
  family-­‐level	
  varia;on	
  between	
  
Oil	
  and	
  non-­‐Oil	
  lines	
  
	
  
Measured	
  the	
  total	
  varia;on	
  	
  
between	
  lines	
  by	
  source	
  

Significant	
  varia-on	
  between	
  
64	
  Oil/non-­‐Oil	
  lines	
  
	
  
Lines	
  vary	
  by	
  ~30%	
  in	
  total	
  
repeat	
  abundance	
  
	
  
Min	
  ~48.1%	
  -­‐	
  HA	
  318	
  
Max	
  ~83.9%	
  -­‐	
  HA	
  853	
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Conclusions 

Compare	
  266	
  sunflower	
  breeding	
  lines	
  represen;ng	
  USDA,	
  
INRA,	
  Oil	
  and	
  non-­‐Oil	
  and	
  “core	
  12”	
  (Mandel	
  et	
  al.	
  2013)	
  

1) What	
  is	
  the	
  total	
  level	
  of	
  TE	
  varia3on	
  between	
  lines?	
  
	
  
	
  	
  	
  	
  	
  Conserva-vely,	
  30%	
  total	
  varia-on.	
  

	
  
	
  



Conclusions 

Compare	
  266	
  sunflower	
  breeding	
  lines	
  represen;ng	
  USDA,	
  INRA,	
  Oil	
  
and	
  non-­‐Oil	
  and	
  “core	
  12”	
  (Mandel	
  et	
  al.	
  2013)	
  

	
  
2)  Is	
  there	
  significant	
  varia3on	
  in	
  TE	
  family	
  abundance	
  between	
  

lines?	
  	
  

Preliminary	
  analysis	
  suggests	
  no	
  sta-s-cal	
  difference,	
  but	
  
enormous	
  biological	
  varia-on	
  exists.	
  

3)  Is	
  there	
  any	
  difference	
  between	
  Oil	
  and	
  non-­‐Oil	
  lines?	
  
	
  
Approx.	
  25%	
  lines	
  differ	
  significantly.	
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