
José	Carlos	del	Valle	
jvgarcia@us.es		

La secuenciación del plastoma completo en 
la sección Psammophilae (Silene) revela un 
proceso de hibridación en poblaciones 
interiores y divergencia en las poblaciones 
de las Islas Baleares 
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More	than	20,000	plant	species	à	60%	
(13,000	spp.)	are	endemic	of	this	region	

Médail	et	al.	1999.	Conservation	Biology	

Mediterranean	Basin:	hotspot	of	
biodiversity	

La	secuenciación	del	plastoma	completo	en	la	sección	Psammophilae	(Silene)	revela	un	proceso	de	
hibridación	en	poblaciones	interiores	y	divergencia	en	las	poblaciones	de	las	Islas	Baleares	



The	Balearic	Islands	are	especially	rich	in	endemics,	making	them	
excellent	models	for	understanding	speciation		

Chueca	et	al.	2015	Journal	of	Biogeography	
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Bittkau	&	Comes	2005	Molecular	Ecology	
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Increased	chances	for	
hybridization	and	
introgression	 
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Phylogenies	in	Sileneae	are	frequently	incongruent	with	
morphology-based	classifications	

The	tribe	Sileneae	is	
subdivided	into	eight	
genera	à	Silene	is	the	
most	diverse,	with	
approximately	470	spp.			
-  Subgenus	Silene		
-  Subgenus	Behenantha		

Erixon	and	Oxelman	2008.	Molecular	Phylogenetics	and	Evolution	

La	secuenciación	del	plastoma	completo	en	la	sección	Psammophilae	(Silene)	revela	un	proceso	de	
hibridación	en	poblaciones	interiores	y	divergencia	en	las	poblaciones	de	las	Islas	Baleares	



0.02 

S. adscendens * 

S. psammitis * 
S. williamsii 

S. fabaria 

S. macrodonta 
S. lydia 

S. germana * 

S. reinholdii 

S. elisabethae 

S. uniflora 

S. foetida 

S. samia 

S. zawadskii 

S. akinfievii 

S. aegaea 

S. quadriloba 
S. sordida 

S. pentelica 

S. virginica 

S. stockenii * 

S. nivea 

S. multinervia 

S. ammophila 

S. dioica 

S. nana 

S. cryptoneura 

S. turkestanica 

S. menziesii 

S. atocion 

S. littorea * 

S. conoidea 

S. heuffelii 
S. marizii 

S. diclinis 

S. tatarinowii 
S. insularis 

S. dichotoma 

S. laconica 

S. sedoides2 

S. thysanodes 

S. noctiflora 

S. conica 

S. viscosa 

S. integripetala 

S. fedtschenkoana 

S. vulgaris 

S. baccifera 

S. sedoides 

S. latifolia 

S. haussknechtii 

S. pendula 

S. viscidula 

S. littorea 
S. cambessedesii * 

1 

0.92 

1 

1 

1 

1 

0.99 

0.94 

1 

0.98 

0.99 

1 

1 

1 

1 

1 

1 

0.94 

1 

Silene	Sect.	Psammophilae		
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•  Five	species	endemic	to	the	Iberian	Peninsula	
and	Balearic	Islands		

•  Self-compatible,	mainly	pollinated	by	insects	
•  Distinct	edaphic	affinities			
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How?	By	using	a	genome	skimming	approach	

Straub	et	al.	2012.	American	
Journal	of	Botany	
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Sloan	et	al.	2012	.	Genome	Biology	and	Evolution	
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A) 	2	loci	
B)	Whole	chloroplast		
(increase	of	∼	60x	phylogenetic	informative	characters)	

Whittall	et	al.	2010		Molecular	Ecology	

Low	level	of	divergence	in	Pinus	torreyana	
(1	polymorphism	⁄∼21	kb)	

La	secuenciación	del	plastoma	completo	en	la	sección	Psammophilae	(Silene)	revela	un	proceso	de	
hibridación	en	poblaciones	interiores	y	divergencia	en	las	poblaciones	de	las	Islas	Baleares	



				Library		
preparation	 								Sequencing	 				Data	analysis	

La	secuenciación	del	plastoma	completo	en	la	sección	Psammophilae	(Silene)	revela	un	proceso	de	
hibridación	en	poblaciones	interiores	y	divergencia	en	las	poblaciones	de	las	Islas	Baleares	



Library	preparation	and	sequencing	details:	
	

• 	DNA	extractions:	5	individuals	per	population	
• 	Nextera	Kit	w/barcodes	
• 	Sequenced	on	HiSeq	@USC’s	Epigenome	Center	(CA)	

o  Single-end:	4	samples		
o  Paired-end:	22	samples	

				Library		
preparation	 								Sequencing	 				Data	analysis	
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Sequencing	results	and	cpDNA,	mtDNA	and	nrDNA	assemblies’	
information:		

Average	sequencing	
depth	(median)		

Assembly	
length	

Recovered	
sequence	

Variable	
sites	

cpDNA	 359.91X	(153.95X	)	 154,199	bp	 ∼99%	 6,322		

mtDNA*	 33.4X	(10.5X) 	 254,270	bp		 ∼38%	 -	

nrDNA	 2,765.2X	(2,046.7X)	 6,415	bp	 100%	 257	
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Wu	et	al.	2015.	PNAS	
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•  The	correlation	was	not	significant	
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•  All	populations:	FST	=	0.23;	P	<	0.001.	
Most	of	the	genetic	variation	was	
concentrated	within	species	(77.3%)		

•  No	genetic	differentiation	neither	
among	mainland	species	nor	among	
Balearic	islands	

La	secuenciación	del	plastoma	completo	en	la	sección	Psammophilae	(Silene)	revela	un	proceso	de	
hibridación	en	poblaciones	interiores	y	divergencia	en	las	poblaciones	de	las	Islas	Baleares	

Partial	Mantel	test:	correlation	between	genetic	variation	and	
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AMOVA:	genetic	differentiation	
among	species	
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•  99.2%	of	sequences	were	identical	(the	
remaining	0.8%	correspond	to	ambiguities	
that	were	partially	validated)		

•  Most	SNPs	were	also	present	in	some	
populations	from	the	S	and	SE	of	the	
Iberian	Peninsula.	However:		
o  ITS1/ITS2:	2	SNPs	present	only	in	

Balearic	populations	
o  ycf1:	1	SNP	was	exclusively	found	in	

all	S.	cambessedesii	samples	



ycf1	

ITS	

•  Very	low	number	of	
internal	branches	with	
strong	support		
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•  Very	low	number	of	
internal	branches	with	
strong	support		

•  Only	in	the	ycf1-based	
tree,	the	Almenara	
population	formed	a	
cluster	with	Balearic	
populations,	but	with	but	
node	was	only	moderately	
supported		
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•  PCR	of	many	samples	as	possible	from	all	populations	
•  Amplification	and	sequencing	of	specific	regions	with	high	number	of	

phylogenetically	informative	sites	
o  trnK:	814	bp	–	60	SNPs	
o  atp1:	753	bp	–	125	SNPs	

vs	
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predictor	of	relatedness	than	either	morphology-based	
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•  Incongruence	among	genomes	and	the	intricate	
relationships	among	species	suggest	hybridization	is	acting	in	
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•  Geographic	proximity	of	morphologically	distinct	species	
increases	the	probability	of	interspecific	hybridization	or	
introgression		

La	secuenciación	del	plastoma	completo	en	la	sección	Psammophilae	(Silene)	revela	un	proceso	de	
hibridación	en	poblaciones	interiores	y	divergencia	en	las	poblaciones	de	las	Islas	Baleares	

①  	Phylogenetic	relationships	and	hybridization	in	Iberian	Silene		



stockenii	
adscendens	

littorea	psammitis	≠ 

La	secuenciación	del	plastoma	completo	en	la	sección	Psammophilae	(Silene)	revela	un	proceso	de	
hibridación	en	poblaciones	interiores	y	divergencia	en	las	poblaciones	de	las	Islas	Baleares	



stockenii	
adscendens	

littorea	psammitis	≠ 

La	secuenciación	del	plastoma	completo	en	la	sección	Psammophilae	(Silene)	revela	un	proceso	de	
hibridación	en	poblaciones	interiores	y	divergencia	en	las	poblaciones	de	las	Islas	Baleares	



•  There	is	an	incongruence	between	taxonomy	and	
phylogeographic	results.	In	fact,	geography	was	a	better	
predictor	of	relatedness	than	either	morphology-based	
species	boundaries	or	edaphic	preferences	

•  Incongruence	among	genomes	and	the	intricate	
relationships	among	species	suggest	hybridization	is	acting	in	
Silene	Sect.	Psammophilae	

•  Geographic	proximity	of	morphologically	distinct	species	
increases	the	probability	of	interspecific	hybridization	or	
introgression		

•  Are	species	of	Silene	Sect.	Psammophilae	a	single	species?	
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