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Phylogenomicsof Conifers

ÅGenomeobesity

ÅLowmutation rates

ÅSlowevolution and high
extinction rate Gymnosperms

Angiospermsshrub/ trees

Angiospermsherbs

De La Torre et al. 
Mol BiolEvol, 2017 
34:1363ς1377
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Jin-Huaet al., 2018
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GenusAbiesin the world

Modified from Xiang et al. (2015)

Centers of Diversity



A really complex
CMF taxonomy



Circum-Mediterraneanfirs (CMF)
Taxon(Farjon1989, 2010) Alternative classifications

Sect. Piceaster

Abiespinsapo var. pinsapo

Abiespinsapo var. marocana Abiesmarocana
Abiestazaotana

Abiesnumidica

Sect. Abies

Abiesalba

Abiesnebrodensis

Abiescephalonica

Abiescilicica

Abiesnordmanianasubspnordmaniana Abiesnordmaniana

Abiesnordmanianasubspequi-trojani Abiesequi-trojani
Abiesbornmuelleriana

Abiesx borisii-regis



Circum-Mediterraneanfirs (CMF)

Leaves spirally arranged

Leaves 
horizontally  
speared 

Bract scales always includedBract scales exserted

Section Abies Section Piceaster

Bract scales 

Seed scale



18.6 Gbp
17.0 ±

0.4 Gbp

Sect. Piceaster Sect. Abies

Genomesizeof CMF

A. alba
A. nordmanianna
A. cephalonica

A. pinsapo
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Abies x borisii-regis

Krajmerováaet al 2015 PlantBiosystems
EUFORGEN

A. alba
A. cephalonica



Phylogenetic
relationships



Semerikova& Semerikov(2014) Xianget al. (2015)

CMF

cpDNA cpDNA, mtDNA& nrDNA
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Howmanyspecies
of CMF?



Species
Delimitation What is a species?

Vauxet al. 2016 . Biol. J Linn. Society117, 165ς176
ILS



Howdid CMF evolve?



TheCMF evolution (Linares 2011)

Fossil
evidence

A. milleri



TheCMF evolution (Linares 2011)

Speciation
sequenceand 
introgression
basedin 
anatomical
and molecular 
studies



Evidencesof gene 
flow



Evidencesof gene flow

Sánchez-Robles et al 2014

cpDNA
haplotypes
MSN network



Taxon sampling and DNA isolation RADseq library preparation

Sequencing

Phylogenomic analyses
Identify SNPs

MATERIALS & METHODS



32 inds. CMF
8 inds. Other sectionsSampling



Restriction Enzyme Digestion

BC Barcode

Illumina AdapterIllumina

PCR OligonucleotidesPCR

Enz

RADseqRestriction site-Associated DNA sequencing 

Size selection

Y-shape P2
Adapter ligation

Pooling samples 
and DNA shearing

Barcoded P1
Adapter ligation

Sequencing

PCR enrichment

~ 100 bp

~ 100 bp

~ 100 bp

DNA digestion

PCR Illumina BC Enz

Adapter P1

Adapter P2

Illumina BC Illumina PCR

Bairdet al 2008



Campus Science Support 
Facilities, Viena (Austria)

Sequencing

Illumina HiSeq2500 
1 lane
100 bp single reads



1 SNP/RAD-loci

Filtering

SNP identification

6090 SNPs6090 RAD-loci 
with 23931 SNPs

~ 1.6 million RAD-loci 

~ 76000 polymorphic RAD-loci



Phylogenyof CMF
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ÅCMF is monophyletic
ÅWe can discern both sections 

with high confidence
ÅMost species are monophyletic
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Howmanyspecies
of CMF?



Bayes Factor Delimitation of Species BFD*

Model Description hypothesis MLE Rank BF
A Current taxonomy (but all taxa at the species level) -6500.7 4 -
B Merged A. marocana- A. tazaotana -6440.5 1 120.4
C A. alba - A. nebrodensis -6504.4 6 -7.4
D A. nordmaniannas.l. -6505.7 8 -10

E
A. nordmaniannas.l., A. alba - A. nebrodensis, A.marocana-
A. tazaotana

-6505.3 7 -9.2

F A. nordmaniannas.l., A. marocana- A. tazaotana -6500.1 3 1.2
G A. nordmaniannas.l., A. alba - A. nebrodensis -6509.8 9 -18.2
H A. alba - A. nebrodensis, A. marocana- A.tazaotana -6498.9 2 3.6
I A. bormulleriana - A. equi-trojani, A. marocana - A. tazaotana -6502.7 5 -4

Best Species BFD tree

SNAPP
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Abiesx borisii-regis



Howdid CMF evolve?



Evolutionof CMF

Oligoceneorigin

Earlyand rapid divergenceof 
CMF species


