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Chloroplast and nuclear DNA variation on a circumpolar scale: migration 

history of the clonal Saxifraga cernua Pernille Bron ken 1, Pierre Taberlet 2 , 

Ludovic Gielly 2 and Christian Brochmann 1 

Vast areas of the Arctic w ere covered by ice during the Quaternary 
glaciations. Plant populations were repeatedly fragmented intn refugia and 
dirrerentia1ed genetically fnr long periods of tim e, fnllnwed hy large -scale 
expansion from refugia during each of the short -term interglacials. The present 
geog raphical struc turin g of their organellar and nuclear genomes may thus 
n : flt:ct whe re the plants su rviv ed and the migration routes rollowed during 
postglacial ex pansi on . Saxifraga cen111a is an arctic -alpine , perennial polyploid 
with e fficient vegetative reproduction via bulbils . It is distributed almost 
ubiquitously throughout the Arctic and has isolated occurrences in more 
sou th ern mountain areas . We examined molecular diversity in S. cen111a on a 
circumpolar scale using a comb ination of nuclear {AFLP) and organellar 
markers (fragment analysis of single - and few -nucleotide polymorphisms in 
several non-coding cpDNA regions) . Samples have so far been analysed from 
most main geograph ic regions (AFLP: l 00 pla111s from 43 populations; cpDNA: 
274 plants from 71 populations) , bu t there is still a major gap in the cent ral 
Siber ian Arctic and the Cent ral Asian mountains. Although the level of cpDNA 
variation was tno low w allow ror cladistic analysis, three major groups 
of haplotypes could tentatively be recognised: {I) an American -Beringian 
lineage (easternmos t Siberia. Alaska. Canada) . (2) an Amphi -Atlantic lineage 
(Green land, Iceland, Scotland, Scandinavia, Svalbard. and Novaja Zemlja) , and 
(3) an eastern/so uth ern Eurasian line age (Ural Mts .. the Alps. and partly NE 
Scandinavia) . The American -Beringian and th e Amphi-Atlantic lineages were 
a lso recognised in analyst's of the mainly nuclear AFLP data (no plants of group 
3 analysed) . The combined molecu lar data further suggest that Greenland, 
Svalbard, and north-eastern Scandinavia a rc postglacial meeting poims for 
these three lineages , which probably expanded from different refugia after the 
last glac iation. 

An AFLP analysis of genetic diversity within and between the ecotypes of the 
alpine sedge Carex curvula s.l. Philippe Choler, Ludovic Gielly and Pierre 

Taberle t 

The olpine sedge C.m:x wr vula is the dominant species of most European 
alpine tundra. II exhibits a calcifuge ecotype (C. c11rv11/a ssp . c11rv11/a) and a 
calc icolc c:cotypc: (C. c11n·11la ssp. rosae). Extensive data set on the geographical 
distribut ion , morpho-anatomy and ecology nf these two c:cotypes provides a 
unique framework for assess ing the genetical basis of this ecotyp ic differen -
tiation. 

In this sllldy , we investigated the genetic relatedness of 20 C. c11rv11/11 s.l. 
populations com ing from I O distant kicalities in th e Alps. In each site , we 
co llected leaves from calcicok and calcifuge population s and used AFLP 
technique: to inves tigate the level of genetic diversity wi thin and among these 
populations . In the 192 individuals analysed, we scort·d the presence or absence 
of 2 I 4 unambiguous polymorphic markers (200 10 500 bp long) obtained with 
three primer pairs. 

With phenotypic frc:quencies. we calcu lated Shannon 's index of diversity . 
On average , most of the diversity was rouncl within population. with 88 % of 
the variation being within and I HI , being between populations. UPGMA 
dendrogram of Nei's unbiased genet ic distance and Principal Component 
Analysis plot of AFLP data both revealed a clc:ar distinction betwc:en tht · tw o 
ecotypes. Further . severa l DNA fragments were found to be specific of each 
ecotypc. Three populations includ ed individuals with intermediate AFLP 
profiles, sugges tin g that these individuals might reprc:sent differen t levels of 
introgression between both ecotypes. 

Based on these preliminary results, we hypoth esised that the calc ico le-
calcifuge ecotypic differentiation in C. c111v11/11 s.l. is probably an o ld event and 
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Abb. 5: Saxifraga cernua 
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that post-glacial recolonization of h igh altitude habitats has probably been 
achieved separately by eac h ecocype. 

Tests of Pleist oc ene speciation among alpine and montane specie s of Globu-

lar/a (Globul ariaceae) from the Eu ropean high mountains Hans Peter Comes 

and Joachim W. Kadereit 

There has heen a resurgence of dehatl:' among zoolog ists on whether the 
Pleistocene glaciations inhibited speciation . H ere we test the hypothes is of 
Pleistocene speciat.ion by focusing on tbe phylogenetic relationships and 
divergence times of various alpine and montane p lant species of the genus 
Globularia L. (mm the European high mountains. 

Parsimony ana lyses of nrDNA (ITS) sequences for the entire genus sugges t 
a near simu ltaneous origin nf altogether three alpint.'lmontane clades , and two 
Mediterran ean clades, all of which form a basal polytomy in the st rict consensus 
tree . Such a branching pattern would be expected if these clades arose from the 
fragmentation of a widespread - most likely Mediterranean - ancestor. Under 
this hypothesi s t he three European alpine/montane lineages identified I (i) 
G. m1dica11/is, G. graci/is: (ii) G. neapo/itana, G. stygia, G. cordifo/ia, G. rq,ms : and 
(iii) G. p1111ctata, G. trichosa11tha] arose independently , mos t likely in the western , 
central, and easte rn parts of the Mediterranean region, re spect ively . 

All these European high mountain species appear to haw originated 
within the Ple istocene. ln gene ral, sequence d ivergence among specks within 
lineages is less than 1.9% , correspond ing to d ivngence rimes less than 2.4 
million years ago (assuming a conservative divergence rat e of 0. 79% per Myr) . 
However , com parisons of sequence divergence across lineages or sister taxa 
suggest that speciation events were associated with different glacia l- interglacial 
cycles. 

The three European alpine/montane lineages identified (i-iii) are rather 
a ncient and differ in their ecological requirements . growth form and/or 
chromosome number. Tn accordance with o n e of th e major criteria for adap tive 
radiat ion. they «pass the test of sympatry» in areas of range ove rlap. 
Contrastingly , sister species wi1hi11 lineages, with their recent Pkistocene 
origins, are ecologically and morph olog ically very simi lar . differ ing prima rily in 
leaf shape and minute flora l characteristics, or - rarely - ploidy level (o nly G. 
cordifolia!G. repens). In view of th e pronounced vicariant pattern of distribution 
within line ages, it is posited that morpho logical character differences simply 
accumulated as a consi:q u e n ce of geographic isolat ion and allopatric divergence 
among sister species maintaining similar ecological niches. 

De spite per iod ic glacial cycles, associated distributional shifts of taxon 
ranges, and possibly amp le (1pportunit ies for populat ion mixing, the dynamic 
hist ory of the Pleistocene apparently did not p reclude spccia tio n within 
G/obularia. Rather . by fostering geographic isolation, these climatic fluctuations 
may have incr eased the initiation of species. This is in accordance with our 
recent mo lecular-systematic studies on o ther European high mounta in taxa 
(e .g ., Gentia11a sect. Ciminalis. Soldanella. Pri11111/a sect. Auricula). 

Genetic diver s ity, biogeography, and evolution of a pomix is in Nort h American 

Arabis holboel/ii Hornem . and Arabis drummondii Gray (Brassicaceae ) . Expe -

rimental appr oa ch. Christoph Dobes and Marcus Koch 

Taxa o f No rt h American Arabis, t reated as genus Boechera, are of a Pleisto -
cenic origin, Th ey are not rela ted to Eurasian Arabis or taxa such as A.g/abra . A. 
pauciflora or A. turrita. The genus Boechera consists of more than 70 specie s. Po-
lyploidy and even aneuploidy is widespread, and apomixis is thought to repr e-
sent one m ajor force which is driving the evolution of the species comp lex . 

Arabis !tolboellii in severa l respects is a remarkable sp e cies . ( 1) Th e spec ies 
is highly polymorphic, consisting of a number of var ieties or microspecies with 
various chromosome numbers. (2) It has a disrupted range, being an American-




