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Genetic diversity, biogeography, and evolution of apomixis in North American 
Arabis holboellii HoRNEM. and A. drummondii GRAY (Brassicaceae) 

Marcus Koch and Christoph Dobes 

Apomixis is a trait that has gre a tly attracted tht: interest o[ numerou s 
botanists for decades . Tt is widely distributed among flowering plants. and it ha s 
been shown for monocots 1hat the responsible gene ric background might 
inv olve only om· or a ft:w genes . Among dicots apomixis has been analysed 
mostly ,in a descriptional level. and less attent ion has been paid on th e 
evolution of this trait. The dicot model plant for molecular biologis1s, Arabid(>psis 
thnlia11a, does not show this trait. However . apnm ixis is widespread among 
North American Arabis species and has been described to occur there even on 
th e diploid level. Although th e genus Arabi., is nm a monnphyletic group and 
North American Arahis should he renamed to genus Bned,era, Ara/JL, sensu latn 
is closely re lated to Arabid(lpsis tlraliann. North American Arabis consists of more 
than 50 species dependjng o n the underlying specks concept. More than I 0% 
of these taxa are known only as trip loids, and apomixis is the assumed way of 
seed production . An additional 20n;., are known as diploids as well as tripl oids. 
which might indicate varying breeding systems within a single tax on . There -
fore . apomixis p layed a major ro le as a mechanism ol popu lation differentiation 
and speciation within North Ame rican Arabis. The occurrence and evolution of 
this trait should be reflected by distribu tion panerns and the evnluti(m of the 
species itself. 

In this project the genetic diversity of Arabis holboellii and 1he closely 
related A. dr11111111011dii should be analysed on th e molecular level with the help 
of DNA sequences (plastid and nuclear DNA) and micrnsatellites for several 
purposes. First, the degrt't: o f apomixis within a population has a great impact 
on the distribution of its total genetic variation . Th erefore, populational genetic 
diversity and the intra -populational degree of apom ixi s shnuld be analysed 
using molecular markers and cywlug ical investigations . Sl·cond, genetic 
variation on the populational level should be used to estimate i111t'rpnpu -
lati onal genetic distances and to infer a phylogenetic network of Arabis popu -
lations. As a third step, correlations between geograph ic distribution ol mole -
cular va riati on, apomixis and genetic distances bet.wet'n populations shou ld 
help to elucidate the degree of apomictic variation within and between popu -
lat ions. 

In general. the aims of this projt'ct are (I) In analyse postglacial spec iati on 
and biogcography of A. liofboe!lii and the related A. dn1111111011di and its 1rai1 
apo mixis and (2) to provide in formal.ion and ma1erial for future genetic work 
on the trait apomixis among cruciferous plants . 

Glacial survival of European mountain plants: evidence for the long- lived 
Anthyllis montana L. (Fabaceae) inferred from AFLP fingerprint data 

Matthias Kropf, Joachim W. Kadereit and Hans Peter Comes 

As pan of a project illuminating the historical biog eography of European 
mountain taxa AFLP variation wi1hin Amliy!lis 1i10111a,rn L was investigated. 16 
populations frnm throu ghout its distribution range and s ingle individua ls nf 
Amhylfis aurea, A. barba-jovis and A. tejedmsis as ou tgroup taxa were included . 
Altogether 74 individuals wc:re analysed using four AFLP primc:r combinations . 
A total of 1211 AFLP fragments were detected . Th ere were twelve mono-
morphic markers(= 0.99%) within A. 111onta11a. The remaining 1199 fragments 
cou ld discriminate all individuals as non-clona l samples. 

Neighbour -joining analysis resolved A. 1110111a11a as a monophyle1ic group 
with A. barba-jovis as sister species. One wt:11-supponcd group was recognised 
within A. mo111a11a representing th e wes tern part of the distribution ran ge . The 
other grou p containing samples from the eastern rangt showed a substructure : 
Two populations from north -western Italy (Liguria . Alpi Apuan i) and tw o 
popula tions from the peripheral south-east (Greece , Bal kan Mountains) 
formed well-supported geographical clusters. respectively . 
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Abb. 9: Dianthus g/acialis 
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PCO analysis confirmed the gem:ra l west -eastern differentiation within A. 
111011ra11a. Furthermore AMOYA indicated a large variance component among 
these two regions (west/east; 14 .4 %) and populations (32.1 % ). Regression 
analysis of pairwi~e Fsrva lues among populations on geograph ical disiance 
showed a significant positive re lationship ti.e .. isolation by distance) . A PCO 
ana lysis based on FST val ues among popu lations discriminated both regions with 
an inrcrmcdiate position of the Ligurian popula tion and clearly separated 
periphera l sm11h-eastern populations . 

Genetic ciifferentiation within A. 111011ta11a mainly reflects a west-eastern 
separation w hich can be t xplained historically . During the last ice ages montanc / 
suba lpin e species like A. 111011tt11/tl probably retreated int o southern refugia. 
Within A. 111011ta11a, ( l) the comparison of genetic, morphological , and geogra-
phical information indicates a contact zone in Ligu r ia (south-weste rn Alps) 
reflecting the m<'Jin west-eastern pattern . Furthermore . (2) this west -eas tern 
pattern and the geographically and genetically rather isolated position nt the 
south-eastern populat ions are strongly suggestive of at least three refugial areas: 
(i) the Iberian Peninsula , (ii) the centra l part of the species ' range and (iii) the 
Balkan Peninsula . Thus the perennial A. 111oma11a shows a biogeugraphical 
pa11ern with thn:e main rdugial are as in Europe so far only known from tree 
species like Ahii!S alba or Q11erc11s robur. lsulation by distance relationships within 
the cenrral pan ol the dis1ribu1inn range are non-significant. Th is may indicate 
that this area was nm n:-colonised frnm one sout hern refuge bu t rather 
con tain ed multiple refugia . Refugia! areas are known in periglacial regions 
where A . 111,m1<111a may havl' persisted close to the Alps. 

Genetic variation in central and periphera l popu lations of the alp ine plant 
Dianthus glaciali s revealed by RAPD and allozyme markers Daniela J. Lang', 
Patrizia Glauser', Felix Gugerli2 and J. Jakob Schneller' 

Diam/ms _qlacialis is an alpine plant with a prevalent d is1rihution in th e 
Eastern Alps. The western boundary of the species· range is situated in south -
eastern Switzerland, where D. glacialis is a rare species. whereas the main 
distr ibu t ion range is in Austria. We used this species 10 test th e central -marginal 
mudcl. In accordance tn this model. populati ons near the centre ol a species ' 
distribution range usually ar e continuously distribtm·d. occur at high density , 
and display high levels of genetic and phenotypic variation, while populatio ns 
at the margin are sparse and isola ted. show redun.'d generic variation anci 
increased population differentiation . Therdnre . Wl' compared th e genetic-
pauern ol allozyme and RAPD variatio n in four marginal and four central 
populat ions with a set of total 240 individuals (30 per population) . Eight ot 19 
allozyme loci were polymorphic. which displayed 19 alleles and rt·su lted in 5 3 
multilocus genotypes , while four RAPD pr imers revealed 17 polymorphi c 
markers out of 24 and presented 53 RA PO-phenotypes. The regions differed in 
allnzyme diversity as well as RAPD variation : Austrian populations exhibi ted 
more internal allozyme diversity than Swiss populations . The $amc tendency 
was valid for RAPD va riation comparing centra l populations with peripheral 
populations . To investigatl' the partitioning of genetic variation for allozyme 
and RAPD data, we calculated an AMOYA . A qua litatively similar pattern was 
revealed in finding a large proportion of variance between the regions (4 1.15% 
for allozymes vs. 63.35% for RAPDs) . The distribution of the variance among 
population within regions and of the variance within population. how ever , 
showed a contrasting pattern in relation of these two methods. Analyses of th e 
separate regional data sets revealed large r population difft'rt'ncc~ within 
Austrian populations for a llnzymes than for RAPDs (61 .20% for allozymes vs. 
27.27% for RAPDs) . while Swiss populations did not differ so extreme ly in 
allozymes than in RAPDs (25 .37% vs. 97 .67%). The RAPD data supported the 
e<~ntral -marginal model, bu1 the allnzymes revealed a contrary pa11crn . Th e 
quantitative comparison of the FST values exhibited no differences between 
paired samples and a positive correlat ion between all samp les. Th ese resul ts 
show us that it is difficult to compare these two very different methods . 




