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Abstract Eighteen novel microsatellite markers for

European Beech, Fagus sylvatica, were developed using

next-generation sequencing technique. Subsequently, four

multiplex PCRs were established for the fast and cost-

effective use of the primers. In 60 individuals, we found

3–12 alleles per locus, an expected and observed hetero-

zygosity of 0.445–0.821 and 0.250–0.867, respectively.

Fixation index was significant in three loci. Yet, if these

measures were jointly estimated with the probability of null

alleles, these loci and an additional two indicated low

occurrence of null alleles while the overall fixation index

was non-significant. The loci were not in linkage disequi-

librium. Overall, these markers will be useful for popula-

tion genetic research to support management decisions for

the preservation of this species in changing environmental

conditions.

Keywords European beech � Fagaceae � nSSR �
Population genetics

Introduction

The distribution range of Fagus sylvatica (Fagaceae), a

nowadays widespread forest tree, is expected to shrink

drastically due to climate change (Meier et al. 2011) as this

species is vulnerable to long drought periods, a forecasted

weather change (European Environmental Agency 2004).

Recent studies showed adaptive variation to water avail-

ability (Rose et al. 2009; Pluess and Weber 2012) sug-

gesting that pre-adaptive genetic variation might be

available for a continuation of beech stands. To assess its

micro-evolutionary potential, a thorough understanding of

its gene exchange across landscapes is needed. Therefore,

we established 18 novel microsatellite loci while other

authors recently re-evaluated loci of the literature and also

developed some new ones (Lefevre et al. 2012).

Fagus sylvatica is a diploid, wind-pollinated, mainly

outcrossing (Merzeau et al. 1994) tree with primarily

gravity dispersed nutlets. The generation time is [40 year

(Hess et al. 1967) limiting its evolutionary potential to

rapid changes. For its conservation, there is a call for the

development of seed transfer guidelines and gene reserves

(von Wuehlisch 2008).

Leaf genomic DNA was extracted from 60 individuals

originating from three regions of Switzerland with two

stands per region (Table 1) using DNeasy-Plant Mini and -

96 Kits (Qiagen, Venlo, The Netherlands). A microsatellite

enrichment library was created by ‘‘ecogenics’’ (Zürich,

Switzerland) on a Roche 454 Genome Sequencer FLX

using the Titanium Sequencing Kit (Roche Life Sciences,

Branford, CT, USA). A total of 842 reads with microsat-

ellite inserts were found with a tailor-made software

(property of ecogenics) of which 161 were suitable for

primer design. A total of 36 primer pairs were screened

using C7 individuals per region. Amplifications were
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carried out in 10 ll reactions with Promega reagents

(Madison, WI, USA) containing 3 ng template DNA,

1 9 Go Taq Flexi Buffer, 1.5 mM MgCl2, 0.2 mM dNTPs,

0.04 lM forward Primer with a M13 tail, 0.16 lM FAM

labelled M13 primer, 0.16 lM reverse Primer and 0.25 U

Go Taq Polymerase using a Dyad Cycler (Bio-Rad GmbH,

Vienna, Austria). Cycling conditions were: 5 min at 95 �C,

30 9 (45 s at 95 �C, 60 s at 55 �C, 60 s at 72 �C),

8 9 (45 s at 95 �C, 60 s at 53 �C, 60 s at 72 �C) and

30 min at 72 �C. Fragment lengths were read on an

ABI3730xl and scored with GeneMapper (both Applied-

BioSystems, Carlsbad, CA, USA).

The primer screening detected 18 well readable, poly-

morphic loci (Table 2). Four multiplex PCR reactions

(M1–M4) were developed and screened using the 60

individuals. PCR conditions were the same as above

despite of a MgCl2 concentration of 2.5 mM, a total vol-

ume of 12 ll in M1, 0.4 and 0.48 U of Go Taq in M1 and

M4, respectively and dNTP’s of 0.3 mM in M1 and M4.

See Table 2 for primer concentrations and labels. Touch-

down annealing temperatures were used with seven cycles

starting at 60 �C and decreasing by 1 �C/cycle followed by

30 cycles at 53 �C. For the fragment analyses, 1 ll of 1:5

diluted M1 and M2 products, 1:10 diluted M3 products and

undiluted M4 products were used. Fingerprinting repeats

(N = 12, triple repeats) were performed in single PCR

reactions.

One of the microsatellite primer pair resulted in two

reads of separated lengths, thus a total of 19 loci were

analyzed. The loci revealed 3–12 alleles each with an

average of 6.74 (SE = 0.556; Table 2). A hierarchical

AMOVA outlined in GenALex (Peakall and Smouse 2006)

indicated that populations and regions are rarely differen-

tiated with 1 % of variation explained each by differences

among regions and between sites within regions

(P = 0.055 and 0.052, respectively). Overall expected (He)

and observed (Ho) heterozygosity ranged from 0.445 to

0.821 and 0.250 to 0.867, respectively (Table 2). The fix-

ation index (Fis) was significant in three loci based on

90999 permutations. Yet, if Fis and null allele frequencies

were estimated jointly in INEST (Chybicki and Burczyk

2009), these and two additional loci had low frequencies

of null allele while the overall Fis was non-significant

(Fis = 0.005, SE = 0.004). No linkage disequilibrium

among pair-wise markers was found. Successful replication

frequency was 0.998. If not otherwise stated, the estimates

were calculated with FSTAT (Goudet 2001).

These novel microsatellite markers proved to be poly-

morphic and resulted in highly repeatable finger prints. Of

the 19 microsatellite positions, 14 showed no indications

for Fis or null alleles. The remaining five might neverthe-

less prove to be useful in analyses independent of null

alleles such as randomization tests. Overall, the develop-

ment of these microsatellite markers in a multiplex PCR

design will contribute to a cost-effective evaluation of

genetic patterns in Fagus sylvatica.

Table 1 Origins of the Fagus sylvatica individuals for the develop-

ment of the nSSR protocol including the numbers of individuals used

(N)

Region Stand Latitude Longitude Elevation m

a.s.l.

N

BAE Bfl 47�23031.3000N 7�27045.0600E 700 10

BAE Bti 47�23029.4000N 7�27003.7700E 670 10

NEU NeN 47�41010.0900N 8�31052.2200E 570 10

NEU NeS 47�40056.2200N 8�31037.4300E 530 10

VET Vfl 46�15006.2300N 7�17001.3600E 1280 10

VET Vti 46�15002.6800N 7�17007.3000E 1200 10
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