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     The genus  Laurus  (Lauraceae) includes relict evergreen trees 
of the Tethyan fl ora that covered southern Europe and northern 
Africa during the mid Tertiary but is currently restricted to iso-
lated refugia in the southern Black Sea area, Mediterranean Ba-
sin, Morocco, and the Macaronesian archipelagoes of Azores, 
Madeira, and Canaries ( Rodr í guez-S á nchez et al., 2009 ). Two 
species,  L. nobilis  L. and  L. azorica  (Seub.) Franco ( Tutin, 
1993 ), have been recognized, although recent molecular data 
do not support their distinction (see  Rodr í guez-S á nchez et al., 
2009 ). Different ploidy levels have been described in  Laurus  
(e.g.,  Ehrendorfer et al., 1968 ), with tetraploidy (2n = 4 x  = 48) 
being the most frequent karyotype. 

 Laurels are dioecious, insect-pollinated, and vertebrate-dis-
persed species. To investigate population genetic structure and 
patterns of gene fl ow via pollen and seeds, we isolated and char-
acterized nuclear microsatellite markers. This marker type has 
been successfully applied to describe spatial patterns of genetic 
structure and diversity, perform parentage analyses, and assess 
sexual vs. vegetative reproduction ( Selkoe and Toonen, 2006 ). 

 METHODS AND RESULTS 

 A microsatellite library was developed following  Jones et al. (2002) . DNA 
was extracted from one  Laurus nobilis  leaf sample using the Qiagen DNeasy 
Plant Mini kit and digested with seven blunt-end restriction enzymes ( Rsa I, 
 Hae III,  Bsr  B1,  Pvu II,  Stu I,  Sca I,  Eco  RV; New England Biolabs, Ipswich, 

MA). Four libraries were prepared using Biotin-CA 15 , Biotin-GA 15 , Biotin-
ATG 12 , and Biotin-AAC 12  as capture molecules (CPG, Lincoln Park, NJ). Sev-
enty-four positive clones contained a microsatellite sequence, and primers were 
designed from 44 of them using Designer PCR 1.03 (Research Genetics, Hunts-
ville, AL). For primer testing, DNA was isolated from silica-dried leaves using 
a modifi ed CTAB extraction method ( Milligan, 1998 ): tissue grinding in a 
MM301 Retsch TM  and TLE resuspension (10 m m  Tris-HCl pH 8.0, 0.1 m m  
EDTA). We sampled a total of 37  L. nobilis  individuals from three natural 
populations located in the  “ Los Alcornocales ”  Natural Park, C á diz, southern 
Spain (Jarda, Zapato, and Fuente de los Ca ñ os; see Appendix 1 for details). We 
also sampled 30  L. azorica  trees from the islands of Madeira, Tenerife, Gran 
Canaria, La Gomera, La Palma, and El Hierro, as well as from Morocco. 

 PCR amplifi cations were performed in a 20  µ L fi nal volume containing 1  ×   
buffer [67 m m  Tris-HCL pH 8.8, 16 m m  (NH4) 2 SO 4 , 0.01% Tween-20], 2.5 m m  
MgCl 2  (1.5 m m  for LnB121), 0.01% BSA (Roche Diagnostics, Rotkreuz, Swit-
zerland), 0.25 m m  dNTP, 0.40  µ  m  dye-labeled M13 primer ( Table 1 ) , 0.25  µ  m  
 “ pig-tailed ”  reverse primer, 0.034  µ  m  M13-tailed forward primer, 0.5 U  Taq  
DNA polymerase (Bioline, London, UK) and 50 ng genomic DNA. Reactions 
were undertaken in a  “ touchdown ”  PCR in a Bio-Rad DNA Engine R  Peltier 
Thermal Cycler, with an initial 2 min of denaturation at 94  °  C; 17 cycles at 92  °  C 
for 30 s, annealing at 60 – 44  °  C for 30 s (1  °  C decrease in each cycle) and exten-
sion at 72  °  C for 30 s; 25 cycles at 92  °  C for 30 s, 44  °  C for 30 s and 72  °  C for 30 s; 
and fi nal extension of 5 min at 72  °  C. Amplifi ed fragments were analyzed on 
an ABI 3130 xl  Genetic Analyzer (Applied Biosystems, Foster City, CA), and 
sized using GeneMapper 4.0 (Applied Biosystems) and LIZ 500 size standard. 
So far, no multiplexing was attempted. 

 We tested a total of 44 primer pairs: 3 of them failed to amplify, 4 were 
monomorphic, 14 showed complex amplifi cation, and 3 showed high frequen-
cies of null alleles. Therefore, we fi nally retained 20 loci ( Table 1 ), which pro-
duced a total of 196 alleles for our  L. nobilis  sample. All loci also amplifi ed well 
in  L. azorica,  although scoring was diffi cult in fi ve of them due to the existence 
of one-base peaks and nonspecifi c amplifi cations ( Table 1 ). The remaining 15 
loci produced a total of 222 alleles. 

 SSR marker scoring represents some additional problems in polyploid spe-
cies, because it usually is very diffi cult to assess which allele(s) occur in more 
than one copy. Although some techniques have been developed for this purpose 
(Esselink et al., 2004), we adopted a more conservative and commonly used 
approach by treating data as dominant markers with phenotypic banding pat-
terns recorded in a presence/absence matrix. Based on these data, and following 
 Andreakis et al. (2009) , we calculated allele frequencies and diversity statistics 
distinguishing between amplifi cation variants (AV) for each allele within a 
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   •     Premise of the study:  Microsatellite primers were developed for the evergreen tree  Laurus  to investigate population genetic 
structure and patterns of gene fl ow via animal-dispersed pollen and seeds. 

  •     Methods and Results:  Twenty polymorphic nuclear microsatellite markers were developed using CA, GA, AAC, and ATG n-
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  Table  2. Statistics for 20 microsatellites (treated as dominant markers) in tetraploid  Laurus nobilis  and  L. azorica . 

  Laurus nobilis    Laurus azorica  

 Locus  AV  BP   C j     D j     D  L   AV  BP   C j     D j     D  L  

LnB119 9 20 0.035 0.965 0.939 15 15 0.083 0.917 0.882
LnA2 15 29 0.017 0.983 0.957 26 24 0.000 1.000 0.958
LnA115 a 12 29 0.020 0.980 0.954  –  –  –  –  – 
LnB121 17 35 0.003 0.997 0.970 23 26 0.000 1.000 0.962
LnD109 3 5 0.620 0.380 0.370 4 5 0.302 0.698 0.672
LnD106 3 5 0.521 0.479 0.466 4 5 0.379 0.621 0.598
LnD5 3 b 6 0.333 0.667 0.649 5 11 0.114 0.886 0.852
LnB2 15 30 0.011 0.989 0.963 24 25 0.003 0.997 0.959
LnD102 a 6 10 0.173 0.827 0.805  –  –  –  –  – 
LnB116 16 32 0.009 0.991 0.964 26 26 0.000 1.000 0.962
LnD101 2 3 0.514 0.486 0.473 4 5 0.299 0.701 0.675
LnA106 1 b 2 0.571 0.429 0.418 6 12 0.139 0.861 0.828
LnB124 11 28 0.020 0.980 0.954 18 22 0.015 0.985 0.947
LnB10 8 19 0.080 0.920 0.896 20 24 0.003 0.997 0.957
LnB118 10 24 0.035 0.965 0.939 19 23 0.009 0.991 0.953
LnB106 a 18 34 0.006 0.994 0.967  –  –  –  –  – 
LnA103 a 17 28 0.020 0.980 0.954  –  –  –  –  – 
LnD10 7 16 0.111 0.889 0.865 11 20 0.031 0.969 0.932
LnD8 7 18 0.044 0.956 0.931 17 23 0.009 0.991 0.953
LnA101 a 14 26 0.042 0.958 0.932  –  –  –  –  – 
 Average 9.700 19.950 0.159 0.841 0.818 14.800 17.733 0.092 0.908 0.872
 Total 194 399 222 266

AV, number of distinct single amplifi cation variants (bands); BP, number of distinct banding patterns of each single locus;  C j ,  confusion probability 
(probability that two randomly chosen individuals from a successfully amplifi ed sample have identical banding patterns);  D j  , discriminating power (1-  C j  ) ; 
D  L , limit of  D j   as  N  tends toward infi nity.

 a  Locus discarded for  L. azorica  because of scoring problems (one-base peaks and nonspecifi c amplifi cations).
 b  Locus with one additional AV (not counted) present in all individuals.

given locus and banding patterns (BP) for each locus. A BP represents the com-
bination of AVs that a single locus produces for a given individual. We fi rst 
built a dataset assuming a dominant marker system for 37  L. nobilis  and the 26 
 L. azorica  island samples. For the full set of markers, the discrimination power 
(1- P  G , where  P  G  denotes the probability that two randomly drawn multilocus 
genotypes are identical) was very close to 1.0 ( L. nobilis :  P  G =  0.9537   ×   10  − 20 ; 
 L. azorica :  P  G =  0.1157   ×   10  − 15 ). Similarly, the confusion probability for a given 
locus ( C j  : the probability that two randomly drawn individuals from a given 
sample have an identical BP) was low for all except the fi ve less polymorphic 
markers ( Table 2 ) . 

 We used the software AUTOTET ( Thrall  &  Young, 2000 ), designed for 
autotetraploid species, to derive estimates of heterozygosity and genetic diver-
sity with data scored as codominant markers ( Table 1 ).   χ   2  goodness of fi t tests 
comparing the observed and expected genotype frequencies under chromo-
somal segregation (Ce; random assortment of homologous chromosomes into 
gametes) showed signifi cant deviation from Hardy-Weinberg equilibrium 
(HWE) for 13 loci in  L. nobilis  (Bonferroni-corrected  P   <  0.05/20 = 0.0025) 
and ten loci in  L. azorica  (Bonferroni-corrected  P   <  0.05/15 = 0.0033; see  Table 
1 ).  H  E  and  F  under chromatid segregation (Cd; random assortment of chroma-
tids into gametes) are not reported as their values, calculated assuming maxi-
mum double reduction, were not signifi cantly different from those for Ce. 
These results were not unexpected and could largely stem from our sampling 
scheme, designed to maximize the genetic differentiation of individuals, and 
the pooling of populations and islands. Species characteristics (e.g., relict sta-
tus, dioecy, animal-mediated pollen and seed dispersal) could also contribute to 
HWE deviations. When separate analyses were run for each of the three  L. no-
bilis  populations, signifi cant deviations from HWE appeared only in 7 to 11 
loci. In particular, loci LnB119, LnB2, and LnB118 showed deviations in all 
three populations whereas LnD5, LnD102, LnB116, LnB10, and LnA101 
showed none. 

 CONCLUSIONS 

 Observed levels of polymorphism and genetic diversity sug-
gest that the reported markers are fully adequate for character-

izing local and regional-scale levels of genetic variation and 
studying patterns of pollen- and seed-mediated gene fl ow ( Sel-
koe and Toonen, 2006 ). Therefore, they should represent a use-
ful tool to inform effective protection and management strategies 
for this emblematic and potentially threatened relict genus 
( Rodr í guez-S á nchez et al., 2009 ). 
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  Appendix  1. Geographical locations of  Laurus nobilis  and  L. azorica  populations and number of individuals sampled. 

 Species  Place / Island  Population  Latitude (N)  Longitude (W)  No. of individuals 

 L. nobilis S Spain Jarda 36.5691 5.5922 17
S Spain Zapato 36.4786 5.6242 8
S Spain Fuente de los Ca ñ os 36.4371 5.5889 12

 L. azorica Gran Canaria Barranco Los Tilos de Moya 28.0871 15.5945 4
Tenerife Vueltas de Taganana 28.5445 16.2264 3
Tenerife Monte del Agua 28.3299 16.8249 3
La Gomera Bosque de El Cedro 28.1311 17.2202 4
La Palma Barranco de Los Tiles 28.7891 17.8022 4
El Hierro Fuente de Tinco 27.7606 17.9837 4
Madeira Ribeiro Fr í o 32.7415 16.8855 4
C Morocco Jbel Ksiba 32.5011 6.0011 4




