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Optimisation of a multiplex PCR assay of
nuclear microsatellite markers for population genetics
and clone identification in Robinia pseudoacacia L.
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Abstract

Black locust (Robinia pseudoacacia L.) is a tree
species native to North America. The multipurpose tree
is cultivated worldwide, but causes problems due to its
partially invasive character. The application of nuclear
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microsatellite loci has many aims in population genetic
studies. Here we introduce a very cost-effective method
for combining the information of 14 nuclear microsatel-
lite loci into two multiplex PCR sets as a contribution to
greater standardisation and more comparable results.

Combined non-exclusion probabilities for clone identi-
fication using example populations are estimated at
between 1.37*E-5 and 1.67*E-11, and for paternity
analysis for 1.59*E-4. The detected weak linkage
between some microsatellite loci is not considered to be
a substantial restriction to the reliability of the set of
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markers in providing an appropriate method for finger-
printing and parentage analysis.

Key words: Black locust; SSRs; multiplexing; population genet-
ics; clone identification; paternity analysis; linkage.

Introduction

The tree species black locust (Robinia pseudoacacia
L., Fabaceae) is native to the south-eastern part of the
United States and occurs in mountainous regions as an
early colonizer of disturbed areas. Black locust has vege-
tative propagation ability via root suckers and can per-
form clonal structures in native stands, as was detected
by studies with isozyme markers (McCAIG et al., 1993;
CHANG et al., 1998). Black locust flowers are pollinated
by insects, and seeds are dispersed by the wind. First
mating system observations to describe the generative
propagation were carried out by SURLES et al. (1990).
Based on a multilocus isozyme study, they mainly found
outcrossing mating, but with remarkable shares of
inbreeding (average outcrossing 0.83, range 0.46—1.00).

Black locust, as a ,multi-purpose tree,” is of increasing
importance for forestry in many countries. It is cultivat-
ed for its durable timber, and for biomass and honey
production. Numerous breeding efforts in many coun-
tries have been undertaken on the family and clonal
level (SCHROCK, 1953; KERESZTESI, 1983; MEBRAHTU and
HANOVER, 1989; BONGARTEN et al., 1992; DINI-PAPANAS-
TASI, 2008), including the development of several meth-
ods for vegetative propagation (NAUJOKS et al., 1999;
REDEI et al., 2002). As an early colonizer, black locust is
suitable for recultivation and slope plantings, but this
disposition is also responsible for its partially invasive
character. Black locust can become an invasive species
in some regions, as ascertained, for example, in Ger-
many (BOCKER and DIRK, 1998; BOHMER et al., 2001) and
Japan (JUNG et al.,, 2009). In these countries, clonal
structures have been observed in artificial stands
(HERTEL and SCHNECK, 2003; JUNG et al., 2009).

The development of highly variable microsatellite
markers by LIAN and HOGETSU (2002, seven markers),
LIAN et al. (2004, three markers) and MISHIMA et al.
(2009, eleven markers) followed the increasing interest
in more detailed knowledge of genetic structures in nat-
ural and artificial, including invasive, black locust
stands and their mating systems, as well as in breeding
material. Two studies were published recently describ-
ing the application of only four microsatellite loci to rec-
ognize clonal structures in artificial populations in
Japan (JUNG et al., 2009; KUROKOCHI et al., 2010).

GUICHOUX et al. (2011) reviewed the current trends in
microsatellite genotyping and emphasized the need for
standardised protocols to enable more comparable
results in joint projects. This issue is also under discus-
sion for other species being bred and cultivated, i.e.
poplar (RATHMACHER et al., 2009), beech (LEFEVRE et al.,
2011), tomato and wheat (VOSMAN et al., 2001) or Pacific
salmon (MORAN et al., 2006; ELLIS et al., 2011).

In this study, we developed a cost-effective multiplex

PCR method with 14 loci for further population genetic
studies, including mating system analysis and identifi-
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cation purposes, and we present first data on linkage
and variation levels in a larger number of samples to
give a dimension of non-exclusion probabilities for mat-
ing system studies. The presented multiplex sets were
applied in two studies (LIESEBACH, 2012; LIESEBACH and
NAUJOKS, 2012).

Materials and Methods
Plant material

The plant material originates from several samples,
mainly from artificial stands in Germany. Among them
are semi-natural populations which have not been man-
aged for a long time; selected clones; material from actu-
al breeding programs; open pollinated offspring from
single clones, and samples from six planted stands from
several seed sources located in Germany/Brandenburg.
In addition to Robinia pseudoacacia, a few samples of
other Robinia species were tested: an open pollinated
offspring family from R. neomexicana A. Gray (37 indi-
viduals) and the clone ‘Casque Rouge’ (R. X margaretti-
ae Ashe, R. hispida L. X R. pseudoacacia). The previous
total sample size amounts to approximately 1300 indi-
viduals.

Microsatellite genotyping

The isolation of total DNA from fresh or frozen leaves
or from seeds followed a modified CTAB protocol
(DuMoOLIN et al., 1995). All 21 available loci were tested
with the exception of Ropsl5, which was described as
highly somatic instable (LIAN et al., 2004), and RP102,
RP211 and RP165, which were characterized by a low
variation and a significant departure from Hardy-Wein-
berg equilibrium (MISHIMA et al., 2009).

PCRs for the remaining 17 microsatellite loci (Table 1)
were carried out with fluorescent dye-labeled forward
primers (delivered by biomers.net, www.biomers.net)
using the “Multiplex PCR Kit” from Qiagen in accor-
dance with the manufacturer’s instructions. PCRs were
carried out in 15 ul reaction volume with 10-50 ng tem-
plate DNA in the Multiplex PCR Master Mix containing
HotStarTaq DNA Polymerase, buffer, ANTP mix and a
final concentration of 3 mM MgCl,. All primers were
added with equal concentrations of 0.2 uM. PCRs were
carried out in a Biometra TGradient and a Biometra
UNOII thermocycler (Goéttingen, Germany) with the fol-
lowing temperature profiles: activation step of 15 min-
utes at 95°C, 28 cycles (denaturation of 30 sec at 94°C,
annealing 90 sec, and extension for 60 sec at 72°C) and
a final extension of 30 min at 60°C. After optimisation,
eight loci were analysed in Multiplex Set 1 at an anneal-
ing temperature of 56°C, six loci were analysed in Mul-
tiplex Set 2 at an annealing temperature of 63° (Table 1)
and the three loci Rops09, Ropsl0 and Ropsl8 were
excluded (see below). Amplification products were
detected with a Beckman Coulter CEQ 8000 capillary
sequencer.

Data analysis

Population genetic parameters such as number of alle-
les per locus (A/L) and observed heterozygosity (H); as
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well as combined non-exclusion probabilities for the
identification of unrelated individuals, sib identity or
the identification of the second parent when the first
parent is known, were calculated with the software
package CERVUS (MARSHALL et al., 1998; KALINOWSKI et
al., 2007). The effective number of alleles N, was esti-
mated by the reciprocal of expected homozygosity.

Liesebach et. al.-Silvae Genetica (2012) 61-4/5, 142-148

Homozygous genotypes of null alleles were assumed in
the case of repeated missing amplification products in
samples with other detectable loci. A further indication
for null alleles in heterozygote genotypes is mismatch-
ing between mother and offspring individuals when
mother and offspring exhibit different alleles in appar-
ent homozygous genotypes. The software package Micro-

Table 1. — Overview of nuclear microsatellite loci applied on Robinia samples and their variation parameters.

Locus Reference for primer Motif |PCRset |Dye used tolabel |Range (bp) Number of Observed Additional
development the forward alleles in heterozygosity | alleles in R.
primer R. pseudo- neomexicana
acacia and R. hispida
Rops04 | (Lian and Hogetsu, AC 1 BMN-6 107-112 4n 0.3153 1
2002)
Rops05 | (Lian and Hogetsu, AC 1 DY-751 115-156 14 0.8312 2
2002)
Rops0é | (Lian and Hogetsu, GT 1 Cy5 117-147 10 0.6841
2002)
RP106 | (Mishima et al., 2009) GT 1 BMN-6 128-138 4 0.6321 1
RPO1B (Mishima et al., 2009) CT 1 Cy5 155-175 9 0.8165 1
Rops10 |(Lian and Hogetsu, T/AAT |1, test BMN-6 181-188 6" 0.1659
2002) only
RP150 | (Mishima et al., 2009) C 1 BMN-6 178-202 12 0.8187
Rops08 | (Lian and Hogetsu, CA 1 Cybs 193-207 7 0.6741
2002)
Ropslé | (Lian et al., 2004) CT 1 DY-751 194-220 13 0.8627 1
Rops0? | (Lian and Hogetsu, TA/A |2, test BMN-6 77-127 10" 0.0568
2002) only
RPO35 | (Mishima et al., 2009) C 2 BMN-6 75- 97 10" 0.6805
RPO32 | (Mishima et al., 2009) G 2 DY-751 g1-119 110 0.2913
Rops02 | (Lian and Hogetsu, AC/AT |2 Cy5 106-142 14n 0.7866 2
2002)
RP109 | (Mishima et al., 2009) AG 2 BMN-4 123-145 11 0.7292 2
RP200 (Mishima et al., 2009) AG 2 DY-751 136-182 19 0.7814 1
Rops18 |(Lian et al., 2004) AC 2, test DY-751 137-221 10 0.6837
only
RP206 (Mishima et al., 2009) GT 2 Cybs 205-231 13n 0.5799 1

2 agsumed null allele because of missing amplification products or mismatches between mother and offspring.
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Checker (VAN OOSTERHOUT et al., 2004) was used to esti-
mate null allele frequencies based on Hardy-Weinberg
equilibrium in some example populations. One of the
implemented methods (BROOKFIELD, 1996) considers
missing values as true homozygote genotypes of the null
allele.

Linkage analyses were carried out for some two-locus
combinations derived from available mother-offspring
families. Haploid maternal genotypic data were generat-
ed from the offspring by subtracting the paternal alleles.
Data were omitted in case of identity of maternal and
offspring heterozygote genotype since the maternal
allele cannot be determined. Recombination frequencies
r with standard deviations were calculated as

R R
)

e N
where N is the total sample size of two-locus combina-
tions and R is the number of recombinants. Kosambi’s
mapping function was used to calculate map distances
as

d= 1 In 1+ 2r
T4 1-2r
The classical LOD scores of linkage analysis was cal-
culated as
R =K R "
(-5 @
LOD = Ingm

0.5%

as the decimal logarithm of the likelihood ratio of link-
age between the two loci and of independent segrega-
tion. The common threshold is LOD > 3.0 for significant
linkage as was suggested by MORTON (1955), cited in
GERBER and RODOLPHE (1994).

Results and Discussion
Variation

Initially, 17 microsatellite loci were analysed. After
the first approximately 200 samples, three loci were
excluded from further analysis to concentrate a maxi-
mum of information in a minimum of PCRs. Locus
Rops09 was omitted because of its very low variation
and a putative null allele (observed heterozygosity
0.057). Locus Rops10 has a rather mononucleotide pat-
tern and was omitted because of a putative highly fre-
quent null allele. About 70% of individuals did not
reveal a peak at this locus. Locus Rops18 was excluded
because of its wide range from 137 to 221 bp with no
alleles between 152 and 209 bp, perhaps caused by a
large indel overlaying the dinucleotide pattern. A ten-
dency to allele dropout is suspected because large alleles
do not amplify as efficiently as small alleles. Some
extreme differences in peak height were observed in het-
erozygous genotypes combining alleles shorter than 152
bp and longer than 209 bp. The remaining 14 loci were
combined in two multiplex PCR sets with 8 and 6 loci,
respectively (Table 1).

All loci more or less fit to a dinucleotide base-pair
periodicity with the exception of locus Rops05 with a
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dinucleotide repeat that exhibits an average of 2.2
nucleotides distance between adjacent alleles. This so-
called size shift exists between the observed elec-
trophoretic size and the expected repeat unit difference.
Similar deviations from the expected periodicity were
observed in humans (Amos et al., 2007), in poplar
(LIESEBACH et al., 2010) and salmon (ELLIS et al., 2011).
Alleles of R. neomexicana also match to the R. pseudoa-
cacia ladders, as was observed in an offspring family.
However, we detected alleles apart from the ladder at
five loci in the clone ‘Casque Rouge’, obviously originat-
ing from the R. hispida parent.

Even though these 14 loci are suitable for clone identi-
fication, one locus has to be excluded for population
genetic studies, especially mating system and paternity
analysis. Locus RP150 shows an indication for duplica-
tion. It reveals reproducible genotype patterns with 1 to
4 alleles per sample and partially shows behaviour like
a tetraploid locus with a dosage effect, i.e., two small
peaks and one large peak.

Linkage

Multilocus data evaluations, like the calculation of
several non-exclusion probabilities, assume that the loci
segregate independently. However, no serious bias is
expected in multilocus calculations when loci are not so
tightly linked (MARSHALL et al., 1998). Mapping dis-
tances of 10 ¢cM or more are considered as an indepen-
dent association of markers for fingerprinting and
parentage analysis purposes (SLAVOV et al., 2004).

Here we present first results of linkage analysis in
black locust in offspring families from two openly polli-
nated trees A and B. Forty five two-locus combinations
could be tested from 10 heterozygote loci for each of the
individuals A and B. Table 2 shows five significant link-
ages at the LOD score >3 criterion. The suggested
threshold value of 3 is very conservative, as was dis-
cussed by GERBER and RODOLPHE (1994). Yet further two-
locus combinations in this study have LOD scores below
1.6 and have to be considered as independent loci. Two
pairs of linked loci Rops05 — RP035 and RP109 — RP200
were observed in both trees A and B, whereas RP106 —
RPO1B in tree B (Table 2) seems to be unlinked in tree A
(LOD = 0.0098, recombination frequency 0.489).

Estimation of non-exclusion probabilities

Generally, non-exclusion probabilities should be as
small as possible. This could be achieved by a high num-
ber of loci and a high level of variation. Nevertheless, it
could be advisable to exclude single loci for paternity
analysis in the case of high frequencies of null alleles in
certain populations. Often they cannot contribute infor-
mation because of missing amplification products, or
their apparent homozygous genotype might be a true
heterozygote with the null allele. In the six planted
stands of black locust described here, maximum
observed frequencies of null alleles per population are
18% for locus Rops04; 23% for RP032, and 29% for
RP206. However, such loci can be used as additional
information in paternity analysis to exclude candidate
fathers in the case of more than one possible candidate.
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Table 2. — Linkage of nuclear microsatellite loci in R. pseudoacacia.

Locusl |Locus2|Tree |Sample [ Segregation LOD score Recombination | Map
D size ratfio in frequency distance
offspring r+st.dev d (cM)
Rops05 | RPO35 |A 173 88:14:13:58 |19.539 0.156 +0.028 16.15
Rops05 | RPO35 |B 63 21:1:8:33 7.744 0.143 +0.044 14.69
RP109 |RP200 |A 159 101:14:10:34|18.562 0.151 £0.028 15.58
RP109 |RP200 |B 69 36:4:0:29 14.138 0.058 £0.028 5.82
RP106 |RPO1B |B 44 6:10:25:3 3.564 0.205 + 0.061 21.73

Table 3. — Examples of variation parameters and combined non-exclusion probabili-
ties for six artificial R. pseudoacacia stands based on evaluation of 13 highly variable

microsatellite loci.

o o} : ; ; =
3 Q - cC < g [« c
g3 |E3 £ |8 g = 2 o
c S |2 2 g |v > T > T >8
0 e} o) o @ 8>_ 0 ciE ~ 0 cE 0 c=
5 T 2 o >0 SN £082> | 08 |£08¢2
S 28 | o |52 2 |830% |230E | 2805
2 E2 || oo 295 EG580 |ET8S | ET8Q
° S5O 23| e o 298 0x2p 0% 00 oOx 20
o Zz £ <= |10 0O OCc—lQwva= |Qwal UuvaoL
1 74 9.62 | 52164 0.7128 | 1.26E-15 3.87E-6 5.58E-6
2 74 6.23 | 3.1791 0.7155 | 1.00E-10 5.72E-5 9.18E-4
3 69 931 | 5.2753 0.7106 | 2.06E-15 4.67E-6 6.40E-6
4 74 8.15 | 4.9288 0.6912 | 6.69E-15 5.84E-6 1.15E-5
5 72 2.15 | 5.0532 0.6748 | 5.06E-15 6.18E-6 9.52E-6
6 72 9.15 | 5.3216 0.7325 | 1.21E-15 4.21E-6 521E-6
Average | 72.5 8.60 | 4.8291 0.7062 | 1.67E-11 1.37E-5 1.59E-4

Some examples for variation parameters and com-
bined non-exclusion probabilities based on 13
microsatellite loci (locus RP150 was excluded because of
duplication) were given for six populations to demon-
strate the power of the presented set of highly variable
microsatellite loci in black locust (Table 3). Calculations
were carried out under the condition of unlinked loci.
Taking into consideration the observed linkage, the com-
bined non-exclusion probabilities might be slightly
underestimated.

A realistic probability for identifying clones originat-
ing from vegetative propagation in populations or in
breeding materials by their identical multilocus geno-
types might be assumed between the estimates for iden-
tity by chance for unrelated individuals (on average
1.67E-11) and for sibs (on average 1.37E-05). This
implies a highly reliable identification of clones includ-
ing possible full sibs. The application of the set of
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microsatellite markers for parentage analysis is not
restricted by linkage despite inexact non-exclusion prob-
abilities. It allows a reliable identification of the pollina-
tor among the candidate fathers or the exclusion of all
candidates in natural or semi-natural populations with
clonal structures or in seed orchards.
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