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Abstract

Variations in genotypes among 12 riparian populations of Black Poplar (Populus nigra
L.) along the Danube River were assessed. Eight microsatellite loci were scored using fragment
analysis. The analysis of molecular variance (AMOVA) for all loci revealed that greatest
amount of genetic variance existed within populations (97.17 %), while genetic variance among
populations participated in only 2.83 %. Most pairs of populations along the river were

relatively similar (pairwise Fst: 0.0003-0.0694), the highest genetic distance being observed
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between the populations from Germany and Romania. Heterozygosity or allelic richness has not
been lost yet in the sampled populations (0.3333-0.9643, 4.969-13.738, respectively). Results
also show that studied populations have not experienced recent bottleneck effect, except for the
population from NP ,Lonjsko polje*, Croatia. An analysis using the program STRUCTURE
(K=5, K=10) indicated that all populations recruited plants from all clusters, yet geographically
closer populations tended to draw evenly from the same clusters. The collection of plant
material for establishment of Black Poplar cadastre towards reforestation of the Danube banks
should be carefully performed, with identification of genets and considering genetic distances

between individuals and populations.

Page 2 of 34



£3%

SEE/D/0165/2.3/X-02 Final Report

Introduction

Black Poplar (Populus nigra L.) is one of the most common plant species which
constitutes floodplain forests along riversides in riparian ecosystems throughout Europe. It plays
a central role in the initial phase of the development of riparian forests and contributes to the
natural control of flooding and water quality, thus becoming a flagship species of the project
DANUBEPARKS STEP 2.0. Additionally, Black Poplar forests might serve as natural
corridors, connecting areas along the Danube now separated from each other, facilitating gene

flow for many riparian species (Storme et al., 2003; Naiman et al., 2005).

P. nigra is dioecious and anemophilous species, characterized by great diversity of
population types, from isolated trees to large pure or mixed stands (Lefévre et al., 2001). It
forms metapopulations by colonizing open areas through seeds, stems fragments and sprouting
from roots and stems of damaged plants (Zsuffa, 1974; Herpka, 1986). Several main factors are
recognized as severe threats for P. nigra populations in Europe (Lefevre et al., 1998; 2001):
alteration of riparian ecosystems throughout the species' distribution area; overexploitation or
replacement of autochthonous Black Poplar resources with faster growing hybrid poplars;
plantation of limited number of cultivated clones and possible occurrence of introgression from
cultivated poplars (Cagelli & Lefevre, 1995). The major concern regarding introgression in
Black Poplar is the possible reduction of genetic variability, more specifically, the reduction of
genetic diversity as a result of the genetic introgression from a limited number of cultivated
clones. A related concern is the spontaneous production of recombinant types in natural genetic
backgrounds, which might alter ecological competence and invasiveness (Mullin & Bertrand

1998; Martinsen et al., 2001). The knowledge of genetic diversity and population structure in
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conservation programs in future.

To provide the population with the capacity to adapt to changing environmental
conditions in order to ensure its long-term survival, there must be sufficient genetic diversity
(Booy et al., 2000). One of the basic tasks of the stated project is aimed at establishing a Black
Poplar cadastre and, in combination with genetic analysis of local populations, providing a basis
for future reforestation activities. Evaluation of the extent of genetic variation, levels of
heterozygosity, allelic richness and dispersal in Black Poplar, require application of codominant
molecular markers, such as microsatellites, also known as Simple Sequence Repeats — SSR.
Nowadays, microsatellite markers, short (1-5 bp long), tandemly repeated DNA sequences, are
routinely used to investigate the genetic structuring of natural populations of many plant species
including Populus (Smoulders et al., 2001; Smoulders et al., 2008; Du et al., 2012; Wei et al.,

2013).

The purpose of the present study is to gain insight into the genetic structure of 12
populations of Black Poplar sampled along the Danube using 8 microsatellite loci. Obtained
data about allele and genotype frequencies in populations, allelic richness, heterozigosity per
population, fixation indices (Fis, Fir, and Fst), as well as genetic distances within and among
analyzed populations will enable a strong basis to derive advice and suggestions on how to

conserve and restore genetic diversity in Black Poplar along the Danube.
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Materials and Methods

Plant material

Leaf samples of Black Poplar were provided from 12 Partners (in sum 364 + 2 samples).

Population coding system is presented in Table 1. In each population, 30 trees were sampled.

The populations’ locations are indicated in Figure 1.

Table 1 - SEE/D/0165/2.3/X-02 collection of Black Poplar (Populus nigra L.)

Population

code

Partner

10

11

12

Donauauwald Neuburg Ingolstadt, Germany
(Aueninstitut Neubura)

National Park “Donau-Auen”, Austria

Association of Citizens ,,BROZ", Slovakia
(Regional Association for Nature Conservation and Sustainable Development)

National park ,,Ferto-Hansag”, Hungary

National Park ,,Duna-Ipoly*, Hungary

National Park ,,Duna-Drava“, Hungary

Special Nature Reserve ,,Gornje Podunavlje*, Serbia
(PE ,,Vojvodinasume*‘)

Nature Park ,,Kopacki rit“, Croatia

National Park ,,Lonjsko polje”, Croatia

National park ,,Persina”, Bulgaria

National Park ,,Rusenski Lom”, Bulgaria

The Danube Delta Biosphere Reserve (DDBR), Romania
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Figure 1 - Map of the Danube basin indicating the locations of the populations sampled for the
study (modified from http://www.danubeparks.org/). List of populations according to
population code numbers is given in Table 1.

DNA extraction

DNA was extracted using a modified CTAB (cetyltrimethylammonium bromide)
procedure (Doyle & Doyle, 1990; Zhou et al., 1994) from the dried leaves collected by the
Partners according to the instructions. In sum, 366 samples were available (Table 1 in

Appendix). CTAB procedure was performed as follows:

e Each leaf sample (of about 0.09 g) was powdered in liquid nitrogen and transferred in 1.5
ml microtube on ice.

e In each microtube 0.6 ml CTAB buffer was added. CTAB buffer was consisted of: 20
mM Na-EDTA (pH 8), 100 mM Tris-HCI (pH 8), 1.4 M NaCl, and 2% (w/v) CTAB.

e After incubation in water-bath for 20 min at 56°C, in each sample 0.6 ml of chloroform-

isoamyl mixture (24:1) was added.
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e Samples were centrifuged at 12.000g for 10 min and supernatants were poured into the
new set of microtubes.

e Another extraction was performed with chloroform-isoamyl mixture (24:1) and
centrifugation was performed as above.

e In each supernatant 0.25 ml 4 M NaCl and 0.75 ml isopropanol were added and the
samples were placed into a refrigerator at 4°C for 30 min.

o Samples were, subsequently, centrifuged for 5 min at 8.000 g.

e Precipitated DNA was rinsed with 1 ml 70% ethanol and centrifuged for 5 min at 8.000g.

o After decoction of ethanol, DNA pellet was dried in sterile conditions for 1.5 h and
subsequently resuspended in 0.2 ml TE buffer (10 mM Tris-HCI, 1 mM Na-EDTA).

¢ RNA in the samples was digested with 5 pg RNase (each) during incubation at 37 °C for
1h.

o After that, one more extraction with 0.2 ml chloroform-isoamyl mixture (24:1) followed
by centrifugation at 12.000 g for 15 min was performed.

o |solated DNA samples are stored in TE buffer at -20°C until use.
DNA vyield and quality was checked on the spectrophotometer for each sample by

absorbance readings at 230, 260, and 280 nm. The yield of DNA was calculated according to

formula;

Concentration (ug/ml) = A260 reading x dilution factor (100) x 50ug/ml

The ratio of absorbance at 260 nm and 280 nm (A260/A280) is used as a measure of

purity in nucleic acid extractions. A ratio of >1.8 is generally accepted for acceptable DNA
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quality. The ratio of A260/A230 is used as a secondary measure of nucleic acid purity and this

ratio should be greater than 1.5, ideally close to 1.8.

Consistency of the isolated DNA samples was additionally verified by 1% agarose gel
electrophoresis in TBE buffer (1XTBE) containing ethidium bromide (0.5 pg/ml), followed by

visualization in a UV transilluminator.

Microsatellite fragment analysis

To analyze the genetic structure of Populus nigra populations, eight microsatellite loci
were used. One, PMGC14, was selected from the IPGC (International Populus Genome
Consortium) SSR Resource (http://www.ornl.gov/sci/ipgc/ssr_resource.htm) as in Smulders et
al. (2008), five (WPMS03, WPMS05, WPMS08, WPMS09, and WPMS12) from Van der
Schoot et al. (2000), and two (WPMS16 and WPMS18) from Smulders et al. (2001). Four
different fluorescent dyes (6-FAM, NED, PET, and VIC) were used to end-label one primer of
each primer pair (Table 2).

Two PCR protocols differed only in annealing temperatures. One cycle at 94°C for 3 min
was followed by 30 cycles of 45 s at 94°C, 45 s at the annealing temperature (50 or 55°C), and
105 s at 72°C. Final elongation step of 10 min at 72°C was included. Loci were amplified in
three multiplex PCR reactions. One reaction included loci: WPMSO05, WPMS09, WPMS16, and
WPMS18 and the annealing temperature was 50°C. Second reaction included loci WPMS08 and
WPMS12 and was also conducted on annealing temperature of 50°C. Third reaction included
loci WPMS03 and PMGC14 where annealing temperature was 55°C. Amplification was
performed in a volume of 20 pl and final concentration of components was as follows:

1. 1xTaq Buffer with (NH4),SO4
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2. 1.5 mM MgCl,

3. 0.2mM of dNTP each

4. 0.15-0.30 uM of each forward/reverse primer

5. 0.05 U/ul Taqg DNA polymerase (recombinant) (ThermoScientific, EU)

6. 0.03 pg/ul DNA template

Table 2 - Microsatellite loci and primers used for fragment analysis of P. nigra accessions from
the SEE/D/0165/2.3/X-02 collection. Primer pairs were labeled with fluorescent dyes (6-FAM,
NED, PET, and VIC).

Microsatellite Primer sequences (5’-3’), end—labeled with
locus fluorescent dyes
WPMSO03 -TTTACATAGCATTTAGCCTTTAGA
TTATGATTTGGGGGTGTTATGGTA
WPMSO05 6-FAM-TTCTTTTTCAACTGCCTAACTT
TGATCCAATAACAGACAGAACA
VIC-TAACATGTCCCAGCGTATTG
Wwemsos TTTTTAGAGTGTGCATTTAGGAA
PET-CTGCTTGCTACCGTGGAACA
WPMS09 AAGCAATTTGGGTCTGAGTATCTG
PET-TTTTTCGTATTCTTATCTATCC
wemsi2 CACTACTCTGACAAAACCATC
6-FAM-TTCAGAATGTGCATGATGG
PMGCLA GTGATGATCTCACCGTTTG
WPMS16 VIC-CTCGTACTATTTCCGATGATGACC
AGATTATTAGGTGGGCCAAGGACT
WPMS18 -CTTCACATAGGACATAGCAGCATC

CACCAGAGTCATCACCAGTTATTG
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in equal volumes, and were plated as one. Products of first reaction were plated separately. Each
well on a plate contained 0.5 pl of an amplification product for 4 loci of the specific accession,
9 ul of Hi-Di™ Formamide (Applied Biosystems®, UK), and 0.5 pl of GeneScan™ 600 LIZ®
Size Standard (Applied Biosystems®, UK). After denaturation of plate at 95°C for 3 min, and
cooling on ice for 5 min, the plate was loaded on 3130 Genetic Analyzer (Applied Biosystems®,
UK). Only distinct and reproducible, well-marked amplified peaks were included in the genetic
analysis. If some loci were missing, the specific reactions were repeated. Data were analyzed

with the GeneMapper® Software (Life Technologies™, USA).

Statistical analysis

To assess the level of genetic diversity, we determined per locus and population: the
number of alleles, allelic richness based on a minimal sample size, allelic size range, observed
and expected heterozygosity as standard diversity indices (Nei, 1987). In order to calculate
diversity measures Fstat 2.9.3 (Goudet, 1995) and Arlequin (v.3.5.1.2, Excoffier & Lischer,
2010) software were used and obtained values were assessed for significance using the non-
parametric Mann-Whitney U-test with PAST software (Hammer et al., 2001). To characterize
the sources of genetic variation within and between populations, AMOVA was performed
(Arlequin v.3.5.1.2), using Wright’s F statistics (Weir & Cockerham, 1984; Weir, 1996).
Pairwise Fst values between populations were also calculated. The significance of the departure
of the Fst index from zero was done with 1023 permutations. Weir & Cockerham (1984)
estimation of Fir, Fst and Fs, per locus and overall were also calculated using Fstat 2.9.3

software.
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The Garza-Williamson (G-W) index (number of alleles divided by the allelic range) was
computed for all populations (Garza & Williamson, 2001). Analyses were performed using
Arlequin software. Wilcoxon signed-rank test implemented in software Bottleneck (v.1.2) was
used to test whether a significant number of loci features excess of heterozigosity, which would
indicate a recent bottleneck event. The two-phase mutation model (TPM) was used (Cornet &
Luikart, 1996). This model assumes that majority of mutations arise by gain or loss of one
repeat unit (stepwise model), but allows minor portion of multistep changes. In the analysis the
TPM model was parameterized with 90% of stepwise mutation. Similar results were obtained
with different parameter set. In addition, we tested 8 microsatellite markers across twelve
populations to determine whether selection was acting on loci. We used the Fst method
described in Cavalli- Sforza (1966) and Beaumont (2005) to evaluate the relationship between
Fst and expected heterozygosity (He). LOSITAN software (http://popgen.eu/soft/losi,
Beaumont & Nichols, 1996; Antao et al., 2008) was used to implement the Fst method and to
test for outlier loci. The overall sample was analyzed in two runs (for 15.000 simulations) under
a stepwise mutation model. The first run optimized the baseline Fst while the second run
evaluated the outliers. We used that distribution of values to identify outlier loci that potentially

had an excessively high or low Fst value compared with the estimated baseline Fsr.

In order to estimate the number of genetic clusters represented in the samples the software
STRUCTURE 2.3.4 (Pritchard et al., 2000; Falush et al., 2003; Hubisz et al., 2009) was used
without prior population information. This program uses a Markov chain Monte Carlo (MCMC)
method that clusters individuals to minimize Hardy-Weinberg disequilibrium and linkage
disequilibrium between loci. An admixture model was used with a burn-in length of 10,000 and

a MCMC of 100,000. The range of possible number of clusters (K) tested was from 1 to 13 with
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series of five runs for each K. The results obtained with STRUCTURE were uploaded to
software STRUCTURE Harvester version 0.6.93 (Earl & von Holdt, 2012). This program
produces a plot of the mean likelihood value per K value and calculates the highest value of the
second-order rate of change (DK) according to the method of Evanno et al. (2005) to detect the

number of K groups that best fits the data set.

Distance matrix among populations was constructed using GenAlEx 6.5 platform (Peakall
& Smouse, 2012). UPGMA (Unweighted Pair Group Method with Arithmetic Mean) and NJ
(Neighbor Joining) plots were made in NTSYSpc software, v. 2.1 (Rohlf, 2005) using SAHN

and NJ procedure, respectively.
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Results

Certain leaf samples of were not delivered in an appropriate manner for the DNA isolation
(detailed instructions have been provided earlier by the Contractor and disseminated by the
Contracting Authority) and were apparently air-dried for some time before enclosing in zip-bags,
thus becoming brown or even black (see the Table Al in Appendix). The DNA was extracted
from 366 samples by modified CTAB method and RNA was removed using RNase. The quality
and the yield of the DNA in each sample are presented in the Table A1l (Appendix). DNA of
satisfying quality has been extracted from most of the leaf samples (acceptable DNA yield, low
carbohydrate and protein contamination and no visible DNA degradation). DNA isolated from
nine individuals was of unsatisfying quality and yield, even though the extraction was repeated
three times (samples 2-13, 5-22, 6-5, 6-7, 6-8, 6-10, 7-11, 9-16, 10-16).

An example of electrophoretic profiles of genomic DNA extracted from samples
originating in Slovakia (population code number 3; samples: 3-1 — 3-27,) are presented in the

Figure 2. No visible DNA degradation was observed after agarose gel electrophoresis.

8 910 11 12 131415 16 17 181920 21 22 23 2425 26 27

— e e . s o e — —

Figure 2 - Electropherogram representing genomic DNA of 27 P. nigra accessions originating in
Slovakia (population code number 3). Abbreviations: M — 100 bp (base pairs) DNA ladder
(ThermoScientific, EU).
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In processed samples, clearly separated peaks belonging to eight microsatellite loci are
distinguishable. Well-marked amplified peaks are presented in the Figure 3. Results of
microsatellite fragment analysis obtained for 12 populations are presented in Table A2
(Appendix). Microsatellite fragment analysis identified two identical genotypes in population 6

(6-19 and 6-27) as well as in population 12 (12-08 and 12-10). All other genotypes were unique.

L] i

Al : U IR,

1
ALl

Figure 3 - Amplified fluorescent dye-labeled products of 8 microsatellite loci analyzed by 3130
Genetic Analyzer (Applied Biosystems®). Pairs of peaks labeled with the same fluorescent dye
represent heterozygous loci, while homozygous loci are visible as single peaks. A) amplified
loci: WPMS12 (red), PMGC14 (blue), WPMS08 (green) and WPMSO03 (black-representing
yellow fluorescence) B) amplified loci: WPMS16 (green), WPMS18 (black-representing yellow
fluorescence), WPMSO09 (red) and WPMSO05 (blue).

In total, 355 individuals of P. nigra from the 12 populations were genotyped for 8
polymorphic microsatellite markers, as well as two individuals from Serbia (X-1 = Populus
deltoides (PNDSRB101) and Y-1 = Populus nigra var. pyramidalis (PNPSRB101)). All
microsatellite loci had less than 5% of missing data, so all loci were included in analysis. In
order to assess the level of genetic diversity we have determined standard parameters such as the
number of alleles per locus and population (Table 3), allelic richness per locus and population

based on a minimal sample size (Table 4), and allelic size range per locus and population (Table
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5). Number of alleles ranged from 9 - 24 depending on loci with mean value of 9.24. All
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population had similar mean number of alleles detected (Table 3). Results presenting the number
of alleles based on a minimal sample size (allelic richness) were consistent with results presented
in the Table 3, and the mean value was 9.713. The highest mean allelic richness was observed in
population 11 (Bulgaria), while the lowest was recorded in population 2 (Austria). Mean
observed and expected heterozygosity was high in all populations (Table 6 and 7). The results of
non-parametric Mann-Whitney test did not show significant differences between pairs of
populations in genetic parameters, except for allelic richness based on minimal sampled size
between populations 9 and 11 (P = 0.03792) and for expected heterozygosity between
populations 4 and 5 (P = 0.049883) (Tables A3, A4, A5 in the Appendix). The Garza-
Williamson index (G-W) for each population is shown in the Table 8. It is known to be sensitive
to population bottlenecks, and should be near O for populations that have passed through a
bottleneck, but close to 1 in stationary populations. We found no evidence of linkage

disequlibrium between pairs of loci.
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Table 3 -Number of alleles per locus and population

Number of alleles detected

Locus Population

WPMS16 6 6 6 7 6 6 8 8 5 6 7 6 6.417 9
WPMS12 10 6 9 7 9 7 5 8 8 6 7.333 12
PMGC14 6 6 7 7 8 6 7 o) 7.250 11
WPMS18 5 10 9 9 7 10 10 7 6 10 8 8.083 14
WPMS08 7 11 11 12 11 8 8 8 12 14 11 10.167 22
WPMS09 13 10 11 11 11 9 11 10 9 10 15 13 11.083 23
WPMS03 15 14 14 12 14 12 11 11 10 12 12 11 12.333 24
WPMSO05 14 14 11 13 12 10 9 11 8 10 10 13 11.250 19

Table 4 - Allelic richness per locus and population based on a minimal sample size

Allelic richness per locus/population
Locus Population

WPMS16 5963 5.828 5996 6.487 5986 6.000 7.569 7.599 4.990 5.763 6.781 5.955 6.480
WPMS12 9518 5945 8319 6.381 8319 6.769 6.823 5.799 4969 7.199 7.543 5755 7.476
PMGC14 5963 5828 5800 6.762 6.651 7.998 8.000 7.800 5.919 6.962 8.749 8475 7.606
WPMS18 5954 5.000 9.549 8378 8.694 6.995 9.839 9.548 6.714 5762 9.644 7.555 8.623
WPMS08 8.398 6.714 10.710 10.119 11.267 10.679 7.766 7.746 7.857 11.754 12.524 10.451 11.848
WPMS09 12.238 9.817 10.283 9.880 10.517 8.837 10.764 9.386 8.837 9.765 13.350 12.117 11.306
WPMS03 13.738 13.369 12.773 11.195 13.460 11.756 10.745 10.451 9.957 11.323 10.800 10.676 12.958
WPMSO5 13.111 13.106 10.360 11.320 11.397 9.909 8.986 10.319 7.778 9.553 9.356 12.248 11.406
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Table S -Allelic size range calculated by Arlequin software

Allelic size range

Population 1 ) 3 4 5 6 7 8 9 10 1 12 All populations  Total
Locus Mean s.d. range
WPMS16 6 6 6 7 6 6 7 8 6 8 7 7 6.667 0.778 9
WPMS12 11 7 8 8 10 8 6 6 8 10 7 6 7.917 1.676 12
PMGC14 8 6 7 8 7 7 11 8 8 6 11 10 8.083  1.730 11
WPMS18 7 7 14 11 15 7 11 10 9 7 11 8 9.750 2.768 17
WPMS08 16 11 15 16 20 19 12 12 13 24 21 12 15917 4.231 27
WPMS09 27 11 11 23 21 21 22 22 9 22 27 27 20.250 6.412 32
WPMS03 15 16 18 13 32 27 29 17 18 21 25 12 20.250 6.538 37
WPMSO05 21 19 13 19 19 11 11 11 8 10 11 17 14.167 4.489 21
Mean 13.875 10.375 11.500 13.125 16.250 13.250 13.625 11.750 9.875 13.500 15.000 12.375 12.875 1.827 20.750
s.d. 7376 4.897 4243 5793 8648 7978 7.855 5312 3.834 7.483 8.071 6.865 5549 1.642 10.375

Table 6-Observed heterozygosity (Ho) calculated by Arlequin software

Observed heterozygosity (Ho)

Locus/Population 1 2 3 4 5 6 7 8 9 10 11 12 Mean
WPMS16 0.6000 0.8621 0.7931 0.8438 0.6667 0.7692 0.7857 0.8667 0.7037 0.7667 0.8000 0.6333 0.7576
WPMS12 0.7667 0.5517 0.7000 0.5313 0.8000 0.6154 0.6897 0.6000 0.7931 0.6000 0.5333 0.5000 0.6401
PMGC14 0.8000 0.8966 0.8333 0.9000 0.7586 0.8000 0.8750 0.8621 0.7308 0.7500 0.7333 0.8276 0.8139
WPMS18 0.6667 0.6552 0.6429 0.6875 0.9643 0.8462 0.7600 0.8000 0.7500 0.6000 0.6667 0.7333 0.7311
WPMS08 0.4667 0.6429 0.5517 0.4333 0.3929 0.4615 0.3333 0.4828 0.3333 0.6667 0.4667 0.6552 0.4906
WPMS09 0.7333 0.7143 0.7931 0.9063 0.7333 0.5769 0.7308 0.8000 0.8846 0.8276 0.8667 0.7667 0.7778
WPMS03 0.5172 0.5714 0.6333 0.5484 0.8000 0.5769 0.7037 0.5862 0.7200 0.6667 0.4333 0.5000 0.6048
WPMSO05 0.7667 0.7857 0.7667 0.6250 0.7931 0.7692 0.7692 0.7333 0.7037 0.5714 0.8333 0.7000 0.7348

Mean 0.6647 0.7100 0.7143 0.6844 0.7386 0.6769 0.7059 0.7164 0.7024 0.6811 0.6667 0.6645 0.6938
s.d. 0.1247 0.1284 0.0983 0.1811 0.1633 0.1368 0.1611 0.1430 0.1608 0.0919 0.1700 0.1185

Page 17 of 34



SEE/D/0165/2.3/X-02 Final Report

Table 7- Expected heterozygosity (He) calculated by Arlequin software

Expected heterozygosity (He)

Locus/Population 1 2 3 4 5 6 7 8 9 10 11 12 Mean Tot.

He
WPMS16 0.7859 0.7768 0.8010 0.7892 0.7576 0.7692 0.7890 0.8243 0.7463 0.7655 0.7610 0.7260 0.7743 0.7895
WPMS12 0.7983 0.6334 0.6774 0.6994 0.7548 0.6991 0.7526 0.6949 0.6788 0.6808 0.6073 0.5599 0.6864 0.7007
PMGC14 0.7836 0.8022 0.818 0.8079 0.7810 0.8539 0.8378 0.8421 0.7813 0.8039 0.8328 0.8100 0.8129 0.8176
WPMS18 0.6910 0.7320 0.7890 0.7441 0.8247 0.8130 0.8212 0.8192 0.7955 0.6915 0.7373 0.7729 0.7693 0.7991
WPMSO08 0.7797 0.7299 0.8107 0.8017 0.8578 0.7911 0.6862 0.7356 0.7673 0.8861 0.8424 0.8663 0.7962 0.8264
WPMS09 0.8497 0.8364 0.8228 0.8090 0.8458 0.7888 0.8477 0.7819 0.8152 0.8276 0.8661 0.8667 0.8298 0.8408
WPMSO03 0.8355 0.8409 0.7893 0.7562 0.8429 0.8590 0.8700 0.8064 0.8710 0.8542 0.8735 0.8727 0.8393 0.8709
WPMSO05 0.8910 0.8831 0.8475 0.6964 0.8633 0.8597 0.8673 0.7893 0.8400 0.7760 0.8537 0.8260 0.8328 0.8645
Mean 0.8018 0.7793 0.7945 0.7630 0.8160 0.8042 0.8090 0.7867 0.7869 0.7857 0.7968 0.7876 0.7926 0.8137
s.d. 0.0595 0.0796 0.0511 0.0466 0.0448 0.0552 0.0635 0.0493 0.0592 0.0729 0.0910 0.0648 0.0648 0.0539

Table 8 - Garza-Williamson index computed for all populations by Arlequin software

Garza-Williamson index
Population All populations
1 2 3 4 5 6 7 8 9 10 11 12

Locus Mean s.d.
WPMS16 0.8571 0.8571 0.8571 0.8750 0.8571 0.8571 1.0000 0.8889 0.7143 0.6667 0.8750 0.7500 0.8380 0.0883
WPMS12 0.8333 0.7500 1.0000 0.7778 0.8182 0.7778 1.0000 0.8571 0.5556 0.7273 1.0000 0.8571 0.8295 0.1301
PMGC14 0.6667 0.8571 0.7500 0.7778 0.8750 1.0000 0.6667 0.8889 0.6667 1.0000 0.7500 0.8182 0.8098 0.1186
WPMS18 0.7500 0.6250 0.6667 0.7500 0.5625 0.8750 0.8333 0.9091 0.7000 0.7500 0.8333 0.8889 0.7620 0.1098
WPMSO08 0.5294 0.5833 0.6875 0.6471 0.5714 0.5500 0.6154 0.6154 0.5714 0.4800 0.6364 0.8462 0.6111 0.0927
WPMSO09 0.4643 0.8333 0.9167 0.4583 0.5000 0.4091 0.4783 0.4348 0.9000 0.4348 0.5357 0.4643 0.5691 0.1931
WPMSO03 0.9375 0.8235 0.7368 0.8571 0.4242 0.4286 0.3667 0.6111 0.5263 0.5455 0.4615 0.8462 0.6304 0.2001
WPMSO05 0.6364 0.7000 0.7857 0.6500 0.6000 0.8333 0.7500 0.9167 0.8889 0.9091 0.8333 0.7222 0.7688 0.1095
Mean 0.7093 0.7537 0.8001 0.7241 0.6511 0.7164 0.7138 0.7652 0.6904 0.6892 0.7407 0.7741 0.7273 0.0416
s.d. 0.1650 0.1076 0.1159 0.1357 0.1739 0.2229 0.2291 0.1844 0.1433 0.1999 0.1826 0.1371 0.1665 0.0396
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The AMOVA for all loci (Table 9) revealed that greatest amount of genetic variance occurred
within populations. The amount of genetic variance among all twelve populations was 2.83%,
and amount of genetic variance within populations was 97.17 %. Fixation index (Fsrt) generated
by AMOVA is 0.02825 and is significantly greater than 0 (P < 0.01). Weir & Cockerham (1984)

estimation of Fsrwas similar to value generated by AMOVA (Table 9 and 10).

Pairwise Fst values between each pair of populations are presented in the Table 11. Majority of
pairwise population comparisons showed small but statistically significant genetic differentiation
(Fst< 0.05) (Wright, 1978). Only two comparisons showed moderate and statistically significant

genetic differentiation (0.05<FST < 0.15): 1-12, 4-12.

Obtained results of test for deviations from Hardy-Weinberg disequilibrium revealed that the
most loci did not show deviation from H-W disequilibrium with few minor exceptions (Table
12). Only locus WPMSO08 showed deviation in most of populations (except for population 2).

Table 9 - AMOVA: Hierarchical partitioning of genetic variation among and within populations

Source of variation  d.f. Sum of squares Variance components Percentage of variation
Among populations 11 89.873 1 0.08734 Va ' 2.83

Within populations 698 2096.658 3.00381 Vb 97.17

Total 709 2186.531 3.09114

Fixation index Fsr: 0.02825

Table 10 - Weir & Cockerham (1984) estimation of Fr, Fst, and Fis per locus and overall

WPMS1 WPMS1 PMGC1I WPMS1 WPMSO WPMSO WPMSO WPMSO overal

Locus 6 2 4 8 8 9 3 5 I
Fr  0.042 0.089 0.005  0.092 0.408 0.073 0.309 0.154 0.15
Inde  Fg
. 0.02 0.021 0007  0.042 0.032 0.013 0.036 0.04 0.027
)
Fs 0022 0.069 -0.002  0.052 0.388 0.061 0.283 0.119 0.126

99% confidence interval (bootstrapping over loci): F,;= 0.048-0.281; Fs;= 0.015-0.037; F,s= 0.030-0.257
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Table 11 - Fgr distances between analysed populations computed by Arlequin software

1 2 3 4 5 6 7 8 9 10 11 12
1

2 0.0339

3  0.0305  -0.0018

4 00340 0.0225 0.0216

5 0.0295  0.0111° 0.0123" 0.0073

6 0.0309 0.0075 0.0125  0.0234  0.0098

7 0.0390 0.0242"" 0.0256° 0.0385  0.0167 0.0072

8 0.0349 " 0.0213" 0.0243" 0.0159° 0.0123° 0.0003  0.0065

9 0.0377 0.0349 0.0284" 0.0374"" 0.0154  0.0245  0.0218  0.0295

10 0.0486 ~ 0.0363  0.0453  0.0388 0.0295  0.0366  0.0395  0.0371 0.0254

11 0.0366 ~ 0.0264° 0.0323"" 0.0363 0.0212" 0.0342”" 0.0307" 0.0487° 0.0214 0.0120"

12 0.0694  0.0263 0.0334  0.0526  0.0279 0.0328 0.0324  0.0553° 0.0371 0.0373" 0.0148

Table 12 - Deviations from Hardy-Weinberg disequilibrium computed by Arlequin software

Deviations from Hardy-Weinberg disequilibrium

Locus/Population 1 2 3 4 5 6 7 8 9 10 11 12
WPMS16 0.0656 0.6811 0.58932 0.95536  0.19852  0.95859  0.56828 0.43968  0.76023  0.24024 0.26201  0.13708
WPMS12 0.13866 0.05958  0.84334 0.08855  0.60845  0.12091  0.31187 0.17865 0.59178  0.45381 0.08676  0.03268*
PMGC14 0.16402 0.87371  0.84887 0.35201  0.08397  0.15202  0.99488 0.344 0.2252 0.2558 0.06751  0.03005*
WPMS18 0.87469 0.23363  0.16576 0.05807  0.0832 0.23276  0.29891 0.01459%  0.44252  0.2712 0.09541  0.01272*
WPMSO08 0.00023*** 030613  0.00039***  Q*** O*** 0.00119%*  0.00002***  0.00169** Q*** 0.00007***  Q¥** 0.00116**
WPMS09 0.46876 0.01337*  0.10938 0.02007*  0.1172 0.00099**  0.08799 0.38637  0.25873  0.49505 072011  0.05266
WPMS03 0 0.00182  0.0106 0.00955  0.26257  0.00197  0.00236 0.13205 0.02626  0.00334 O*** O***
WPMS05 0.18191 0.02829*  0.49514 0.14915  0.09398  0.09401  0.10682 0.92401 0.24024  0.0209* 0.22418  0.04977*
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Our results indicate that majority of populations have not experienced recent bottleneck effect.
This is supported by normal L-shaped distribution of allele frequencies in all populations.
However, the analysis shows that population 9 has experienced a recent reduction in population
size (P < 0.05) (Table 13). Furthermore this population showed one of the lowest values of G-W

index (Table 8).

Table 13 — P values for heterozygocity exess obtained by Wilcoxon signed-rank test

Population 1 2 3 4 5 6 7 8 9 10 11 12

P 0.844 0.629 0.875 0.990 0.844 0.629 0.629 0.963 0.0137* 0.726 0.875 0.844

In order to detect loci under selection the analysis with LOSITAN software was performed. The
obtained results suggests neutrality of the microsatellites analysed, except 1 loci which is under

balancing selection trend (Table 14, Figure 4).

Table 14 - Relationship between Fsr (fixation index) and He (expected heterozygosity).
LOSITAN software was used to implement the Fst method and to test for outlier loci.

WPMSO03 0.874525 0.040278 0.959595
WPMS05 0.867722 0.040292 0.948669
WPMS08 0.82838 0.038817 0.907126
WPMS09 0.841632 0.014055 0.054395
WPMS12 0.702038 0.022289 0.421413
PMGC14 0.818594 0.006925 0.004664 outlier
WPMS16 0.790722 0.020749 0.300407
WPMS18 0.804075 0.04329 0.949514
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Figure 4 - Graphical view of the test for selective neutrality. Locus 1- WPMS16; locus 2-
WPMS12; locus 3- PMGC14; locus 4- WPMS18; locus 5- WPMSO08. locus 6- WPMSQ9; locus
7- WPMSO03; locus 8- WPMS05

The structure of genetic differentiation among populations based on microsatellite data was

assessed for values of K between 1 and 13. STRUCTURE Harvester illustrated that that K 10

and K 5 were the most likely scenarios for the ‘all samples’ test (Figure 5). Graphs of these

scenarios were then examined to investigate groupings. According to the most probable K 10

scenario, each examined population is consisted of 10 different genetic clusters (Figure 6). K 5

scenario highlights the divergence of 5 clusters in each population (Figure 7). Results indicated

that all populations recruited plants from all clusters, yet geographically closer populations

tended to draw evenly from the same clusters.
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Figure 5 - Distribution of Delta K indicating the structure of genetic differentiation among
populations.
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Figure 6 - Recruitment of the inferred Structure clusters from the populations studied, based on
microsatellite data. For each tree in a population the Structure cluster with the highest probability

was taken, from a run at K = 10.
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Figure 7 - Recruitment of the inferred Structure clusters from the populations studied, based on
microsatellite data. For each tree in a population the Structure cluster with the highest probability
was taken, fromarun at K =5.

Genetic distances between populations observed in plots of hierarchical cluster analyses
(UPGMA and NJ) were substantially low (Figure 8 and 9). UPGMA dendrogram successfully

clustered P. deltoides as outgroup, while geographically closer populations tend to joint clusters

(Figure 8). The similar trend can be observed in NJ dendrogram (Figure 9).
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Figure 8 — UPGMA (Unweighted Pair Group Method with Arithmetic Mean) dendrogram
presenting genetic distances between assessed populations made in NTSYSpc software. (X-1=
Populus deltoides; Y-1=Populus nigra var. pyramidalis from Serbia).
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Figure 9 — NJ (Neighbor Joining) dendrogram presenting genetic distances between assessed
populations made in NTSYSpc software. (X-1=Populus deltoides; Y-1=Populus nigra var.
pyramidalis from Serbia).
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Discussion

Presented results show very low level of clonality, since only in two populations two
individuals shared the same genotype. They support findings of Smulders et al. (2008), who

found low level of duplicated genotypes along dynamic rivers.

The determined level of genetic diversity of analyzed populations are consistent with the
previous studies (Smulders et al., 2008; van der Schoot et al., 2000) considering the differences
in total sample sizes. Allelic richness did not vary much among populations. The highest allelic
richness was observed in population from Bulgaria which indicates that this population shows
the highest genetic diversity. The results of heterozigosity are similar among analyzed
populations, and were close to values reported by Smulders et al. (2008). The observed
differences between studies may be due to different set of microsatellite used. Heterozygosity or
allelic diversity is preserved in the analyzed populations, which is probably related to the long

life span of individual trees.

The obtained results of the AMOVA indicate low level of variation between populations, and
high values of variation within populations. Smulders et al. (2008) reported similar proportion of
genetic variation within catchment. Careful overview of the pairwise Fst values and their
statistical significance indicates that pattern of population differentiation could be caused by the
isolation by distance. Small pairwise Fsr values are the result of high gene flow between
populations. The highest Fst values are recorded between two the most distant populations: the
population from Germany (the closest to the Danube source) and the population from Romania
(located at the Danube confluence into the Black Sea). Populations originating in the middle of

the Danube flow (Austria, Slovakia, Hungary, Croatia, and Serbia) show milder levels of
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differentiation. Furthermore, populations 6, 7, and 8, which are geographically very close, show
no significant differentiation, and very low Fst levels. Interestingly, population 9 from Croatia,
located on the Sava River (Danube tributary), evenly and significantly differs from all other
populations. As expected, populations at the lower flow of the Danube (populations 10 and 11
from Bulgaria) are also very similar. Populations 10 (Bulgaria) and 12 (Romania) show stronger

difference than populations 11 and 12, which are geographically closer.

Natural habitats of Populus nigra L. have been gradually reduced by human activities and the
gene pool is threatened by the large-scale presence of cultivated hybrids and ornamental cultivars
which could spontaneously hybridize with P. nigra. Towards preserving gene pool of European
P. nigra it is of great importance to perform in situ conservation-preservation of populations
along the Danube, from its source to the confluence into Black Sea. In order to conserve the
adaptability of a species the most advisable action to take would be the protection of its natural
habitats, so as to maintain the gene complexes that have evolved and that will evolve during time
in response to environmental changes. This kind of conservation, however, might not be
applicable to P. nigra in large parts of its range along the Danube due to the urbanization, and
because natural stands of this species are often very disturbed and fragmentary and cannot be
preserved from high gene flow by the establishment of large protection bands. Furthermore, the
conservation of in situ genetic resources could be limited to restricted areas, such are riparian
forests, isolated from cultivated poplar accessions with uniform genetic material. We suggest
conservation of old trees in each population, because they most likely represent the source of the
original genetic constitution which did not suffer from introgression. It is clear that genetic
differentiation between populations along the Danube is not considerable, especially between

neighboring populations. Differences gradually accumulate with geographical distance, without
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ability to strictly define specific genetic pools. However, in order to efficiently implement
conservation measures we suggest the establishment of three conservation entities, representing
the genetic diversity of the specific regions: (a) upper Danube flow (Germany); (b) middle flow
of the Danube (Austria, Slovakia, Hungary, Croatia and Serbia); (c) lower Danube flow
(Bulgaria and Romania). Those areas could represent local or regional gene pools. On the other
hand, riparian forests are very dynamic ecosystems subjected to changes in river path, flooding,
sequences of evolution stages, and pioneer species such as poplars tend to be quickly replaced.
For this reasons the protection of restricted ecological zones, even with appropriate silvicultural

management that ensure the survival of the species, might not be enough.

Secondary genetic resources (ex situ conservation) are also of crucial importance. Ex situ
conservation could include the formation of germplasm collections (e.g. arboretums) which
would represent the genetic diversity of defined areas along the Danube. The collection of
germplasm must be made taking into consideration the results obtained from the studies on
genetic variability. Additionally, extensive genotypization of genotypes selected for germplasm
collections should be performed. Such ex situ collections should be extended, and "core
collections” representing the diversity within populations should be kept in several contrasted
environments. The goals of such a conservation strategy is to maintain a large gene pool that
may ensure the potential for natural adaptation, but also to provide base material for further
restoration of riparian forests and eventual reintroduction actions. Since Black Poplar is an
allogamous species for which an important genetic load is expected, the impact of inbreeding on
the mean fitness of the population may be important. For these reasons, restoration of
populations should be practiced using selected individual clones rather than seed progenies. Plant

material should be carefully collected, taking into account the geographical distance between
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populations, safety distance between sampled trees, age of trees, population size and even a sex
ratio. Germplasm collection size should be large enough to avoid the effect of drift (random loss
of genetic variants due to stochastic processes) on the genetic diversity and on the level of
inbreeding. Seeds of P. nigra should be collected only in the areas where the risk of genetic

pollution was reduced to the minimum.

Significant heterozigocity excess has been documented in population 9 from Croatia,
indicating that this population has experienced recent reduction in population size. By now, this
population has not dramatically lost its genetic diversity. However, it is necessary to define
factors that negatively influenced this population genetic stability and eventually prevent their
further impacts. Based on this observation, the population originating in Croatia deserves a
special attention. We suggest the genetic characterization of nearby populations along the Sava
River and evaluation of current state of P. nigra in this region, but also its population history, in
order to select populations which could potentially serve as a source of genetic diversity.
Maintenance of the current state and eventual genetic improvement of this specific population,
together with the efficient conservation strategies, could prevent it from further genetic
degradation.

Genetic characterization of Black Poplar populations should be performed periodically in
order to evaluate population dynamics, to enable sustainability and efficient management of the
genetic resources, and finally to apply appropriate in situ and/or ex situ conservation practice
when necessary. Prior to defining final conservation strategies, we suggest further
characterization of P. nigra populations along the Danube, by introducing other molecular
markers of different properties (type of dominance and inheritance, mutation rate, adaptivity,

etc).
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Table Al - Quality and yield of isolated DNA from Populus nigra samples

Appendix

DNAvyield | A260/ | A260/
sample No. code color of sample | A230 | A260 | A280 (pg/pl) A 280 A230
1-1 PNGER101 G 0.029 | 0.048 | 0.023 0.240 2.087 1.655
1-2 PNGER102 G 0.065 | 0.135 | 0.067 0.675 2.015 2.077
1-3 PNGER104 G 0.030 | 0.049 | 0.024 0.245 2.042 1.633
1-4 PNGER105 G 0.065 | 0.133 | 0.066 0.665 2.015 2.046
1-5 PNGER106 G 0.084 | 0.175 | 0.088 0.875 1.989 2.083
1-6 PNGER107 G 0.045 | 0.091 | 0.044 0.455 2.068 2.022
1-7 PNGER108 G 0.047 | 0.092 | 0.044 0.460 2.091 1.957
1-8 PNGER109 G 0.082 | 0.175 | 0.086 0.875 2.035 2.134
1-9 PNGER110 G 0.087 | 0.184 | 0.093 0.920 1.978 2.115
1-10 PNGER112 G 0.084 | 0.181 | 0.090 0.905 2.011 2.155
1-11 PNGER113 G 0.113 0.231 0.116 1.155 1.991 2.044
1-12 PNGER115 G 0.071 0.152 0.075 0.760 2.027 2.141
1-13 PNGER117 G 0.151 0.343 0.171 1.715 2.006 2.272
1-14 PNGER118 G 0.143 | 0.323 | 0.161 1.615 2.006 2.259
1-15 PNGER119 (PNGER26 TEEBEUTEL) G 0.047 0.107 0.054 0.535 1.981 2.277
1-16 PNGER120 G 0.146 | 0.330 | 0.165 1.650 2.000 2.260
1-17 PNGER121 G 0.159 | 0.358 | 0.179 1.790 2.000 2.252
1-18 PNGER122 G 0.174 | 0.399 | 0.197 1.995 2.025 2.293
1-19 PNGER123 G 0.087 | 0.182 | 0.088 0.910 2.068 2.092
1-20 PNGER124 G 0.129 | 0.303 | 0.149 1515 2.034 2.349
1-21 PNGER125 G 0.082 | 0.182 | 0.089 0.910 2.045 2.220
1-22 PNGER126 G 0.064 | 0.137 | 0.067 0.685 2.045 2.141
1-23 PNGER127 G 0.137 | 0.311 | 0.154 1.555 2.019 2.270
1-24 PNGER128 G 0.141 | 0.315 | 0.157 1575 2.006 2.234
1-25 PNGER129 G 0.089 | 0.192 | 0.095 0.960 2.021 2.157
1-26 PNGER130 G 0.108 | 0.248 | 0.121 1.240 2.050 2.296
1-27 PNGER132 G 0.095 | 0.216 | 0.106 1.080 2.038 2.274
1-28 PNGER133 G 0.021 | 0.036 | 0.015 0.180 2.400 1.714
1-29 PNGER134 G 0.112 | 0.256 | 0.126 1.280 2.032 2.286
1-30 PNGER136 G 0.043 | 0.081 | 0.040 0.405 2.025 1.884
2-1 28-1 G 0.053 | 0.088 | 0.046 0.440 1.913 1.660
2-2 0-2 G 0.083 | 0.164 | 0.085 0.820 1.929 1.976
2-3 0-3 G 0.067 | 0.129 | 0.066 0.645 1.955 1.925
2-4 0-4 G 0.043 | 0.078 | 0.040 0.390 1.950 1.814
2-5 0-5 B 0.035 | 0.055 | 0.029 0.275 1.897 1571
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2-6 22-6 G 0.033 0.056 0.030 0.280 1.867 1.697
2-7 0-7 G 0.051 0.090 0.047 0.450 1.915 1.765
2-8 0-8 G 0.044 0.078 0.042 0.390 1.857 1.773
2-9 19-9 G 0.030 0.045 0.025 0.225 1.800 1.500
2-10 17-10 _ 0.031 0.047 0.026 0.235 1.808 1516
2-11 18-11 G 0.045 0.078 0.042 0.390 1.857 1.733
2-12 12-12(012-SP) G 0.079 0.160 0.082 0.800 1.951 2.025
2-13 0-13 G 0.046 0.081 0.044 0.405 1.841 1.761
2-14 0-14(014SP) G 0.036 0.059 0.034 0.295 1.735 1.639
2-15 0-15 G 0.043 0.070 0.040 0.350 1.750 1.628
2-16 25-16 G 0.071 0.136 0.073 0.680 1.863 1.915
2-17 0-17 G 0.069 0.153 0.074 0.765 2.068 2217
2-18 26-18 G 0.060 0.111 0.058 0.555 1.914 1.850
2-19 0-19 G 0.073 0.141 0.073 0.705 1.932 1.932
2-20 020SP G 0.056 0.089 0.050 0.445 1.780 1.589
2-21 021-SP G 0.035 0.052 0.029 0.260 1.793 1.486
2-22 022-SP G 0.048 0.079 0.043 0.395 1.837 1.646
2-23 SP-023 G 0.107 0.200 0.107 1.000 1.869 1.869
2-24 024-SP G 0.123 0.273 0.134 1.365 2.037 2.220
2-25 025-SP G 0.093 0.163 0.090 0.815 1.811 1.753
2-26 3-26 G 0.077 0.136 0.072 0.680 1.889 1.766
2-27 10-27PHepenv.10 G 0.084 0.152 0.082 0.760 1.854 1.810
2-28 028SP G 0.051 0.074 0.042 0.370 1.762 1.451
2-29 029SP 0.052 0.073 0.043 0.365 1.698 1.404
2-30 030SP 0.044 0.072 0.039 0.360 1.846 1.636
7-1 PNSRB101 0.049 0.102 0.048 0.510 2.125 2.082
7-2 PNSRB102 0.062 0.111 0.061 0.555 1.820 1.790
7-3 PNSRB103 0.050 0.083 0.047 0.415 1.766 1.660
7-4 PNSRB104 0.019 0.034 0.014 0.170 2.429 1.789
7-5 PNSRB105 0.021 0.036 0.015 0.180 2.400 1.714
7-6 PNSRB106 0.043 0.082 0.039 0.410 2.103 1.907
7-7 PNSRB107 0.031 0.056 0.025 0.280 2.240 1.806
7-8 PNSRB108 0.035 0.051 0.030 0.255 1.700 1.457
7-9 PNSRB109 0.029 0.054 0.025 0.270 2.160 1.862
7-10 PNSRB110 0.046 0.068 0.041 0.340 1.659 1.478
7-11 PNSRB111 0.032 0.027 0.021 0.135 1.286 0.844
7-12 PNSRB112 0.030 0.049 0.026 0.245 1.885 1.633
7-13 PNSRB113 0.031 0.046 0.025 0.230 1.840 1.484
7-14 PNSRB114 0.020 0.022 0.012 0.110 1.833 1.100
7-15 PNSRB115 0.031 0.056 0.024 0.280 2.333 1.806
7-16 PNSRB116 0.039 0.066 0.037 0.330 1.784 1.692
7-17 PNSRB117 0.041 0.064 0.037 0.320 1.730 1.561
7-18 PNSRB118 0.070 0.124 0.068 0.620 1.824 1.771
7-19 PNSRB119 0.057 0.116 0.058 0.580 2.000 2.035

Page 2 of 27



SEE/D/0165/2.3/X-02 Appendix .
7-20 PNSRB120 G 0.025 0.041 0.021 0.205 1.952 1.640
7-21 PNSRB121 B 0.038 0.077 0.036 0.385 2.139 2.026
7-22 PNSRB122 B 0.032 0.051 0.023 0.255 2217 1.594
7-23 PNSRB123 G 0.026 0.043 0.023 0.215 1.870 1.654
7-24 PNSRB124 B 0.054 0.106 0.055 0.530 1.927 1.963
7-25 PNSRB125 G 0.081 0.160 0.081 0.800 1.975 1.975
7-26 PNSRB126 G 0.064 0.129 0.067 0.645 1.925 2.016
7-27 PNSRB127 B 0.032 0.048 0.026 0.240 1.846 1.500
7-28 PNSRB128 B 0.035 0.054 0.030 0.270 1.800 1.543
7-29 PNSRB129 G 0.032 0.520 0.028 2.600 18.571 16.250
7-30 PNSRB130 G 0.051 0.098 0.049 0.490 2.000 1.922
3-1 PNSKO001 G 0.072 0.145 0.074 0.725 1.959 2.014
3-2 PNSKO002 G 0.055 0.103 0.054 0.515 1.907 1.873
3-3 PNSKO003 “ 0.041 0.069 0.037 0.345 1.865 1.683
3-4 PNSK004 G 0.075 0.147 0.077 0.735 1.909 1.960
3-5 PNSKO005 G 0.037 0.076 0.034 0.380 2.235 2.054
3-6 PNSK006 G 0.035 0.066 0.031 0.330 2.129 1.886
3-7 PNSKO007 G 0.039 0.072 0.036 0.360 2.000 1.846
3-8 PNSKO008 G 0.038 0.069 0.034 0.345 2.029 1.816
3-9 PNSK009 G 0.061 0.127 0.062 0.635 2.048 2.082
3-10 PNSK010 G 0.090 0.195 0.096 0.975 2.031 2.167
3-11 PNSKO011 G 0.089 0.155 0.085 0.775 1.824 1.742
3-12 PNSKO012 G 0.052 0.101 0.050 0.505 2.020 1.942
3-13 PNSKO013 B 0.038 0.072 0.036 0.360 2.000 1.895
3-14 PNSKO014 G 0.074 0.151 0.075 0.755 2.013 2.041
3-15 PNSKO015 G 0.063 0.128 0.064 0.640 2.000 2.032
3-16 PNSKO016 G 0.035 0.060 0.031 0.300 1.935 1.714
3-17 PNSKO017 G 0.056 0.102 0.053 0.510 1.925 1.821
3-18 PNSKO018 B 0.045 0.077 0.041 0.385 1.878 1.711
3-19 PNSKO019 G 0.068 0.126 0.061 0.630 2.066 1.853
3-20 PNSK020 G 0.054 0.113 0.056 0.565 2.018 2.093
3-21 PNSK021 G 0.080 0.130 0.074 0.650 1.757 1.625
3-22 PNSK022 G 0.077 0.164 0.082 0.820 2.000 2.130
3-23 PNSK023 G 0.040 0.068 0.036 0.340 1.889 1.700
3-24 PNSKO024 G 0.081 0.162 0.077 0.810 2.104 2.000
3-25 PNSK025 G 0.091 0.188 0.098 0.940 1.918 2.066
3-26 PNSKO026 G 0.064 0.122 0.065 0.610 1.877 1.906
3-27 PNSKO027 G 0.063 0.117 0.064 0.585 1.828 1.857
3-28 PNSK028 G 0.034 0.056 0.027 0.280 2.074 1.647
3-29 PNSK029 G 0.042 0.072 0.036 0.360 2.000 1.714
3-30 PNSKO030 G 0.049 0.091 0.044 0.455 2.068 1.857
8-1 PNHR101 G 0.031 0.050 0.026 0.250 1.923 1.613
8-2 PNHR102 B 0.034 0.057 0.029 0.285 1.966 1.676
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8-3 PNHR103 G 0.050 0.096 0.049 0.480 1.959 1.920
8-4 PNHR104 G 0.038 0.061 0.032 0.305 1.906 1.605
8-5 PNHR105 G 0.034 0.053 0.025 0.265 2.120 1.559
8-6 PNHR106 G 0.034 0.063 0.032 0.315 1.969 1.853
8-7 PNHR107 G 0.030 0.049 0.025 0.245 1.960 1.633
8-8 PNHR108 G 0.066 0.132 0.067 0.660 1.970 2.000
8-9 PNHR109 B 0.049 0.081 0.042 0.405 1.929 1.653
8-10 PNHR110 G 0.045 0.077 0.041 0.385 1.878 1.711
8-11 PNHR111 B 0.061 0.112 0.059 0.560 1.898 1.836
8-12 PNHR112 G 0.048 0.083 0.045 0.415 1.844 1.729
8-13 PNHR113 G 0.052 0.091 0.050 0.455 1.820 1.750
8-14 PNHR114 G 0.037 0.060 0.035 0.300 1.714 1.622
8-15 PNHR115 G 0.058 0.103 0.057 0.515 1.807 1.776
8-16 PNHR116 B 0.049 0.085 0.048 0.425 1.771 1.735
8-17 PNHR117 G 0.048 0.069 0.042 0.345 1.643 1.438
8-18 PNHR118 B 0.038 0.065 0.034 0.325 1.912 1.711
8-19 PNHR119 ﬁ 0.026 0.039 0.021 0.195 1.857 1.500
8-20 PNHR120 G 0.073 0.150 0.075 0.750 2.000 2.055
8-21 PNHR121 B 0.020 0.025 0.013 0.125 1.923 1.250
8-22 PNHR122 G 0.037 0.059 0.031 0.295 1.903 1.595
8-23 PNHR123 G 0.048 0.091 0.048 0.455 1.896 1.896
8-24 PNHR124 G 0.076 0.151 0.079 0.755 1.911 1.987
8-25 PNHR125 G 0.042 0.067 0.040 0.335 1.675 1.595
8-26 PNHR126 G 0.070 0.141 0.070 0.705 2.014 2.014
8-27 PNHR127 B 0.068 0.135 0.068 0.675 1.985 1.985
8-28 PNHR128 B 0.066 0.136 0.067 0.680 2.030 2.061
8-29 PNHR129 G 0.042 0.076 0.039 0.380 1.949 1.810
8-30 PNHR130 G 0.055 0.101 0.053 0.505 1.906 1.836
5-1 PNHUPP2001 G 0.051 0.101 0.048 0.505 2.104 1.980
5-2 PNHUPP2002 G 0.045 0.090 0.042 0.450 2.143 2.000
5-3 PNHUPP2003 G 0.072 0.152 0.073 0.760 2.082 2111
5-4 PNHUPP2004 G 0.051 0.092 0.045 0.460 2.044 1.804
5-5 PNHUPP2005 G 0.065 0.127 0.061 0.635 2.082 1.954
5-6 PNHUPP2006 G 0.056 0.118 0.055 0.590 2.145 2.107
5-7 PNHUPP2007 G 0.068 0.146 0.069 0.730 2.116 2.147
5-8 PNHUPP2008 G 0.054 0.104 0.050 0.520 2.080 1.926
5-9 PNHUPP2009 G 0.081 0.149 0.078 0.745 1.910 1.840
5-10 PNHUPP2010 G 0.081 0.156 0.080 0.780 1.950 1.926
5-11 PNHUPP2011 G 0.041 0.073 0.037 0.365 1.973 1.780
5-12 PNHUPP2012 G 0.062 0.124 0.061 0.620 2.033 2.000
5-13 PNHUPP2013 G 0.053 0.101 0.050 0.505 2.020 1.906
5-14 PNHUPP2014 G 0.059 0.122 0.060 0.610 2.033 2.068
5-15 PNHUPP2015 G 0.071 0.137 0.069 0.685 1.986 1.930
5-16 PNHUPP2016 G 0.054 0.100 0.050 0.500 2.000 1.852
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5-17 PNHUPP2017 G 0.043 0.083 0.040 0.415 2.075 1.930
5-18 PNHUPP2018 G 0.047 0.094 0.046 0.470 2.043 2.000
5-19 PNHUPP2019 G 0.036 0.063 0.031 0.315 2.032 1.750
5-20 PNHUPP2020 G 0.048 0.093 0.046 0.465 2.022 1.938
5-21 PNHUPP2021 G 0.063 0.114 0.060 0.570 1.900 1.810
5-22 PNHUPP2022 G 0.068 0.133 0.067 0.665 1.985 1.956
5-23 PNHUPP2023 G 0.080 0.165 0.082 0.825 2.012 2.063
5-24 PNHUPP2024 G 0.060 0.120 0.059 0.600 2.034 2.000
5-25 PNHUPP2025 G 0.067 0.139 0.065 0.695 2.138 2.075
5-26 PNHUPP2026 G 0.065 0.124 0.063 0.620 1.968 1.908
5-27 PNHUPP2027 G 0.066 0.134 0.066 0.670 2.030 2.030
5-28 PNHUPP2028 G 0.079 0.162 0.080 0.810 2.025 2.051
5-29 PNHUPP2029 G 0.064 0.122 0.061 0.610 2.000 1.906
5-30 PNHUPP2030 G 0.039 0.074 0.037 0.370 2.000 1.897
5-31 PNHUPP2031 G 0.068 0.134 0.066 0.670 2.030 1.971
6-1 PNHU101 0.081 0.167 0.083 0.835 2.012 2.062
6-2 PNHU102 0.084 0.163 0.085 0.815 1.918 1.940
6-3 PNHU103 0.043 0.080 0.041 0.400 1.951 1.860
6-4 PNHU104 0.022 0.047 0.018 0.235 2,611 2.136
6-5 PNHU105 0.020 0.020 0.012 0.100 1.667 1.000
6-6 PNHU106 0.066 0.097 0.056 0.485 1.732 1.470
6-7 PNHU107 0.049 0.100 0.048 0.500 2.083 2.041
6-8 PNHU108 0.040 0.028 0.027 0.140 1.037 0.700
6-9 PNHU109 0.045 0.086 0.042 0.430 2.048 1.911
6-10 PNHU110 0.024 0.041 0.021 0.205 1.952 1.708
6-11 PNHU111 0.049 0.093 0.046 0.465 2.022 1.898
6-12 PNHU112 0.029 0.047 0.024 0.235 1.958 1.621
6-13 PNHU113 0.043 0.084 0.042 0.420 2.000 1.953
6-14 PNHU114 0.044 0.081 0.043 0.405 1.884 1.841
6-15 PNHU115 0.042 0.071 0.037 0.355 1.919 1.690
6-16 PNHU116 0.032 0.061 0.029 0.305 2.103 1.906
6-17 PNHU117 0.045 0.070 0.037 0.350 1.892 1.556
6-18 PNHU118 0.034 0.053 0.027 0.265 1.963 1.559
6-19 PNHU119 0.031 0.056 0.028 0.280 2.000 1.806
6-20 PNHU120 0.039 0.060 0.032 0.300 1.875 1.538
6-21 PNHU121 0.043 0.074 0.040 0.370 1.850 1.721
6-22 PNHU122 0.077 0.151 0.078 0.755 1.936 1.961
6-23 PNHU123 0.050 0.084 0.046 0.420 1.826 1.680
6-24 PNHU124 0.052 0.098 0.049 0.490 2.000 1.885
6-25 PNHU125 0.037 0.055 0.033 0.275 1.667 1.486
6-26 PNHU126 0.068 0.137 0.068 0.685 2.015 2.015
6-27 PNHU127 0.066 0.130 0.065 0.650 2.000 1.970
6-28 PNHU128 0.057 0.124 0.061 0.620 2.033 2.175
6-29 PNHU129 0.094 0.186 0.096 0.930 1.938 1.979
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6-30 PNHU130 G 0.051 0.102 0.052 0.510 1.962 2.000
12-1 PNRO101 G 0.076 0.148 0.078 0.740 1.897 1.947
12-2 PNRO102 G 0.041 0.078 0.037 0.390 2.108 1.902
12-3 PNRO103 G 0.074 0.149 0.074 0.745 2.014 2.014
12-4 PNRO104 G 0.036 0.057 0.032 0.285 1.781 1.583
12-5 PNRO105 G 0.044 0.072 0.040 0.360 1.800 1.636
12-6 PNRO106 G 0.061 0.112 0.060 0.560 1.867 1.836
12-7 PNRO107 G 0.074 0.135 0.073 0.675 1.849 1.824
12-8 PNRO108 G 0.045 0.066 0.040 0.330 1.650 1.467
12-9 PNRO109 G 0.052 0.091 0.046 0.455 1.978 1.750
12-10 PNRO110 G 0.024 0.039 0.018 0.195 2.167 1.625
12-11 PNRO111 G 0.056 0.090 0.050 0.450 1.800 1.607
12-12 PNRO112 G 0.067 0.109 0.056 0.545 1.946 1.627
12-13 PNRO113 G 0.045 0.074 0.039 0.370 1.897 1.644
12-14 PNRO114 G 0.065 0.119 0.063 0.595 1.889 1.831
12-15 PNRO115 G 0.055 0.080 0.041 0.400 1.951 1.455
12-16 PNRO116 G 0.054 0.094 0.052 0.470 1.808 1.741
12-17 PNRO117 G 0.036 0.055 0.028 0.275 1.964 1.528
12-18 PNRO118 G 0.039 0.059 0.031 0.295 1.903 1.513
12-19 PNRO119 G 0.038 0.067 0.035 0.335 1.914 1.763
12-20 PNRO120 G 0.055 0.100 0.051 0.500 1.961 1.818
12-21 PNRO121 G 0.041 0.071 0.038 0.355 1.868 1.732
12-22 PNRO122 G 0.062 0.112 0.059 0.560 1.898 1.806
12-23 PNRO123 G 0.027 0.039 0.021 0.195 1.857 1.444
12-24 PNRO124 G 0.079 0.115 0.072 0.575 1.597 1.456
12-25 PNRO125 G 0.027 0.043 0.023 0.215 1.870 1.593
12-26 PNRO126 G 0.064 0.129 0.065 0.645 1.985 2.016
12-27 PNRO127 G 0.037 0.061 0.031 0.305 1.968 1.649
12-28 PNRO128 G 0.053 0.087 0.048 0.435 1.813 1.642
12-29 PNRO129 G 0.030 0.055 0.028 0.275 1.964 1.833
12-30 PNRO130 G 0.040 0.068 0.034 0.340 2.000 1.700
9-1 PNCRO131 G 0.043 0.076 0.038 0.380 2.000 1.767
9-2 PNCRO132 G 0.032 0.050 0.026 0.250 1.923 1.563
9-3 PNCRO133 G 0.046 0.089 0.045 0.445 1.978 1.935
9-4 PNCRO134 G 0.044 0.074 0.038 0.370 1.947 1.682
9-5 PNCRO135 G 0.050 0.100 0.052 0.500 1.923 2.000
9-6 PNCRO136 G 0.024 0.040 0.020 0.200 2.000 1.667
9-7 PNCRO137 G 0.032 0.060 0.029 0.300 2.069 1.875
9-8 PNCRO138 G 0.036 0.055 0.026 0.275 2.115 1.528
9-9 PNCRO139 G 0.024 0.038 0.019 0.190 2.000 1.583
9-10 PNCRO140 G 0.027 0.044 0.022 0.220 2.000 1.630
9-11 PNCRO141 G 0.024 0.051 0.023 0.255 2217 2.125
9-12 PNCRO142 G 0.066 0.132 0.065 0.660 2.031 2.000
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9-13 PNCRO143 G 0.023 0.035 0.018 0.175 1.944 1.522
9-14 PNCRO144 G 0.075 0.143 0.072 0.715 1.986 1.907
9-15 PNCRO145 G 0.026 0.040 0.020 0.200 2.000 1.538
9-16 PNCRO146 G 0.065 0.136 0.067 0.680 2.030 2.092
9-17 PNCRO147 B 0.080 0.155 0.079 0.775 1.962 1.938
9-18 PNCRO148 B 0.045 0.078 0.040 0.390 1.950 1.733
9-19 PNCRO149 G 0.047 0.093 0.047 0.465 1.979 1.979
9-20 PNCRO150 G 0.010 0.049 0.037 0.245 1.324 4.900
9-21 PNCRO151 B 0.019 0.033 0.015 0.165 2.200 1.737
9-22 PNCRO152 G 0.050 0.094 0.046 0.470 2.043 1.880
9-23 PNCRO153 G 0.038 0.078 0.037 0.390 2.108 2.053
9-24 PNCRO154 G 0.026 0.039 0.020 0.195 1.950 1.500
9-25 PNCRO155 G 0.049 0.085 0.043 0.425 1.977 1.735
9-26 PNCRO156 G 0.021 0.032 0.017 0.160 1.882 1.524
9-27 PNCRO157 G 0.035 0.060 0.030 0.300 2.000 1.714
9-28 PNCRO158 G 0.051 0.095 0.048 0.475 1.979 1.863
9-29 PNCRO159 G 0.065 0.129 0.064 0.645 2.016 1.985
9-30 PNCRO160 G 0.106 0.217 0.110 1.085 1.973 2.047
11-1 1 baGbBO G 0.045 0.087 0.043 0.435 2.023 1.933
11-2 2 G 0.038 0.068 0.036 0.340 1.889 1.789
11-3 3 G 0.020 0.040 0.018 0.200 2.222 2.000
11-4 4 G 0.025 0.037 0.019 0.185 1.947 1.480
11-5 5 B 0.029 0.044 0.022 0.220 2.000 1.517
11-6 6 G 0.040 0.085 0.041 0.425 2.073 2.125
11-7 7 G 0.034 0.071 0.034 0.355 2.088 2.088
11-8 8 B 0.021 0.042 0.018 0.210 2.333 2.000
11-9 9 B 0.033 0.066 0.033 0.330 2.000 2.000
11-10 10 B 0.036 0.061 0.030 0.305 2.033 1.694
11-11 11 G 0.017 0.034 0.014 0.170 2.429 2.000
11-12 12 B 0.020 0.041 0.019 0.205 2.158 2.050
11-13 13 G 0.047 0.091 0.045 0.455 2.022 1.936
11-14 14 G 0.047 0.089 0.045 0.445 1.978 1.894
11-15 15 G 0.038 0.069 0.035 0.345 1971 1.816
11-16 16 G 0.028 0.060 0.026 0.300 2.308 2.143
11-17 17 G 0.060 0.135 0.064 0.675 2.109 2.250
11-18 18 G 0.059 0.117 0.058 0.585 2.017 1.983
11-19 19 G 0.026 0.040 0.020 0.200 2.000 1.538
11-20 20 G 0.047 0.093 0.045 0.465 2.067 1.979
11-21 21 G 0.040 0.074 0.037 0.370 2.000 1.850
11-22 22 G 0.035 0.066 0.035 0.330 1.886 1.886
11-23 23 G 0.048 0.095 0.047 0.475 2.021 1.979
11-24 24 G 0.064 0.133 0.066 0.665 2.015 2.078
11-25 25 G 0.031 0.051 0.027 0.255 1.889 1.645
11-26 26 G 0.027 0.044 0.023 0.220 1.913 1.630
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11-27 27 B 0.034 0.060 0.029 0.300 2.069 1.765
11-28 28 G 0.057 0.123 0.059 0.615 2.085 2.158
11-29 29 G 0.028 0.048 0.025 0.240 1.920 1.714
11-30 30 G 0.035 0.055 0.028 0.275 1.964 1571
10-1 1 PERSINA 1006 "a" B 0.021 0.026 0.013 0.130 2.000 1.238
10-2 3 PERSINA 1006 "a" B 0.023 0.026 0.014 0.130 1.857 1.130
10-3 4 PERSINA 1005 "a" G 0.021 0.032 0.015 0.160 2.133 1.524
10-4 5 PERSINA 1006 "a" B 0.024 0.030 0.016 0.150 1.875 1.250
10-5 6a PERSINA 1007 "6" G 0.047 0.093 0.046 0.465 2.022 1.979
10-6 7 PERSINA 1008 "a" G 0.049 0.099 0.050 0.495 1.980 2.020
10-7 8 PERSINA 1008 "a" G 0.028 0.051 0.025 0.255 2.040 1.821
10-8 9 PERSINA 1008 "a" G 0.046 0.091 0.045 0.455 2.022 1.978
10-9 10 PERSINA 1008 "a" G 0.030 0.056 0.028 0.280 2.000 1.867
10-10 11 PERSINA 1008 "a" G 0.050 0.097 0.050 0.485 1.940 1.940
10-11 12 PERSINA 1008 "a" G 0.051 0.102 0.051 0.510 2.000 2.000
10-12 13 PERSINA 1008 "a" G 0.041 0.075 0.037 0.375 2.027 1.829
10-13 14 PERSINA 1008 "a" G 0.024 0.051 0.026 0.255 1.962 2.125
10-14 15 PERSINA 1008 "a" G 0.032 0.056 0.028 0.280 2.000 1.750
10-15 16 PERSINA 133 "6" G 0.048 0.097 0.048 0.485 2.021 2.021
10-16 17 PERSINA 133 "6" G 0.022 0.035 0.018 0.175 1.944 1.591
10-17 18 PERSINA 133 "6" G 0.056 0.115 0.057 0.575 2.018 2.054
10-18 19 PERSINA 133 "6" G 0.066 0.137 0.068 0.685 2.015 2.076
10-19 20 PERSINA 133 "n" G 0.038 0.066 0.036 0.330 1.833 1.737
10-20 21 PERSINA 132 No5 G 0.026 0.041 0.021 0.205 1.952 1.577
10-21 22 PERSINA 132 No5 G 0.040 0.079 0.039 0.395 2.026 1.975
10-22 23 PERSINA 132 No5 G 0.028 0.049 0.025 0.245 1.960 1.750
10-23 24 PERSINA 132 No5 G 0.059 0.121 0.061 0.605 1.984 2.051
10-24 25 PERSINA 132 No5 G 0.045 0.087 0.043 0.435 2.023 1.933
10-25 28 PERSINA 132 "3" G 0.043 0.079 0.039 0.395 2.026 1.837
10-26 29 PERSINA 132 Nol G 0.034 0.065 0.032 0.325 2.031 1.912
10-27 30 PERSINA 132 Nol G 0.044 0.085 0.042 0.425 2.024 1.932
10-28 31 PERSINA 132 "3" G 0.040 0.072 0.035 0.360 2.057 1.800
10-29 32 PERSINA 1043 "r" G 0.021 0.034 0.017 0.170 2.000 1.619
10-30 35 PERSINA 1044 "x" G 0.032 0.049 0.025 0.245 1.960 1.531
10-31 36 PERSINA 1044 "e" G 0.034 0.064 0.031 0.320 2.065 1.882
4-1 PNHU001 G 0.110 0.235 0.116 1.175 2.026 2.136
4-2 PNHU002 G 0.063 0.132 0.064 0.660 2.063 2.095
4-3 PNHUO003 G 0.074 0.156 0.076 0.780 2.053 2.108
4-4 PNHU004 G 0.054 0.113 0.054 0.565 2.093 2.093
4-5 PNHUO005 G 0.061 0.114 0.058 0.570 1.966 1.869
4-6 PNHUO006 G 0.110 0.232 0.116 1.160 2.000 2.109
4-7 PNHUO007 G 0.085 0.178 0.087 0.890 2.046 2.094
4-8 PNHUO008 G 0.105 0.216 0.104 1.080 2.077 2.057
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4-9 PNHUO009 G 0.044 0.076 0.038 0.380 2.000 1.727
4-10 PNHUO010 G 0.071 0.143 0.072 0.715 1.986 2.014
4-11 PNHUO011 G 0.059 0.112 0.055 0.560 2.036 1.898
4-12 PNHUO012 G 0.079 0.164 0.081 0.820 2.025 2.076
4-13 PNHUO013 G 0.087 0.184 0.091 0.920 2.022 2.115
4-14 PNHUO014 G 0.060 0.124 0.060 0.620 2.067 2.067
4-15 PNHUO015 G 0.067 0.128 0.063 0.640 2.032 1.910
4-16 PNHUO016 G 0.052 0.100 0.049 0.500 2.041 1.923
4-17 PNHUO017 G 0.105 0.221 0.109 1.105 2.028 2.105
4-18 PNHUO018 G 0.082 0.175 0.085 0.875 2.059 2.134
4-19 PNHUO019 G 0.079 0.171 0.082 0.855 2.085 2.165
4-20 PNHUO020 G 0.072 0.147 0.071 0.735 2.070 2.042
4-21 PNHU021 G 0.078 0.167 0.080 0.835 2.088 2.141
4-22 PNHUO022 G 0.080 0.145 0.075 0.725 1.933 1.813
4-23 PNHUO023 G 0.063 0.127 0.062 0.635 2.048 2.016
4-24 PNHU024 G 0.072 0.150 0.073 0.750 2.055 2.083
4-25 PNHUO025 G 0.123 0.263 0.130 1.315 2.023 2.138
4-26 PNHUO026 G 0.093 0.193 0.094 0.965 2.053 2.075
4-27 PNHUO027 G 0.113 0.211 0.114 1.055 1.851 1.867
4-28 PNHUO028 G 0.054 0.106 0.051 0.530 2.078 1.963
4-29 PNHUO029 G 0.067 0.137 0.066 0.685 2.076 2.045
4-30 PNHUO030 G 0.080 0.170 0.083 0.850 2.048 2.125
4-31 PNHUO031 G 0.052 0.097 0.048 0.485 2.021 1.865
4-32 PNHUO032 G 0.067 0.128 0.063 0.640 2.032 1.910
X-1 PNDSRB101 G 0.035 0.059 0.030 0.295 1.967 1.686
Y-1 PNPSRB101 G 0.023 0.039 0.019 0.195 2.053 1.696

Abbreviations: G=green; B=brown; D=dark; X-1= Populus deltoides from PND Serbia; Y-1 Populus
nigra var. pyramidalis from PND Serbia

Table A2 - Characterization of microsatellite markers and their products in analyzed P. nigra
plants from the SEE/D/0165/2.3/X-02 collection, as well as observed heterozygosity at eight
microsatellite DNA loci (WPMS03, WPMS05, WPMS08, WPMS09, WPMS12, PMGC14,
WPMS16, WPMS18). Values represent the lengths (bp) of amplified products/fragments of two
alleles for each microsatellite locus using GeneScan L1Z600 as internal size standard.

WPMS16 | WPMS12 | PMGC14 | WPMS18 | WPMS08 | WPMS09 | WPMS03 | WPMS05

Sample 140-161 157-183 193-226 219-248 218-250 246-297 262-302 270-308
1-01 198.68 221.44 218.04 272.02 271.85
207.88 221.44 221.98 272.02 283.5

1-02 201.91 218.58 225.38 260.61 275.61
201.91 221.46 227.34 268.34 275.61

103 198.74 227.38 225.49 267.02
207.95 227.38 239.09 271.93

1-04 195.59 221.44 215.81 262.35 275.88
205.19 221.44 227.32 264.48 300.69
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1-05

1-06

1-07

1-08

1-09

1-20

1-21

1-22

1-23

1-24

1-25

1-26

1-27

1-28

1-29

201.9 221.39 215.57
201.9 227.26 227.32
198.83 221.62 213.73
208.03 221.62 227.35
198.85 227.45 245.11
208.03 227.45 245.11
201.84 227.45 227.45
205.18 239.18 227.45
198.77 227.34 227.4

207.98 236.09 2274

201.73 221.5 227.42
201.73 227.37 227.42
198.74 227.33 215.67
201.73 233.23 227.35
201.87 221.56 213.78
207.94 227.48 213.78
201.74 227.41 227.41
205.16 239.13 227.41
195.55 218.51 227.36
201.76 239.17 227.36
195.57 221.5 213.67
202.09 239.06 225.5

201.99 221.44 245.08
207.92 221.44 245.08
195.97 221.45 213.73
202.35 236.02 227.4

208.02 227.45 225.54
220.11 236.19 225.54
198.72 221.49 227.46
205.12 227.46 239.17
202.23 221.49 227.47
202.23 227.36 227.47
205.13 227.3 225.39
220.06 233.16 239.15
207.93 218.51 225.44
207.93 221.53 225.44
201.97 227.29 22531
205.12 227.29 225.31
198.72 227.34 227.34
205.18 227.34 243.11
201.74 221.49 227.37
207.97 227.37 227.37
208.04 221.54 213.78
208.04 221.54 215.72
195.52 221.56 225.51
208.03 227.34 225.51
201.89 227.38 227.6

207.97 227.38 227.6

198.83 218.54 239.09

268.17 273.91
268.17 280.76
262.48 275.84
262.48 280.8
260.64 267.16
260.64 258.44
266.17 276.84
266.17 283.59
272.12 263.45
272.12 280.67
260.59 283.57
275.9 285.5
272.06 273.85
272.06 275.76
283.73 278.79
287.46 280.69
263.98 263.12
291.22 285.31
272.17 280.62
272.17 285.4
283.78 263.18
285.68 279.56
272.23 266.96
277.84 283.37
262.63 275.73
268.02 275.73
266.28 263.16
272.14 263.16
272.2 272.1
272.2 279.67
268.3 275.62
270.32 275.62
266.16 263.23
266.16 296.86
274.2 285.35
281.84 285.35
268.1 275.83
268.1 285.3
260.59 264.3
272.05 264.3
272.1 271.97
272.1 277.79
272.14 263.27
283.67 275.62
268.29 263.4
270.27 272.14
272.47 275.91
283.68 275.91
272.18 271.98
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1-30

2-01

2-02

2-03

2-04

2-05

2-06

2-07

2-08

2-09

2-19

2-20

2-21

2-22

2-23

2-24

208.02 227.4 239.09 272.18 289.22
195.62 221.5 213.89 272.26 263.27
202.03 227.46 239.28 272.26 272.27
204.77 218.56 226.33 270.24 276.67
207.98 239.1 226.33 272.19 286.36
195.49 239.08 224.43 272.15 276.8
201.79 239.08 228.35 272.15 276.8
195.55 218.51 228.38 256.76 276.7
198.77 239.09 230.32 272.16 276.7
195.52 221.49 226.35 262.53 278.73
205.2 221.49 226.35 270.28 278.73
198.9 221.5 220.55 272.02 276.69
201.88 227.38 224.5 272.02 282.46
198.67 234.18 220.56 266.08 278.82
207.99 240.07 224.46 272.05 298.06
195.61 221.53 226.53 256.66 277.64
207.98 239.14 228.36 264.44 283.36
195.63 221.62 226.46 266.37 282.47
198.87 221.62 226.46 266.37 286.38
201.99 218.64 226.53 272.79
208.11 221.61 226.53 272.79
198.86 218.6 214.66 283.83 276.78
205.18 233.35 226.4 283.83 282.39
195.68 221.57 226.43 272.19 276.78
208.07 221.57 228.5 272.19 276.78
195.69 221.57 228.39 266.34 272.89
198.92 228.33 230.28 266.34 280.58
202.15 221.58 226.48 268.42 280.62
208.12 239.2 226.48 272.14 301.63
199.24 227.74 225.88 266.68
205.21 233.6 229.75 266.68
199 221.67 228.54 262.39 272.75
201.94 227.53 228.54 262.39 293.91
198.86 221.57 228.36 274.09 272.87
198.86 221.57 228.36 278 281.51
198.84 218.64 228.49 268.08 272.76
198.84 221.54 230.41 287.64 278.61
195.63 218.58 207.96 262.31 268
198.84 221.66 228.42 272.2 288.27
195.57 227.4 228.44 268.13 281.51
205.19 227.4 228.44 268.13 283.56
195.55 228.36 224.5 271.95 276.7
198.87 240.12 226.49 287.57 278.65
204.85 221.48 226.46 266.43 275.6
207.93 221.48 228.44 283.92 281.49
198.86 219.49 226.46 272.19 276.68
201.81 234.12 228.56 272.19 282.51
195.59 233.23 226.35 272.18 275.66
201.8 239.02 228.41 285.73 275.66
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2-25

2-26

2-27

2-28

2-29

2-30

3-01

3-02

3-03

3-04

3-05

3-06

3-07

3-08

3-09

198.78 221.54 220.57 260.62 274.83
205.17 221.54 220.57 264.31 276.75
198.83 218.5 226.34 264.3 271.81
208 227.35 226.34 272.18 275.73
205.1 221.57 219.55 277.89 272.83
213.89 221.57 225.26 287.62 280.6
195.64 221.59 226.44 271.98 274.84
202 227.33 228.45 271.98 278.79
195.52 222.45 272.06 276.69
195.52 222.45 272.06 282.67
201.93 218.52 220.53 258.57 263.15
208.33 221.5 226.41 264.22 271.74
201.93 221.52 220.64 272.06 276.73
201.93 236.26 228.36 272.06 280.03
202.02 221.6 228.35 268.22 276.69
208 227.29 228.35 268.22 282.46
186.56 213.47 244.08 264.93 275.29
205.11 255.46 244.08 273.53 276.73
195.6 240.06 226.37 272.13 272.01
207.89 240.06 226.37 283.91 282.67
201.96 219.59 220.46 262.41 276.74
205.04 231.3 226.42 273.98 280.67
198.59 222.44 226.46 272.08 276.72
207.94 231.25 228.33 272.08 286.41
198.82 221.51 226.42 272.09 276.72
204.72 228.34 226.42 272.09 286.41
195.56 222.56 219.94 262.5 276.78
195.56 228.39 226.48 272.09 280.7
201.84 233.31 226.44 264.65 272.88
207.84 239.17 226.44 272.04 272.88
195.56 221.57 226.39 256.82 272.95
207.94 221.57 228.37 260.52 282.59
201.71 239.24 226.5 264.46 272.83
205.1 239.24 246.07 272.02 276.62
198.63 221.54 230.25 262.65 276.79
201.86 221.54 244.07 264.6 281.75
195.51 222.37 220.6 272.01 280.61
195.51 240.06 234.21 273.98 280.61
195.52 218.69 224.57 268.19 272.93
207.91 221.62 228.44 272.18 288.5
201.93 221.74 220.52 264.37 276.59
207.96 248.12 228.45 266.66 282.47
195.59 271.04 272.92
207.91 271.04 277.72
195.42 227.39 241.93 264.72 272.83
204.81 227.39 241.93 272.09 284.66
198.73 221.67 226.45 272.07 276.69
205.1 221.67 226.45 273.97 276.69
201.99 221.44 228.25 262.58 276.63
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3-20

3-21

3-22

3-23

3-24

3-25

3-26

3-27

3-28

3-29

3-30

8-01

8-02

8-03

8-04

8-05

8-06

8-07

8-08

8-09

205.17 233.24 228.25
195.53 221.5 226.36
201.95 2215 226.36
205.13 227.37 225.52
207.95 227.37 225.52
195.53 221.43 216.59
205.12 221.43 226.31
198.76 222.52 234.24
201.91 239.94 244.07
207.92 223.82
207.92 2454
198.7 221.64 228.42
207.9 227.51 236.18
198.78 237.15 226.47
198.78 239.94 226.47
198.73 221.55 215.97
205.14 237.16 215.97
195.57 218.53 230.33
198.7 218.53 230.33
198.7 227.37 220.5
207.99 239.1 226.3
198.67 233.22 220.51
201.71 239.13 226.3
201.87 218.61 217.57
205.23 221.37 229.25
198.92 221.66 225.49
198.92 233.28 225.49
201.84 227.32 225.38
205.08 248.15 229.27
198.77 218.62 215.54
220.11 233.39 229.38
198.74 218.39 227.4
213.84 233.11 227.4
198.84 218.68 225.59
207.92 221.61 225.59
195.63 227.45 225.56
205.09 239.23 225.56
195.59 221.56 225.56
213.94 233.38 225.56
202 233.14 218.61
213.94 245.05 226.36
198.68 244,99 225.39
201.93 244.99 225.39
201.97 242.16 227.42
204.84 245.08 227.42
195.61 218.52 224,01
208.04 221.47 229.59
195.42 221.45 223.43
207.86 233.2 227.33

272.05 286.53
256.66 282.59
262.43 282.59
283.87 276.69
283.87 276.69
272.16 272.85
278.08 272.85
270.23 278.65
281.73 282.56
272.06 275.56
272.06 275.56
272.05 264.12
272.05 276.75
290.05 272.82
291.95 288.25
256.73 272.77
262.44 280.63
272.08 274.87
272.08 285.6
272.03 276.62
272.03 279.98
272.01 279.83
272.01 283.71
272.04 275.68
272.04 275.68
264.8 269.22
272.23 277.91
262.4 275.82
264.53 275.82
256.79 275.8
272.18 277.66
264.62 271.76
266.46 271.76
266.32 275.94
272.21 279.57
260.65 273.87
272.23 275.8
272.27 272.11
272.27 283.26
270.05 275.76
273.93 275.76
2719 275.63
271.9 275.63
247.09 275.86
247.09 281.62
267.99
275.75
262.28 277.69
262.28 285.34
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8-15

8-16

8-17

8-18

8-20

8-21

8-22

8-23

8-24

8-25

8-26

8-27

8-28

8-29

8-30

6-01

6-02

6-03

6-04

207.82 218.61 223.52
217.16 236.16 225.5
195.55 218.52 225.47
207.94 233.28 225.47
195.42 221.46 2254
207.93 227.34 2254
202.02 218.48 225.43
214 221.45 225.43

207.98 218.54 229.32
207.98 233.18 229.32
198.69 221.51
198.69 221.51

221.49 223.58

221.49 227.44
205.1 221.55 215.69
207.91 233.31 229.46
198.78 218.59 227.44
204.85 230.33 227.44
205.09 236.18 225.49
207.96 239.07 227.39
198.78 221.49 225.53
198.78 242.12 225.53
198.67 218.58 225.39
207.89 221.51 239.07
195.64 233.3 227.45
202.02 236.19 227.45
195.61 239.12 223.54
207.91 239.12 225.48
201.58 218.51 227.5
207.98 221.46 235.21
198.74 221.55 228.25
207.94 221.55 240
202.02 221.54 225.54
217.08 221.54 225.54
204.71 218.53 257.34
207.94 236.12 257.34
204.68 221.5 223.55
213.95 233.28 227.42
195.49 230.23 225.42
210.92 239.09 242.99
198.65 221.4 227.27
201.75 227.27 227.27
198.66 218.59 225.48
201.95 221.55 225.48
207.99 227.41 227.35
207.99 227.41 239.07
195.43 233.16 223.45
198.66 239.05 225.13
204.91 218.54 229.39

262.37 277.77
266.25 277.77
262.34 280.69
272.09 283.45
268.13 271.86
272.02 277.8
264.48 275.83
268.18 275.83
264.29 275.82
264.29 275.82
272.17 279.73
272.17 285.34
266.13 275.85
272.04 283.59
268.17 271.92
272.14 275.9
256.76 275.94
266.21 283.54
270.02 275.74
271.96 279.6
270.1 277.71
270.1 283.53
256.67 283.39
256.67 285.33
262.36 275.85
272.18 277.79
272.14 264.21
272.14 275.9
272.11 263.22
272.11 285.37
272.1 271.83
279.83 275.69
266.23 275.88
266.23 285.44
268.09 276.87
272.01 285.36
264.34 263.31
274.15 273.93
272.06 277.8
272.06 279.72
225.03 281.57
270.23 283.42
256.8 281.57
270.23 283.42
266.29 271.97
270.15 275.78
225.13 271.99
276.04 277.74
264.54 272.01
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6-19

6-20

6-21

6-22

6-23

6-24

6-25

6-26

6-27

6-28

6-29

6-30

12-01

12-02

12-03

12-04

12-05

12-06

204.91 233.34 229.39
195.5 221.57 225.49

201.91 227.29 237.09
195.57 218.52 227.29
198.71 236.09 227.29
207.91 233.28 225.48
207.91 233.28 241.02
198.67 221.48 225.44
207.91 239.05 229.25
195.44 221.46 235.18
213.94 233.22 235.18
201.72 218.54 227.4
210.97 233.3 229.38
198.74 221.41 228.21
207.93 227.3 228.21
207.93 218.54 227.45
207.93 233.29 229.34
201.92 221.52 225.48
205.02 233.26 227.44
201.73 221.42 225.46
201.73 230.34 225.46
221.49 226.7

233.2 226.7

198.6 233.21 219.61

201.61 239.09 219.61
204.76 221.46 226.44
217.08 233.25 226.44
195.52 221.47 227.34
204.71 221.47 227.34
198.66 221.66 227.39
207.96 227.52 227.39
207.87 218.54 227.25
216.91 221.44 229.19
201.95 233.2 225.42
204.94 233.2 225.42
195.39 227.39 223.47
198.74 236.17 2254
198.68 221.49 225.53
217.09 221.49 225.53
198.66 218.46 226.54
207.9 221.41 240.06

201.93 221.56 218.61
207.87 221.56 222.56
219.43 218.48

219.43 241.95

201.84 218.69 218.57
204.73 233.34 226.35
198.74 221.43 228.07
201.71 233.22 241.88

264.54 275.81
271.98 275.78
271.98 275.78
270.26 277.79
272.18 277.79
266.37 277.6
272.14 279.5
260.54 271.95
262.33 275.71
266.25 279.61
266.25 285.35
256.68 267.04
272.14 277.77
272.12 277.73
272.12 281.53
264.2 263.26
271.97 271.91
260.38 272.07
266.11 272.07
266.23 272.03
266.23 275.81
256.97 275.78
271.97 275.78
256.62 271.87
256.62 281.41
264.49 283.45
272.08 283.45
266.36 277.75
272.18 277.75
272.02 277.72
272.02 281.54
262.41 276.11
262.41 278.15
277.83 273.9
277.83 277.83
262.34 272.01
262.34 281.53
262.7 276.66
262.7 276.66
270.19 276.83
270.19 276.83
260.48 276.81
266.26 276.81
266.22 268.89
268.21 276.73
266.3 278.6
274.02 278.6
264.47 276.68
266.25 281.72
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12-07

12-08

12-09

12-10

12-11

12-12

12-13

12-14

12-15

12-16

12-17

12-18

12-19

12-20

12-21

12-22

12-23

12-24

12-25

12-26

12-27

12-28

12-29

12-30

11-01

198.73 221.48 226.19
207.95 221.48 228.09
195.43 219.44 218.53
198.66 234.06 241.89
198.6 221.65 220.35
201.71 221.65 226.14
195.43 219.44 218.53
198.66 234.06 241.89
201.87 227.32 226.37
201.87 233.2 226.37
201.97 218.56 224.37
201.97 233.23 236.08
195.54 221.54 228.31
214.08 221.54 241.84
195.68 218.54 218.41
198.92 221.48 218.41
202.12 221.51 230.28
205.07 227.49 230.28
198.82 221.44 226.45
202.05 233.16 230.23
198.9 22447 220.5
208.16 233.22 238.02
195.7 221.57 218.56
198.93 233.26 238.09
197.83 218.56 226.28
198.91 218.56 226.28
199.27 233.58 239.42
202.4 236.54 239.42
195.64 221.67 218.54
198.91 221.67 242.07
208.05 219.49 220.42
208.05 222.44 240
195.68 222.56
198.9 231.36
186.66 212.48 219.73
186.66 227.34 219.73
186.81 212.57 220.51
202.06 227.36 220.51
189.81 212.63 220.52
205.06 224.6 220.52
198.96 218.37 226.27
202.12 232.81 242.01
195.74 221.57 220.61
208.1 233.36 220.61
198.95 218.58 220.53
201.96 233.27 226.31
195.76 218.64 228.32
208.14 233.4 240
198.68 221.43 219.55

264.11 276.85
266.17 276.85
267.96 276.69
267.96 282.42
266.21 276.75
266.21 286.48
267.96 276.69
267.96 282.42
276.72
276.72
266.18 279.71
273.93 279.71
266.09 264.19
271.95 279.84
268.92
276.71
256.85 267.02
266.34 267.02
264.45 278.75
264.45 278.75
274.01 267.08
274.01 292
258.69 279.86
264.31 292.04
258.72 275.74
270.15 277.65
266.65 271.33
272.52 291.57
260.34 280.53
264.25 292.03
264.57 276.57
264.57 297.76
264.27 267.02
264.27 292.15
262.48 276.05
262.48 286.29
262.24 277.01
262.24 286.32
268.03 275.13
268.03 286.37
258.77 275.7
264.68 277.65
262.52 276.88
279.79 297.85
266.3 279.75
266.3 286.34
270.16 276.81
270.16 278.72
256.9 275.81

Page 16 of 27



SEE/D/0165/2.3/X-02 Appendix

11-02

11-03

11-04

11-05

11-06

11-07

11-08

11-09

11-10

11-11

11-12

11-13

11-14

11-15

11-16

11-17

11-18

11-19

11-20

11-21

11-22

11-23

11-24

11-25

217 221.43 227.3
198.83 218.7 219.43
201.99 230.44 239.09
186.67 212.64 227.39

220.3 227.44 227.39
201.74 221.48 2254
204.94 221.48 2254
195.57 222.36 225.39
201.76 222.36 225.39
204.67 221.61 239.12
207.88 227.41 239.12
201.73 221.49 219.61
201.73 221.49 219.61
195.53 218.52 220.39
195.53 221.45 226.17
198.84 221.46 204.22
198.84 221.46 219.6
198.83 22241 227.33
208.04 231.25 227.33
198.75 236.23 213.66
201.93 245.1 227.42

186.6 212.49 219.65

186.6 227.43 219.65
198.79 221.5 219.59
198.79 2215 227.42
198.75 221.46 225.39
204.81 221.46 225.39
195.56 221.71 227.54
201.98 239.12 229.44
198.78 221.53 227.38
198.78 224.45 227.38
195.67 221.6 219.73
217.16 221.6 219.73
198.87 221.51 219.73
202.01 245.28 219.73
204.94 221.48 219.66
208.02 227.39 245.13
196.08 219.59 228.38
208.44 221.59 230.44
201.87 239.1 209.86
201.87 245.1 209.86
198.99 221.82 223.71
202.08 227.55 227.66
195.51 221.65 229.46
207.89 233.32 229.46
195.56 218.62 225.51

201.7 233.44 225.51
189.52 218.53 227.38
198.66 22441 227.38

256.9 275.81
270.2 272.02
270.2 279.66
238.09 263.35
272.14 277.3
256.84 273.9
264.5 279.71
264.42 281.62
266.3 281.62
264.29 272.03
264.29 275.79
264.15 264.04
268.04 271.71
256.74 271.78
268.14 279.67
268.27 272.06
268.27 276.86
262.32 274.79
262.32 279.72
256.72 275.8
256.72 280.73
262.37 276.06
262.37 285.36
264.6 270.93
266.19 277.75
270.04 277.71
270.04 277.71
266.29 275.9
266.29 279.66
256.72 275.9
256.72 280.88
256.81 275.78
287.59 280.68
266.38 271.94
266.38 275.82
266.42 277.79
266.42 279.72
268.57 267.09
268.57 274.73
268.35 273.95
268.35 279.68
264.28 276.41
264.28 280.45
258.71 275.9
266.21 280.75
262.44 277.79
270.33 279.68
264.46 271.97
266.17 271.97
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11-26

11-27

11-28

11-29

11-30

4-01

4-02

4-03

4-04

4-05

4-06

4-07

4-08

4-09

4-10

4-20

201.74 221.46 219.62
207.94 221.46 229.34
198.92 218.63 215.77
202.05 233.31 215.77
189.84 218.63 227.44
189.84 227.44 239.18
198.7 221.6 233.19
207.95 227.3 243.08
198.79 233.3 227.4
207.94 233.3 241.11
218.54 229.28
221.44 229.28
195.54 227.36 219.62
195.54 236.16 225.49
195.44 233.24 229.29
204.99 239.08 229.29
198.67 212.55 219.61
201.95 227.46 219.61
195.5 227.41 227.36
208.01 233.27 227.36
195.57 221.47 225.49
207.95 221.47 225.49
201.98 221.43 219.61
207.95 227.4 219.61
202.01 221.56 219.67
207.94 221.56 227.42
198.79 227.48
207.96 242.3
204.85 233.26 225.55
220.22 239.07 225.55
227.38 225.7
241.97 229.71
195.56 221.49 225.46
202 239.06 225.46
198.73 218.54 241.08
207.94 227.36 241.08
195.58 221.46 225.42
207.97 221.46 225.42
198.73 221.53 219.67
201.83 245.1 219.67
201.9 218.55 239.22
217.05 233.22 241.24
195.6 239.11 225.5
198.77 239.11 225.5
201.95 221.57
207.95 221.57
198.78 218.55 225.39
217.11 221.48 225.39
195.6 2215 219.66

260.37 279.62
264.67 282.53
264.79 271.99
280 271.99
270.28 277.73
270.28 279.66
262.38 275.85
262.38 281.58
266.4 273.97
268.35 275.87
272.03 277.7
272.03 277.7
272.17 275.9
272.17 275.9
173.18 275.82
173.18 277.77
262.4 276.28
262.4 285.47
266.22 267.02
281.79 278.79
266.24 275.9
266.24 275.9
272.17 275.89
272.17 287.33
272.09 275.85
272.09 275.85
272.07 275.84
272.07 277.78
270.12 277.58
270.12 279.57
272.06 275.86
272.06 275.86
268.16 275.81
272.11 275.81
272.05 275.82
272.05 275.82
272.13 277.8
272.13 296.91
272.08 271.86
274.08 275.87
272.09 271.87
281.81 275.85
270.04 275.71
272.01 275.71
256.76 275.84
264.48 289.22
262.63 275.79
272.04 275.79
266.19 275.87
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4-21

4-22

4-23

4-24

4-25

4-26

4-27

4-28

4-29

4-30

4-31

4-32

5-01

5-02

5-03

5-04

5-05

5-06

5-07

5-08

5-09

5-10

207.95 2215 235.19
195.58 236.17 223.58
205.09 239.11 225.53
195.48 218.55 229.45
198.76 227.47 229.45
201.87 221.43 213.77
201.87 221.43 227.41
195.58 221.4 225.54
198.71 227.39 225.54
195.59 22151 215.52
207.91 227.38 225.46
198.72 221.56 219.66
201.9 221.56 219.66
201.87 221.48 223.53
207.87 239.11 227.5
202.02 221.56 227.43
208 221.56 245.14
207.95 221.44 219.55
207.95 227.3 227.3
198.71 221.56 225.44
201.97 221.56 235.22
201.9 218.58 225.49
205.12 221.5 225.49
201.91 221.46 225.45
207.9 227.41 227.41
195.43 218.42
198.58 235.95
198.58 227.08 218.09
207.75 235.98 239.41
201.87 221.31 225.25
207.82 238.96 225.25
195.46 221.36 225.28
198.58 227.19 225.28
195.49 221.38 227.23
204.7 238.95 227.23
195.42 221.29 225.35
195.42 238.98 231.21
201.92 221.46 225.32
207.92 238.99 229.24
198.63 221.36 2234
201.72 238.98 2234
195.48 227.26 233.13
195.48 239.07 242.97
195.46 221.5 227.34
195.46 233.12 227.34
198.58 227.08 239.02
207.75 235.88 239.02
195.47 218.48 219.49
198.66 221.44 239

266.19 275.87
266.26 271.88
272.05 275.83
262.37 275.81
272.15 279.68
274.1 279.66
277.9 285.39
264.5 277.79
276.07 281.61
272.12 283.46
272.12 287.27
264.45 275.77
266.19 275.77
262.44 275.96
274.13 279.78
270.25 267.13
272.2 272.03
266.29 275.88
268.28 275.88
271.96 275.86
279.78 300.76
271.97 270.77
271.97 275.75
256.53 263.14
268.18 277.93
266.78 263.19
271.92 300.52
271.75 280.64
279.6 280.64
266.14 275.68
283.64 281.49
271.85 275.63
271.85 275.63
256.68 271.76
271.88 281.45
262.25 275.61
271.88 275.61
270 279.65
271.95 281.58
271.94 275.7
279.77 280.65
225 275.66
273.86 277.57
271.95 266.99
271.95 285.4
271.75
279.66
271.88 271.82
273.84 275.65
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5-14

5-15

5-16

5-17

5-20

5-21

5-23

5-24

5-25

5-26

5-27

5-28

5-29

5-30

5-31

7-01

7-02

7-03

7-04

7-05

7-06

7-07

198.64 221.41 219.49 268.33 279.59
207.9 239.04 219.49 271.95 287.41
195.52 218.47 219.55 266.09 278.67
198.7 236.1 219.55 271.94 280.68
198.69 218.45 2254 262.34 264.11
207.97 227.27 239.09 268.06 271.81
198.72 221.44 219.49 271.96 263.21
201.94 263.08 22531 271.96 275.66
195.4 218.47 229.15 266.12 275.67
204.75 233.14 229.15 273.95 275.67
198.45 223.65 264.4 276.7
201.41 223.65 272.02 276.7
198.74 218.61 264.23 264.42
205.12 227.2 272.08 276.77
198.67 218.48 225.47 256.61 271.82
198.67 221.49 225.47 273.95 275.68
198.65 218.51 225.43 264.4 271.89
198.65 218.51 225.43 272 275.76
207.92 221.48 227.37 270.02 277.62
207.92 239.05 227.37 270.02 285.37
198.63 221.42 227.3 272.02 279.56
201.66 244.98 240.93 287.59 279.56
198.66 218.48 225.43 268 275.68
198.66 224.38 225.43 271.95 279.6
201.83 218.41 204.04 268.08 271.83
216.99 233.23 204.04 281.77 275.71
201.81 218.41 219.49 262.36 273.78
207.89 221.41 229.28 262.36 277.6
207.9 227.34 229.29 266.22 271.8
213.86 245.01 239.04 272.02 276.69
195.46 218.48 229.29 225.04 271.82
198.62 221.5 229.29 281.66 275.71
2254 246.86 272.87
2254 246.86 276.72
202.49 218.52 219.6 256.76 266.98
208.43 221.4 227.4 268.14 271.87
198.73 218.45 227.5 256.77 264.14
213.96 218.45 227.5 266.15 273.77
202.02 221.7 227.54 262.36 272.04
208.01 239.19 227.54 268.21 272.04
198.78 218.5 227.4 262.49 275.98
202.05 239.11 2274 262.49 275.98
204.77 225.45 266.32
207.93 225.45 272.05
275.28
264.86
202 221.44 225.48 260.63 279.74
207.97 239.09 239.04 266.34 279.74
199.27 277.01
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7-08

7-09

7-10

7-21

7-22

7-23

7-24

7-25

7-26

7-27

7-28

7-29

7-30

10-01

10-02

205.41 279
202.02 222.39 225.55 262.45 275.85
204.73 233.27 225.55 266.51 285.41
201.85 230.3 239.03 268.07 272.06
201.85 230.3 239.03 268.07 285.35
204.76 227.38 225.45 273.96 285.55
207.96 233.22 225.45 281.65 285.55
186.65 212.54 219.66 262.31 276.06
201.95 227.33 219.66 262.31 285.24
218.57 226.3 276.61
233.22 240 276.61
195.57 233.16 219.66 266.18 276.64
208 233.16 219.66 271.72 279.46
230.19 225.48 256.75 271.78
233.13 225.48 260.49 275.63
201.88 218.55 225.48 265.94 273.82
207.9 242.11 227.37 275.79 285.42
199.18 218.47 220.95 272.47
208.39 233.16 220.95 272.47
2214 225.53 266.16 275.7
2214 225.53 275.75 275.7
195.63 218.45 227.45 256.93 275.77
198.7 233.12 229.49 262.25 283.45
195.49 225.54 256.85 263.15
220.14 227.46 272.02 273.9
205.13 221.41 225.45 266.25 271.99
214 233.06 225.45 272.07 275.81
198.74 218.5 225.45 262.34 275.69
201.95 221.43 225.45 262.34 281.51
194.47 218.46 226.33 260.51 273.68
201.9 238.91 228.29 266.17 277.57
195.46 218.49 225.44 256.8 273.78
201.73 233.16 243.05 260.59 276.72
201.95 218.41 235.11 225.02 275.84
213.94 239.05 235.11 266.23 279.71
198.75 221.43 225.51 256.65 275.61
198.75 221.43 225.51 256.65 283.44
198.66 218.53 225.48 264.24 276.64
201.67 244 .97 225.48 271.96 279.6
199.21 219.18 225.82 262.84 272.25
202.3 219.18 227.78 262.84 280.07
201.97 221.59 225.32 272.17 271.94
220.11 233.52 225.32 272.17 281.59
204.66 218.59 222.48 256.69 275.74
204.66 236.31 225.43 266.13 279.67
198.63 218.44 227.38 264.47 279.57
213.86 227.24 227.38 272 279.57
205.6 218.44 262.86 275.71
208.39 221.4 265 275.71
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10-03

10-04

10-05

10-06

10-07

10-08

10-09

10-10

10-11

10-12

10-13

10-14

10-15

10-17

10-18

10-19

10-20

10-21

10-22

10-23

10-24

10-25

10-26

10-27

10-28

198.68 2214 219.57 266.15 266.01
201.93 221.4 225.43 266.15 273.67
195.51 221.39 219.58 2719 270.69
201.76 221.39 229.33 287.51 273.67
195.68 221.41 220 264.48 279.56
195.68 221.41 225.08 297.17 279.56
198.69 218.44 223.55 264.2 279.54
204.69 221.44 223.55 285.69 281.51
198.67 221.48 217.61 256.59 279.49
201.7 230.16 217.61 262.45 281.41
195.47 230.14 227.39 266.11 275.65
210.87 233.11 227.39 287.51 275.65
198.64 221.35 217.63 264.3 275.71
205.08 221.35 250.9 272.01 277.64
195.52 230.17 227.39 264.12 275.66
204.94 230.17 227.39 285.62 278.75
195.51 221.44 229.37 299.04 277.59
198.64 230.25 229.37 299.04 277.59
195.5 218.64 239.08 264.22 275.61
198.69 218.64 245.06 266.11 275.61
195.46 221.41 219.66 262.31 270.8
207.89 221.41 227.4 264.49 270.8
201.83 221.36 227.34 266.12 267.89
201.83 230.19 245.11 266.12 282.66
204.22 221.39 217.65 266.11 275.61
204.22 221.39 225.38 266.11 285.33
198.91 221.37 219.66 264.39 275.77
201.94 239.02 225.55 266.32 275.77
198.81 227.31 231.19 260.49 271.79
204.96 230.15 231.19 260.49 277.65
195.52 218.45 204.23 256.71 273.68
195.52 221.38 219.58 275.95 275.72
196.01 218.95 204.5 266.65 274.22
196.01 221.84 220 272.52 276.21
198.99 221.51 264.63
205.37 229.99 272.14
195.56 218.43 217.54 264.49 275.73
204.74 218.43 227.42 264.49 275.73
207.89 221.39 217.61 266.19 275.66
213.95 230.19 227.37 266.19 275.66
221.87 266.71
230.64 266.71
198.72 221.41 229.36 266.12 275.59
198.72 227.25 229.36 285.62 279.52
195.55 221.39 227.43 262.36 271.04
198.73 221.39 231.36 264.42 275.71
201.94 218.47 204.24 256.82 266.03
201.94 227.24 217.64 256.82 275.74
195.49 221.43 235.19 266.14 273.71
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10-29

10-30

10-31

9-01

9-02

9-03

9-04

9-05

9-06

9-07

9-08

9-09

9-20

9-21

9-22

198.7 221.43 235.19 277.85 275.66
195.52 218.44 219.57 256.81 275.68
210.87 221.35 235.13 266.2 279.57

230.26 219.58 262.43 275.74

230.26 227.43 285.59 275.74
198.71 230.66 219.67 260.58 281.96
201.97 239.47 225.52 260.58 281.96
202.11 227.58 229.65 264.77 272.34
202.11 227.58 229.65 274.51 282.01
199.15 221.82 228.74 268.69 276.24
199.15 230.60 228.74 268.69 280.07
195.96 230.54 226.82 278.13
208.35 239.39 226.82 278.13

230.64 228.68 264.88

230.64 228.68 264.88
208.31 230.70 229.67 262.73 274.23
220.53 230.70 229.67 291.89 276.15
199.20 218.82 225.77 260.78 277.13
202.36 221.70 225.77 260.78 281.96
202.00 218.91 226.71 276.24
207.95 230.37 230.60 276.24
207.87 230.24 219.68 266.52 275.84
207.87 230.24 225.46 268.52 277.76
195.91 218.95 227.72 266.66 272.19
208.39 239.38 227.72 268.57 278.06
199.25 230.69 225.85 268.61 277.12
208.31 239.46 225.85 268.61 281.15
202.31 218.99 264.88 281.12
208.03 230.62 268.65 281.12
202.01 218.39 225.47 264.65 279.64
208.09 230.18 225.47 268.48 279.64
199.14 221.85 227.76 260.85 278.09
220.52 227.74 239.41 260.85 280.00
202.04 221.44 219.30 266.46 275.88
207.99 239.03 225.46 270.47 287.29
198.84 221.38 226.38 272.20 275.85
202.04 239.03 228.38 272.20 275.85
195.84 218.68 225.70 260.67 275.96
208.12 230.43 227.65 274.30 277.95
199.06 218.96 229.75 257.23 276.30
202.34 218.96 229.75 268.69 280.14
195.93 221.86 229.79 260.80 278.11
195.93 230.62 229.79 264.88 280.07

221.1
228.91

199.14 218.91 229.62 266.65 276.19
208.36 221.89 229.62 291.98 280.07
199.13 218.87 221.89 262.76 272.22
202.16 233.53 229.63 272.55 278.09
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9-23

9-24

9-25

9-26

9-27

9-28

9-29

9-30

199.12 218.91 225.75
202.34 221.78 225.75
202.16 221.67 220.07
202.16 221.67 220.07
196.03 227.74 225.84
196.03 230.67 225.84
202.37 221.83 225.79
208.34 227.66 225.79

222.68

228.59
196.04 239.50 239.50
205.54 245.49 245.49
202.38 230.79 225.92
202.38 230.79 225.92
196.08 218.95 235.61
199.40 230.63 235.61

265.00 272.22
268.66 274.21
266.68 280.00
272.52 283.81
266.66 276.23
272.47 278.08
264.85 272.26
264.85 272.26

273.21

273.21
257.14 272.30
266.66 280.15
264.87 277.24
272.57 280.15
266.76 272.35
272.57 272.35
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Table A3 — Differences between populations in allelic richness based on a minimal sample size calculated by Mann-Whitney test
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Table A4 - Differences between populat
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