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Distance-dependent mating but considerable pollen immigration in an isolated Quercus rubra planting in Germany
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The following Supplementary Information is available for this article:

· Supplementary file S1. Detailed protocol for microsatellite genotyping.
· Fig. S1. Distribution of Quercus rubra in the Forest Botanical Garden on the campus of the University of Göttingen
· Fig. S2. Onset and duration female flowering for seed parents and male flowering of the 14 Q. rubra trees observed from April 21, 2023 to June 28, 2023.
· Fig. S3. Principal Coordinates Analysis (PCoA) based on 16 nSSRs. Chloroplast haplotypes are highlighted.
· Fig. S4. Overview full parentage structure. Pedigree viewer graph v6.5g from the best configuration file of COLONY. It is possible to differentiate the seed parents (purple) and the pollen donors (green). Known parents are identified by the first letter of the name N (Qr_N), S (Qr_S), W (Qr_W), P (Qr_N) and Qr for all others adult trees followed by the corresponding number. Unknown parents are represented by a number preceded by letter D (donor)
· Fig. S5. Contribution of potential Q. rubra pollen donors from outside the study area to the seedlings of each mother
· Table S1 (in file 10342_2024_1704_MOESM1_ESM.xlsx). Description of plant material.
· Table S2 (in file 10342_2024_1704_MOESM1_ESM.xlsx). Chloroplast simple sequence repeat (cpSSR) markers amplified in Q. rubra samples in this study.
· Table S3 (in file 10342_2024_1704_MOESM1_ESM.xlsx). Nuclear simple sequence repeat (nSSR) markers amplified Quercus rubra samples in this study.
· Table S4 (in file 10342_2024_1704_MOESM1_ESM.xlsx). Frequency results from CERVUS analysis on 14 Q. rubra and one Q. coccinea adult trees and 364 Q. rubra seeds. Number of alleles (K), number of individuals genotyped at the locus (N), observed heterozygosity (Hobs), expected heterozygosity (HExp), Polymorphic information content, significance of deviation from Hardy-Weingberg equilibrium (*** = significant at the 0.1%   level, NS = not significant, ND = not done) and estimated null allele frequency F(Null) at 19 SSRs in 379 Q. rubra.
· Table S5 (in file 10342_2024_1704_MOESM1_ESM.xlsx). Rate of genotyping errors based on observed mismatches between known Q. rubra parents and offspring. Number of known parent-offspring pairs compared for the locus (N compared), number of non-common alleles in known parent-offspring (N mismatching), number of mismatches corresponding to null alleles (N null), average probability of detecting a mismatch (Detection prob.) and estimated rate of genotyping error (Est. error rate) at 19 SSRs in 364 offspring Q. rubra.
· Table S6 (in file 10342_2024_1704_MOESM1_ESM.xlsx). Chloroplast haplotype diversity of the 15 adult trees. Haplotypes based on Götz and Gailing (2022). Fragment sizes in base pairs (bp). The four markers that were used to genotype all samples are shown in bold.
· Table S7 (in file 10342_2024_1704_MOESM1_ESM.xlsx). Number of alleles (K), number of individuals genotyped at the locus (N), observed heterozygosity (Hobs), expected heterozygosity (HExp), Polymorphic information content, significance of deviation from Hardy-Weingberg equilibrium (*** = significant at the 0.1% level, NS = not significant, ND = not done) and estimated null allele frequency F(Null) at 16 SSRs in 379 Q. rubra.
· Table S8 (in file 10342_2024_1704_MOESM1_ESM.xlsx). Rate of mistyping based on observed mismatches between known parents and offspring. Number of known parent-offspring pairs compared for the locus (N compared), number of non-common alleles in known parent-offspring (N mismatching), number of mismatches corresponding to null alleles (N null), average probability of detecting a mismatch (Detection prob.) and estimated rate of mistyping (Est. error rate) at 16 SSRs in 364 offspring Q. rubra.
· Table S9 (in file 10342_2024_1704_MOESM1_ESM.xlsx). Following analysis with Colony, full-sib families were identified. It is possible to appreciate that there are four families with more than 24 members, Qr_N x Qr_W with 145, Qr_N x Qr_S with 63, Qr_P x Qr_11 with 51 and Qr_W x Qr_S with 24. There are four small full-sib families with no more than 7 seedlings.
· Table S10 (in file 10342_2024_1704_MOESM1_ESM.xlsx). Allelic diversity of the pooled pollen cloud (vp) and allelic diversity of the adults (va).
· [bookmark: _GoBack]Table S11 (in file 10342_2024_1704_MOESM1_ESM.xlsx). Relationship between contribution as pollen parent and distances between pollen and seed parent after analysis of parentage with 16 loci. 

Supplementary file S1. Detailed protocol for microsatellite genotyping
The PCR mix consisted of 0.2 µL of microsatellite-specific forward primers Qrcp01 (5 µM) and Qrcp28 (5 µM) containing a M13-specific sequence (5′-CACGACGACGTTGTAAAACGAC-3′) at the 5' end, 0.5 µL of each reverse primer with a 7-base sequence (5′-GTTTCTT-3′) at the 5′ end, as described by Kubisiak et al. (2013) and 1 µL of fluorescently labelled M13 primer (5 µM), 1.5 µl PCR buffer 10X (containing 0.8M Tris-HCl and 0.2 M (NH4)2SO4), 1.5 µl MgCl2 (25mM), 1 µl dNTPs (2.5mM), 0.2 µl HOT FIREPol® Taq polymerase (5U/µl; Solis BioDyne Tartu, Estonia), 1 µl genomic DNA (ca 10 ng/µl) and ddH2O to add up to a 14 µl final volume. For ccmp2 (5 µM) and ccmp4 (5 µM) one reaction was carried out with 1 µl of each primer (forward and reverse), and for ucd4 (5 µM), udt1 (5 µM) and udt4 (5 µM) separate PCRs were conducted with 1 µl of each primer (forward and reverse). The Master Mix for the four PCRs contained 1.5 µl PCR buffer 10X (containing 0.8M Tris-HCl and 0.2 M (NH4)2SO4), 1.5 µl MgCl2 (25mM), 1 µl dNTPs (2.5mM), 0.2 µl HOT FIREPol® Taq polymerase (5U/µl; Solis BioDyne Tartu, Estonia), 1 µl genomic DNA (ca 10 ng/µl) and ddH2O with 14 µl final volume.
For nSSRs and EST-SSRs, six reactions were performed and the amount of each primer was variable for each mixture (Supplementary material Table S3). For multiplex 1 (1PCP10, 2P24, 3A05, 3D15) 0.25 µl of each forward and reverse primer (5 µM) was added. Multiplex 2 (FIR013, FIR028, FIR035, FIR043) contained a different amount of each primer, 0.25 µl of each forward and reverse primer FIR013 (5 µM), FIR028 (5 µM), FIR035 (5 µM) and 0.5 µl of each forward and reverse primer FIR043 (5 µM) were added. Multiplex 3.1 (quru-GA-0E09, quru-GA-1C06, quru-GA-1F07, FIR004) was performed with 0.8 µL of each forward and reverse primer, quru-GA-0E09 (5 µM), quru-GA-1C06 (5 µM) and quru-GA-1F07(5 µM), and 0.5 µL of each forward and reverse primer for FIR004 (5 µM). Multiplex 3.2 (FIR031, GA-2M04, GOT021, FIR024) was performed with 0.5 µl of each forward and reverse primer, FIR031 (5 µM), GA-2M04 (5 µM) and GOT021 (5 µM), and 0.8 µl of forward and reverse primer for FIR024 (5 µM). Multiplex 4.1 (FIR104, quru-GA-0C11, quru-GA-2F05, PIE040, PIE125) contained 0.4 µl of each forward and reverse primer, FIR104 (5 µM), quru-GA-0C11 (5 µM) and quru-GA-2F05 (5 µM), 0.45 µl of PIE040 (5µM) forward and reverse and 0.3 µl of forward and reverse primer for PIE125 (5µM). Finally, multiplex 4.2 (VIT023, VIT107, GOT40, GOT037) consisted of 0.4 µl of forward and reverse primer VIT023 (5µM) and VIT107 (5µM), 0.2 µl of forward and reverse primer GOT40 and 1 µl of forward and reverse primer GOT037. Each multiplex was prepared separately with the amount of primers described above, 1.5 µl of 10X PCR buffer (containing 0.8M Tris-HCl and 0.2 M (NH4)2SO4), 1.5 µl MgCl2 (25mM), 1 µl dNTPs (2.5mM), 0.2 µl HOT FIREPol® Taq polymerase (5U/µl; Solis BioDyne Tartu, Estonia), 1 µl genomic DNA (approximately 10 ng/µl) and filled up with ddH2O to a final volume of 14 µl.
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Fig. S1 Distribution of Quercus rubra and Quercus coccinea in the Forest Botanical Garden on the campus of the University of Göttingen. 
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Fig. S2 Onset and duration female flowering for seed parents and male flowering of the 14 Q. rubra trees observed from April 21, 2023 to June 28, 2023. 
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Fig. S3 Principal Coordinates Analysis (PCoA) based on 16 nSSRs. Chloroplast haplotypes are highlighted.
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Fig. S4 Overview full parentage structure. Pedigree viewer graph v6.5g from the best configuration file of COLONY. It is possible to differentiate the seed parents (purple) and the pollen donors (green). Known parents are identified by the first letter of the name N (Qr_N), S (Qr_S), W (Qr_W), P (Qr_N) and Qr for all others adult trees followed by the corresponding number. Unknown parents are represented by a number preceded by letter D (donor)
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Fig. S5 Contribution of potential Q. rubra pollen donors from outside the study area to the seedlings of each mother
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