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Table 1. Quantitative data and geographical coordinates of Acer cappadocicum maternal tree
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Table 2. Microsatellite names, sequences, and annealing temperatures
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. ; . Annealing
Primer Forward primer sequence Reverse primer sequence
temperature

AC1 GGAAATCGCTAAATGTCTACAAAG GGCAATATGAGTTCAATG 50
AC2 AATATCACCTCACGTCTT ATAACAGTTCACAGCACA 50
AC3 CACGCTTCTGTATTCTTT CCTACGCAATGTGCTCTA 50
AC4 TAGGACCTCATACCTCTTAC CAAATACGAAAACATACG 50
AC5 ATCCAGGAGAAGAATAGG TAAGAGCAAGAGCGAAAG 50
AC6 CTCACCCTTCCATATTCT AACCGTTTCAAGTTCTAG 50
AC7 CTTCCATCAAAATCCTAACACTGCA GCTCCCTCTGGTTCCAAT 53
AC8 ATCCGTCAACCGTATCAAGTTCTAG CCATTCTCACCCTTCCAT 53
AC9 GAGTAAAATCAGTTGGTGTCA AGGAAATAAGGAAGCAGT 56
AC10 AGTCTGATCTGTCATGGGCTC TGCTGGAAAGTGGAACCTGT 56
AC11 CAGGCCTGCCCAGAAACTAA AACGGATGGCAAGCTAGCTT 55
AC12 TGCACATGGGATGATGATCAGT TGGTGGGTAGCAGCAAAAGA 58
AC13 CACCACCCAACCCTTTTCCT AAGCTGAGAAACCCAAAGCA 58
AC14 ACAAGTCGAACAACCCGTTG TGCAACTGTTGAGTGGTGGA 55
AC15 AAAACCCAATTCGCCACGTG TTGACGGAGAGCTTGGTTCC 55
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Figure 1. Amplified fragments in 8% polyacrylamide gel for AC9
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Table 3. Results of AMOVA analysis of Acer cappadocicum maternal tree
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Table 4. Genetic diversity indices of Acer cappadocicum maternal trees

Pop
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Number of number of Effective number of Shannon diversity 2

individual (N) alleles (Na) alleles (Ne) index (1) Expected
heterozygosity (He)

DEH

KL1J

Tota

Me
an
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Me
an
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Me
an
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11 1.810 1.346 0.364 0.226
0 0.075 0.036 0.025 0.019
10 1.365 1.230 0.261 0.158
0 0.118 0.032 0.027 0.018
10.50 1.587 1.288 0.312 0.192
0.045 0.072 0.025 0.019 0.013
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Figure 3. UPGMA technique for clustering among Acer cappadocicum maternal trees
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Figure 4. Principal coordinate analysis of Acer cappadocicum maternal trees distribution based on first two main
components
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Table 5. Jaccard's similarity coefficient matrix between Acer cappadocicum maternal trees

D1 D2 D3 D4 D5 D7 D8 D9 D9 D10 D11 K1 K2 K3 K4 K5 K6 K7 K8 K9 K10
D1 1
D2 027 1
D3 0.22 0.22 1
D4 0.37 028 0.34 1
D5 03 02 0.25 048 1
D7 003 0.15 0.16 012 0.09 1
D8 021 0.17 033 034 052 0.13 1
D9 017 0.12 032 033 028 0.12 0.38 1
D9 0.25 025 0.27 0.25 025 01 0.26 013 1
D10 0.26 0.32 029 027 031 0.17 0.34 023 03 1
D11 0.14 0.17 0.28 014 0.29 0.06 033 031 022 0.34 1
K1 0.23 0.12 0.25 0.2 027 0.05 0.2 0.14 0.25 032 03 1
K2 0.25 022 0.19 018 021 023 017 021 0.28 0.36 0.28 0.2 1
K3 015 0.24 0.26 02 0.18 0.16 0.19 023 025 033 0.19 0.17 0.26 1
K4 0.2 011 0.22 021 02 02 0.121 0.26 021 03 021 0.19 037 033 1
K5 0.25 017 0.29 0.35 021 0.14 0.22 0.27 0.18 025 022 0.2 0.36 0.26 046 1
Ké 01 013 0.26 0.19 017 0.28 0.26 023 0.19 021 017 0.15 0.26 042 05 035 1
K7 011 022 029 0.26 021 0.23 017 012 0.1 0.25 0.08 02 023 0.14 01 0.23 011 1
K8 03 0.22 019 0.22 0.25 0.06 022 012 028 03 0.17 0.16 0.36 0.26 0.22 03 0.18 023 1
K9 0.28 0.18 019 0.22 0.25 0.04 0.22 021 0.22 024 013 0.12 0.18 03 0.16 0.28 0.19 01 039 1
K10 0.12 0.07 0.17 0.09 0.15 0.001 0.15 0.14 0.16 0.08 0.15 0.08 0.15 0.25 0.28 0.22 0.25 0.0001 0.22 0.33 1
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Abstract

Introduction: Establishing a seed orchard not only ensures the supply of reproducible seeds and high-quality
seedlings but also plays a crucial role in providing sufficient genetic diversity for future research. Acer
cappadocicum Gled., known as Cappadocian Maple, is a native tree in Iran and an important species in the
Hyrcanian forests. This study evaluated the genetic distances of maternal bases of Cappadocian Maple planted
for the purpose of establishing a seed orchard. The main goal of this research was to avoid inbreeding depression
and genetic uniformity in the population derived from these maternal bases.

Material and Methods: The number of 21 maternal trees with suitable phenotypes was identified in two
populations in a forest with an approximate area of 100,000 hectares and seeds were collected and transformed
into seedlings. The DNA was extracted using a modified CTAB technique, and the polymerase chain reaction
was carried out with SSR markers. The amplified markers, genetic indices, the similarity matrix of Jaccard
coefficients, and the cluster analysis of 21 chosen trees, were performed using the UPGMA. To produce
seedlings and transfer them to the Maple seed orchard, 21 maternal bases with suitable phenotypes were
identified from three populations in a forest area with area of approximately 100,000 hectares. Seeds were
collected from these bases, converted into seedlings, and leaf samples were collected. After DNA extraction,
polymerase chain reaction (PCR) was performed using SSR markers to amplify DNA bands. According to the
results, amplification occurred at 15 SSR loci.

Results: For 15 SSR markers, 63 polymorphic alleles were identified in 21 selected genotypes for 15 pairs of
SSR primers. The highest genetic diversity indices were estimated for the Dahmian population and the lowest for
the Kilijkola population. Heterozygosity (H) varied between 0.23 (Dahmian population) and 0.16 (Kilijkola
population). In addition, these two populations (Dahmian and Kilijkola) showed the highest (1.38) and the
lowest (1.08) Shannon coefficient, respectively. The Jaccard genetic similarity between genotypes ranged from
0.001 to 0.52, indicating the low similarity of trees within each of the groups. Therefore, selection for seed
collection should be from bases with less genetic affinity that are placed in separate clusters to prevent genetic
regression.

Conclusion: In this study the genetic diversity of two populations, the molecular markers used were highly
efficient in distinguishing maternal trees. The genetic diversity between the two populations was less than the
genetic diversity within both populations. However, the genetic distances were calculated based on the relevant
criteria, and considering the similarity coefficient, maternal trees were placed in three main clades. Trees with
high similarity such as KilijKala 3, 7, and 5, as well as Dahmian 9 and Kilijkola 7 were observed. Finally, the
information obtained from this research was used to manage the planted bases in the seed orchard, arranging the
bases, and avoiding planting bases with high genetic affinity next to each other to prevent inbreeding depression.
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