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Abstract

Background and Objectives: Taxol is one of the most valuable effective substances found
in some plants, which is used in chemotherapy against breast, stomach, ovary, liver, lung, cervix
and pancreas cancers. Hazel leaf (Corylus avellana L.) is one of the plants in which taxol has
been proven. The natural forests of Ardabil, Arsbaran and Miane regions are important areas of
hazelnut germplasm. The purpose of this research is to investigate and group the subpopulation
samples of hazelnuts in these regions based on the SCoT genetic marker and compare the
samples of a cluster using principal component analysis in terms of the amount of taxol present
in hazelnut leaves and the phytochemical characteristics of the fruit.
Methodology: Current research was done in 2018-2019. In this research, 78 samples of native
trees were selected from the natural forests of Fandalo, Ardabil, Mianeh, and Arsharan
(according to the geographic distance of the samples of each region, the population of that
region was considered) and the geographic location of each region was recorded with GPS.
Quantitative and qualitative characteristics of hazelnuts were collected based on the size,
geographic characteristics and possible diversity among the hazelnut stands in the northwest of
the country and based on the description of hazelnuts of the deputy research and identification
of plant varieties, Ministry of Agricultural Jihad. In this research, based on phenotypic diversity,
subpopulation samples (single tree) were selected, and DNA extraction was done from the leaf
part by CTAB method. After measuring the quality of DNA in the absorption spectrum of 260
and 280 nm in the nanodrop, using SCoT specific primers, the PCR reaction was performed.
Then, electrophoresis was performed for the presence or absence of markers (zero and one) and
the data were evaluated using POP Gene v1.32 software. From each group, depending on the
number of samples, at least two samples were selected and the amount of taxol in their leaves
was extracted and measured. Selected samples of hazelnut fruits were selected and the amount
of antioxidant properties, phenols, fatty acids and the amount of some mineral elements were
measured.
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Results: Based on the presence and absence of SCoT genetic bands in the genome of selected
hazelnut samples from different regions, principal component analysis (PCOA) was performed.
Correlation (Mantel's correlation coefficient) between the similarity coefficient based on the
grouping of genotypes using the SCoT marker and the similarity coefficients using geographic
characteristics data was calculated as 0.54, which was significant (Pvalue<.05). Examination of
the amount of genetic information content (PIC) based on the used SCoT primers showed that
the amount of PIC was different in the groups separated based on PCoA. between genotypic
groups in terms of protein content, fatty acid content, fiber, carbohydrate, total phenol, palmitic
acid. There was a significant difference in the probability levels of 0.05 and 0.01, and no
significant difference was seen in terms of other traits. The comparison of the averages of
hazelnut genotypic groups showed that in terms of protein content, percentage of fatty acids,
amount of antioxidant property and palmitic acid, the highest average was related to the
genotypes of group 1. The values of the similarity coefficients in the grouping based on the
SCOT indicator and the similarity coefficients obtained from the results showed that the
correlation between the calculated coefficients is 0.76. Evaluation of gene flow (Nm) and
fixation index (Fst) within the populations and genotypes of hazelnut showed the highest
amount of gene flow Nm and the lowest amount of Fst in all populations (Fst=0.55 and
Nm=0.7) They showed that the same trend was observed in the groups as well, although the
amount of Nm coefficient in the genotypes of group 1 was (Nm=81). The amount of inter-
population heterozygosity (Dst) was estimated to be 0.15.

Conclusion: Since the study of phytochemical traits always requires time and conducting
numerous tests, the existence of reliable and reproducible markers is necessary to find
genotypes with high phytochemical and taxol characteristics. The low value of the gene flow
parameter (Nm) showed that the studied populations have a high tendency to differentiate. The
existence of high genetic diversity within populations makes it possible to implement breeding
programs. The high genetic similarity between the populations, the study of the SCoT indicator
(the highest 0.97, the lowest 0.81) showed that the populations belong to the same origin and
genetic background.
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Table 1. Characteristics and geographic location of some of the samples
No. Province Location name Latitude (N) Longitude (E)
1 Ardabil Asighran 38°24'508 N 48° 32'.966 E
2 Ardabil Asighran 38°23.997 N 48° 32'.488 E
3 Ardabil Asighran 38°23.760 N 48° 33493 E
4 Ardabil Fandoghloo 38° 17721 N 48° 38'.009 E
5 Ardabil Fandoghloo 38°17.790 N 48°37'935E
6 Ardabil Fandoghloo 38°17'.645 N 45° 38'.005 E
7 Ardabil Mehdi Posti 38°20.109 N 48° 35547 E
8 Ardabil Mehdi Posti 38°20.236 N 48° 35.'669 E
9 Ardabil Mehdi Posti 38° 20215 N 48° 35700 E
10 East Azerbaijan Miyaneh 37° 65933 N 47° 50340 E
11 East Azerbaijan Miyaneh 37° 46'.081N 47°50'.376 E
12 East Azerbaijan Miyaneh 37° 46'.145N 47°50'.409 E
13 East Azerbaijan Arasbaran 38°21'755 N 47°16'.338 E
14 East Azerbaijan Arasbaran 38°21'793 N 47°16'546 E
15 East Azerbaijan Arasharan 38°21'965 N 47°16'490 E
16 Gilan Astara 38°42'271 N 48° 86'.892 E
17 Gilan Astara 38°42'.278 N 48° 86'.902 E

A:.ILL.QJ: sxlaul 3,40 SCOT 6“}"&‘}.’. QL&J‘.&}J“;—* NEECY
Table 2. Sequences and specifications of SCoT primers used in the study

Name Sequence Tm (c) GC content%
SC3 CAACAATGGCTACCACCG 55.2 55.60%
SC4 CAACAATGGCTACCACCT 535 50%
SC5 CAACAATGGCTACCACGA 54 50%
SC6 CAACAATGGCTACCACGC 55.9 55.60%
SC7 CAACAATGGCTACCACGG 55.2 55.60%
SC8 CAACAATGGCTACCACGT 54.3 50%
SC9 CAACAATGGCTACCAGCA 54.3 50%

SC11 AAGCAATGGCTACCACCA 55.4 50%

SC12 ACGACATGGCGACCAACG 59.8 61.10%

SC17 CATGGCTACCACCGGCCC 61.9 72.20%

SC18 ACCATGGCTACCACCGCG 61.5 66.70%
SC19 GCAACAATGGCTACCACC 55.4 55.60%
SC20 AACCATGGCTACCACCGC 59.1 61.10%
SC21 CACCATGGCTACCACCAT 55.6 55.60%
SC23 ACCATGGCTACCACGGGC 61.1 66.70%
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Table 3. Variance analysis results based on hazelnut genotypic groups examined in terms of phytochemical traits
and effective medicinal substances

Total

. . Pamitic
Source of Protein Fat Fiber phenols acid Taxol Flavonoids  Antioxidants
L df 9/100g g/100 g/100g Mg (9/1009) .
Deviations . 0/100g Mg(Quercetin)/g  pMol TE/g
drymat drymat  dry mat (Gallic d t dry mat
Acid)/g ry ma
Between
3 77136™ 5137 9/75™" 0/154 3/61% 0/46" 10/52" 0/024m
Groups
Within
12 0/114 56/06 1/34 0/04 0/56 0/007 9/46 0/13
Groups

ns= No Significant, *P<0.05, **P<0.01
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Figure 1. Biplot grouping of genotypes for hazelnut using SCoT genetic markers
Populations 1, 2, 3, 6, 7, 8, 9, 10, 11, 14 from Mehdi Posti area of Ardabil province, 34 from Abibigloo Region of Ardabil province and 72 from
Tushmanloo Region of East Azerbaijan province were palced in the first group, population 5 from Mehdi Posti Region of Ardabil province, 19 from
Assigran Region of Ardabil province, 35 from Abibigloo Region of Ardabil province, 43, 44, 46, 50, 54 from Arasharan Region of East Azerbaijan
province and 70 from Tushmanloo Region of East Azerbaijan province were placed in the third group, populations 4 from Mehdi Posti Region of
Avrdabil province, 20, 21, 22, 23, 24, 25, 26 and 28 from Assigran Region of Ardabil province and 31, and 33 from the Abibigloo Region of Ardabil
province were placed in the fourth group and the rest samples were placed in the second group.
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Table 4. Comparison of average genotype groups of hazelnut based on Phytochemical traits

Protein Fat Fiber Total Taxol Pamitic acid
Group  g100g  ¢/l00dry  (g/100g) Mg (Gallic ~ Flavonoids MO Antioxidants WMol o0 (10mg/mi)
. (Quercetin)/g TE/g (9/100g)
dry mat mat dry mat Acid)/g dry mat
dry mat
1 29a 4.4 a 13.3b 0.67 b 2.5d 158 a 0.42a 8.7a
2 24b 3.5a 10.11c 0.63c 4.8b 1.46a 0.36d 6.2c
3 26b 39.4a 8.1d 0.86a 3.7c 1.45a 0.55b 8.8a
4 2.73a 338a 15.1a 0.65b 6.4a 1.38a 0.6a 7.9a

In each column, means with common letters are in the same statistical group at 5% probability level (Duncan’s test).
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Figure 2. Bands generated from the PCR reaction for the ScoT11 marker
The populations include 1-3: Asigran, 4-6: Ardabil (Abi Beigloo), 7-9: Mehdiposti, 10-12: Arasbaran,
13-15: Miyaneh and 16-17: Fertil and Daviana varieties
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Table 5. Heterozygosity coefficients and gene flow of the entire population and population groups based on the
SCoT genetic marker

_ _ _ I_-lefterozygosi)_/ Heterozygosiy_ Gene Flow Fixation

Populations Population Size Within Population  Between Population N Index
Hs Dst Fst

Total 78 0.23 0.15 7 0.55
Groupl 11 0.41 0.03 0.81 0.66
Group2 11 0.32 0.1 0.69 0.34
Group3 13 0.11 0.22 0.65 0.5
Group4 43 0.14 0.31 0.62 0.6

Populations and groups are the same as Figure 1
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Table 6. The amount of genetic information content (PIC) in genotypic groups classified according to PCoA

Marker PIC GR1 PIC GR2 PIC GR3 PIC GR4 PIC Total
Sc3 0.63 0.38 0.57 0.46 0.46
Sca 0.5 0.34 0.34 0.4 0.38
Sch 0.51 0.35 0.45 0.4 0.4
Sc6 0.52 0.36 0.47 0.41 0.41
Sc7 0.52 0.36 0.46 0.4 0.4
Sc8 0.53 0.38 0.47 0.42 0.42
Sc9 0.55 0.67 0.4 0.44 0.45
Scll 0.66 0.5 0.6 0.4 0.41
Scl2 0.45 0.3 0.4 0.44 0.43
Scl7 0.55 0.38 0.5 0.43 0.43
Scl8 0.47 0.3 0.4 0.44 0.44
Scl19 0.53 0.37 0.47 0.41 0.41
Sc20 0.47 0.31 0.4 045 0.44
Sc21 0.47 0.52 0.32 0.36 0.33
Sc23 0.57 04 0.5 0.45 0.45
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